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Preface 

Welcome to the Authoritative and Leading Edge Content for Sustainable 
Development. The practice of sustainable development is becoming widespread in all 
industries around the globe today, and both small and large firms are realizing the 
benefits provided by sustainability. The World Commission on Environment and
Development defines sustainable development as “development that meets the needs 
of the present without compromising the ability of future generations to meet their 
own needs.” Sustainability implies efforts directed towards preserving the 
environment, doing more with less (cost savings, profit increasing), reducing
dependence on foreign resources such as oil, using alternate forms of energy, etc. The
critical issues in sustainable development are energy consumption, air pollution, and
climate change to name just a few. Confronted with the prospect of non-availability of 
fossil fuels within the foreseeable future, scarcity of natural resources, an increasing
frequency of natural calamities and the worst economic downturn in nearly a century,
the sustainability landscape has changed drastically in the last five years.

Researchers are trying to meet the challenge posed by the rapidly evolving landscape 
of sustainability.  All in all, a lot has been done but a lot more needs to be done on the
part of researchers to meet the pace of the sustainability movement. In order to 
address the sustainability deficit in education and research, InTech has invited 
submissions of manuscripts for publication in its focused issue on sustainability. All
chapters are high-quality, high-impact manuscripts addressing integration of 
sustainability efforts with clear lessons and insights for the stake holders (faculty,
students, administrators, communities, and industries).

We think this book is unique in that it uses a novel and logical approach to present 
discussions of this topic from three general perspectives: scientific, social, and
economic, and the integration within these important areas. We think this book is 
somewhat different than other environmental management books since we offer a 
more balanced view of the topic – many of the books available today concentrate 
primarily on just one of these three perspectives. A primary objective of this book is to
help readers think about how sustainable development impacts all areas and processes
of the firm and the society that it functions within, and to show how managers, 
researchers, and policy makers can improve their position by employing the practices 
described throughout the book.
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XIV Preface

This book addresses the strongly related environmental issues (e.g., energy 
production, pollution, climate change, etc.) by considering them in an integrated 
manner and linking them to economic, social, and technical issues and environmental 
policies. These chapters collectively can help transform the values and principles that 
will directly influence the development of future sustainability strategies and our 
lifestyle. Likewise, this book will help decision makers consider both the economic, 
social, and technical issues with environmental concerns, at which point sustainable 
development becomes more logical and ultimately sustainable. 

Sime Curkovic 
Western Michigan University, Haworth College of Business, 

Department of Management, Kalamazoo, 
Michigan,  

USA 
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Oil Exploration and Climate Change:  
A Case Study of Heat Radiation from Gas  
Flaring in the Niger Delta Area of Nigeria 

A.S. Abdulkareem, A.S. Afolabi, J. Abdulfatai, H. Uthman and J.O. Odigure 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/47730 

1. Introduction 

Nigeria like most other developing countries in the early part of the 70s was engaged in 
intensive natural resource exploitation as a way of stimulating economic growth (Ajayi, 
1999; Abdulkareem et al, 2009). As at 1976, about 10 years from the start of oil exploration in 
the Niger-Delta area of Nigeria, figures available from the office of federal statistics stated 
that the oil has come to account for about 14% of the nation’s gross domestic product (GDP)  
of Nigeria, 95% of the total export and over 80% of government’s annual revenue (Olukoga, 
2002; Tolulope, 2004; Abdulkareem and Odigure, 2006). Also total export peaked at 2 
millions barrels per day of crude oil with price range of 18-22US dollars per barrel (Odigure 
and Abdulkareem, 2006). It is worth of mentioning that the current price per barrel of oil is 
now in the range of 80-110 US dollars (Ufarana, 2004; Akpan, 2009). This has created more 
opportunities for the development of new fields and increase granting of mining licenses 
and intensive exploration of oil mineral resources in the country (Ajayi, 1999; Abenege, 
2004). The crude oil comes from reservoir containing gas, which is produced along with the 
oil. This associated natural gas is separated from the oil at a flow station. However in 
Nigeria, about 75% of the associated gas is flared due to the underdeveloped local market 
for gas in the country. The gas currently flared is estimated at two billion cubic feet per day 
(scf/d) or 56,600 m3, the highest in any member nation of OPEC (Ageh et al, 2009; Ajayi, 
2009). The quantity of gas flared in Nigeria is equivalent to the total annual power 
generation in the sub-Saharan Africa ‘according to World Bank’(Odigure, 2001; 
UNDP/World bank report, 2004; Akpan, 2009). Nigeria is said to have natural gas reserves 
of 100 trillion standard cubic feet (about 2.832 trillion cubic meters), with about 45 trillion 
standard cubic reserves in the Niger-Delta Area of Nigeria (Ufarana, 2004; Tolulope, 2004). 
In energy terms, the quantity of natural gas in Nigeria is said to be more than twice the 

© 2012 Abdulkareem et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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quantity of crude oil (Agbalino and Eyinal, 1997; Ajayi, 1999; Abdulkareem and Odigure, 
2006) .It is estimated that the country’s reserve-production ratio is about 125 years compared 
to that of crude oil of less than 30 years (Akpan, 2009). Consequently, petroleum experts 
often describe Nigeria as a natural gas province with some oil in it; this put the country in 
the ten top nations in the world in terms of natural gas reserves (Abowei et al., 1997, 
Abdulkareem, 1999; Oni, 2011). Though, there is no proper record of natural gas production 
per year in Nigeria, however the total Nigeria natural gas production is put in the range of 
22-25 billion cubic meters per year (Abdulkareem and Odigure, 2006). Around 18 billion 
cubic meters of the total gas produced is associated gas, most of which is flared , with small 
amount re-injected into the sandstone sponge while the remaining is sold to electricity 
generating stations and industries (Abdulkareem and Odigure, 2010). It has been reported 
that about 3 billion cubic meters per year of non associated gas is currently trapped for 
industrial consumptions, this is an indication that the level of gas utilization on Nigeria is 
very low (Akpan, 2009; Abdulkareem et al., 2010). Gas utilization is for now limited to some 
small quantities being used as fuel for petroleum operations for enhancement of oil recovery 
project, for pressure maintenance in some industrial processes on a relatively modest scale 
and for power generation (Reymond, 2007; Udetal et al., 2007). Gas flaring is therefore not 
only wastes valuable resources, but is also a major cause of environment pollution in the 
Niger-Delta, where most of Nigeria’s oil output is produced (Abdulkareem and Odigure, 
2002; Odigure et al., 2003; Ufarana, 2004). 

The Niger-Delta oil fields of Nigeria covers about 70,000 square kilometer and is one of the 
world’s largest wetlands, which houses Nigeria’s proven gas reserves, estimated to be 120 
trillion cubic feet (Abdulkareem, 1999; Uyigue and Agho, 2005; Onyiah, 2005). However, 
while the exploitation and exploration of oil has created some fortunes and contributed 
positively to the economic and technological advancement of Nigeria as a whole, the 
accompanying socio-economic and ecological fallout remain problematic (Alakpodia, 1980; 
Akpan, 2009). The public considers the oil-producing companies operating in the Niger-
Delta oil fields responsible for polluting the environment by way or relentless flaring and 
venting of gas in to the environment, heat radiation, noise radiation, oil spillage, water 
pollution, site clearing, deforestation and destruction of the flora and fauna and 
consequences disturbances of the ecosystem in the 70,000 square kilometers Niger-Delta 
wetland (Ifeanyichukwu, 2002; Odigure and Abdulkareem, 2002; Abdulkareem et al., 2011).  
The situation that led to growing anger among the local peoples on the damages caused to 
their health and ecosystem by oil exploration activities, especially gas flaring and crude oil 
spillage (Oyekunle, 1995; Onosode, 1996; Abdulkareem et al., 2011). It has also been noted 
that there are currently 100 gas flaring sites, some of which have been burning ceaselessly 
for 40 years. Each one of these bonfires as shown in Fig 1 has an adverse effect on the 
inhabitants and the natural environment (Ifeanyichukwu, 2002; Oyekunle, 1995). The extent 
of human damage attributable to gas flaring is unclear, but doctors have found an unusual 
high incidence of asthma, bronchitis, skin and breathing problems in communities in oil 
producing areas (Abdulkareem and Odigure, 2006). Moreover, flaring is a global source of 
green house gas emissions, contributing to global warming. The World Bank estimates that 
gas flaring in the Niger-Delta releases some 35 million tonnes of carbon dioxide annually 
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into the air (FEPA Report, 1998; UNDP/World Bank report, 2004). Flared gas also releases 
hazardous substances into the environment that heighten the problem of the depletion of 
the ozone layer (Chimaroke, 2004). The attendant “green house effect” is one of the most 
frightening environmental problems of our time. Ozone layers that serve as blanket for 
regulating the earth’s temperature are stripped as a resulting of gas flaring thereby causing 
global warming (Ikelegbe, 1993). In spite of advances in technology and the potential to 
convert the flared gas into a source of enormous nation revenue, the practices has continued 
in Nigeria, ostensibly underscoring the problems of our national development (Oyekunle, 
1999; Akpan, 2009). Combustion of associated gas during gas flaring also releases heat into 
the environment. The heat radiation from gas flaring greatly affects the surrounding 
environment and particular crops planted within the vicinity of gas flare stations 
(Abdulkareem and Odigure, 2002). It also has a devastating effect on microorganisms and 
aquatic life. Heat radiation from gas flaring also causes an increase in heat waves hence 
there is the possibility that habitants of Niger-Delta Area, where the gas flaring stations are 
located will suffer heart stroke, heart attacks and other ailments aggravated by the heat 
(Odigure et al., 2003). For instance, it has been reported that heat wave killed more than 700 
people in Chicago area alone and if this is happening already from heat, what would occur 
in the future with global warming (Aduku, 1997; Olukoga, 2002; Abenege, 2004) . Heat 
radiation from gas flaring also contributed to the increment in the soil temperature, which 
destroys the plant thereby affecting the ecosystem since plants absorb CO2 in the 
atmosphere (Kearns et al., 2000; Tolulope, 2004; Tzimas et al., 2007). The world health 
organisation advised the Nigerian government to address the problem of gas flaring by 
paying close attention to the activities of companies engaged in gas flaring and the 
environmental problems associated with their exploratory methods and to invite experts 
from developed countries to work with Nigerian professionals and environmentalists to 
proffer remedy (Global gas reduction initiative, 2002; UNDP/World bank report, 2004; 
Ufarana, 2004). Critics of the flares in the Niger-Delta have said that the Nigerian 
government puts profit ahead of the environmental safety and the welfare of its citizens. 
The harmful effects of gas flaring and inability of the oil companies and government to 
quantify the resultants effects of gas flaring on the environment has led to strain relationship 
between the oil producing companies and the people of Niger-Delta Area of Nigeria. To 
control the activities of oil companies in the Niger-Delta area of Nigeria, there is the need to 
concentrate on environment management as a tool of liberation in improving the quality of 
life and to make the environment friendly for human beings. This however brings about 
models and simulation, which is now applied generally to look into the inter-relationship 
between the parameters and its resultant effects on the environments (Abdulkareem et al., 
2011). In this work, mathematical modelling that can be used to predict the quantity of heat 
radiation from gas flaring station will be developed. The developed model will be simulated 
and find interaction between various parameters such as distance, volume of gas flared, 
flared stack efficiency that influence the rate of heat radiation from gas flaring station. 
Mathematical modeling is a simplified image of processes taking place in a system. These 
could include heat propagation, concentration of dispersion of gases from combustion and 
generation of heat and propagation e.t.c. Models retain the most essential properties of the 
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actual process but presents them in mathematical forms. According to Luyben (1995).” 
Mathematical modeling is very much an art. It takes experience, practice and brain power to 
be good mathematical modelers”. Mathematical model of a system must be sufficiently 
simple, easy to grasp and give a clear idea about all the qualitative aspects of the 
phenomenon of interest. On the other hand, it must be sufficiently accurate in bringing the 
quantitative aspects of the process. Simulation represent the application of modelling 
techniques to real system, thus enabling information on plant characteristics to be gained 
without either constructing or operating the full scale plant or system under consideration. 
Simulation methods come in two type viz. Digital simulation and Analogue simulation of 
these two types, Digital simulation which involve the use of codes and programme are more 
in use since they can be implemented on modern computer with exceptional speed 
(William, 1995) 

 
Figure 1. Gas flaring station in the Niger-Delta area of Nigeria 

1.1. Oil exploitation and climate change 

Pollution is a term that defines any environmental state or manifestation which is harmful 
or unpleasant to life, it can also be defined as the introduction of natural and artificial 
particulate contaminants into the atmosphere (Cemak, 1985; Odigure, 1998). This can be 
caused due to man’s failure to achieve control over the chemical, physical or biological 
consequence or side effects of his scientific industrial and social habit (Drake and Hubacek, 
2007). Industrial source of pollution is as a result of release of hazardous waste and huge 
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mass of unclear gases and other airborne particles produced as by- products in process 
industries (Odigure, 1998). The degree of the increase of process industries is increasing 
drastically, this improvement has changed man’s way of life remarkably, however the 
advantages derived have not being without a price which is basically the effect of pollution 
on the environment (Carvalho et al., 2005; Baroutian, 2006). Pollutants are emitted into the 
atmosphere as either gases or particles, and are eventually removed by natural self cleansing 
processes (Ajayi, 1999; Alameddine and El-Fadel, 2005). The waste mostly originates from 
the burning of fossil fuels and the processing of materials by industries (Abdulkareem et al., 
2011). Other sources include waste from burning engines in cars, fuel use in domestic 
sectors, oil boom, gas flaring, agricultural processes,  but of all these the process industries 
have been recognized as the major source of air pollutants. The self-cleansing ability of the 
atmosphere which involves dispersion and dilution, is used as a grant channel, is presently 
too small and cannot match up to the rate of introduction of pollutants into the atmosphere, 
this is due to meteorological influences (Held et al., 2005; Potocnik et al, 2007; Soylu, 2007). 
During the 20th century contamination of the environment as a result of human activities has 
risen drastically (Hussain et al., 2005; Abdulkareem et al, 2009). Pollution problem have risen 
in all industrialized areas as well as in various inland, coastal water and stretches of ocean 
(Appleby, 1992; Kinnee et al., 2004). The capacity of the biosphere to disperse, degrade and 
assimilate human waste is in serious question, waste due to human activities now overweigh 
natural forces of putting toxic elements into the atmosphere (Ufarana, 2004). From colloid 
chemistry atmospheric air belongs to the group of incoherent, coarse dispersal system. More 
specifically, it is a system of colloid particles dispersed in gas in which solid and liquid 
component can be found in a mixture of gases, with this knowledge the term “pure air” cannot 
be defined because that will depend on the content of the air expected. Stern (1962 – 1968) said 
the composition of the air found near the soil level (homosphere) composes of various amount 
of substances additional to its constant component, this additional component are the air 
pollutants, thereby making pure air never to be in existence (Ufarana, 2004, Onyiah, 2005). The 
activities of the oil companies in the Niger Delta area of Nigeria are the major sources of the 
environmental pollution in the country. The situation that makes the public to consider the oil 
producing companies operating in the Niger-Delta oil fields responsible for polluting the 
environment by way of relentless flaring and venting of gas in the environment. Gas flaring in 
Nigeria today has posses an environmental hazard to the nation at large. So much damage is 
being done to the environment through gas flaring, that if nothing is done in a few years from 
now, serious environmental and health problems such as premature death and diseases will 
emerge. With respect to gas flaring, its effect on vegetation, health and the micro-climate are 
equal searing. Apart from the noise produced from the fire at the flare sites, the thick smoke 
that bellows into the sky contains poisonous gases which give rise to acid rain and eventually 
poison streams, lakes, lagoons and rivers thereby destroying aquatic organism and making the 
water unhealthy for drinking. It has been proven that gas flaring generates heat which is felt 
over an average radius of 0.5 kilometres thereby causing thermal pollution (Ikelegbe, 1993). 
Gas flaring cause green house effect, thereby producing global warming and green house 
gases which include: water vapour, carbon dioxide, Methane, Nitrous oxide; Ozone, Carbon 
monoxide and Nitrogen oxide (Indriani, 2005; Nwaichi and Uzabona, 2011).  
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1.1.1. Global warming and green house effect 

Man’s expanding activity has reached a level at which their effects are global in nature. The 
natural system i.e. the atmosphere, land and sea as well as life’s and plants therein are 
clearly being disturbed (Cermak, 1985; Odigure, 1998) .It is obvious that some trace of CO2, 
N2O, CH4 and O3 gases have increased during the last century (Nigeria natural gas stategy, 
2002; Nwaichi and Uzabona, 2011). In addition, other gases are being emitted that are not 
naturally part of the global eco-system, notably Chloro Fluoro Carbons (CFCS) (Odjugo, 
2010; Abdulkareem and Odigure, 2010). These trace gases absorb and emit radiation and are 
thus able to influence the earth’s climate. They are refereed to collectively as green house 
gases. The green house effect is described as a warming of the earth’s surface and lower 
atmosphere that tends to intensify with an increase in atmospheric carbon dioxide. The 
atmosphere allows a large percentage of the rays of visible light from the sun to reach the 
earth’s surface and heat it (Nyong, 2004; Odjugo, 2010). A part of this energy is radiated by 
the earth’s surface in the form of long wave infrared radiation, much of which is absorbed 
by molecules of carbon dioxide and water vapour in the atmosphere and which is reflected 
back to the surface as heat (Abdulkareem and Odigure, 2002). This is roughly analogous to 
the effect produced by glass panes of a green house, which transmit sunlight in the visible 
range but hold heat. The trapping of this infrared radiation causes earth’s surface and lower 
atmospheric layers to warm to a higher temperature than would otherwise be the case. 
Without this green house heating, the earth’s average temperature would be only -73oC, 
even the ocean would be frozen under such conditions (Odjugo, 2010). Owing to the rise in 
atmospheric carbon dioxide caused by the modern industrial societies, widespread 
combustion of fossil fuels (coal, oil and natural gas), the green house effect on earth may be 
intensified. An increase in concentration of the atmospheric concentrations of other trace 
gases such as Chlorofluorocarbons (freons), nitrous oxide and methane due human activity 
may also aggravated greenhouse condition (Nwaichi and Uzabona, 2011).  

The realization that climate might change, as a result of emission of CO2 into the atmosphere 
is not new. Arrhenius (1896) pointed out that burning of fossil fuel might cause an increase 
of atmospheric CO2 and thereby changing the heat balance of the earth. Calendar (1938) 
convincingly showed that the atmospheric CO2 concentration was increasing. The 
observation which began in 1958 has clearly shown that the concentration of CO2 in the 
atmosphere has increased from about 315ppm to about343ppm in 1984 (Nyong, 2007). We 
know today that approximately, the amounts of CO2 that have been emitted into the 
atmosphere by fossil fuel combustion and changing land use (deforestation and expanding 
agriculture) can related to the observed increase of atmospheric CO2 to these human 
activities. Since a continued increase of atmospheric CO2 concentration might lead to 
changes of global climate, it is essential to be able to project the likely future concentration 
that may occur due to various possible rate of CO2 emissions .As far as the expected climatic 
change is concerned, it can be prognoses that a doubling of the CO2 concentration would 
lead to an increase of the globally averaged temperature by 1.5-4.5 oC (Ufarana, 2004). The 
prediction that climate change due to human activities began with a prediction made by the 
Swedish Chemist, Svant Arrhenius, in 1896. Arrhenius took note of the industrial revolution 
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and realized that the amount of carbon dioxide being released into the atmosphere was 
increasing. He further believed that carbon dioxide concentrations will continue to increase 
as the world’s consumption of fossil fuel particularly coal and fossil fuel increased even 
more rapidly. His understanding of the role of carbon dioxide in heating the earth led him 
to predict that if the atmospheric carbon dioxide is doubled, earth would become several 
degrees warmer (Ufarana, 2004).  

1.1.2. Acid rain formation 

Acid rain is commonly used to describe the deposition of acidic components in rain, snow, 
fog, dew or dry particles .(Ufarana, 2004). The primary sources are sulphur dioxide, carbon 
dioxide and oxide of oxides of nitrogen (Uyigue and Agho, 2007). A variety of industrial 
processes, such as the production of iron and steel, utility factories, oil producing companies 
are responsible for the emissions of obnoxious gases that resulted into acid rain. This report 
focused on the contribution of oil exploration and exploitation in the Niger-Delta area of 
Nigeria to the formation of acid rain. It has been reported that acid rain is one of the most 
discussed modes of environmental pollution in recent years (Odigure and Abdulkareem, 
2001). This is caused by the considerable quantities of Sulphur dioxide and Nitrogen oxide 
released into the atmosphere as fossil fuel is burnt (SPDC Report, 1981). These pollutants 
combine with water vapour contained in the air to form dilute solution of sulphuric acid, 
which are subsequently washed out of the atmosphere by rain or other type of precipitation 
such as fog and snow (Thompson, 1991). The carbon (iv) oxide (CO2) gas released during 
gas flaring also dissolves in water to form carbonic acid (H2CO3), the concentration of the 
gas in water depends on the extent of dissolution of gas in water (Abenege, 2004). Although, 
acid rain usually consists of relatively mild acids, they are sufficiently caustic to do great 
harm over time to certain natural ecosystems. Already there is much evidence that 
deposition of acid leads to lakes and stream acidification, stunted growth of flora while acid 
sensitive crops will die in affected areas (Abdulkareem, 2000). In cities, the corrosions of 
buildings and monuments are both exacerbated and accelerated (Odigure and 
Abdulkareem, 2001). To some extent acid rain has always been present in certain humid 
environment, originating from natural events as volcanic eruption, forest fires and even the 
bacterial decomposition of dead organism (Odigure and Abdulkareem, 2001). However, as 
the worldwide industrial revolution spread globally, the destructive capabilities of natural 
acid rain have been enhanced by human actions. The phenomenon of acid rain due to the 
dissolution of these acid gases in the atmospheric water in the sky so that it becomes acidic 
thereby leading to formation of rain with pH below 5.0 as shown in Equations 1-3 
(Abdulkareem, 2000). Its effect is usually by its corrosion of rooftops, discoloration of paints 
on building, premature rusting of metallic object, damage to flora and fauna (Plant 
productive parts).  

      2 2 2 3CO g   H O l H CO aq   (1) 

      3 2 2 4SO g   H O l H SO aq   (2) 
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deposition of acid leads to lakes and stream acidification, stunted growth of flora while acid 
sensitive crops will die in affected areas (Abdulkareem, 2000). In cities, the corrosions of 
buildings and monuments are both exacerbated and accelerated (Odigure and 
Abdulkareem, 2001). To some extent acid rain has always been present in certain humid 
environment, originating from natural events as volcanic eruption, forest fires and even the 
bacterial decomposition of dead organism (Odigure and Abdulkareem, 2001). However, as 
the worldwide industrial revolution spread globally, the destructive capabilities of natural 
acid rain have been enhanced by human actions. The phenomenon of acid rain due to the 
dissolution of these acid gases in the atmospheric water in the sky so that it becomes acidic 
thereby leading to formation of rain with pH below 5.0 as shown in Equations 1-3 
(Abdulkareem, 2000). Its effect is usually by its corrosion of rooftops, discoloration of paints 
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productive parts).  

      2 2 2 3CO g   H O l H CO aq   (1) 

      3 2 2 4SO g   H O l H SO aq   (2) 
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1.1.3. Ozone layer depletion  

Increasing concentration of the synthetic chemicals known as Hallon (Bromine fluoro 
carbons) and Chlorine Fluoro Carbons (CFC’S) are known to enhance the breaking down of 
the ozone layer, allowing more of the ultraviolet rays to penetrate to the earth surface 
(Ifeanyichukwu, 2002, Abenege, 2004; Ufarana, 2004). Ultraviolet rays can break apart 
important biological molecules including Deoxyribonuclectic acid (DNA). Increased 
ultraviolet radiation can lead to greater incidence of skin cancer and immune deficiencies as 
well as decreased crop yield and reduced population of certain fish larvae Pluto Plankton 
and Zooplankton that are vital to the food chain. Increased ultraviolet radiation can also 
lead to smog and reduced the useful life of paints and plastics. Stratospheric ozone protects 
oxygen at lower altitude from being broken up by ultraviolet light and keeps most of those 
harmful rays from penetrating to the earth’s surface (Abdulkareem, 2000) . Hallons are an 
industrial group of chemical that contains bromine, which reacts in a manner similar to 
chlorine by catalytically destroying ozone. Halons are used primarily in fire extinguishing 
foam. Chloro Fluoro Carbons (CFC’S) are compounds that consist of chlorine, fluorine and 
carbon, first introduced in the late 1920s, these gases have been used as coolant for 
refrigeration and air conditioners, propellant for aerosol sprays, agents for producing plastic 
foam and cleaners for electrical parts (Abdulkareem, 2000; Odjugo, 2011). CFC’S do not 
degrade easily in the troposphere as a result they raise into the stratosphere where they are 
broken down by ultraviolet light. The chlorine when liberated reacts with ozone to produce 
two molecules of oxygen. In the upper atmosphere, ultraviolet light breaks off a chlorine 
atom from a CFC’S molecule. The chlorine radicals attack ozone molecules and breaking it 
into an ordinary oxygen molecule and a molecule of chlorine monoxide, while the free 
oxygen radicals breaks up the chlorine monoxide as shown in Equations 4-7 (Abdulkareem, 
2000). The freed chlorine radical is again available to repeat the process. Chlorine acts as 
catalyst and is unchanged during the process. Each chlorine atom can destroy as many as 
10,000-ozone molecules before it returned to the troposphere.  

 CFCl3  FCl2 + Cl + C  (4) 

 Cl + O3  ClO + O2 (5) 

 O2 2O (6) 

  ClO + O  Cl2 + O2 (7) 

1.2. Effect of heat radiation from gas flaring 

There is no doubt that the Nigerian oil industry has affected the country in a variety of ways 
at the same time. It has fashioned a remarkable economic landscape for the country but on 
the other hand, ever since the discovery of oil in Nigeria in the 1950s, the country has been 
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suffering the negative environment consequences of oil development, these negative 
impacts precipitated by the introduction of its own unwanted by-products into the 
environment may be catastrophic if allowed to build-up and unattended to (Nyong et al., 
2007). The growth of the country’s oil industry, combined with a population explosion and a 
lack of environmental regulation has led to substantial damage to Nigeria’s environment 
predominantly the Niger-Delta region, the centre of the country’s oil industry (Odjugo, 
2010). For example, the rampant flaring of natural gas in the Niger Delta during oil 
production is the main culprit making natural gas the main source of carbon emissions in 
Nigeria (Abdulkareem et al., 2009). The people in most oil communities have to live with 
gas stacks that flare gas 24 hours a day at a temperature of 13 – 14,000oC. In 1994, these gases 
flared according to World Bank Report produced 35 million tons of CO2 and 12 million tons 
of methane more than the rest of the world (UNDP/World Bank, 2004). This makes the oil 
industry in Nigeria the single biggest source of global warming in the world. Therefore the 
impact of gas flaring in Nigeria is of local and global concern (Uyigue and Agho, 2007). 
Even in the immediate environment of these flares; amidst conflicting claims, field evidence 
seems to support the widespread postulation that flaring apart from human impacts has a 
direct relationship with heat radiation and elevation of temperature (Odigure et al, 2003). 
Typical gas flare in the Nigerian oil field are located at the ground level as shown in Fig 1 
and surrounded by thick vegetation, farmland and villages huts 20-30m from the flare 
station (Odigure et al., 2003). The heat radiation from the flare station is a function of the 
flare temperature, gas flow rate and the geometrical design of flare stack (Odigure et al., 
2003).  

The combustion of gaseous hydrocarbons contained in the natural gas is an exothermic 
process, which result in the evolution of heat to the atmosphere (Abdulkareem et al., 2009). 
This endangers both the plant and animal life around the vicinity gas flaring stations. 
Although the mechanism of radiant energy transfer is not completely understood, however 
the associated phenomenon is explained in terms of dualistic theory (Abdulkareem and 
Odigure, 2002). This theory deals separately with the emission and reception of radiation 
and with its transmission, radiation is emitted and received in discrete particle called 
photon. The geometric relationships between emitting and receiving surfaces have been 
kept very simple by arranging that emitting surface sees only the receiving surfaces. In 
practice it is not possible for heat radiated to strike the receiver completely. This necessitated 
the introduction of geometrical factor to relate the radiant energy striking a surface to the 
total radiant energy emitted (Abdulkareem and Odigure, 2002). While the concept of heat as 
a pollutant may seem impossible on a cold winter day, it is important to note that at any 
time of the year, an increase in water temperature has effect on aquatic life (Odigure et al., 
2003). Heat pollution is a consequence of the rising in energy demand by man’s activities. 
For instance the power plants burns fossil fuel or nuclei fuel to provide the energy needed 
for industrial consumptions, they released considerable amounts of heat (Abdulkareem, 
2000). The power plants that release these huge amounts of energy are located near bodies 
of water, which the plant used for heat dissipation purposes. Living things especially cold 
blooded animal i.e. fish are very sensitive to small change in the average temperature. It has 
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oxygen radicals breaks up the chlorine monoxide as shown in Equations 4-7 (Abdulkareem, 
2000). The freed chlorine radical is again available to repeat the process. Chlorine acts as 
catalyst and is unchanged during the process. Each chlorine atom can destroy as many as 
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suffering the negative environment consequences of oil development, these negative 
impacts precipitated by the introduction of its own unwanted by-products into the 
environment may be catastrophic if allowed to build-up and unattended to (Nyong et al., 
2007). The growth of the country’s oil industry, combined with a population explosion and a 
lack of environmental regulation has led to substantial damage to Nigeria’s environment 
predominantly the Niger-Delta region, the centre of the country’s oil industry (Odjugo, 
2010). For example, the rampant flaring of natural gas in the Niger Delta during oil 
production is the main culprit making natural gas the main source of carbon emissions in 
Nigeria (Abdulkareem et al., 2009). The people in most oil communities have to live with 
gas stacks that flare gas 24 hours a day at a temperature of 13 – 14,000oC. In 1994, these gases 
flared according to World Bank Report produced 35 million tons of CO2 and 12 million tons 
of methane more than the rest of the world (UNDP/World Bank, 2004). This makes the oil 
industry in Nigeria the single biggest source of global warming in the world. Therefore the 
impact of gas flaring in Nigeria is of local and global concern (Uyigue and Agho, 2007). 
Even in the immediate environment of these flares; amidst conflicting claims, field evidence 
seems to support the widespread postulation that flaring apart from human impacts has a 
direct relationship with heat radiation and elevation of temperature (Odigure et al, 2003). 
Typical gas flare in the Nigerian oil field are located at the ground level as shown in Fig 1 
and surrounded by thick vegetation, farmland and villages huts 20-30m from the flare 
station (Odigure et al., 2003). The heat radiation from the flare station is a function of the 
flare temperature, gas flow rate and the geometrical design of flare stack (Odigure et al., 
2003).  

The combustion of gaseous hydrocarbons contained in the natural gas is an exothermic 
process, which result in the evolution of heat to the atmosphere (Abdulkareem et al., 2009). 
This endangers both the plant and animal life around the vicinity gas flaring stations. 
Although the mechanism of radiant energy transfer is not completely understood, however 
the associated phenomenon is explained in terms of dualistic theory (Abdulkareem and 
Odigure, 2002). This theory deals separately with the emission and reception of radiation 
and with its transmission, radiation is emitted and received in discrete particle called 
photon. The geometric relationships between emitting and receiving surfaces have been 
kept very simple by arranging that emitting surface sees only the receiving surfaces. In 
practice it is not possible for heat radiated to strike the receiver completely. This necessitated 
the introduction of geometrical factor to relate the radiant energy striking a surface to the 
total radiant energy emitted (Abdulkareem and Odigure, 2002). While the concept of heat as 
a pollutant may seem impossible on a cold winter day, it is important to note that at any 
time of the year, an increase in water temperature has effect on aquatic life (Odigure et al., 
2003). Heat pollution is a consequence of the rising in energy demand by man’s activities. 
For instance the power plants burns fossil fuel or nuclei fuel to provide the energy needed 
for industrial consumptions, they released considerable amounts of heat (Abdulkareem, 
2000). The power plants that release these huge amounts of energy are located near bodies 
of water, which the plant used for heat dissipation purposes. Living things especially cold 
blooded animal i.e. fish are very sensitive to small change in the average temperature. It has 
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been reported that fish hatch its eggs before the hatching period due to change in water 
temperature. It may also prevent fish eggs from hatching at all (Abdulkareem, 2009; 
Odigure et al., 2003). In addition, a small rise in average temperature could produce a 
profound climatic change. Some experts’ belief a small rise in temperature would cause the 
Greenland and Antarctic ice to melts, raising ocean levels and inundating large areas of land 
(Abdulkareem., 2009). The average worldwide temperature can be affected when the 
products of combustion such as carbon monoxide, water vapour and carbon dioxide are 
emitted in large quantities into the atmosphere (Tzimas et al., 2007). Although, solar energy 
on its way to the earth surface easily pass through the layers of carbon dioxide, some of the 
heat escaping through the earth will be absorbed by the increase amount of carbon emitted 
to the atmosphere by the process industries and releases back to the earth with negative 
impact on the soil (Abdulkareem and Odigure, 2002). For instace, the heat from gas flared 
falls on the soil thereby heating it up, increases in heat deposition on soil reduces diseases 
generally, it may not be suitable for some plants and crops to survive hence rendering such 
land unsuitable for cultivation (Aduku, 1997). There is therefore, a great physiological 
impact on crops planted in the vicinity of the gas flares station. It has been reported that 
there could be about 100% loss in yield of crops cultivated 200m away from the flares 
stations, 45% loss in yield of crops at 600m away and 10% loss in yield of crops cultivated 
1000m away (Oyekunle, 199).  

2. Development of mathematical modelling   

The burning process of natural gas also referred to as combustion is described as a rapid 
oxidation or burning of substances with simultaneous evolution of heat. In the case of 
common fuels, the process is one of the chemical combinations with atmospheric oxygen 
to produce as the principal product. Gas flaring of produced gas i.e the process of 
burning-off surplus combustible vapours from a well, either as a means of disposal or as a 
safety measure to relieve well pressure - is the most significant source of air emissions 
from offshore oil and gas installations. Hence gas flaring activity in the Niger- Delta area, 
and the pollutants released to the atmosphere is causing a lot of damage to the area. It is 
on this basis that a mathematical model that can quantify the quantity of heat discharged 
from gas flaring stations into the environment will be developed. The following 
assumptions were made in order to develop the mathematical model for the heat 
radiation from gas flaring: 

i. The area is assumed to be a bed of soil i.e. of constant heat capacity. 
ii. The intensity of the sun is uniform for a given area at a given time 
iii. Heats from flares are used in vapourising water, retained by the soil and the remaining 

reflected back 
iv. Combustion is incomplete in air 
v. The area is a tropical forest 

Below is the schematic diagram of heat radiation in a flare station. 
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Figure 2. Schematic of heat radiation from gas flared station 

Heat balance 

Taking heat balance from Fig 2  

 Qf = Qfd + Qfa  (8) 

Where 

- Qf = heat from flare gases 
- Qfa = heat absorbed by earth from flare gas 
- Qfd = heat from flare reflected 

From assumption (iii) i.e. heat from flares are used in vaporizing water, retained by the soil 
and the remaining reflected i.e. 

 Qfa = Qs + Qv  (9) 

Where 

- Qs = heat retained by soil 
- Qv = heat used in vapoursing water 

Substituting equation (9) into (8) gives 

 Qf = Qfd + Qs + Qv  (10) 

Rearranging the variables to make Qfd the subject of the formula gives 

 Qfd = Qf – Qs – Qv (11) 

Where 
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to produce as the principal product. Gas flaring of produced gas i.e the process of 
burning-off surplus combustible vapours from a well, either as a means of disposal or as a 
safety measure to relieve well pressure - is the most significant source of air emissions 
from offshore oil and gas installations. Hence gas flaring activity in the Niger- Delta area, 
and the pollutants released to the atmosphere is causing a lot of damage to the area. It is 
on this basis that a mathematical model that can quantify the quantity of heat discharged 
from gas flaring stations into the environment will be developed. The following 
assumptions were made in order to develop the mathematical model for the heat 
radiation from gas flaring: 
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From equation (12) 

 Qs = MsCs[Ts – Tsoil]  (13) 

Where  

- Ms = mass of soil 
- Cs = specific heat capacity of soil 
- Ts = temperature of flare gas 
- Tsoil = temperature of soil 

 
s

soil

T

v w w w v
T

Q M C dT M    (14) 

From equation (14) 

 Qv = MwCw[Ts – Tsoil] + Mwλv  (15) 

Where 

Mw = mass of water, Cw = specific heat capacity of water, λv = latent heat of vapourisation of 
water 

According to Albedo, a fraction of the heat radiated from the source strikes the receiving 
surface. (Andy, 2003). Therefore, 

 Qc = αQf(l – a)  (16) 

Where 

α = absorptive factor which varies with distance, a = Alhedo constant,  Qc = fraction of the 
heat which strikes the receiving surface 

Hence, 

 αQf(l – a) = MwCw(Ts – Tsoil) + Mwλv + MsCs[Ts – Tsoil]  (17) 

Substituting equations (13), (15) and (17) into equation (11) gives 

 Qfd = Qf – [MsCs[Ts – Tsoil] + MwCw[Ts – Tsoil] + Mwλv]  (18) 

Similarly, from Equations 11 and 16; 

 Qfd = Qf – αQf(l – a)  (19) 

Rearrange Equation 19 to obtain 

 Qfd = Qf(1 - α(l – a))  (20) 

Evaluation of Qf 

Ufarana (2004) suggest that that the flame from is titled at 45o, hence 
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 hfv = L(sin 45o) = 0.707L  (21) 

Where hfv is the vertical height vector of a flare stack 

And L is the flame length 

From Equation 21 

 L 
0.707

fvh
   (22) 

The vertical height vector of the flare stack (hfv) can also be calculated from (Ufarana, 2004) 

 hfv = 0.0042Qf 0.478  (23) 

From Equations 22 and 23; 

 f
0.0042L Q 0.478
0.707

   (24) 

  L = 0.00594Qf 0.478  (25) 

From Steward’s correlating equation (Ufarana, 2004) 

 L = 0.8632Qf 0.4N'  (26) 

Where, 

 

0.4

0.4N'   a combustion parameter 
[( ) (1 )]

r w a

NHV w

  
 
   


  (27) 

Where 

w  combustion parameter 
( )

rC Tp a
rC T NHVp a

 


 

NHV = flared gas net heating value, Btu/lb 

r = stiochiometric air fuel ratio of flared gas, Ta = air temperature, a = ambient air density 
 = fuel density 

Equating (25) and (26) gives 

 0.00594Qf 0.478 = 0.8632Qf 0.4 N'  (28) 

From Equation (28) 

 Qf 0.078 = 145.32N'  (29) 
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From Equation 27 
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Rearrange Equation 30 to obtain; 
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 (31) 

Substituting Equation 31 into Equation 29 gives 

 
0.4

0.078 0.6
f 0.4 1.4
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 (32) 

From Equation (32) 
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Substituting Equation 33 into Equation 20 gives 

 fdQ 

0.4
0.60.078 0.4 1.4

( ( ) )
145.32 ( )

( )

(1 ( ))                                                                                        

p a a
p a
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  (34) 

Relationship between net heating value and distance from flare point is given as (Ufarana, 
2004) 

 
mcNHV

x



 

(35) 

Wherem= mass of flared gas, c = heat capacity of flared gas,  = temperature of flared gas,  
x = distance 

Substituting Equation 35 into Equation 34 to obtain 
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 fdQ 
 0.4

0.6 0.4
0.078 0.4 1.4

( )
145.32 ( )

( )

(1 ( ))                                                                                       

p a a
p a

rC T x r mc
rC T mc x

mc

l a

         
    
      
  

 (36) 

But 

 m = TVT  (37) 

- Wherem = mass of flared gas 
- V = volume of flared gas 
- T = density of gas produced by gas flaring 
- VT = volume of gas produced by gas flaring which can be calculated as follows: 

The volume of obnoxious gases produced such as CO, CO2, NO2, SO2 and THC when Vm3 of 
gas is flared was estimated on the assumption that combustion of the associated gas is 
incomplete in air as shown in Equations 38-44. The calculation was also based on the 
compositions of associated gas in crude oil at the flare stations (Table 1).  

Component of gas flared Percentage of Composition 
CH4 47
C2H4 18
C3H8 20
C4H10 5
C5H12 9
H2S 0.03
N2 0.022

Others 0.068

Table 1. Component of gas flared (Abdulkareem, 2000) 

Evaluation of volume of gas flared was estimated on the assumption that combustion is 
incomplete in air with the following reactions take place during the process of combustion. 
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 5 12 2 2 2
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From Equation 27 
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Rearrange Equation 30 to obtain; 
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Substituting Equation 31 into Equation 29 gives 
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From Equation (32) 
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Substituting Equation 33 into Equation 20 gives 
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Relationship between net heating value and distance from flare point is given as (Ufarana, 
2004) 
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Wherem= mass of flared gas, c = heat capacity of flared gas,  = temperature of flared gas,  
x = distance 

Substituting Equation 35 into Equation 34 to obtain 
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 2 2 2 2H S  O  SO  H    (43) 

 2 2 2N  2O   2NO   (44) 

Basis: 1m3 of flared gas 

Let SE = stack energy 

The total volume of gas produced by flaring 1m3 of gas = volume of CO2 + volume of CO + 
volume of NO2 + volume of SO2 + volume of THC  

 = 0.00845SE + 0.1235SE + 0.000003SE + 0.00004SE + 0.99 – 0.00990SE =  

 = (0.99 + 0.0109074SE)m3 = VT  (45) 

Equation (45) represents the total volume of gas produced by flaring 1m3 of gas. But when 
Vm3 of gas is flared equation (45) becomes 

 (0.99 + 0.0109074SE)Vm3 = VT (46) 

From Equation 37 i.e. m = TVT 

Substituting Equation (46) into Equation (37) gives 

 m = T(0.99 + 0.0109074SE)V (47) 

Substituting Equation 47 into Equation 36 gives 
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Equation (48) is the model equation for the heat reflected due to gas flaring. 

3. Results and discussion of results 

Environmental pollution has transcended natural boundaries; stratospheric ozone depletion, 
global warming, the green house effect, deforestation, acid train and mega disaster are some 
of the various environmental problems attributed to pollution. The potential effects of global 
pollution have necessitated global cooperation in other to secure and maintain a live able 
global environment (Odjugo, 2010). It has been reported that pollutants emitted from one 
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country can easily cross political boundaries. People are beginning to recognize that 
pollutants can affect not just a region but the entire planets. Modern industrial society 
creates far more carbon (IV) oxide (CO2) that what the planet vegetation can consume 
(Odigure and Abdulkareem, 2001). As the excess CO2 rises into the atmosphere, it acts as 
absorptive body, which trap heat reflected from the earth surface. Scientists accept that 
green house effect from increased level of CO2 and other heat trapping gases eventually will 
cause an increase in global temperature. Some predicted that the temperature will rise 
significantly within the next century and that global pattern could be drastically disrupted. 
Air pollution is not restricted to outdoor air, although relatively little attention is given to 
the hazards of many substances found in indoor air most especially in the developing 
nations where there is no proper regulation in place to combat air pollution. But it is 
however well established that people may spend as much as 80-90% of their time indoor. 
The sources of indoor pollution are different for developing and industrialized country 
(Odigure and Abdulkareem, 2001). In developing countries, indoor pollution comes mainly 
from using biomass fuels (Wood, agricultural waste, dung etc.) for cooking and heating. The 
majority of the world’s population depends on biomass for most of their energy supply. It is 
estimated that as many as 400-500 million people mainly in the rural area of developing 
countries and primarily women and children may be adversely affected by indoor pollution 
(FEPA Report, 1998). The fuel is burnt inefficiently in rooms that poorly ventilated. Biomass 
smoke contains numerous substances, the most hazardous of which include suspended 
particulate matter, nitrogen dioxide, carbon dioxide and sulphur dioxide (Gwendolyn et al, 
1993). It also releases a number of aldehyde. While the key indoor pollutants in an 
industrialized countries are nitrogen dioxide, carbon monoxide, radon (from building 
material), formaldehyde (from insulator, asbestos, mercury, manmade fibers etc. Also 
polluting the environment is the heat radiated as result of these indoor activities and process 
industries. The released may be harmful to plant and animal. In Nigerian context, gas flaring 
from the oil exploitation and exploration in the Niger-Delta area of the country has been 
considered as the major sources of environmental pollution. Every day in southern Nigeria, 
almost 2million cubic feet of natural gas is burnt (flared) during crude oil production, more 
than is flared anywhere else in the world (Oni and Oyewo, 2011). Hence, gas flaring is not only 
wastes of valuable resources, but is also a major cause of environment pollution in the Niger-
Delta, where most of Nigeria’s oil output is produced. Nigeria has a population of over 
170million people and an abundance of natural resources especially hydrocarbons. The 
Nigerian economy is largely dependent on its oil sector which supplies 95% of its foreign 
earnings. While the exploitation and exploration of oil has created some fortunes and 
contributed positively to the economic and technological advancement of Nigeria as a country, 
the accompanying socio-economic and ecological fallouts remain problematic. The public 
considers the oil producing companies operating in the Niger-Delta oil fields responsible as 
major environmental pollutants by way of relentless flaring and venting of gas in the 
environment, oil spillages, site clearing, deforestation and destruction of flora and fauna, and 
disturbances of the ecosystem in the 70,000 square kilometres Niger-Delta wetland (Oguejifor, 
1993). Gas flaring in Nigeria today has posses an environmental hazard to the nation at large. 
So much damage is being done to the environment through gas flaring, that if nothing is done 
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(Odigure and Abdulkareem, 2001). As the excess CO2 rises into the atmosphere, it acts as 
absorptive body, which trap heat reflected from the earth surface. Scientists accept that 
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majority of the world’s population depends on biomass for most of their energy supply. It is 
estimated that as many as 400-500 million people mainly in the rural area of developing 
countries and primarily women and children may be adversely affected by indoor pollution 
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almost 2million cubic feet of natural gas is burnt (flared) during crude oil production, more 
than is flared anywhere else in the world (Oni and Oyewo, 2011). Hence, gas flaring is not only 
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Delta, where most of Nigeria’s oil output is produced. Nigeria has a population of over 
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earnings. While the exploitation and exploration of oil has created some fortunes and 
contributed positively to the economic and technological advancement of Nigeria as a country, 
the accompanying socio-economic and ecological fallouts remain problematic. The public 
considers the oil producing companies operating in the Niger-Delta oil fields responsible as 
major environmental pollutants by way of relentless flaring and venting of gas in the 
environment, oil spillages, site clearing, deforestation and destruction of flora and fauna, and 
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in a few years from now, serious environmental and health problems such as premature death 
and diseases will emerge. It is therefore, on this ground that a mathematical model that can 
quantify the amount of heat radiation from a flare stack is developed in this work. The model 
will assist in estimating the quantity of heat migration from gas flaring as a function of flare 
temperature, gas flow rate and geometric design (Efficiency) of the flare stack. Data gathered 
on the rate of flaring of gas and the measured quantities of heat radiation are presented in 
Tables 1 and 2. While the simulated results at different conditions for a period of one year for 
gas flare stations 1 and 2 are presented in Figs. 2-7  

Table 2 present the average volume of gas flared from two flare stations per month for a 
period of one year. Results as presented indicate non uniformity in the volume of gas flared 
by the flare station per months. For instance, the volume of gas flared in station 1 for the 
month of May was 2.03m3/sec while the volume of gas flared in the same station in the 
month of June was 1.65m3/sec. Results also reveal variation in the rate of gas flaring by the 
two stations investigated, with average rate of gas flaring by station 2 higher than that of 
station 1. The variation in the rate of gas flaring as presented can be attributing to the 
variation in the rate of production of crude by the two stations. The crude oil obtained from 
wells is a mixture of crude oil itself, water and natural gas. At the flow stations, the 
components are separated and the gas that not be contained is flared. Hence when the rate 
of crude oil produced increases, the quantity of gas flared will also increases.  
 

 Volume of gas flare (m3/s) 
Months Station 1 Station 2 

Jan 1.78 2.79 
Feb 2.10 3.16 
Mar 1.52 2.78 

April 1.56 3.21 
May 2.03 2.91 
June 1.65 2.66 
July 1.74 2.64 
Aug 1.39 2.87 
Sept 1.92 3.01 
Oct 1.30 2.56 
Nov 0.99 2.81 
Dec 1.75 2.97 

Table 2. Flow rate of gas flared per month 

Presesnted in Table 3 are the measured values of heat radiation per month by station 1 for a 
period of eight months. The measured values showed that 0.805×10-3 kW/m2 of heat was 
radiated at a distance of 100m for the month January, while 0.050×10-3kW/m2 of heat was 
radiated at the same distance for the month of February. Values of heat radiation presented 
in Table 3 do not show any distribution pattern with seasons. The un-pattern nature of heat 
radiation per season could be attributed to the volume of gas flared, distances from flared 

Oil Exploration and Climate Change: A Case Study  
of Heat Radiation from Gas Flaring in the Niger Delta Area of Nigeria 19 

point and wind speed. However, the measured heat radiation to large extent conforms to 
the physical law of pollutant dispersion from the generating sources.  

 
 Heat Radiation (kW/m2) ×10-3 

Months Jan Feb Mar April May June Sept Dec 
Distances (m)         

100 0.805 0.553 0.050 3.016 2.672 2.735 1.527 0.837 
150 0.716 0.514 0.076 2.465 2.429 1.994 1.668 0.725 
200 0.620 0.440 0.075 1.010 3.034 1.697 2.708 0.620 
250 0.330 0.332 0.075 3.916 2.175 1.682 2.262 0.522 
300 0.319 0373 0.094 0.312 1.675 1.520 1.929 0.457 
500 0.558 0.237 0.091 0.979 1.262 1.519 1.849 0.305 

Table 3. Heat radiation from gas flaring station 1 

Simulation of the model is the use of computer code to show the operation and behavior of 
the system. The model equation developed for the heat radiation from gas flaring was 
simulated using Q-basic programme. The results obtained are presented in Figs 3-8. The 
simulated results values are obtained at various distances ranging from 25m to 1500m for 
different volume of gas flared and at different stack efficiencies of 65%, 75% and 85%. The 
choice of these 3 stack is as favoured by the world bank report that flare stack efficiency in 
the flare station of Niger-Delta area of Nigeria is 75%. It can be seen from the simulation 
results presented that the heat radiation from gas flaring for different stations increases with 
increase in volume of gas flared and stack efficiency, while the quantity of heat radiated 
reduces with increase in distance from the flare point. For instance in the month of May at a 
distance of 100m the quantity of heat radiated is 0.00262287 kW/m2 while at a distance of 
200m the quantity of heat radiated is 0.0023729 kW/m2 for station 1. Results as presented 
also indicate that at a stack efficiency of 64% in the month of May, the quantity of heat 
radiated at a distance of 100m is 0.00262287 kW/m2, while for that same month at the same 
distance in the same station when the stack efficiency is 74%, the quantity of heat radiated is 
0.00279044 kW/m2. Simulation results presented also indicates that the highest quantities of 
heat is radiated in the month of June for station1 and this as a result of the fact that highest 
amount of gas flared in this station during this month. Results as presented in Figs for 
station2 indicates same pattern of results as obtained in station1. It could be observed from 
the experimental and simulated results that the habitants of the Niger-Delta area of Nigeria 
are exposed to serious environmental risk based on the quantities of heat released into the 
environment from the gas flare stations. Results obtained support the claims by the 
researchers that the fire form gas flaring stations generate constant heat, which in turn 
evaporate water produced around the flare point, thus increasing the salinity of the pool 
water. There is also an evidence including the observation by the local farmers that the flare 
is considerably diminishes the value of agriculture productivity. Other observation made in 
the Niger-Delta area as a negative consequence of heat radiation from gas flaring is that the 
game animals were scared away by the fire.  
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Comparison of experimental results with simulated results showed that there is variation 
between them. The variation between experimental and modeling simulation results could 
be attributed to the following factors. 

1. The un-patterned nature of the experimental data, which could be attributed to the fact 
that the weather conditions and rate of rainfall are not constant throughout the season. 
As a result, the heat will accumulate in the air during no rain period. However, when it 
rains part of the accumulated heat pollutant will be washed away  

2. Experimental values are a measure of the extent of atmospheric pollution because of 
possibility of accumulation as stated above. While the simulation results are an 
instantaneous value i.e. it measured the possible amount of heat that could be released 
during flaring at a given time.  

3. Atmospheric conditions such as wind speed, humidity, temperature e.t.c affect the 
dispersion and dilution of heat radiation from flare stack as a function distance. 

4. The variation in experimental and simulations values could also be attributed to some 
assumption made at the initial stage of the modeling, such as wind speed, weather 
condition, volume of gas flared e.t.c. These assumptions may not conform to prevailing 
atmospheric condition. 

Despite the variation between the experimental and simulated results, the dispersion 
pattern of the obtained values from experimental and simulation showed that the model 
and experimental results to a large extent conforms to the modified physical law proposed 
by (Gwendolyn, 1993).  

  
Figure 3. Heat radiation from gas flaring (Station 1) with a stack efficiency of 65% 
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Figure 4. Heat radiation from gas flaring (Station 1) with a stack efficiency of 75% 

 

 
Figure 5. Heat radiation from gas flaring (Station 1) with a stack efficiency of 85% 
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Comparison of experimental results with simulated results showed that there is variation 
between them. The variation between experimental and modeling simulation results could 
be attributed to the following factors. 

1. The un-patterned nature of the experimental data, which could be attributed to the fact 
that the weather conditions and rate of rainfall are not constant throughout the season. 
As a result, the heat will accumulate in the air during no rain period. However, when it 
rains part of the accumulated heat pollutant will be washed away  

2. Experimental values are a measure of the extent of atmospheric pollution because of 
possibility of accumulation as stated above. While the simulation results are an 
instantaneous value i.e. it measured the possible amount of heat that could be released 
during flaring at a given time.  

3. Atmospheric conditions such as wind speed, humidity, temperature e.t.c affect the 
dispersion and dilution of heat radiation from flare stack as a function distance. 

4. The variation in experimental and simulations values could also be attributed to some 
assumption made at the initial stage of the modeling, such as wind speed, weather 
condition, volume of gas flared e.t.c. These assumptions may not conform to prevailing 
atmospheric condition. 

Despite the variation between the experimental and simulated results, the dispersion 
pattern of the obtained values from experimental and simulation showed that the model 
and experimental results to a large extent conforms to the modified physical law proposed 
by (Gwendolyn, 1993).  

  
Figure 3. Heat radiation from gas flaring (Station 1) with a stack efficiency of 65% 
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Figure 5. Heat radiation from gas flaring (Station 1) with a stack efficiency of 85% 
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Figure 6. Heat radiation from gas flaring (Station 2) with a stack efficiency of 65% 

 
Figure 7. Heat radiation from gas flaring (Station 2) with a stack efficiency of 75% 
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Figure 8. Heat radiation from gas flaring (Station 2) with a stack efficiency of 85% 

4. Conclusion  

Environmental pollution due to heat radiation from gas flaring stations in the Niger-Delta 
area of Nigeria has been identified as one of the major causes of strives, demonstration and 
sometimes-violent protest between the oil exploration companies and habitants of Niger-
Delta area of Nigeria. Experimental analysis of heat radiation from gas flaring has been 
conducted. Attempt at modeling heat radiation from flare station using q basic program is 
hereby presented. It can be inferred from the simulation results of the developed model that 
volume of gas flared considerably affects the quantity of heat radiation from gas flaring in a 
direct proportionate manner. Also influence the heat radiation from gas is the distances of 
measurement from the point of flare, as the distance increases the quantity of heat radiated 
decreases. It can be inferred from the results that the effect of heat radiated will be felt 
mostly felt at distances of 25-100m within the point if flare. The result also clearly show that 
show that continuous gas flaring irrespective of the quality deposited in the immediate 
environment will in the long run lead to change in the physicochemical properties of 
environment due to the quantity of heat radiated. From this research, the following 
conclusions can be deduced: 
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Figure 7. Heat radiation from gas flaring (Station 2) with a stack efficiency of 75% 
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Figure 8. Heat radiation from gas flaring (Station 2) with a stack efficiency of 85% 
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1. It was observed that the result of simulation of model developed based on the modified 
principles of pollutants dispersion agreed with the experimental results.  

2. The dispersion pattern of heat radiation based on the simulation results showed that the 
extent of spread heat from the flare point is dependent on nearness to source of flaring, 
volume of gas flared and stacks efficiency.  

3. Model equation that best represents pollutant dispersion pattern is: 
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1. Introduction 

After the Second World War not only the public interest in the environment increased in 
general. Concerns of coastal states about increasing ship-source marine pollution and oil 
spills started to grow as well. Some of the occurred incidents with tankers clearly 
demonstrated that oil spills in an environmentally or economically sensitive area could 
cause irreparable damage (Gold, 1998). 

Oil pollution of the ocean comes from shipping activity and offshore oil production. Sea-bed 
activities on oil exploration and production constitute a relatively small part in the general 
amount of the pollution of marine environment with oil. The principal cause of marine 
pollution with oil is shipping. Traditionally shipping is considered to be “a polluting 
industry”. The world’s tanker fleet counts approximately 7 000 vessels with cargo capacities 
between 76 000 and 175 000 tons (Gennaro, 2004). Usual shipping operations, especially 
transportation of oil by tankers and accidents, result in the dumping of around 600 000 – 
1 750 000 tons of oil into the ocean per year (Brubaker, 1993).  

Due to the use of pipelines for petroleum products, oil transportation with tankers 
decreased significantly (Gennaro, 2004). However, the incidents with this type of vessels 
and the occurred oil spills occur constantly. The last oil pollution incident, which gained 
publicity and attention of the mass media, happened in October 2011 off the New Zealand’s 
coast. The grounding off of the tanker “Rena” and the followed oil leaking caused the 
environmental disaster. This oil spill seriously damaged wildlife, including penguins, seals, 
dolphins, whales and rare sea birds (New Zealand oil spill ship captain charged, 2011). 

It must be stressed here that the oil spills and individual catastrophes are very spectacular, 
but the scientific research demonstrates that pollution from other sources damages the 
marine environment more. Furthermore, it should be noted that a small amount of oil is 
constantly seeping in the seas being assimilated into the ocean environment (Brubaker, 
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Oil pollution of the ocean comes from shipping activity and offshore oil production. Sea-bed 
activities on oil exploration and production constitute a relatively small part in the general 
amount of the pollution of marine environment with oil. The principal cause of marine 
pollution with oil is shipping. Traditionally shipping is considered to be “a polluting 
industry”. The world’s tanker fleet counts approximately 7 000 vessels with cargo capacities 
between 76 000 and 175 000 tons (Gennaro, 2004). Usual shipping operations, especially 
transportation of oil by tankers and accidents, result in the dumping of around 600 000 – 
1 750 000 tons of oil into the ocean per year (Brubaker, 1993).  

Due to the use of pipelines for petroleum products, oil transportation with tankers 
decreased significantly (Gennaro, 2004). However, the incidents with this type of vessels 
and the occurred oil spills occur constantly. The last oil pollution incident, which gained 
publicity and attention of the mass media, happened in October 2011 off the New Zealand’s 
coast. The grounding off of the tanker “Rena” and the followed oil leaking caused the 
environmental disaster. This oil spill seriously damaged wildlife, including penguins, seals, 
dolphins, whales and rare sea birds (New Zealand oil spill ship captain charged, 2011). 
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1993). Many chemicals carried at sea are intrinsically far more harmful to the marine 
environment. Although the impact of the oil pollution constitutes only a small part of a 
general pollution to the maritime environment, the consequences of oil spills and oil wastes 
are extremely damaging for marine landscape and ocean’s inhabitants.  

Spilled oil is very toxic. It can be lethal to adult animals even in relatively low 
concentrations. It may also cause physiological or behavioral disruptions of species. Oil 
spills also cause death through the prevention of normal feeding, respiration and movement 
functions not only of ocean wildlife, but also of marine life at the sea shore. Particularly 
dangerous oil spills are for birds. Oil spill can lead sometime to the tainting of fish and 
shellfish. Sometimes one can feel the consequences of the oil spills through the oily taste or 
smell to the seafood. An oil spill directly damages not only animals, plants and corals, 
fisheries, but also affects human activity in the area of fisheries through damaging of fishing 
boats, fishing gear, floating fishing equipment. 

Oil spills affect not only the ocean space around them, but also shorelines, open waters and 
the seabed; wetlands; corals. They also damage fisheries and coastal amenities. Especially 
vulnerable for the potential damage is the area of shorelines. The caused damage is 
unpredictable and does not depend on the size of the oil spill. It depends rather on the 
closeness to the shoreline and vulnerability of the area. For example, a 9 000-ton diesel fuel 
spill from the “Tampico Maru”, in the Baja California in 1957, damaged over 10 km of 
coastline. On the other hand, 10 000 tons of crude oil discharged by the “Argea Prima”, in 
Puerto Rico in 1962, caused very little actual damage. The oil spill of 476 000 tonnes of crude 
oil, caused by the Ixtoc I oil platform blowout in the Gulf of Mexico, had caused relatively 
little damage. The damage from the “Argo Merchant” grounding in 1976 and oil spill of 
50 000 tons were very serious. The oil spill of 40 000 tons by the VLCC “Exxon Valdez” in 
especially vulnerable area of Prince William Sound in Alaska, in 1989, resulted in an 
ecological disaster and very long and costly clean-up operations. The same phenomena were 
observed during the Iran-Iraq and Iraq-Kuwait military actions and resulted oil spills. The 
oil spill with “Atlantic Empress” with loss of almost 300 000 tons of crude oil in 1978 in the 
Atlantic Ocean did not cause any significant impact on economy, but seriously damaged an 
offshore ecosystem around the site of the catastrophe. 

Under the right conditions the marine environment recovery natural process is incredibly 
quick and “painless”, however, the internal mechanisms of the nature are not endless and 
marine environment needs proper treatment and protection. The new oil and gas 
development projects also raise more and more serious concerns of the environmentalists. 
For example, the recent decision to start the drilling in the Arctic seriously worried the 
environmentalists especially in light of the climate change issue, which have been widely 
discussed in the mass media. On 29 August 2011 Exxon Mobil Corp and Rosneft signed an 
agreement on the development of oil and gas in the Russian sector of the Arctic 
(Korsunskaya & Reddall, 2011). The region presumably obtains around 13% of the 
undiscovered oil resources and 30% of its natural gas. Although this project is considered to 
be highly beneficial for both sides, it is stressed by both sides that environmental safety is 
very important in this area (Howard, 2011), since this area is considered to be ecologically 
fragile. Partly the concerns address the transportation of oil and possible oil incidents.  
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In the international law in the course of time a comprehensive regulatory regime on 
prevention of marine oil pollution (particularly oil spills) was developed. Special attention 
was paid to the regulation of marine oil pollution by shipping (Salter & Ford, 2001), so the 
existing rules cover mostly vessel-source pollution. The most effective instruments in the 
marine environment protection are regional treaties. Almost all regional treaties include a 
general obligation for signatory states to prevent, reduce and control all forms of maritime 
pollution. In the Helsinki convention1 and the Convention for the Protection of the Marine 
Environment of the North-East Atlantic (OSPAR Convention)2 one can find more concrete 
clauses like the precautionary concept, polluter pays concept, best available technology, and 
best environmental practice.  

However, the elaborated rules need to be enforced and complied with. A closer co-operation 
and sharing of informational resources within the international community is urgently 
required, especially in the cases of conventions and their amendments ratification. 

This chapter is devoted to the existing rules of international law and certain unilateral 
legislation on the issue of marine environment pollution with oil as well as their 
development in the XX-XXI centuries. The liability and compensation schemes in cases of 
occurred oil pollution are also analyzed. The chapter also deals with the existing regional 
conventions on marine oil pollution and makes certain proposals on the improvement of the 
existing at present legislation. 

2. International law documents on marine environment pollution 

The first international convention on oil pollution was adopted in 1926 by the International 
Maritime Conference in Washington. This document however was not ratified. 

Because of the significant pollution especially of the Atlantic Ocean during the World War II 
(military operations with submarines, torpedoes etc.), since 1945 the issue of oil pollution 
became very acute and more and more important. 

Marine pollution particularly with oil is not clearly regulated in any particular global 
environmental convention. This form of pollution is considered in some of the international 
legal documents. The provisions of the international conventions on this issue are, however, 
relatively limited. 

2.1. Stockholm declaration 

The Declaration on the Human Environment (Stockholm Declaration)3 and Action Plan4 
were adopted at the United Nations Conference on the Human Environment (UNCHE), 
                                                                 
1 Convention on the Protection of the Marine Environment of the Baltic Sea Area, 1992.  
http://www.helcom.fi/Convention/en_GB/text/ 
2 Convention for the Protection of the Marine Environment of the North-East Atlantic, 1992.  
http://www.ospar.org/html_documents/ospar/html/OSPAR_Convention_e_updated_text_2007.pdf  
3 Declaration of the United Nations Conference on the Human Environment, 1972.  
http://www.unep.org/Documents.Multilingual/Default.asp?documentid=97&articleid=1503 
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1993). Many chemicals carried at sea are intrinsically far more harmful to the marine 
environment. Although the impact of the oil pollution constitutes only a small part of a 
general pollution to the maritime environment, the consequences of oil spills and oil wastes 
are extremely damaging for marine landscape and ocean’s inhabitants.  

Spilled oil is very toxic. It can be lethal to adult animals even in relatively low 
concentrations. It may also cause physiological or behavioral disruptions of species. Oil 
spills also cause death through the prevention of normal feeding, respiration and movement 
functions not only of ocean wildlife, but also of marine life at the sea shore. Particularly 
dangerous oil spills are for birds. Oil spill can lead sometime to the tainting of fish and 
shellfish. Sometimes one can feel the consequences of the oil spills through the oily taste or 
smell to the seafood. An oil spill directly damages not only animals, plants and corals, 
fisheries, but also affects human activity in the area of fisheries through damaging of fishing 
boats, fishing gear, floating fishing equipment. 

Oil spills affect not only the ocean space around them, but also shorelines, open waters and 
the seabed; wetlands; corals. They also damage fisheries and coastal amenities. Especially 
vulnerable for the potential damage is the area of shorelines. The caused damage is 
unpredictable and does not depend on the size of the oil spill. It depends rather on the 
closeness to the shoreline and vulnerability of the area. For example, a 9 000-ton diesel fuel 
spill from the “Tampico Maru”, in the Baja California in 1957, damaged over 10 km of 
coastline. On the other hand, 10 000 tons of crude oil discharged by the “Argea Prima”, in 
Puerto Rico in 1962, caused very little actual damage. The oil spill of 476 000 tonnes of crude 
oil, caused by the Ixtoc I oil platform blowout in the Gulf of Mexico, had caused relatively 
little damage. The damage from the “Argo Merchant” grounding in 1976 and oil spill of 
50 000 tons were very serious. The oil spill of 40 000 tons by the VLCC “Exxon Valdez” in 
especially vulnerable area of Prince William Sound in Alaska, in 1989, resulted in an 
ecological disaster and very long and costly clean-up operations. The same phenomena were 
observed during the Iran-Iraq and Iraq-Kuwait military actions and resulted oil spills. The 
oil spill with “Atlantic Empress” with loss of almost 300 000 tons of crude oil in 1978 in the 
Atlantic Ocean did not cause any significant impact on economy, but seriously damaged an 
offshore ecosystem around the site of the catastrophe. 

Under the right conditions the marine environment recovery natural process is incredibly 
quick and “painless”, however, the internal mechanisms of the nature are not endless and 
marine environment needs proper treatment and protection. The new oil and gas 
development projects also raise more and more serious concerns of the environmentalists. 
For example, the recent decision to start the drilling in the Arctic seriously worried the 
environmentalists especially in light of the climate change issue, which have been widely 
discussed in the mass media. On 29 August 2011 Exxon Mobil Corp and Rosneft signed an 
agreement on the development of oil and gas in the Russian sector of the Arctic 
(Korsunskaya & Reddall, 2011). The region presumably obtains around 13% of the 
undiscovered oil resources and 30% of its natural gas. Although this project is considered to 
be highly beneficial for both sides, it is stressed by both sides that environmental safety is 
very important in this area (Howard, 2011), since this area is considered to be ecologically 
fragile. Partly the concerns address the transportation of oil and possible oil incidents.  
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In the international law in the course of time a comprehensive regulatory regime on 
prevention of marine oil pollution (particularly oil spills) was developed. Special attention 
was paid to the regulation of marine oil pollution by shipping (Salter & Ford, 2001), so the 
existing rules cover mostly vessel-source pollution. The most effective instruments in the 
marine environment protection are regional treaties. Almost all regional treaties include a 
general obligation for signatory states to prevent, reduce and control all forms of maritime 
pollution. In the Helsinki convention1 and the Convention for the Protection of the Marine 
Environment of the North-East Atlantic (OSPAR Convention)2 one can find more concrete 
clauses like the precautionary concept, polluter pays concept, best available technology, and 
best environmental practice.  

However, the elaborated rules need to be enforced and complied with. A closer co-operation 
and sharing of informational resources within the international community is urgently 
required, especially in the cases of conventions and their amendments ratification. 

This chapter is devoted to the existing rules of international law and certain unilateral 
legislation on the issue of marine environment pollution with oil as well as their 
development in the XX-XXI centuries. The liability and compensation schemes in cases of 
occurred oil pollution are also analyzed. The chapter also deals with the existing regional 
conventions on marine oil pollution and makes certain proposals on the improvement of the 
existing at present legislation. 

2. International law documents on marine environment pollution 

The first international convention on oil pollution was adopted in 1926 by the International 
Maritime Conference in Washington. This document however was not ratified. 

Because of the significant pollution especially of the Atlantic Ocean during the World War II 
(military operations with submarines, torpedoes etc.), since 1945 the issue of oil pollution 
became very acute and more and more important. 

Marine pollution particularly with oil is not clearly regulated in any particular global 
environmental convention. This form of pollution is considered in some of the international 
legal documents. The provisions of the international conventions on this issue are, however, 
relatively limited. 

2.1. Stockholm declaration 

The Declaration on the Human Environment (Stockholm Declaration)3 and Action Plan4 
were adopted at the United Nations Conference on the Human Environment (UNCHE), 
                                                                 
1 Convention on the Protection of the Marine Environment of the Baltic Sea Area, 1992.  
http://www.helcom.fi/Convention/en_GB/text/ 
2 Convention for the Protection of the Marine Environment of the North-East Atlantic, 1992.  
http://www.ospar.org/html_documents/ospar/html/OSPAR_Convention_e_updated_text_2007.pdf  
3 Declaration of the United Nations Conference on the Human Environment, 1972.  
http://www.unep.org/Documents.Multilingual/Default.asp?documentid=97&articleid=1503 
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held in Stockholm in June 1972. Both documents have special sections on marine pollution. 
This conference was one of the first attempts of the integrated approach to the global 
environmental issues. 

It was stressed in the Principle 7 of the Stockholm Declaration on the Human Environment, 
1972 that states shall take all possible steps to prevent pollution of the seas by substances 
that create hazards to human health, harm living resources and marine life, damage 
amenities or interfere with other legitimate uses of the sea (Sokolova, 2005). 

Principle 22 addresses the issue of liability and compensation for marine pollution damage 
requiring from states further cooperation in order to develop rules of international law 
regarding this issue. 

Action Plan consisting of 109 recommendations proposes to address pollution by means of 
the environmental assessment, environmental management and supporting measures.  

One of the most important achievements during the UNCHE was the establishment of a 
new United Nations institution - the United Nations Environment Programme (UNEP). As 
for the issues of marine environment protection, the UNEP adopted “regional seas action 
plans”. The organization also monitors pollution in some of the regional seas areas. This 
shift to the regional perspective was caused by the idea that the transboundary problems of 
the oceans or environmental protection of any particular sea could be better managed from 
a regional basis. The first covered region was the Mediterranean (Suarez, 2006).  

2.2. Global conventions on the law of the sea 

As a separate issue oil pollution is not regulated in the global conventions on the law of the 
sea. However, the Geneva Conventions of 1958 contain the provisions on environmental 
protection of the ocean against oil pollution through oil pipelines or continental shelf 
development (Art. 5(1) and 5(7) of the Geneva Convention on the Continental Shelf5 and Art. 
24 of the Geneva Convention on the High Seas6) (Gennaro, 2004). These provisions are, 
however, rather superficial. Geneva Convention on the High Seas in its Art. 24 proclaims the 
obligation of states to draft national legislation on pollution prevention from ships or pipelines 
or sea-bed activities. Art. 5(1) and 5(7) of the Geneva Convention on the Continental Shelf 
concern the exploration and exploitation of the continental shelf and its natural resources. The 
coastal state has to ensure that there is no unjustifiable interference with navigation, fishing or 
the conservation of the living resources of the sea, oceanographic or other scientific research. 
The coastal states shall also establish safety zones around the offshore installations and take 
measures for the protection of the living resources of the sea from harmful agents. 

Another comprehensive document for the different aspects of ocean matters including 
marine environment protection is the United Nations Convention on the Law of the Sea 
                                                                                                                                                                   
4 Action Plan for the Human Environment, 1972.  
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=97&ArticleID=1492&l=en 
5 Convention on the Continental Shelf, 1958. United Nations, Treaty Series. Vol. 499. P. 311. 
6 Convention on the High Seas, 1958. United Nations, Treaty Series. Vol. 450. P. 11, p. 82. 
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(UNCLOS)7 adopted on 10 December 1982 at Montego Bay (came into force on 16 November 
1994). This document became global. This “umbrella convention” does not contain detailed 
rules for the protection of the marine environment, only general provisions. These rules 
shall be implemented by means of the further regulations of the international law (Zhu, 
2006). 

The provisions of UNCLOS on maritime protection are of great importance world-wide. 
They are contained in Part XII of the Convention. These regulations are general. The 
convention proclaims general obligation of states to protect the marine and coastal 
environment and its resources (Art. 192). Art. 193 grants to the states the right to develop 
their natural resources under the consideration of their natural environmental policy. Art. 
193 stresses as well the duty of states to protect and preserve the marine environment.  

The general provisions of the mentioned Art. 192 and Art. 194 on measures to prevent, 
reduce and control pollution of the marine environment are considered to be a part of the 
international customary law. 

Art. 195 and 197 require from state not to transfer damage or hazards or transform one form 
of pollution into another and to cooperate with each other on global or regional basis (Dahm 
et al., 2002). 

The convention also contains the enforcement procedure for the rules on marine pollution 
prevention by the flag state (Art. 217) and by the coastal states over the vessels in its ports or 
off-shore terminals (Art. 220). 

The protection of marine environment during the offshore development of oil is reflected in 
Art. 207, regulating the protection of marine environment against pollution from land-based 
sources. Art. 208 regulates protection of the marine environment from sea-bed activities 
under their jurisdiction. Art. 208 (4) stresses the need to reach a compromise in this respect 
on a regional level, what should be considered as a recognition of necessity to solve this 
problem on the regional level. Art. 213-214 contain the enforcement rules for the mentioned 
provisions. 

Art. 235 proclaims liability of the states for their international obligations concerning the 
preservation and protection of marine environment. Art. 235 (2) requires the states to ensure 
the possibility to obtain compensation or other relief in case of the damage caused by the 
pollution. 

2.3. Agenda 21 – Programme of action for sustainable development 

Another international conference – The Earth Summit, which took place in Rio de Janeiro, 
Brazil from 3-14 June 1992 – was also very important for the environmental and 
development issues. This meeting was prepared by the United Nations Conference on 
Environment and Development (UNCED). 
                                                                 
7 United Nations Convention on the Law of the Sea, 1982.  
http://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf 
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http://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 

 

34 

The outcome of this conference was the adoption of several non-binding legal instruments, 
including Agenda 218. Agenda 21 is a programme of action for sustainable action world-wide. 

Chapter 17 of this document is devoted to the oceans “Protection of the Oceans, All Kind of 
Seas, including Enclosed and Semi-enclosed Seas, and Coastal Areas and the Protection, 
Rational Use and Development of their Living Resources”. This chapter links the activities 
of the conference with the UNCLOS. The chapter stresses the need of the marine pollution 
protection (Gold, 1998). The danger of offshore oil and gas operations for the marine 
environment and the need to minimize this danger are also in this chapter. Agenda 21 
stresses the need to prevent especially the marine pollution from vessels including illegal 
discharges and pollution caused by ships in particularly sensitive areas. The need to reduce 
the risks of accidents is also stressed. Shipping has to comply with the provisions of the 
International Convention for the Prevention of Pollution From Ships, 1973 as modified by 
the Protocol of 1978 (MARPOL)9 and the UNCLOS. International cooperation with regional 
or global international organizations and, where appropriate, with industry-based 
organizations shall be improved. 

This document did not establish a new legal framework on ocean governance, but 
confirmed the importance and fundamental role of the UNCLOS in this respect especially in 
the protection and sustainable development of the marine and coastal environment and its 
resources (Suarez, 2006). 

3. International legal documents on the oil pollution at sea 

3.1. OILPOL’54 

International Convention for the Prevention of Pollution of the Sea by Oil (OILPOL)10 was adopted 
in London on 12 May 1954. This convention became the first international treaty dealing 
with the oil pollution.  

It addressed the discharge of oil and oily wastes into the water. OILPOL`54 prohibited the 
intentional discharge of oil and oily mixtures from certain vessels in specified ocean areas. 
The ballast discharges have to be made in the permitted areas with a special record in an oil 
record book. This book shall be inspected at regular intervals. The enforcement of the 
convention had to be fulfilled by the flag state.  

The Convention became a significant achievement at that time. In the preamble of the later 
adopted MARPOL convention it is stressed that OILPOL was the first multilateral 
instrument to be concluded with the prime objective of protecting the environment. The 
preamble of the MARPOL also appreciates the significant contribution, which the OILPOL 
has made in preserving the seas and coastal environment from pollution.  
                                                                 
8 Agenda 21. http://www.un.org/esa/dsd/agenda21/res_agenda21_00.shtml 
9 International Convention for the Prevention of Marine Pollution from Ships, 1973, United Nations, Treaty Series. Vol. 
1340. P. 184 (as modified by Protocol, 1978, United Nations, Treaty Series. Vol. 1340. P. 61). 
10 International Convention for the Prevention of Pollution of the Sea by Oil, 1954. United Nations, Treaty Series. Vol. 
327. P. 3. 
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3.2. “Torrey Canyon” disaster and intervention convention 

On 18 March 1967 in the English Channel the accident with the oil supertanker “Torrey 
Canyon” occurred. The grounding of the vessel was caused by human error. The entire cargo 
of the vessel - 120 000 tonnes of crude oil – was spilt. Around 15 000 sea birds died because of 
the spill. Damage claims in Great Britain amounted to GBP 6 million and to FRF 40 million in 
France. States quickly recognized the danger of a major oil spill to the coastlines. 

The “Torrey Canyon” incident demonstrated that there was no internationally agreed 
means of responding to accidents that had environmental implications. The regulation of 
compensation to be paid also did not exist on the international level (Özçayir, 2004).  

This incident was the first major oil pollution incident. Due to its strong impact on the 
development of the international law it became historical. This oil spill clearly demonstrated 
that the development of the marine environmental legislation is closely connected with the 
occurring incidents at sea. 

The International Maritime Organization established a Legal Committee to deal with the 
deficiencies in the international system for assessing liability and compensation for oil-spill 
damage, and a new subcommittee of the Maritime Safety Committee (MSC) to deal with 
environmental issues (Özçayir, 2004).  

The occurred incident accelerated the formation of MARPOL convention and in 1973 the 
International Convention for the Prevention of Pollution from Ships (MARPOL) was adopted to 
cover pollution by oil, chemicals, harmful substances in packaged form, sewage and 
garbage (Özçayir, 2004). 

As another consequence of this incident the International Maritime Organization adopted 
the International convention relating to intervention on the high seas in cases of oil pollution 
casualties done at Brussels on 29 November 1969 (Intervention Convention)11, enabling a 
government to take action, if an accident in international waters threatened its coastline with 
pollution (Özçayir, 2004). 

In its preamble it stresses the need to protect the interest of people against the consequences 
of a maritime casualties resulting in oil pollution. Measures of an exceptional character 
taken in order to protect the environment on the high seas are admissible. These measures 
do not affect the principle of freedom of the high seas. 

In Article I the Convention grants a permission to take such measures on the high seas as may 
be necessary to prevent, mitigate or eliminate grave and imminent danger to their coastline or 
related interests from pollution or threat of pollution of the sea by oil in cases of a maritime 
casualty or acts related to it against vessels which pose a threat to their coastlines.  

Article VI declares the obligation of a state caused damage to others to pay compensation in 
case, if the measures exceeded those reasonably necessary. 
                                                                 
11 International Convention Relating to Intervention on the High Seas in Cases of Oil Pollution Casualties, 1969. United 
Nations, Treaty Series. Vol. 970. P. 211. 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 

 

34 

The outcome of this conference was the adoption of several non-binding legal instruments, 
including Agenda 218. Agenda 21 is a programme of action for sustainable action world-wide. 

Chapter 17 of this document is devoted to the oceans “Protection of the Oceans, All Kind of 
Seas, including Enclosed and Semi-enclosed Seas, and Coastal Areas and the Protection, 
Rational Use and Development of their Living Resources”. This chapter links the activities 
of the conference with the UNCLOS. The chapter stresses the need of the marine pollution 
protection (Gold, 1998). The danger of offshore oil and gas operations for the marine 
environment and the need to minimize this danger are also in this chapter. Agenda 21 
stresses the need to prevent especially the marine pollution from vessels including illegal 
discharges and pollution caused by ships in particularly sensitive areas. The need to reduce 
the risks of accidents is also stressed. Shipping has to comply with the provisions of the 
International Convention for the Prevention of Pollution From Ships, 1973 as modified by 
the Protocol of 1978 (MARPOL)9 and the UNCLOS. International cooperation with regional 
or global international organizations and, where appropriate, with industry-based 
organizations shall be improved. 

This document did not establish a new legal framework on ocean governance, but 
confirmed the importance and fundamental role of the UNCLOS in this respect especially in 
the protection and sustainable development of the marine and coastal environment and its 
resources (Suarez, 2006). 

3. International legal documents on the oil pollution at sea 

3.1. OILPOL’54 

International Convention for the Prevention of Pollution of the Sea by Oil (OILPOL)10 was adopted 
in London on 12 May 1954. This convention became the first international treaty dealing 
with the oil pollution.  

It addressed the discharge of oil and oily wastes into the water. OILPOL`54 prohibited the 
intentional discharge of oil and oily mixtures from certain vessels in specified ocean areas. 
The ballast discharges have to be made in the permitted areas with a special record in an oil 
record book. This book shall be inspected at regular intervals. The enforcement of the 
convention had to be fulfilled by the flag state.  

The Convention became a significant achievement at that time. In the preamble of the later 
adopted MARPOL convention it is stressed that OILPOL was the first multilateral 
instrument to be concluded with the prime objective of protecting the environment. The 
preamble of the MARPOL also appreciates the significant contribution, which the OILPOL 
has made in preserving the seas and coastal environment from pollution.  
                                                                 
8 Agenda 21. http://www.un.org/esa/dsd/agenda21/res_agenda21_00.shtml 
9 International Convention for the Prevention of Marine Pollution from Ships, 1973, United Nations, Treaty Series. Vol. 
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It provides coastal states with limited rights to take preventive measures on the high seas 
against foreign vessels which are considered to present a grave and imminent danger to 
coastlines and other coastal interests from oil pollution as a result of a maritime casualty. 

The Convention has been criticized both for allowing too much discretion to coastal states 
and for limiting the rights of such states to take action. In 1973 a Protocol12 covering 
substances other than oil was added. 

4. International liability regime for oil pollution 

4.1. Liability for Oil Pollution in the international conventions 

The “Torrey Canyon” incident demonstrated that in case of the oil pollution of the ocean 
there were no rules of international law making the polluter liable. OILPOL’54 left the issue 
of liability for pollution to the national law. 

It was decided to develop international legal scheme with the liability regime for oil spills. 

The present international regime of compensation for damage caused by oil pollution is 
based on two conventions: International Convention on Civil Liability for Oil Pollution Damage, 
1969 (CLC 1969)13 and International Convention on the Establishment of an International Fund for 
Compensation for Oil Pollution Damage, 1971 (FUND 1971)14. 

The CLC 1969 was elaborated within the Inter-Governmental Maritime Consultative 
Organization and signed on 29 November 1969 in Brussels. It ensures the compensation to 
be paid. The general principle provided in the convention is that those causing oil pollution 
should pay compensation.  

The convention aims to ensure the adequate compensation to victims of oil pollution 
damage resulting from maritime casualties involving oil-carrying ships. The convention 
applies to the pollution damage caused on the territory of the Member States to the 
Convention and related preventive measures (Art. II). The CLC does not apply to ships or 
vessels owned or operated by a State and used for non-commercial service. The CLC applies 
to State-owned merchant fleets. 

Art. III of the Convention makes the owner of a ship strictly liable for the pollution damage 
caused by the discharge from the ship. The shipowner is liable even in the absence of any 
fault, for any damage by pollution caused by the oil. However, the shipowner can normally 
limit his financial liability up to an amount established according to the tonnage of the ship. 
This amount is guaranteed by his liability insurer. The liability insurance is compulsory. 

Traditional liability exemption concept of fault and negligence did not apply under the CLC. 
The admissible exceptions out of “strict liability”-rule are damage resulting from an act of 
                                                                 
12 Protocol Relating to Intervention on the High Seas in Cases of Pollution by Substances Other Than Oil, 1973. United 
Nations, Treaty Series. Vol. 1313. P. 4. 
13 International Convention on Civil Liability for Oil Pollution Damage, 1969. United Nations, Treaty Series. Vol. 973. P. 3. 
14 International Convention on the Establishment of an International Fund for Compensation for Oil Pollution Damage, 
1971. http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf 
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war or grave natural disaster or damage wholly attributable to sabotage by a third party or 
wholly caused by the failure of authorities to maintain navigational aids. 

The Amendments of the Protocol of 199215 extended the sphere of application of the 
Convention to the exclusive economic zone. The amendments adopted in the Protocol in 
200016 raised liability rates.  

The convention uses the standard of the Special Drawing Rights (SDR) of the International 
Monetary Fund. 

This convention provided for a uniform set of international rules and procedures for 
determining liability and compensation. The introduction of the CLC convention 
significantly facilitated the recovery of compensation for oil pollution damage. 

This convention is widely accepted, however, the US refused to adopt the CLC. The CLC’s 
provisions do not apply to the waters of states not accepted the CLC. In such a way, oil 
spills in the waters of the non-CLC states, such as the United States, remain uncovered. 

During the 1969 conference at the Inter-Governmental Maritime Consultative Organization, 
which developed the CLC, it was recognized that there would be incidents which would 
require compensation limits in excess of the available under the CLC.  

To provide for compensation for the circumstances not covered by this convention, an 
international fund was established under the terms of the 1971 Convention on the 
Establishment of an International Fund for Compensation for Oil Pollution Damage to 
administer this compensation system.  

The FUND Convention is expertly administered by the International Oil Pollution 
Compensation Fund Secretariat in London. This fund is an intergovernmental organization 
established by States. Any state which accepts the FUND Convention automatically 
becomes a member of the International Oil Pollution Compensation (IOPC) Fund. The 
FUND is financed by a levy applied to individuals and corporations dealing with the import 
and export of oil in contracting states. 

The convention also introduced a compulsory liability insurance requirement for ship 
owners. 

Only oil (cargo or bunkers) carried in bulk by vessels is covered. Parties to the FUND must 
also be parties to the CLC, and the flag state of the vessel, which caused the damage, must 
also be a party to the FUND, if the shipowner is also seeking compensation.  

The IOPC Fund becomes involved by providing supplementary compensation when the 
amount payable by the shipowner and his insurer is insufficient to cover all of the damage. 
                                                                 
15 Amendments of the Limitation Amounts in the Protocol of 1992 to Amend the International Convention on Civil 
Liability for Oil Pollution Damage, 1969.  
http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf 
16 Resolution LEG.1(82), 18 October 2000. Amendments of the Limitation Amounts in the Protocol of 1992 to Amend 
the International Convention on Civil Liability for Oil Pollution Damage, 1969.  
http://www.austlii.edu.au/au/legis/cth/consol_act/potsla1981357/sch3.html 
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Only oil (cargo or bunkers) carried in bulk by vessels is covered. Parties to the FUND must 
also be parties to the CLC, and the flag state of the vessel, which caused the damage, must 
also be a party to the FUND, if the shipowner is also seeking compensation.  
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15 Amendments of the Limitation Amounts in the Protocol of 1992 to Amend the International Convention on Civil 
Liability for Oil Pollution Damage, 1969.  
http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf 
16 Resolution LEG.1(82), 18 October 2000. Amendments of the Limitation Amounts in the Protocol of 1992 to Amend 
the International Convention on Civil Liability for Oil Pollution Damage, 1969.  
http://www.austlii.edu.au/au/legis/cth/consol_act/potsla1981357/sch3.html 
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Any person or company, which has suffered pollution damage in a Member State of the IOPC 
Fund 1992 caused by oil transported by ship, can claim compensation from the shipowner, his 
insurer and the Fund. This applies to individuals, business, local communities or States. 

To be entitled to compensation, the damage must result from pollution and have caused a 
quantifiable economic loss. The claimant must substantiate the amount of his loss or damage 
by producing accounting records or other appropriate evidence. Compensation may be 
claimed for property damage, clean-up operations, economic losses of fishermen or those 
engaged in mariculture and tourism sector (ITOPF, 2002). 

Since its establishment the IOPC Fund has been involved in some 120 incidents of different 
graveness in around 20 countries. Over US$ 630 million were paid as a compensation. 

The FUND pays compensation to any claimant who has suffered pollution damage in cases 
where no liability arises under the CLC as the shipowner is protected by one of the CLC 
exemptions; or the shipowner is financially unable to meet the CLC obligations and the 
available insurance coverage is insufficient; or the damage exceeds the shipowner’s CLC 
liability. Most cases fall within the third category. 

Claims for the compensation shall be brought in the applicable courts of contracting states. 

During the 1984 Diplomatic Conference at the International Maritime Organization it was 
decided to revise completely both the CLC and the FUND instruments. This decision was 
strongly lobbied by the USA. After the “Amoco Cadiz” incident it was obvious that the CLC 
and FUND limits were not sufficient. 

These protocols were some sort of the compromise between oil and shipping industries and 
coastal states for the protection of the marine and coastal environment. The Protocol of 1984 
to Amend the International Convention on Civil Liability for Oil Pollution Damage, 1969; 
and the Protocol of 1984 to Amend the International Convention on the Establishment of an 
International Fund for Compensation for Oil Pollution Damage, 1971 raised the liability 
limits and extended jurisdiction to the exclusive economic zone. However, both documents 
met the opposition of the USA after the “Exxon Valdez” grounding and did not enter into 
force. The 1992 Protocols17 raised the liability limitation and based the limitation on the 
vessel’s gross tonnage. The 1992 CLC and FUND Protocols repeated contents of the 1984 
protocols. The Protocols raised the compensation limitations and extended the jurisdiction 
of the conventions to the exclusive economic zones of contracting states. The amendment 
procedures for the conventions were also simplified.  

The 2000 amendments18 raised again the liability limitations up to 4,51 – 89,77 million SDR 
depending on the gross tonnage of the vessel. 

                                                                 
17 Protocol of 1992 to Amend the International Convention on Civil Liability for Oil Pollution Damage, 1969. 
http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf; Protocol of 1992 to Amend the International 
Convention on the Establishment of an International Fund for Compensation for Oil Pollution Damage, 1971. 
http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf 
18 IMO Resolution, 18 October 2000. Adoption of Amendments of the Limits of Compensation in the Protocol of 1992 to 
Amend the International Convention on the Establishment of an International Fund for Compensation for Oil 
Pollution Damage, 1971.  http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf  
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4.2. Industry Initiatives 

Simultaneously with the development of the CLC and the FUND Conventions the shipping 
and oil industries elaborated compensation regime schemes. It was made under the pressure 
of the publicity after the Torrey Canyon incident. Tanker Owners’ Voluntary Agreement 
Concerning Liability for Oil Pollution, 1969, as amended (TOVALOP)19 and Contract Regarding an 
Interim Supplement to Tanker Liability for Oil Pollution, 1971, as amended (CRISTAL)20 were 
developed. The introduction of these schemes took place, since oil tanker industries were 
aware that the CLC and FUND conventions would take too long to enter into force and 
coastal states could take unilateral measures. 

TOVALOP was a voluntary agreement amongst tanker owners, including bareboat 
charterers. The main aim of this agreement was to encourage tanker owners to clean up 
spills, regardless of fault, with the assurance of recovering their costs from their P&I club 
and to compensate governments for the clean-up costs. TOVALOP members were required 
to carry sufficient insurance to cover their obligations under the scheme, including the 
clean-up costs. TOVALOP scheme was made as close as possible to the CLC provisions. 
After the elaboration of the Protocol to the CLC in 1984 there were even proposals to make 
in the TOVALOP the tanker owner liable for all cases of oil spills, even covered by the 
FUND. This risk had to be additionally insured. However, these proposals have been 
rejected. 

TOVALOP was managed by the International Tanker Owners’ Pollution Federation (ITOPF) 
in London. ITOPF was charged with interpreting the scheme and handling claims directly.  

Another voluntary interim agreement introduced by the oil industry was Contract 
Regarding an Interim Supplement to Tanker Liability for Oil Pollution (CRISTAL). This 
initiative commenced in April 1971 (the FUND convention entered into force seven years 
later). 

The scheme was administered by the Oil Companies Institute for Marine Pollution 
Compensation Ltd. in Bermuda. Marine Pollution Compensation Services Ltd. (CRISTAL) in 
London was responsible for its everyday activities. 

The both initiatives clearly demonstrated that the oil industry under the environmental 
pressure was ready to take the responsibility for pollution claims. 

Both schemes have been amended several times according to the amendments of the CLC 
and FUND conventions. 

From the beginning the both schemes were developed as the interim measures. However, 
CLC and FUND schemes became widely accepted and both TOVALOP and CRISTAL have 
been terminated on 20 February 1997. 
                                                                 
19 Tanker Owners Voluntary Agreement Concerning Liability for Oil Pollution , 1969. International Legal Materials. 
Vol. 8, 1969. P. 497. 
20 Contract Regarding an Interim Supplement to Tanker Liability for Oil Pollution, 1971. International Legal Materials. 
Vol. 10, No. 1, 1971. P. 137. 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 

 

38 
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protocols. The Protocols raised the compensation limitations and extended the jurisdiction 
of the conventions to the exclusive economic zones of contracting states. The amendment 
procedures for the conventions were also simplified.  
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depending on the gross tonnage of the vessel. 

                                                                 
17 Protocol of 1992 to Amend the International Convention on Civil Liability for Oil Pollution Damage, 1969. 
http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf; Protocol of 1992 to Amend the International 
Convention on the Establishment of an International Fund for Compensation for Oil Pollution Damage, 1971. 
http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf 
18 IMO Resolution, 18 October 2000. Adoption of Amendments of the Limits of Compensation in the Protocol of 1992 to 
Amend the International Convention on the Establishment of an International Fund for Compensation for Oil 
Pollution Damage, 1971.  http://www.iopcfund.org/npdf/Text%20of%20Conventions_e.pdf  
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19 Tanker Owners Voluntary Agreement Concerning Liability for Oil Pollution , 1969. International Legal Materials. 
Vol. 8, 1969. P. 497. 
20 Contract Regarding an Interim Supplement to Tanker Liability for Oil Pollution, 1971. International Legal Materials. 
Vol. 10, No. 1, 1971. P. 137. 
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Another proposal from the oil industry sector was a Pollution Agreement among Tanker 
Owners (PLATO) in 1985. This initiative reduced the liability of oil sector trying to put a 
greater burden on the shipping sector, since the level of the safety of shipping was still not 
sufficient. The initiative was not supported. 

5. Further international documents on oil pollution of the marine 
environment 

5.1. International convention on the prevention of marine pollution by the 
dumping of wastes or other matter (London Convention), 1972 

Further international document on the oil pollution was the International Convention on the 
Prevention of Marine Pollution by the Dumping of Wastes or Other Matter (London 
Convention), 197221 with Protocol of 199622. This document was adopted under the influence 
of the Stockholm Conference. The adoption of this convention served as a demonstration of 
the readiness of states to protect marine environment against oil pollution. The Convention 
deals with ‘dumping’, i.e. the deliberate disposal of wastes and other matter (other than 
operational discharges) from vessels and aircraft. The provisions of the convention prohibit 
dumping except for the wastes listed in Annex 1. Dumping of some wastes requires a prior 
special or general permit (Art. IV). Convention stresses that the capacity of the sea to 
assimilate wastes and render them harmless, and its ability to regenerate natural resources, 
are not unlimited. 

The effectiveness of the London convention was demonstrated in the incident with the 
dumping of high-level radioactive waste in the Arctic by the USSR (Stokke, 1998). The 
dumping was documented in the Yablokov Report in the 1990s. Certain efforts were made 
to enforce the provisions of this convention through the Russian-Norwegian Environmental 
Committee and the International Arctic Sea Assessment Program. The behavior of the USSR 
was condemned during the Consultative Meeting under the London Convention. Further 
treatment and storage projects for the hazardous wastes for the former countries USSR 
under the framework of the London Convention. 

5.2. International Convention for the prevention of pollution from ships 
(MARPOL), 1973/1978 

The international community was dissatisfied with the OILPOL’54 convention and its 
environmental and technical requirements. The International Maritime Organization 
adopted another convention on the prevention of vessel-source pollution on 2 November 
1973 - the International Convention for the Prevention of Pollution from Ships (MARPOL). It 
covered pollution by oil, chemicals, and harmful substances in packaged form, sewage and 
                                                                 
21 Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter, 1972. United Nations, 
Treaty Series. Vol. 1046. P. 120.  
22 Protocol of 1996 to the 1972 Convention on Prevention of Marine Pollution by Dumping of Wastes and Other Matter.  
2006 Australian Treaty Series 11. 
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garbage. The convention aimed to prevent both international and negligent pollution and 
minimize accidental spills. The Convention represents the compromise between coastal and 
shipping interests. The Convention introduced new anti-pollution regime and more modern 
operating requirements. 

MARPOL effectively superseded OILPOL’54. However, in its preamble MARPOL 
Convention recognizes the importance of the International Convention for the Prevention of 
Pollution of the Sea by Oil, 1954.  

Tanker accidents which took place in 1977/78 led the Inter-Governmental Maritime 
Consultative Organization to convene an International Conference on Tanker Safety and 
Pollution Prevention (TSPP Conference) in February 1978. This conference adopted 
MARPOL Protocol of 1978 in order to speed up the adoption of MARPOL convention. This 
1978 Protocol is also known as the Tanker Safety and Pollution Protocol. 

A few weeks after this conference the VLCC “Amoco Cadiz” spilt 230 000 tons of crude oil 
(Gold, 1998). This incident stressed the importance and urgency of the oil pollution 
prevention for the international community. 

The combined instrument is referred to as the International Convention for the Prevention 
of Marine Pollution from Ships, 1973, as modified by the Protocol of 1978 relating thereto 
(MARPOL 73/78), and it entered into force on 2 October 1983 (Annexes I and II). Later 
further Annexes (III-VI) were adopted to this document. 

Annex I with regulations for the prevention of pollution by oil covers prevention of 
pollution by oil from operational measures as well as from accidental discharges. It also 
contains the mandatory requirements for new oil tankers to have double hulls and a phase-
in schedule for existing tankers on double hulls (Gold, 1998).  

Annex II with regulation for the control of pollution by noxious liquid substances - regulates 
the discharge of noxious substances, and prevents their discharge within 12 miles of the 
nearest land. 

Annex III on prevention of pollution by harmful substances carried by sea in packaged form 
requires the packaging, labeling and documenting of harmful substances. 

Annex IV is devoted to the prevention of pollution by spillage from ships.  

Annex V on prevention of pollution by garbage from ships specifies distances from land and 
manner of disposal of garbage from ships and completely prohibits disposal of plastic.  

Annex VI on prevention of air pollution from ships regulates discharge of sulphur oxide and 
nitrous oxide. The discharge of ozone depleting gases is prohibited.  

Since the definition of “ship” in the convention includes vessels of any type operating in the 
marine environment (hydrofoil boats, air-cushion vehicles, submersibles, floating craft and 
fixed or floating platforms, oil-drilling vessels and platforms), all of their discharges of oil 
into the sea are also covered by the scope of this convention. 
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The “oil” in the convention is defined as petroleum in any form, including crude oil, fuel oil, 
sludge, oil refuse and refined products (other than petro-chemicals). 

The discharge of oil is completely prohibited in a number of ‘special areas’ which are 
considered particularly vulnerable to pollution, for example, Mediterranean, Baltic, Black 
Sea, Red Sea, Gulf and Antarctic. In these areas for technical oceanographic and ecological 
reasons and the particular character of traffic, special mandatory methods for the prevention 
of sea pollution by oil are required.  

MARPOL laid down the mechanism to check the seaworthiness of a ship by providing a 
framework for certification of ships with respect to safety and pollution compliance. Powers to 
inspect, detain and prosecute have been given to flag states and port states (Gautam, 2010). 

The convention requires from vessels to have on board Oil Record Book (for tankers and 
other vessels over a certain tonnage) and Cargo Record Book (for ships carrying noxious 
substances other than oil). These books have to contain records on on-board operations. 

MARPOL introduces a number of certificates to be kept on board: International Oil Pollution 
Certificate 1973 (IOPC); International Pollution Prevention Certificate for the Carriage of 
Noxious Liquid Substances in Bulk 1973; International Sewage Pollution Certificate 1973. 
These certificates could be demanded by surveyors and inspectors in flag and port states. Lack 
of or improper certification may result in sailing permission being withheld. 

The convention introduces a system of communication between states. All relevant 
information of interest shall be communicated to other state(s) or organizations. For 
information on accidents and results of investigations reports are required. The 
International Maritime Organization shall be informed on such issues as reception facilities, 
inspection/survey authorities, specimens of certifications, texts of laws and regulations, 
annual reports and statistical index of violations and fines imposed. 

MARPOL concerns mainly pollution from vessels. Exploration and other relevant offshore 
resources development activity is excluded. 

The MARPOL Convention became the main international convention covering prevention 
of pollution of the marine environment by ships from operational or accidental causes. For 
the first time the whole issue of marine pollution was addressed. This document became an 
innovation. If earlier anti-pollution conventions had been limited to pollution by oil, 
MARPOL aimed at all kinds of sea-borne pollution: oil, chemicals, sewage, garbage, and 
other harmful materials (Rosenne, 1999). 

In order to maintain its impact considering the constantly developing technical innovations 
the convention is being updated by amendments. 

This convention serves as a certain “environmental code” for the shipping industry. 

5.3. Other relevant documents 

One can find certain provisions on marine pollution with oil in other relevant international 
legal documents. 
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Convention for the prevention of marine pollution from land-based sources23 done at Paris on 4 
June 1974 in Art. 1 puts an obligation on the Contracting Parties to take all possible steps to 
prevent and combat pollution of the sea from land-based sources. The pollution from land-
based sources also covers the maritime pollution from installations under the jurisdiction of 
the member states to the convention including offshore installations and structures. 

International Convention Relating to the Limitation of the Liability of Owners of Sea-going Ships, 
195724 was developed by the Comité Maritime Internacional. It includes the principle of 
limitation of liability. Besides the liability is limited for shipowners in cases of death, 
personal injury and property damage claims depending on the tonnage of the vessel. This 
provision of the convention was often overruled by the courts, so the convention was 
replaced by the Convention on Limitation of Liability for Maritime Claims, 1976 (LLMC 1976)25. 
This document sets general limitation of liability. The limitation-rule does not apply in cases 
of intentional or reckless personal act or omission. By the limitation rule shipowner, 
charterer, manager, operator, salvors and insurers are covered. 

Convention on Civil Liability for Oil Pollution Damage Resulting from Exploration of Seabed 
Mineral Resources, 1977 (CLEE 1977)26 is a liability convention for offshore oil and gas 
operations. The convention did not enter into force since there is a developed liability 
regime for oil industry under the bilateral agreements with the involved coastal states. 

The issue of oil pollution offshore drilling and exploration and exploitation activities is also 
concerned in a voluntary agreement amongst oil companies operating in northwestern 
Europe the Offshore Pollution Liability Agreement (OPOL)27. According to its provisions 
operators accept strict liability for pollution damage and remedial measures.  

In aftermath of the “Exxon Valdez” catastrophe under the pressure of the USA the 
International Convention on Oil Pollution Preparedness, Response and Co-Operation (OPRC 
1990)28 was adopted in London on 30 November 1990 addressing the issues of response and 
preparedness of the international community to the oil spills. By means of this convention 
the International Maritime Organization developed a framework for the international 
cooperation in combating major oil pollution incidents. 

The convention stresses in its preamble the serious threat posed to the marine environment 
by oil pollution incidents and reminds that in case of the oil pollution incident, prompt and 
                                                                 
23 Convention for the Prevention of Marine Pollution from Land-Based Sources, 1974.  
http://www.opcw.org/chemical-weapons-convention/related-international-agreements/toxic-chemicals-and-the-
environment/marine-pollution-from-land-based-sources/ 
24 International Convention relating to the Limitation of the Liability of Owners of Sea-Going Ships, 1957. 
http://www.admiraltylawguide.com/conven/limitation1957.html 
25 Convention on Limitation of Liability for Maritime Claims, 1976.  
http://www.admiraltylawguide.com/conven/limitation1976.html 
26 Convention on Civil Liability for Oil Pollution Damage Resulting from Exploration and Exploitation of Seabed 
Mineral Resources, 1977. http://www.dipublico.com.ar/english/convention-on-civil-liability-for-oil-pollution-damage-
resulting-from-exploration-and-exploitation-of-seabed-mineral-resources/ 
27 Offshore Pollution Liability Agreement. http://www.opol.org.uk/agreement.htm 
28 International Convention on Oil Pollution Preparedness, Response and Co-operation, 1990.  
http://www.admiraltylawguide.com/conven/oilpolresponse1990.html 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 

 

42 

The “oil” in the convention is defined as petroleum in any form, including crude oil, fuel oil, 
sludge, oil refuse and refined products (other than petro-chemicals). 
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Convention for the prevention of marine pollution from land-based sources23 done at Paris on 4 
June 1974 in Art. 1 puts an obligation on the Contracting Parties to take all possible steps to 
prevent and combat pollution of the sea from land-based sources. The pollution from land-
based sources also covers the maritime pollution from installations under the jurisdiction of 
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International Convention Relating to the Limitation of the Liability of Owners of Sea-going Ships, 
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of intentional or reckless personal act or omission. By the limitation rule shipowner, 
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23 Convention for the Prevention of Marine Pollution from Land-Based Sources, 1974.  
http://www.opcw.org/chemical-weapons-convention/related-international-agreements/toxic-chemicals-and-the-
environment/marine-pollution-from-land-based-sources/ 
24 International Convention relating to the Limitation of the Liability of Owners of Sea-Going Ships, 1957. 
http://www.admiraltylawguide.com/conven/limitation1957.html 
25 Convention on Limitation of Liability for Maritime Claims, 1976.  
http://www.admiraltylawguide.com/conven/limitation1976.html 
26 Convention on Civil Liability for Oil Pollution Damage Resulting from Exploration and Exploitation of Seabed 
Mineral Resources, 1977. http://www.dipublico.com.ar/english/convention-on-civil-liability-for-oil-pollution-damage-
resulting-from-exploration-and-exploitation-of-seabed-mineral-resources/ 
27 Offshore Pollution Liability Agreement. http://www.opol.org.uk/agreement.htm 
28 International Convention on Oil Pollution Preparedness, Response and Co-operation, 1990.  
http://www.admiraltylawguide.com/conven/oilpolresponse1990.html 
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effective action is essential in order to minimize the damage. In Art. 6 Convention puts an 
obligation upon Party States to establish a national system addressing the oil pollution 
incidents. The convention recognizes the importance of mutual assistance and international 
cooperation and establishes the basis for the exchange of information respecting the 
capabilities of states to respond to oil pollution incidents, the preparation of oil pollution 
contingency plans, the exchange of reports of incidents of significance which may affect the 
marine environment or the coastline and related interests of states, as well as research and 
development respecting means of combating oil pollution in the marine environment. The 
convention also sets a requirement for vessels and offshore units to have on board oil 
pollution emergency plans. 

This convention is a framework treaty containing only general obligations without concrete 
ones. However, it should be stressed that a convention provides for legal basis for better 
cooperation between states in responding to oil pollution incidents (Gold, 1998). Besides the 
convention granted to the International Maritime Organization a central role in organizing 
an immediate response to polluting incidents, providing the basis for International Maritime 
Organization coordination of technical support and financial assistance for governments.  

International Convention on Civil Liability for Bunker Oil Pollution Damage (BUNKER), 200129 
was adopted to reduce a number of gaps in the CLC regime. This document provides for 
prompt compensation system for the damage caused by oil spills, when oil was carried as 
fuel in ships’ bunkers. This convention is applied to the territorial seas and exclusive 
economic zones of the States Parties. The registered owner of the vessel is under the 
obligation to maintain compulsory insurance cover. A claim for pollution damage could be 
brought directly against an insurer.  

6. Unilateral “Solutions” 

6.1. The US Oil Pollution Act, 1990 

The international measures for the prevention and protection of the marine environment 
pollution are often considered to be slow and ineffective. Sometimes it makes the states to 
adopt the unilateral (or regional) measures for the protection of marine environment. 
However, it should be stressed that the number of states with a unilateral approach remains 
modest (Dahm et al., 1989). 

As examples one could mention the reaction of the European Commission on the “Erika» oil 
spill or the Oil Pollution Act (OPA)30 of the US in 1990 after the «Exxon Valdez» grounding 
on 24 March 1989. The vessel ran into the Bligh Reef in King William Sound in Alaska. 10,8 
million gallons (40 000 tons (Brubaker, 1993) of crude oil were spilt. Over 3 400 square 
kilometres were damaged by oil. Because of this oil spill approximately 250 000 sea birds 
and 2 000 sea otters died (Graham, 2003). 

                                                                 
29 International Convention on Civil Liability for Bunker Oil Pollution Damage, 2001. http://www.official-
documents.gov.uk/document/cm66/6693/6693.asp 
30 U.S. Oil Pollution Act, 1990, Public Law 101-380, 104 U.S. Statutes at Large 484 (1990). 

 
Oil Pollution and International Marine Environmental Law 

 

45 

The company “Exxon Mobile” spent over $2 billion in order to clean up the Prince William 
Sound area after the Exxon Valdez oil spill (Gennaro, 2004). 

It was the largest spill in the US waters. Being dissatisfied with the international 
community’s environmental protection legislation and common international standards 
(Pamborides, 1999), the US started its own new policy towards vessels calling at the US 
ports. Looking at the statistics one should say that after this legislation the volume of spilled 
oil in the US waters dropped by 70%.  

The OPA, promulgated by the US Congress, introduced ahead of the International Maritime 
Organization double hull standards for oil tankers. This act was called “draconian 
legislation” (Gold, 1998). It allows to use single-hull tanker vessels of 5 000 gt or more for 
trade with the US until 2015, depending on their age, only if they were equipped with a 
double bottom or double sides. The vessels not complying with this requirement could be 
refused access to US waters after 2010. 

This idea concerning the tank of the vessel was not particularly new. As far back as 1971 the 
amendments to the OILPOL have been elaborated. The proposed rules regulated the tank 
sizes of tankships in order to reduce the pollution. However, at that time this amendment 
proposal met a considerable opposition from the ship construction industry. Amendments 
did not enter into force (Gold, 1998).  

The OPA applies to the navigable waters of the US, including the exclusive economic zone 
up to 200 miles from the baseline. ‘Oil’ is defined broadly to include petroleum, fuel oil, 
sludge, oil refuse and oily wastes. Hazardous substances are not included. 

The OPA introduces liability provisions and establishes a supplemental fund to be used as 
compensation for losses not covered by polluters.  

The OPA’90 allows to the US states to enact their own laws on issues of pollution liability 
and response. 

The behavior of the US was condemned by the international shipping industry, especially 
tanker operators. In 1992 the International Maritime Organization adopted the amendment 
to MARPOL requiring mandatory double hulls for new tankers delivered on or after 6 July 
1996. Existing tankers shall be fitted with double hulls within 30 years.  

The revised measures on the phasing-out of single-hull oil tankers were adopted in 
December 2003 after incident with the “Prestige” tanker. Regulation 13G of Annex I of 
MARPOL concerning the final phasing-out dates was revised. The dates were pushed 
forward from 2007 to 2005 for “pre-MARPOL tankers” and from 2015 to 2010 for MARPOL 
tankers and smaller tankers. The Condition Assessment Scheme was made applicable to all 
single-hull tankers older than 14 years (Anianova, 2006). 

6.2. Other national legislation on oil pollution prevention 

The Arctic Waters Pollution Act of 1970 of Canada was the result of the beginning of the use of 
the Alaska territory for the transportation of oil. The Canadian law prohibits the dumping of 
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fuel in ships’ bunkers. This convention is applied to the territorial seas and exclusive 
economic zones of the States Parties. The registered owner of the vessel is under the 
obligation to maintain compulsory insurance cover. A claim for pollution damage could be 
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The international measures for the prevention and protection of the marine environment 
pollution are often considered to be slow and ineffective. Sometimes it makes the states to 
adopt the unilateral (or regional) measures for the protection of marine environment. 
However, it should be stressed that the number of states with a unilateral approach remains 
modest (Dahm et al., 1989). 

As examples one could mention the reaction of the European Commission on the “Erika» oil 
spill or the Oil Pollution Act (OPA)30 of the US in 1990 after the «Exxon Valdez» grounding 
on 24 March 1989. The vessel ran into the Bligh Reef in King William Sound in Alaska. 10,8 
million gallons (40 000 tons (Brubaker, 1993) of crude oil were spilt. Over 3 400 square 
kilometres were damaged by oil. Because of this oil spill approximately 250 000 sea birds 
and 2 000 sea otters died (Graham, 2003). 

                                                                 
29 International Convention on Civil Liability for Bunker Oil Pollution Damage, 2001. http://www.official-
documents.gov.uk/document/cm66/6693/6693.asp 
30 U.S. Oil Pollution Act, 1990, Public Law 101-380, 104 U.S. Statutes at Large 484 (1990). 
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hazardous wastes from vessels and from the land. The legal act grants to the Governor in 
Council the possibility to declare a certain area of the Arctic waters a safety zone. For such 
safety zone it is possible to enact separate regulations concerning the technical requirements 
to the vessels, their loading. The navigation of vessels through such zones can also be 
prohibited (Dahm et al., 1989). This act raised the protests of the USA. The attempt of the 
Canada to lobby the introduction of the environmental safety zones into the UNCLOS 
during the conference was not successful. 

On December 12, 1999 the oil tanker “Erika” broke off the coast of Brittany, France. 14 000 
tonnes of oil were spilled damaging 400 km of Atlantic coast. The “Erika” incident 
accelerated the amendments to MARPOL adopted in April 2001 on the phase-out of single-
hull tankers by 2010. The case was brought to the court. The court found guilty the energy 
company Total, the owner and manager of the tanker, and the Italian classification society 
“RINA”, of negligence and criminal liability. They were ordered to pay 192 million Euros in 
damages. The Paris Court of Appeal increased the sum of damages to 200 million Euros. 

The incident with the tanker “Prestige” in November 2002 off the coast of Spain when the 
vessel broke in two was followed by the collision of the Turkish tanker “VICKY” with a 
sunken carrier off the coast of France and the spill of 70 000 tons of flammable kerosene. 

These accidents were reflected in the legislation of the European Union: the transport of 
heavy fuels have been prohibited in single-hulled tankers in EU waters and a phase-out plan 
for single-hulled tankers was introduced. For example, in Spain a ban against the 
transportation of heavy fuel in single hull tankers was introduced. 

These unilateral measures concerning the international navigation could seem to be more 
effective than the international ones. However, they do not consider the interests of the 
international shipping. Such “competition” between unilateral initiatives and International 
Maritime Organization standards could be detrimental to international shipping and lead to 
the “selected ports” approach: the ports with the higher standards could not be simply ignored 
by some ships, while the ports with weaker port state control would be chosen. These ships 
with lower standards could threaten the environment in those regions (Anianova, 2006). 

7. Regional conventions 
As for unilateral or national anti-pollution measures, one could say, that the effective marine 
environment protection is not possible without the cooperation with other states. However, 
the regional conventions dealing with pollution of certain seas or waters by oil could be 
more effective than the global ones with the general requirements. In particular it concerns 
regional seas and the need to protect their environment and regulate maintenance, 
exploration and exploitation of their resources (Gelberg, 1979). It is easier to consider the 
particularities of the regional seas with the help of the coastal states cooperation. 

Most regional conventions on protection of particular regional seas include in their texts a 
common general obligation for the parties to take “appropriate” measures to prevent and 
control pollution arising from the exploration and exploitation of their seabed mineral 
resources: 
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 Art. 8 of the Convention for Co-operation in the Protection and Development of the 
Marine and Coastal Environment of the West and Central African Region (Abidjan 
Convention), 198131; 

 Art. 4 of the Convention for the Protection of the Marine Environment and Coastal Area 
of the South-East Pacific (Lima Convention), 198132; 

 Art. VII of the Regional Convention for the Conservation of the Red Sea and Gulf of 
Aden Environment (Jeddah Convention), 198233;  

 Art. 8 of the Convention for the Protection and Development of the Marine 
Environment of the Wider Caribbean Region (Cartagena de Indias Convention), 198334;  

 Art. 8 of the Nairobi Convention for the Protection, Management and Development of the 
Marine and Coastal Environment of the Eastern African Region (Nairobi Convention)35;  

 Art. 8 of the Convention for the Protection of the Natural Resources and Environment 
of the South Pacific Region and related Protocols (Nouméa Convention), 198636;  

 Art. 7 of the Convention for the Protection of the Mediterranean Sea against Pollution 
(Barcelona Convention), 197637 (Gavouneli, 1995). 

Most of the regional conventions on the seas protections contain an obligation to take 
decisive actions to protect their marine environment. Most of these conventions refer to the 
national legislation and the need to adopt the corresponding measures. 

In some of the conventions (the Abidjan, Nairobi, Cartagena and Nouméa Conventions) the 
requirement on obligatory environmental management is introduced.  

Most regional conventions also include cooperation clauses in their texts requiring the 
proper communication between concerned states and international organizations. Regional 
conventions contain mostly general rules and principles of environmental protection of the 
seas, however, the more detailed requirements and standards fail. 

The anti-pollution legislation for all regional seas is at present still being developed and 
formed. There is already a number of regional arrangements for cooperation in combating 
pollution. 

The first convention relating to offshore oil spills was the 1969 Bonn Agreement for Cooperation 
in Dealing with Pollution of the North Sea by Oil38. Originally it covered only oil spills 

                                                                 
31 Convention for Co-operation in the Protection and Development of the Marine and Coastal Environment of the West 
and Central African Region, 1981.  
http://www.unep.org/AbidjanConvention/docs/Abidjan%20Convention%20English.pdf 
32 Convention for the Protection of the Marine Environment and Coastal Area of the South-East Pacific, 1981. 
http://sedac.ciesin.org/entri/texts/marine.environment.coastal.south.east.pacific.1981.html 
33 Regional Convention for the Conservation of the Red Sea and Gulf of Aden Environment, 1982.  
http://www.unep.ch/regionalseas/main/persga/redconv.html 
34 Convention for the Protection and Development of the Marine Environment of the Wider Caribbean Region, 1983.  
http://www.offshore-environment.com/regionalconventions.html 
35 Convention for the Protection, Management and Development of the Marine and Coastal Environment of the Eastern 
African Region, 1985.  
http://www.offshore-environment.com/regionalconventions.html 
36 Convention for the Protection of the Natural Resources and Environment of the South Pacific Region, 1986. 
http://www.offshore-environment.com/regionalconventions.html 
37 Convention for the Protection of the Mediterranean Sea Against Pollution, 1976.  
http://www.unep.ch/regionalseas/regions/med/t_barcel.htm 
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hazardous wastes from vessels and from the land. The legal act grants to the Governor in 
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to the vessels, their loading. The navigation of vessels through such zones can also be 
prohibited (Dahm et al., 1989). This act raised the protests of the USA. The attempt of the 
Canada to lobby the introduction of the environmental safety zones into the UNCLOS 
during the conference was not successful. 
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accelerated the amendments to MARPOL adopted in April 2001 on the phase-out of single-
hull tankers by 2010. The case was brought to the court. The court found guilty the energy 
company Total, the owner and manager of the tanker, and the Italian classification society 
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damages. The Paris Court of Appeal increased the sum of damages to 200 million Euros. 

The incident with the tanker “Prestige” in November 2002 off the coast of Spain when the 
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sunken carrier off the coast of France and the spill of 70 000 tons of flammable kerosene. 

These accidents were reflected in the legislation of the European Union: the transport of 
heavy fuels have been prohibited in single-hulled tankers in EU waters and a phase-out plan 
for single-hulled tankers was introduced. For example, in Spain a ban against the 
transportation of heavy fuel in single hull tankers was introduced. 

These unilateral measures concerning the international navigation could seem to be more 
effective than the international ones. However, they do not consider the interests of the 
international shipping. Such “competition” between unilateral initiatives and International 
Maritime Organization standards could be detrimental to international shipping and lead to 
the “selected ports” approach: the ports with the higher standards could not be simply ignored 
by some ships, while the ports with weaker port state control would be chosen. These ships 
with lower standards could threaten the environment in those regions (Anianova, 2006). 
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As for unilateral or national anti-pollution measures, one could say, that the effective marine 
environment protection is not possible without the cooperation with other states. However, 
the regional conventions dealing with pollution of certain seas or waters by oil could be 
more effective than the global ones with the general requirements. In particular it concerns 
regional seas and the need to protect their environment and regulate maintenance, 
exploration and exploitation of their resources (Gelberg, 1979). It is easier to consider the 
particularities of the regional seas with the help of the coastal states cooperation. 

Most regional conventions on protection of particular regional seas include in their texts a 
common general obligation for the parties to take “appropriate” measures to prevent and 
control pollution arising from the exploration and exploitation of their seabed mineral 
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31 Convention for Co-operation in the Protection and Development of the Marine and Coastal Environment of the West 
and Central African Region, 1981.  
http://www.unep.org/AbidjanConvention/docs/Abidjan%20Convention%20English.pdf 
32 Convention for the Protection of the Marine Environment and Coastal Area of the South-East Pacific, 1981. 
http://sedac.ciesin.org/entri/texts/marine.environment.coastal.south.east.pacific.1981.html 
33 Regional Convention for the Conservation of the Red Sea and Gulf of Aden Environment, 1982.  
http://www.unep.ch/regionalseas/main/persga/redconv.html 
34 Convention for the Protection and Development of the Marine Environment of the Wider Caribbean Region, 1983.  
http://www.offshore-environment.com/regionalconventions.html 
35 Convention for the Protection, Management and Development of the Marine and Coastal Environment of the Eastern 
African Region, 1985.  
http://www.offshore-environment.com/regionalconventions.html 
36 Convention for the Protection of the Natural Resources and Environment of the South Pacific Region, 1986. 
http://www.offshore-environment.com/regionalconventions.html 
37 Convention for the Protection of the Mediterranean Sea Against Pollution, 1976.  
http://www.unep.ch/regionalseas/regions/med/t_barcel.htm 
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emanating from tankers but after the “Ekofisk” disaster in 1977 the parties agreed that it 
covered spillages from offshore installations as well. It has been replaced as of 1 September 
1989 by the 1983 Bonn Agreement for Cooperation in Dealing with Pollution of the North Sea by 
Oil and other Harmful Substances39. 

Mediterranean sea is protected by means of the Convention for the Protection Of The 
Mediterranean Sea Against Pollution (Barcelona convention), 1976. The provisions of this 
convention contain a non-binding obligation to undertake all possible steps in order to 
avoid the marine pollution of the Mediterranean sea by means of the seabed exploitation. 
Another obligation of coastal states concerns the adoption of the national legislation 
regarding the disposal of the offshore installations not in use in accordance with 
international guidelines and standards. 

Kuwait Regional Convention for Co-operation on the Protection of the Marine Environment from 
Pollution, 197840 devotes some of its provisions to the marine pollution from oil development 
activity.  

The 1992 Convention for the Protection or the Marine Environment of the North-East Atlantic 
(OSPAR) also mentions the issue of marine pollution from offshore installations (Art. 5 of 
the Annex III). Member states to the convention are obliged to avoid marine pollution 
caused by the activity on offshore installations. Article 3 of the Annex VI requires to 
organize a special environment examination before the exploration and exploitation of the 
sea-bed. The convention requires to apply the standards of the MARPOL 73/78. Besides the 
convention requires to cover all not used drilling holes and to dispose offshore installations 
not in use (Art. 8 Annex VI). 

The 1972 Convention for the Prevention of Marine Pollution by Dumping from Ships and Aircraft 
(the Oslo Dumping Convention)41 covers the Northeast Atlantic, Arctic Ocean and North Sea, 
Baltic and Mediterranean Seas (Art. 2) and sets out strict standards of dumping of industrial 
wastes and redundant materials at sea from vessels. 

It is stressed in the preamble of this Convention that the ecological equilibrium and the 
legitimate uses of the sea are increasingly threatened by pollution. Art. 1 of the Convention 
contains the general obligation of the Contracting Parties to take all possible steps to prevent 
the pollution of the sea by hazardous substances. 

The list of the prohibited substances is in the Annex I. Annex II contains the list of 
substances and materials requiring special care. 

The Convention On The Protection Of The Maritime Environment Of The Baltic Sea Area (Helsinki 
Convention)42 came into force in 1980. The document concerns the protection of the Baltic 
                                                                                                                                                                   
38 Agreement for Cooperation in Dealing with Pollution of the North Sea by Oil, 1969.  
http://sedac.ciesin.org/entri/texts/pollution.north.sea.by.oil.1969.html 
39 Agreement for Cooperation in Dealing with Pollution of the North Sea by Oil and Other Harmful Substances, 1983. 
Official Journal L188 (16.07.1984). P. 9. 
40 Kuwait Regional Convention for Co-operation on the Protection of the Marine Environment from Pollution, 1978. 
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Sea. Its member states are all eight Baltic states. The Helsinki Commission regulates 
discharges and dumping from ships and direct discharges from land, atmospheric inputs, 
emergency action against oil spills, the use of antifouling paints containing tributyl tin, co-
ordinating monitoring programmes, and seal conservation. Regularly meetings of experts 
evaluate the scientific evidence for the further recommendations (Clark, 1989).  

All decisions of the Helsinki Commission are only recommendations. In 1992 the area of 
responsibility was extended to include the inland waters landward of the baselines of the 
Baltic Sea states (Valencia, 2001). 

The Helsinki Convention is a legal basis for permanent co-operation of Baltic states, 
especially through the Helsinki Commission (HELCOM) (Zhu, 2006). 

The Regional Convention for the Conservation of the Red Sea and Gulf of Aden Environment43 was 
signed in Jeddah in 1982. It has a separate protocol on combating oil pollution. An 
independent regional intergovernmental organization, the Programme of Environment for 
the Red Sea and Gulf of Aden (PERSGA), was established to implement the Convention. 
Egypt, Jordan, the Palestinian Authority, Saudi Arabia, Somalia, Sudan, and Yemen 
participate in PERSGA, which is headquartered in Jeddah, Saudi Arabia. 

For the Red Sea and Gulf of Aden a special Strategic Action Programme was adopted in 
1982 and initiated in 1995 in order to develop a regional framework for protection of the 
environment and sustainable development of coastal and marine resources (Dzurek & 
Schofield, 2001). 

Abidjan Convention for Co-Operation in the Protection and Development of the Marine and Coastal 
Environment of the West and Central African Region, 1981 applies to the West African Atlantic 
Ocean. Its provisions concern first of all offshore oil producers in West and Central Africa. A 
general obligation is placed on contracting parties to prevent and relieve pollution caused 
by sea dumping and exploitation activities. Such activities should conform with recognized 
rules and practice in the London Convention, 1972. The Convention stresses in its preamble 
the need for sustainable, environmentally sound practices and inter-generational justice.  

Another industry scheme for the North-Western European waters was adopted in 1975 - the 
Offshore Pollution Liability Agreement (OPOL). Its parties are oil companies operating in the 
mentioned area (Gavouneli, 1995). 

One could also mention an attempt to develop a convention on liability for damage resulted 
from seabed pollution. One adopted the 1976 London Convention on Civil Liability for Oil 
Pollution Damage Resulting from Exploration for and Exploitation of Seabed Mineral Resources44. It 
is still not in force.  
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the pollution of the sea by hazardous substances. 
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8. Conclusion 
Although it was scientifically proved that many chemicals carried at sea are intrinsically far 
more harmful to the marine environment, the impact of oil upon the ocean and its 
ecosystem is very dangerous. The spillage of even few tons of oil into sea causes a thin film 
on the water surface, what is deadly for marine life (Gautam, 2010). 

Since the middle of the XX century not only numerous international legislative  
measures were adopted in the area of oil pollution prevention for the marine environment, 
but also national laws and regulations. This new legislation reflected not only the 
development of the legal position on the certain issues, but also the new developments in 
construction technology like, for example, improved tank stripping pumps, the load-on-top 
system, and other technological advances. All these preventive measures considerably 
reduced both vessel-source and offshore oil development pollution. 

Beside the main legal documents on oil pollution and marine environment protection, 
general principles of international environmental law are also applicable to the cases of oil 
pollution. Such soft concepts as the «precautionary principle» and «polluter pays principle» 
could be applied (Salter & Ford, 2001). Besides these principles being a substantive element 
of sustainable development are reflected in conventions on liability and compensation in 
case of pollution (e.g. CLC, FUND etc.)  

In comparison to the oil pollution prevention during the offshore oil development pollution, 
measures against the vessel-source oil pollution represent the better and more detailed 
regulated area of marine environmental law (the 1954 Brussels Convention for the 
Prevention of Pollution of the Sea by Oil (OILPOL) was superseded from 2 October 1983 by 
the 1978 protocol relating to the 1973 International Convention for the Prevention of 
Pollution from Ships (MARPOL 73/78)). 

The statistics demonstrates that since the beginning of the international legislation on the 
oceans protection against the oil pollution there had been considerable improvements in the 
prevention of ship-generated oil pollution. It is not surprising, since the environmental 
regulation of the industry is becoming wider in its scope and tougher in its implementation 
(Salter & Ford, 2001).  

Tanker incident at sea especially close to the coasts always raises the significant attention of the 
publicity (Mehr Sicherheit fuer Tanker, 2003). It should be stressed that 99% of the transported 
oil (about 1,9 billion tons of oil by some 3 000 tankers) is delivered safely (Gold, 1998). 
However, even this tiny amount of the spilled oil is sufficient to cause the irreparable damage. 

Damage to coastal amenities, beaches, tourist and recreational areas, harbors, offshore 
installations depends on the geographical location of each spill. For example, a relatively 
small spill, due to the holing of the tanker “American trader” off the coast of California in 
1990, caused serious damage. Claims for damage, clean-up costs and fines amounted to over 
USD 25 million. In the case of the oil spill of the VLCC “Haven” off Genoa in 1991, the 
French, Italian and even Spanish Mediterranean coasts were damaged. 1 300 Italian claims 
alone amounted to GBP 705 million.  
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There exist very good means and instruments to combat the oil pollution, what was 
demonstrated by clean-up operations after the “Exxon-Valdez” oil spill. There are four 
major options of responding to marine spills: mechanical containment and collection; use of 
chemical dispersants; physical shoreline clean-up; and natural removal, requiring no clean-
up action. Other counter-measures that are less frequently used due to their limitations are 
burning, sinking, gelling and enhanced biodegradation. A decision, which clean-up action 
shall be applied, depends upon a given situation (Yoder, 1985). However, the best clean-up 
operations won’t recover the existed ecosystem. So let the oil pollution never had happened. 

On the other hand, the demands of the maritime transportation system increase. For 
example, the Red Sea is still one of the world’s least ecologically damaged bodies of water. 
However, the vessel traffic through the Suez Canal and from oil terms along the Red Sea 
coast increases, what raises the concerns on environment, living resources, and tourism, but 
the vessels traffic continues to grow. 

In such a way, there is still certain resistance of the oil industry and slow development of the 
anti-pollution legislation. It is quite understandable. For example, the move of the tankers 
from one-hull to the double hulls is just uneconomical (Mehr Sicherheit fuer Tanker, 2003). 
The other aspect concerns the quality and technical level of the vessels transporting oil 
(Mehr Sicherheit fuer Tanker, 2003). Often they are built in the developing countries with 
low loans and escape of technical innovations. Besides, it is now often discussed that only 
those ships which are insured by the shipping insurance companies or certified by 
“classification societies” shall be allowed to sail in international waters (Gautam, 2010). 

It can be easily noted that maritime catastrophes of large scale lead to the development  
of the international law. For example, the “Titanic” (1912), “Torrey Canyon” (1967), “Amoco 
Cadiz” (1978), “Exxon Valdez” (1987) accidents served as a reason for the adoption of new 
safety and anti-pollution rules (Rosenne, 1998). As for oil pollution legislation, a series of 
tanker accidents occurred off the coast of North America in 1976-1977 (Özçayir, 2004) with 
“Sansinena”; “Oswego Peace”; “Olympic Games”; “Daphne”; “Grand Zenith”; “Barcola; 
Mary Ann”; “Universe Leader”, and several other tankers (although almost all of these 
disasters were caused by human error or negligence) accelerated adoption of the MARPOL 
convention and Protocol. The stranding of the “Argo Merchant” (Anianova, 2006), in 
December 1976 and an oil spill of 27 000 tonnes of the coast of Massachusetts resulted in the 
Conference of the International Maritime Organization on Tanker Safety and Pollution 
Prevention in February 1978 under the US lobby and adopted amendments on tanker design 
and operation incorporated in the Protocol of 1978 to the SOLAS Convention45 (Özçayir, 
2004). The accident with the “Amoco Cadiz” on March 16, 1978 off the coast of France, 
which resulted in the oil spill of 221 000 tonnes of crude oil, served as an accelerating factor 
for the entry into force of the MARPOL convention. 

On the basis of the made research a conclusion should be made that hydrocarbons are also 
the main pollutants from offshore installations used for the exploitation of the natural 
                                                                 
45 Protocol of 1978 relating to the International Convention for the Prevention of Pollution from Ships, 1973, as 
amended, United Nations, Treaty Series. Vol. 1340. P. 61,62 
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resources of the seabed (Gavouneli, 1995). Offshore resources are used more and more. 20% 
of the today’s oil production comes from offshore wells. 

Although the liability regime for oil rigs is well-established in the private sector and 
adequate pollution compensation for most incidents is available, one could imagine that the 
need for a widely accepted international regime, covering all aspects of oil rigs, will become 
necessary in future. 

The subject is at present on the agenda of the International Maritime Organization. There is 
some opposition to a more comprehensive international treaty from some sectors of the oil 
industry, especially offshore operators who, at present, are able to conclude simple bilateral 
agreements with coastal states.  

Intentional pollution occurs not too often because any loss of oil and gas goes against the 
commercial interests of the operator. The cases of accidental pollution from blowouts or tanker 
spillage and collisions are still numerous. The statistics shows that 75-90% of the oil released at 
sea comes from discharges of the oily water produced during drilling and the dumping of oil-
based drilling muds and chemicals. The reported oil spills represent only about 1% of the oil 
released into the sea. For example, in the North Sea the prevailing geological formations tend 
to react with water-based muds. It results in the instability (Gavouneli, 1995), so it is necessary 
to use for the oil development the highly toxic oil-based muds.  

The international legislation regarding the marine environmental protection during 
exploration and exploitation of seabed mineral resources is subject to surprisingly few 
international regulations. It is not well developed. Operations in the Area are under the 
control of the International Seabed Authority according to the rules of the United Nations 
Convention on the Law of the Sea, 1982, but oil and gas drilling operations are conducted in 
the continental shelf under the direct control of the coastal state, usually through a state-
controlled oil company. 

Another critical issue in this topic remains, whether unilateral measures in the 
environmental protection should be admissible. Although the USA unilaterally introduced 
their own liability system for the cases of oil pollution, it was clearly demonstrated that this 
approach could be damaging to the international economy. Effective environmental 
protection is not possible with the efforts of only one state. However, regional conventions 
on cooperation in this area could be very effective. Geographical differences between 
various regions make regional efforts in the marine environmental protection more useful. 
The pollution problems are better tackled by regional agreements.  

As the recent accidents show the established legal mechanisms (the CLC, MARPOL etc.) do 
not help totally to prevent oil spills in the ocean. The proposals to launch a system with the 
stronger advance cooperation with the shipping industry still remain only proposals. The 
incidents with “Prestige” and “VICKY” oil spills also demonstrated the inability of the 
existing liability system to compensate the victims of the oil pollution. They are also 
criticized for low liability limits (Gennaro, 2004). 

In this research it was demonstrated by means of the overview of the existing international 
legal documents, that there exists a regime for oil pollution liability and compensation with 

 
Oil Pollution and International Marine Environmental Law 

 

53 

more or less adequate coverage for the most serious incidents. One can make a conclusion 
that the industry is well controlled by legislation (Salter & Ford, 2001). But the question 
arises whether one can foresee everything in advance and to prevent it? 

It was scientifically confirmed that the marine environment may eventually recover from 
very serious oil pollution incidents. However, it does not mean that there is no shorter-term 
damage to the marine environment, coasts, people and property. Besides we should think 
not only about the today’s interests, but consider “the interests of future generations” (Birnie 
& Boyle, 1992). 

One shouldn’t forget that in such cases as oil pollution prevention on the level of the 
international legislation the most important aspect is a quick response in its time (Anianova, 
2006). 
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protection is not possible with the efforts of only one state. However, regional conventions 
on cooperation in this area could be very effective. Geographical differences between 
various regions make regional efforts in the marine environmental protection more useful. 
The pollution problems are better tackled by regional agreements.  

As the recent accidents show the established legal mechanisms (the CLC, MARPOL etc.) do 
not help totally to prevent oil spills in the ocean. The proposals to launch a system with the 
stronger advance cooperation with the shipping industry still remain only proposals. The 
incidents with “Prestige” and “VICKY” oil spills also demonstrated the inability of the 
existing liability system to compensate the victims of the oil pollution. They are also 
criticized for low liability limits (Gennaro, 2004). 

In this research it was demonstrated by means of the overview of the existing international 
legal documents, that there exists a regime for oil pollution liability and compensation with 
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more or less adequate coverage for the most serious incidents. One can make a conclusion 
that the industry is well controlled by legislation (Salter & Ford, 2001). But the question 
arises whether one can foresee everything in advance and to prevent it? 

It was scientifically confirmed that the marine environment may eventually recover from 
very serious oil pollution incidents. However, it does not mean that there is no shorter-term 
damage to the marine environment, coasts, people and property. Besides we should think 
not only about the today’s interests, but consider “the interests of future generations” (Birnie 
& Boyle, 1992). 

One shouldn’t forget that in such cases as oil pollution prevention on the level of the 
international legislation the most important aspect is a quick response in its time (Anianova, 
2006). 
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1. Introduction 

Wildfire is the one of the prominent disturbance factor in most vegetation zones throughout 
the world, like forests and grasslands. Wildfires present a challenge for ecosystem 
management, because they have the potential to be at once beneficial and harmful. On the 
one hand, wildfires are a natural part of several ecosystems for maintaining their health and 
diversity in numerous ways, such as regulating plant succession and fuel accumulations, 
controlling age, structure and species composition of vegetation, affecting insect and disease 
populations, influencing nutrient cycles and energy flows, regulating biotic productivity, 
diversity and stability and determining habitats for wildlife. 

On the other hand, wildfires can also become a threat to property, human life and economy, 
particularly in ecosystems where fires are an uncommon or even unnatural process. Despite 
the prominence of fire events, current estimates of the extent and impact of vegetation fires 
globally are still a challenge. Several hundred million hectares of forest and other vegetation 
types are estimated to burn annually throughout the world, consuming several billion tons 
of dry matter and releasing emission compounds that affect the composition and 
functioning of the global atmosphere and human health. According to the FAO (FAO 2012), 
wildfires are important climate forcing factors as they release aerosol between 25-35% of the 
total CO2 net emissions to the atmosphere. Over the last decade in Canada, wildfires have 
consumed an average of 1.9 million ha/year and induced fire suppression costs ranging 
from about $500 million to $1 billion a year (Canadian Forest Service, 2012). In Europe, 
wildfires burn more than half a million ha of forested areas every year. Over 95% of the 
burnt areas are located in the Mediterranean region, in which critical fire events have taken 
place in recent years (http://effis.jrc.it). 

Because of the threat that fires represent, operational systems have been developed for use 
in fire management that includes fire danger prediction, fire detection and fire control. 
Given expected increases in fires across the world due to climate changes, better prediction 
of fire danger and fire detection will have significant benefits both from the economical and 
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the world, like forests and grasslands. Wildfires present a challenge for ecosystem 
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diversity in numerous ways, such as regulating plant succession and fuel accumulations, 
controlling age, structure and species composition of vegetation, affecting insect and disease 
populations, influencing nutrient cycles and energy flows, regulating biotic productivity, 
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On the other hand, wildfires can also become a threat to property, human life and economy, 
particularly in ecosystems where fires are an uncommon or even unnatural process. Despite 
the prominence of fire events, current estimates of the extent and impact of vegetation fires 
globally are still a challenge. Several hundred million hectares of forest and other vegetation 
types are estimated to burn annually throughout the world, consuming several billion tons 
of dry matter and releasing emission compounds that affect the composition and 
functioning of the global atmosphere and human health. According to the FAO (FAO 2012), 
wildfires are important climate forcing factors as they release aerosol between 25-35% of the 
total CO2 net emissions to the atmosphere. Over the last decade in Canada, wildfires have 
consumed an average of 1.9 million ha/year and induced fire suppression costs ranging 
from about $500 million to $1 billion a year (Canadian Forest Service, 2012). In Europe, 
wildfires burn more than half a million ha of forested areas every year. Over 95% of the 
burnt areas are located in the Mediterranean region, in which critical fire events have taken 
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Because of the threat that fires represent, operational systems have been developed for use 
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the human safety points of views across the world. There is also the need to accurate 
assessment of burnt areas because they are related to greenhouse gas emissions into the 
atmosphere that need to be accounted for following Kyoto’s protocol requirements as well 
as for managing post-fire environmental impacts, such as regeneration and erosion. Space-
borne remotely sensed imagery can play an important role in these systems. Indeed, satellite 
imagery offers the advantages of extensive regional coverage, zero disturbances of the area 
to be viewed, as well as a method for acquiring data in less accessible areas on a regular and 
cost effective basis. In the first part of this chapter, we will present the use of remote sensing 
in pre-fire conditions management. The second part of the section will deal with the use of 
remote sensing for detecting fires and burn scar mapping. 

2. Pre-fire conditions management 

Ignition and spread of wildfires depends on fuel moisture and weather conditions as well as 
on fuel types and topography. These parameters are as inputs into fire danger predicting 
systems that have been developed for fire management, among others for fire suppression. 
These systems are among others the National Fire Danger Rating System (NFDRS) in USA (US 
Forest Service, 2012) and the Canadian Forest Fire Danger Rating System (CFFDRS) in Canada 
(Canadian Forest Service, 1992). The CFFDRS is also used in Alaska and in some other parts 
of the world, including Europe and Asia. Both systems are based primarily on weather 
parameters that are point source data which are often acquired in a sparse network of 
weather stations. The availability of satellite images coupled with the development of 
geostatistics and spatial analyses using geographic information technology allows moving 
fire danger rating from point-based estimates from weather stations to spatially-explicit 
estimates. Indeed, satellite images have the advantages of larger sampling areas, lack of 
destruction of the studied resource, gathering data on less accessible areas and are 
measuring, in essence, the integrated response of vegetation (including fuel) to 
environmental influences (including drought).  

Several pre-fire conditions can be monitored using remote sensing. The first one is related to 
the fuel type, which can be mapped, like classical vegetation mapping, from high spatial 
resolution optical or radar images (e.g., Chuvieco and Martin, 1994; Burgan et al., 1998; 
Chuvieco et al., 1999a). These maps can then be linked, within a wildfire threat analysis 
system, to other pre-fire conditions variables, such as topography, proximity to roads and to 
urban areas, etc... (Burgan et al., 1998; Chuvieco et al., 1999a; Chuvieco et al. 2010). Another 
pre-fire condition, which can be estimated by remote sensing, is the fuel moisture condition. 
We will focus here on live fuel moisture conditions, which are in current fire prediction 
systems, either directly measured (Pinol et al., 1998) or broadly estimated (Canadian Forest 
Service, 1992). Dead fuel moisture conditions will also be considered, although they can be 
more easily computed from weather data and fuel characteristics, because dead fuel 
moisture is in balance with that of the surrounding atmosphere (Burgan et al., 1998; Pinol et 
al., 1998; Chuvieco et al., 1999b). In most of the remote sensing studies on live fuel moisture 
estimation, live fuel moisture conditions have been quantified as an absolute measurement 
of plant water content, through the Fuel Moisture Content (FMC) or the Equivalent Water 
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Thickness (EWT). FMC is defined as the ratio between the quantity of water (fresh weight–
dry weight) and either the fresh weight or the dry weight (see the review of Ceccato et al., 
2001). EWT is the leaf water content per unit leaf area which is defined as the ratio between 
the quantity of water and the leaf area (see the review of Ceccato et al., 2001). Live fuel 
moisture conditions have been also quantified indirectly, through the degree of water stress 
which is expressed in terms of evapotranspiration rates (Vidal et al., 1994). In the present 
study, the term "optical" is used to describe wavelengths between 400 and 2500 nm, in 
contrast to the thermal infrared bands, which range from 3000 to 15000 nm. Both types of 
wavelengths are recorded by optical sensors. The present study will primarily focus on 
satellite data, although the theory may also be applied to airborne sensors, which are 
currently used during fire suppression activities rather than as fire danger prediction tools.  

2.1. Optical remote sensing 

The first remote sensing studies on fuel moisture conditions monitoring used optical data, 
mainly NOAA-AVHRR NDVI images (e.g., Paltridge and Barber, 1988; Burgan et al., 1998; 
Chuvieco et al., 1999b; Hardy and Burgan, 1999). This supposes that timing and extent of 
drought can be assessed from vegetation greenness, as retrieved from satellite data. NDVI 
data were also correlated to simulated forest evapotranspiration (e.g., Deblonde and Cihlar, 
1993), to FWI codes and indices (Dominguez et al., 1994; Camia et al., 1999; Leblon et al., 
2001; Oldford et al., 2006; Leblon et al., 2007), to fuel moisture content of grasslands (Yebra 
et al., 2008), and to fire occurrences (e.g., Lopez et al., 1991; Illera et al., 1996; Burgan et al., 
1998). NDVI-based operational systems have been proposed to assess fire potentials (Figure 
1) (Burgan et al., 1998) and crop droughts or fire dangers (Kogan, 2001). 
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Figure 1. An operational system to compute fire potential maps from NOAA-AVHRR NDVI images 
(adapted from Burgan et al., 1998)  
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the human safety points of views across the world. There is also the need to accurate 
assessment of burnt areas because they are related to greenhouse gas emissions into the 
atmosphere that need to be accounted for following Kyoto’s protocol requirements as well 
as for managing post-fire environmental impacts, such as regeneration and erosion. Space-
borne remotely sensed imagery can play an important role in these systems. Indeed, satellite 
imagery offers the advantages of extensive regional coverage, zero disturbances of the area 
to be viewed, as well as a method for acquiring data in less accessible areas on a regular and 
cost effective basis. In the first part of this chapter, we will present the use of remote sensing 
in pre-fire conditions management. The second part of the section will deal with the use of 
remote sensing for detecting fires and burn scar mapping. 

2. Pre-fire conditions management 

Ignition and spread of wildfires depends on fuel moisture and weather conditions as well as 
on fuel types and topography. These parameters are as inputs into fire danger predicting 
systems that have been developed for fire management, among others for fire suppression. 
These systems are among others the National Fire Danger Rating System (NFDRS) in USA (US 
Forest Service, 2012) and the Canadian Forest Fire Danger Rating System (CFFDRS) in Canada 
(Canadian Forest Service, 1992). The CFFDRS is also used in Alaska and in some other parts 
of the world, including Europe and Asia. Both systems are based primarily on weather 
parameters that are point source data which are often acquired in a sparse network of 
weather stations. The availability of satellite images coupled with the development of 
geostatistics and spatial analyses using geographic information technology allows moving 
fire danger rating from point-based estimates from weather stations to spatially-explicit 
estimates. Indeed, satellite images have the advantages of larger sampling areas, lack of 
destruction of the studied resource, gathering data on less accessible areas and are 
measuring, in essence, the integrated response of vegetation (including fuel) to 
environmental influences (including drought).  

Several pre-fire conditions can be monitored using remote sensing. The first one is related to 
the fuel type, which can be mapped, like classical vegetation mapping, from high spatial 
resolution optical or radar images (e.g., Chuvieco and Martin, 1994; Burgan et al., 1998; 
Chuvieco et al., 1999a). These maps can then be linked, within a wildfire threat analysis 
system, to other pre-fire conditions variables, such as topography, proximity to roads and to 
urban areas, etc... (Burgan et al., 1998; Chuvieco et al., 1999a; Chuvieco et al. 2010). Another 
pre-fire condition, which can be estimated by remote sensing, is the fuel moisture condition. 
We will focus here on live fuel moisture conditions, which are in current fire prediction 
systems, either directly measured (Pinol et al., 1998) or broadly estimated (Canadian Forest 
Service, 1992). Dead fuel moisture conditions will also be considered, although they can be 
more easily computed from weather data and fuel characteristics, because dead fuel 
moisture is in balance with that of the surrounding atmosphere (Burgan et al., 1998; Pinol et 
al., 1998; Chuvieco et al., 1999b). In most of the remote sensing studies on live fuel moisture 
estimation, live fuel moisture conditions have been quantified as an absolute measurement 
of plant water content, through the Fuel Moisture Content (FMC) or the Equivalent Water 
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Thickness (EWT). FMC is defined as the ratio between the quantity of water (fresh weight–
dry weight) and either the fresh weight or the dry weight (see the review of Ceccato et al., 
2001). EWT is the leaf water content per unit leaf area which is defined as the ratio between 
the quantity of water and the leaf area (see the review of Ceccato et al., 2001). Live fuel 
moisture conditions have been also quantified indirectly, through the degree of water stress 
which is expressed in terms of evapotranspiration rates (Vidal et al., 1994). In the present 
study, the term "optical" is used to describe wavelengths between 400 and 2500 nm, in 
contrast to the thermal infrared bands, which range from 3000 to 15000 nm. Both types of 
wavelengths are recorded by optical sensors. The present study will primarily focus on 
satellite data, although the theory may also be applied to airborne sensors, which are 
currently used during fire suppression activities rather than as fire danger prediction tools.  

2.1. Optical remote sensing 

The first remote sensing studies on fuel moisture conditions monitoring used optical data, 
mainly NOAA-AVHRR NDVI images (e.g., Paltridge and Barber, 1988; Burgan et al., 1998; 
Chuvieco et al., 1999b; Hardy and Burgan, 1999). This supposes that timing and extent of 
drought can be assessed from vegetation greenness, as retrieved from satellite data. NDVI 
data were also correlated to simulated forest evapotranspiration (e.g., Deblonde and Cihlar, 
1993), to FWI codes and indices (Dominguez et al., 1994; Camia et al., 1999; Leblon et al., 
2001; Oldford et al., 2006; Leblon et al., 2007), to fuel moisture content of grasslands (Yebra 
et al., 2008), and to fire occurrences (e.g., Lopez et al., 1991; Illera et al., 1996; Burgan et al., 
1998). NDVI-based operational systems have been proposed to assess fire potentials (Figure 
1) (Burgan et al., 1998) and crop droughts or fire dangers (Kogan, 2001). 
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Figure 1. An operational system to compute fire potential maps from NOAA-AVHRR NDVI images 
(adapted from Burgan et al., 1998)  
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These studies listed several problems related to the use of NDVI images in fuel moisture 
mapping, namely the saturation of relationships (Paltridge and Barber, 1988), the influence 
of site wetness on relationships (Deblonde and Cihlar, 1993) and the difficulty of using 
NDVI over forests, due to the spectral mixture of the overstory with the understory, both 
being different in nature and in moisture content (e.g., Hardy and Burgan, 1999; Leblon et 
al., 2001). In fact, NDVI and associated vegetation indices are only indirectly related to fuel 
moisture conditions, because it rather measures the greenness and the chlorophyllous 
activity of the vegetation (Ceccato et al., 2001; Leblon, 2005). In a study on pre-fire 
conditions using NOAA-AVHRR over Northwest Territories boreal forests, Oldford et al. 
(2003) showed that high FWI areas correspond to high surface temperature areas on the 
surface temperature NOAA-AVHRR image, indicating water stress, but to high NDVI areas 
over the NOAA-AVHRR NDVI image, indicating no drought conditions (Figure 2).  

 
Figure 2. Map of (a) interpolated FWI, (b) interpolated Ta, and corresponding (c) Ts NOAA-AVHRR 
image and (d) NDVI NOAA-AVHRR image for the area, where the fire “vq0332” starts. The image was 
acquired 3 days before fire ignition (after Oldford et al., 2003) 

Greenness and the chlorophyll activity of the vegetation explained the positive correlations 
between NDVI and FWI codes and indices found by Leblon et al. (2001, 2007) over 
Canadian northern boreal forests, since both types of variables increase in parallel 
throughout the fire season, but for two different reasons: FWI codes and indices, because of 
drought, and NDVI because of vegetation growth. In addition, reduction in NDVI could be 
induced by factors other than drought, like disease or senescence (Leblon, 2005) and 
shadowing or penumbra (Chuvieco et al., 1999b). For all these reasons, a better use of NDVI 
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images over forests will be to map timing of deciduous leaf flushing, which is critical in fire 
management, because of its relationship to fire occurrence in mixed-deciduous forests. 

Fuel moisture is theoretically better related to another optical band, the shortwave infrared 
(1300-2500 nm) (e.g., Pierce et al., 1990; Pinol et al., 1998; Chuvieco et al., 1999b, Ceccato et 
al., 2001, Yebra et al., 2008). Relationships were significant only when the water stress was 
already well developed (Pierce et al., 1990; Pinol et al., 1998). Reflectance variations 
associated with water changes were smaller than those associated with leaf structure (Pierce 
et al., 1990; Ceccato et al., 2001). In addition, shortwave bands are highly disturbed by 
atmospheric effects. Fuel moisture is also probably estimated better using hyperspectral 
data. Indeed, hyperspectral data allow derivative analysis which is useful to remove, on 
reflectance, the effect of leaf structure, of background and of atmosphere as well as to 
resolve overlapping spectra to better separate components of the global spectrum (see the 
review of Leblon, 2005). Hyperspectral data were related to plant water content through 
empirical relationships (e.g., Pinol et al., 1998) or analytical models (e.g., Ustin et al., 1998; 
Ceccato et al., 2001). Multispectral data of the MODIS sensor were used into analytical 
model to retrieve fuel moisture content of shrublands (Yebra and Chuvieco, 2009). 

However, from the operational point of view, both hyperspectral data are, up to now, only 
provided by airborne sensors and shortwave infrared data are acquired by only a few 
numbers of spaceborne sensors, among others LANDSAT-TM, SPOT-VEGETATION, 
NOAA-16 and MODIS. While the oldest ones like LANDSAT-TM have a long revisit period, 
the newest ones, like SPOT-VEGETATION and the new series of the AVHRR sensor, on 
board NOAA-16, or MODIS, have the advantage to allow daily image acquisition. This 
temporal scale may be longer on cloudy periods. The performance of these new sensors is 
still under evaluation. By contrast, for many years, thermal infrared data are provided more 
often and mostly at the same time as the optical visible and near-infrared ones, by several 
existing spaceborne sensors, e.g., NOAA-AVHRR, LANDSAT-TM, ATSR-2, RESURS-01, 
METEOSAT, GOES or MODIS.  

2.2. Thermal infrared remote sensing 

Surface temperatures (Ts) were better correlated than NDVI to FWI codes and indices 
(Dominguez et al., 1994; Camia et al., 1999; Aguado et al., 2003; Oldford et al., 2003; Oldford 
et al., 2006, Leblon et al., 2007), to foliar moisture content (Chuvieco et al., 1999b) and to 
shrub water potentials (Gouyet et al., 1991). They were also useful to detect water-stressed 
coniferous stands, when extreme differences in canopy water content occurred (Pierce et al., 
1990). In fact, the difference between surface and air temperatures is a better spectral index 
to monitor plant water status than the surface temperature solely, the last being too sensitive 
to weather conditions (Camia et al., 1999; Duchemin et al., 1999). In addition, according to 
the energy budget equation, plants respond to water stress by stomata closure, thereby 
decreasing latent heat transfer from leaf surface to the air and causing an increase in leaf 
surface temperature (Pierce et al., 1990). Solving the energy budget equation, in which the 
sensible heat flux (H) is inferred from the difference between surface and air temperatures 
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These studies listed several problems related to the use of NDVI images in fuel moisture 
mapping, namely the saturation of relationships (Paltridge and Barber, 1988), the influence 
of site wetness on relationships (Deblonde and Cihlar, 1993) and the difficulty of using 
NDVI over forests, due to the spectral mixture of the overstory with the understory, both 
being different in nature and in moisture content (e.g., Hardy and Burgan, 1999; Leblon et 
al., 2001). In fact, NDVI and associated vegetation indices are only indirectly related to fuel 
moisture conditions, because it rather measures the greenness and the chlorophyllous 
activity of the vegetation (Ceccato et al., 2001; Leblon, 2005). In a study on pre-fire 
conditions using NOAA-AVHRR over Northwest Territories boreal forests, Oldford et al. 
(2003) showed that high FWI areas correspond to high surface temperature areas on the 
surface temperature NOAA-AVHRR image, indicating water stress, but to high NDVI areas 
over the NOAA-AVHRR NDVI image, indicating no drought conditions (Figure 2).  

 
Figure 2. Map of (a) interpolated FWI, (b) interpolated Ta, and corresponding (c) Ts NOAA-AVHRR 
image and (d) NDVI NOAA-AVHRR image for the area, where the fire “vq0332” starts. The image was 
acquired 3 days before fire ignition (after Oldford et al., 2003) 

Greenness and the chlorophyll activity of the vegetation explained the positive correlations 
between NDVI and FWI codes and indices found by Leblon et al. (2001, 2007) over 
Canadian northern boreal forests, since both types of variables increase in parallel 
throughout the fire season, but for two different reasons: FWI codes and indices, because of 
drought, and NDVI because of vegetation growth. In addition, reduction in NDVI could be 
induced by factors other than drought, like disease or senescence (Leblon, 2005) and 
shadowing or penumbra (Chuvieco et al., 1999b). For all these reasons, a better use of NDVI 
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images over forests will be to map timing of deciduous leaf flushing, which is critical in fire 
management, because of its relationship to fire occurrence in mixed-deciduous forests. 

Fuel moisture is theoretically better related to another optical band, the shortwave infrared 
(1300-2500 nm) (e.g., Pierce et al., 1990; Pinol et al., 1998; Chuvieco et al., 1999b, Ceccato et 
al., 2001, Yebra et al., 2008). Relationships were significant only when the water stress was 
already well developed (Pierce et al., 1990; Pinol et al., 1998). Reflectance variations 
associated with water changes were smaller than those associated with leaf structure (Pierce 
et al., 1990; Ceccato et al., 2001). In addition, shortwave bands are highly disturbed by 
atmospheric effects. Fuel moisture is also probably estimated better using hyperspectral 
data. Indeed, hyperspectral data allow derivative analysis which is useful to remove, on 
reflectance, the effect of leaf structure, of background and of atmosphere as well as to 
resolve overlapping spectra to better separate components of the global spectrum (see the 
review of Leblon, 2005). Hyperspectral data were related to plant water content through 
empirical relationships (e.g., Pinol et al., 1998) or analytical models (e.g., Ustin et al., 1998; 
Ceccato et al., 2001). Multispectral data of the MODIS sensor were used into analytical 
model to retrieve fuel moisture content of shrublands (Yebra and Chuvieco, 2009). 

However, from the operational point of view, both hyperspectral data are, up to now, only 
provided by airborne sensors and shortwave infrared data are acquired by only a few 
numbers of spaceborne sensors, among others LANDSAT-TM, SPOT-VEGETATION, 
NOAA-16 and MODIS. While the oldest ones like LANDSAT-TM have a long revisit period, 
the newest ones, like SPOT-VEGETATION and the new series of the AVHRR sensor, on 
board NOAA-16, or MODIS, have the advantage to allow daily image acquisition. This 
temporal scale may be longer on cloudy periods. The performance of these new sensors is 
still under evaluation. By contrast, for many years, thermal infrared data are provided more 
often and mostly at the same time as the optical visible and near-infrared ones, by several 
existing spaceborne sensors, e.g., NOAA-AVHRR, LANDSAT-TM, ATSR-2, RESURS-01, 
METEOSAT, GOES or MODIS.  

2.2. Thermal infrared remote sensing 

Surface temperatures (Ts) were better correlated than NDVI to FWI codes and indices 
(Dominguez et al., 1994; Camia et al., 1999; Aguado et al., 2003; Oldford et al., 2003; Oldford 
et al., 2006, Leblon et al., 2007), to foliar moisture content (Chuvieco et al., 1999b) and to 
shrub water potentials (Gouyet et al., 1991). They were also useful to detect water-stressed 
coniferous stands, when extreme differences in canopy water content occurred (Pierce et al., 
1990). In fact, the difference between surface and air temperatures is a better spectral index 
to monitor plant water status than the surface temperature solely, the last being too sensitive 
to weather conditions (Camia et al., 1999; Duchemin et al., 1999). In addition, according to 
the energy budget equation, plants respond to water stress by stomata closure, thereby 
decreasing latent heat transfer from leaf surface to the air and causing an increase in leaf 
surface temperature (Pierce et al., 1990). Solving the energy budget equation, in which the 
sensible heat flux (H) is inferred from the difference between surface and air temperatures 
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(Ts-Ta), as a function of the latent heat flux (LE) leads to an analytical relationship between 
actual evapotranspiration rate (AET) and Ts-Ta. Cumulative Ts-Ta data were well related to 
monthly fire start numbers throughout the fire season over Mediterranean forests (Prosper-
Laget et al., 1995). For the same ecosystem, Vidal et al. (1994) used the energy budget 
equation to compute the ratio between actual and potential evapotranspirations (AET/PET) 
from daily NOAA-AVHRR surface temperatures and synoptic air temperatures. The ratio 
was related to fire occurrences (Vidal et al., 1994) and to two shrub flammability variables 
(Desbois and Vidal, 1996). The ratio was used to operationally monitor fire danger over 
Mediterranean forests in 1994 (Desbois and Vidal, 1995) and was correlated to FWI codes 
and indices over Canadian northern boreal forests (Strickland et al., 2001). 

However, these studies also showed that estimating AET from Ts-Ta using the energy 
budget equation is more problematic over forest canopies than over crop canopies (Leblon, 
2005). First, canopy height makes forests different from a thin leaf surface, as supposed by 
the energy budget equation, because of an additional level of radiation absorption and 
convective heat exchange between the ground and the superior stratum. Second, the 
measured surface radiative surface temperature is different from the aerodynamic surface 
temperature (Trad) required by the equation, because of an additional excess resistance 
(known as the kB-1 factor) to heat transfer from leaves, which increases with the canopy 
height. Third, the aerodynamic resistance (ra) is lower than the canopy resistance (rc) and Ts-
Ta is thus less sensitive to moisture fluctuations. This lower sensitivity is compensated by 
the sensitivity of satellite signals to ground vegetation patches which are an important fire 
danger parameter. Also, the clumped nature of canopy elements in tree crowns reduces 
wind speed near leaves and allows sunlit leaves to have temperatures elevated well above 
Ta. Wind can affect temporal fluctuations of Ts-Ta, but these fluctuations on the 1 km pixel 
basis of NOAA-AVHRR may be very small, because eddies near the surface are on a scale of 
about 10 m and because of the spatial integration over the pixel. 

The energy budget equation requires an estimate for Ta. If synoptic Ta measurements are used, 
they should be corrected for shelter and tree height effects (Prosper-Laget et al., 1995). They 
can also be estimated as the radiative surface temperature of nearby well-watered canopies 
(Duchemin et al., 1999), since for not well-watered canopies, a systematical bias has been 
observed because the difference between surface and air temperatures is an indicator of water 
stress. Ta was also estimated as the radiative surface temperature corresponding to the 
extrapolation of the NDVI/Ts relationship to an NDVI of an infinitely thick vegetation canopy 
(e.g., Goward et al., 1994). However, such an estimate requires first that the range of variation 
in NDVI and Ts is enough to accurately define the slope (Pierce et al., 1990). Second, the images 
should not be contaminated by clouds, snow or standing water, because the slope can then be 
positive (e.g., Goward et al., 1994). Third, the canopy should be well-watered because the 
NDVI/Ts slope can changed as a function of the moisture of the canopy. Indeed, the slope was 
related to several moisture-related variables which are listed in Section 4. 

The energy budget equation also requires the knowledge of the aerodynamic and canopy 
resistances which are difficult to estimate (Vidal et al., 1994; Vidal and Devaux-Ros, 1995; 
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Strickland et al., 2001) and whose estimates are valid only for small areas. Thereby, other 
analytical models for computing AET from Ts have been proposed. The first one is the 
Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen et al., 1998). It computes 
LE as a residual quantity of the energy budget equation, but H is derived from the vertical 
difference in air temperature (Ta) between the surface roughness length to heat transport 
(zoh) and the reference height (zh), Ta being directly inferred from Ts. SEBAL has been 
validated on both short and tall vegetation (Bastiaanssen et al., 1998). 

The second one does not compute LE as a residual of the energy budget equation. It uses the 
Penman-Monteith approach, in which the vapour pressure deficit of the air (VPD) is 
estimated from the saturation vapour pressure at the mean daily surface temperature (VP*Ts) 
(Granger, 1997). Indeed, according to the feedback theory, feedback links between the 
surface and the overlying air are such that the observed surface temperature is a good 
indicator of the air humidity over the surface (Granger, 1997). It is applicable to both short 
and tall canopies, because the VPD-VP*Ts relationship does not depend on the cover type. 
However, it does not distinguish between vegetated and non vegetated surfaces having the 
same surface roughness, temperature and air humidity, unless they have a different albedo 
leading to a different Rn. Its operational use thereby requires a careful land use mapping. 
There are other more sophisticated approaches to estimate AET from Ts, like soil-vegetation-
atmosphere transfer (SVAT) models (see the review in Olioso et al. (1999)). SVAT models 
usually require a high number of input variables and thereby have little operational 
potentials in fire management. 

2.3. Synergisms between optical and thermal infrared remote sensing 

Several empirical studies already showed that inclusion of thermal infrared data improved 
correlations between NDVI-related indices and drought-related variables (Dominguez et al., 
1994; Chuvieco et al., 1999b, 2003; Aguado et al., 2003; Oldford et al., 2003; Oldford et al., 
2006; Leblon et al., 2007). Oldford et al. (2006) showed that for slow-drying fuel moisture 
code (DC) mapping, compared with weather station data interpolation, improved spatial 
resolution can be achieved at the pixel level when DC is computed using a regression model 
which has surface temperature and NDVI NOAA-AVHRR images sensing data as 
independent variables (Figure 3). The fire shown in the center of the 15x15 pixel area was 
classified by the Sustainable Resource Development Department of Alberta as a surface fire, 
caused by lightning. It is interesting to observe that the fire burned in a closed coniferous 
forest cover type which was classified as having a high DC danger rating, when the NOAA-
AVHRR image was used, but it was classified as having a moderate DC danger rating in the 
weather station-based map. 

Combining optical vegetation indices with surface temperature data helps account for the 
influence on the ground cover rate over the composite surface temperature measured by the 
sensor. This led to defining several drought indices, like the Vegetation and Temperature 
Condition Index (VT) (Kogan, 2001), an empirical index (Chuvieco et al., 2003), the Water 
Deficit Index (WDI) (Vidal and Devaux-Ros, 1995), and the Temperature-Vegetation Wetness 
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(Ts-Ta), as a function of the latent heat flux (LE) leads to an analytical relationship between 
actual evapotranspiration rate (AET) and Ts-Ta. Cumulative Ts-Ta data were well related to 
monthly fire start numbers throughout the fire season over Mediterranean forests (Prosper-
Laget et al., 1995). For the same ecosystem, Vidal et al. (1994) used the energy budget 
equation to compute the ratio between actual and potential evapotranspirations (AET/PET) 
from daily NOAA-AVHRR surface temperatures and synoptic air temperatures. The ratio 
was related to fire occurrences (Vidal et al., 1994) and to two shrub flammability variables 
(Desbois and Vidal, 1996). The ratio was used to operationally monitor fire danger over 
Mediterranean forests in 1994 (Desbois and Vidal, 1995) and was correlated to FWI codes 
and indices over Canadian northern boreal forests (Strickland et al., 2001). 

However, these studies also showed that estimating AET from Ts-Ta using the energy 
budget equation is more problematic over forest canopies than over crop canopies (Leblon, 
2005). First, canopy height makes forests different from a thin leaf surface, as supposed by 
the energy budget equation, because of an additional level of radiation absorption and 
convective heat exchange between the ground and the superior stratum. Second, the 
measured surface radiative surface temperature is different from the aerodynamic surface 
temperature (Trad) required by the equation, because of an additional excess resistance 
(known as the kB-1 factor) to heat transfer from leaves, which increases with the canopy 
height. Third, the aerodynamic resistance (ra) is lower than the canopy resistance (rc) and Ts-
Ta is thus less sensitive to moisture fluctuations. This lower sensitivity is compensated by 
the sensitivity of satellite signals to ground vegetation patches which are an important fire 
danger parameter. Also, the clumped nature of canopy elements in tree crowns reduces 
wind speed near leaves and allows sunlit leaves to have temperatures elevated well above 
Ta. Wind can affect temporal fluctuations of Ts-Ta, but these fluctuations on the 1 km pixel 
basis of NOAA-AVHRR may be very small, because eddies near the surface are on a scale of 
about 10 m and because of the spatial integration over the pixel. 

The energy budget equation requires an estimate for Ta. If synoptic Ta measurements are used, 
they should be corrected for shelter and tree height effects (Prosper-Laget et al., 1995). They 
can also be estimated as the radiative surface temperature of nearby well-watered canopies 
(Duchemin et al., 1999), since for not well-watered canopies, a systematical bias has been 
observed because the difference between surface and air temperatures is an indicator of water 
stress. Ta was also estimated as the radiative surface temperature corresponding to the 
extrapolation of the NDVI/Ts relationship to an NDVI of an infinitely thick vegetation canopy 
(e.g., Goward et al., 1994). However, such an estimate requires first that the range of variation 
in NDVI and Ts is enough to accurately define the slope (Pierce et al., 1990). Second, the images 
should not be contaminated by clouds, snow or standing water, because the slope can then be 
positive (e.g., Goward et al., 1994). Third, the canopy should be well-watered because the 
NDVI/Ts slope can changed as a function of the moisture of the canopy. Indeed, the slope was 
related to several moisture-related variables which are listed in Section 4. 

The energy budget equation also requires the knowledge of the aerodynamic and canopy 
resistances which are difficult to estimate (Vidal et al., 1994; Vidal and Devaux-Ros, 1995; 
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Strickland et al., 2001) and whose estimates are valid only for small areas. Thereby, other 
analytical models for computing AET from Ts have been proposed. The first one is the 
Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen et al., 1998). It computes 
LE as a residual quantity of the energy budget equation, but H is derived from the vertical 
difference in air temperature (Ta) between the surface roughness length to heat transport 
(zoh) and the reference height (zh), Ta being directly inferred from Ts. SEBAL has been 
validated on both short and tall vegetation (Bastiaanssen et al., 1998). 

The second one does not compute LE as a residual of the energy budget equation. It uses the 
Penman-Monteith approach, in which the vapour pressure deficit of the air (VPD) is 
estimated from the saturation vapour pressure at the mean daily surface temperature (VP*Ts) 
(Granger, 1997). Indeed, according to the feedback theory, feedback links between the 
surface and the overlying air are such that the observed surface temperature is a good 
indicator of the air humidity over the surface (Granger, 1997). It is applicable to both short 
and tall canopies, because the VPD-VP*Ts relationship does not depend on the cover type. 
However, it does not distinguish between vegetated and non vegetated surfaces having the 
same surface roughness, temperature and air humidity, unless they have a different albedo 
leading to a different Rn. Its operational use thereby requires a careful land use mapping. 
There are other more sophisticated approaches to estimate AET from Ts, like soil-vegetation-
atmosphere transfer (SVAT) models (see the review in Olioso et al. (1999)). SVAT models 
usually require a high number of input variables and thereby have little operational 
potentials in fire management. 

2.3. Synergisms between optical and thermal infrared remote sensing 

Several empirical studies already showed that inclusion of thermal infrared data improved 
correlations between NDVI-related indices and drought-related variables (Dominguez et al., 
1994; Chuvieco et al., 1999b, 2003; Aguado et al., 2003; Oldford et al., 2003; Oldford et al., 
2006; Leblon et al., 2007). Oldford et al. (2006) showed that for slow-drying fuel moisture 
code (DC) mapping, compared with weather station data interpolation, improved spatial 
resolution can be achieved at the pixel level when DC is computed using a regression model 
which has surface temperature and NDVI NOAA-AVHRR images sensing data as 
independent variables (Figure 3). The fire shown in the center of the 15x15 pixel area was 
classified by the Sustainable Resource Development Department of Alberta as a surface fire, 
caused by lightning. It is interesting to observe that the fire burned in a closed coniferous 
forest cover type which was classified as having a high DC danger rating, when the NOAA-
AVHRR image was used, but it was classified as having a moderate DC danger rating in the 
weather station-based map. 

Combining optical vegetation indices with surface temperature data helps account for the 
influence on the ground cover rate over the composite surface temperature measured by the 
sensor. This led to defining several drought indices, like the Vegetation and Temperature 
Condition Index (VT) (Kogan, 2001), an empirical index (Chuvieco et al., 2003), the Water 
Deficit Index (WDI) (Vidal and Devaux-Ros, 1995), and the Temperature-Vegetation Wetness 
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Index (TVWI) (Akther and Hassan, 2011). WDI was related to the number of fires and the area 
burned in the case of Mediterranean forests (Vidal and Devaux-Ros, 1995). TVWI together 
with the surface temperature and the normalized multiband drought index were related to fire 
occurrence maps in the case of boreal forests (Akther and Hassan, 2011). The inverse 
relationship between NDVI and Ts was related to fire occurrences in Mediterranean forests 
(Prosper-Laget et al., 1994) and to moisture-related variables, such as canopy resistance 
(Nemani and Running, 1989), sensible and latent heat flux (Nemani and Running, 1989; Olioso 
et al., 1999), leaf water potential (Goward et al., 1994), accumulated rainfall (Duchemin et al., 
1999), FWI codes and indices (Dominguez et al., 1994; Aguado et al., 2003, Oldford et al., 2006; 
Leblon et al., 2007), and foliar moisture content (Chuvieco et al., 1999b, 2003). 

 
Figure 3. Comparison between a slow-drying fuel moisture code (DC) mapped by weather station 
interpolation and the one computed by stepwise multiple regression models from NOAA-AVHRR 
images for the June 1- June 10 1995 compositing period. The fire polygon corresponds to a 62 ha area 
burned between 2 and 17 June 1995 (after Oldford et al., 2006) 

Other synergisms between optical and thermal infrared data can also be considered when 
estimating AET using the energy budget equation. Indeed, the required net radiation flux 
(Rn) can be computed from the solar irradiance at the surface or from the surface albedo, 
both variables being inferred from optical data (e.g., Granger, 1997; Bastiaanssen et al., 
1998). Also, the ratio between the soil heat flux (G) and Rn can be analytically derived from 
optical vegetation indices (e.g., Bastiaanssen et al., 1998; Leblon, 2005). 

Using both thermal infrared and NDVI images improve the correlation with fuel moisture 
variables, but these images have the same operational inconvenience of limited image 
availability during cloudy days. As reviewed in Leblon (2005), many strategies can be applied 
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to overcome the problem of cloudy days, like the interpolation of evaporation fractions for the 
cloudy days, or the use of images acquired by passive or active microwave sensors, which are 
able to penetrate cloud cover. Currently, only the SSM/I sensor provides images acquired in 
passive microwaves, but at a coarser spatial resolution than NOAA-AVHRR images. For all 
these reasons, this paper has no further discussion of the use of passive microwaves in fuel 
moisture monitoring. By contrast, active microwave (or radar) images can be acquired by 
several existing satellites, i.e., ERS-1/2, ENVISAT, and RADARSAT-1/2, ALOS-PALSAR. In 
addition to acquiring images under all illumination and weather conditions, these satellites 
provide data at a finer spatial resolution than NOAA-AVHRR.  

2.4. Radar remote sensing 

Studies reviewed in Leblon et al. (2002) and in Abbott et al. (2007) have shown that radar 
backscatter (°) measurements over forested areas depend on (i) vegetation type, species, and 
structure, (ii) vegetation biomass, (iii) topography and surface roughness and canopy height; 
(iv) flooding and the presence/absence of standing water, and (iv) moisture. Three sources of 
moisture variation may contribute to the forest radar backscatter: the forest floor, the canopy 
(including its woody elements) and the environmental conditions (rain events). Over boreal 
forests, positive relationships between radar backscatters and rainfall amounts were found 
with ERS-1 C-VV SAR images (Bourgeau-Chavez et al., 1999; Leblon et al., 2002) and with 
RADARSAT-1 C-HH SAR images (Abbott et al., 2007). The good correlation between °and 
weather variables, which are used to compute the various FWI codes and indices, may expect 
that these indices and codes are also well related to °. FWI codes and indices were correlated 
to ° derived from ERS-1 C-VV and RADARSAT-1 C-HH SAR images acquired over burned 
and unburned boreal forests located in Alaska (Bourgeau-Chavez et al., 1999; 2001, 2006, 2007) 
and in the Northwest Territories, Canada (Leblon et al., 2002; Abbott et al., 2007) (Figure 4).  

While these studies produced encouraging results, they also showed that single channel C-
band SAR images are restricted in their applicability across the landscape primarily due to 
variations in surface roughness and biomass which act as confounding factors. Recently, 
fully polarimetric X-, C- and L-band SAR sensors have been launched into orbit (ALOS-
PALSAR in 2006 and TerraSAR-X and RADARSAT-2 in 2007) allowing for decomposition of 
the backscattered energy into dominant scattering mechanisms which may prove useful for 
reducing the confounding factors and allowing improved extraction of the variable of 
interest in the absence of ancillary information.  

Bourgeau-Chavez et al. (2012) compared RADARSAT-2 polarimetric SAR images acquired 
under the same incidence angle and during an extreme dry date and a wet date over a 
chronosequence of Alaskan boreal black spruce ecosystems (recent burns, regenerating forests 
dominated by shrubs, open canopied forests, moderately dense forest cover). They found that 
there was a significant difference between the wet and the dry dates for all backscatter 
polarizations and for the Freeman-Durden (Freeman and Durden, 1998) and van Zyl 
decomposition (van Zyl et al., 2011) parameters particularly for the parameter corresponding 
to odd bounce or surface scatters (Table 1). However, none of the Cloude-Pottier 
decomposition (Cloude and Pottier, 1997) parameters exhibited significant differences between 
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Index (TVWI) (Akther and Hassan, 2011). WDI was related to the number of fires and the area 
burned in the case of Mediterranean forests (Vidal and Devaux-Ros, 1995). TVWI together 
with the surface temperature and the normalized multiband drought index were related to fire 
occurrence maps in the case of boreal forests (Akther and Hassan, 2011). The inverse 
relationship between NDVI and Ts was related to fire occurrences in Mediterranean forests 
(Prosper-Laget et al., 1994) and to moisture-related variables, such as canopy resistance 
(Nemani and Running, 1989), sensible and latent heat flux (Nemani and Running, 1989; Olioso 
et al., 1999), leaf water potential (Goward et al., 1994), accumulated rainfall (Duchemin et al., 
1999), FWI codes and indices (Dominguez et al., 1994; Aguado et al., 2003, Oldford et al., 2006; 
Leblon et al., 2007), and foliar moisture content (Chuvieco et al., 1999b, 2003). 

 
Figure 3. Comparison between a slow-drying fuel moisture code (DC) mapped by weather station 
interpolation and the one computed by stepwise multiple regression models from NOAA-AVHRR 
images for the June 1- June 10 1995 compositing period. The fire polygon corresponds to a 62 ha area 
burned between 2 and 17 June 1995 (after Oldford et al., 2006) 

Other synergisms between optical and thermal infrared data can also be considered when 
estimating AET using the energy budget equation. Indeed, the required net radiation flux 
(Rn) can be computed from the solar irradiance at the surface or from the surface albedo, 
both variables being inferred from optical data (e.g., Granger, 1997; Bastiaanssen et al., 
1998). Also, the ratio between the soil heat flux (G) and Rn can be analytically derived from 
optical vegetation indices (e.g., Bastiaanssen et al., 1998; Leblon, 2005). 

Using both thermal infrared and NDVI images improve the correlation with fuel moisture 
variables, but these images have the same operational inconvenience of limited image 
availability during cloudy days. As reviewed in Leblon (2005), many strategies can be applied 
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to overcome the problem of cloudy days, like the interpolation of evaporation fractions for the 
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and in the Northwest Territories, Canada (Leblon et al., 2002; Abbott et al., 2007) (Figure 4).  
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the wet and dry dates. Indeed, the Cloude-Pottier decomposition works with the polarimetric 
state only, and does not consider the span information (i.e., radar intensity) in contrast to the 
two other decompositions. Both use intensity information implicitly and therefore more 
information from the imaged area. These polarimetric decomposition parameters are currently 
under investigation in empirical algorithm development for a multi-date dataset (across a 
range of soil moisture conditions) over the Alaska boreal test area.  

 
Figure 4. Relationship between ERS-1 C-VV SAR and RADARSAT-1 C-HH SAR radar backscatters (o) and 
Fire Weather Index (FWI) codes and indices over boreal forest sites in the Northwest Territories, Canada and 
in Alaska, USA (data from Bourgeau-Chavez et al., 2001; Leblon et al., 2002; Abbott et al., 2007) 
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Parameter p-value
C-HH backscatter 0.000
C-HV backscatter 0.031
C-VV backscatter 0.000
C-RR backscatter 0.000
C-LR backscatter 0.005
C-LL backscatter 0.020
Cloude-Pottier Alpha 0.698
Cloude-Pottier Anisotropy 0.577
Cloude-Pottier Entropy 0.609
Freeman Durden Double Bounce 0.052
Freeman Durden Odd Bounce 0.005
Freeman Durden Volume Scatter 0.020
van Zyl Double Bounce 0.003

Table 1. P-value of the one way ANOVA test for wet vs. dry conditions by SAR parameter measured 
over several sites of a chronosequence of Alaskan boreal black spruce ecosystems (recent burns, 
regenerating forests dominated by shrubs, open canopied forests, moderately dense forest cover) (after 
Bourgeau-Chavez et al. 2012) 

Although radar images are theoretically available independently of the weather conditions, 
their availability could be limited because of the longer repeat cycle of the satellites. For 
example, ERS-1/2 had a repeat cycle of 35 days. Fortunately the revisit period is shorter for 
the Canadian radar satellites (RADARSAT-1/2), which has a possible quasi-daily coverage 
due to its pointing capability (Abbott et al., 2007). In addition, often the radar images have a 
finer spatial resolution than optical or thermal infrared images, while covering a smaller 
area. Thus, radar data represent a data source that is complementary to optical or thermal 
infrared data. Consequently, synergisms between optical or thermal infrared bands and 
radar bands should be investigated. 

3. Fire detection and burnt area mapping 
Fire detection is one critical stage of wildfire management, which is aimed at either fighting 
or monitoring the fire. For fire fighting the early detection is essential; so far, fire detection 
for fire fighting is based on human observation, the use of fixed optical cameras to monitor 
the surrounding environment, or aerial survey. The revisit time provided by current satellite 
sensors is not considered sufficient for fire fighting operations by forest fire mangers. 
However, the monitoring of wildfires and wildfire effects for large territories is mainly 
based on satellite remote sensing. Mapping of burnt areas and assessment of wildfire effects 
is one of the most successful applications of satellite remote sensing. Satellite remote sensing 
provides the means for acquiring comprehensive and harmonized information on wildfire 
effects for large territories at low cost. For this purpose, burnt area mapping is performed 
with a wide variety of remote sensors and techniques. A wide variety of optical and radar 
sensors have been used for fire detection and burnt area mapping, from local to global 
scales. This section reviews the application of remote sensing in active fire detection and the 
assessment of fire damages through the mapping of the extent of burnt areas.  
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3.1. Fire detection 

Fires produce anomalies that are detectable in many different parts of the electromagnetic 
spectrum and are therefore suitable for detection with the use of remote sensing techniques. 
Although fire detection is possible in the microwave range of the spectrum, these techniques 
are not used operational because of the high cost of the sensors and the low nominal 
achievable spatial resolution of the detection (Kempka et al., 2006). Therefore the focus of 
this section is on the detection of fires from optical remote sensors. 

Firstly, active fires can be detected from the light they emit in the visible part of the 
spectrum; however, the discrimination of the fire-emitted light is only possible at night 
(Cahoon et al., 1992, Elvidge, 2001). Since most of the fires occur and have their highest 
intensity during the day, the detection of them solely at night is not of high interest for 
operational fire management.  

Secondly, fires can be detected by the smoke plume they produce (Figure 5). This detection 
method is widely used at local scale, as an alternative to visual detection by human operators. 
Image processing algorithms can be used to single out this smoke plume in contrast to its 
background, and associate it to a fire. Although these systems eliminate false alarms produced 
by overheating of ground areas, they also present some limitations. The limitations arise from 
two facts; first, the smoke plume can only be detectable some time after the fire has started; 
and second, smoke is often conducted along the surface and emerges in an area different from 
that where the fire started. Ground automatic detection systems can make use of cameras 
mounted in towers, buildings or masts with good visibility of the surveyed terrain. The 
cameras can be fixed (attached to the structure) or mounted on a positioning system to vary 
the azimuth and elevation angles. A positioning system can be used to survey the entire 
environment by varying automatically the scanning angles. The detection delay depends on 
the scan velocity given by the motors and the optical system in the camera, noting that the  
image processing requirements for automatic detection are higher when using mobile 
sensors. The sensor technologies used in today’s automatic ground detection systems are 
mainly infrared and visual cameras (San-Miguel-Ayanz et al., 2005).  

 
Figure 5. Smoke plume identification for fire detection with optical cameras 
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Lastly, and most commonly, fires are detected due to the distinct high temperature they 
produce, which results in a high reflection signal in the mid-infrared and thermal 
electromagnetic spectra. Active fires produce temperatures ranging between 800 K and 1200 
K, although they can reach up to 1800 K. These temperatures are easily detectable in the 
mid-infrared part of the spectrum (Matson and Dozier 1981). This mid-infrared spectral 
window is suitable for fire detection because it is far from the peak of the Earth and Solar 
radiations at 0.5 and 9.7 μm, respectively (Figure 6). Fires also radiate in the thermal part of 
the spectrum, i.e. between 8 μm and 12 μm; however, the peak radiation at these 
wavelengths corresponds to a normal environmental temperature of 300 K. Fires can be 
detected as local or absolute maximum in the mid-infrared and thermal spectra. An absolute 
(or regional) maximum is used in the so-called thresholding algorithms. Any area above a 
given threshold temperature is considered a fire. However, differences in fire characteristics 
among regions in the world lead to problems of false alarms and/or missed fires using this 
method. Although fixed thresholding algorithms were used in the past most current 
techniques fore fire detection make use of the so-called contextual algorithms. Contextual 
algorithms detect local maxima. Multispectral criteria are aimed at detecting the difference 
between a fire pixel (active fire) and the background temperature (environmental 
temperature in the proximity of the fire pixel (Flasse and Ceccato, 1996, Giglio et al., 2003).  

 
Figure 6. Spectral radiant exitance as a function of the temperature of the black body. The figure shows 
that forest fires being hotter than the Earth’s surface exhibit a peak in their spectral exitance at a shorter 
wavelength than the Earth’s surface 
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Active wildfire monitoring is performed through the use of geo-stationary satellite  
sensors such as GOES (Geostationary Operational Environmental Satellite) or SEVIRI on 
board of the Meteosat Second Generation (MSG) satellite, or geo-synchronous satellite 
sensors such as the AVHRR on board of the NOAA meteorological satellite, the ATSR 
(Along Track Scanning Radiometer) on board the ERS-1 and 2 and the Envisat, and the 
MODIS (Moderate Resolution Imaging Spectroradiometer) on board of the Terra and Aqua 
satellites.  

 

 
 

Figure 7. MODIS-based active fire detection in the European Forest Fire Information System (EFFIS) 
(http://effis.jrc.ec.europa.eu) 

GOES and SEVIRI provide high frequency coverage in the order of 30 minutes and 15 
minutes, respectively. They are thus suitable for the monitoring of most wildfire processes 
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(Prins and Menzel, 1992; Prins et al., 1998). This is a relative advantage for the monitoring 
of fire activities, as compared to ATSR, AVHRR that provide a maximum of 1 daily pass, 
or MODIS, which provides 2 daily passes. However, due to its high spatial resolution, its 
good fire detection capabilities and its global coverage, MODIS has become the standard 
sensor for active fire monitoring at regional to global scales. The Aqua MODIS instrument 
acquires data twice daily (1:30 PM and AM), as does the Terra MODIS (10:30 AM and 
PM). These four daily MODIS fire observations serve to advance global monitoring of fire 
processes and their effects on ecosystems, the atmosphere, and climate (Giglio et al., 2006a 
and 2006b). Some operational fire monitoring systems using MODIS active fire detection 
include the Canadian Wildland Fire Information System (CWFIS) (http://cwfis.cfs.nrcan. 
gc.ca), the USA Active Fire Mapping Service, or the European Forest Fire Information 
System (EFFIS) (http://effis.jrc.ec.europa.eu). In the case of EFFIS, post-processing filters 
based on landcover ancillary data are applied to the MODIS product to reduce the 
number of false alarms produced by non-fire hot surfaces (e.g. industrial areas, hot 
ground soils) and therefore increase the reliability of the active fire detection (San-Miguel-
Ayanz et al., 2012). Figure 7 shows operational fire detection monitoring in the European 
region within EFFIS. 

3.2. Burnt area mapping 

Remotely sensed data have been extensively used for burnt area mapping. Fires produce a 
significant change in the structure and the reflectance of vegetation and the soil properties 
within the burnt area that are noticeable in the microwave, visible and especially the infra-
red part of the electromagnetic spectrum.  

At the global scale, NOAA-AVHRR data were extensively tested in the 1990s. Studies 
differed mainly on the use of diverse spectral indices, although most commonly, burn scar 
areas were discriminated from a multi-temporal comparison of NDVI (Kasischke and 
French, 1993; Martin and Chuvieco, 1995; Pereira, 1999). More recently other global burnt 
area datasets were derived from SPOT Vegetation and the ATSR-2 on board of Envisat 
(Gregorie et al., 2003, Tansey et al., 2004; Simon et al., 2004). Although these data provide 
gross estimates of burnt areas at the global level, the lack of extensive validation and 
agreement between them limit their use at regional or national levels. Nevertheless, partial 
validations of the global burnt area products were performed by Roy et al. (2005) and 
Boschetti et al. (2007). Pereira et al. (1999) showed that the accuracy of the results for 
mapping burnt areas with AVHRR data in the Mediterranean region of Europe was about 
80% for large fires. The methods were considered suitable only for fires larger than 1000 ha, 
and reliable for fires larger than 2000 ha. However, the mapping of those fires would 
correspond only to approximately 30% and 21%, respectively, of the total yearly burnt area 
in the European Mediterranean region.  

With the launch of the MODIS sensor on board of the TERRA and AQUA satellites, a new 
capability for regional mapping of burnt areas was put in place. The availability of free  
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data of medium spatial resolution from the MODIS sensors since 2000 provided a definite 
impulse for the use of remote sensing at the regional and global scales (Justice et al, 2002). 
Better radiometry and higher spectral information of the MODIS sensor provided the  
right data for the discrimination of burnt areas at these scales. The simultaneity in  
the operation of both satellites provided higher frequency in data acquisition and enough 
revisit time for accurate mapping of burnt areas. At the global scale, the MODIS program 
has released a standard product on burned areas that is based on a multitemporal change 
detection approach to analyze differences between modeled and actual reflectance, and to 
take into account Bidirectional Reflectance Distribution Function (BRDF) corrections  
(Roy et al., 2002, 2005). 

At regional scale, MODIS is operationally used in systems such as Canadian CWFIS and the 
European EFFIS, mentioned above. Two full mosaics of MODIS data are received and 
processed daily in EFFIS to provide near-real time monitoring of wildfires and map burnt 
areas. The systems is thus updated up to two times daily, providing accurate information of 
fire impacts in Europe ((San-Miguel-Ayanz et al. 2009). The use of higher spatial resolution 
imagery from Advanced Wide Field Sensor (AWiFS) for regional coverage in Europe was 
recently tested. However, results of this exercise showed that the benefits derived from the 
use of high spatial imagery in term of detailed mapping of fire perimeters are obscured by 
the limitations in the revisit time of the sensor. These results did not enhance those of the 
standard Rapid Damage Assessment module of EFFIS based on MODIS imagery (Sedano et 
al., 2012). Figure 8 shows the extent of burnt area as they were mapped from MODIS and 
AWIFS imagery. 

At national to local scales, the wide variety of remotely sensed products at medium to high 
resolution (10 m to 30 meter ground spatial resolution), make it possible the accurate mapping 
of burnt areas. However, the increase in spatial resolution is often accompanied by a decrease 
in revisit time of the sensor, which prevents the acquisition of this imagery for extensive areas. 

 
Figure 8. Burnt areas in the European Mediterranean region between 2000 and 2009 
(http://effis.jrc.ec.europa.eu) 
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High-spatial burnt area mapping has been performed with Landsat Thematic Mapper imagery 
(Michalek et al. 2000, Pereira and Setzer, 1993, Chuvieco and Congalton, 1998) complemented 
in some cases by the SPOT and ASTER sensors. Some analyses made use of the LISS-3 sensor 
of the IRS Indian satellite, and the RESURS MSU-K (San-Miguel-Ayanz et al, 1998). A variety 
of indices computed from the original spectral bands were used to enhance the mapping of 
burnt areas (Pereira et al., 1997, Li et al. 2000, Chuvieco et al, 2002). However, this exercise was, 
in most cases, limited to the mapping of burnt areas at local and sub-national scale. An 
exception to this is the case of Portugal, where an operational system capable of processing 
Landsat TM scenes for mapping of burnt areas was set up (Pereira et al., 1993).  

The use of high resolution remote sensing in the management of critical wildfires has 
improved dramatically in the last decade. The variety of remote sensing imagery of high 
and very-high spatial resolutions such QUICKBIRD, IKONOS, FORMOSAT, EARLYBIRD, 
RAPIDEYE has permitted the rapid coverage of critical fire events. The processing of this 
imagery provides a great level of spatial detailed that is needed for the accurate analysis of 
fire damages and the sound planning of restoration measures. Data provision for critical fire 
events has been supported by the agreement of the space agencies in the so-called 
International Space Charter, which allows the rapid provision available remotely sensed 
data from a series of satellites, including RADARSAT, ERS, ENVISAT, SPOT, IRS, SAC-C, 
NOAA satellites, LANDSAT, ALOS, DMC supporting crisis management.  

Although most of the studies on burnt area mapping were based on the use of optical 
imagery, there are a series of examples in which data from active sensors such as the 
Synthetic Aperture Radar (SAR) were used. Most of the studies were carried out in boreal 
forest (Bourgeau-Chavez et al. 1997, 2002, Kasische et al, 1994, French et al. 1999, Siegert and 
Ruecker, 2000, Menges et al, 2004), but some examples for the Mediterranean area exist 
(Gimeno and San-Miguel-Ayanz, 2004, Gimeno et al. 2005). Rather than the changes in 
vegetation condition and structure, the detection of burnt areas from SAR is based on the 
changes on moisture content in the burnt surface with respect to the unburned areas. Burnt 
areas tend to have higher moisture content than unburned areas, which reduces the 
backscatter. Thus, burnt areas appear as dark objects in relation to the surrounding non-
affected areas. 

Similarly to the studies on pre-fire conditions (see Section 2), polarimetric SAR images have 
been recently tested. They were more efficient for fire detection and burnt area mapping 
than single channel C-band SAR images. Figure 9 compares RADARSAT-2 single-polarized 
and polarimetric SAR images that were acquired at 32.4°-34° incidence angle and using a 
east-looking direction, during a dry day, between 1 to 2 months after fires that occur in 
rough terrains (Calabria peninsula in Southern Italy). Similar to the pre-fire conditions study 
(see Table 1), fire scars were more visible on the Freeman-Durden decomposition images 
than on the Cloude-Pottier decomposition, probably because the first decomposition works 
with the polarimetric state only, and does not consider the span information (i.e., radar 
intensity) in contrast to the second one. The Freeman-Durden decomposition uses more 
information from the imaged area because it implicitly considers the intensity information.  
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Figure 8. Burnt areas in the European Mediterranean region between 2000 and 2009 
(http://effis.jrc.ec.europa.eu) 
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(Gimeno and San-Miguel-Ayanz, 2004, Gimeno et al. 2005). Rather than the changes in 
vegetation condition and structure, the detection of burnt areas from SAR is based on the 
changes on moisture content in the burnt surface with respect to the unburned areas. Burnt 
areas tend to have higher moisture content than unburned areas, which reduces the 
backscatter. Thus, burnt areas appear as dark objects in relation to the surrounding non-
affected areas. 

Similarly to the studies on pre-fire conditions (see Section 2), polarimetric SAR images have 
been recently tested. They were more efficient for fire detection and burnt area mapping 
than single channel C-band SAR images. Figure 9 compares RADARSAT-2 single-polarized 
and polarimetric SAR images that were acquired at 32.4°-34° incidence angle and using a 
east-looking direction, during a dry day, between 1 to 2 months after fires that occur in 
rough terrains (Calabria peninsula in Southern Italy). Similar to the pre-fire conditions study 
(see Table 1), fire scars were more visible on the Freeman-Durden decomposition images 
than on the Cloude-Pottier decomposition, probably because the first decomposition works 
with the polarimetric state only, and does not consider the span information (i.e., radar 
intensity) in contrast to the second one. The Freeman-Durden decomposition uses more 
information from the imaged area because it implicitly considers the intensity information.  
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(*)HH in red, HV in green and VV in blue; (**) double-bounce in red, volume in green and surface in blue 

Figure 9. Fire scars over various RADARSAT-2 products made from a RADARSAT-2 that was acquired 
over Calabria peninsula in Southern Italy 1 to 2 months after the fires during a dry date using an 
ascending pass (east-looking direction) with a FQ13 beam mode (32.4°-34° incidence angle). The fire 
scar limits are displayed in yellow or black. 

4. Conclusions 

We reviewed studies using optical, thermal infrared and radar images for pre-fire and post-
fire conditions monitoring. For the pre-fire conditions, our review has a particular emphasis 
on the studies using satellite data to monitor fuel moisture. Remote sensing of fuel moisture 
was first done with NDVI images (mainly from NOAA-AVHRR), based on the assumption 
that the greenness of the scene is a good indicator of fuel moisture and fire danger. NDVI 
images are used operationally to map fire potentials, but the reviewed studies have shown 
that NDVI is sensitive to the chlorophyll activity of the vegetation rather than to its actual 
changes in moisture content. By contrast, thermal infrared images allow the computation of 
surface temperatures which are analytically related to surface moisture-related variables, 
like evapotranspiration, through the energy budget equation. This analytical approach was 

(a) C-HH (b) C-HV (c) C-VV  (d) RGB composite (*) 

(e) Freeman_Durden (**) (f) Entropy (g) Anisotropy (h) Alpha angle 
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used to compute the ratio between actual and potential evapotranspiration (AET/PET) from 
daily surface temperatures and synoptic air temperatures. The ratio was used in an 
operational fire danger monitoring system over Mediterranean forests. The same ratio was 
computed from optical and thermal infrared images acquired over Canadian northern 
boreal forests and related to FWI codes and indices. In the AET/PET computation, NDVI 
images were also used, in the calculation of soil heat flux and aerodynamic resistances. 

More recent studies on the use of remote sensing in fuel moisture monitoring use both 
NDVI and surface temperature images. This is done at no additional cost of data acquisition, 
since both kinds of images are provided in the same time by numerous existing satellites, 
like NOAA-AVHRR, LANDSAT-TM, ATSR-2, RESURS-01, METEOSAT, GOES, EOS-
ASTER, and EOS-MODIS. An important operational limitation of using optical and thermal 
infrared data is image availability, which still depends on weather and illumination 
conditions. For this reason, an operational system to monitor fuel moisture using satellite 
images should probably also include radar images, which can be acquired during cloudy 
days. These images have also the advantage of having a finer spatial resolution.Good 
relationships were found between ERS-1 and RADARSAT-1 radar backscatters and FWI 
codes and indices over northern boreal forests, but these studies also showed that radar 
backscatters are affected by several confounding factors other than those related to 
moisture, such as surface roughness and biomass. More recently, the availability of 
polarimetric SAR images allows for decomposition of the backscattered energy into 
dominant scattering mechanisms which may prove useful for reducing the confounding 
factors. Statistically significant differences between wet and dry dates were observed in the 
case of several polarimetric variables extracted from RADARSAT-2 C-band polarimetric 
SAR images, such as the Freeman-Durden and van Zyl decomposition parameters 
particularly for the parameters corresponding to odd bounce or surface scatters. Further 
studies are required to establish models that can use such data for estimating fuel moisture. 

One limitation of the operational use of SAR images in fire danger monitoring is image 
availability that is limited by the long revisit periods of most existing radar satellites and by 
the commercial operating mode of some new radar satellites, like RADARSAT-2. However, 
the availability in the near future of SAR satellite constellations such as the planned 
RADARSAT-3 mission, will decrease the revisit period. Eventually, further studies are 
needed to assess the combination of optical and thermal infrared images to radar images for 
monitoring pre fire conditions. 

Most of the reviewed remote sensing studies for pre-fire conditions management are based 
on the estimation of fuel moisture which is one of the canopy factors which influences fire 
danger. However, further research is needed to see whether or not current fire danger rating 
systems can account for canopy variables, like evapotranspiration or moisture content, 
which are more closely related to spectral variables. On the other hand, all required input 
variables of an operational fire danger system, like wind parameters, will surely not be 
derived from remote sensing data and additional ground-based and weather information 
will always be required to effectively monitor fire danger. In this regard, in situ sensing 
systems, as described in Teillet et al. (2001), will be useful.  
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used to compute the ratio between actual and potential evapotranspiration (AET/PET) from 
daily surface temperatures and synoptic air temperatures. The ratio was used in an 
operational fire danger monitoring system over Mediterranean forests. The same ratio was 
computed from optical and thermal infrared images acquired over Canadian northern 
boreal forests and related to FWI codes and indices. In the AET/PET computation, NDVI 
images were also used, in the calculation of soil heat flux and aerodynamic resistances. 

More recent studies on the use of remote sensing in fuel moisture monitoring use both 
NDVI and surface temperature images. This is done at no additional cost of data acquisition, 
since both kinds of images are provided in the same time by numerous existing satellites, 
like NOAA-AVHRR, LANDSAT-TM, ATSR-2, RESURS-01, METEOSAT, GOES, EOS-
ASTER, and EOS-MODIS. An important operational limitation of using optical and thermal 
infrared data is image availability, which still depends on weather and illumination 
conditions. For this reason, an operational system to monitor fuel moisture using satellite 
images should probably also include radar images, which can be acquired during cloudy 
days. These images have also the advantage of having a finer spatial resolution.Good 
relationships were found between ERS-1 and RADARSAT-1 radar backscatters and FWI 
codes and indices over northern boreal forests, but these studies also showed that radar 
backscatters are affected by several confounding factors other than those related to 
moisture, such as surface roughness and biomass. More recently, the availability of 
polarimetric SAR images allows for decomposition of the backscattered energy into 
dominant scattering mechanisms which may prove useful for reducing the confounding 
factors. Statistically significant differences between wet and dry dates were observed in the 
case of several polarimetric variables extracted from RADARSAT-2 C-band polarimetric 
SAR images, such as the Freeman-Durden and van Zyl decomposition parameters 
particularly for the parameters corresponding to odd bounce or surface scatters. Further 
studies are required to establish models that can use such data for estimating fuel moisture. 

One limitation of the operational use of SAR images in fire danger monitoring is image 
availability that is limited by the long revisit periods of most existing radar satellites and by 
the commercial operating mode of some new radar satellites, like RADARSAT-2. However, 
the availability in the near future of SAR satellite constellations such as the planned 
RADARSAT-3 mission, will decrease the revisit period. Eventually, further studies are 
needed to assess the combination of optical and thermal infrared images to radar images for 
monitoring pre fire conditions. 

Most of the reviewed remote sensing studies for pre-fire conditions management are based 
on the estimation of fuel moisture which is one of the canopy factors which influences fire 
danger. However, further research is needed to see whether or not current fire danger rating 
systems can account for canopy variables, like evapotranspiration or moisture content, 
which are more closely related to spectral variables. On the other hand, all required input 
variables of an operational fire danger system, like wind parameters, will surely not be 
derived from remote sensing data and additional ground-based and weather information 
will always be required to effectively monitor fire danger. In this regard, in situ sensing 
systems, as described in Teillet et al. (2001), will be useful.  
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Regarding fire detection, remote sensing techniques can be considered fully operational. At 
local scale they are mainly based on the use of visible and infra-red cameras for the 
detection of active fires or smoke plumes. Fire detection at this scale is focused on support to 
forest fire fighting operations. At large scale, information is provided by geo-stationary 
satellite sensors (GOES, SEVIRI) or geo-syncronous sensors (AVHRR, ATSR, MODIS). The 
high revisit time of the geostationary satellites provide frequent information (15 to 30 
minutes) that is indicated for monitoring fire processes and fire effects. However, although 
geo-stationary satellites provide a lower revisit time (1 to 2 daily passes), they provide 
global fire information that is essential for the monitoring of wildfire processes and their 
effects on ecosystems, the atmosphere, and climate. 

Burnt area mapping from remote sensing has been on-going for nearly 30 years. Most of these 
applications are based on passive optical remote sensing imagery at global and regional scales. 
Global burn area datasets were derived from AVHRR, ATRS, Vegetation, and recently from 
MODIS. At local scale, actives sensors such as the ERS SAR and RADARSAT have proven 
their capacity for monitoring fires under all-weather conditions. Currently, the data acquired 
by the MODIS sensor has become the standard for fire monitoring at regional to global scales 
and is used for environmental policy and decision-making. At local level, numerous examples 
on the use of high-spatial resolution imagery exist. However, the lack of operational routines 
for the processing of satellite imagery and the difficulties in acquiring cloud free imagery due 
to the low revisit time of the sensors has prevented the full operationalization of remote 
sensing. Agreements have been recently established among the Space Agencies in the 
International Space Charter for the provision of remote sensing data for wildfire crisis 
management, which permits the rapid monitoring of critical fire events.  
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1. Introduction 

The authors are affiliated with the Laboratory of Systems Technology Applications in 
Renewable Resources (The STARR LAB) at Texas A&M University. The purpose of this 
chapter is to provide a synopsis of the cumulative research and teaching work for the past 
twenty years from the STARR LAB. The aim of chapter is to demonstrate holistic 
understandings of what key environmental issues and problems people are facing and how 
their concerns may be addressed with the help of geographic information systems (GIS).  

We are the environments, and the environments are us. There are many environmental 
issues and problems the society is facing. Some major categories include environmental 
disasters, ecological services, and perceptions of environments by people, just to name a 
few. In terms of environmental disasters, hurricanes, earthquake and wildfires are some 
examples that exert enormous direct impacts on people’s lives. Their increasing recurrences 
have elevated public awareness on the vulnerability and risks of the environments we live 
in. An awareness of environmental issues leads to an increase in people’s perceptions 
regarding the surrounding environments. There are many factors contributing to such 
perceptions. Combined considerations of pertinent factors result in an overall perception. 
One plausible combined index is called quality of life (QOL). QOL is a practical 
measurement of the state of an environment. Environmental awareness also raises people’s 
concerns on the sustainability of the ecological services. Ecological services refer to public 
goods, tangible or intangible, rendered to us by environments and ecosystems. Air, water, 
food, fiber, and fuel we consume are good examples. Sustaining these services is of great 
importance to all environmental stakeholders. 

There are many ways to help stakeholders gain insights to environmental issues and 
problems. One handy approach is the use of GIS. GIS are systems of hardware, software, 
data, people, organizations and institutional arrangements for collecting, storing, analyzing 
and disseminating information about areas of the Earth [1]. Such technologies enable 
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and disseminating information about areas of the Earth [1]. Such technologies enable 
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analyses of spatial-temporal patterns for a geographic span of interest and generations of 
easy-to-comprehend reports such as maps and images. GIS are maturing and proliferating 
rapidly in parallel to the quantum leap of personal computer (PC) platforms. It greatly 
enhances people’s ability to know about their environments. Given the advantages, GIS 
have emerged as a popular subject matter among interested learners on college campuses as 
well as in environmental fields. A good indicator of this assertion is the sustaining 
popularity of Environmental GIS courses the authors teach at Texas A&M University. Other 
institutions are reporting a similar phenomenon.  

All things considered, it is timely to provide a rundown of GIS for Environmental Problem-
Solving as a chapter of this book. Main thrusts of our presentation consist of four parts. They 
are: 1) Introduction (this section); 2) Research method; 3) Illustrations of GIS for 
environmental problem solving applications; and 4) Concluding remarks. 

2. Research method 

Systems approach is a key research method to incorporate GIS into problem-solving process 
in addressing environmental issues and problems. The essence of this approach is to 
envision and to enact relevant endeavors into a cohesive sequence of steps. The whole 
process is called developing and implementing a GIS project. A typical sequence of steps in 
a GIS project includes framing the problem, defining a project area, identifying and 
acquiring data, extracting and preparing data, editing spatial data, geospatial analysis, and 
generating maps and reports.   

2.1. Framing the problem 

The first step in solving any problem is to frame the problem. The purpose of this step is to 
help narrow down the scope and identify the problem to make it easier to solve. This helps 
address the questions you want to answer. Specifically, what do you want to accomplish 
from looking at this problem? What are the goal and objectives you are planning to address 
from the problem? 

Then, the next question is what is the potential information associated with the problem? 
Pertinent information includes: 

 Scope: To lay out tasks, data, and time frame to solve a problem, a scope needs to be 
defined so that you know how much information you are dealing with. The scope 
varies depending upon the nature and objectives of the problem. Questions on whether 
the problem is looking at a specific region, a particular group of population, or a 
particular phenomenon are worth investigating. Also, is the problem asking for 
information, maps, or more in-depth analysis of the problem? 

 Scale: Is the problem focusing on an institutional scale (individual, family, municipal, 
state, national, or international) and/or ecological scale (plant, plot, ecosystem, 
landscape, biome, or global)? As addressed in [2], stakeholders at different spatial scales 
can (and should) assign different values to environment and ecosystem under interest. 
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 Type of information: two distinctive types of information are quantitative and qualitative. 
You need to specify if the problem is looking for quantitative and/or qualitative 
information. Quantitative information focuses on some sort of value or measurable 
information. Number of population affected by a hurricane or the amount of oil spilled 
into an ocean are quantifiable. Qualitative information, on the other hand, represents 
some sort of status that needs to be stated. Wildlife species affected by a hurricane or 
types of chemical released into a river are some of the examples.  

It is also helpful to construct an outline or diagram of the problem so that it is easy for you 
and/or stakeholders to determine necessary steps, to better organize the tasks, and to be able 
to comprehend the problem at hand.  

Consider the following real world examples using the above criteria: 

Example 1: The 2005 Hurricane Katrina 

The scope is the Hurricane Katrina in New Orleans, Louisiana. This pertains to the Greater 
New Orleans Region. Information of interest includes population affected, infrastructural 
damage, hazardous materials, and situations that might arise afterward. Given this 
information, one possible answer is the number of population affected as the quantitative 
information. Quantitative information includes, but not limited to, current stage of 
hazardous waste, groups of population, animal species, and housing.  

Example 2: Bastrop County Complex Fire 

The scope is a major wildfire in Bastrop County, Texas in 2011. Information of interest is 
effects on both human and animal, economics losses, effects on land and environments, and 
infrastructural damage. With the defined information, possible answers include the number 
of affected people and animals, income losses from the incident, and the loss of species’ 
habitats, which are accounted as quantitative information. Households and habitats affected 
by the fire, problem of land degradation and fragmentation, time frame for recovering, and 
preventive plans are some of the qualitative information that seeks answers.  

Example 3: West Nile Virus in Brazos County 

Brazos County, Texas and the surrounding areas is the scope of interest. Became widespread 
in the recent years (with the highest number of 7 severe cases in human being accounted for 
in 2006 [3]), West Nile virus has been under surveillance for residents in the County. Critical 
information that needs to be asked include: What causes the West Nile virus?; How can you 
track the spread of the West Nile virus?; and Where has West Nile virus been found in this 
location? Quantitative answers are the current number of infected individuals and the past 
records. Possible locations and trends that may be associated with the spread of the West 
Nile virus serve as the qualitative answer to the problem. 

2.2. Defining a project area 

With an identified problem, you can proceed to define a project area. This step delineates a 
confined boundary of an area of interest. The information from Step 2.1 helps specify the 
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analyses of spatial-temporal patterns for a geographic span of interest and generations of 
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Systems approach is a key research method to incorporate GIS into problem-solving process 
in addressing environmental issues and problems. The essence of this approach is to 
envision and to enact relevant endeavors into a cohesive sequence of steps. The whole 
process is called developing and implementing a GIS project. A typical sequence of steps in 
a GIS project includes framing the problem, defining a project area, identifying and 
acquiring data, extracting and preparing data, editing spatial data, geospatial analysis, and 
generating maps and reports.   

2.1. Framing the problem 

The first step in solving any problem is to frame the problem. The purpose of this step is to 
help narrow down the scope and identify the problem to make it easier to solve. This helps 
address the questions you want to answer. Specifically, what do you want to accomplish 
from looking at this problem? What are the goal and objectives you are planning to address 
from the problem? 

Then, the next question is what is the potential information associated with the problem? 
Pertinent information includes: 

 Scope: To lay out tasks, data, and time frame to solve a problem, a scope needs to be 
defined so that you know how much information you are dealing with. The scope 
varies depending upon the nature and objectives of the problem. Questions on whether 
the problem is looking at a specific region, a particular group of population, or a 
particular phenomenon are worth investigating. Also, is the problem asking for 
information, maps, or more in-depth analysis of the problem? 

 Scale: Is the problem focusing on an institutional scale (individual, family, municipal, 
state, national, or international) and/or ecological scale (plant, plot, ecosystem, 
landscape, biome, or global)? As addressed in [2], stakeholders at different spatial scales 
can (and should) assign different values to environment and ecosystem under interest. 
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 Type of information: two distinctive types of information are quantitative and qualitative. 
You need to specify if the problem is looking for quantitative and/or qualitative 
information. Quantitative information focuses on some sort of value or measurable 
information. Number of population affected by a hurricane or the amount of oil spilled 
into an ocean are quantifiable. Qualitative information, on the other hand, represents 
some sort of status that needs to be stated. Wildlife species affected by a hurricane or 
types of chemical released into a river are some of the examples.  

It is also helpful to construct an outline or diagram of the problem so that it is easy for you 
and/or stakeholders to determine necessary steps, to better organize the tasks, and to be able 
to comprehend the problem at hand.  

Consider the following real world examples using the above criteria: 

Example 1: The 2005 Hurricane Katrina 

The scope is the Hurricane Katrina in New Orleans, Louisiana. This pertains to the Greater 
New Orleans Region. Information of interest includes population affected, infrastructural 
damage, hazardous materials, and situations that might arise afterward. Given this 
information, one possible answer is the number of population affected as the quantitative 
information. Quantitative information includes, but not limited to, current stage of 
hazardous waste, groups of population, animal species, and housing.  

Example 2: Bastrop County Complex Fire 

The scope is a major wildfire in Bastrop County, Texas in 2011. Information of interest is 
effects on both human and animal, economics losses, effects on land and environments, and 
infrastructural damage. With the defined information, possible answers include the number 
of affected people and animals, income losses from the incident, and the loss of species’ 
habitats, which are accounted as quantitative information. Households and habitats affected 
by the fire, problem of land degradation and fragmentation, time frame for recovering, and 
preventive plans are some of the qualitative information that seeks answers.  
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Brazos County, Texas and the surrounding areas is the scope of interest. Became widespread 
in the recent years (with the highest number of 7 severe cases in human being accounted for 
in 2006 [3]), West Nile virus has been under surveillance for residents in the County. Critical 
information that needs to be asked include: What causes the West Nile virus?; How can you 
track the spread of the West Nile virus?; and Where has West Nile virus been found in this 
location? Quantitative answers are the current number of infected individuals and the past 
records. Possible locations and trends that may be associated with the spread of the West 
Nile virus serve as the qualitative answer to the problem. 

2.2. Defining a project area 

With an identified problem, you can proceed to define a project area. This step delineates a 
confined boundary of an area of interest. The information from Step 2.1 helps specify the 
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proper location where the problem occurred and address the possible questions and 
answers under interest. The process pinpoints the focus of the problem while eliminate 
unnecessary areas or secondary scope of interest from the picture. Not only that this can 
help save time, but it also allows you to pay closer attention to the essence of the project. At 
this stage, the conceptual project area should be carefully thought out before attempting to 
acquire data, i.e., map layers, in the next step.  

GIS enable a variety of ways for convenient delineation of a project’s boundary that might not 
be made possible with other applications. ArcGIS®1, a worldwide used GIS software, allows 
users to work with geographic information data by inputting and manipulating map layers in 
a comprehensive manner. In this chapter, we use ArcGIS 9.3.1 for all GIS applications.  

For example, one may select an administrative boundary of a local jurisdiction from a base 
map layer as the project area as in the cases of Bastrop County Complex Fire and West Nile 
Virus in Brazos County. One may also “union” multiple local jurisdictions into a broader 
geographic span for addressing issues that are of cross-boundary nature. The project 
boundary resulted from one way or another serves as the “cookie cutter” for clipping data 
from relevant layers and tables in the ensuing steps to expedite problem-solving. As in the 
case of Hurricane Katrina, at least five parishes (Louisiana’s equivalent of counties in other 
states) should be included as the project area of the Hurricane analysis.  

2.3. Identifying and acquiring data 

Once the project area is defined, the next step is to locate and acquire needed data. Before 
looking for data, the methodology needs to be analyzed to establish what data is needed. 
The most important question that needs to be answered is: Why do I need this data? If the 
data is truly needed, then this question is easily answered. If not, then the data is most likely 
not necessary to solve the problem. 

To be able to work with data in GIS, you need to understand the nature and procedural 
steps of working with data in GIS as follows: 

2.3.1. GIS datasets formats 

Typical formats of datasets, which allow you to conveniently work with multiple 
information or map layers, include spatial and attribute data. 

Spatial data comes in the forms of raster and vector and is generally organized into so-called 
layers or thematic maps.  

 Raster data is digital image composed by rectangular grids or cells that contain numeric 
information from a defined range to characterize geographic features. Digital Elevation 
Model or DEM is a form of raster data important in depicting a terrain. It provides 
crucial information on the topologies of a geographic span. 

                                                                 
1 ArcGIS is a registered trade mark of Environmental System Research Institute (ESRI), Inc. 
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 Vector or shapefile data is constructed as points, lines, and polygons to represent 
geographical features.  

Attribute data is information used to describe characteristics of a locale. The data is organized 
in a table containing information linked to a spatial feature by a common identifier. This gives 
you details or certain types of information associated with each specific feature.  

2.3.2. GIS data sources 

GIS data is vastly available from many sources, including those in public domains at local, 
state and federal agencies; international non-governmental organizations or NGOs; and 
private sector providers. In the U.S., the Federal Government generates and provides public 
access for easily found and downloadable geographic datasets2. Each agency supplies relevant 
datasets pertaining to their line of work. Some of the main providers include: National Oceanic 
and Atmospheric Administration (NOAA) for extensive National Weather Service datasets; 
United States Geological Survey (USGS) for DEMs, administrative boundaries, land cover, soil, 
and water data; United States Environmental Protection Agency (EPA) for toxic and cleanup 
sites; and Census Bureau for demographic and socioeconomic data, which contains a wide-
range of attributes detailed to the block level. State agencies, such as Texas3, have established a 
central clearinghouse for state-level datasets. With increasing demand for GIS in solving 
various problems, many counties and cities have initiated GIS departments, which oversee 
and provide relevant geographic data to inquirers. 

2.3.3. Map projections and coordinate systems 

Each map layer contains a coordinate system, which allows one to identify the location of 
the map and to be able to display, manipulate, and integrate the map layer with other layers 
for further applications and analysis. It is therefore imperative to understand the 
fundamentals of map projections and coordinate systems. 

A coordinate system is a grid that may be used to define where a particular location is. Two 
common types of coordinate system are: 

 Geographic Coordinate System: This uses 3D spherical surface to define locations. Often 
incorrectly referred to as datum, geographic coordinate system includes not only 
datum, but also angular unit of measure and prime meridian. Points on Earth’s surface 
are referenced by latitude and longitude, while angles are measured by degree. 

 Projected Coordinate System: Commonly referred to as map projections, projected 
coordinate system is defined on flat, 2D surface with constant lengths, angles, and area. 
X, Y coordinates are presented on grid. It is based on geographic coordinate system.  

Often, input maps will be in different projections, requiring transformation of one or all maps 
to make coordinates compatible. Since monitor screens are analogous to a flat sheet of paper, 
there is a need to provide transformations from the curved surface to the plane for displaying 

                                                                 
2 See http://geo.data.gov/geoportal/ for more information. 
3 See http://www.tnris.org/get-data/ for more information. 
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data. In order to do so, mathematical formulas to relate spherical coordinates to planar 
coordinates are required. Some distortions in the shape, area, distance or direction of data can 
occur during the transformation; different projections cause different distortions. Therefore, 
careful consideration of the appropriate map projection is crucial. Proper map projection must 
consider: the map’s subject and purpose; the subject area’s size, shape, and location; the 
audience and general attractiveness; size and shape of page; and appearance of the graticule4.  

2.4. Extracting and manipulating data 

The fourth step is data extraction and manipulation. In this step, one is to extract data from a 
conceivably larger original source file. Reduction of the size of datasets and their consolidation 
expedite the ensuing data management and processing. The project area defined at the onset 
(the cookie cutter) dictates the extent and size of data to be extracted and prepared. 

Typically, data acquired may exist in various forms and shapes, e.g. different coordinate 
systems and file formats. It is a MUST to prepare and consolidate all datasets into a 
commonly operable format. GIS have a database management system component to support 
the proper management of both spatial and attribute data. It also enables convenient linking 
and relating of various data records by their locations on a common coordinate system. 
Some common tasks you will encounter during the data extraction and manipulation steps 
are as follows: 

 Re-projecting data: This is a basic essential step in any analysis using GIS. The purpose is 
to convert a particular piece of data from one coordinate system to another. Working 
with GIS employs more than one map layer, therefore acquired datasets may contain 
different projections. Different data projections lead to distortion of data and inaccuracy 
in the analysis. 

For example, in Figure 1, a residential area polygon (in blue) is projected to Geographic 
Coordinate System: GCS_North_American_1983. The same residential area polygon (in 
yellow) is in Projected Coordinate System: NAD_1927_UTM_Zone_16N. As shown in 
Figure, there are some discrepancies in the map layers with different coordinate 
systems. If this re-projection step is not taken, any analysis preformed will be inaccurate 
leading to much larger problem in subsequent analysis with multiple layers. 

 Conversion of raster to vector: Not only data comes in different coordinate systems, the file 
formats can also be varied; most commonly in the forms of raster or vector (shapefile). 
Especially with the growing use of GIS, datasets in shapefile have become more available. 
Shapefile data usually comes embedded with attribute data, which allows user to easily 
select and manipulate the information of interest. Therefore, converting a raster file to 
vector enables user to intersect other data with the available vector data. Suppose you 
have acquired and managed shapefile layers of affected area by Hurricane Katrina and 
population layer in the Greater New Orleans Region, by intersecting these two layers, you 
can extract the areas in which population were affected by the Hurricane.  

                                                                 
4See [4] for further explanations on coordinate systems 
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 Reclassification: To extract specific data from a raster, i.e., specific elevation data, 
reclassification is performed. Given the Hurricane problem, flooding can be assessed as 
one major result of the incident. In order to extract only the flooded area resulted from 
the Hurricane, reclassification is utilized to distinguish a specific range of elevation in 
which flooding occurred from others. This will allow you to analyze the effects 
pertaining to the flooded area.  

 Selecting by attributes: The purpose is to extract desired attribute data for analysis. This 
can be done through conditional statement imposed in attribute data table to select only 
specific information of interest. Considering an attribute table of chemical sites located 
within the Hurricane flooding zone, one can select only specific sites containing 
particular chemicals of interest for further analysis and map report.  

 Exporting data: To make a temporary layer permanent in a current map, data resulted 
from steps such as that of above need to be exported and saved in a current working 
folder. Otherwise, the file may be lost or difficult to locate when you want to revisit and 
work on it.  

 
Figure 1. Same layer file with different coordinate systems resulting in 20-meter difference on the map. 

2.5. Editing spatial data 

Oftentimes, acquired data might not be in the most suitable shape or boundary for problem 
under consideration. Options to edit spatial data in GIS allow one to manage the data in 
such a way that is more manageable and ready to be analyzed.  

Typical editing tools consist of creating new features, cutting polygons, modifying features, and 
extending the basic skills to other tasks such as clipping a feature to a desired shape and area. 

 Creating new features: When creating a new feature, a blank data set is being defined by 
the editor. A blank data set is like an empty pie shell, while creating a new feature is 
like filling the pie shell. This task is only used if a new feature is desired or a single part 
feature is to be converted into a multi-part feature when the second part of the feature 
does not already exist.  
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 Cutting polygon features: This process is a shortcut to creating a multi-part feature from a 
single part feature. Simply put, this process is used like a set of scissors to cut an 
existing feature into multiple parts. 

 Modifying features: This task is used when an existing feature does not cover the area 
that is desired. The attribute data will remain the same, while the feature will be 
modified to suit one’s need.  

 Clipping features: Clipping is a process that is like using a “cookie cutter” to remove a 
portion of a feature permanently. The attribute data will also be changed due to a 
permanent removal of the feature.  

2.6. Geospatial analysis 

Upon data readiness, a project may move on to the sixth step of spatial-temporal analyses. 
There are many useful procedures for these endeavors. Especially with the versatilities of 
GIS software, one can utilize extended range of applications available. Some common tools 
that one should be familiar with and were used specifically for the ensuing applications in 
this chapter include: 

 Distance analysis: A suite of tools to produce distance maps are commonly available in 
GIS. In ArcGIS, distance tools are available under Spatial Analyst option. Euclidean 
distance tool measures straight-line distance from the center of cell to the nearest object 
of interest, i.e., your source. Another alternative is the cost distance tool, which 
incorporates travel cost from different paths into the analysis. The products from these 
tools are distance maps in raster representing proximity maps with a range of distance 
values from the source. For instance, one can find proximities from pollution sources at 
defined interval to any locales within a defined area map.  

 Map algebra: Another useful application, which you will encounter at certain point of 
analysis, is map algebra. This can be used for computations of raster data to create 
spatial patterns that depict locales of a particular concern or interest. Raster calculator, a 
Spatial Analyst application, allows for this useful procedure by inputting specified 
mathematical functions and expressions in the calculator. The result will be raster 
values and layer corresponding to the specified function.  

The use of analytic procedures mentioned above and other tools in a proper order results in 
useful information for a problem under study. 

2.7. Generating maps and reports 

The final major step is to generate maps and reports. One picture is better than a thousand 
words. To this end, GIS come handy in presenting information in maps, images, 3D graphs, 
tables, and other forms. It also expedites the import and export of these presentations 
between GIS and other software environments, e.g. a word or a graphic processor. With the 
acceleration of PC powers, the sky is the limit to GIS’ capability of generating maps and 
reports. It is worth noting that you should understand what the readers are looking for 
when creating the maps and write ups, i.e., what is the focus or message that you want to 
communicate to others? This should align with the proposed information of interest.  
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3. Illustration of GIS for environmental problem solving applications 
To illustrate how GIS are used to help address environmental issues and problems, two 
cases are described herewith in this section. The first one is on flood assessment, and the 
second is a QOL analysis. The applications help prepare for the building framework of 
spatial appraisal and valuation of environment and ecosystems (SAVEE), which will be 
discussed in the following section, tremendously. 

3.1. Flood assessment 

Considered one of the costliest [5] and most destructive natural disasters in the history of the 
United States, Hurricane Katrina provides a number of opportunity to understand the risk of 
nature, and how one could expect to understand and learn from such disastrous effects. The 
aforementioned problem-solving steps allow us to contemplate the steps as follows: 

Step 1: Framing the problem 

An analysis of the scenario indicated that Hurricane Katrina occurred in the Greater New 
Orleans Area. Field measurements and distributions on the majority of victims indicated 
that roughly those under 1 meter in elevation were initially affected by the flooding [6]. 
Given this information, the scenario was that every location below 1 meter in elevation was 
affected and any location that is above this level was unaffected by the flood water. This 
particular area of impact needed to be delineated. The information of interest included area 
and population affected by the Hurricane. Additional scenarios of water-rise were then set 
for 5, 10, and 15 meters to emulate different levels of flooding. 

Step 2: Defining the project area 

In this case, the City of New Orleans and its five neighboring parishes suffered by the storm 
were identified as the study area. 

Step 3: Identifying and acquiring data  

The best type of data for delineating the affected area is the elevation data (DEM). DEMs, 
Satellite Imagery, and Census datasets were collected from Atlas, the GIS data central from 
the State of Louisiana [7]. This included DEM, jurisdiction boundaries, street maps of the 
study area, and Census data.  

Step 4: Extracting and preparing data 

Initially, the DEM and Census data came projected as GCS_North_American_1983. By 
assigning a projected coordinate system to the data, further analysis could be proceeded. 
Given the information, we projected the data to NAD_1927_UTM_Zone_16N. Hillshades of 
the DEMs were also generated to visually inspect different elevations in the data. Sink holes 
pervaded in the DEMs were also been filled to prevent erroneous and prepare for proper 
flow direction process.  

Then, the second crucial step was to extract the flooded area from the total area. This employed 
the reclassification process in which the elevation value was changed to 1 meter to separate the 
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flooded area from the non-flooded area (elevation above 1 meter). In short, the reclassification 
divided the elevation data into the flooded area and the non-flooded area. The rest of the water-
rise scenarios then followed using the same reclassification step as well as the ensuing steps.  

Next, this flooded elevation data was converted into vector to prepare for further analysis. 
The converted flooded layer was the result of the conversion process as well as exporting 
the data into a new permanent flooded area layer.  

In terms of the Census data, the parishes were merged into one layer so that it was more 
convenient to work with in the subsequent steps for analyzing the total effect on population.  

Step 5: Editing spatial data 

The acquired data contained certain parts that were irrelevant to the analysis. Lake 
Ponchartran, for instance, should not be counted toward the flooded area. Therefore, by 
editing the data, some unnecessary information of interest were taken out. Pertinent steps of 
editing the lake included: 1) Creating a new blank shapefile; 2) Using the blank shapefile as the 
base for editing tools to create a new feature around the lake area; and 3) Using the newly 
created feature as a cookie cutter to clip off the lake area from the flooded area layer. The result 
was the flooded area without the lake that was ready to be incorporated into other analysis.  

Step 6: Geospatial analysis 

At this stage, socio-economic analyses were conducted to assess the damage and impact on 
the livelihoods of residents of the affected areas. Census data developed was used directly 
for this purpose. Combining census data with the emulated flooded areas, patterns of 
suffering by which racial stakeholders and by what economic classes were clearly displayed.  

Based on the flooded area layer in Step 5, we proceeded to calculate the area under the 
layer’s attribute table. Visual Basic Code to calculate the area (available from [8]) or a 
Calculate Geometry option, an automated tool in ArcGIS, derived the numbers of area 
affected by the Hurricane. Mathematical formula imposed helped convert the numbers into 
desirable units such as acres.  

Benefited from the above numbers, the population affected was conveniently calculated. 
Census data contains racial information that represents groups of population in different 
parishes. By intersecting the flooded area layer with the merged parishes layer, representing 
population profile in the areas, affected population was extracted. The overall statistics in 
the attribute table identified the total population affected by the flooding. Figure 3 
demonstrates map layers resulting from the above problem-solving steps.  

Step 7: Generating maps and report 

Upon generating desired information and analysis, each pertinent map was composed as a 
map report containing a map title, legend (showing values of the map layer), north arrow, 
and scale bar. Then, the map reports were exported as image files to be included in a report. 
The report addressed the finding results of effects from the Hurricane as illustrated by the 
maps and relevant discussions of further applications and analysis that can later be applied 
based on this project.  
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Figure 3. Illustrations of selected problem-solving steps for flood assessment in reference to the 2005 
Hurricane Katrina flooding in the Greater New Orleans Region. 
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3.2. Quality of life assessment 

QOL is emerging as a major indicator to monitor citizen’s livelihood and wellbeing at the 
grassroots level. By virtue of its focuses, QOL helps inform local people and organizations of 
their living environment and optimize the allocations of resources to improve the 
community development. Canada is perhaps more aggressive in setting up a national 
framework for QOL [9]. In the U.S., states such as Utah [10]; cities such as San Francisco, 
California [11]; and organizations, including nonprofit organizations such as the Quality of 
Life Foundation [12] have been vigorously promoting such term as one of their agendas. 

Categories of data to support the development of QOL indicators range from education, 
environment, economics, social, and justice to transportation/mobility. However, the use of 
GIS to track QOL progress is still at its infancy stage. City of College Station, Texas, with its 
advanced GIS installation and rich collection of data, stands to gain a lead role in this area 
and to provide even superior services to its residents when it embarks on this path. 

There are three issues and opportunities in the development of QOL indicators. They are: 

 Combining subjective values with objective measurements to create consensus and 
develop common ground to accommodate multiple perspectives of stakeholders. 

 Combining the use of both spatial and attribute information to develop base layer and 
indices in environment, crimes, recreation, etc. For example: 
 Overlay of census blocks with subdivisions or other neighborhood entities (e.g. 

apartment complex) to establish the baseline reference (population, its composition, 
income level, education level, and number of household of an entity) 

 Overlay of crime type, frequency, and location data with entities on the base layer 
 Developing a composite score (ranking) of QOL for each neighborhood entity on the 

base layer 

As you set forth to do your research, as in the case of QOL assessment, you are most likely 
facing with three puzzling situations:  

1.  Pertinent data/information comes in a variety of forms  

It is plausible that the data/information you are facing and plan to collect exists in at least two 
forms. They are categorical and numeric. Examples of categorical information include “Yes” or 
“No” on whether a city (or any local jurisdiction) has a neighborhood improvement in place or 
not program; “Very Good,” “Good,” “Fair,” and “Bad” on how such a program is being 
regarded by the communities; and “Highly favorable,” “Favorable,” and “Least Favorable” on 
how service rendered by the program is perceived by the beneficiaries.  

Quite often, information of categorical nature is derived from one’s “gut feeling.” It may 
also be convenient to summarize some judgments based on historical data, on some kinds of 
trends, or on some opinion surveys/polls. 

There are two types of numeric information: discrete and continuous. Population of an ethnic 
group residing in a particular Census unit is an example of discrete type. Example of 
continuous type is the percentage of an ethnic group versus the total population in such a unit. 
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2. How to “add” “oranges” and “apples” 

When one has data and information of various types in hand, he/she will ask this question: 

“How do I add them together?” Indeed, you cannot add oranges and apples together at 
their original forms. The trick is to convert and normalize all of them into the same 
numerical scale, say between -1 and +1.  

So, what is normalization? Normalization is the act of taking many sets of data that have no 
clear correlation and placing them under the same quantitative scale. Essentially, 
normalization allows us to compare apples and oranges. Some decisions must be made prior 
to normalizing any type of data. The questions include: 

1. What are the important factors? 
2. Which factors are positive and which factors are negative? 
3. How much should each of these factors count in relation to the overall project? 

For categorical type of information, what you do is to fix the “best” and the “worst” at +1 
and -1 respectively. This is plausible as +1 can represent the best case and -1 the worst. 
When both ends are fixed, one may logically deduce that a numeric value of “0” represents 
“Inconclusive.” Furthermore, one may come up with a scheme saying that “+0.25” is 
“somewhat better”, “+0.5” is “better” and “+0.75” is “much better.” One can also say that “-
0.25” is “somewhat worse”, “-0.5” is “worse”, and “-0.75” is “much worse.” As a result, you 
are converting and normalizing categorical or qualitative data into numeric or quantitative 
information as illustrated in Figure 4.  

 
 
 

 
 
 

Figure 4. Illustration of the qualitative – quantitative information conversion scheme. 
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For numeric information, the conversion and normalization is less complicated. Say you deem 
the ratio of white population in a Census unit at 50% is the best mix (most favorable), in terms 
of quality of life; 100% or 0% is least favorable. For the best mix, you believe it should be given 
a score of +1 and for the least favorable a 0. Given this range, you may apply the following 
equations to convert and normalize the percentage into values in the range (0,+1) 

 

 

 

2

2

2

2

1 ,  1 (a)
(1 )( )

1 ,  0 (b)

x E
E x

EF x
x E

x E
E

      
 
   


 (1) 

where E is the expected (best value of x) 

Another method is to convert distance to an object from such measurements as miles to the 
uniform score between (-1 and +1). For example, one may decide that the presence of oil 
well is bad for quality of life. Evidently, the household right at the oil well would have 
absolutely unfavorable score of -1. The negative effect most likely would tap off as the 
distance reaches certain threshold, e.g. 1 mile or 5,280 feet. The tapering effect can then be 
described by a negative exponential equation as: 

    xF x e  (2) 

where x is the distance to oil well(s) 

The normalization equation for strictly negative attribute based on the negative exponential 
equation above becomes: 
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The translation of the equation is “If Condition < X, True, False.” This means if an input value 
(distance value) falls under the condition (less than X), then the output is negative value. 
Otherwise, the output is zero. It might be helpful to put this in the oil well scenario above: 
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The above equation is set so that if the distance to an oil well is less than 1 mile, then the 
output is negative. As the locales get closer to the actual oil wells path, the more negative 
they will become (with the minimum at -1). At a distance of 1 mile or greater all the output 
values are set to zero as shown in Figure 5. 
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The above equation is set so that if the distance to an oil well is less than 1 mile, then the 
output is negative. As the locales get closer to the actual oil wells path, the more negative 
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Figure 5. Negative decay graph showing the more negative values as the locales get closer to oil wells.  

At any rate, once you have all factors converted and normalized into the scheme of (-1, +1), 
then the values can be “operated” on to add up their contributions to the overall quality of 
life assessment of a city. This is done by applying the following formula: 
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The method is derived from an expert system algorithm called Emycin [13]. The 
operations utilize map algebra calculation to integrate two values at a time, i.e., pair-wise 
calculation, while avoiding the problem of double-counting. The calculations are 
performed iteratively until all normalized layers are exhausted. As illustrated in Figure 6, 
the operation calculates the values of two attributes at a time to derive the final score, 
which is the integration of the values in all attributes. Through fuzzy logic operations, two 
QOLs (different factor contributing to QOL) can be integrated at a time until all QOLs are 
exhausted. Iteration 1 integrates QOL1 and QOL2 so that only the overlapping portion of 
both factors values remains. By taking this portion to integrate with another QOL, QOL3, 
the final result is the overlapping portion among three factors; QOL1, QOL2, and 
QOL3.The results can be color-coded as a gradient map of integrated and locale-specific 
QOL in the range of (-1, +1). 

The nicety of the Emycin formula is that: 

1. Regardless of the number of factors being used, you always “operate” on two of them 
in each iteration. This is called pair-wise calculation. 

2. Depending on the score values of the two factors, there will be only one of the 
equations that is applicable. 
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3. Unlike many “ordinary” algorithms, this formula allows both positive and negative 
contributions from factors under considerations, which is more realistic. 

4. Regardless of the number of factors being considered and operated on, the resulted 
score will always be bounded between -1 and +1. 

5. Regardless of the sequence each factor is put into pair-wise calculation, the result is 
always the same. 

6. Once all factors are exhausted in the calculation, one can always convert the result back 
to the qualitative scheme to make it more comprehensive to lay persons or people one 
intend to interpret the results to. 

A word of caution: Both -1 and +1 are “singular” points. In other words, if you come up 
with a score on the contribution of a factor to be either -1 or +1, then other factors’ 
contributions will not matter anymore. This is not a surprise or unreasonable. Because -1 
means absolutely “bad” and +1 means absolutely “good.” When you have a factor that 
determines the quality of life to be absolutely bad, then indeed why bother to waste time 
to assess other factors? 

To this end, one may want to adjust or shift the score from a factor that is somewhat 
different from the absolute values of -1 or +1 so that the pair-wise calculation may proceed 
logically. Again, this is not unreasonable as there is hardly anything that one can claim that 
is absolutely good or bad. 

 
Figure 6. Illustration of pair-wise calculations. 

3.  Incomplete information 

An additional nicety to the above approach is that one can proceed to conduct studies under 
incomplete information. The condition of incomplete information actually happens quite 
often in real life. With the kind of flexibility boasted by Emycin, you “add” the contributions 
from whatever data you are able to get your hand on for a city in determining its quality of 
life. In the case of comparing multiple cities, you may get this and that for one jurisdiction 
while not the same categories for all of them. By nature of the conversion, normalization, 
and pair-wise calculation, you would be able to derive scores on the same scheme and will 
be able to make comparisons. 

With better understanding on the assessment framework, it is time to put such theory into 
real application.  
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Step 1: Framing the problem 

The information of interest for this case is the factors contributing to the QOL of a 
city/community. Relevant questions include:  

1. What defines a high quality of life?: This depends on who the target audience is: elderly 
community, students, or married couples. 

2. What factors can contribute to the QOL?: 
a. Distance to: hospitals, schools, university, parks, landfill, oil wells, etc.  
b. Census Data Analysis: racial mix, relative income of a population, and number of 

children per household 

Step 2: Defining the project area 

In the case of the QOL assessment, the project area was the City of College Station, 
Texas.  

Step 3: Identify and acquiring data  

Acquiring data from the City’s GIS Department is crucial. From the rich collection of 
datasets rendered by the City [14], a number of data layers were selected for the ensuing 
analysis endeavor. They included census data, roads and streets, railroads, parks and green 
spaces, residence subdivisions, landfills, oil wells, schools, hospitals, flood plains, crime 
statistics, and many more. 

Step 4: Extracting and preparing data 

DEMs for College Station were acquired and converted into raster. This represented the base 
map of College Station for the following steps. Selecting only the areas pertaining to College 
Station attribute was also another important preparation step since we were looking at the 
QOL in College Station and nothing else.  

Step 5: Editing spatial data 

Basemap that contains areas beyond College Station were clipped off, and only the College 
Station boundary was left for the analysis.  

Step 6: Geospatial analysis 

Based on the identified QOL factors, proximities to parks, green spaces, schools, hospitals, 
and some other geographic features were regarded as positive contributing factors. On 
the other hand, closeness to such factors as landfills, oil wells, railroads, crime 
occurrences, and flood plains were considered to have negative impacts. The 
contributions of these factors, positive or negative, were mathematically formulated as 
distance functions from objects on corresponding data layers. In the ensuing steps, 
proximity maps encoded with distance functions were generated. The results from each 
factor layer were then combined with fuzzy logic calculation to form an integrated index 
between (-1, 1). Any number greater than 0 indicated a good QOL with anything below 0 
representing bad index. The index was coded in a color scheme with a gradient from red 
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to green. The color-coded QOL maps displayed clearly the patterns of QOL of the City at 
every specific neighborhood and locale. 

To better illustrate this, four QOL factors, QOL1, QOL2, QOL3, and QOL4, were used as an 
example for the calculation (see Figure 7). The first fuzzy operation employed two QOLs, 
QOL1 and QOL2, to derive QOL12. The locales within defined proximity to QOL1 were color-
coded in green representing high QOL with the values approaching 1. On the other hand, 
those in red represented low QOL with the values approaching -1. Next, QOL12 was 
integrated with QOL3 resulting in QOL123. The last operation was QOL123 and QOL4 as 
shown in the final integrated map of QOL1234. The map results in the color gradient 
reflecting more green in the portion where high QOLs overlap (in the middle of the map) 
while the outer portion becomes more yellow to orange as a result of integrated low QOLs. 

At this stage, twenty sample residential addresses were selected and tabulated in a table. By 
linking this table to the Address Locator tool in ArcGIS, the residential addresses were 
shown as a point shapefile on the map. To pinpoint the QOL of each selected address, 
Identify Tool was used to indicate the QOL index associated with such address.  

Step 7: Generating maps and report 

Map reports of this project were individually created to reflect normalized layer of each factor 
contributing to QOL. The normalized values (within -1 to 1 range) were shown in the legend 
to reflect the results from the analysis. The combined layers resulted from Emycin algorithms 
were exported into a group of combined layer of strictly positive factors, combined layer of 
strictly negative factors, and combined layer of the combination of positive and negative 
factors. The report concludes how QOL assessment was made possible with useful 
applications of GIS. Future development of applications from the QOL assessment such as the 
linkage to SAVEE framework was also discussed.    

The QOL index illustrated in the above example sheds light on the shape of things to come 
with SAVEE. First of all, one may acquire the land price and/or real estate information from 
local authority of a jurisdiction. Using the SAVEE methodology, such information can be 
converted into the (0, 1) range for services provided by specific environments and 
ecosystems in an area. Similarly, the QOL index above may also be computed in the same 
range. Spatial statistical analyses can then be conducted to determine correlation between 
land prices and QOL. Useful information may be thus generated to pave way for “spatial 
acres of an environment or ecosystem”. 

4. Concluding remarks 

The chapter depicts the natures and categories of environmental issues people are facing 
and how GIS can be deployed to help address them. In the context of environmental 
problem-solving, the systems approach for applying GIS is presented; and a few practical 
cases are illustrated. This organization casts a holistic view for readers to gain better 
comprehension of the subject matter. 
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Figure 7. Iteration of map algebra to incorporate fuzzy logic to compute contributions of relevant 
factors to locale-specific QOL in College Station, Texas. 

Problem-solving starts with shaping a mental model on to formulate a solution to the 
issue at hand. Steps of the solution process are then implemented through the use of 
appropriate data and tools enabled by GIS. Skills and knowledge to facilitate these 
endeavors can be best advanced by hands-on practices. For this purpose, interested 
readers may access the full set of documentation of learning modules at 
http://starr.tamu.edu/gis2012a/. The materials are from a senior course the authors teach 
at Texas A&M University. It bears the same title as this chapter, “GIS for Environmental 
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Problem-Solving.” First conceived in the 1990s, the course has gained and maintained its 
popularity among the student bodies. The learning modules include well-organized step-
by-step instructions of applications in ArcGIS presented in this chapter. Being offered 
online since 2006, this course has proven to be easy yet comprehensive for self-learning, 
even among students with no prior GIS background.  

It is worthwhile mentioning that the approach mentioned above is for a typical GIS project 
for environment. There is, however, usually one step short. That is asserting monetary 
values associated with the environment. This issue is emerging as a priority matter in the 
environmental research community. For example, the monetary losses from the BP Oil Spill 
in the Gulf of Mexico are yet to be more plausibly determined. Taking on this issue, the 
authors here at the STARR LAB are developing a new research methodology called Spatial 
Appraisal and Valuation of Environment and Ecosystems (SAVEE). The aim of this effort is 
to define “spatial acre” that attaches monetary values to a geographic span of interest.  

One main thrust of SAVEE is to cross-reference economic development and ecological 
sustainability in the framework of Sustainable Development declared in the 1992 Earth 
Summit and being enhanced continuously ever since. Economic development is tangible 
and comes with a price tag. It is plausible to assume that the intensity of development of 
a locale of interest can be reflected in its real estate value, which is generally available. 
Sampling some locales of their real estate values leads to a price list of real estate values. 
This price list is then converted into a uniform range between 0 and 1, a well-behaved 
index representing the intensity of development of locales. On the other hand, ecological 
sustainability of an area of interest normally does not come with a price tag. However, 
one may systematically incorporate pertinent ecological services it renders into 
consideration and develop an index that has the same range of (0, 1). The numbers 
approaching 1 represent higher sustainability, and the opposites represent lower indices. 
On the basis of equitability between development and environment, the two index 
systems may then be mapped. The mapping leads to assigning monetary values 
associated with development sites to ecological locales with comparable index numbers.  

Learning is a life-long process; so are the advances of knowledge and technologies. On the 
environmental GIS front, asserting monetary values to a system under study has become an 
imperative. The authors are hopeful that the general framework stipulated in SAVEE shall be 
advanced to explore this new territory. Only labeling it with dollar signs would make 
stakeholders appreciate more of our environment of its values. After all, without such dollar 
values, it is difficult for stakeholders and authorities to understand the magnitude of the 
environmental problems at hand. It is contended that SAVEE and other similar effort will make 
a significant contribution to environmental sectors in general and the advancement of GIS.  
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1. Introduction 

The growing interest in businesses for conducting environmental management makes us to 
think about the reasons that justify it. A number of studies (Barth & McNichols, 1994; 
Power, 1997, Shields & Boer, 1997, Walden & Schwatz, 1997 & Vachon & Klassen, 2008) 
found that environmental management provided a new challenge for businesses due to the 
introduction of an environmental perspective in managing them in addition to the 
economical one. Therefore, the question that arises is whether environmental management 
makes money in businesses or it is just a new social value with non economic effects. 
Among the potential benefits attributed to environmental management may be 
distinguished: energy savings, lower cost of compliance with environmental regulations, 
waste reductions and more efficient processes. These improvements may be associated to 
improvements in economic performance through competitiveness (Porter, 1990, 1991; Porter 
& van der Linde, 1995a, 1995b, McGee, 1998 & Wagner, 2008). Such competitiveness would 
be translated into positive outcomes for organisations, derived from higher turnover 
through the "green" customers, lower costs caused by compliance with environmental 
regulations and better resources management and, finally, total quality management 
covering the life cycle of products from design to disposal. 

Other studies are concerned about the environmental accountability of companies to society 
(Cormier & Magnan, 2007 & Clarkson et al., 2008). In this sense, the development of 
environmental accounting can be crucial in sake of comparability of environmental 
information. Developing an integrated environmental management system into the 
company's business strategy is needed to articulate an information system that permeated 
throughout the business area. Accounting, as an analytical tool for decision, is a prominent 
part of the articulation of the information system; that can translate into financial terms the 

© 2012 Masanet-Llodra, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 104 

5. References 

[1] Dueker K.J, Kjerne D (1989) Multipurpose Cadastre: Terms and Definitions. Falls 
Church: American Society for Photogrammetry and Remote Sensing. 12 p. 

[2] Hein L, Van Koppen K, De Groot R.S, Van Ierland E.C (2006) Spatial Scales, 
Stakeholders and the Valuation of Ecosystem Services. J Ecol econ. 57(2): 209-228.  

[3] West Nile Virus Activity in Brazos County [Internet]. College Station (TX): AgriLIFE 
Extension; Agricultural and Environmental Safety; 2012 [cited 2012 April 21]. Available 
from: http://www-aes.tamu.edu/public-health-vector-and-mosquito-control/brazos-
county-mosquito-borne-disease-surveillance/west-nile-virus-activity-in-brazos-county/ 

[4] Maling D.H (1991) Coordinate Systems and Map Projections for GIS. In: Maguire D.J, 
Goodchild M.F, Rhind D.W, editors. Geographical Information Systems: Principles and 
Applications. London: Longman Group UK. Vol. 1, pp. 135–146.  

[5] Knabb R.D, Rhome J.R, Brown D.P (2006) Tropical Cyclone Report: Hurricane Katrina: 
23–30 August 2005. National Hurricane Center. 

[6] Jonkman S.N, Maaskant B, Boyd E, Levitan M.L (2009) Loss of Life Caused by the 
Flooding of New Orleans after Hurricane Katrina: Analysis of the Relationship between 
Flood Characteristics and Mortality. Risk anal. j. 29(5): 676-698. 

[7] Atlas: The Louisiana Statewide GIS [Internet]. Baton Rouge (LA): Louisiana State 
University CADGIS Research Laboratory; 2009 [cited 2012 April 23]. Available from: 
http://atlas.lsu.edu/ 

[8] ArcGIS Desktop 9.3 Help [Internet]. Redland (CA): Environmental Systems Research 
Institute; 2008 [cited 2012 April 23]. Available from:  
http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=Sample_VBA_code 

[9] Atlas of Canada Quality of Life [Internet]. [Place unknown]: National Resources 
Canada; 2009 [cited 2012 April 23]. Available from:  
http://atlas.nrcan.gc.ca/auth/english/maps/peopleandsociety/QOL 

[10] The 2011 Utah Foundation Quality of Life Index: First Biennial Survey Reveals 
Strengths, Weaknesses [Internet]. Salt Lake City (UT): Utah Foundation; 2011[cited 2012 
April 27]. Available from: http://www.utahfoundation.org/img/pdfs/rr703.pdf 

[11] City and County of San Francisco as Successor to the Redevelopment Agency [Internet]. 
San Francisco: San Francisco Redevelopment Agency; 2012 [cited 2012 April 27]. 
Available from: http://www.sfredevelopment.org/ 

[12] The Quality of Life Foundation [Internet]. San Francisco: The Quality of Life 
Foundation; [Date unknown] [cited 2012 April 27]. Available from:  
http://www.qualityoflifefoundation.org/ 

[13] van Melle W, Shortliffe E.H, Buchanan B.G (1984) EMYCIN: A Knowledge Engineer’s 
Tool for Constructing Rule-Based Expert Systems. In: Shortliffe, E.H., editor. Rule-Based 
Expert Systems: The MYCIN Experiments of the Stanford Heuristic Programming 
Project. Reading (MA): Addison-Wesley. pp. 302-313. 

[14] GIS – Geographic Information Services [Internet]. College Station (TX): City of College 
Station GIS; 2001 [cited 2012 April 29]. Available from:  
http://www.cstx.gov/index.aspx?page=3683 

Chapter 5 

 

 

 
 

© 2012 Masanet-Llodra, licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Environmental Management in Businesses:  
Does It Make Money?  
An Accounting Perspective 

Maria J. Masanet-Llodra 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/48660 

1. Introduction 
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think about the reasons that justify it. A number of studies (Barth & McNichols, 1994; 
Power, 1997, Shields & Boer, 1997, Walden & Schwatz, 1997 & Vachon & Klassen, 2008) 
found that environmental management provided a new challenge for businesses due to the 
introduction of an environmental perspective in managing them in addition to the 
economical one. Therefore, the question that arises is whether environmental management 
makes money in businesses or it is just a new social value with non economic effects. 
Among the potential benefits attributed to environmental management may be 
distinguished: energy savings, lower cost of compliance with environmental regulations, 
waste reductions and more efficient processes. These improvements may be associated to 
improvements in economic performance through competitiveness (Porter, 1990, 1991; Porter 
& van der Linde, 1995a, 1995b, McGee, 1998 & Wagner, 2008). Such competitiveness would 
be translated into positive outcomes for organisations, derived from higher turnover 
through the "green" customers, lower costs caused by compliance with environmental 
regulations and better resources management and, finally, total quality management 
covering the life cycle of products from design to disposal. 

Other studies are concerned about the environmental accountability of companies to society 
(Cormier & Magnan, 2007 & Clarkson et al., 2008). In this sense, the development of 
environmental accounting can be crucial in sake of comparability of environmental 
information. Developing an integrated environmental management system into the 
company's business strategy is needed to articulate an information system that permeated 
throughout the business area. Accounting, as an analytical tool for decision, is a prominent 
part of the articulation of the information system; that can translate into financial terms the 
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different business activities (Gray & Bebbington, 2001; Larrinaga-Gonzalez & Bebbington, 
2001, Burnett & Hansen, 2007, Vargas et al., 2010 & Gray 2010). Moreover, the accounting 
system could be employed to seek out, identify and exploit financial savings in resources 
usage, waste and emissions that would necessarily lead to reductions in the companies’ 
impacts (Ditz et al., 1995, Epstein, 1996, Bennett & James, 1997a, b, Curkovic et al, 2006, 
Curkovic & Sroufe, 2007, Curkovic et al., 2008 & Abelda, 2011).  

From different empirical studies is concluded that there is an ambiguous relationship 
between environmental performance and financial performance (Shane & Spicer, 1983; 
Aupperle et al., 1985 & Alexander & Buchholz, 1987). Even though there is a positive 
correlation among them (Wokutch & Spencer, 1987 & McGuire et al., 1988) it is not known if 
a stronger financial performance only implies that there are more resources to spend on 
environmental performance as argued by available funds theory (McGuire et al., 1988, 1990) 
or if an improvement in environmental performance really improves financial results as 
advocated by good management theory (Freeman, 1984). 

The defenders of stakeholder theory argue that the existence of environmental performance 
is a requirement for the legitimacy of companies in their environment and that 
environmental and financial performance tends to be positively associated over time 
(Freeman, 1984 & Suchman, 1995). Critics of this theory maintain that if managers attend to 
interests other than those of their investors, there is a breach of their confidence which will 
harm the wellbeing of shareholders (Friedman, 1962). 

The stakeholder theory establishes that companies act in an environmental responsible way 
for legitimacy with their stakeholders, which means that companies are more concerned 
about designing of policies and objectives than about achieving results. Therefore, the 
perceptions of organisations regarding their environmental management are much more 
optimistic than the achieved results would allow. In accordance to this theory, Moore & 
Robson (2002) obtained from their study that companies found easier and less costly to 
design environmental policies and objectives than to implement environmental 
management that would enable them to achieve and check their results. 

Furthermore, other researchers considered the importance of environmental disclosures as a 
tool of legitimacy of the performances of the companies with their environment according to 
the tenets of Mouck (1995), Taylor et al. (2001) and Cho & Pattern (2007). 

Preston & O'Bannon (1997) distinguished two different approaches to the relationship 
between environmental performance and financial performance. The first approach is based 
on the direction of the relationship (positive or negative) while the second one is based on 
causality (which one leads to the other) and the synergies between them. From these 
approaches they established 6 hypotheses in their typology: 

1. Social impact hypothesis: High (low) levels of environmental performance lead to high 
(low) levels of financial performance. 

2. Trade-off hypothesis: High (low) levels of environmental performance lead to low 
(high) levels of financial performance. 
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3. Available funds hypothesis: High (low) levels of financial performance lead to high 
(low) levels of environmental performance. 

4. Management opportunism hypothesis: High (low) levels of financial performance lead 
to low (high) levels of environmental performance. 

5. Positive synergy hypothesis: There is a positive synergy between financial performance 
and environmental performance. 

6. Negative synergy hypothesis: There is a negative synergy between financial 
performance and environmental performance. 

On the other hand, Ullmann (1985) arguments that it is necessary to consider the strategic 
position of the company towards social demands, because the models should include 
elements to express the nature of the relationship between environmental performance and 
financial performance. In this regard, Berman et al. (1999) distinguish three models on the 
stakeholder theory: 

1. The direct effects model: The relationship between the stakeholder and the company 
strategy has a direct and separate effect on financial performance. 

2. The moderation model: The company strategy has a direct effect on financial 
performance, but moderated by the relationships established between the stakeholders. 

3. The stakeholder intrinsic commitment model: The company takes on an intrinsic 
commitment to the various stakeholders, such that the interests of the stakeholders 
make up the basis of the strategic decision-making process. 

The main objective of our analysis is to understand the development and implementation of 
environmental management through a particular business sector: the tiles sector in Spain, 
which is considered as one with high environmental impacts in the United Nations' list and 
besides, it represents a very dynamic and innovative sector that may suppose flexibility in 
order to introduce environmental management. 

Through three studies carried out over time we were analyzing the above-mentioned sector. 
This type of analysis allowed us to use the findings of each study as a starting point for the 
realization of the following study; getting feedback from them. Each of the studies has been 
used a different methodology: the first has resorted to an exploratory-descriptive survey, the 
second to a case study research and the third to factor analysis and correlations. 

From a survey about the tiles sector in Spain in 1998 an initial diagnosis was established 
(Masanet-Llodra, 1999). This diagnosis revealed that only a very poor minority of firms were 
concerned about establishing environmental management systems, although the majority of 
them proclaimed their environmental awareness. As further studies were required, in 2001 a 
case study research was undertaken (Masanet-Llodra, 2006). The findings showed the 
adoption of the most obvious and sensible environmental improvements, which have low 
costs, together with investments in the most innovative technologies on the market for 
obtaining competitive advantages that go beyond business image. At present, we carry out 
an analysis of the relationship between corporate social responsibility (CSR) and financial 
performance (Masanet-Llodra et al., forthcoming) by using factor analysis for obtaining CSR 
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3. Available funds hypothesis: High (low) levels of financial performance lead to high 
(low) levels of environmental performance. 
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5. Positive synergy hypothesis: There is a positive synergy between financial performance 
and environmental performance. 

6. Negative synergy hypothesis: There is a negative synergy between financial 
performance and environmental performance. 

On the other hand, Ullmann (1985) arguments that it is necessary to consider the strategic 
position of the company towards social demands, because the models should include 
elements to express the nature of the relationship between environmental performance and 
financial performance. In this regard, Berman et al. (1999) distinguish three models on the 
stakeholder theory: 

1. The direct effects model: The relationship between the stakeholder and the company 
strategy has a direct and separate effect on financial performance. 

2. The moderation model: The company strategy has a direct effect on financial 
performance, but moderated by the relationships established between the stakeholders. 

3. The stakeholder intrinsic commitment model: The company takes on an intrinsic 
commitment to the various stakeholders, such that the interests of the stakeholders 
make up the basis of the strategic decision-making process. 

The main objective of our analysis is to understand the development and implementation of 
environmental management through a particular business sector: the tiles sector in Spain, 
which is considered as one with high environmental impacts in the United Nations' list and 
besides, it represents a very dynamic and innovative sector that may suppose flexibility in 
order to introduce environmental management. 

Through three studies carried out over time we were analyzing the above-mentioned sector. 
This type of analysis allowed us to use the findings of each study as a starting point for the 
realization of the following study; getting feedback from them. Each of the studies has been 
used a different methodology: the first has resorted to an exploratory-descriptive survey, the 
second to a case study research and the third to factor analysis and correlations. 

From a survey about the tiles sector in Spain in 1998 an initial diagnosis was established 
(Masanet-Llodra, 1999). This diagnosis revealed that only a very poor minority of firms were 
concerned about establishing environmental management systems, although the majority of 
them proclaimed their environmental awareness. As further studies were required, in 2001 a 
case study research was undertaken (Masanet-Llodra, 2006). The findings showed the 
adoption of the most obvious and sensible environmental improvements, which have low 
costs, together with investments in the most innovative technologies on the market for 
obtaining competitive advantages that go beyond business image. At present, we carry out 
an analysis of the relationship between corporate social responsibility (CSR) and financial 
performance (Masanet-Llodra et al., forthcoming) by using factor analysis for obtaining CSR 
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indicators- environmental management included- in order to look for correlations among 
those and the financial ones. The obtained results indicate that there is a positive correlation 
between the CSR self-evaluation and the CSR actions directed to their stakeholders. Not all 
the CSR indicators have effect on the financial profitability of companies, but direct 
stakeholders and compliance checks have a positive correlation with return on equity and 
the debt ratio, which provides evidences of the available funds theory.  

All of the three studies corroborate the legitimacy theory, since the perception of firms was 
much more optimistic than the achieved results would allow.  

In the following sections we are going to present the tree studies and their findings as well 
as the conclusions and implications for future research. 

2. Initial diagnosis 

The initial diagnosis was carried out by a survey for the whole population -265 companies- 
of the analysed sector. It had been used an exploratory-descriptive methodology due to 
there were no previous studies –at that moment- in the tiles sector in Spain related to 
environmental systems and accounting. This survey was undertaken through a semi-
structured questionnaire with 31 items. Previously to design our questionnaire we made a 
pilot survey with 8 companies randomly selected in order to avoid differences between 
academic and managerial language.  

The survey was made along 1998, and although different efforts -e-mails, telephone-calls, 
revisiting three or four times- were done to assure the response, the percentage of it was 
10.18%. This percentage cannot be representative for inference studies but it did not differ 
from other similar surveys carried out in Spain. Nevertheless, after analysing our sample it 
resulted representative of the population regarding to all the analysed categories -size, sub-
activity, ways of production, types of management, financial composition, volume of 
exports, hierarchical organization of the countries to which it is exported, potentially 
sensitive investments, distribution of the resources for training and respondent position. 

From the survey it was obtained an initial diagnosis of the analysed sector from different 
items. 

2.1. Relationship between firms and environment 

There were around 20% of firms that considered environment had no relationship with their 
business. Such percentage even overcame the number of firms that observed environment as 
an opportunity. This fact together with the high level of no responses reasserted that most of 
firms saw environment as a threat (figure 1). 

However, the majority of firms were aware that they interacted with their environment, 
what it was very important because the identification of a problem is previous to its 
solution. 

 
Environmental Management in Businesses: Does It Make Money? An Accounting Perspective 109 

 
Figure 1. Environmental relationship 

2.2. Establishment of environmental policies 

The responses showed that the percentage of firms that established environmental policies 
was superior to the firms that did not (figure 2). 

 
Figure 2. Environmental policies 

The majority of firms had established their environmental police in an informal way, but 
40% of them had done it in a formal one, so the level of the formality was not so far from the 
sample mean (figure 3). However, such formality was not reflected in the accounting 
statements (figure 4).  

 
Figure 3. Level of formality                                    

Oportunity 
14.8%

No responses
11.1%

Indifferent
18.5%

Threat 
55.6%

Yes
66.7%

Not
33.3%



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 108 

indicators- environmental management included- in order to look for correlations among 
those and the financial ones. The obtained results indicate that there is a positive correlation 
between the CSR self-evaluation and the CSR actions directed to their stakeholders. Not all 
the CSR indicators have effect on the financial profitability of companies, but direct 
stakeholders and compliance checks have a positive correlation with return on equity and 
the debt ratio, which provides evidences of the available funds theory.  

All of the three studies corroborate the legitimacy theory, since the perception of firms was 
much more optimistic than the achieved results would allow.  

In the following sections we are going to present the tree studies and their findings as well 
as the conclusions and implications for future research. 

2. Initial diagnosis 

The initial diagnosis was carried out by a survey for the whole population -265 companies- 
of the analysed sector. It had been used an exploratory-descriptive methodology due to 
there were no previous studies –at that moment- in the tiles sector in Spain related to 
environmental systems and accounting. This survey was undertaken through a semi-
structured questionnaire with 31 items. Previously to design our questionnaire we made a 
pilot survey with 8 companies randomly selected in order to avoid differences between 
academic and managerial language.  

The survey was made along 1998, and although different efforts -e-mails, telephone-calls, 
revisiting three or four times- were done to assure the response, the percentage of it was 
10.18%. This percentage cannot be representative for inference studies but it did not differ 
from other similar surveys carried out in Spain. Nevertheless, after analysing our sample it 
resulted representative of the population regarding to all the analysed categories -size, sub-
activity, ways of production, types of management, financial composition, volume of 
exports, hierarchical organization of the countries to which it is exported, potentially 
sensitive investments, distribution of the resources for training and respondent position. 

From the survey it was obtained an initial diagnosis of the analysed sector from different 
items. 

2.1. Relationship between firms and environment 

There were around 20% of firms that considered environment had no relationship with their 
business. Such percentage even overcame the number of firms that observed environment as 
an opportunity. This fact together with the high level of no responses reasserted that most of 
firms saw environment as a threat (figure 1). 

However, the majority of firms were aware that they interacted with their environment, 
what it was very important because the identification of a problem is previous to its 
solution. 

 
Environmental Management in Businesses: Does It Make Money? An Accounting Perspective 109 

 
Figure 1. Environmental relationship 

2.2. Establishment of environmental policies 

The responses showed that the percentage of firms that established environmental policies 
was superior to the firms that did not (figure 2). 

 
Figure 2. Environmental policies 

The majority of firms had established their environmental police in an informal way, but 
40% of them had done it in a formal one, so the level of the formality was not so far from the 
sample mean (figure 3). However, such formality was not reflected in the accounting 
statements (figure 4).  

 
Figure 3. Level of formality                                    

Oportunity 
14.8%

No responses
11.1%

Indifferent
18.5%

Threat 
55.6%

Yes
66.7%

Not
33.3%



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 110 

 
 

 
 

Figure 4. Accounting reflection 

The previous hypothesis was that the level of formality of environmental policies should be 
correlated to the accounting statements reflection, but after calculating Pearson coefficient of 
correlation such evidence was not found (r = 0.1889, p-value = 0.519). 

2.3. Knowledge of environmental management standards and adoption level 

Although the huge majority knew the environmental management standards, only a small 
percentage had adopted them in their companies (table 1). 

 

Responses Knowledge ISO 14001 Adoption ISO 14001 

Yes 74.1 % 11.1% 

Not 25.9% 85.2% 

Table 1. Knowledge and adoption of ISO 14001 (ISO, 1996) 

There were a very small percentage of companies that were about obtaining ISO 14001, so 
the total percentage of adoption did not correspond to 100%. 

2.4. Knowledge of European Community regulation, importance and adoption 
level 

There were a very high percentage of companies that did not know the European Community 
regulation 1836/93 (European Communities, 1993) about voluntary membership in an 
environmental management and audit system. Nevertheless, the huge majority of companies 
knew about it (figure 5). 

Although 59.3% of companies knew the EC regulation, only 37% considered convenient to 
adopt it (figure 6) and no one had been adopt it at that moment (figure 7). 
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Figure 5. Knowledge of EC regulation 1836/93 

 
Figure 6. Convenience of adoption           

 
Figure 7.  Level of adoption 

2.5. Determination of environmental objectives in management strategy 

About 50% of companies established environmental objectives in their management 
strategies (figure 8). 

Related to the elaboration of environmental balance-sheets of energy, raw materials... to 
compile the obtained results, there were around 30% of companies that did not compile 
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Figure 8. Environmental objectives 

 
Figure 9. Environmental Balance-Sheets          

 
Figure 10. Comparison of objectives and results 

However, more than a half of companies did not realise any comparison between 
environmental objectives and results (figure 10). Jointly with the level of no responses could 
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they were in the phase of introducing strategies and far away from controlling results. And 
in worst cases, such incongruities could be a symptom of an environmental marketing 
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2.6. Identification of conditions of environmental improvement 

In table 2 are compiled the conditions of environmental improvements mentioned by the 
firms. 

 
Conditions of 
environmental 
improvement 

Very 
agree 

(5) 

Agree   
(4) 

Indifferent 
(3) 

Disagree 
(2) 

Very 
disagree 

(1) 
Mode 

Legislation pressure 11 13 1 1 1 4 
Source control 4 12 8 1 1 4 

“Green” energies 3 12 7 2 1 4 
Organizational culture 7 12 7   4 

Subsidies 9 8 7 2  4 
Business association 2 8 9 6  3 

Tax incentives 11 10 3 2  5 
Export requirements 2 9 6 3  4 

Table 2. Conditions of environmental improvement 

In order to identify the conditions of environmental improvement the companies showed to 
be indifferent to business association, while they considered as important higher source 
control, use of “green” energies, change in organizational culture, subsidies and higher 
export requirements. However, they stressed tax incentives and an increase of legislation 
pressure as the necessary conditions for environmental improvement. In conclusion the 
companies identified a combination of passive and actives techniques for achieving 
environmental improvement, although giving greater weight to the first. 

2.7. Assumption of environmental costs 

The huge majority of companies expressed to incur in environmental costs (figure 11). 

 
Figure 11. Assumption of environmental costs 
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Figure 8. Environmental objectives 
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2.6. Identification of conditions of environmental improvement 

In table 2 are compiled the conditions of environmental improvements mentioned by the 
firms. 
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2.8. Typology of environmental costs 

There were a minority of firms that considered their environmental cost as only restorative, 
while the restorative and preventive attitude jointly was scarcely higher than the only 
preventive (figure 12).  
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Table 3. Origin of environmental costs 

The origin of environmental costs were mainly attributed to treatment of waste and control 
of discharges and emissions, so the restorative typology had greater weight of what 
companies were aware. This situation could be explained by the differences between 
business and academic language. Thus, the business language considered control of 
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discharges and emissions as well as treatment of waste as preventive costs while it classified 
as restorative costs repair of damage and payment of fines and penalties. In short, it would 
be the difference between the academic “ex-ante” and the business “ex-post”. Academically 
is considered as preventive any action to that business activity will not produce 
environmental impacts, while professionally once has been the activity seeks to control and 
mitigate its impact. 

2.9. Accounting consideration of environmental costs 

Environmental costs were considered by the majority of firms according to their nature as 
expenses or investments. There were about one-third of companies that always considered 
them as expenses in period and a non-significant minority who considered them always as 
investment (figure 13). 
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2.11. Recognition of environmental responsibilities  

The vast majority of companies replied to recognise environmental responsibilities (figure 
15). In table 4 the causes of recognition of environmental responsibilities were analysed. The 
main reason for recognising environmental responsibilities was the compliance with legal 
regulations, although their environmental commitment and the image to their consumers 
were also argued causes. 

 

 
 

Figure 15. Recognition of environmental responsibilities 
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Table 4. Causes of recognition of environmental responsibilities 

2.12. Environmental provisions 

The majority of respondents did not realise environmental provisions in their accounts 
(figure 16). 
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Figure 16. Environmental provisions 

2.13. Environmental coverage 

A non-significant percentage had contracted environmental coverage, whereas the wide 
majority of companies did not have them established (figure 17). 
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Documents Yes Not 
Balance sheet 14.8% 85.2% 
Profit and loss account 7.4% 92.6% 
Notes 22.2% 77.8% 
Management report 25.9% 74.1% 
General report of society 7.4% 92.6% 
Letter from the president  100% 
Additional information 3.7% 96.3% 
Environmental special reports 25.9% 74.1% 

Table 5. Environmental publication documents 

 

Causes of environmental 
publication 

Very 
agree 

(5) 
Agree   

(4) 
Indifferent 

(3) 
Disagree 

(2) 

Very 
disagree 

(1) 
Mode 

 
Administration 
requirements 

4 2 6 1 3 3 

Parent company 
requirements 

1 2 2  8 1 

Improving business 
image 

3 5 4 1 2 4 

Prior to enforcement 
regulations 

1  8 2 4 3 

Increase of market share  2 5 4 3 3 
Social responsibility 2 6 5 2  4 

Improving management 4 5 4 1 1 4 
Environmental awareness 1     5 

Table 6. Causes of environmental publication 

 

Potential users of 
environmental 

information

Very 
agree 

(5)
Agree   

(4)
Indifferent 

(3)
Disagree 

(2)

Very 
disagree 

(1) 
Mode 

 
Top management 7 10 2 1 4 

Shareholders 3 10 2 2 2 4 
Executives 2 9 6 2  4 

Public administrations 6 8 5 2  4 
Non-governmental 

organizations 8 5 5 2 1 5 

Consumers 3 4 10 3 1 3 
Workers 2 6 9 3  3 

Public in general 2 4 6 6 2 2 y 3 

Table 7. Potential users of environmental information 
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2.15. Findings of initial diagnosis 

The environmental management was scarcely implemented and needed to be stimulated so 
that environmental concerns did not degenerate into a mere accumulation of good purposes. 
Thus, environmental management systems were rarely taken despite the wide said 
knowledge of the regulations relating to the environmental management. Unfortunately, the 
situation was not manifested a tendency to change in the near future, if not provided 
appropriate tax incentives and an increasing legislation pressure. 

The companies considered that environmental variables represent a threat to the 
development of their activity, which is why established corporate environmental policies in 
their strategy, generally informal and without perception of accounting reflection. 

Nevertheless, the previous hypothesis was that the level of formality of environmental 
policies should be correlated to the accounting statements reflection, but after calculating 
Pearson coefficient of correlation such evidence was not found. This result may be due to 
the conception of what companies meant accounting, reducing its size to a mere 
bookkeeping technique. 

The development of environmental accounting was subject to compliance with legal 
requirements and to its use as a powerful weapon of business marketing; that in the 
majority of cases it came to draw up environmental information in an arbitrary manner, 
avoiding any kind of immediate relations that could set up such as the comparison between 
obtained results and environmental pursued objectives. In short, environmental accounting 
was being used as an instrument of legitimacy of the performances of the companies in their 
environment according to the tenets of Mouck (1995), Taylor et al., (2001) & Cho & Pattern 
(2007).  

Companies recognised environmental responsibilities, which, however, did not seem to 
have had reflected in environmental provisioning, nor in the employ of another type of 
coverage by environmental risks. This was due, primarily, to that in a large number of cases 
the environmental concern was only conceived as a responsibility that attempted, largely, to 
pass on to third parties. 

The inconsistencies expressed between explicit attitudes and actual actions on 
environmental issues would put revealed differences between the academic and business 
language. Thus, from the academic perspective the environmental commitment was 
conceived as a preventive measure while from a business perspective the majority approach 
is the restorative. 

The publication of environmental information was performed, mainly in the management 
report and the environmental special reports, especially with the aim of improving business 
image and management as well as for reasons of social responsibility. However, companies 
not identified as stakeholders in such information to consumers, workers and public in 
general; which can be explained by the fact that these companies sell to intermediaries and 
not to the final consumer. 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 118 

Documents Yes Not 
Balance sheet 14.8% 85.2% 
Profit and loss account 7.4% 92.6% 
Notes 22.2% 77.8% 
Management report 25.9% 74.1% 
General report of society 7.4% 92.6% 
Letter from the president  100% 
Additional information 3.7% 96.3% 
Environmental special reports 25.9% 74.1% 

Table 5. Environmental publication documents 

 

Causes of environmental 
publication 

Very 
agree 

(5) 
Agree   

(4) 
Indifferent 

(3) 
Disagree 

(2) 

Very 
disagree 

(1) 
Mode 

 
Administration 
requirements 

4 2 6 1 3 3 

Parent company 
requirements 

1 2 2  8 1 

Improving business 
image 

3 5 4 1 2 4 

Prior to enforcement 
regulations 

1  8 2 4 3 

Increase of market share  2 5 4 3 3 
Social responsibility 2 6 5 2  4 

Improving management 4 5 4 1 1 4 
Environmental awareness 1     5 

Table 6. Causes of environmental publication 

 

Potential users of 
environmental 

information

Very 
agree 

(5)
Agree   

(4)
Indifferent 

(3)
Disagree 

(2)

Very 
disagree 

(1) 
Mode 

 
Top management 7 10 2 1 4 

Shareholders 3 10 2 2 2 4 
Executives 2 9 6 2  4 

Public administrations 6 8 5 2  4 
Non-governmental 

organizations 8 5 5 2 1 5 

Consumers 3 4 10 3 1 3 
Workers 2 6 9 3  3 

Public in general 2 4 6 6 2 2 y 3 

Table 7. Potential users of environmental information 

 
Environmental Management in Businesses: Does It Make Money? An Accounting Perspective 119 

2.15. Findings of initial diagnosis 

The environmental management was scarcely implemented and needed to be stimulated so 
that environmental concerns did not degenerate into a mere accumulation of good purposes. 
Thus, environmental management systems were rarely taken despite the wide said 
knowledge of the regulations relating to the environmental management. Unfortunately, the 
situation was not manifested a tendency to change in the near future, if not provided 
appropriate tax incentives and an increasing legislation pressure. 

The companies considered that environmental variables represent a threat to the 
development of their activity, which is why established corporate environmental policies in 
their strategy, generally informal and without perception of accounting reflection. 

Nevertheless, the previous hypothesis was that the level of formality of environmental 
policies should be correlated to the accounting statements reflection, but after calculating 
Pearson coefficient of correlation such evidence was not found. This result may be due to 
the conception of what companies meant accounting, reducing its size to a mere 
bookkeeping technique. 

The development of environmental accounting was subject to compliance with legal 
requirements and to its use as a powerful weapon of business marketing; that in the 
majority of cases it came to draw up environmental information in an arbitrary manner, 
avoiding any kind of immediate relations that could set up such as the comparison between 
obtained results and environmental pursued objectives. In short, environmental accounting 
was being used as an instrument of legitimacy of the performances of the companies in their 
environment according to the tenets of Mouck (1995), Taylor et al., (2001) & Cho & Pattern 
(2007).  

Companies recognised environmental responsibilities, which, however, did not seem to 
have had reflected in environmental provisioning, nor in the employ of another type of 
coverage by environmental risks. This was due, primarily, to that in a large number of cases 
the environmental concern was only conceived as a responsibility that attempted, largely, to 
pass on to third parties. 

The inconsistencies expressed between explicit attitudes and actual actions on 
environmental issues would put revealed differences between the academic and business 
language. Thus, from the academic perspective the environmental commitment was 
conceived as a preventive measure while from a business perspective the majority approach 
is the restorative. 

The publication of environmental information was performed, mainly in the management 
report and the environmental special reports, especially with the aim of improving business 
image and management as well as for reasons of social responsibility. However, companies 
not identified as stakeholders in such information to consumers, workers and public in 
general; which can be explained by the fact that these companies sell to intermediaries and 
not to the final consumer. 
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3. Case study research 

The perceived incongruities in the initial diagnosis revealed that firms assumed to be highly 
environmental committed while from facts this commitment was not so high proved. So, it 
was necessary to introduce case study research methodology to clarify and understand the 
reasons of these inconsistencies. 

The findings of case study research, like experiments, are able to be generalised to 
theoretical propositions and not to population or universes, because with this methodology 
the aim is to generalise theories (analytic generalisation) and not to enumerate frequencies 
(statistical generalisation) (Yin, 1994). 

The case study research methodology recalls that a single case is analogous to a single 
experiment, so its use is accurate under the following circumstances. The first one, when it 
represents the critical case that can generate a significant contribution to knowledge theory-
building, or it can even help to refocus future investigations in an entire field. The second 
one, in the circumstance of representing an extreme or unique case and the last circumstance 
is known as a revelatory case because a researcher has the opportunity to observe and 
analyse a phenomenon previously inaccessible to scientific investigation (Yin, 1994). 

The criteria for choosing our case study research' firm were related to three main issues: 

Firstly, the identification- in 2001- of a company with a really developed environmental 
management system and not a "good intentions" firm which had not formalised its 
environmental procedures. In our case, the ISO 14001 standard was used as a discriminatory 
criterion because there were no firms in the sector with EMAS verification (Environmental 
Management and Audit System) (European Communities, 2000). 

Secondly, due to the fact that it was an interactive process, it was necessary to detect 
motivation by the company to participate in it. By using participant observation as a source 
of evidence in the case study research, the researcher interacts with the firm, so it was 
necessary to gain access to events or groups that were otherwise, inaccessible to scientific 
investigation. Unlike other research methodologies the data compilation in case study 
research demands several fields visits which imply many time dedication from the 
participating firms.  

And finally, there was the importance given by the firm to environmental disclosures. This 
characteristic was really decisive because the huge majority of companies in the sector 
considered environmental issues as a matter which was only concerned of their own 
business, so they were not interested in disclosing environmental information. This 
particular firm considered that environmental disclosures meant a real commitment with its 
stakeholders or interested parts; therefore they were keen to disclose environmental 
information as an essential part of its environmental management system. 

According to Yin (1994) we carried out the protocol of our case study research: 

 Overview of the case study project. The findings of initial diagnosis served as a point of 
departure of the present case study. 
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 Case study questions. The questions were designed by adapting the questionnaire of 
our previous survey to its obtained conclusions and also, they were redefined for 
making suitable to the real context. 

 Field procedures. Of the six sources recognised for evidence compilation, the following 
five were mainly used: direct observation, participant observation, documents, archives 
and interviews. Besides, physical evidence was used for recognising the operativeness 
of a particular database. 

 Compilation of information. This research was conducted over a 7-month period from 
March to September 2001 and the information was compiled via on-site visits, as well as 
by e-mail and by telephone. 

 Guide for case study report. During the process the firm had full information about its 
development and the different topics to be discussed in any of the on-site visits were 
determined beforehand, which allowed the firm to prepare all the documentation 
related to them. 

 Case study draft. The last case study draft was given to the firm for approval in a final 
discussion meeting. In those issues where concurrence cannot be achieved, the different 
positions were clearly and objectively stated in the report. 

3.1. Findings of case study research 

The implementation of an environmental management system could be introduced to avoid 
the tightening of environmental regulations and to adopt continuous improvement 
strategies as an assurance of environmental performance. Some kind of environmental 
management usually existed in firms in a chaotic way and to formalise and to provide 
connections to that chaos involved a lot of effort and money. But, when there was a specific 
objective to be achieved, such as obtaining the environmental certification, it helped to make 
a swift progression from some technical environmental improvements to the configuration 
of an integrated environmental management system. The environmental certification acts as 
a guide to formalise the environmental management system and, therefore the willingness 
to achieve the environmental certification can stimulate the adoption of environmental 
management in any organization. 

In the process of obtaining the environmental certification to transpose previous experience 
in quality management systems contributes to paperwork to be reduced and to failings and 
improvements to be detected more easily as Houthuysen (2000) obtained from his 
experience since later the system itself allows learning from it, as Pedersen & Nielsen (2000) 
found. 

Accounting, as an internal information system, is considered to be very useful and it was 
recognised that the development of physical and financial indicators to configure a balanced 
scorecard would have improved the environmental management system. Although other 
business indicators previously existed in our firm, the development of environmental 
indicators had favoured the elaboration of a balanced scorecard that gathers economic and 
environmental ratios, which was clear proof of how the introduction of an integrated 
environmental management system improves business management. 
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 Case study questions. The questions were designed by adapting the questionnaire of 
our previous survey to its obtained conclusions and also, they were redefined for 
making suitable to the real context. 

 Field procedures. Of the six sources recognised for evidence compilation, the following 
five were mainly used: direct observation, participant observation, documents, archives 
and interviews. Besides, physical evidence was used for recognising the operativeness 
of a particular database. 

 Compilation of information. This research was conducted over a 7-month period from 
March to September 2001 and the information was compiled via on-site visits, as well as 
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positions were clearly and objectively stated in the report. 

3.1. Findings of case study research 

The implementation of an environmental management system could be introduced to avoid 
the tightening of environmental regulations and to adopt continuous improvement 
strategies as an assurance of environmental performance. Some kind of environmental 
management usually existed in firms in a chaotic way and to formalise and to provide 
connections to that chaos involved a lot of effort and money. But, when there was a specific 
objective to be achieved, such as obtaining the environmental certification, it helped to make 
a swift progression from some technical environmental improvements to the configuration 
of an integrated environmental management system. The environmental certification acts as 
a guide to formalise the environmental management system and, therefore the willingness 
to achieve the environmental certification can stimulate the adoption of environmental 
management in any organization. 

In the process of obtaining the environmental certification to transpose previous experience 
in quality management systems contributes to paperwork to be reduced and to failings and 
improvements to be detected more easily as Houthuysen (2000) obtained from his 
experience since later the system itself allows learning from it, as Pedersen & Nielsen (2000) 
found. 

Accounting, as an internal information system, is considered to be very useful and it was 
recognised that the development of physical and financial indicators to configure a balanced 
scorecard would have improved the environmental management system. Although other 
business indicators previously existed in our firm, the development of environmental 
indicators had favoured the elaboration of a balanced scorecard that gathers economic and 
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Nevertheless, such company did not show any interest in disclosing any environmental 
information in the Annual Report, as evidence of the opacity and secrecy that exist within a 
sector characterised by a permanent technological innovation. 

The strategy of the firm was based on a permanent rationalization process that involved 
adopting the latest technologies on the market. Thus, it had simultaneously implemented 
both the first and the second stage in the development of its environmental management 
system. This consists in applying the most obvious and sensible improvements, which have 
low costs, together with investments in the most innovative technologies on the market. 

From the observation of the two main environmental indicators in the firm, we obtained 
that the trend of its environmental investments (table 8) corroborated the general strategy of 
the company since once technological changes has been adopted the financial payments 
decrease until a new technology is adopted, and the trend of its environmental expenses 
(table 9) placed our firm in an initial stage of environmental management development, 
where such expenses progressively increase. 
 

Environmental 
investments (EI) 1995 1996 1997 1998 1999 2000 2001 

(EI /Total investments) 18.05 0.00 37.37 25.08 8.00 4.90 1.98 

Table 8. Environmental investments over the Period 1995-2001 

 

Environmental expenses 1999 2000 2001 
(expressed in euros) 258,832.65 45,846.76 62,735.99 

Table 9. Environmental expenses over the Period 1999-2001 

Environmental information had been gathered about the trends of its environmental 
investments since 1995 but its expenses data were only available from 1999 onwards 
because, prior so that, environmental expenses were not distinguished from the total 
expenses of the organisation. 

The company considered that its environmental management system had to provide more 
competitive advantages than those that could be achieved by simply improving its own 
image. Therefore what the company should do the management of the production system 
more efficient by spreading the efficiency of the environmental department through the 
whole organization. Such efficiency would be based on a relevant information system that 
allowed the different business activities to be coordinated and that relied on the 
commitment of all human resources. 

Whereas from the environmental strategy of the company derived that the environmental 
information system should be integrated at all business levels and it ought to be useful for 
decision-making as decision-usefulness theory states, its initial stage of development 
circumscribed it to specific projects, which are almost exclusively oriented towards 
obtaining funds such as subsidies or grants. 
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Again the inconsistencies appeared between the environmental position assumed in 
strategy and the environmental behaviour reflected in facts. This incongruities revealed that 
the company assumed to be highly environmental committed while from facts this 
commitment was no so high proved. Despite most of detected incongruities in our firm 
could be related to initial stages of implementation of environmental management systems, 
the one referring to disclosures cannot be explained in such terms. On this matter, the 
particular firm proclaimed that environmental disclosures meant a real commitment with its 
stakeholders or interested parts, but, the facts revealed that its environmental disclosures 
were restricted to particular responses to individual demands -as requested by ISO 
requirements- instead of providing general information, without considering environmental 
disclosure in Annual Reports. 

Finally, even though our case fulfils the requirements for being considered as a rigorous 
case study research we are aware of the limitations of such methodology as possible bias in 
findings due to the researcher perceptions and values, the difficulty in designing case study 
research and the self-election of the participating company. Furthermore, this methodology 
enables to generalise findings to theory but not to the whole population. 

4. Relationship between corporate social responsibility and financial 
performance 
Following with our in-depth study we tried to analyse the effects of corporate social 
responsibility (CSR) in the financial results of the companies in the analysed sector. 

Data were collected through personal interviews and using factor analysis the dimensions of 
the CSR were obtained. Subsequently, we analysed whether or not there were correlations 
between the factors and the financial indicators -collected from their Annual Accounts. 
Mahoney and Roberts (2007) found significant relationship between some measures of CSR 
and financial performance in their study, although they did not find any relationship 
between a unique index of CSR and financial performance. 

From the population of the Spanish tile sector -255 companies in 2004- 70 firms were 
selected by simple random sampling, according to their size by volume of sales. Only 64 
interviews were valid, so the analysis was restricted to them, being the size error of +/- 11% 
and the significance level of 95% (p = q = 50%). 

In order to carry out the factor analysis we tested Kaiser-Meyer-Olkin (KMO) and Bartlett's 
sphericity, -obtaining a KMO of 0.73 and rejection of the null hypothesis of the Bartlett's 
sphericity test- which allowed us to carry out the analysis. The method of extraction of 
factors was principal components, specifically, as we were primarily interested in the 
interpretation of the factors, the Varimax orthogonal rotation method was used. We 
obtained 6 eigenvalues greater than unit, therefore 6 factors (table 10), with an explained 
variance of 77.4%. 

The analysis of correlation between the dimensions of CSR and the financial performance 
was conducted using the factors as indicators of the first and the financial performance 
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indicators were used as the following four ratios: return on assets, return on equity, return 
on sales and debt ratio. 

Following with the inconsistencies between the environmental position assumed in strategy 
and the environmental behaviour reflected in facts by companies, we compared whether the 
CSR perception-self-evaluated from 1 to 5- of the companies corresponded with their CSR 
actions. Then, we carried out a correlation analysis between the score that the companies 
gave themselves and their score in each factor- excluding the question related to self-
evaluation to avoid bias. 

 

Factor 1 
 

Socio-environmental 
objectives 

Responsibles for results 
Socio-environmental results 

Resources for socio-environmental results 
Timetabling for implementation 
Socio-environmental incentives 

Factor 2 Direct stakeholders 

Suppliers 
Shareholders 

Customers 
Workers 

Factor 3 Indirect stakeholders 

Non-profit organizations 
General public 

Public administrations 
Consumers 
Competitors 

Factor 4 
Selection of suppliers or 

customer 
In relation to compliance with their socio-

environmental objectives 

Factor 5 Compliance check 

Certifications 
Socio-environmental management system 

External quality audit 
Socio-environmental publication 

Control of socio-environmental results 

Factor 6 
Impact limitation and 

self-evaluation 

Socio-environmental policy 
Socio-environmental evaluation 
Socio-environmental provisions 
Responsible for product design 

Table 10. Dimensions of CSR 

4.1. Findings of relationship between CSR and financial performance 

From the analysis of correlation between the factors of CSR and the financial ratios three 
results were obtained: 
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1. Factor 2 (direct stakeholders) had a positive correlation with return on equity (p-value = 
0.26, significant at 5%) and marginally with the debt ratio (p-value = 0.22, significant at 
10%). 

2. Factor 4 (supplier selection) had a negative correlation with return on assets (p-value =       
-0.29, significant at 5%) and with return on sales (p-value = -0.27, significant at 5%), and 
marginally with return on equity (p-value = -0.21, significant at 10%). 

3.  Factor 5 (compliance check) had a positive correlation with the debt ratio (p-value = 
0.25, significant at 5%). 

From these results we could extract the hypothesis that both taking into account the 
consequences of the decisions of companies on their direct stakeholders such as the use of 
instruments to check compliance of socio-environmental commitments could require 
additional resources that would be reflected in a higher debt ratio in these companies. These 
results would validate the available funds theory (McGuire et al., 1988 & Moore, 2001) 
which postulates that companies with abundant financial resources have more 
opportunities to carry out CSR initiatives. Besides, taking into consideration the close 
relationship with their direct stakeholders it would be also rewarded with greater return on 
equity, which positioned these companies in the moderation model of Berman et al. (1999), 
where the company strategy has a direct impact on the financial performance although it is 
moderated by the relationship with their stakeholders. 

Furthermore, the positive correlation between factor 5 (compliance check) and the debt ratio 
could be explained by the fact that companies who need to rely on external financing must 
meet certain socio-environmental requirements to obtain it, as Roberts (1992) found. 

On the other hand, companies that stated a policy of supplier selection by socio-environmental 
criteria seemed to be penalised with lower return on assets, sales and equity. Due to only 9 of 
the 64 companies had a high score in factor 4 (supplier selection) the results seemed to indicate 
rather an absence of penalties for companies who had not such supplier selection. 

As factor 2 (direct stakeholders) provided evidence for the hypothesis of positive synergy, 
while factor 4 (supplier selection) did so in favour of the negative synergy, the behaviour of 
companies could not be characterised according to the typology of Preston & O'Bannon 
(1997). Hence, further studies will be required to determine whether the difference in sign is 
a particular feature of the industrial sector analysed or, on the contrary, it is present in other 
sectors. 

From the analysis of correlation between the score that the companies gave themselves and 
their score in each factor two results were obtained: 

1.  Factor 2 (direct stakeholders) had a positive correlation with the CSR self-evaluation 
ratio (p-value = 0.21, significant at 5%). 

2. Factor 6 (impact limitation) had a positive correlation the CSR self-evaluation ratio (p-
value = 0.21, significant at 5%). 

The positive correlation between the CSR self-evaluation and the CSR actions directed to 
their stakeholders could be explained by the need for legitimacy of the companies in their 
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environment, corroborating the stakeholder theory (Freeman, 1984 & Suchman, 1995). On 
the other hand, it seemed sensible that companies taking measures to limit their impacts 
would have considered that they was making greater efforts in CSR, so they gave 
themselves higher scores. 

5. Conclusions  

The environmental management in the Spanish tiles sector needs to be stimulated, due to 
companies are adopting it for reasons of competitiveness that do not exceed legal 
imposition, environmental commitment and business image and forgetting the integrated 
management of resources. Which is why established corporate environmental policies in 
their strategy, generally informal and without perception of accounting reflection. This 
result may be due to the conception of what companies meant accounting, reducing its size 
to a mere bookkeeping technique. 

The environmental certification acts in the sector as a guide to formalise the environmental 
management system and, therefore the willingness to achieve the environmental 
certification can stimulate the adoption of environmental management in any organization. 

The development of environmental accounting was subject to compliance with legal 
requirements and to its use as a powerful weapon of business marketing; that in the 
majority of cases it came to draw up environmental information in an arbitrary manner, 
avoiding any kind of immediate relations that could set up such as the comparison between 
obtained results and environmental pursued objectives. In short, environmental accounting 
was being used as an instrument of legitimacy of the performances of the companies in their 
environment, as it defends the theory of stakeholders. 

There is no interest in disclosing any environmental information in the Annual Report, as 
evidence of the opacity and secrecy that exist within a sector characterised by a permanent 
technological innovation. Although, internal accounting  is considered to be useful and the 
development of environmental indicators to configure a balanced scorecard have improved 
the environmental management system and, furthermore it has favoured the elaboration of 
a balanced scorecard that gathers economic and environmental ratios, which is proof of how 
the introduction of an integrated environmental management system improves business 
management. 

The strategy of the sector involves adopting the latest technologies on the market. Thus, it 
had simultaneously implemented both the first and the second stage in the development of 
its environmental management system, which consists in applying the most obvious and 
sensible improvements, which have low costs, together with investments in the most 
innovative technologies on the market. 

Although the environmental management system should be integrated at all business levels 
and it ought to be useful for decision-making as decision-usefulness theory states, the actual 
stage of development circumscribed it to specific projects, which are almost orientated 
towards obtaining funds such subsidies or grants. 
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We can extract the hypothesis that both taking into account the consequences of decisions 
on their direct stakeholders such as the instruments of checking compliance of socio-
environmental commitments could require additional resources that would be reflected in a 
higher debt ratio, validating the available funds theory. Besides, the closest relationship 
with their stakeholders would be also rewarded with greater return on equity, as the 
moderation model of Berman et al. (1999) holds. We also obtained evidences that the 
instruments of checking compliance were correlated with debt ratio, which could be 
explained by the fact that companies who need to rely on external financing must meet 
certain socio-environmental requirements as Roberts (1992) found. 

There are some incongruities between the environmental position assumed in strategy and 
the environmental behaviour reflected in facts in the sector, so from the analysis of 
correlation between the score that the companies gave themselves and their score in each 
CSR factor it was obtained a positive correlation between CSR self-evaluation and direct 
stakeholders as well as impact limitation. The correlation with stakeholders corroborates the 
stakeholder theory and the correlation with impact limitation could be explained by the fact 
that companies which are taking measures to limit their impacts generally consider that they 
are making greater efforts in CSR, so they gave themselves higher scores. 

Further studies will be required to determine whether the obtained evidences are a 
particular feature of the Spanish tiles sector, or on the contrary, some of them could be 
extrapolated to other sectors. 
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1. Introduction 

Urbanization processes conquer more and more land through sprawl. Cities unite into large 
functional regions, leaving species other than humans lacking habitat areas. Biodiversity is 
in decline worldwide [1], but does it has to be? City development doesn’t happen 
monotonously, as an ever spreading wave of sprawl, like it was believed for some time. But 
rather cities expand by leapfrogging [2] and have a fractal form [3]. This type of process 
leaves vacant “open spaces” in-between urbanized areas. 

Urban planners normally would address urban development from human centered 
perspective, treating the open spaces as a void, left out by the city. As long as there was a lot 
of this void, nature could cope with this approach. But as open spaces become scarcer, 
biodiversity declines due to habitat depletion and fragmentation, and the conservational 
biodiversity-centered landscape planning can no longer be ignored. A typical process of 
planning would involve trying to make restrictive policies on development. Do restrictive 
policies really work if there are strong economic incentives to develop? In Israel the existing 
planning land-use system has very limited impact on real life land-cover configurations, 
though the resulting sum area allocations mostly follow the guidelines. [9]. On the other 
hand, if there is knowledge that allows making educated guidelines for future development, 
perhaps the sprawl processes can be directed and designed in a less destructive way, the 
knowledge about nature’s spatial configuration requirements in order to thrive as opposed 
to minimal requirements to survive. 

Of course open spaces are becoming more fragmented as a result of human activities and 
infrastructures. Open spaces fragmentation has an important ecological effect, due to its 
contribution to habitat depletion and degradation and subsequent biodiversity loss. According 
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to EEA [4], fragmentation results in the inability of different species to access resources, in 
reduction of the amount and quality of habitat areas, and their isolation, among other effects. 
Fragmentation is one of the major problems in EU nowadays, thus contradicting the principles 
of sustainability, especially concerning biodiversity conservation and land use policies [5, 4]. A 
wide range of literature, regarding connectivity and landscape fragmentation, assumes that 
increase in fragmentation of open space is associated with decrease in connectivity [5, 6]. 
Therefore spatial planning and environmental policies should be arguing in favor of the need 
to increase connectivity between green spaces, as a way to enhance habitat preservation. 
Unfortunately some of the planning tools and policies have poor scientific basis, neglect or 
ignore spatial influence and have more aims than the measures to achieve them. 

This chapter offers a summarized overview of methods and models, skills and tools 
required for educated decision making regarding environmental management of open 
spaces, and then proposes a bottom up approach to model complex phenomena in a 
landscape involving habitat connectivity. To pursue this, several concepts, technologies and 
methods are assembled together, such as GIS, Multi-Agent modeling (MA) and Complex 
Networks analysis (CA). Finally an explicit spatial model is set up in order to analyze the 
evolution of connectivity habitat and deliver some insights about environmental spatial 
planning. This model is based on the understanding that different species of animals have 
different dispersal characteristics and operate in the environment at different scales, 
meaning that there is a need for suitable linkages between natural spaces at a scale relevant 
to each species [5, 6]. Hence a generic spatially explicit model, constructed for analyzing 
habitat fragmentation of a landscape, should be implemented in a range of species specific 
scales. In order to serve decision makers as a tool, this type of analysis should take into 
account several focal species (e.g. small and large mammals, small birds, insects and plants) 
and then compile these results together into a landscape metric. This model is intended for 
use as a tool for spatial analysis that could be implemented on a sequence of temporal data 
and thus used for understanding of spatio-temporal dynamics of open space connectivity.  

This work’s purpose is thus threefold. First we introduce the importance of explicit spatial 
models for environmental studies, e.g. biodiversity conservation planning, environmental 
impacts of urbanization and urban planning, and more particularly explanation of the 
fitness of bottom up models to analyze evolution of connectivity habitat, based on state of 
the art of referenced papers and works published. Second, a step-by-step explanation of the 
modeling methods is conducted, so it could be used as a benchmark for others, devoted to 
this kind of studies. Third, rather than drawing conclusions, we prefer to make final 
remarks on further developments and define promising applications based on new 
techniques and methods. 

This methodology is developed in following stages: 1) the definition of the conceptual 
model regarding the integration of GIS, multi agent system and complex networks; 2) model 
implementation; 3) network analysis. Therefore the methodology contributes to the 
discussion on the relevance and suitability of multi agent systems, GIS & CN to model 
landscape fragmentation, as well as to improve the spatial dimension analysis techniques 
using connectivity algorithms.  
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2. Explicit spatial models for environmental studies 

Longley et al say that “There is something special about spatial” [7].  

We cannot agree more. Considering that most of events occur in space, geography should be 
a key variable in the equation of any model. In fact geography is both a constraint and a 
condition of life throughout territory. Our research is focused on species interactions with 
the territory as a basis for landscape conservation prioritization and land use decision-
making. Of course we could have many different models that ignore geography. But as it 
can be observed from experience, even the more elegant and simple models are sometimes a 
poor proxy for the complex spatial reality.  

Therefore, it is fundamental to contain in the model the complex spatial reality that includes 
connectivity and fragmentation (e.g. RAMAS [8]). Location (Where?) is crucial to 
understand the relationships (What? and How?) and the resulting decisions making 
support, and help to build better tools for spatial planning. 

2.1. Spatial environmental models  

Past studies analyzed open space functioning through landscape modeling using network 
theoretic approach. A complex landscape can be conceptualized as a mosaic of habitat 
patches, connected by corridors, and surrounded by hostile matrix [12]. Spatial models 
usually take a snapshot in time and explore spatial aspects of ecosystems: pattern analysis, 
habitat fragmentation, patch structure, corridors and connectivity, least cost paths through a 
landscape [11]. Theory of island biogeography [13], together with the meta-population 
theory [14] [15], was seminal for development of spatial models in ecology. Different 
patches levels of species richness were compared.  

Graph based approaches of landscape can yield estimates of the value of individual patches 
and corridors for the whole system. The approach is typical when tracking population 
dynamics and when detailed biological or demographic processes are not needed, or simply 
when such information is not available in practice [16]. A different type of study developed 
ranking of dispersal obstruction effect of the land and application of this index as a cost 
surface to the landscape [17]. The more detailed approach is to consider the land mosaic in 
its functional landscape heterogeneity and not as binary habitat-matrix. By creating a map of 
functional land-cover types, the impact of landscape heterogeneity on biodiversity is 
assessed [18]. Cantwell and Forman [19] explored the topology of graphs defined by the 
juxtaposition of different patch types. Links could represent potential dispersal routes, 
functional connections between different patches, trophic or mutualistic interactions, 
weighted by the strength of interaction or flow rate and direction [20]. 

Another method utilizes scenario examination modeling. A moderately complex 
implementation framework consisting of modeling future habitat state, simulating 
persistence of individual surrogate entities and then projecting it across multiple real 
entities was developed by Ferrier and Drielsma [21] and has been employed widely in 
various whole-landscape planning processes throughout New South Wales, Australia. 
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use as a tool for spatial analysis that could be implemented on a sequence of temporal data 
and thus used for understanding of spatio-temporal dynamics of open space connectivity.  

This work’s purpose is thus threefold. First we introduce the importance of explicit spatial 
models for environmental studies, e.g. biodiversity conservation planning, environmental 
impacts of urbanization and urban planning, and more particularly explanation of the 
fitness of bottom up models to analyze evolution of connectivity habitat, based on state of 
the art of referenced papers and works published. Second, a step-by-step explanation of the 
modeling methods is conducted, so it could be used as a benchmark for others, devoted to 
this kind of studies. Third, rather than drawing conclusions, we prefer to make final 
remarks on further developments and define promising applications based on new 
techniques and methods. 

This methodology is developed in following stages: 1) the definition of the conceptual 
model regarding the integration of GIS, multi agent system and complex networks; 2) model 
implementation; 3) network analysis. Therefore the methodology contributes to the 
discussion on the relevance and suitability of multi agent systems, GIS & CN to model 
landscape fragmentation, as well as to improve the spatial dimension analysis techniques 
using connectivity algorithms.  
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2. Explicit spatial models for environmental studies 

Longley et al say that “There is something special about spatial” [7].  

We cannot agree more. Considering that most of events occur in space, geography should be 
a key variable in the equation of any model. In fact geography is both a constraint and a 
condition of life throughout territory. Our research is focused on species interactions with 
the territory as a basis for landscape conservation prioritization and land use decision-
making. Of course we could have many different models that ignore geography. But as it 
can be observed from experience, even the more elegant and simple models are sometimes a 
poor proxy for the complex spatial reality.  

Therefore, it is fundamental to contain in the model the complex spatial reality that includes 
connectivity and fragmentation (e.g. RAMAS [8]). Location (Where?) is crucial to 
understand the relationships (What? and How?) and the resulting decisions making 
support, and help to build better tools for spatial planning. 

2.1. Spatial environmental models  

Past studies analyzed open space functioning through landscape modeling using network 
theoretic approach. A complex landscape can be conceptualized as a mosaic of habitat 
patches, connected by corridors, and surrounded by hostile matrix [12]. Spatial models 
usually take a snapshot in time and explore spatial aspects of ecosystems: pattern analysis, 
habitat fragmentation, patch structure, corridors and connectivity, least cost paths through a 
landscape [11]. Theory of island biogeography [13], together with the meta-population 
theory [14] [15], was seminal for development of spatial models in ecology. Different 
patches levels of species richness were compared.  

Graph based approaches of landscape can yield estimates of the value of individual patches 
and corridors for the whole system. The approach is typical when tracking population 
dynamics and when detailed biological or demographic processes are not needed, or simply 
when such information is not available in practice [16]. A different type of study developed 
ranking of dispersal obstruction effect of the land and application of this index as a cost 
surface to the landscape [17]. The more detailed approach is to consider the land mosaic in 
its functional landscape heterogeneity and not as binary habitat-matrix. By creating a map of 
functional land-cover types, the impact of landscape heterogeneity on biodiversity is 
assessed [18]. Cantwell and Forman [19] explored the topology of graphs defined by the 
juxtaposition of different patch types. Links could represent potential dispersal routes, 
functional connections between different patches, trophic or mutualistic interactions, 
weighted by the strength of interaction or flow rate and direction [20]. 

Another method utilizes scenario examination modeling. A moderately complex 
implementation framework consisting of modeling future habitat state, simulating 
persistence of individual surrogate entities and then projecting it across multiple real 
entities was developed by Ferrier and Drielsma [21] and has been employed widely in 
various whole-landscape planning processes throughout New South Wales, Australia. 
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2.2. GIS-based modeling 

Although modern GIS became popular in the 1980’s, various lineages can be found in GIS 
histories articles. Many works were done that point out some of the referenced in GIS 
functionality even before Roger Tomlinson GIS acronym creation in the 1960’s. Some of 
these pre-GIS works were done by landscape architects and urban planners [22] alongside 
with geographers and computer scientists, and they highlight the need for well-informed 
environmental spatial decision concerning land use planning and land resource 
management. Two of the major GIS software producers in the market in the beginning of 
GIS computer automation were ESRI (with the ArcInfo software) and INTERGRAPH (with 
the MGE software). Both of them were built for Environmental spatial modeling purposes, 
testified by the names adopted, e.g. Environmental System Research Institute (ESRI) and 
Modular GIS Environment. This only emphasizes the importance of GIS tools and methods 
for environmental modeling and assessments. 

2.3. Biodiversity and land use change 

Biodiversity can be measured using different metrics. Species richness (alpha diversity) is 
the most intuitive way to understand it. Ecosystem (or beta) diversity is another metric. Of 
course different ecosystems have different species to inhabit them, so the two metrics are 
correlated in a landscape-wide context. [10] 

Land-use changes that follow urbanization processes impact nature in various ways. 
Agricultural land-use captures space that belonged to nature and had its own biodiversity 
indices. After the change both diversity metrics tend to decline. Examining the dynamic 
process it could be said that some species will die out with more and more land captured by 
agriculture while several new ones will flourish (e.g. the grown species themselves and their 
parasites and predators). Every agricultural patch of land has some area of ecological 
influence outside its borders, dependent on type: intensive or extensive agriculture, 
husbandry, fish or bird farming, greenhouses, etc. Urban areas contain different land-uses. 
Built areas can be classified by population density, type of activity, etc. Different 
configurations of urban fabric can have different ecological footprints. One of the ways to 
classify urbanization is by percentage of impervious surfaces, which is expected to correlate 
with population density (residential Land Cover) and/or economic activity levels 
(commercial or industrial LC). Each urbanized patch has ecological influence that extends 
outside its borders, eg. residential areas have garbage collection points and other sources of 
food for some species; And industry has pollution effects that have different distance of 
influence (water, soil, noise and light pollution, magnetic fields etc.), which brings 
intensification of development, and more and more transport infrastructures are added. 
Roads, rails and navigable rivers are linear elements of the landscape that function as 
movement barriers with different impedance dependent on species characteristics and level 
of traffic. Therefore spatial elements of urbanization processes ecological impacts should be 
modeled using GIS. Spatial modeling is done as a snapshot in time, which masks the 
dynamic nature of the processes modeled, for instance, a relevant aspect is the history of 
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each patch. If the patch was a part of a big natural area, but recently became isolated by 
surrounding urban fabric, its biodiversity probably has not declined yet. This is because there 
is a time lag in ecosystem response to environmental disturbance. Another patch of similar 
configuration could have very different characteristics because it was used for agriculture 
sometime in the past. Land-use legacies of the patches themselves and their neighbors can 
affect ecological systems for long periods. Thus temporal perspective on patches land-use 
history is important [11] and should be implemented in spatial modeling using GIS. 

2.4. Networks and graph-theory  

Graph-theory is a branch of mathematics that is dedicated to network topology. Leonhard 
Euler created the graph theory in 1736, but until the 1950’s it has been almost solely a 
mathematics and physics research subject. Due to GIS revolution and performance 
computing improvements between the end 1980’s and 1990’s, graph theory has been 
undergoing explosive growth in many disciplines including, geography, and of course 
landscape ecology and conservation biology [22]. Also, during that time period, we have 
witnessed the emergence of a new type of science: the science of complex networks [23]. 
Landscape and geographic networks can be considered as a subclass of complex networks, 
where nodes are located in an Euclidean bi- or three-dimensional space, and arcs express 
real physical relationships instead of abstract ones [24]. 

There is a natural affinity between Graph Theory and Geography. In fact, if we look at the 
1960’s emergence of the quantitative analysis and mathematics in the Geography, we find 
that geographic network analysis (GNA) is not new [29]. Topology also echoes Tobler’s 
groundbreaking work such as spatial dependence and interaction models. Therefore, and 
the fact that topology is about connectivity, the need becomes obvious to incorporate graph 
modeling and analysis of landscape habitat connectivity. 

Graph theory and complex networks metrics are useful not only to give a simplified 
visualization of system structure, but also to describe and analyze its accessibility, resilience 
and robustness, and to evaluate and compare its evolution through time. This approach 
allows us to understand how species interact, what are the implications of their spatial 
organization and their reaction to human activity inside and around their habitat. [5] 

Graph theoretic and complex networks metrics can be divided into two types: connectivity 
and accessibility metrics. Connectivity metrics allow comparing the structural complexity of 
the network, and measuring the degree of network connectivity. Accessibility metrics allow 
to measure individual nodal accessibility and can be considered as advanced network 
analysis. Using these metrics we can identify individual changes in the network and causes 
for global structural changes.  

2.5. Multi-agent systems 

Our conceptual data model uses GIS, Multy-agent systems and Network analysis. Why to 
combine these three approaches? The aim is to benefit from the advantages of these different 
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intensification of development, and more and more transport infrastructures are added. 
Roads, rails and navigable rivers are linear elements of the landscape that function as 
movement barriers with different impedance dependent on species characteristics and level 
of traffic. Therefore spatial elements of urbanization processes ecological impacts should be 
modeled using GIS. Spatial modeling is done as a snapshot in time, which masks the 
dynamic nature of the processes modeled, for instance, a relevant aspect is the history of 
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each patch. If the patch was a part of a big natural area, but recently became isolated by 
surrounding urban fabric, its biodiversity probably has not declined yet. This is because there 
is a time lag in ecosystem response to environmental disturbance. Another patch of similar 
configuration could have very different characteristics because it was used for agriculture 
sometime in the past. Land-use legacies of the patches themselves and their neighbors can 
affect ecological systems for long periods. Thus temporal perspective on patches land-use 
history is important [11] and should be implemented in spatial modeling using GIS. 

2.4. Networks and graph-theory  

Graph-theory is a branch of mathematics that is dedicated to network topology. Leonhard 
Euler created the graph theory in 1736, but until the 1950’s it has been almost solely a 
mathematics and physics research subject. Due to GIS revolution and performance 
computing improvements between the end 1980’s and 1990’s, graph theory has been 
undergoing explosive growth in many disciplines including, geography, and of course 
landscape ecology and conservation biology [22]. Also, during that time period, we have 
witnessed the emergence of a new type of science: the science of complex networks [23]. 
Landscape and geographic networks can be considered as a subclass of complex networks, 
where nodes are located in an Euclidean bi- or three-dimensional space, and arcs express 
real physical relationships instead of abstract ones [24]. 

There is a natural affinity between Graph Theory and Geography. In fact, if we look at the 
1960’s emergence of the quantitative analysis and mathematics in the Geography, we find 
that geographic network analysis (GNA) is not new [29]. Topology also echoes Tobler’s 
groundbreaking work such as spatial dependence and interaction models. Therefore, and 
the fact that topology is about connectivity, the need becomes obvious to incorporate graph 
modeling and analysis of landscape habitat connectivity. 

Graph theory and complex networks metrics are useful not only to give a simplified 
visualization of system structure, but also to describe and analyze its accessibility, resilience 
and robustness, and to evaluate and compare its evolution through time. This approach 
allows us to understand how species interact, what are the implications of their spatial 
organization and their reaction to human activity inside and around their habitat. [5] 

Graph theoretic and complex networks metrics can be divided into two types: connectivity 
and accessibility metrics. Connectivity metrics allow comparing the structural complexity of 
the network, and measuring the degree of network connectivity. Accessibility metrics allow 
to measure individual nodal accessibility and can be considered as advanced network 
analysis. Using these metrics we can identify individual changes in the network and causes 
for global structural changes.  

2.5. Multi-agent systems 

Our conceptual data model uses GIS, Multy-agent systems and Network analysis. Why to 
combine these three approaches? The aim is to benefit from the advantages of these different 
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methods, that have proved to be fitted for analyze complex systems, namely environmental 
spatial systems.  

3. Data and methods 

3.1. Model conceptualization 

According to Longley, et al (2001), conceptual model is “…Human oriented, partially 
structured, model of selected objects and processes that are thought relevant …”. Bearing in 
mind our central issue: how to measure habitat connectivity from one point to another -, our 
first step is to the design the diagram that portrays this conceptual model. So, this first step 
is essential to define the data to be used and the subsequent operative processes. The 
conceptual model is developed in following stages (Fig. 1): 1) data acquisition; 2) GIS 
integration; 3) computational modeling; 4) multi agent system and network simulation; 5) 
validation of the model. Here we present a brief review on these topics. 

 
Figure 1. Conceptual model 

1) About data acquisition and validation. When acquiring data to integrate in a GIS 
environment we need to consider the following principles: the data is georeferenced and in 
this case uses a local datum in order to provide spatial accuracy. It has a detailed scale 
enabling to produce comprehensive information and it preserves topologic relationships. 
The analysis of habitat connectivity and its evolution considers land use data for a test-
region. It uses land use/cover data from the Corine Land Cover (CLC) database of the EEA 
(European Environment Agency). The CLC data is obtained through satellite images and is 
available for Europe in vector format for three different periods: 1990, 2000, and 2006. It uses 
a pixel size of 30 meters and the smallest mapping unit area is 25 hectares. We use the 1990 
and 2006 period as a toy example to analyze habitat connectivity evolution and we extract 
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five types of uses/covers: urban (urb), industry and commerce (wrk), agriculture (agr), forest 
(gre) and wetlands (wet). The scale of the data (1:100 000) is more appropriate to deal with 
global/regional phenomena and in this case not so adequate to study habitat fragmentation. 
Despite that we use this data for our toy model as it is rapidly accessible and enables 
temporal analysis and thus is suitable for our test purposes. Further testing with other types 
of data is planned. 

2) About Geographic Information Systems data integration. GIS are a special class of information 
systems that keep track of the location of the phenomena [7].The integration of 
georeferenced information in our computation process uses a specific application of 
NetLogo, the GIS extension. This extension provides the ability to load vector GIS data and 
raster GIS data into NetLogo, thus preserving the geographical integrity of the data. 

3) About the computational modeling. The computational modeling combines multi-agent 
system and network analysis using both NetLogo and Gephi software. First we model the 
connectivity graphs between land use patches based on rules that are defined using 
literature and are species specific parameters. Then we save the results (nodes and edges) 
with their coordinate system in order to explore them in network analysis software while 
maintaining the spatial perspective of the data.  

4) About multi-agent system (MAS) and Network analysis. The MAS enables to build 
connectivity graphs between the different land uses. These graphs can then be analyzed 
trough network analysis. The metrics are of two types: 1) global, i.e. representing the all 
structure of the networks (e.g. diameter, density, etc.), and 2) individual, i.e. representing 
the centrality and accessibility of each node (for instance Eigenvector, Betweenness and 
Closeness centrality metrics) 

5) About the validation and calibration of the model. During the development of the model, some 
problems were take in consideration: the scale is too global thus we need to test the model 
with data using a more detailed scale; the pixel size is too big so we need to decrease of the 
pixel size from 30x30m to 5x5m in order have more accuracy. We are only using one data 
type of generalized land uses. We need to combine other relevant spatial data such as 
infrastructure networks, urbanization densities, and areas with restriction to urban 
development. 

3.2. Model implementation 

The Unicorn model has been implemented in the NetLogo multi-agent system, in four steps. 

First, it was necessary to find a way to load the data files from GIS into the NetLogo multi-
agent system and, to display them properly (without distortion, etc.) inside the small 
patches that constitute the world of NetLogo [1]. Then, neighborhood graphs were created 
between adjacent patches with the same land use. After this step, other connections were 
made between these neighborhoods, symbolizing all the possible paths between them that 
have been found according to the specific rules based on the distance neighborhood. Finally, 
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these connections were saved and exported in a format, which can be used by Gephi [2], an 
open-source software for network visualization and analysis. 

3.3. Multi-agent system: NetLogo 

NetLogo is a software program and a programming language that is part of the Logo 
languages family, designed in a process of active learning and constructivist teaching for 
educational purposes (strong notion of play, testing and experimentation). 

It is both:  

 An agent-oriented programming language massively used to create, among various 
other things, virtual worlds in which thousands of entities (agents) can be created and 
simulated, each with their own processes and their own rules. Because of it’s Logo 
ancestry, this language is extremely easy to understand and learn; 

 An application that offers a complete and flexible graphical interface. It has multiple 
tools to visualize and study models (agent monitors, command center, viewing 
window, plots, etc.). In NetLogo it is possible to start and stop simulations or even 
directly manipulate some variables throughout the process (using graphical items such 
as sliders, buttons, menus, etc.). 

The NetLogo language does not include many advanced or complex features in its basic use, 
compared to other multi-agent systems (such as some widely used pedestrian behavior 
models or graph creating features), since it must stay easy to learn. However, in addition to 
the advantages mentioned above, the system has a plethora of useful features that make it 
an excellent tool in communication and that enable designers to focus on implementing their 
models. Thus, it is possible: 

 To export the results, displayed at any time through the graphical interface, as images, 
movies or CSV files (Comma-separated values files), useful for further data analysis in 
spreadsheet software; 

 To extend the language by creating extra functions oneself (written in Java or Scala) or 
just by using extensions created by other programmers; 

 To integrate the whole system into another application; 
 To replicate the same simulations or even to run entire experimental designs, when the 

studied model requires more than one try (such as stochastic models), etc. 

These possibilities led NetLogo to become a tool used to program models in many different 
sectors, such as urban planning, biology, chemistry, social sciences, small games, etc. The 
implemented models belong to a wide range of complexity, from those which are called 
“simple” (such as the two-body problem) to much more complex systems (such as the 
simulation of pedestrian behavior during building evacuation). 

Finally, it could be noted that the representation of agents in NetLogo is unusual. There are 
in fact only four different kinds of agents: 
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 The turtles are entities that are closest to the commonly used definition of agents – 
moving entities that can change state according to rules; 

 The patches are in fact small pieces of the “floor” of the model world. The viewing 
window is modeled as a grid of patches, each representing a square land area. Turtles 
are located on patches. As opposed to the mobile turtles, the patches are stationary; 

 The links are a type of “linear” agents. They connect two turtles together; 
 The observer is a unique agent and is the “master” of the world. It is through the 

observer that the modeler creates and manipulates other agents. It has no location or 
visual representation. 

In the case of the Unicorn model, all types of agents are used: patches are used to store the 
land use data from files generated with the GIS application; turtles and links are used to 
create connectivity graphs, first between adjacent patches of the same land use value, then 
between non-neighboring patches of the same land use. 

3.3.1. Loading land use data into patches 

An extension of NetLogo, logically called “GIS extension”, can be used to load topological 
data, raster or vector, contained in files created with a GIS (shape files or ASCII files). 

In our case, we imported the land use GIS data into the model. The data was in fact simple 
numerical values. The map was rasterized and each patch (or each “cell”) contained a 
numeric code. Each one of those represented a particular type of land use. For instance, 
“111” meant that the current patch was a part of an urban area, “121” corresponded to 
industrial land-use, “211” to agriculture, “311” to semi-natural and natural landscape 
elements (woods, grasslands, etc.), “411” to water bodies (lakes, ponds, etc.) and, finally, 
negative numbers to not specified spaces (patches with no data or outside correspond the 
studied map). 

NetLogo automatically matched the raster pixel grid contained in the imported file to the 
one formed by the patches. The data was then stored in a patches-own variable. The 
accuracy of the result of this mapping could be decreased or increased by adjusting the 
number of patches in the model. If there were fewer patches than values in the source file, 
they would acquire the value of the majority of patches that were inside the square of 
each pixel. 

The translation of these values was then performed in the model: each patch received the 
land use it represented as a string and a fill color, for visualization (see Figure 1): 

 In red, urban areas (label, in the model: “urb”); 
 In purple, working areas (“wrk”); 
 In yellow, agricultural areas (“agr”); 
 In green, grasslands and woods (“gre”); 
 In blue, water bodies (“wet”); 
 In gray, not specified areas (empty label). 
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 The turtles are entities that are closest to the commonly used definition of agents – 
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 In red, urban areas (label, in the model: “urb”); 
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Figure 2. Overview of an imported land use dataset in the Unicorn model 

3.3.2. Land use neighborhoods 

After each patch received its land use value, it was necessary to classify them in groups 
belonging to the same area. 

An area was defined as a group of patches sharing the same land use value and having at 
least one of their 4-neighbors (patches with one side in common with the current patch: 
patches directly to the north, south, to the east and west) following the same rule.  

A node (turtle) was created in the center of each patch with a certain land use value. Next 
each one of the nodes was connected (through a link) to those present on the four 
neighboring patches with the same land use value. Then, we used a propagation algorithm 
to retrieve sets of turtles, which were interconnected (see Algorithm 1). Sets of links that 
belonged to each set of turtles were stored in another list, but in the same order. All 
interconnected nodes belonged to the same and unique group. 

PROCEDURE find_areas 
 
LET A = [ ]: sets of turtles in the same area 
LET L = [ ]: sets of links between turtles in the same area 
LET T: set of turtles which are not member of any item of A 
 
WHILE T is not empty 
SELECT one random turtle from T (seed) 
LET a = { T }: set of turtles in the current new area 
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LET n: connected turtles to turtles  a 
 
WHILE there are turtles in n  a 
FOREACH n  a 
ADD n to a 
END FOREACH 
SET n : connected turtles to turtles  a 
END WHILE 
 
ADD a to A 
ADD to L the set of links between turtles  a 
REMOVE all turtles  a to T 
END WHILE 
 
END PROCEDURE 

Scheme 1. Areas detection (propagation through neighborhoods) algorithm. 

The fig. 3 is an example of output: 7 areas were detected.  

 
Figure 3. An example of creation of neighborhoods 

At the end of the process, we obtained two lists containing the following seven items: 

Position in turtles and 
links lists 

Land use label 
Number of turtles in the 
same neighborhood 

Number of links 
between turtles 

0 Agr 2 1 
1 Urb 30 43 
2 Gre 85 141 
3 Gre 1 0 
4 Gre 7 7 
5 Gre 18 20 
6 Agr 169 273 

Table 1.  
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3.3.3. Building connections between same land-use neighborhoods 

We considered the distance between the neighborhoods with the same land use. The 
algorithm searched for all existing paths between their patches, according to a certain 
maximum threshold distance (see scheme 2). Only turtle-to-turtle displacements were 
allowed, through links, so we used the Manhattan distance (also called the taxicab norm) to 
find the paths, instead of the Euclidian distance, as animals disperse from one patch to 
another they have a general destination, but they don’t move in a straight line. Rather, they 
exhibit foraging behavior, exploring the area and searching for food on the way. 
PROCEDURE find_connections_between_areas 
 
LET distance_max: maximum distance for finding paths between areas with same 
land use value 
LET A: sets of turtles in the same neighborhood 
 
FOREACH set S in A 
LET B: turtles  S, with less than 4 links between them and others turtles  
S (i.e. turtles on the edge) 
LET list_num_paths: list of numbers of paths between S and other sets of 
turtles  A 
 
FOREACH turtle b  B 
FOREACH set Si in A (Si ≠ S) 
LET i: position of Si in A 
LET Bi: set of turtles bi  Si, on the edge AND with manhattan_distance(b, 
bi) ≤ distance_max 
LET C: paths(b, Bi) 
INCREMENT item i of list_num_paths by COUNT C 
 
FOREACH C 
CREATE red links between start and end 
END FOREACH 
 
END FOREACH 
END FOREACH 
END FOREACH 
 
END PROCEDURE 

Scheme 2. Procedure for finding the number of connections between areas with same land use value, 
within a given maximum distance algorithm. 

In scheme 2, the Paths(start, ends) procedure was used to compute all paths between a turtle 
from the edge of an area (start of the searching) and turtles from the edge of another area 
which were not too far from the first one (ends). A path is a list of turtles. We used a simple 
graph search algorithm (see Algorithm 3). 
PROCEDURE paths(turtle_start, turtles_ends) 
 
LET distance_max: maximum length for a path 
LET PF = [ ]: list of paths found 
LET Q = [[turtle_start]]: stack of paths found partially 
LET CA: land use that can be “crossable” 
 
WHILE Q is not empty 
LET C: Pop(Q) (last partial path in Q) 
 
IF last turtle of C  turtles_ends 
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THEN  
ADD C to PF 
ELSE  
FOREACH ni  4-neighbors of last turtle of C 
IF (land use value of ni  CA OR ni  turtles_ends) AND 
manhattan_distance(last turtle of C, turtle_start) ≤ distance_max AND ni  C 
THEN 
ADD ni at the end of C 
Push(C, Q) 
END IF 
END FOREACH 
END IF 
END WHILE 
 
END PROCEDURE 

With these procedures, the paths were found two times: from an area A to an area B and, in 
the reverse situation, from the area B to the area A. 

Applied with the example shown in Fig. 3 and a maximum distance of 3 patches, we 
obtained the following result, illustrated in Fig. 4 below: 

[2 5 1] [5 2 1] [2 3 1] [3 2 1] [3 4 3] [4 3 3] 

Each triplet contains the position of the starting area, the position of the ending area in the 
list of groups of turtles (with the same land use value created in section 3.3.1) and the 
number of paths between them. 

 
Figure 4. Connections between green areas with a maximum distance of 3 patches 

If the maximum distance is 5 patches, then the algorithm produces more paths (see Fig. 5): 

[4 5 10] [5 4 10] [3 5 3] [5 3 3] [3 4 28] [4 3 28] [3 6 37] [6 3 37] 
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Figure 5. Connections between green areas with a maximum distance of 5 patches 

The results were then saved into a file to be read by Gephi. For each area, the model 
computed and stored the polygon centroid (average of coordinates of the patches) instead of 
center (average of the coordinates) and the number of patches that composed it, its land use 
value and the year of the studied data. Then, for each connection between areas, the starting 
and the ending areas are stored, and the number of paths found between the two. 

3.4. Network analysis 

Complexity dictates the end of the reductionism, and has explained that for us to 
comprehend nature we can no longer first decipher its components, but instead we have 
deciphered the relations taking place. Nowadays, scientists recognize that nothing happens 
in isolation and most events and phenomena are connected, caused by, interacting with each 
other [26].  

We already have subscribe Longley et al phrase that’s something special about spatial, and 
also we have argue that graph theory and complex networks metrics are useful tools not 
only for networks visualization, but also to describe and analyze network structure, it’s 
resilience and robustness, well as the accessibility of the components, and to evaluate and 
compare its evolution, through time. Taking that in account, we aim to have software that 
allows us to do spatial-temporal network analysis, and to uncover information that has been 
unrevealed due to classic linear analysis methodologies, that rather considering the 
phenomena dialectic are focus on the phenomena’s. Therefore, we come into Gephi which is 
an open source software for graph and network analysis that also provides easy and broad 
access to network data and allows for spatializing, filtering, navigating, manipulating and 
clustering [28]. 

The networks metrics for analysis that we consider can be shifted in two: global metrics 
and individual metrics. Global metrics are the ones that analyze the network as a whole, 
its connectivity and structure. The density (that tell us how close is a graph to become 
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complete), the diameter (How far apart are the two most distant nodes), modularity 
(communities detection) and the time-line (that allow us to compare the evolution of 
connectivity). For individual network metrics, which are the ones that revealing the 
accessibility of each node of the network and better understand the role and importance 
of the node in the network. The degree of the node or eigenvector (measures the 
importance of a node in the network based on node’s connections), the betweeness 
(measure how often a node appears on shortest-path between nodes in the network) and 
closeness (the average distance from a given starting node to all others nodes in the 
network) [27, 28].  

4. Results and discussion 

The global metrics revealed, for both time periods (1990 and 2006), the presence of poor 
connectivity networks (table 1). 

  
Table 2.  

The highest the values for density and diameter of the network, less are the connectivity, 
and consequently more fragmented the landscape are, i.e. more difficult for species to travel 
through patches (average path length). That reality is highlighted by the existence of more 
isolated communities.  

The following figure (fig. 6) is also very helpful for us to understand network evolution 
through time. 

As we can see, from 1990 to 2006 there is a lost of connection between nodes (habitat) on the 
NW part of the network, which leads to the creation of more sub-graphs and consequently 
lost of connectivity.  

Metric 1990 2006

Diameter 8 5

Density 0.043 0.029

Modularity
Number of Communities

20 30

Average Path length 2.16 3.45
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Figure 6. Temporal analysis connectivity  

5. Conclusions and further research 

We can conclude that our spatial-temporal bottom-up approach model suites the empirical 
knowledge on the habitat analysis so it can uncover some reality, as habitat fragmentation 
on space and species dangerous of isolation and extinction, accordingly to some business-as-
usual kind of trend spatial policy. 

Although, we consider that the model as to be more refine and robust in order to better fits 
reality and applies for well better spatial planning decisions. The fact that we needed to 
migrate data through different software’s is a major minus. Therefore, our further research 
is either considering a creation of a friendly graphic user interface that could run as a plugin 
for some GIS software, or build our own GIS-Multi-agent-complex network based open 
source software. 

Also, in a more short time table, we are already experiment and parameterize some 
individual metrics of nodes accessibility as an upgrade of connectivity metrics. We consider 
those metrics helpful for understand resilience and robustness of the network, i.e. what 
could happen to the network connectivity, if we lose this or theses particular nodes? Which 
nodes (habitats) lose their connectivity to the network? Which nodes is the core or the 
periphery of the network? Which nodes are from the cluster or the hub of the network? 
Those are only some of the answers that we could already get answers, both we believe at 
this research stage of our experimental project, that some other algorithms can be easily 
created and tested. 
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1. Introduction 

Man has always been proficient producer of waste; however, towards the end of the 20th 
century saw the upsurge of a new, noxious clutter: the electronic detritus that has come to 
be known as e-waste. The consumption of electronics: televisions, computers, cell phones, 
video games, iPods, etc has increased over the last few years, making the electronic industry 
the world’s largest and fastest growing enterprise [1]. The boom in the consumption of 
electronic products also come with a price to be paid –the management of the end-of-use 
products, or the e-waste. According to UN estimates, between 20 to 50 million tonnes of e-
waste are generated worldwide annually, accounting for about 5% of all municipal solid 
waste. Not only is the figure representing the fastest growing municipal waste stream, it 
also has the potential of increasing further. In the case of mobile phones, for example, 98 
million phones are said to be discarded in America annually [1].  

The increased consumption and production of EEE have been facilitated by rapid economic 
growth, an increasing urbanization and globalization [2]. These have become major drivers 
of change, providing forceful leverage to socio - economic and technological growth in most 
developing societies, and contributing significantly to the digital revolution worldwide. 
Indeed, new electronic gadgets and appliances have infiltrated every facet of live today, 
providing society with more comfort, health, security and easy information acquisition and 
exchange [3]. Ironically, e-waste has become an emerging challenge as well as a business 
opportunity of tremendous significance. This is due to the volumes being generated and the 
content of both toxic and valuable materials in them. The fraction of iron, copper, 
aluminium, gold and other metals in e-waste is over 60% while plastics account for about 
30%, with hazardous pollutants comprising about 2.7% [4]. 

Some recent studies [5,6] indicate that the society is ‘unconsciously’ creating its own toxic 
footprints. A research by Swerts argues that “the same hyper-technology that is hailed as a 
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'crucial vector' for future modern societal development has a not-so-modern downside to it: 
electronic waste” [7]. The fact is that the increasing 'market penetration' in the developing 
countries, 'replacement market' in the developed countries and 'high obsolescence rate' 
make e-waste one of the fastest growing waste streams. Currently, the average life span of a 
computer has shrunk from 6 years in 1997 to less than 2 years as at 2005, generating a 
flourishing export trade in used computers from developed to developing countries through 
up to 75% of such shipments are normally unusable [8]. 

The resultant waste is posing a serious challenge in disposal and recycling and creating ugly 
solid waste management (SWM) scenes in most developing societies. The fact is that, 
managing the normal waste from households in these countries already appears to be an 
insurmountable task [9]. It is therefore seen as more complicated if the so-called e-waste 
invasion from developed countries finds an easy entry into the developing countries all in 
the name of free trade [10]. Admittedly, the absence of proper mechanism, regulations and 
standards of disposal make these high-tech products often end their lives in the ‘normal’ 
waste stream meant either for recycling or landfilling [9]. The situation becomes worrying in 
situations where studies in China and India have shown that unregulated disposal of such 
wastes can contaminate soil, groundwater, and air, as well as affect all those involve in their 
processing, as well as the nearby communities [11,5].  

Without doubt, most of the e-waste disposed of in developed countries eventually arrives in 
African countries through both legal and illegal means [9], where it is processed under risky 
conditions by poor and marginalised population. This condition of risk includes toxic health 
and environmental dangers. However, at the same time, access to livelihoods, access to 
technology, upgrading of technical skills and know how, the extension of useful life of 
electronics and material reuse also occur [12,13]. The e-waste processing sites in Ghana 
exemplifies the challenges Africa policy makers face with respect to e-waste and its impacts 
on health and the environment.  

This paper looks at the magnitude e-waste trade in Ghana by analyzing the growing trade in 
electronic products ostensibly “to bridge the digital divide”. It also examines its current 
management practices. The goal is to help raise awareness about the growing e-waste 
menace and encourage critical debate around the issues and hopefully, enable further 
action. The objectives of the study were achieved through years of research in the subject 
area [see 9,14,13,15]. The data were further updated by in-depth interviews with the key 
stakeholders in both public and private sectors, especially at Agblgbloshie which is the hub 
of e-waste activities in the country (see Figure 1). 

The paper is structured as follows. The next section explores the meaning of e-waste and poses 
the question whether e-waste is a reality or myth. The third section examines the global 
dynamics of e-waste and presents an overview of the Ghanaian situation. This is followed by a 
discussion on the e-waste circuitry in Accra including the limitations that confront the current 
management system. The conclusion examines a way forward on how to make the e-waste 
recycling in the Ghanaian economy in particular and possibly, other developing countries in 
general more environmentally friendly without compromising its economic virtues.  
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2. What is e-waste?  

In general, e-waste describes old, end-of-life electronic and electrical equipments (EEE) or 
waste generated from any equipment running on electricity or a battery including 
computers, laptops, TVs, DVD players, mobile phones, MP3 players, etc., which have been 
disposed by their original users. It has been categorized into three main groups, and these 
are; large household appliances like refrigerator and washing machine; information 
technology (IT) and telecom like a personal computer (PC), monitor and laptop; and 
consumer equipment like television sets. Each of these e-waste items has further been 
classified with respect to 26 common components which form their 'building blocks' and are 
therefore readily 'identifiable' and 'removable.' These include metals, compressors, plastics, 
glasses, wiring/electrical, transformer, circuit board, fluorescent lamp, brominated flamed 
retardant (BFR), etc. 

E-waste also contains more than 1000 different substances, which make it either ‘hazardous’ 
or 'non-hazardous'. The presence of elements like lead, mercury, arsenic, cadmium and 
flame retardants beyond threshold quantities in e-waste classifies them as hazardous waste. 
Generally, EEEs are largely classified under three major heads, as: 'white goods,' like 
household appliances (air conditioners, dishwashers, refrigerators and washing machines); 
'brown goods,' like TVs, camcorders, cameras, and 'grey goods,' including computers, 
printers, fax machines, scanners, etc. The grey goods are comparatively more complex to 
recycle due to their toxic (hazardous) composition. 

2.1. The e-waste blues – A myth or reality? 

The literature is replete with conflicting statements on whether e–waste is ‘stunning 
whitewashed of reality’ or otherwise. Greenpeace for example argues that e-waste is being 
exported often illegally to Ghana from Europe and the U.S [5]. In the e-waste yards, 
unprotected workers many of them children dismantle computers and T.Vs with little 
more than stones in search of metals that can be sold. The remaining plastics, cables and 
casing are either burnt or simply dumped. Brook as long ago as 1988, had also revealed 
that as safety laws in Europe and the USA push toxic waste disposal cost up to $2,500 a 
ton, waste brokers are turning their attention to the closest, poorest, most unprotected 
shores – West Africa [16]. Jim Puckett, a former Toxic Director of Greenpeace paints a 
glimmer picture of the main recycling site in Ghana. He writes:  

It [Agbogbloshie] is a place where the developed world's old techno-crash waste has been tossed 
up by the hidden currents of today's consumerism and commerce, and has found a strange 
resting place..... In these global waysides, questions beg for answers; they cry out from the bone 
yards where these fallen icons of our proud information age lie as rotting fruit the progeny of 
centuries of technological advancement. Machines which months ago could process a billion 
instructions per second have found their end as metal and plastic skeletons in the world's most 
sorrowfully poor communities, to be subjected to hammer and fire, emitting deadly smoke and 
fume [6]. 
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However, Larry Summers, a former Economist of the World Bank in 1991, reportedly 
justifies the economic sense of the exportation of e-waste to developing countries. According 
to Summers: 

the less developing countries especially those in Africa, are seriously under polluted and thus 
can stand to benefit from pollution trading schemes as they have air and water to spare; 
environmental protection for health and aesthetic reasons is essentially a luxury of the rich, as 
mortality is such a great problem in these developing countries that the relative minimal 
effects of increased pollution would pale in comparison to the problems these areas already face 
[cited in 4]. 

Incidentally, a former Deputy Minister of Local Government in Ghana in 2008 subtly 
collaborated Summers’ assertion, by emphasizing that, ‘there is no dumping of e-waste in 
Ghana’ [17]. Reacting to the Daily Graphic report, an Officer of the EPA in Ghana in 2008 
ranted during a local radio discussions that ‘there is no need for people to be concerned; … 
the situation is not as scary as the media is making it look like’. 

Notwithstanding the many negative commentary and contestation about e-waste, recent 
studies have demonstrated succinctly that e-waste contains valuable metals like copper, 
gold, and silver that are lost if not recovered properly, and which have to be compensated 
for by intensified mining activities, which ultimately lead to severe sustainability impacts. A 
conundrum is created as to whether e-waste recycling is an “economic boom or an 
environmental doom”. The nexus becomes more complex particularly at Agbogbloshie, the 
hub of e-waste activities in Ghana, where there is nothing like “waste”; where every object, 
component, and material has “value”. On the daily basis, computers and televisions are 
regularly bought and sold, assembled, disassembled, and reassembled. They disintegrate 
into their constituent materials-plastics, glass, and metals. Plastic printer cases are smashed 
with rudimentary tools including hammer, spanner, chisel and even the bare hands.  

3. The global dynamics of e-waste  

Millions of computers purchased around the world every year become obsolete and leave 
behind lead, cadmium, mercury and other hazardous wastes. Recent studies have shown 
that a workplace computer has a life span of about 2 -3 years, whilst that of a household is 3 
– 5 years [18]. Additionally, Mundada et al, revealed that in 2004, 315 million computers 
became obsolete while 183 million new ones were sold [19]. They also noted that since 2005, 
for every new computer put on the market comes with an obsolete one. The US EPA 
estimates that in 2007, 29.9 million desktops and 12 million laptops were discarded in the 
USA; that is over 112,000 computers were discarded daily [20]. In the same year, a total of 
205.5 million units of computer products were disposed of out of which only 48.2 million or 
18% was recycled while the rest was trashed – in landfills or incinerators (see Table 1).  

Similar studies concluded that only about 10% of the total waste generated are recycled 
while about 80% are exported into developing countries, most of which end up in landfills 
and incinerators [21,22,23]. In the European Union (EU), the volume of e-waste is expected 
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and incinerators [21,22,23]. In the European Union (EU), the volume of e-waste is expected 
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to increase by 3 to 5% a year while developing countries are expected to triple their output 
of e-waste by 2010.  
 

Products Total disposed 
(millions on 

units) 

Trashed 
(millions on 

units) 

Recycled 
(millions on 

units) 

Recycle ratio 
(by weights) 

Television 26.9 20.6 6.3 18% 
Computer 
products 

205.5 157.3 48.2 18% 

Cell phones 140.3 126.3 14 10% 
Source: US Environmental Protection Agency, July 2008. 

Table 1. E-waste generation and handling processes in the USA (2007). 

Proportionately, e-waste is currently not a large part of the waste stream though it shows a 
potentially higher growth rate than any other category of municipal waste. In the USA for 
example, between 2005 and 2006, the total volumes of municipal waste increased by only 
1.2%, compared to 8.6% for e-waste [20]. Some studies have also revealed that about 90% of 
e-wastes in some developed countries end up in landfills [23]. Such a tendency has 
increased the agitations by civil society groups over the negative environmental impact of 
improper handling of e-waste. Today, beyond doubts a large proportion e-waste from the 
developed world is being exported – in some cases illegally – to developing countries 
including Ghana [24], where the appropriate end-of-life management systems are non-
existent [9]. 

4. Ghana and e-waste: an overview of the issues  

Beyond doubt, there has been a phenomenal growth in the ICT sector in Ghana in the last 
decade due to its application in the national growth process (schools, internet cafes, etc) [25]. 
Probably the single most relevant and comprehensive document on ICT and development in 
Ghana is the ICT for Accelerated Development Policy, which hopes to “transform Ghana 
into an information-rich, knowledge-based and technology driven high income economy 
and society” [26]. It aims to introduce computers into all schools to allow children who 
might otherwise not have access to quality educational opportunities to use the laptops to 
access knowledge and provide them the opportunity to engage their own capacity for 
learning, regardless of their physical location or financial limitations. Between 2010 and 
2011, the Ministry of education, in conjunction with rlg Communications Limited, a local 
private computer assembling company successfully distributed 60,000 laptops to school 
pupils throughout the country.  

The introduction of the Global System for Mobile Communication (GSM) has also increased 
the preference for mobile telephony. This has reduced fixed telephone services from 206,300 
lines in 2000 to 143,900 by 2008 and thus creating large quantities of obsolete telephone sets 
which are being thrown away or stored for perceived value. Figure 2 shows the trend in the 
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number of mobile and fixed telephone lines in the country from 2000 to 2009. From the 
figure, mobile phone subscription increased from 90,000 in 2000 to more than one million in 
2004 and to almost 15 million by the end of 2009. The teledensity (in respect of mobile phone 
alone) thus grew from about 5 phones to 100 people in 2000 to 49 phones in 2008, an 
increase of about 190%.  

 
Source: Oteng-Ababio 2010; **2009 data from National Communication Authority (NCA) Records 2010 

Figure 2. Number of Mobile and Fixed Telephone Lines in Ghana 2000 – 2009 (in thousands) 

One important characteristic of e-waste scenario in Ghana is the fact that the rate at which 
electronic gadgets became obsolete is also not known. This is because of inappropriate data 
management practices and the fact that a number of them come in already old. Additionally, 
Ghana’s land frontiers are porous, particularly along certain stretches of its three land 
borders (Cote d’Ivoire, Togo and Burkina Faso), making shipments through unmonitored 
routes possible. Figure 3 presents the trend of used computers imports into Ghana between 
2004 and 2011, which until 2004, had been unattractive due to the then associated high 
import duty. Trade blossomed only when the government zero-rated (tax exempted) the 
importation of computers and computer accessories in 2004, primarily to make the product 
affordable and promote the use of ICT in the Ghanaian economy. From figure 3, a total of 1.3 
million kg of used computers and accessories were imported to Ghana in 2004, reaching 10.3 
million by 2011.  

A major characteristic about the advancements in ICT in Ghana is the increased dependence 
on used or refurbished products, due mainly due to financial considerations. The reality is 
that although the poverty rate in the country fell from 51% in 1991/92 to 28.5% in 2005/06, 
yet an estimated 44.8% of the population still live on less than one US dollar per day [27]. It 
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goes without saying that a large segment of the population could not genuinely afford a 
new computer if they were to join the global ICT revolution. During the studies, some used 
computers could be obtained for as low as 30% of the cost of a new product of similar brand 
in Accra. For example, while a new Toshiba A110 series laptop computer cost $1,200, a 
refurbished one of the same make was going for about $150 [9].  

 
Source: Oteng-Ababio 2012 

Figure 3. Trends of Used Computer Imports into Ghana: 2004-2011 

Computers are playing a huge role in the Ghanaian socio-economic developmental 
agenda. Yet, the authorities lack the technology and infrastructural capacity to handle 
such waste. Accordingly, crude (open) dumping and recycling have become the lot of 
most local authorities who are constitutionally mandated, and responsible for waste 
management. This task is expected to be executed in a society where majority seem to lack 
appreciation of the threat pose by improper disposal practices. The need for a conscious 
public awareness (creation) campaign, which may culminate in the promulgation of the 
appropriate legislations regarding the proper handling of e-waste, has been long overdue. 
Ultimately, the quest to satisfy potential and actual human consumption demand should 
not necessarily lead to negligence of ecological and health concerns or to blatant dumping 
of junk products on the stakeholders as being claimed by some environmental NGOs and 
other media houses. 

5. Think Globally, Act locally: Accra’s e-waste circuitry  

5.1. The legal framework for e-waste management   

Despite a wide range of environmental legislation in Ghana, there are no specific laws for 
e-waste recycling [28,9]. In recent times, the Government in conjunction with its 
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development partners has initiated processes through workshops and seminars, to 
enhance awareness creation about environmentally sound e-waste management. In 2005, 
a National Working Group was constituted by the EPA to help formulate a strategy for e-
waste recycling but the outcome of their deliberations is yet to be made public. Ghana is 
however a signatory to the Basel convention which seeks to provide a framework for the 
international regulation for e-waste.  

Research shows that in the 1970s and 1980s some developed countries used to export 
hazardous wastes to developing countries for final disposal which before long culminated in 
serious environmental pollution [29]. To remedy this problem, the Basel Convention came 
into effect in 1992. The Basel Convention requires that prior notice of any proposed export of 
certain hazardous items should be given to the government of an importing country and 
approved by it. But the Basel Convention does not regulate secondhand items and some e-
waste scrap (including printed-circuit boards).  

In principle, the Convention does not solve the new environmental problem caused by the 
recycling of e-waste. To solve the new problem, it is argued that the Basel Convention 
should be amended in such a way that hazardous wastes must not be exported from 
developed countries to developing countries for any purpose (even for recycling). In 1995 
such a statement was presented as the Basel Total Ban, but it has yet to be agreed upon. 

The convention also prohibits trade between Annex VII countries (OECD, EU and 
Liechtenstein) and non-Annex VII countries. The convention contains language that 
exempts prohibited trade in cases where an Annex VII country has signed a bilateral trade 
agreement with a non-Annex VII country so long as that agreement contains equivalent 
provisions for “environmentally sound” treatment of waste (the convention however fails to 
define “environmentally sound”). Despite the ratification, the convention becomes 
operational and applicable only when it has been properly “domesticated” which the 
government of Ghana has failed to do till date.  

5.2. Informal e-waste recycling  

In the main, the collection and re-cycling of e-wastes is by the informal sector [25,13]. The 
practice however exhibits a highly stratified system, comprising collection, recycling, 
refurbishment and reuse activities and eventually the disposal of the residuals. Generally, 
the EEEs are processed informally in small workshops using rudimentary methods such 
as manual disassembly and open burning. The appliances are stripped of their most 
valuable and easily extracted components which are processed to directly reusable 
components or secondary raw materials in a variety of refining and conditioning 
processes. There are also indications that some selected components like printed wiring 
board are selected for export probably to Asia for recycling [13]. The remaining parts are 
dumped or stockpiled directly. Figure 4 gives an overview of the current end-of-life 
management practices in Ghana. 
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waste recycling but the outcome of their deliberations is yet to be made public. Ghana is 
however a signatory to the Basel convention which seeks to provide a framework for the 
international regulation for e-waste.  

Research shows that in the 1970s and 1980s some developed countries used to export 
hazardous wastes to developing countries for final disposal which before long culminated in 
serious environmental pollution [29]. To remedy this problem, the Basel Convention came 
into effect in 1992. The Basel Convention requires that prior notice of any proposed export of 
certain hazardous items should be given to the government of an importing country and 
approved by it. But the Basel Convention does not regulate secondhand items and some e-
waste scrap (including printed-circuit boards).  

In principle, the Convention does not solve the new environmental problem caused by the 
recycling of e-waste. To solve the new problem, it is argued that the Basel Convention 
should be amended in such a way that hazardous wastes must not be exported from 
developed countries to developing countries for any purpose (even for recycling). In 1995 
such a statement was presented as the Basel Total Ban, but it has yet to be agreed upon. 

The convention also prohibits trade between Annex VII countries (OECD, EU and 
Liechtenstein) and non-Annex VII countries. The convention contains language that 
exempts prohibited trade in cases where an Annex VII country has signed a bilateral trade 
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provisions for “environmentally sound” treatment of waste (the convention however fails to 
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operational and applicable only when it has been properly “domesticated” which the 
government of Ghana has failed to do till date.  

5.2. Informal e-waste recycling  

In the main, the collection and re-cycling of e-wastes is by the informal sector [25,13]. The 
practice however exhibits a highly stratified system, comprising collection, recycling, 
refurbishment and reuse activities and eventually the disposal of the residuals. Generally, 
the EEEs are processed informally in small workshops using rudimentary methods such 
as manual disassembly and open burning. The appliances are stripped of their most 
valuable and easily extracted components which are processed to directly reusable 
components or secondary raw materials in a variety of refining and conditioning 
processes. There are also indications that some selected components like printed wiring 
board are selected for export probably to Asia for recycling [13]. The remaining parts are 
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Figure 4. The current recycling and disposal practices in the study area 

5.2.1. Collection  

The collection process is the first point of entry into the e-waste economy. The collectors are 
mostly youthful and constitute majority of the workforce in the e-waste trade. They are the 
actors who execute door-to-door collections of used electrical and electronic equipments 
(EEE) from private homes, institutions, dump sites and transfer stations. It can thus be 
concluded that waste collectors “make a living” by creating their own jobs as opposed to 
“earning a living” in regular formal employment. However, they do not operate in a 
separate economic realm since their operations depend on both the local and international 
formal economy. Moreover, there can be various loops from informal activities back to 
formal industry in terms of supplying recycled inputs. The challenge however is that like 
most informal activities, they operate in a subordinate position within global and local 
economies. 

Initially, collectors did not have to pay anything for items dumped at street corners, 
neighbourhoods or dump sites. However, with increasing competition occasioned by 
increasing youth unemployment and the entrance of more prospective scavengers, the 
“waste” has begun to attract a competitive price. During the fieldwork, it was learnt that a 
collector has to pay $1–2.5 for an obsolete desktop computer. Some collectors also directly 
engage in the dismantling and recovery of metals including the burning of cables and wires 
to liberate copper, but there are a few who “sell their booty” to middlemen, who also serve 
as the intermediaries between the collectors/recyclers and scrap dealers.  
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An emerging dynamic in the collection of e-waste is the increasing spatial extent that 
collectors have to explore. Initially, many collectors operated within Accra and its environs 
and commuted daily between Agbogbloshie and their targeted mining neighborhood for the 
day. With increasing competition, the city appears fully mined and collectors have to 
increase their orbit for scavenging, spend days in targeted areas, build bulk before returning 
to base at Agbogbloshie with their booty. This has implication for the sustainability of the 
enterprise. For example, collectors now need huge “financial capacity” in order to spend 
days at a targeted destination and build bulk.  

5.2.2. Refurbishment and reuse activities  

Generally, reuse of older electronic products is a common practice in Ghana and the most 
environmentally preferable option in dealing with e-waste. It is also economically the means 
through which many people can access electronic products. It further conserves energy and 
raw materials needed to produce new once and reduces pollution associated with energy 
use and manufacturing. Unfortunately, since most used electronic imports are rarely tested 
for functionality, there is high level of refurbishment and repair, and this serves as a 
disincentive and time-consuming.  

Additionally, repairing and refurbishing have emerged as important segments of e-waste 
(mis)management. Refurbishers transform old/nonfunctioning products by replacing 
defective components. They engage in cleaning and repairing activities in order to make the 
refurbished product more appealing and affordable to the populace. The findings reveal 
that the cost of a secondhand desktop computer at Agbogbloshie which hovered around $60 
in 2010 had dropped considerably 2012. Table 2 presents the current price list of the value 
chain of some of the electronic items on offer at Agbogbloshie.  
 

Prices  
(GHC) 

Cell 
phone 

CRT 
monitor  

Desktop 
computer 

Laptop  Fridge  Air 
conditioner  

Consumers 1.5 - 5 2 - 5 2- 10 5 - 10 10-20 10 – 40 
Refurbished  15 - 50  5 -10 10 - 50 10 - 50  20-50 30 – 90 

Source: Field work, 2012   

Table 2. Prices of some selected refurbished electronic equipments at Agbogbloshie 

The area is also seen as having extensive inventories of accumulated parts to service the 
reuse cluster while the city refurbishers travel to the area to source parts. Local re-users 
capitalize on available stocks and so have “earned” reputations as the most rapid installers 
of reused components in the country. Accordingly, reuse traders, shopkeepers, and 
“individuals in the known” send devices from all over the country to be repaired in 
Agbogbloshie. It was also established that some of the refurbishers have also opened outlets 
outside Accra, especially in the Northern regions where they also coordinate the repairs and 
sale of refurbished electronics. Figure 5 shows some refurbishers of computer system units 
at the study area.  
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Source: Field work, 2011 

Figure 5. Electrical refurbishing shops in Agbogbloshie 

5.2.3. Crude recycling 

Informal dismantling and recycling of e-waste aimed at material recovery is emerging as ‘a 
lucrative business’ in Ghana. At the Agblobgloshie e-waste management site, their primary 
activities include manual disassembly of obsolete computers, monitors, televisions, etc to 
isolate metals (copper and aluminium). There is also open burning of certain components to 
isolate copper from plastics in which they are encased, particularly from plastic coated wires  
and cables (see figure 6).  
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Source: Field work, 2011  

Figure 6. An open burning of e-waste to harvest copper at Agbogbloshie 

Much of the work is carried out by children, using only rudimentary tools and with no 
protective equipment. The recovered materials have ready market; copper is sold at 22 US 
cents (0.22 USD) per half kilo while plastic is sold at 1 US cent (0.01 USD) per kilo (see 13). 
Admittedly, this crude practice results in some loss of resources and environmental 
pollution yet it remains a major source of livelihood for many of the urban poor, especially 
the displaced youth from the North, who are compelled to choose between living in 
perpetual poverty or working in “perceived poison”.  
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Much of the work is carried out by children, using only rudimentary tools and with no 
protective equipment. The recovered materials have ready market; copper is sold at 22 US 
cents (0.22 USD) per half kilo while plastic is sold at 1 US cent (0.01 USD) per kilo (see 13). 
Admittedly, this crude practice results in some loss of resources and environmental 
pollution yet it remains a major source of livelihood for many of the urban poor, especially 
the displaced youth from the North, who are compelled to choose between living in 
perpetual poverty or working in “perceived poison”.  
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5.2.4. Disposal  

Ironically, most obsolete electronic devices are usually stored for a while for a perceived 
value (physical or emotional) before disposal. Even in both public and private 
establishments, these items are usually stored until directives are issued for their disposal. 
Until recently when ‘crude informal recycling’ became prominent in areas like 
Abglogbloshie, most of these products end up in the landfills. This is not unique to 
developing countries as even in the US, 3.2 million tonnes of e-waste were sent to landfills in 
1997 [23]. In recent years however, courtesy the informal recycling practices, only residues 
like ashes from other recycling operations [30] and casing are dumped. Some of these 
materials without doubt, contain toxic chemicals which have the potential to pollute the soil 
and groundwater through leaching. 

5.3. Formal e-waste recyclers  

Even though the informal e-waste activities are highly visible and have indeed established a 
circular flow within the Ghanaian economy, valuable resources are lost through the current 
process. Several causes including insufficient collection efforts and resources; inappropriate 
recycling technologies; and above all, illegal ‘imports’ (or movement) streams of e-waste 
into regions with inappropriate recycling infrastructures have been identified. With the 
burgeoning trade in e-waste and the growing public environmental consciousness, there 
have been clarion calls on the government to institute formal recycling system. It is 
envisaged that the formal sector would be able to manage e-waste in an environmentally 
friendly manner, using “state-of-the-act-technique” that will ensure better environmental 
management and enhanced resource recovery [31].  

The Government is in the process of formulating a e-waste management bill and a draft has 
been sent to cabinet for consideration. It is however not clear what role the proposed 
legislation has carved for the informal sector; whether it is going to be at the expense of the 
well mesh-worked system or would complement it. From all indications, the latter might 
potentially be the case, even though majority of Ghanaians engage with second hand 
electronics. The planned policy is to be rolled out at a time most of the local authorities lack 
the financial resources to acquire the needed sophisticated capital-intensive recycling 
technologies or provide appropriate landfills. Furthermore, very few of the well established 
electronic companies operate official collection and take-back facility/services.  

One of the very few companies operating a semblance of a take-back system is rlg 
Communications, a private Ghanaian company established under the companies code of 
1963 (ACT179) on the 23rd day of February 2001. The company begun as a sale and service 
centre for mobile phones, but currently assembles mobile phones and laptops not only for 
the Ghanaian market but has offices in China, Nigeria and The Gambia. It has a monthly 
production output of 10,000 mobile phones and 8,000 laptops.  

In terms of end-of-life operations, the company occasionally advertises for its customers to 
bring old (not necessarily non-functional) for an upgrade. The company has branch offices 
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in all the ten regions in Ghana which undertake phone and computer repairs and sales. 
They also receive old products for upgrade or refurbishment. Thus, people do not return a 
product because it has reached end-of-life but their desire to upgrade it. Even that, there are 
instances where upgrading becomes problematic when the product was sourced not directly 
from rlg office or where the customer misplaces the purchase receipt and/or warranty card. 
The company has no recycling facility so the “unwanted electronics” are sent to China for 
processing and/or reuse. Averagely, the company exports 1, 300 pieces of mobile phones 
every 2 months and about 100 pieces of computers every four months.  

Even though the operation of rlg is commendable, it is nonetheless limited in scope and geo-
spatial extent. The company at best operates only from the 10 regional capitals even though 
its products are visible at all nooks and cranny in the country. Meanwhile, there is not 
enough incentive for people to voluntarily deposit the used electronics to the ‘pseudo 
collection centers’. Above all, the company does not “take back” its own used product let 
alone those from other companies. It could therefore not be a proper yardstick to advocate 
for the complete disbandment of the informal sector. Suffice to state that at the present level 
of the country’s development, the formal sector cannot solely be depended on in terms of 
managing e-waste in Ghana, at least not in the immediate future.  

6. Limitations to proper e-waste management in Ghana  

Although government seems to be demonstrating some readiness to improve on the status 
quo, the major obstacles to safe and effective management of e-waste remain. First, the 
absence of appropriate legislation dealing specifically with e-waste appears to be the main 
challenge. The current laws guiding the management of hazardous, solid and radioactive 
waste including local Government Act (1994), Act 462 and Environmental Sanitation Policy 
of Ghana (1999) were passed before the e-waste problem emerged. The EPA in 2005 
announced it was developing guidelines to regulate the importation of used electronic 
gadgets but nothing has happened since. The government is a signatory to the Basel 
Convention but has failed to rectify it till date. The earlier a e-waste regulatory policy is 
enacted the better will be the drive towards sustainable e-waste management process [32]. 

Secondly, the increasing importation of second-hand computers, at times illegally, most of 
which are not tested for functionality, is equally posing a serious challenge. This has been 
facilitated by the government’s unfettered open-door policy (duty free and lax regulations) 
coupled with the high incidence of poverty as well as chronic institutional corruption. 
Additionally, lack of reliable data (difficulty in inventorisation) poses a challenge to policy 
makers wishing to design an e-waste management strategy and to an industry wishing to 
make rational investment decisions. There is also a lack of safe e-waste recycling infrastructure 
in the formal sector and thus reliance on the capacities of the informal sector pose severe risks 
to the environment and human health. Additionally, the existing e-waste recycling systems are 
purely business-driven that have come about without any government intervention.  

Finally, there also appears to be a high level of ignorance of the toxicity of e-waste not only 
among the general public but even within government circles. The public might not be 
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in all the ten regions in Ghana which undertake phone and computer repairs and sales. 
They also receive old products for upgrade or refurbishment. Thus, people do not return a 
product because it has reached end-of-life but their desire to upgrade it. Even that, there are 
instances where upgrading becomes problematic when the product was sourced not directly 
from rlg office or where the customer misplaces the purchase receipt and/or warranty card. 
The company has no recycling facility so the “unwanted electronics” are sent to China for 
processing and/or reuse. Averagely, the company exports 1, 300 pieces of mobile phones 
every 2 months and about 100 pieces of computers every four months.  

Even though the operation of rlg is commendable, it is nonetheless limited in scope and geo-
spatial extent. The company at best operates only from the 10 regional capitals even though 
its products are visible at all nooks and cranny in the country. Meanwhile, there is not 
enough incentive for people to voluntarily deposit the used electronics to the ‘pseudo 
collection centers’. Above all, the company does not “take back” its own used product let 
alone those from other companies. It could therefore not be a proper yardstick to advocate 
for the complete disbandment of the informal sector. Suffice to state that at the present level 
of the country’s development, the formal sector cannot solely be depended on in terms of 
managing e-waste in Ghana, at least not in the immediate future.  

6. Limitations to proper e-waste management in Ghana  

Although government seems to be demonstrating some readiness to improve on the status 
quo, the major obstacles to safe and effective management of e-waste remain. First, the 
absence of appropriate legislation dealing specifically with e-waste appears to be the main 
challenge. The current laws guiding the management of hazardous, solid and radioactive 
waste including local Government Act (1994), Act 462 and Environmental Sanitation Policy 
of Ghana (1999) were passed before the e-waste problem emerged. The EPA in 2005 
announced it was developing guidelines to regulate the importation of used electronic 
gadgets but nothing has happened since. The government is a signatory to the Basel 
Convention but has failed to rectify it till date. The earlier a e-waste regulatory policy is 
enacted the better will be the drive towards sustainable e-waste management process [32]. 

Secondly, the increasing importation of second-hand computers, at times illegally, most of 
which are not tested for functionality, is equally posing a serious challenge. This has been 
facilitated by the government’s unfettered open-door policy (duty free and lax regulations) 
coupled with the high incidence of poverty as well as chronic institutional corruption. 
Additionally, lack of reliable data (difficulty in inventorisation) poses a challenge to policy 
makers wishing to design an e-waste management strategy and to an industry wishing to 
make rational investment decisions. There is also a lack of safe e-waste recycling infrastructure 
in the formal sector and thus reliance on the capacities of the informal sector pose severe risks 
to the environment and human health. Additionally, the existing e-waste recycling systems are 
purely business-driven that have come about without any government intervention.  

Finally, there also appears to be a high level of ignorance of the toxicity of e-waste not only 
among the general public but even within government circles. The public might not be 
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wholly ignorant but for economic reasons, people are being challenged to choose between 
‘poverty and poison’; i.e. working in such recycling facilities and being exposed to health 
hazards but making a living or remaining unemployed. Educating the general public on the 
impact of improper management practices will go a long way in the fight for environmental 
and human-friendly practices.  

7. Conclusion  

Generally, this study has demonstrated how e-waste scavenging has emerged and become 
embedded in specific networked places within highly differentiated circuits that produce 
geographically uneven development. The findings show that e-waste has also emerged as a 
challenge for local authorities especially in terms of its end-of-life management which is 
currently driven by the informal sector. At the same time, it has turned out to be a ‘saviour’ 
for not only those who depend on the survival economy for livelihood, but also who are 
economically challenged to join the ICT revolution. That notwithstanding, the informal 
sector or the survival economy remain marginalized and excluded from the waste 
management system.  

Indeed, participants in the sector currently represent the basis of Ghana’s e-waste 
management system. They are the reason for its effectiveness, but occupy the weakest 
position in the waste management system in general, with minimal income and precarious 
working and living conditions. In the absence of a well developed formal sector, it is 
important that the local authorities and government machinery in general have knowledge 
about the role of informal economy in the e-waste recycling and processing system. The 
institution of friendly policies and regulations cannot only help abate the negative 
tendencies inherent in the practice but more importantly, improve productivity and 
working conditions without compromising the sector’s flexibility traits.  

The government also has the responsibility to enforce the tenets of the international treaties 
like the Basel convention which have not been rectified. The ‘extended producer 
responsibility’ (EPR) for example focuses on the responsibility that producers assume on 
their products at the end of its useful life. The government has to ensure that the obvious 
dereliction of duties by agencies like the Standards Board, Customs, Excise and Preventive 
Service as well as environmental regulators, etc are halted. The present lethargic attitude of 
handling of municipal wastes should encourage the promulgation and enforcement of 
apposite legislations. Ultimately, the government should focused on technical and policy-
level interventions, implementation and capacity building, and increase in public awareness 
such that it can convert the challenges of e-waste into opportunities.  
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1. Introduction 

The climatic factors and their variability, both spatial and temporal, linked to precipitation 
decreasing and irregular distribution, due to climatic changes, have been gathering a higher 
weight in the definition of water management policies. These policies have important 
implications on agriculture. Using new technologies that allow a better use of water requires 
institutional changes in major areas. The first point is the need for base information with an 
adequate spatial and temporal resolution. The work we have done includes itself in the 
water efficient and sustained use, allowing the improvement of irrigation systems and it’s 
the result of a jointly effort of several teams based on an international project. 

PLEIADES (Participatory multi-Level EO-assisted tools for Irrigation water management 
and Agricultural Decision-Support) is a research and technological development project co-
funded by the European Commission's Sixth Framework Programme within its Sustainable 
Development, Global Change and Ecosystems Priority. The project responds to the 
identified need for targeted research in the area of Integrated management strategies and 
mitigation technologies, topic Water in Agriculture: new systems and technologies for 
irrigation and drainage. A set of pilot Case Studies represents a sample of the wide range of 
conditions found in the European and Southern Mediterranean and in the Americas, 
covering Portugal, Spain, Italy, Greece, Turkey, Morocco, Mexico, Peru, and Brazil.  

The Portuguese working area was the Caia irrigation area, a subsystem of Guadiana basin, 
located in the southeast of Portugal, near the border with Spain. PLEIADES was expected to 
generate new knowledge on the functioning and performance of these pilot areas. This in 
turn aimed at providing the knowledge and information base for decision makers at all 
levels on agricultural water needs and consumption. It also set out to provide the basis for 
assessing the benefits and threats potentially brought about by new technologies to all 
actors in changing environments. The project was also expected to generate new tools for 
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1. Introduction 

The climatic factors and their variability, both spatial and temporal, linked to precipitation 
decreasing and irregular distribution, due to climatic changes, have been gathering a higher 
weight in the definition of water management policies. These policies have important 
implications on agriculture. Using new technologies that allow a better use of water requires 
institutional changes in major areas. The first point is the need for base information with an 
adequate spatial and temporal resolution. The work we have done includes itself in the 
water efficient and sustained use, allowing the improvement of irrigation systems and it’s 
the result of a jointly effort of several teams based on an international project. 

PLEIADES (Participatory multi-Level EO-assisted tools for Irrigation water management 
and Agricultural Decision-Support) is a research and technological development project co-
funded by the European Commission's Sixth Framework Programme within its Sustainable 
Development, Global Change and Ecosystems Priority. The project responds to the 
identified need for targeted research in the area of Integrated management strategies and 
mitigation technologies, topic Water in Agriculture: new systems and technologies for 
irrigation and drainage. A set of pilot Case Studies represents a sample of the wide range of 
conditions found in the European and Southern Mediterranean and in the Americas, 
covering Portugal, Spain, Italy, Greece, Turkey, Morocco, Mexico, Peru, and Brazil.  

The Portuguese working area was the Caia irrigation area, a subsystem of Guadiana basin, 
located in the southeast of Portugal, near the border with Spain. PLEIADES was expected to 
generate new knowledge on the functioning and performance of these pilot areas. This in 
turn aimed at providing the knowledge and information base for decision makers at all 
levels on agricultural water needs and consumption. It also set out to provide the basis for 
assessing the benefits and threats potentially brought about by new technologies to all 
actors in changing environments. The project was also expected to generate new tools for 
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irrigation water management, combining innovative sensor technology with flexible easy-
to-use Decision-Support Systems for adaptive management. These tools were designed to 
help farmers to control water more efficiently and improve the environmental and economic 
performance of their irrigation systems. 

In our work, we address the efficient and sustainable use of water for food production in 
water-scarce environments. We consider the economic, environmental, technical, social, and 
political dimensions through a synergy of leading-edge technologies and participatory 
approaches. These technologies provide easy access to information for all stakeholders while 
active participation will be effected by spatial information and innovative networking tools. 
Our aim is to improve the performance of irrigation schemes by means of a range of 
measures. Major technical innovation is made possible by the comprehensive space-time 
coverage of EO data and the interactive networking/connecting capabilities of Information 
and Communication Technologies (ICT).  

The project was designed to assess and demonstrate in an operational perspective how the 
integration of Earth observation (EO) techniques in routine Irrigation Advisory Services 
(IAS) can improve the efficiency in the use of water for irrigation. The use of leading-edge 
Information and Communication Technology (ICT) tools in the generation and distribution 
of information makes the EO easily available to IAS and the farmers. The project WebGIS 
(www.pleiades.es) was one of the central outcomes of our project. Its key feature is the 
operational generation of irrigation scheduling information products from a virtual 
constellation of EO satellites and their delivery to farmers in near-real-time using leading-
edge on-line analysis and visualization tools. It is supported by a methodology package to 
derive crop coefficients and further advanced parameters from EO satellite images in an 
operational processing chain. 

The overall goal is to improve and optimise irrigation and drainage systems by means of 
new technologies. In this context, New Technologies (NT) include Earth observation, 
Geographical Information Systems, Information and Communication Technologies, and 
Decision-Support systems. In order to achieve this overall goal 3 specific objectives have 
been set: 

1. In accordance with the identified needs of stakeholders, multi-level NT-assisted tools 
will be adapted and developed for farmers and other water managers to optimise their 
water use at farm, irrigation scheme and at river-basin levels. 

2. To conduct trial campaigns in pilot areas with the active participation of users at farm 
and irrigation scheme level. 

3. To evaluate the performances of the NT-assisted tools using an extended evaluation 
system covering technical, economic, environmental, social and political dimensions 
and involving stakeholders at all levels over the whole lifetime of the project. 

PLEIADES aims to demonstrate that New Technologies (NT) can effectively support the 
optimisation of irrigation schemes and in the long run foster sustainability by providing 
comprehensive and timely spatial information that supports decisions made at many levels: 
farms, irrigation schemes and river-basins.  
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We recognise that improvements will come not only from technical innovations but also 
from changes in social factors related to water governance, participation and social learning. 
Thus the NT-assisted tools will be deployed to facilitate technical and social learning 
enabling farmers to act responsibly by fine tuning their on-farm practices in accordance with 
the river-basin water status.  

This work addresses the efficient and sustainable use of water for food production in water 
scarce environments. It aimed to improve the performance of irrigation schemes by means 
of a range of measures that consider the economic, environmental, technical, social, and 
political dimensions through a synergy of leading-edge technologies and participatory 
approaches. Major social and technical innovation was made possible by the comprehensive 
space-time coverage of Earth observation (EO) data and the interactive 
networking/connecting capabilities of Information and Communication Technologies. The 
system we developed stands mainly over FAO normative, about culture water needs and 
the calculation of cultural coefficient (Kc) in a simple way, directly from remote sensing data. 
For that we simply use radiometric parameters derived from visible and infrared bands. 
Crop evapotranspiration can be calculated using the crop coefficient (Kc) defined as the ratio 
of total evapotranspiration (ET) by reference evapotranspiration (ET0). 

Earth Observation (EO) provides an objective evaluation of crop water demand; this 
information can be used at different decision levels (from the farmers to the river basin 
authorities) to promote a more efficient use of water resources in agriculture. A rational 
management of water resources for irrigation requires information characterized by high 
temporal and spatial variability, which cannot be monitored with traditional field 
inspections. EO is a mature technology, ready for being transferred to operational 
applications in agricultural water management. Detailed data on crop development and 
irrigation needs are timely distributed to final users by means of modern Information and 
Communication Technologies. 

Three main usages of EO based products have been conceived: 

1. Distribution of personalized information to a range of stakeholders (i.e. landowners, 
irrigation farmers and their associations) concerning crop and water status;  

2. Integration in GIS based river-basin water management tool, for distributed water 
balance calculations.  

3. A portfolio of EO based products has been set-up, and the methodologies for their 
retrieval have been defined, starting from past experiences and scientific knowledge 
available among the partners in the Consortium. FAO. methodology has been adopted 
as the standard procedure for computing crop water requirements from EO based 
products.  

Three different levels of EO based products are distinguished: 

1. Land-use (irrigated vs. non irrigated crops; crop inventory maps);  
2. Basic (vegetation cover, Leaf Area Index, Crop Coefficients, potential 

evapotranspiration, Crop Water Requirements among others);  
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3. Advanced (reference and actual evapotranspiration, biomass, yield). 

The conceptual approach for the derivation of EO model of the service is split up into the 
following steps:  

1. Acquisition and analysis of high resolution satellite images in the visible and infrared 
spectrum;  

2. Local agro-meteorological data acquisition (e.g. temperature, humidity, wind speed, 
sun radiation, rainfall);  

3. Field validation through measurements in selected areas;  
4. Elaboration of EO based products;  
5. Data quality check and integration in a dedicated Geographical Information Systems 

(GIS) for irrigation management from field to district and hydrological basin scale;  
6. Real-time distribution of personalized irrigation advices on a weekly basis directly to 

farmers by means of different communication systems (Internet, text and graphical 
messages by using GSM/UMTS).  

The validation of the different methodologies for the retrieval of EO based products has 
been an important part of the work carried out within all the pilot areas. Intensive field 
campaigns carried out simultaneously to satellite acquisitions have produced a large 
dataset for calibration and validation purposes. Micrometeorological instrumentations 
have been installed for comparison between field measurements of crop water use and 
estimates from EO processing. New methodologies have been set-up i.e. for improving 
the estimation of canopy parameters and for calculating reference evapotranspiration 
from geostationary satellites (of particular relevance in areas with very limited 
meteorological data). 

2. Virtual constellation and space segment operationality  

Farm management requires monitoring of agricultural crops at high spatial resolution and 
frequent temporal coverage during the entire growing season. The necessary spatial 
resolution can be provided by the current high-resolution sensors (20-30m pixel size), like 
TM, ETM+, SPOT, LISS, ASTER, ALI, or in the case of agricultural plots with special spatial 
requirements by very-high resolution sensors (like Quickbird, Ikonos). However, canopy 
architecture and biophysical parameters describing the canopy, like leaf area index, 
fractional ground cover, biomass, evapotranspiration, water stress, evolve continuously 
during the crop growing season.  

A single satellite with a 16 day repeat time (like Landsat) would provide little useful 
information, considering also that cloud conditions may increase the time period between 
useable images. The critical requirement of frequency of coverage combined with high 
spatial resolution has not been satisfied after more than thirty years of Landsat mission 
launching. Satellite constellations have been proposed for this purpose by some studies, 
but a practical solution for the near future is not at hand. Our solution is a virtual 
constellation of EO satellites that corresponds to the needs and user requirements of 
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irrigation scheduling and precision agriculture. Therefore, we have developed a unified 
procedure to obtain consistent time series of vegetation parameters of interest from this 
virtual constellation. 

2.1. Definition and operational aspects 

The virtual constellation (VC) is defined as a set of EO satellites, each of which provides the 
necessary data to derive NDVI and other vegetation parameters at the spatial resolution 
required for the given application. In our case, for irrigation scheduling a spatial resolution 
of at least 30 m is imperative to resolve the major part of agricultural fields (plots). An 
additional key selection criterion is near-nadir observation, such that bi-directional effects 
are minimized. Landsat is the backbone of this VC, because of its excellent operational 
availability and low cost.  

Due to the technical failure in Landsat7 all images taken on/after 31 May 2003 have no 
useable data in a significant part of each image. The software correction offered by USGS 
involves spatial degradation, which moves the spatial resolution of ETM+ out of the interest 
margin of our VC, except for areas located directly in the centre of a scene (non-affected 
area). This sensor failure clearly demonstrates the vulnerability of the operational space 
segment for this and similar applications.  

Currently available alternative platforms are less ideal for operations, since they are either 
much more expensive (IRS, ALI, Spot), more complicated (Spot, due to changing view 
angles), and/or not operational (Aster, no rush service). A number of emerging platforms 
may add more elements to the VC. Our experience in PLEIADES has shown that all can be 
used to complete the TM time series. Ikonos and Spot were successfully tested in the Italian 
pilot area. The experience of Spot programming for this area showed that on average 5-6 
images per month can be obtained (fairly cloud free and with incidence angles less than 15º). 

We want to stress here again that the space segment is the most vulnerable part of the 
entire operational system. For this reason, urgent actions are required to ensure the 
capability to obtain adequate EO images at the adequate coverage frequency and low cost. 
As a practical near-term solution for the case of cloudiness and/or satellite sensor failure, a 
contingency scenario was developed to base the PLEIADES operational system on a 
synergistic combination of EO data, field data, and an expert system of local crop 
coefficient (Kc) curves.  

These curves have been developed from the synthesis of previous campaigns, specially 
tailored to the crops and climatology of a given area. In the case of an EO data failure (either 
missing image or clouds), the system would draw on a default list of Kc curves (per crop, 
crop cycle, sowing date) from (in order of priority) field data, the local expert system data 
base, and the look-up tables recommended by the Food and Agriculture Organization 
(FAO) [1]. Medium-resolution sensors (like AVHRR or MODIS) are also used to derive 
support data for this purpose.  
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irrigation scheduling and precision agriculture. Therefore, we have developed a unified 
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of at least 30 m is imperative to resolve the major part of agricultural fields (plots). An 
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2.2. Methodology to derive PLEIADES parameters from EO data 

All biogeophysical parameter calculation from EO starts with a pre-processing of EO data, 
composed of three main steps: i) Geometric correction and image re-sampling; ii) 
Cross-satellite intercalibration; iii) Atmospheric correction. 

Semi-automatic procedures have been developed in order to elaborate Kc maps from EO 
data in the minimum possible time. Pre-processing requires approximately half of the 
elaboration time of the entire process. Once georeferenced surface reflectance has been 
calculated in each pixel, the algorithms for determining Kc are quite straightforward. 

The elaboration for step (i) is based on consolidated procedures available in each pilot 
zone. This step does not necessary requires a standardization, and it strictly linked to the 
topographical mapping standard adopted in each area. The principal recommendation 
coming from PLEIADES is to adopt procedures that do not alter substantially the 
radiometric content of data; as such, first-degree relationships should be preferentially 
used for coordinates transformation and nearest neighbour techniques for pixel 
resampling. 

2.3. Cross-sensor intercalibration  

When using different sensors from our virtual constellation to generate time series of maps 
of geobiophysical parameters, a reliable methodology is needed to intercalibrate the 
observations from different sensors at different observation scales in different platforms. 
Intercalibration between observations or cross-calibration of sensors aims at developing 
relationships that allow to translate reflectances and spectral vegetation indices from one 
sensor to another.  

For this purpose, we have performed an observational study, comparing reflectances and 
NDVI from near-synchronous image pairs of ETM+ as the reference sensor and TM, LISS, 
Aster, Quickbird, and AVHRR. Linear relationships were found for the intercalibration of 
reflectances and NDVI from one sensor to another, for all sensors, provided that some 
spatial aggregation is performed.  

The main source of data dispersion in our linear cross-sensor translation equations is the 
geolocalization uncertainty inherent in the process of geometric correction. Consequently, 
spatial aggregation needs always to be performed if (different or the same) sensors are to be 
used to derive time-series of biogeophysical parameters over heterogeneous areas. 

The homogenous zone approach developed here is recommended as an excellent tool for 
deriving robust new cross-sensor relationships, provided that the selected homogeneous 
crops cover the full NDVI range. The linear cross-sensor relationships derived from one 
image pair are shown to be valid for the whole season and for all areas with similar 
vegetation and climate. We recommend repeating the procedure once or twice a year in 
order to check the temporal stability of the radiometric calibration coefficients. 
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Although the differences in most cases are small, we maintain different equations for 
different spatial aggregation sizes. Table 1 gives the coefficients of the resulting equations 
for the example of 100 m grid cell side length (except for 75 m for Aster), which is the 
minimum recommended grid size. 
 

Sensor Coefficients of linear equation ( )NDVI ETM a NDVI sensor b      

a b
TM  1.0336 +0.0128 
LISS III 1D  1.1672 -0.0454 
Quickbird  1.0443±0.008 +0.0191±0.005 
Aster L1B  1.1304±0.022 -0.0002±0.019 

Table 1. Summary of NDVI cross-sensor translation equations for elements in our virtual constellation. 
Measure of uncertainty is defined as deviation from the mean. 

2.4. Operational atmospheric correction  

An automatic procedure has been developed for atmospheric correction. This procedure 
uses parameters extracted directly from the image instead of recurring to external data on 
synchronous on-site vertical profiles of atmospheric data, which are usually difficult to 
obtain. It results in a substantial reduction of processing time as compared to approaches 
based on radiative transfer calculations. It was found that approach (i) for NVDI Kc 
calculation is less sensitive than approach of analytical Kc (ii) for the effects related to the 
atmospheric correction. 

 
Figure 1. Example of the implementation of the atmospheric correction (AC) module on the satellite 
derived NDVI for an alfalfa plot. Top of atmosphere (ToA) NDVI refers to the NDVI without AC, 
whereas of atmosphere (BoA) NDVI corresponds to NDVI with AC. The reference field measurements of 
NDVI are shown as solid circles. 
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2.2. Methodology to derive PLEIADES parameters from EO data 

All biogeophysical parameter calculation from EO starts with a pre-processing of EO data, 
composed of three main steps: i) Geometric correction and image re-sampling; ii) 
Cross-satellite intercalibration; iii) Atmospheric correction. 

Semi-automatic procedures have been developed in order to elaborate Kc maps from EO 
data in the minimum possible time. Pre-processing requires approximately half of the 
elaboration time of the entire process. Once georeferenced surface reflectance has been 
calculated in each pixel, the algorithms for determining Kc are quite straightforward. 

The elaboration for step (i) is based on consolidated procedures available in each pilot 
zone. This step does not necessary requires a standardization, and it strictly linked to the 
topographical mapping standard adopted in each area. The principal recommendation 
coming from PLEIADES is to adopt procedures that do not alter substantially the 
radiometric content of data; as such, first-degree relationships should be preferentially 
used for coordinates transformation and nearest neighbour techniques for pixel 
resampling. 

2.3. Cross-sensor intercalibration  

When using different sensors from our virtual constellation to generate time series of maps 
of geobiophysical parameters, a reliable methodology is needed to intercalibrate the 
observations from different sensors at different observation scales in different platforms. 
Intercalibration between observations or cross-calibration of sensors aims at developing 
relationships that allow to translate reflectances and spectral vegetation indices from one 
sensor to another.  

For this purpose, we have performed an observational study, comparing reflectances and 
NDVI from near-synchronous image pairs of ETM+ as the reference sensor and TM, LISS, 
Aster, Quickbird, and AVHRR. Linear relationships were found for the intercalibration of 
reflectances and NDVI from one sensor to another, for all sensors, provided that some 
spatial aggregation is performed.  

The main source of data dispersion in our linear cross-sensor translation equations is the 
geolocalization uncertainty inherent in the process of geometric correction. Consequently, 
spatial aggregation needs always to be performed if (different or the same) sensors are to be 
used to derive time-series of biogeophysical parameters over heterogeneous areas. 

The homogenous zone approach developed here is recommended as an excellent tool for 
deriving robust new cross-sensor relationships, provided that the selected homogeneous 
crops cover the full NDVI range. The linear cross-sensor relationships derived from one 
image pair are shown to be valid for the whole season and for all areas with similar 
vegetation and climate. We recommend repeating the procedure once or twice a year in 
order to check the temporal stability of the radiometric calibration coefficients. 
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Although the differences in most cases are small, we maintain different equations for 
different spatial aggregation sizes. Table 1 gives the coefficients of the resulting equations 
for the example of 100 m grid cell side length (except for 75 m for Aster), which is the 
minimum recommended grid size. 
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Measure of uncertainty is defined as deviation from the mean. 
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obtain. It results in a substantial reduction of processing time as compared to approaches 
based on radiative transfer calculations. It was found that approach (i) for NVDI Kc 
calculation is less sensitive than approach of analytical Kc (ii) for the effects related to the 
atmospheric correction. 
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A validation of the performance of this module has been performed by using field 
measurements of spectral reflectance carried out with the spectroradiometer GER 3700 (331 - 
2509 nm spectral coverage, 1.5 - 9.5 nm resolution) for two land uses: (i) an alfalfa plot and 
(ii) a bare soil. Figure 1 illustrates the outcome of the AC-module in terms of the NDVI 
values for the alfalfa plot. Field measurements of NDVI showed the greatest scattering due 
to both, heterogeneity of the canopy cover in the alfalfa field and, the small field of view of 
the spectroradiometer in comparison to Landsat pixel size. Taking into account this 
variability, we can conclude that atmospherically corrected NDVI values are in agreement 
with in field measured NDVI. Similar results are obtained for the bare soil plot. 

3. Crop coefficient and reference evapotranspiration 

Crop evapotranspiration can be calculated using the crop coefficient (Kc) (1) defined as the 
ratio of total evapotranspiration (ET) by reference evapotranspiration (ET0). Combining Kc 
(from field measurements or from satellite images) with ET0 from agrometeorological 
station observations allows us to calculate crop evapotranspiration. This coefficient 
integrates the effect of characteristics that distinguish a typical field crop from the grass 
reference, which has a constant appearance and a complete ground cover. 

Factors that determine the crop coefficients are crop type, climate, soil evaporation and crop 
growth stages [1, 2]. For this purpose FAO has proposed tabulated average values 
distinguishing by crops that can be applied knowing its phenology.  

In case of annual crops under standard conditions (disease-free, well fertilized, grown in 
large fields, under optimum soil water conditions and achieving full production under the 
given climatic conditions), the Kc curve for the whole growing season can be calculated 
considering the initial (KcINI), medium (KcMID) and end stage (KcEND). 

 
0

c
ETK
ET

  (1) 

Mainly at the initial and end period, due to lower values of crop cover, soil evaporation has 
a large effect on KcINI and KcEND [3, 1, 4]. Therefore, vegetation indices (VI) are better related 
to transpiration of crop than to Kc [5] in those periods. This introduces a great variation in 
KcINI and KcEND daily values depending on soil water status, i.e. on frequency of wetting by 
irrigation and rainfall. 

The dual crop coefficient approach proposed by [6] splits Kc into separate coefficients, one 
for crop transpiration Kcb (basal crop coefficient), and one for soil evaporation (Ke). The soil 
evaporation coefficient, Ke, describes the evaporation component of ET. When topsoil is wet, 
after irrigation or rainfall, Ke is maximal.  

Estimation of Ke requires knowledge of soil water balance [1]. Wright [6] introduced the idea 
of a basal crop coefficient in which the soil evaporation component of ET was minimal due 
to a dry soil surface but adequate soil moisture in the crop root zone was available. 
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In PLEIADES we use two approaches to obtain the crop coefficient from satellite imagery: 
one, directly from NDVI, named Kc - NDVI, based on the relationship between NDVI and the 
basal crop coefficient, and another, named analytical Kc, is based on the direct application of 
the Penman-Monteith equation. The NDVI is the main operational parameter to monitor 
vegetation status using Earth Observation.  

4. Crop coefficient from NDVI and canopy biophysics parameters 

Relevant canopy biophysics parameters are green fractional cover, fraction of absorbed 
photosynthetically active radiation, primary production, Leaf Area Index (LAI), basal crop 
coefficient. All they are involved in canopy evapotranspiration. The ability of NDVI to 
describe canopy biophysics parameter has been shown as follows: 

1. NDVI is related linearly with green fractional cover [7, 8]; 
2. NDVI is related linearly with the fraction of absorbed photosynthetically active 

radiation (fAPAR) [9]; 
3. NDVI is related with primary production (dry biomass) by means of Light Use 

Efficiency (LUE) models [10, 11, 12]: 

  
0

t

P a NDVI b PAR W dt        (3) 

where P is primary production, PAR is Photosynthetically Active Radiation,  is the 
efficiency of crop to transform PAR into dry mass, W is a water stress coefficient, and a, b are 
constants. Using these LUE models we can consider that, under non-water stress, NDVI on 
plateau stage can be seen as a good estimator of the dry matter accumulation rate, 
depending on crop and environmental variables [13].  

It establishes a relationship between NDVI and crop growth rate (CGR) which agrees with 
the idea that considers NDVI as an estimator of the canopy photosynthetic power. This way, 
[14] consider that vegetation index can be legitimately used to provide an estimate of 
growth rate. 

1. NDVI is related exponentially with Leaf Area Index (LAI) [15]. Is well known that NDVI 
begins to saturate for a value of LAI equal to 3 reaching a plateau for LAI > 3 (Figure 2 
a); 

2. NDVI is related linearly with the basal crop coefficient Kcb [16]. This relationship is a 
relevant basis for the Kc – NDVI approach. 

The facts pointed out in (3) and (4) may appear contradictory (saturation of NDVI for LAI > 3 
on one hand and the linear relation of NDVI with Kcb on the other). This seeming paradox is 
due to the usual reasoning that relates higher LAI with higher evapotranspiration. This 
reasoning arises from associating more leaf surface with more transpiration. However, 
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A validation of the performance of this module has been performed by using field 
measurements of spectral reflectance carried out with the spectroradiometer GER 3700 (331 - 
2509 nm spectral coverage, 1.5 - 9.5 nm resolution) for two land uses: (i) an alfalfa plot and 
(ii) a bare soil. Figure 1 illustrates the outcome of the AC-module in terms of the NDVI 
values for the alfalfa plot. Field measurements of NDVI showed the greatest scattering due 
to both, heterogeneity of the canopy cover in the alfalfa field and, the small field of view of 
the spectroradiometer in comparison to Landsat pixel size. Taking into account this 
variability, we can conclude that atmospherically corrected NDVI values are in agreement 
with in field measured NDVI. Similar results are obtained for the bare soil plot. 

3. Crop coefficient and reference evapotranspiration 

Crop evapotranspiration can be calculated using the crop coefficient (Kc) (1) defined as the 
ratio of total evapotranspiration (ET) by reference evapotranspiration (ET0). Combining Kc 
(from field measurements or from satellite images) with ET0 from agrometeorological 
station observations allows us to calculate crop evapotranspiration. This coefficient 
integrates the effect of characteristics that distinguish a typical field crop from the grass 
reference, which has a constant appearance and a complete ground cover. 

Factors that determine the crop coefficients are crop type, climate, soil evaporation and crop 
growth stages [1, 2]. For this purpose FAO has proposed tabulated average values 
distinguishing by crops that can be applied knowing its phenology.  

In case of annual crops under standard conditions (disease-free, well fertilized, grown in 
large fields, under optimum soil water conditions and achieving full production under the 
given climatic conditions), the Kc curve for the whole growing season can be calculated 
considering the initial (KcINI), medium (KcMID) and end stage (KcEND). 
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Mainly at the initial and end period, due to lower values of crop cover, soil evaporation has 
a large effect on KcINI and KcEND [3, 1, 4]. Therefore, vegetation indices (VI) are better related 
to transpiration of crop than to Kc [5] in those periods. This introduces a great variation in 
KcINI and KcEND daily values depending on soil water status, i.e. on frequency of wetting by 
irrigation and rainfall. 

The dual crop coefficient approach proposed by [6] splits Kc into separate coefficients, one 
for crop transpiration Kcb (basal crop coefficient), and one for soil evaporation (Ke). The soil 
evaporation coefficient, Ke, describes the evaporation component of ET. When topsoil is wet, 
after irrigation or rainfall, Ke is maximal.  

Estimation of Ke requires knowledge of soil water balance [1]. Wright [6] introduced the idea 
of a basal crop coefficient in which the soil evaporation component of ET was minimal due 
to a dry soil surface but adequate soil moisture in the crop root zone was available. 
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In PLEIADES we use two approaches to obtain the crop coefficient from satellite imagery: 
one, directly from NDVI, named Kc - NDVI, based on the relationship between NDVI and the 
basal crop coefficient, and another, named analytical Kc, is based on the direct application of 
the Penman-Monteith equation. The NDVI is the main operational parameter to monitor 
vegetation status using Earth Observation.  

4. Crop coefficient from NDVI and canopy biophysics parameters 

Relevant canopy biophysics parameters are green fractional cover, fraction of absorbed 
photosynthetically active radiation, primary production, Leaf Area Index (LAI), basal crop 
coefficient. All they are involved in canopy evapotranspiration. The ability of NDVI to 
describe canopy biophysics parameter has been shown as follows: 

1. NDVI is related linearly with green fractional cover [7, 8]; 
2. NDVI is related linearly with the fraction of absorbed photosynthetically active 

radiation (fAPAR) [9]; 
3. NDVI is related with primary production (dry biomass) by means of Light Use 

Efficiency (LUE) models [10, 11, 12]: 
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P a NDVI b PAR W dt        (3) 

where P is primary production, PAR is Photosynthetically Active Radiation,  is the 
efficiency of crop to transform PAR into dry mass, W is a water stress coefficient, and a, b are 
constants. Using these LUE models we can consider that, under non-water stress, NDVI on 
plateau stage can be seen as a good estimator of the dry matter accumulation rate, 
depending on crop and environmental variables [13].  

It establishes a relationship between NDVI and crop growth rate (CGR) which agrees with 
the idea that considers NDVI as an estimator of the canopy photosynthetic power. This way, 
[14] consider that vegetation index can be legitimately used to provide an estimate of 
growth rate. 

1. NDVI is related exponentially with Leaf Area Index (LAI) [15]. Is well known that NDVI 
begins to saturate for a value of LAI equal to 3 reaching a plateau for LAI > 3 (Figure 2 
a); 

2. NDVI is related linearly with the basal crop coefficient Kcb [16]. This relationship is a 
relevant basis for the Kc – NDVI approach. 

The facts pointed out in (3) and (4) may appear contradictory (saturation of NDVI for LAI > 3 
on one hand and the linear relation of NDVI with Kcb on the other). This seeming paradox is 
due to the usual reasoning that relates higher LAI with higher evapotranspiration. This 
reasoning arises from associating more leaf surface with more transpiration. However, 
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already [17] stated that the evidence seems conclusive that transpiration in most mesophytic 
crop plants and other mesophytic vegetation well supplied with water increases with leaf 
area to LAI of about three (Figure 2 b).  

 
Figure 2. Typical NDVI-LAI curve (a), and ratio of actual to potential evapotranspiration (ET/ETp) as a 
function of the LAI (b). 

Accounting the LAI saturation in the relation with evapotranspiration has lead to the concept 
of active LAI (Allen et al., 1998). The active LAI is defined as the index of the leaf area that 
actively contributes to the surface heat and vapour transfer. It is generally the upper, sunlit 
portion of a dense canopy. For practical applications, however, the active LAI is an ambiguous 
concept due its dependence on canopy architecture and its interaction with sunlight. 

The basal crop coefficient is clearly related with green fractional cover (fc) (Figure 3). In fact, 
the procedure to estimate Kcb is based in the knowledge of fc [1], despite of ambiguities of the 
green fc concept, mainly in the maturation stage. The relationship between NDVI and CGR 
for well watered crops is based on the ability of NDVI to estimate fAPAR, introducing this 
fact in the LUE model. CGR is also related with the transpiration rate. 

 
Figure 3. Green Fraction Coverand NDVI versus DoY at field scale for corn. 
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The relationship between NDVI and CGR exhibits a strong dependence on crop and 
environmental variables (solar radiation, temperature, etc.) [13]. This is due to the different 
nature of NDVI and CGR. NDVI depends only on canopy characteristics, while CGR and so 
the transpiration rate, are strongly also dependent on surface and environmental variables. 
The basal crop coefficient is the ratio of canopy transpiration rate over the reference canopy 
transpiration rate.  

So, the empirical relationship between NDVI and Kcb shown by many authors, e.g. [18] and [19], 
(Figure 4) could be explained by considering NDVI as a measurement of relative CGR. Further 
research will be need in this subject. Despite limitations due to variability associated with 
canopy structure, background soil, and calibration uncertainties, NDVI can be used 
advantageously to estimate crop water requirements [20] in accounting its relationship with Kcb. 

 
Figure 4. Temporal evolution of crop coefficient (Kcb) and NDVI, in maize. Kcb is estimated from green 
plant cover using FAO methodology [19]. 

Taking into account similarities between the crop coefficient curve and vegetation index, 
[21] established the potential for modelling crop coefficient as a function of vegetation index. 
This relation was derived from reflectance observations at field scale in the wavelengths 
ranges [0.63, 0.69 m] and [0.76, 0.90 m], measured at nadir and two meters above corn. A 
linear transformation of the NDVI was developed by equating the NDVI at effective cover 
and for dry, bare soil at the experimental site to the Kcb at effective cover and for dry soil 
evaporation, respectively. Similarly, [22] obtained (4) for two research sites in Colorado 
using alfalfa as reference evapotranspiration surface 

 1.181 0.026cbK NDVI    (4) 

In order to minimize the presence of soil background, other vegetation indices (VI) have 
been used to compute Kcb [23]. This provides a particularly useful tool for satellite images 
where soil brightness and colour can vary. One of these VIs used is Soil Adjusted Vegetation 
Index (SAVI) [24] which for the same conditions as (4) gives the relationship [5]: 

 1.69 0.16cbK SAVI    (5) 
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The basal crop coefficient is the ratio of canopy transpiration rate over the reference canopy 
transpiration rate.  
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(Figure 4) could be explained by considering NDVI as a measurement of relative CGR. Further 
research will be need in this subject. Despite limitations due to variability associated with 
canopy structure, background soil, and calibration uncertainties, NDVI can be used 
advantageously to estimate crop water requirements [20] in accounting its relationship with Kcb. 

 
Figure 4. Temporal evolution of crop coefficient (Kcb) and NDVI, in maize. Kcb is estimated from green 
plant cover using FAO methodology [19]. 
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and for dry, bare soil at the experimental site to the Kcb at effective cover and for dry soil 
evaporation, respectively. Similarly, [22] obtained (4) for two research sites in Colorado 
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In order to minimize the presence of soil background, other vegetation indices (VI) have 
been used to compute Kcb [23]. This provides a particularly useful tool for satellite images 
where soil brightness and colour can vary. One of these VIs used is Soil Adjusted Vegetation 
Index (SAVI) [24] which for the same conditions as (4) gives the relationship [5]: 
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Thus, crop coefficients derived from spectral measurements (Kcs) are independent of the 
time parameters, day of planting and effective cover, and represent a real-time crop 
coefficient. The use of spectral crop coefficients facilitates irrigation scheduling on a 
field-to-field basis over a large region if the fields can be observed spectrally, because 
planting and assumed effective cover dates are not required.  

The spectral information would be sensitive to leaf loss due to hail, stress caused by disease 
and water deficit, cold or wet conditions that delay early growth, and warm temperatures 
and drought that speed senescence [16]. At field scale, further work was performed in order 
to improve scheduling irrigation events on corn compared to other traditional DoY based 
methods resulting in estimated crop water use reduced by 15% [25]. 

5. Crop coefficient and NDVI relation from field observations  

Intensive experimental campaigns were conducted within pilot zones. The research field has 
a permanent lysimeter station and it is water controlled following FAO 56 specifications 
[26]. Coinciding in time with spectral acquisitions, biomass (kg.m-2), Leaf Area Index (LAI), 
and Green Fraction Cover (fc) were measured to describe the phenology of crops.  

By the knowledge of crop stages, Kcb values have been estimated taking into account the 
effect of varying relative humidity and wind velocity from standard conditions (RH = 40%, v 
= 2 m.s-1) (Allen et al., 1998). Reflectance in red and near infrared to compute NDVI is 
obtained by integrating spectral reflectance in the range of ranges [0.63, 0.69 m] and [0.76, 
0.90 m].  

Evolution in time of NDVI and fc for maize is represented in Figure 5. NDVI reaches its 
maximum value, when crop reaches also full effective green cover in coincidence to 
maximum of Kcb. As can be seen in Figure 3 for maize, ranges of maximum and minimum 
values for fc and NDVI coincide in time obtaining comparable curves.  

Variation in behaviour of fc allows determining KcbINI (0.15), and KcbMID (1.15). To determine 
KcbEND it is necessary to estimate water content of plant. The resulting 54% on DoY = 277 
suggest a value of KcbEND = 0.5. The average curve for Kcb adapted for crop height, minimum 
relative humidity and wind velocity is represented in Figure 5 along with NDVI.  

From linear regression we obtain the equations for the reflected-based crop coefficients for 
corn (Figure 6) in case of NDVI and SAVI: 

  21.37 0.017 0.99cbNDVIK NDVI R     (6) 

  2 21.76 9.10 0.99cbSAVIK SAVI R     (7) 

To perform the comparison between (6) and (7), which are grass based reference 
evapotranspiration, and (4), which is alfalfa based reference evapotranspiration, we have 
realized the following steps: 
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1. Derive from (4) a new SAVI based equation, using the relationship NDVI = 
1.2735•SAVI+0.02106, obtained from the definition of SAVI with a value for L = 0.5 
(where L is the adjusting factor to account for fc in the SAVI definition equation), the 
same as used for (7); 

2. Multiply alfalfa-based Kcb by a factor 1.15 to convert them in grass based Kcb, according 
the procedure described in [27]. Equations (8) and (9) show that the obtained results are 
very similar to (6) and (7). 

 
, 1.36 0.031cb grassK NDVI    (8) 

 
, 1.73 0.009cb grassK SAVI    (9) 

 
Figure 5. Field observations of Kcb and NDVI versus DoY for corn. 

 
Figure 6. Linear regression between values of Kcb and measured NDVI for maize. 

In the case of wheat, the evolution in time is not as representative as in maize. We observe in 
Figure 3 that on DoY = 95, fc reaches a first local maximum before it continues growing in 
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to improve scheduling irrigation events on corn compared to other traditional DoY based 
methods resulting in estimated crop water use reduced by 15% [25]. 
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and Green Fraction Cover (fc) were measured to describe the phenology of crops.  
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values for fc and NDVI coincide in time obtaining comparable curves.  
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KcbEND it is necessary to estimate water content of plant. The resulting 54% on DoY = 277 
suggest a value of KcbEND = 0.5. The average curve for Kcb adapted for crop height, minimum 
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(where L is the adjusting factor to account for fc in the SAVI definition equation), the 
same as used for (7); 

2. Multiply alfalfa-based Kcb by a factor 1.15 to convert them in grass based Kcb, according 
the procedure described in [27]. Equations (8) and (9) show that the obtained results are 
very similar to (6) and (7). 
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Figure 6. Linear regression between values of Kcb and measured NDVI for maize. 

In the case of wheat, the evolution in time is not as representative as in maize. We observe in 
Figure 3 that on DoY = 95, fc reaches a first local maximum before it continues growing in 
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coincidence with emerging ears (with active photosynthesis), supposing a rapid increase in 
fc, and thus in Kcb and spectral indices.  

Applying (6) and (7) to data obtained for wheat, we see in Figure 7 that Kcb obtained from 
NDVI reproduces the evolution in time of fc. 

This relationship facilitates calculations of transpiration taking into account that only points 
over dry soil were considered, but without limiting crop transpiration. Evaporation of soil 
introduces an important contribution to Kc during days after irrigation or rainfall.  

This means that water soil balance must be taken into account to get the contribution of 
evaporation in Kc. Over large areas, where variability of soil colour and brightness can 
influence the NDVI, SAVI and other Vis designed to normalize soil background effect should 
be used. 

 
Figure 7. Evolution in time of observed fc for wheat. The Kcb NDVI and Kcb SAVI values for wheat have 
been obtained from the linear relationships in (6) and (7). 

6. Crop coefficient from NDVI: Operational point of view  

Equations (6) and (7) provide the grass based basal crop coefficient from NDVI and SAVI 
data. These VIs are calculated for Landsat TM broadband from field radiometry data. 
Equation (4) provides alfalfa-based basal crop coefficient from NDVI.  

Neale et al. [28] review the use of canopy reflectance observations to obtain crop coefficients 
over large areas. Similarities were found between the mean crop coefficient for small grain 
to the ratio of the perpendicular vegetation index (PVI) for wheat to PVI of wheat at full 
canopy cover. Heilman et al. [3] investigated the relationship between percent cover and 
reflectance-based perpendicular vegetation index (PVI) for alfalfa.  
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Neale et al. [22] related the crop canopy reflectance to basal crop coefficient for corn, 
developing an operational technique for estimating actual crop ET. The reflectance based 
crop coefficient (Kcr) was derived by nearly transforming the seasonal normalized difference 
vegetation index (NDVI) using the percent shading and leaf area measurements to establish 
the EFC and relate it to the basal crop coefficient by [6]. In several studies, NDVI has been 
directly used to predict Kc [5, 22, 23, 29, 30]. 

The operational procedure to estimate Kc from satellite imagery is based on the linear 
relationship between NDVI and basal crop coefficient described earlier. Landsat is the 
reference imagery to estimate NDVI (spectral broadband calibration). The attractiveness of 
Landsat is the high resolution (30 m in the visible and near infrared bands and 60 to 120 m 
in the thermal band) so that individual fields can be observed. The methodology that is 
described here has been checked against the preliminary results of all PLEIADES pilot areas 
for the following crops: Barley, wheat, maize, opium plant, sugar beet, alfalfa, pea, potato, 
onion and garlic. So we can establish the limits of applicability of this approach.  

6.1. Dual crop coefficient NDVI approach 

Wright [6] proposed a dual basal crop coefficient approach which splits the total crop 
coefficient into crop transpiration (Kcb) and soil evaporation (Ke) fractions, see Figure 8. The 
Kcb component represents the crop evaporative conditions from soil conditions whose 
surface is dry (direct evaporation from soil surface is minimum), and the crop growth is not 
limited by water, insect, climatological or physiological factors. The dual crop coefficient 
concept (see also equation (2)) expressed as 

 c cb eK K K   (10) 

 
Figure 8. Crop coefficient curves showing the basal Kcb, soil evaporation Ke and the corresponding 
single Kcb = Kcb + Ke curve [1]. 
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We assume that there is a linear relationship between Kcb and NDVI as stated earlier. This time, 
however, the linear relationships are adjusted to values of NDVIMAX and NDVIMIN from satellite 
imagery rather to those from field radiometry. Table 2 gives the corresponding values. 

 NDVI Kcb fc Kc 
Minimum 0.16 0.15 0.0 0.4 
Maximum 0.80 1.15 0.8 1.2 

Table 2. Maximum and minimum values of NDVI and derived parameters observed in set of Landsat 
images. 

The resulting linear relationship is: 

 1.5625 0.1cbK NDVI    (11) 

The soil evaporation part in (10), Ke, is related with bare soil fraction, and is strongly 
dependent on wetting state of bare soil fraction, because the evaporative power of soil 
changes strongly if the soil is wetted or if the soil is dry. Irrigation system (gravity, 
sprinkler, drip, etc) and irrigation frequency, coupled with type and stage of crop, are the 
factors that determine the time of different bare soil wetting states. We propose a first 
approach to take into account these factors assuming NDVI as a good estimator of ground 
fractional cover, fc, (and so, of bare soil fraction, 1 - fc ). The other factors are parameterized 
by means of a parameter β: 

  1e cK f     (12) 

The parameter β is estimated empirically, from the values of KcINI or KcMID and can be 
modified on the basis of ancillary or local information. It is crop (and stage) dependent. 
Assuming a linear relationship between NDVI and fc for all crops, and considering again the 
NDVI maximum and minimum values from satellite imagery and the corresponding fc as 
given in Table 1, we obtain the relationship 

 1.3514 0.2811cf NDVI    (13) 

6.2. Single crop coefficient NDVI approach 

A common β parameter value is 0.25, obtained considering an fc value of 0.8, Kc equal to 1.2, 
and Kcb equal to 1.15. Taking β as 0.25 and combining (10), (11), (12), and (13), we obtain a 
direct relationship Kc - NDVI 

 1.2246 0.2203cK NDVI    (14) 

We also obtain a relationship Kc - NDVI directly from Table 1 in the same way as above, by 
considering a linear relationship between the maximum NDVI and the maximum Kc (at 
effective full cover) and the minimum (bare soil) NDVI and bare soil Kc, respectively. The 
resulting relationship is: 
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 1.25 0.2cK NDVI    (15) 

Equations (14) and (15) are very similar. By its simplicity we assume (15) as the operational 
formula to derive Kc from NDVI. 

Table 3 shows the comparison between Kc values obtained from NDVI by means of (15), and 
the values for KcINI, KcMID from [1] for the crops studied in the field during the pilot 
campaign. We observe good agreement for crops with higher effective ground cover, 
although (15) seems to overestimate KcINI slightly for spring crops.  

Crop  NDVI
min

NDVI
max

KcINI
(15)

KcINI
FAO56

KcMID
(15)

KcMID 
FAO56 

Alfalfa  0.16 0.80 0.40 0.40 1.20 1.20 
Barley  0.16 0.80 0.40 0.30 1.20 1.15 
Garlic  0.16 0.44 0.40 0.70(0.40)* 0.75 1.00 
Maize  0.16 0.78 0.40 0.30(0.40)* 1.17 1.20 
Onion  0.16 0.53 0.40 0.70(0.50)* 0.86 1.00 
Opium poppy  0.16 0.80 0.40 No reference 1.20 No reference 
Pea  0.16 0.77 0.40 0.50(0.40)* 1.16 1.15 
Potato  0.16 0.78 0.40 0.50(0.45)* 1.17 1.15 
Sugar beet  0.16 0.78 0.40 0.35(0.45)* 1.17 1.20 
Wheat  0.16 0.80 0.40 0.30 1.20 1.15 

Table 3. Comparison between the averaged Kc values obtained from NDVI by means of (15), and the 
values for KcINI, KcMID from FAO56 [1] for the main crops in the pilot zone. 

Significant deviations between NDVI based and FAO56 based KcMID are found for crops like garlic 
and onion, which exhibit low ground cover in the stage of maximum development, in contrast 
with the rest of crops studied. The higher bare soil proportion of those crops can introduce and 
reinforce effects on Kc related with irrigation frequency, irrigation system utilized, environmental 
aspects and others. Further research is under way to study this behaviour. 

It should be also noted that (14) and (15) are applicable for the initial crop development and 
mid-season phases only. The application for the late season phase, when the crop is 
maturing, requires a slight correction because ground cover (green and dry) remains nearly 
constant in that phase. Assuming a constant value of 0.8 for ground cover (Table 1) and 
combining (11) and (12), we obtain: 

 1.5625 0.05cK NDVI    (16) 

Summarizing, the operational equations will be (15) for the initial, development and mid 
season and (16) for the late season. 

7. Caia (Portugal) 
The Caia irrigation scheme is located in the Caia watershed in east-central Portugal close to 
the Spanish border. The Caia river is a tributary to the transnational Guadiana river basin. It 
is a relatively flat area at a mean elevation of 200 m above sea level, with mean annual 
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We assume that there is a linear relationship between Kcb and NDVI as stated earlier. This time, 
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dependent on wetting state of bare soil fraction, because the evaporative power of soil 
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sprinkler, drip, etc) and irrigation frequency, coupled with type and stage of crop, are the 
factors that determine the time of different bare soil wetting states. We propose a first 
approach to take into account these factors assuming NDVI as a good estimator of ground 
fractional cover, fc, (and so, of bare soil fraction, 1 - fc ). The other factors are parameterized 
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NDVI maximum and minimum values from satellite imagery and the corresponding fc as 
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A common β parameter value is 0.25, obtained considering an fc value of 0.8, Kc equal to 1.2, 
and Kcb equal to 1.15. Taking β as 0.25 and combining (10), (11), (12), and (13), we obtain a 
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considering a linear relationship between the maximum NDVI and the maximum Kc (at 
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resulting relationship is: 
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 1.25 0.2cK NDVI    (15) 

Equations (14) and (15) are very similar. By its simplicity we assume (15) as the operational 
formula to derive Kc from NDVI. 

Table 3 shows the comparison between Kc values obtained from NDVI by means of (15), and 
the values for KcINI, KcMID from [1] for the crops studied in the field during the pilot 
campaign. We observe good agreement for crops with higher effective ground cover, 
although (15) seems to overestimate KcINI slightly for spring crops.  
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Table 3. Comparison between the averaged Kc values obtained from NDVI by means of (15), and the 
values for KcINI, KcMID from FAO56 [1] for the main crops in the pilot zone. 

Significant deviations between NDVI based and FAO56 based KcMID are found for crops like garlic 
and onion, which exhibit low ground cover in the stage of maximum development, in contrast 
with the rest of crops studied. The higher bare soil proportion of those crops can introduce and 
reinforce effects on Kc related with irrigation frequency, irrigation system utilized, environmental 
aspects and others. Further research is under way to study this behaviour. 

It should be also noted that (14) and (15) are applicable for the initial crop development and 
mid-season phases only. The application for the late season phase, when the crop is 
maturing, requires a slight correction because ground cover (green and dry) remains nearly 
constant in that phase. Assuming a constant value of 0.8 for ground cover (Table 1) and 
combining (11) and (12), we obtain: 

 1.5625 0.05cK NDVI    (16) 

Summarizing, the operational equations will be (15) for the initial, development and mid 
season and (16) for the late season. 

7. Caia (Portugal) 
The Caia irrigation scheme is located in the Caia watershed in east-central Portugal close to 
the Spanish border. The Caia river is a tributary to the transnational Guadiana river basin. It 
is a relatively flat area at a mean elevation of 200 m above sea level, with mean annual 
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precipitation of 537 mm. The irrigation infrastructure was established in 1967, with a central 
dam of 203 hm3 capacity and a metered canal network serving 7,237 ha. Except for a 
concentrated small-scale plot area of 600 ha, the fields are generally large, on average 35 ha. 
The main crops are corn, wheat, tomato, and sugarbeet, which are all grown for industrial 
commercialization. 

The water resources from the dam are mainly used for irrigation (over 90%) and population 
supply (less than 10%). Pressure on water quantity is increasing and water quality is already 
under pressure, as ecological standards are very close to the regulatory limits. 

The Associação de Beneficiários do Caia (ABCaia) is the local water user association 
(Irrigation District Board). It has the mandate for water management in the irrigation 
scheme and represents the local farmers in the River Basin Council. At the beginning of 
PLEIADES, there was an incipient traditional IAS (provided by the Centro Operativo de 
Técnicas de Rega, COTR) with a newly installed agrometeorological station and a small GIS 
facility at the Irrigation District Board. The goal was to build up an innovative irrigation 
advisory capacity, in order to cope with the rapidly increasing pressure on water quantity 
and quality. 

7.1. Local crop expert database and field protocols 

The first pilot campaign was a fruitful training and learning phase that consolidated the 
local team and established local field sampling protocols. It also laid the foundations for the 
local GIS-based expert database on crop phenology. Figure 9 shows the crop coefficient 
curves for the major crops. An important emphasis in the Caia pilot zone is on tomato, 
which has phonological cycles that can vary enormously between plots. 

During the following pilot campaign, extensive field data were collected to extend the 
expert database for all major crops of the area. They were also used for validation and local 
calibration of EO-derived products.  

 
Figure 9. Crop coefficient curves for major crops in Caia area, from field campaign. 

The local team developed and implemented a work strategy having as objective to be close 
to satellite overview conditions. In that sense nadir pictures of crop canopy have been taken 
as close as possible to overpass satellite period, to determine Green fraction cover, and the 
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crop coefficient has been calculated using farming information concerning amount of used 
irrigation water, agrometeorological data and field phenological stage to correct and 
calibrate Kcb curve. 

For this campaign a spatial extrapolation of the crop coefficients was performed, based on 
field work land use maps. Figure 10 shows the temporal and spatial evolution of crop 
coefficient in the pilot zone, for the three studied crops. 

 
Figure 10. Spatial and temporal evolution of crop coefficient in Caia pilot Zone. 

7.2. Calibration and validation of FAO and EO derived crop coefficients 

The crop coefficient has been calculated in three different ways: the first (line in Figure 11) is 
based on the concepts of the FAO-56 (Allen et al., 1998) methodology for Kcb calculation, 
with its general tabulated values; the second is Kc NDVI calculated with EO PLEIADES 
methodology (circles and squares, from Landsat 7 and 5, respectively); third way is Kcb from 
field observations, adjusted with additional field data (triangles). Figure 11 shows maize 
monitored on “Melinho” and “Botafogo” test fields. The length of the “Initial stage” of 
phenological development is based on information concerning seeding dates, but FAO-56 
standard methodology stipulates that crop green development occurs earlier than has been 
observed in the field. The EO-derived data are rather close to the field observations. The 
slight scatter indicates that the crop stage have several variations, depending on soil and 
crop water stress parameters. 

 
Figure 11. Maize field Kc evolution during campaign versus EO derived and FAO-56: Melinho plot area 
(a) and Botafogo plot area (b). 

Tomato is planted in a way that full canopy is not reached in any growing stage. This means 
that soil evaporative fraction is always present, resulting in a better water management at 
plot level. Due to the fact that it is a multi-stage plant, i.e. one plant can be on multiple 
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Tomato is planted in a way that full canopy is not reached in any growing stage. This means 
that soil evaporative fraction is always present, resulting in a better water management at 
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phenological stages at the same period, irrigation must be a compromise for the average 
stage of the field. Based on the experience of field technicians, the different Kcb curves 
(Figure 12) have been calculated with data obtained at plot level, FAO-56 methodology and 
EO derived data. 

 
Figure 12. Tomato field Kc evolution during campaign versus EO derived and FAO-56: D. Joana plot 
area (a) and Sta. Isabel plot area (b). 

The results demonstrate again a huge difference between standard FAO-56 values (line) and 
the Kc values obtained from field survey (triangles). As with maize, the EO derived data 
present closer values to what has been observed on the plots. Given the huge deviation of 
actual crop coefficients from FAO-56 values the local expert database on crop phenology 
plays a crucial role in the quality of an IAS under implementation. 

7.3. Real-time demonstration and participatory evaluation with farmers 

Field monitoring has been carried from seeding until harvesting dates, only during the 
months of July, August and September of 2005. A real-time on-place demonstration 
campaign of PLEIADES took place, surveying hot spots in each of the 6 pilot fields and 
delivering IAS information to farmers.  

A “Farmer Report” was supplied to each individual land owner covered by the ground 
truth operation (Figure 13). In Figure 13 is clearly identified the difference in corn 
maturation in July, using drop-to-drop irrigation (a) and pivot irrigation (b). 

Several meetings were organized to promote and explain the content of the information to 
the farmers and to get their feedback. The farmers found that the EO derived information, 
along with field survey data, can be very useful for them and that such an irrigate 
advisory service can help them with irrigation and farming strategies at their farm 
holding level.  

Although, one of the monitored fields had a change for sugar beet with a winter variety, 
with impacts on data correlation, on the other two the same season of maize and tomato has 
been used.  

The weekly procedure has been maintained in order to collect phenological stages data to 
define Kcb field curves, for evaluation of EO-derived data. For the demonstration campaign 
the Portuguese Meteorological Institute provided Kc NDVI data, obtained from Landsat 5, in 
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almost real time, so that they could be compared with field data. The local team made their 
spatial integration and data extrapolation based on ABCaia GIS tools and related 
geographical information data available for this pilot zone. 

 
Figure 13. Farmer report from D. Isabel (a) and Melo (b) fields. 

Knowing, through data from the meteorological station at Caia (Figure 14), the relationship 
between potential evapotranspiration (ETp) and evapotranspiration measured from EO 
(ETEO), it is possible to establish the relationship expressed in (2).  

 
Figure 14. Evapotranspiration in Caia area. 

Hence, having a value of, for example, ET0 = 7.2 for the 2nd of June we can make the 
correspondence for the all area (Figure 15). This kind of data is very important to farmers 
because there is a well known relation where precipitation plus irrigation is equal to 
evapotranspiration plus terrain drainage. 
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actual crop coefficients from FAO-56 values the local expert database on crop phenology 
plays a crucial role in the quality of an IAS under implementation. 

7.3. Real-time demonstration and participatory evaluation with farmers 

Field monitoring has been carried from seeding until harvesting dates, only during the 
months of July, August and September of 2005. A real-time on-place demonstration 
campaign of PLEIADES took place, surveying hot spots in each of the 6 pilot fields and 
delivering IAS information to farmers.  

A “Farmer Report” was supplied to each individual land owner covered by the ground 
truth operation (Figure 13). In Figure 13 is clearly identified the difference in corn 
maturation in July, using drop-to-drop irrigation (a) and pivot irrigation (b). 

Several meetings were organized to promote and explain the content of the information to 
the farmers and to get their feedback. The farmers found that the EO derived information, 
along with field survey data, can be very useful for them and that such an irrigate 
advisory service can help them with irrigation and farming strategies at their farm 
holding level.  

Although, one of the monitored fields had a change for sugar beet with a winter variety, 
with impacts on data correlation, on the other two the same season of maize and tomato has 
been used.  

The weekly procedure has been maintained in order to collect phenological stages data to 
define Kcb field curves, for evaluation of EO-derived data. For the demonstration campaign 
the Portuguese Meteorological Institute provided Kc NDVI data, obtained from Landsat 5, in 
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almost real time, so that they could be compared with field data. The local team made their 
spatial integration and data extrapolation based on ABCaia GIS tools and related 
geographical information data available for this pilot zone. 

 
Figure 13. Farmer report from D. Isabel (a) and Melo (b) fields. 

Knowing, through data from the meteorological station at Caia (Figure 14), the relationship 
between potential evapotranspiration (ETp) and evapotranspiration measured from EO 
(ETEO), it is possible to establish the relationship expressed in (2).  

 
Figure 14. Evapotranspiration in Caia area. 

Hence, having a value of, for example, ET0 = 7.2 for the 2nd of June we can make the 
correspondence for the all area (Figure 15). This kind of data is very important to farmers 
because there is a well known relation where precipitation plus irrigation is equal to 
evapotranspiration plus terrain drainage. 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 188 

 
Figure 15. Crop coefficient and Evapotranspiration in Caia area at 2 of June. 

7.4. Future perspectives 

For the intensive and extensive campaign the local ground team has been organised and 
defined protocols and set up a strategy to collect data as close as possible to satellite 
overpass conditions. During the project period a local effort has been made to implement 
irrigation advisory services on the pilot zone area, resulting in ongoing use of 
agrometeorological station data provided by the Centro Operativo de Técnicas de Rega 
(COTR) and the Farmer Association (ABCaia) supplying information on irrigation 
parameters. Survey data have been available due to the cooperation of the Agronomy 
School of Elvas University (ESA) and also made available to them jointly with with ABCaia 
aiming to set up strategies for development of local technical skills to support irrigation 
development in accordance with environmental requirements. 

The foundations have been laid for the PLEIADES prototype to start being operative in the 
Caia pilot zone. An efficient and dedicated local operating team has been consolidated, with 
collaborating entities. A local GIS based expert database on crop phenology and EO 
methodology calibration has been developed and the necessary ICT infrastructure has been 
established (Figure 15). The user participation is incipient but promising. A funding model 
still needs to be found for further sustainable implementation. Increasing pressure on water 
quantity and quality may provide an important motivation. 

The Server is based on leading edge online GIS Technology. The system architecture is web 
based and composed by a modular group of components, which makes maintenance of the 
system easy. Those components are based on the XML language. 

The web services have been programmed also to let the server be distributed in different 
PCs to share the load of the system. The server has been programmed for a Windows 
system, using open source libraries and toolkits like FOP, Xerces C++, GDAL, GD, 
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MapServer, SWFF, etc. GDAL has been used for obtaining the satellite images information, 
getting the pixel value and creating charts with GD showing the time evolution.  

 
Figure 16. PLEIADES WebGIS and mobile applications example. 

This toolkit, as well as the queries form, helps the user in taking decisions about water, 
crops, etc. MapServer lets the system offer a visual support for the user, supporting a wide 
variety of image formats, as well as vector format and databases. Xercess is the parser for 
the XML messages that implements the DOM interface providing quite an easy interface for 
the programmer for accessing the XML information. 

The system receives information from images and stations, pre-processing some of them to 
provide formatted data. It also offers a Quality Control (QC) interface for the IAS manger to 
control the information for the farmer, so that the final information distributed to the user 
(“published”) includes only correct and accurate information. The system is prepared for 
assimilating the satellite image as far as possible, so that the system gives a real time toolkit 
for analysing the satellite information with the spatial information. 

The mobile phone client has been programmed in Flash. A simpler interface has been 
designed because of the limitations of the mobile technologies. This client lets the farmers 
access the information of the satellite wherever they are without needing a computer or an 
internet connection and with an easy interface that lets them zoom into the image or ask for 
parameters information. 

8. Conclusions 

PLEIADES was designed to assess and demonstrate in an operational perspective how the 
integration of Earth observation (EO) techniques in routine Irrigation Advisory Services 
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(IAS) can improve the efficiency in the use of water for irrigation. The use of leading-edge 
Information and Communication Technology (ICT) tools in the generation and distribution 
of information makes the EO easily available to IAS and the farmers.  

The PLEIADES WebGIS (www.pleiades.es) is the central outcome of the project. Its key 
feature is the operational generation of irrigation scheduling information products from a 
virtual constellation of EO satellites and their delivery to farmers in near-real-time using 
leading-edge on-line analysis and visualization tools. It is supported by a methodology 
package to derive crop coefficients and further advanced parameters from EO satellite 
images in an operational processing chain. 

PLEIADES basic products were generated and transmitted to a sample of farmers normally 
within 2 days from overpass, thus completely matching the weekly operational irrigation 
scheduling cycles.  

Participatory evaluation with selected farmers shows that the farmers feedback is very 
positive, both on the information quality as on the added value of the spatial information 
(within-plot heterogeneity and between-plot variations). The reliability and accuracy of the 
information has been con-firmed by the comparison of different approaches to derive crop 
coefficients from EO and validation with field data in all pilot zones.  

The major improvement achieved by the use of EO in the generation of basic IAS 
information products like crop coefficients is twofold. Firstly, the spatial coverage is 
enhanced significantly, both extending to larger areas and providing within-field 
heterogeneity information. Secondly, the spatially resolved EO data can easily be combined 
with cadastral information in a geographical in-formation system (GIS), which allows for 
personalization of the irrigation scheduling recommendation.  

Conventional IAS provides average irrigation recommendations per crop type, while the 
new space-assisted IAS is able to provide specific recommendations for each individual plot, 
based on the actual state of that plot.  

The fast image delivery and quality controlled operational processing make the EO-based 
crop coefficient maps available at the same speed and quality as ground-based data (point 
samples), while significantly extending the spatial coverage and reducing service cost. The 
uptake of users at IAS and farmer level is encouraging.  

Advanced products have made a significant step towards operationality while maintaining 
satisfactory levels of accuracy. First exploitation steps including full operational 
implementation are indicators of the success of the prototype and the project.  

The space segment is the most vulnerable part of the entire operational system. After the 
sensor failure of Landsat 7, the backbone of the actual system is Landsat 5, due to its 
excellent operationality and low cost (22 years old, with no replacement in sight). Urgent 
actions are required to ensure the capability to obtain adequate EO images at the adequate 
coverage frequency and low cost. 
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1. Introduction 

According to Wright [1] certification of products and processes began during the 1960’s in 
the manufacturing industry, as a tool to control and assure the quality/conformity of 
products and services provided by suppliers to customers/consumers. Thus, the series of 
ISO 9000 was published first time, in 1987 and it was been created with a flexible character, 
to be reviewed periodically. Later, were published others normative references, which 
highlight the ISO 14001 in 1996 and OHSAS 18001 in 1999. This was also, the natural 
sequence of the certification processes in the organizations, i.e., began with the certification 
of quality management systems (QMS) followed by the environmental management systems 
(EMS) and after for the Occupational Health and Safety Management System (OHSMS). 
Hence, a high percentage of organizations with an EMS, in accordance with the ISO 14001, 
had also implemented, a certified QMS, in accordance with ISO 9001. At first the 
implementation of a QMS was particularly relevant in high demanding activity sectors, like 
the automotive and aeronautical industries, but it has rapidly extended to every activity 
sector, becoming a common requisite of any company worldwide and a factor of 
competitiveness and survival. Due to the increasingly demanding environmental legislation 
in developed countries, companies nowadays are required to seriously take into 
consideration not only environmental aspects associated to the production chain itself, but 
also to the life cycle of their products. 

They are forced to implement suitable EMS to manage the environmental issues as for 
example at the level of the prevention and reduction of wastes. Consequently to promote 
and protect environment in a sustainable way. This is a particularly important issue for 
small and medium-sized companies (SMEs), which are considered to make up the vast 

© 2012 Santos et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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1. Introduction 

According to Wright [1] certification of products and processes began during the 1960’s in 
the manufacturing industry, as a tool to control and assure the quality/conformity of 
products and services provided by suppliers to customers/consumers. Thus, the series of 
ISO 9000 was published first time, in 1987 and it was been created with a flexible character, 
to be reviewed periodically. Later, were published others normative references, which 
highlight the ISO 14001 in 1996 and OHSAS 18001 in 1999. This was also, the natural 
sequence of the certification processes in the organizations, i.e., began with the certification 
of quality management systems (QMS) followed by the environmental management systems 
(EMS) and after for the Occupational Health and Safety Management System (OHSMS). 
Hence, a high percentage of organizations with an EMS, in accordance with the ISO 14001, 
had also implemented, a certified QMS, in accordance with ISO 9001. At first the 
implementation of a QMS was particularly relevant in high demanding activity sectors, like 
the automotive and aeronautical industries, but it has rapidly extended to every activity 
sector, becoming a common requisite of any company worldwide and a factor of 
competitiveness and survival. Due to the increasingly demanding environmental legislation 
in developed countries, companies nowadays are required to seriously take into 
consideration not only environmental aspects associated to the production chain itself, but 
also to the life cycle of their products. 

They are forced to implement suitable EMS to manage the environmental issues as for 
example at the level of the prevention and reduction of wastes. Consequently to promote 
and protect environment in a sustainable way. This is a particularly important issue for 
small and medium-sized companies (SMEs), which are considered to make up the vast 
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majority of business in Europe)[2]. They are quoted as contributing 70% of global 
environmental pollution, with the majority coming from the manufacturing sector [3]. Thus, 
following both the Rio Conference in 1992 and GATT (General Agreement on Tariffs and 
Trade) negotiations, international standards have become important for succeeding and for 
getting access to the markets; at the same time, there has been an increase in the interest of 
environmental management. Such regulatory and competitive pressures have caused firms 
to take into consideration the environmental issues within their own production and market 
plans. Many firms have attempted to seek an effective environmental management system. 
These have led to implementation and development of the ISO 14001 standard for assessing 
environmental management processes. Today, all over the world, many firms are seeking 
ISO 14001 certification [4]. Thus, improved environmental management in the industrial 
sector is required to protect the environment, protect human health and property, and to 
satisfy environmental requirements associated with international trade [5]. In a sense, the 
value of the ISO 14001 certificate, as a proof of environmental performance, is a combination 
of the supplier’s environmental ambitions, the advancement of supply chain practices of the 
customer and the ambitions of the certification bodies [6] . On other hand, according to 
Casadesús [7] and others authors, the interest shown by organizations and other entities 
linked by the implementation of environmental management systems (EMS), especially the 
family of ISO 14000 standards and the EMAS regulation in Europe, has grown spectacularly 
all over the world in recent years, even though a certain saturation has been detected in 
some countries. Thus, the implementation and management of all economical, 
environmental and social aspects within a company is gradually becoming a crucial 
requirement for any business and has become a widespread phenomenon around the world 
[8]. Large companies are increasingly requiring this management policy from their 
suppliers, establishing specific requests and performances that small and medium 
enterprises (SMEs) often find extremely difficult to accomplish. On other hand, there are 
many organizations which, either because of the demands of the market itself or because of 
other internal motivations, have implemented different Management Systems alongside 
their EMS.  

In fact, although no reliable references on this matter have been found, it is quite plausible 
to think that the great majority of ISO 14001 – registered companies are also certified in 
accordance with the ISO 9001 standard [9]. Thus, quality management philosophy and 
methods have been imported into ISO 14001 from ISO 9000. As a result, it is not surprising 
that measurement and evaluation are enshrined as important hallmarks of an effective EMS. 
According Curkovic [38], a companys ability to reframe learnings from total quality 
management (TQM) is crucial to the successful implementation and use of environmentally 
responsible manufacturing (ERM) -based systems and procedures. 

Generally speaking, this component of the EMS is considered effective when the contents of 
review meetings are well communicated, the focus of meetings is on improving the system, 
findings (i.e. about noncompliance, from various statistical charts, and audit results) are 
reported honestly, and corrective actions follow [10]. In some cases, the similarities between 
QMS and EMS systems can facilitate the integration of the two related management systems 
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[11]. The people that work in environmental management and at the same time are members 
of quality teams, assure that quality management goes hand-in-hand with environmental 
management. The actions that are carried out to achieve quality are, in many situations, the 
same actions necessary, for example, to achieve effective environmental management. In 
line with this, ISO 14001 has become compatible with the ISO 9001. Consequently, the 
integration of environmental issues (including environmental protection and pollution 
prevention in the management of organizations through the implementation of an 
environmental management system) allow acquiring a deep insight of the most important 
environmental aspects associated with its activity, and identifying the processes that need to 
be improved through the implementation of effective environmental measures [12]. On 
other hand, according Curkovic [38] TQM focuses on waste as it applies to process 
inefficiencies, whereas ERM focuses more on pollution in the form of air emissions and solid 
and hazardous waste. Because the two concepts share a similar focus, it makes sense to use 
many of the TQM tools, methods, and practices in implementing an ERM-based system. 

Moreover, human resources are the most valuable resource of any company or country, but 
not always the most valued. Thus, the greatest asset of any organization, any region or any 
country, are people and their know-how [13]. Therefore, among others, another system to be 
implemented in the organizations is the OHSMS. Thus, according Fernández-Muñiz [14], 
several fields are showing increasing interest in safety culture as a means of reducing 
accidents in the workplace. The literature shows that safety culture is a multidimensional 
concept. Hence, nowadays, companies that search greater profitability and better 
organization implement the quality systems, aiming at a reduction of defective products and 
lost time, searching for the loyalty of customers and searching for excellence. The 
progressive implementation of ideas and techniques related with the quality management is 
one of the clearest demonstrations of organizational innovation in the industry in the last 
decades. From the standpoint of the risk prevention literature, it has been argued that the 
use of advanced quality management systems help reduce accident rates because quality 
management methods are based on the principle of prevention rather than corrective 
actions. Hence, the concept of an OHSMS has become common over the past 20 years [15]. 
The people that work in safety management and at the same time, are members of quality 
teams, assure that quality management has a great relationship with risk management.  

More than ever, today, is in question the business sustainability of the organizations and the 
focus should be placed far much more than financial results. These results will not verify if 
that focus does not prioritize also, the satisfaction, balanced, integrated and growing of the 
customers and others relevant Stakeholders, that are clearly and objectively the employees 
for example [16]. But according to the ISO – IMS publication [17], a common objective of 
management system standards is to assist organizations to manage the risks associated with 
providing products and services to customers and other stakeholders. On other hand the 
management system of the organizations is frequently split into a number of parts or sub-
systems, which must be managed separately with relative independence. These parts or sub-
systems of an organization's management system reflect the different needs and 
expectations of the stakeholders. Many organizations use standards, such as those related to 
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These have led to implementation and development of the ISO 14001 standard for assessing 
environmental management processes. Today, all over the world, many firms are seeking 
ISO 14001 certification [4]. Thus, improved environmental management in the industrial 
sector is required to protect the environment, protect human health and property, and to 
satisfy environmental requirements associated with international trade [5]. In a sense, the 
value of the ISO 14001 certificate, as a proof of environmental performance, is a combination 
of the supplier’s environmental ambitions, the advancement of supply chain practices of the 
customer and the ambitions of the certification bodies [6] . On other hand, according to 
Casadesús [7] and others authors, the interest shown by organizations and other entities 
linked by the implementation of environmental management systems (EMS), especially the 
family of ISO 14000 standards and the EMAS regulation in Europe, has grown spectacularly 
all over the world in recent years, even though a certain saturation has been detected in 
some countries. Thus, the implementation and management of all economical, 
environmental and social aspects within a company is gradually becoming a crucial 
requirement for any business and has become a widespread phenomenon around the world 
[8]. Large companies are increasingly requiring this management policy from their 
suppliers, establishing specific requests and performances that small and medium 
enterprises (SMEs) often find extremely difficult to accomplish. On other hand, there are 
many organizations which, either because of the demands of the market itself or because of 
other internal motivations, have implemented different Management Systems alongside 
their EMS.  

In fact, although no reliable references on this matter have been found, it is quite plausible 
to think that the great majority of ISO 14001 – registered companies are also certified in 
accordance with the ISO 9001 standard [9]. Thus, quality management philosophy and 
methods have been imported into ISO 14001 from ISO 9000. As a result, it is not surprising 
that measurement and evaluation are enshrined as important hallmarks of an effective EMS. 
According Curkovic [38], a companys ability to reframe learnings from total quality 
management (TQM) is crucial to the successful implementation and use of environmentally 
responsible manufacturing (ERM) -based systems and procedures. 

Generally speaking, this component of the EMS is considered effective when the contents of 
review meetings are well communicated, the focus of meetings is on improving the system, 
findings (i.e. about noncompliance, from various statistical charts, and audit results) are 
reported honestly, and corrective actions follow [10]. In some cases, the similarities between 
QMS and EMS systems can facilitate the integration of the two related management systems 
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[11]. The people that work in environmental management and at the same time are members 
of quality teams, assure that quality management goes hand-in-hand with environmental 
management. The actions that are carried out to achieve quality are, in many situations, the 
same actions necessary, for example, to achieve effective environmental management. In 
line with this, ISO 14001 has become compatible with the ISO 9001. Consequently, the 
integration of environmental issues (including environmental protection and pollution 
prevention in the management of organizations through the implementation of an 
environmental management system) allow acquiring a deep insight of the most important 
environmental aspects associated with its activity, and identifying the processes that need to 
be improved through the implementation of effective environmental measures [12]. On 
other hand, according Curkovic [38] TQM focuses on waste as it applies to process 
inefficiencies, whereas ERM focuses more on pollution in the form of air emissions and solid 
and hazardous waste. Because the two concepts share a similar focus, it makes sense to use 
many of the TQM tools, methods, and practices in implementing an ERM-based system. 

Moreover, human resources are the most valuable resource of any company or country, but 
not always the most valued. Thus, the greatest asset of any organization, any region or any 
country, are people and their know-how [13]. Therefore, among others, another system to be 
implemented in the organizations is the OHSMS. Thus, according Fernández-Muñiz [14], 
several fields are showing increasing interest in safety culture as a means of reducing 
accidents in the workplace. The literature shows that safety culture is a multidimensional 
concept. Hence, nowadays, companies that search greater profitability and better 
organization implement the quality systems, aiming at a reduction of defective products and 
lost time, searching for the loyalty of customers and searching for excellence. The 
progressive implementation of ideas and techniques related with the quality management is 
one of the clearest demonstrations of organizational innovation in the industry in the last 
decades. From the standpoint of the risk prevention literature, it has been argued that the 
use of advanced quality management systems help reduce accident rates because quality 
management methods are based on the principle of prevention rather than corrective 
actions. Hence, the concept of an OHSMS has become common over the past 20 years [15]. 
The people that work in safety management and at the same time, are members of quality 
teams, assure that quality management has a great relationship with risk management.  

More than ever, today, is in question the business sustainability of the organizations and the 
focus should be placed far much more than financial results. These results will not verify if 
that focus does not prioritize also, the satisfaction, balanced, integrated and growing of the 
customers and others relevant Stakeholders, that are clearly and objectively the employees 
for example [16]. But according to the ISO – IMS publication [17], a common objective of 
management system standards is to assist organizations to manage the risks associated with 
providing products and services to customers and other stakeholders. On other hand the 
management system of the organizations is frequently split into a number of parts or sub-
systems, which must be managed separately with relative independence. These parts or sub-
systems of an organization's management system reflect the different needs and 
expectations of the stakeholders. Many organizations use standards, such as those related to 
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quality, the environment and safety, among others, to manage certain aspects of their 
performance. 

Within this framework, in order to have quality and excellence in products (or services), as 
well as in the management of the companies that manufacture and provide them, it has 
become imperative for the companies define and implement quality, environment and 
safety management system, according to ISO 9001, ISO 14001 and OHSAS 18001 standards, 
respectively . At the same time the companies must also improve and optimize, continually, 
these management systems to allow them to true added value for the companies and their 
stakeholders [16].  

The following questions may arise: How can these three management systems be 
integrated? Can they be integrated? According to Santos [18] this is a problem that the most 
developed companies started to experience some time ago, and it has been discussed by 
various authors, that we highlight: McDonald [19], Arifin [20] and Bernardo [21] among 
others, who provides a summary of the degrees of integration according to some authors, 
and Labodová [22], who reported on the implementation of integrated management systems 
using a risk analyses based approach. Thus, according with the ISO 72:2001 Guide [23], the 
experience with management system standards issued by the ISO shows that there exist a 
number of common elements, which can be arranged under the following main subjects: 
policy; planning; implementation and operation; performance assessment; improvement 
and management review, as stated by Santos [13]. 

Related to the integration of management systems, Karapetrovic [9] states that there are 
many organizations that implement different management systems, either as a result of 
market demand either for internal reasons. During the combined audits in accordance with 
ISO 19011 [24] for Quality and/or Environmental Management Systems audits, it can be 
observed that the integration of the systems is implemented in a partial way by the 
integration of procedures by phases. 

When it is observed that it exist similar procedures, those are adapted to the two systems, 
for exemple, quality and environment, and jointly audited. However, the manuals still 
individually separated. As stated by Santos [25], although an audit be integrated / joint, 
named as by "combined audit", the respective reports are often kept separate so that any 
nonconformities detected in one of the systems do not implicate to stop the other system 
that complies with the respective standard. This could implicate the loose of clients, which 
would be a backward step for the company, and is considered one of the obstacles to a 
quicker integration. Suditu [26], associates to the integration of management systems 
internal motivations and corresponding benefits, by dividing them into: 1 - Organisational – 
improvement of the quality of the management by downsizing of three departments into 
one and reducing barriers between individual systems; 2 - Financial – reduction in auditing 
costs; 3-Employees – increased motivation, awareness and competences; 4 - External 
motivations and corresponding benefits, by dividing them into: Commercial – competitive 
advantage, improved market position, gain of new clients and satisfying current ones; 
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Communication – improved image of the organisation, improved relationships with 
Stakeholders and evidence of legal compliance; In fact, significant differences in these areas 
have not been found, and it is fairly plausible that the vast majority of companies certified 
under ISO 14001 are also certified under the ISO 9001 standard, according to Santos [13]. 

Therefore, a new necessity has emerged in organisations, namely to integrate these  systems 
into a single IMS - Integrated Management System and we cannot forget the fact that the 
environmental improvement of the product must be considered in relation to the impacts on 
Quality & Health and Safety, as mentioned by Jørgensen [27]. Therefore, the idea of an IMS - 
Integrated Management System consists of establishing correspondences and to combine 
two or more independent management systems, for example in accordance with ISO 9001, 
ISO 14001, and OHSAS 18001. Evidence of this can be seen in table A.1 - of the annex A - of 
OHSAS 18001:2007 [28]. Despite having their origins in different aspects of company 
performance, the Quality, Environment and Safety Management Systems have a lot in 
common, as mentioned by Fresner [12] and Block [29], among other authors. The integration 
of these management systems is a path that can be followed, and the ISO 19011 standard - 
Guidelines for auditing management systems [24] is a good example of the future. 
According to Santos [13] the future lies in the integration of these management systems, 
managed by only one multidisciplinary team with training and skills in several areas, 
thereby economizing both financial and human resources.  

The Portuguese industry, mainly, consists of Small and Medium Enterprises (SMEs), which 
activity and performance are crucial factors for the country development. SMEs provide 
75% of the total labour force employed in industry, trade and services. According to the 
website of the Ministry of Economy and Innovation [30] SMEs are responsible of 99.5% of 
national business, generating 74.7% of employment and held 59.8% of sales nationwide. 
They are the basis of Portuguese economy. A good example of Management Systems 
Certification and Integration in Portugal is represented in Figure 1.  

 

Figure 1. Documental structure of the Integrated Management Systems at Kupper & Schmidt [13] 
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For a long time, the only Foundry in the country to have its Quality, Environment and 
Health and Safety systems certified was Kupper and Schmidt, a SME that supplies 
exclusively the automotive industry and exports about 98% of its production to the 
European and American markets. Just a few years after starting its activity the company had 
its Quality System already certified by the main customers. In 1997 it was certified according 
to ISO 9002 standard, in 1998 by QS – 9000, in 1999 by VDA 6.1, and in 2001 by ISO/TS 16949 
standards. In 2000 the company focused in Environment, and got the certification according 
to ISO 14001 standard. Since 2002 the company has its OHSMS certified according to 
OHSAS 18001 [31]. Presently, the company runs an Integrated Management System in what 
concerns to management procedures, operating instructions and documentation. 

The objective of this work was to contribute to characterize the situation about the 
Integration of Environment with Quality and Safety in the Portuguese companies, as well, 
highlight the benefits obtained with the certification and integration and show that, it is a 
path to sustained success.  

2. Methodology 
In the last years there has been a significant increase in the number of Portuguese companies 
certified in Quality, Environment and Health and Safety. Some of them have a degree of 
integration of such systems which are not known. In order to make such characterization a 
survey based on a questionnaire was carried out in several Portuguese SMEs.  

The questionnaire was sent via e-mail or delivered personally in hand, explaining and 
justifying its main objectives and it was organized in five sections, according to Table 1. Both 
qualitative and quantitative answers were asked, depending on the nature of the question 
and the available data to give an accurate response. The questionnaire was sent by e-mail 
together with a cover letter describing the objectives of the research and including some 
answering instructions to 300 SME with a certified quality management system. 162 
companies were located in the centre region of Portugal (including Lisbon area), 114 in the 
northern region (including Oporto area) and 24 in regions located south of Lisbon. 
According to the data available from the “SMEs Portugal Association” this distribution is 
proportional to the location of SMEs within the Portuguese territory [32]. 

80 companies answered the inquiry, but only 46 have been validated, thus representing the 
sample size of the Portuguese territory. From those 46 companies, 20 (43%) were from the 
Trade/Services activity sector, 17 (37%) from the Industrial sector, 5 (11%) from the 
Electricity/Telecommunications sector and 4 (9%) from the Construction area (Figure 2). 

About 80 questionnaires were received. The main criteria for validation were to be a SME, to 
have the ISO 9001 QMS certification and to have answered the main questions completely. 
Thus, only 46 were completed properly. Data was worked and some results presented [13 ; 
33]. However, it is known that there are SMEs with other certified systems, among them the 
EMS. An additional criterion was to have the ISO 14001 EMS certification. Initially, 12 SMEs  

 
Certification and Integration of Environment with Quality and Safety – A Path to Sustained Success 199 

 
Main Sections Questionnaire main topics

General 
Description of the 
Company 

 Number of employees; Volume of business; Branch of activity; 
Main products and markets; etc.  

QMS 

 Year of ISO 9001 certification; Main reasons for Quality 
certification. 

 Main difficulties; Main benefits that arose from certification (new 
costumers, image, competitiveness, business increase, quality 
improvement, customer satisfaction, products innovation, 
organization improvements, etc.); Main drawbacks; Quality tools 
that the company uses.  

EMS 

 Year of ISO 14001 certification; Main reasons for Environmental 
certification; Main difficulties; Main benefits that arose from 
certification (waste reduction, waste destination, environmental 
costs reduction, etc); Main drawbacks. 

OHSMS 

 Year of OHSAS 14001 certification; Main reasons for Health and 
Safety certification; Main difficulties; Main benefits that arose from 
certification (reduction of the number of accidents, productivity 
increase, absenteeism, etc);Main drawbacks. 

IMS  

 Running independently or integrated; Degree of integration 
(integrated systems, what is integrated, reasons for integration, 
management structure, etc); Main benefits of integration (cost 
reduction, management simplification, etc); Main difficulties; Main 
drawbacks. 

Table 1. Main sections and question main topics of the questionnaire [13]. 

 
Figure 2. Distribution of participating companies by sector of activity 
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to ISO 14001 standard. Since 2002 the company has its OHSMS certified according to 
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Main Sections Questionnaire main topics

General 
Description of the 
Company 

 Number of employees; Volume of business; Branch of activity; 
Main products and markets; etc.  

QMS 

 Year of ISO 9001 certification; Main reasons for Quality 
certification. 

 Main difficulties; Main benefits that arose from certification (new 
costumers, image, competitiveness, business increase, quality 
improvement, customer satisfaction, products innovation, 
organization improvements, etc.); Main drawbacks; Quality tools 
that the company uses.  

EMS 

 Year of ISO 14001 certification; Main reasons for Environmental 
certification; Main difficulties; Main benefits that arose from 
certification (waste reduction, waste destination, environmental 
costs reduction, etc); Main drawbacks. 

OHSMS 

 Year of OHSAS 14001 certification; Main reasons for Health and 
Safety certification; Main difficulties; Main benefits that arose from 
certification (reduction of the number of accidents, productivity 
increase, absenteeism, etc);Main drawbacks. 

IMS  

 Running independently or integrated; Degree of integration 
(integrated systems, what is integrated, reasons for integration, 
management structure, etc); Main benefits of integration (cost 
reduction, management simplification, etc); Main difficulties; Main 
drawbacks. 

Table 1. Main sections and question main topics of the questionnaire [13]. 

 
Figure 2. Distribution of participating companies by sector of activity 
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(26,1%) fulfilled such criterion but later, 5 questionnaires was completed what totalized 17 
SMEs (36,9%). This was the sample for SMEs with EMS certified. Also initially only 7 SMEs 
(15,2%) had the OHSMS certified according OHSAS 18001. Later it was completed and 
validated more 5 questionnaires, which totalize 12 SMEs (26,1%) with the OHSMS certified 
according OHSAS 18001. This is the sample for SMEs with OHSMS certified. 

Once the information has been collected, the next step consisted of the analysis and 
interpretation of data. An Excel file has been created with the collected data, and then 
exported to SPSS (Statistical Package for Social Sciences). SPSS is powerful software to 
support statistics, which provides complex statistical calculations. However, due to the 
small sample size, two obstacles came up: knowing what statistical test to use and to 
interpret correctly the results from calculations. Thus: 

1. Statistical techniques - It was used primarily to inductive and descriptive statistics: 
average, frequency plots, the principal component analysis, cluster analysis and 
statistical inference to find the important conclusions about the population inferred 
from analysis of the sample, bearing in mind the limitation its reduced size. 

2. KMO and sphericity test of Bartlett's - the KMO and Bartlett test are two statistical 
procedures that allow measuring the quality of the correlation between variables. The 
Kaiser-Meyer_Olkin (KMO) is a statistic test that varies between 0 and 1 and compares 
the zero-order correlations with the partial correlations observed between the variables. 

3. Internal consistency Cronbach's Alpha - Cronbach's Alpha is commonly used to 
measure internal consistency of a group of variables (items). It can be defined as the 
correlation that is expected to get between the scale and other scales used the same 
hypothetical universe with an equal number of items that measure the same 
characteristic. 

4. Cluster analysis - is also a technique of exploratory multivariate analysis that allows to 
group variables into homogeneous groups or to compact one or more common 
characteristics. Each observation belonging to a particular cluster is similar to all others 
belonging to that cluster, and is different from the observations belonging to other 
clusters. We chose to use the method of cluster analysis to detect groups in the original 
variables, the issues where the sample was small, and the principal component analysis 
had not reached a conclusion. The analysis of the survey was directed to the most 
relevant items of the questionnaire.  

The principal component analysis to data was applied with the help of SPSS, which allows 
an investigation of the multivariate structure, and a better interpretation of data. The 
internal consistency of the subject is given by Cronbach's Alpha index which was applied to 
the 19 selected variables, considering 5 analysis components, which was 0.901. As this value 

was greater than 0.7, the responses were considered as trustworthy and free of errors. [33]. 
On this context, we used punctuation 4 for “Greater Impact”, 3 for “Impact”, 2 for “Little 
Impact” and 1 for “No impact”. The resume of results of this work was published in the 
Journal of Cleaner Production [13]. 
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Moreover, it was made a case study. The investigation was developed in business 
environment at an Portuguese Company - the Itron – Portugal, that over the years has been 
adopting, in whole or in part, gradually and individualized standards or specifications of 
different Management Systems, relevant to the ISO 14001 (Environmental Management 
Systems) ISO 9001 (Quality Management Systems), OHSAS 18001/NP 4397 (Safety and 
Health Management Systems). While it is imperative to assess the perception of employees 
of the Company on the structuring, implementation and evaluation of the integration model 
and its validation in a real work environment, it was developed an internal research 
supported in an inductive approach in the context of the investigator's experiences with the 
object and the environment of the study. 

The technique used to evaluate the contributions to the structure of the model proposed of 
IMS_QES was the internal investigation by questionnaire to the Collaborators of the 
company. The total population was 160 employees which are the organization structure of 
the different branches and levels. The sample that was considered - 49 employees, represent 
around 30.62% of the total Collaborators. 42 Collaborators answered to the questionnaire 
which is an overall reply rate of 86%. This rate represents a strong adherence, at all 
hierarchy levels of the Organization.  

In a first phase, the model was developed supported on the Lean philosophy , in order to 
the simplification and consequent resolution of problems and gains in efficiency of existing 
management systems in the company (referred as Sub-systems), which along the years were 
adopted gradually, but individualized and often isolated between to each other.  

Were considered four main questions and for each of them several topics as described in the 
table 2. 

 
 
 

Main Sections Questionnaire main topics

1 - Importance of 
motivation factors for 
the implementation of 
the IMS_QES.  

 Improving the image of the Company  
 Rationalizing and optimizing the management of the 

resources ( financial, material and human) 
 Facilitating the management of the three components for the 

Sustainable Development of the Organization and of the 
Business 

 Increasing requirements of the Costumers  
 Competitive advantage and strategic vision of the Business 
 Natural evolution of the Management Systems in the 

Company  
 The continual improvement of Quality, Environment and 

Safety Management Systems involves their integration 
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exported to SPSS (Statistical Package for Social Sciences). SPSS is powerful software to 
support statistics, which provides complex statistical calculations. However, due to the 
small sample size, two obstacles came up: knowing what statistical test to use and to 
interpret correctly the results from calculations. Thus: 

1. Statistical techniques - It was used primarily to inductive and descriptive statistics: 
average, frequency plots, the principal component analysis, cluster analysis and 
statistical inference to find the important conclusions about the population inferred 
from analysis of the sample, bearing in mind the limitation its reduced size. 

2. KMO and sphericity test of Bartlett's - the KMO and Bartlett test are two statistical 
procedures that allow measuring the quality of the correlation between variables. The 
Kaiser-Meyer_Olkin (KMO) is a statistic test that varies between 0 and 1 and compares 
the zero-order correlations with the partial correlations observed between the variables. 

3. Internal consistency Cronbach's Alpha - Cronbach's Alpha is commonly used to 
measure internal consistency of a group of variables (items). It can be defined as the 
correlation that is expected to get between the scale and other scales used the same 
hypothetical universe with an equal number of items that measure the same 
characteristic. 

4. Cluster analysis - is also a technique of exploratory multivariate analysis that allows to 
group variables into homogeneous groups or to compact one or more common 
characteristics. Each observation belonging to a particular cluster is similar to all others 
belonging to that cluster, and is different from the observations belonging to other 
clusters. We chose to use the method of cluster analysis to detect groups in the original 
variables, the issues where the sample was small, and the principal component analysis 
had not reached a conclusion. The analysis of the survey was directed to the most 
relevant items of the questionnaire.  

The principal component analysis to data was applied with the help of SPSS, which allows 
an investigation of the multivariate structure, and a better interpretation of data. The 
internal consistency of the subject is given by Cronbach's Alpha index which was applied to 
the 19 selected variables, considering 5 analysis components, which was 0.901. As this value 

was greater than 0.7, the responses were considered as trustworthy and free of errors. [33]. 
On this context, we used punctuation 4 for “Greater Impact”, 3 for “Impact”, 2 for “Little 
Impact” and 1 for “No impact”. The resume of results of this work was published in the 
Journal of Cleaner Production [13]. 
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Moreover, it was made a case study. The investigation was developed in business 
environment at an Portuguese Company - the Itron – Portugal, that over the years has been 
adopting, in whole or in part, gradually and individualized standards or specifications of 
different Management Systems, relevant to the ISO 14001 (Environmental Management 
Systems) ISO 9001 (Quality Management Systems), OHSAS 18001/NP 4397 (Safety and 
Health Management Systems). While it is imperative to assess the perception of employees 
of the Company on the structuring, implementation and evaluation of the integration model 
and its validation in a real work environment, it was developed an internal research 
supported in an inductive approach in the context of the investigator's experiences with the 
object and the environment of the study. 

The technique used to evaluate the contributions to the structure of the model proposed of 
IMS_QES was the internal investigation by questionnaire to the Collaborators of the 
company. The total population was 160 employees which are the organization structure of 
the different branches and levels. The sample that was considered - 49 employees, represent 
around 30.62% of the total Collaborators. 42 Collaborators answered to the questionnaire 
which is an overall reply rate of 86%. This rate represents a strong adherence, at all 
hierarchy levels of the Organization.  

In a first phase, the model was developed supported on the Lean philosophy , in order to 
the simplification and consequent resolution of problems and gains in efficiency of existing 
management systems in the company (referred as Sub-systems), which along the years were 
adopted gradually, but individualized and often isolated between to each other.  

Were considered four main questions and for each of them several topics as described in the 
table 2. 

 
 
 

Main Sections Questionnaire main topics

1 - Importance of 
motivation factors for 
the implementation of 
the IMS_QES.  

 Improving the image of the Company  
 Rationalizing and optimizing the management of the 

resources ( financial, material and human) 
 Facilitating the management of the three components for the 

Sustainable Development of the Organization and of the 
Business 

 Increasing requirements of the Costumers  
 Competitive advantage and strategic vision of the Business 
 Natural evolution of the Management Systems in the 

Company  
 The continual improvement of Quality, Environment and 

Safety Management Systems involves their integration 
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2 - Stakeholder 
influences on the 
performance and 
evolution of an IMS-
QES  

 ITRON Group - Orientations and evolution of QES and 
Sustainability policies 

 Customers, competitors, insurance companies, suppliers and 
official QES entities 

 Financial institutions 
 Local Management group and Collaborators 

3 - Main Internal 
difficulties for the 
development of the 
IMS-QES model and 
its implementation 

 Deficit of human and material resources due to the strongly 
competitive environment and costs reduction; 

 Resistance to change  
 Diversity of products and services vis-a-vis Customer’s 

requirements and legal and other requirements 
 Do not explicitly fit in the objectives and priorities of the 

ITRON - Portugal  
 Lack of internal competences in Integration Management 

Systems  
 Do not exist an international standard for the integration of 

Management Systems  

4 - Potential benefits 
resulting from the 
implementation of the 
IMS-QES 

 Elimination of conflicts between individual Systems, and 
consequent resource optimization, namely human resources; 

 Elimination of several organizational waste including at the 
level of bureaucracy associated to the sub systems Quality, 
Environment and Safety  

 Common management policy, objectives, goals and KPIs - 
Key Process Indicators related to QES performance  

 Improvement of the internal and external image of the 
company in the aim of the QES issues  

 Involvement and consolidation, by ALL employees, of a 
continual improvement culture, attitudes and values of global 
QES scope 

 Reduction of the number of internal and/or external audits 
and to Suppliers 

 Improvement at the level of coordinated and integrated 
management of the Risk associated to the Safety of People, 
Infrastructure, Environment, and Products 

 Greater employee valorization and motivation  
 Integrated management of several components of 

Sustainability in a Global Market; 
 Improvement of the partnership relationships with Suppliers 

of goods and services; 

The resume of results of this work of investigation performed at Itron - Portugal, was presented at the International 
Symposium on Occupational Safety and Hygiene SHO 2012 [16]. 

Table 2. Main sections and question main topics of the questionnaire used on the investigation [34]. 
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3. Survey results 

The first system that was certified in majority of the companies was the QMS. When this 
system was consolidated, then the EMS was certified. Only when this system was 
consolidated, companies certified the OHSMS which has started quite recently. After the 
three certifications, they started in a staggered way to develop integrated procedures to 
integrate two systems (quality and environment or safety), and whenever possible, the three 
systems (quality, environment and safety) [13 ; 25] . 

This has been, more or less, the general rule that Portuguese SMEs have adopted, fact that 
was confirmed by the number of certifications, where the quality stands out in the first place 
(QMS), followed by environmental certification (EMS) and finally the safety certification 
(OHSMS). 

However, we know that some companies have adopted another rule in sporadic cases. After 
the certification of quality according to ISO 9001, common procedures have been designed 
for the Environmental Management System (EMS) and the Occupational Health and Safety 
Management System (OHSMS) at work certification, which worked as the embryo for the 
implementation of a set of Integrated Management procedures [13]. 

3.1. The main benefits that companies have gained from QMS certification 

Certification is certainly a strategic option for developing organizations in the sense of a 
wiliness to improve and gain market share. With the reality of the growing number of 
certified companies, it is important to analyze and quantify the benefits that companies have 
gained from the certification of their quality system.  

Considering the descriptive analysis of responses and the analysis of each item separately, it 
can be concluded that certification of QMS led companies to improve their internal 
organization, to make it easier the access to information, improved the internal evaluation of 
the management systems (namely through continuous audits in time) and had a beneficial 
effect on the company image, as depicted in Table 3. 
 

 Major 
Impact Impact Little Impact No Impact 

Internal Organization of the 
company 

72% 22% 6% 0% 

Continuous assessment through 
internal audits 

54% 44% 2% 0% 

Company image 52% 46% 2% 0% 

Ease of access to information 44% 39% 15% 2% 

Table 3. Aspects of the company management where QMS had the greatest impact/benefit [13] 
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It is clear from Table 3 that these were, in fact, the major benefits of QMS certification. 72% 
of the companies referred that the major achievement was in their internal organization, and 
only 6% have referred that certification had little impact on this particular aspect. 52% of the  
companies stated that their image was improved as a consequence of certification. The basis 
for these statement was the increase in the number of new or potentially new customers, the 
drastic reduction of customers rejections and increase of customers satisfaction (evaluated 
not only by the decrease in the number of rejections, as well as by the increase in the sales 
volume for those same customers and the increased satisfaction with the overall quality of 
the products). Moreover, any company reported to have not felt some sort of impact in any 
aspect of their management structure, as inferred by the results presented in column "no 
impact" of Table 3. 

3.2. The main benefits gained from the EMS certification 

In what concerns to EMS certification, the main reasons referred for certification have been 
environment promotion and protection, improvement of the company's image on this field, 
improvement of life quality inside and in the surroundings of the enterprise and a 
marketing strategy, with particular relevance for the first three. The main benefits of EMS 
certification were classified as having had major, relevant and low or any impact in several 
fields. Those fields where a major impact of certification have been detected were 
environment protection (evaluated by the decrease in the amount of residues and disposal 
costs), better integration of the company in the community, rationalization of natural 
resources, implementation of recycling techniques (and consequent decrease of costs related 
to raw-materials acquisition), legislation compliance and consequent decrease of penalty 
costs. Those companies with non-certified EMS refer to lack of investment support, high 
implementation costs when compared with the foreseen benefits of certification, or 
irrelevant environmental risks associated to their activity as the main reasons for their non-
certification option/decision. 

3.3. The main benefits that companies have gained from the OHSMS 
certification 

The main benefits that companies have gained from the OHSMS certification were: 
“Improvement of working conditions” clearly took the majority with 91.6% of the 
responses. Another important question with great impact was “Ensuring compliance with 
legislation” with 83.3% of responses. Legislation exists which must be fulfilled and most of 
Portuguese SMEs with certified OHSMS fulfill that legislation work; another strong 
question was “Notice to workers about the risks and dangers at work” and 75% of the 
SMEs responded affirmatively. Hence, it can be concluded that there is “better internal 
communication for workers about the risks and hazards” when an OHSMS is implemented 
and certified.  
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4. The Integration of Management Systems (quality, environment and 
safety) 

More than ever, today is in question the sustainability of the organizations and the focus 
should be placed far beyond the financial results. These will no longer verify it is not 
prioritize also the continual satisfaction , balanced, integrated and growing of the customers 
and other stakeholders taking as benchmarks for orientation and acting the dimensions of 
sustainability - economic, environmental and social and too the  organizational and 
operational factors of the competitiveness. 

There exist a set of management system standards that apply to any type of organisation 
and activity. Others will certainly be created. These standards like as: NP EN ISO 9001:2008, 
NP EN ISO 9004:2011, NP EN ISO14001:2004, OHSAS 18001:2008/NP 43397:2008, NP EN 
ISO/IEC 17025:2005, SA 8000:2001 /NP 4469-1:2008, NP 4457:2007, ISO 31000:2009, ISO/IEC 
27001:2005, NP 4427:2004, PAS 99:2006, cover a wide array of different disciplines, aims and 
activities of organisation and operation of the Enterprises including the interfaces and 
satisfaction of all theirs stakeholders. In itself, this fact leads to a greater perception and 
awareness of challenges and brings sustainability to businesses, with which Organisations 
face a fiercely competitive global market in which the only thing that does not change is 
change itself [34]. Several of these standards, having been published recently, require that a 
lot of supplementary effort first be put at the level of the learning process needed 
considering the route that must be taken by organisations towards full implementation, 
which should be carried out in a balanced manner with added value.  

In this context, Quality, Environment and Safety Management Systems certification have a 
great impact in companies, at internal, external and operational levels. The certification of 
these Management Systems includes many common procedures that can be run in an 
integrated basis, as illustrated in Figure 3. 

In fact and according to the ISO – IMS publication (The integrated use of management 
systems standards) [23], a common objective of management system standards is to assist 
organisations to manage the risks associated with providing products and services to 
customers and other stakeholders. On other hand the management system of the 
organisations is frequently split into a number of parts or sub-systems, which must be 
managed separately with relative independence. These parts or sub-systems of an 
organisation's management system reflect the different needs and expectations of the 
stakeholders. Many organisations use standards, such as those related to quality, the 
environment and safety, among others, to manage certain aspects of their performance. 

The synergy that an Integrated Management System (IMS) can offer have driven 
organizations into higher levels of performance at a cost lower than that associated to 
independent certification management systems. The simple schematic Figure 3 represents 
the vision of an IMS, suggesting that they have common information and procedures and at 
same time others standards, used in the companies, are involved in the organization and 
functioning of them.  



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 204 

It is clear from Table 3 that these were, in fact, the major benefits of QMS certification. 72% 
of the companies referred that the major achievement was in their internal organization, and 
only 6% have referred that certification had little impact on this particular aspect. 52% of the  
companies stated that their image was improved as a consequence of certification. The basis 
for these statement was the increase in the number of new or potentially new customers, the 
drastic reduction of customers rejections and increase of customers satisfaction (evaluated 
not only by the decrease in the number of rejections, as well as by the increase in the sales 
volume for those same customers and the increased satisfaction with the overall quality of 
the products). Moreover, any company reported to have not felt some sort of impact in any 
aspect of their management structure, as inferred by the results presented in column "no 
impact" of Table 3. 

3.2. The main benefits gained from the EMS certification 

In what concerns to EMS certification, the main reasons referred for certification have been 
environment promotion and protection, improvement of the company's image on this field, 
improvement of life quality inside and in the surroundings of the enterprise and a 
marketing strategy, with particular relevance for the first three. The main benefits of EMS 
certification were classified as having had major, relevant and low or any impact in several 
fields. Those fields where a major impact of certification have been detected were 
environment protection (evaluated by the decrease in the amount of residues and disposal 
costs), better integration of the company in the community, rationalization of natural 
resources, implementation of recycling techniques (and consequent decrease of costs related 
to raw-materials acquisition), legislation compliance and consequent decrease of penalty 
costs. Those companies with non-certified EMS refer to lack of investment support, high 
implementation costs when compared with the foreseen benefits of certification, or 
irrelevant environmental risks associated to their activity as the main reasons for their non-
certification option/decision. 

3.3. The main benefits that companies have gained from the OHSMS 
certification 

The main benefits that companies have gained from the OHSMS certification were: 
“Improvement of working conditions” clearly took the majority with 91.6% of the 
responses. Another important question with great impact was “Ensuring compliance with 
legislation” with 83.3% of responses. Legislation exists which must be fulfilled and most of 
Portuguese SMEs with certified OHSMS fulfill that legislation work; another strong 
question was “Notice to workers about the risks and dangers at work” and 75% of the 
SMEs responded affirmatively. Hence, it can be concluded that there is “better internal 
communication for workers about the risks and hazards” when an OHSMS is implemented 
and certified.  

 
Certification and Integration of Environment with Quality and Safety – A Path to Sustained Success 205 

4. The Integration of Management Systems (quality, environment and 
safety) 

More than ever, today is in question the sustainability of the organizations and the focus 
should be placed far beyond the financial results. These will no longer verify it is not 
prioritize also the continual satisfaction , balanced, integrated and growing of the customers 
and other stakeholders taking as benchmarks for orientation and acting the dimensions of 
sustainability - economic, environmental and social and too the  organizational and 
operational factors of the competitiveness. 

There exist a set of management system standards that apply to any type of organisation 
and activity. Others will certainly be created. These standards like as: NP EN ISO 9001:2008, 
NP EN ISO 9004:2011, NP EN ISO14001:2004, OHSAS 18001:2008/NP 43397:2008, NP EN 
ISO/IEC 17025:2005, SA 8000:2001 /NP 4469-1:2008, NP 4457:2007, ISO 31000:2009, ISO/IEC 
27001:2005, NP 4427:2004, PAS 99:2006, cover a wide array of different disciplines, aims and 
activities of organisation and operation of the Enterprises including the interfaces and 
satisfaction of all theirs stakeholders. In itself, this fact leads to a greater perception and 
awareness of challenges and brings sustainability to businesses, with which Organisations 
face a fiercely competitive global market in which the only thing that does not change is 
change itself [34]. Several of these standards, having been published recently, require that a 
lot of supplementary effort first be put at the level of the learning process needed 
considering the route that must be taken by organisations towards full implementation, 
which should be carried out in a balanced manner with added value.  

In this context, Quality, Environment and Safety Management Systems certification have a 
great impact in companies, at internal, external and operational levels. The certification of 
these Management Systems includes many common procedures that can be run in an 
integrated basis, as illustrated in Figure 3. 

In fact and according to the ISO – IMS publication (The integrated use of management 
systems standards) [23], a common objective of management system standards is to assist 
organisations to manage the risks associated with providing products and services to 
customers and other stakeholders. On other hand the management system of the 
organisations is frequently split into a number of parts or sub-systems, which must be 
managed separately with relative independence. These parts or sub-systems of an 
organisation's management system reflect the different needs and expectations of the 
stakeholders. Many organisations use standards, such as those related to quality, the 
environment and safety, among others, to manage certain aspects of their performance. 

The synergy that an Integrated Management System (IMS) can offer have driven 
organizations into higher levels of performance at a cost lower than that associated to 
independent certification management systems. The simple schematic Figure 3 represents 
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Figure 3. Integration - a route towards sustained success [34] 

Integration can be achieved at different levels, leading to partially or fully integrated 
systems. A partial integrated system keeps their manuals separated using, as far as possible, 
integrated procedures. A fully integrated system is based in a single manual that integrates 
unified management systems requirements.  

Integration of Quality, Environment and Safety Management Systems are known to have 
potential benefits over the companies’ efficiency. Moreover, integrating IMS-QES enhances 
organizational performance. Thus, in a team, all employees contribute to the mission and to 
the defense of the values of a unique organization, bringing up the overall development of 
the company, thus improving the image of the organization. However, an unsuitable 
integration process can bring additional problems, like increased strictness, inefficiency and 
even professional and cultural conflicts. Thus, a careful reflexion about the way to start and 
run an integration process is crucial.  

4.1. Similarities between the Management System standards which enhance the 
integration - Matrix of compatibility of the requirements and of support to the 
integration 

One of the activities that forms part of the scope and objectives of the case study to which 
we have paid particular attention is the compatibility of the requirements of the standards, 
in context and framework of the characterization of the company's situation, backed up by 
an analysis of these standards. According to the Table 4 this compatibility represents, at our 
understanding, the starting point for consequents activities of integration, simplification and 
optimization, to achieve a level of the strictly necessary and consequently the three 
subsystems - QMS, EMS, and OHSMS are integrated to the maximum extent possible. 
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The ISO defines as principles of Quality Management: Customer focus; leadership; 
involvement of people; process approach; system approach to management; continual 
improvement; factual approach to decision making and mutually beneficial supplier 
relationships. According to the ISO Guide 72:2001, anyone drafting these and other 
management standards must take into account that the corresponding management systems 
must consider the following phases of the PDCA cycle - Plan, Do, Check, Act: Policies and 
principles; planning; implementation and operation ; performance assessment. Within this 
framework, taking into account the structuring of standards - management 
responsibility/planning; resource management; product realization/operational control and 
measurement, analysis and improvement, on the matrix of the Table 4 we have shown the 
requirements of the ISO 9001, ISO 14001 and OHSAS 18001 (NP 4397:2008), as well as we 
have established correspondences, made them compatible with each other and associated 
with the phases of the PDCA methodology - “Plan-Do-Check-Act”. With this matrix, we aim 
to orientate and align the organizational structure of the company in the same direction, 
while at the same time creating a structured and useful work referential to support an 
effective alignment and correspondence of the Sub-Management Systems of Quality, 
Environment and Safety with consequent compatibilities between each other, for consequent 
implementation of the IMS-QES. From this matrix we can also, at the same time, to made a 
correspondence with the Deming Cycle, in this circumstance for the Integrated Management 
System, as well as a set of stages (1.1; 2.1...2.4; 3.1...3.7; 4.1...4.6 and 5.1) associated with each 
other these phases of the PDCA cycle, according to Figure 4. 

4.2. Model of development of the IMS-QES based on Deming`s Cycle (Plan-Do-
Check-Act) 

The continuous improvement of the global performance of a Company shall be an objective 
always present in the development of the IMS [34]. The Company should therefore potentiate 
for each stage: Plan, Do, Check, Act, a careful and methodical analysis of the differences that 
effectively can be observed in terms of standards requirements under clauses equivalent 
involved and for each phase and each stage of development of the IMS-QES, according to the 
model of Figure 4 to ensure its compliance and evidence of it, in full conformity. 

First of all, the definition, approval and communication of the Integrated Management 
Policy, a common requirement to the different normative references, which must take into 
account and be consistent with the Mission and Vision of the Company, these supported on 
a strategy and specific objectives which in turn , support the implementation of that policy 
and its consequent effectiveness. 

The planning of activities in the aim of the Integrated Management System - Phase I (Plan) - 
is perhaps the most important [34]. In fact, a neglected planning will lead to inefficiencies 
that can be translated into potential deviations to the objectives. It is therefore fundamental 
to invest resources and expertise at this stage, via a thorough and careful work, in order to 
respond effectively to all requirements arising from the involved standards and others 
applicable requirements in this phase of the planning of the IMS [34]. 
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Figure 4. Model of development of the IMS-QES [16 ; 34] 

Following is the Implementation and Operation - "Do", the Company should, in this Phase II 
- Do - promote, the "Make / Do" in coherence with the pre-planned. Corresponds mainly to 
clauses: 7 - Product Realization, of ISO 9001 - and 4.4 - Implementation and operation of the 
NP 4397 and ISO 14001 and in the case of ISO 9001 should be considered associated with the 
product realization, other complementary clauses, particularly in context of resource 
allocation (6.1, 6.2, 6.3, 6.4) and management commitment (5.1, 5.5.1). 

In the Phase III - Check, we identified six steps (4.1 to 4.6) designed to meet the 
requirements of clauses: 8 - Measurement, analysis and improvement of ISO 9001, 4.5 - 
Checking of the ISO 14001 and OHSAS 18001/NP 4397. With the exception of step 4.3 - 
Investigation of incidents resulting from a specific sub-section, the 4.5.3.1 - Incident 
investigation, the OHSAS 18001/NP 4397 has no correspondence in the ISO 9001 and ISO 
14001.  

At the end, in the Phase IV - Act, we identified the step 5.1 - Critical analysis and review of 
the Management System, which refers to the requirements of clauses: 5.6 - Management 
review of the ISO 9001 and 4.6 - Management review of the ISO 14001 and OHSAS 18001/NP 
4397. The Management review process can be done in an integrated manner [34]. It requires, 
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in itself, a very careful preparation face, particularly, to the level of various information that 
supports the inputs, as is schematized in Figure 5. 

 
Figure 5. IMS-QES - Management Review - Standards, inputs and outputs [16 ; 34] 

The continuous improvement of the global performance of organizations must be always a 
present goal in a perspective of sustainability [34]. The development Model of the 
integration of the Management System of Safety and Health at Work with the Quality 
Management Systems and Environmental Management at the Company should therefore to 
potentiate, for each phase: Plan, Do, Check, Act, a careful and methodical analysis of the 
differences that effectively are observed at the level of normative requirements under the 
equivalent clauses and for each step of their development as the advocated model of 
integration.  

The compatibilization of the normative requirements supported by an analysis of 
similarities, of the normative referentials of Management Systems, which promotes the 
integration and it's formatting on a Matrix of compatibilization of the requirements and of 
support to the integration of the referential - NP EN ISO 9001:2008, OHSAS 18001:2007 / NP 
4397:2008 and NP EN ISO14001:2004, establishing correspondences, matching them with 
each other and associate them, according to ISO Guide 72:2001, the following phases of the 
methodology PDCA - Plan, Do, Check, Act: Policy and principles; Planning, Implementation 
and Operation, Performance Evaluation, Improvement, Management Review, is one of the 
activities that in the aim and objectives of the integration model was given special attention 
in context of characterization and framework of the situation in the Company. That 
compatibilization constitutes, the starting point for subsequent activities of integration, 
simplification and optimization, to a level of the strictly necessary and consequent 
integration maximized as desired of the three sub-systems – the EMS, the QMS and the 
OHSMS in context of strong competitiveness [34]. 
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As can be expected, there are several difficulties involved with implementing an Integrated 
Management System (IMS). However, Beckmerhgeni [35] points out that “the management 
systems implemented separately in an incompatible way results in costs, an increased probability of 
faults and errors, duplicated efforts, the creation of unnecessary bureaucracy and a negative impact 
near the Stakeholders, particularly Employees and Costumers”.  

The integration of the Environmental System supported on the ISO 14001:2004 with the 
Management Systems of Quality - ISO 9001:2008 and Occupational, Health and Safety - 
OSAS 18001:2007 represent real added value both in the present and, fundamentally, for the 
future, not only for the Company, as well as for a whole range of Stakeholders.  

Environmental management in organizations is therefore a fundamental process for an 
more and more integrated and responsible management of sustainability [34]. Aims 
essentially, an efficient resource management, consumption, wastes and effluents, the use of 
cleaner technologies and compliance with applicable environmental legal requirements for 
protecting and promoting environmental and pollution prevention. 

An Environmental Management System (EMS) is translated in practice in a continuous cycle 
of planning, implementation and operation, checking, analyzing and improving of the 
actions that drives an organization to continuously improve their environmental 
performance, covering a wide range of issues, including those with strategic implications as 
well as of competitiveness. The ISO 14001:2004 [36] is integrated in a family of standards 
developed by the ISO in the fields of Environmental Management according to Table 5. 

The ISO 14001:2004 describes the requirements that an EMS of an Organization must meet in 
order to help the Organization to manage the impact of their activities on the environment, 
bringing advantages that are considered of high relevance to the promotion of continuous 
improvement in environmental performance of the Organization and to the prevention of 
pollution, taking into account the socio-economic surroundings. It allows an organization to 
develop and implement a policy and objectives, taking into account legal requirements and 
other requirements that the organization subscribes, and information about significant 
environmental aspects which the organization can control and influence. While a reference 
for an EMS, the ISO 14001:2004 contains guidelines that enable their implementation and the 
requirements that can be objectively audited for certification. 

Today, the success of an organization goes through Sustainability [34]. According to ISO 
9004:2009 [37], the sustained success of an organization is considered the result of its ability 
to achieve and maintain their long-term objectives that pass unfulfilled, in a consistent way, 
the needs and expectations of its Stakeholders, in a balanced and long-term as well. 

Furthermore the fact that, in turn, other normative references of Management Systems, 
namely the ISO 14001 and OHSAS 18001/4397 NP, are valuable auxiliaries in the evolutive 
management of Organizations and, hence, on the three strands of its Sustainability: the 
Economic, the Social and Environmental. In fact, today Quality, Environment, Safety and 
Occupational Health are fundamental pillars of the Sustainable Development and therefore 
should be considered at the level of the management activities and of strategic planning of 
Organizations that want to take a leadership role, at present, but fundamentally in the future. 
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SERIE CONTENTS STANDARDS

ISO 14000 Environmental 
Management Systems 

- ISO 14001:2004 – Environmental management 
systems – Requirements with guidance for use 

- ISO 14004:2004 – Environmental management 
systems – General guidelines on principles, 
systems and supporting techniques 

- ISO 14005:2010 – Environmental management 
Systems - Guidelines for the phased 
implementation of an environmental 
management system, including the use of 
environmental performance evaluation.  

- ISO 14006:2011 – Environmental management 
Systems - Guidelines for incorporating ecodesign  

ISO 19011  Audits to Management 
Systems 

- ISO 19011:2011, Guidelines for auditing 
management systems 

ISO 14020 - Environmental label 

- ISO 14020 - Environmental Labelling: General 
Principles 

- ISO 14021 - Environmental Labels and 
Declarations: Self-Declaration Environmental 
Claims, Terms and Definitions 

- ISO 14022 - Environmental Labels and 
Declarations: Self-Declaration Environmental 
Claims, Symbols 

- ISO 14023 - Environmental Labels and 
Declarations: Self-Declaration Environmental 
Claims, Testing and Verification 

- ISO 14024 - Environmental Labels and 
Declarations: Environmental Labelling Type I, 
Guiding Principles and Procedures 

ISO 14030 Environmental 
performance evaluation 

- ISO 14031:1999 - Environmental management -- 
Environmental performance evaluation - 
Guidelines 

ISO 14040 Life cycle assessment 

- ISO 14040:1997 - Environmental management -- 
Life cycle assessment -- Principles and framework 

- ISO 14041:1998 - Environmental management -- 
Life cycle assessment -- Goal and scope definition 
and inventory analysis 

- ISO 14042:2000 - Environmental management -- 
Life cycle assessment -- Life cycle impact 
assessment 

- ISO 14043;2001 – Environmental management – 
Life cycle assessment – Life cycle interpretation  

ISO 14050 Understanding of Terms 
and Definitions 

- ISO 14050:2002 – Environmental management – 
Vocabulary. 

Table 5. ISO Standards in the fields of Environmental Management [34] 
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Q M S 

100% are certified by ISO 9001

Reasons for 
certification

Very 
Important 

Empowering knowledge workers Business benefits

Better Quality of the products Improvement of company image 

Important Pressure from customers Community relations 

Benefits 

Major Impact 
Improvement of the company image Ease of access to information 

Internal organization of the company 
Continuous assessment through 
internal audits 

Impact 

Better productivity and profitability Deadlines

Cost reduction Number of defects / complaints 

Competitive position 
Satisfaction of internal and external 
customers. 

Little Impact Absenteeism Product  innovation

Tools 

Most 
commonly 
used  

Surveys Charts (graphics)

Sheets of data collection 

Less used Scatter diagram Cause and effect diagram 

Difficulties 
High certification costs 

Difficulties to change company's 
culture 

Difficulties to motivate personal
          

E M S 

36.9 % are certified by ISO 14001 

Reasons for 
non-
certification 

Main reason Lack of investment support A form of marketing 

Secondary 
reason 

Benefits do not outweigh the costs Investments are high 

Less Relevant Environmental risks are low

Reasons for 
certification 

Very 
Important 

Progress but always protect the 
environment 

Raising public 

Improved quality of life inside and outside the company

Important Obtaining an asset in terms of marketing

Benefits 

Major Impact 
Environmental protection Rational use of natural resources 

Business image in the community Recycling

Ensuring compliance Prevention of environmental risks 

Impact 
Clear, organized work environment Waste generation

Awareness of employees in environmental issues

No impact 
Insurance costs 

Costs of raw materials and 
equipment 

Ability to obtain financing at low interest rates

Drawbacks Overall costs increased on the early stages of certification.

Main Difficulties 
High certification costs 

Difficulties to change Company's 
culture 

Difficulties to motivate personal
          

O H S M S 

26.1 % are certified by OHSAS 18001

Reasons for 
non-
certification 

Main reason Investments are high 
Certification is seen as a cost and 
marketing 

Secondary 
reason 

Benefits do not outweigh the costs 
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Major Impact 
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Impact 
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Cost reduction Number of defects / complaints 
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customers. 
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Tools 

Most 
commonly 
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Less used Scatter diagram Cause and effect diagram 

Difficulties 
High certification costs 

Difficulties to change company's 
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Difficulties to motivate personal
          

E M S 
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Reasons for 
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certification 
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Secondary 
reason 

Benefits do not outweigh the costs Investments are high 

Less Relevant Environmental risks are low

Reasons for 
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Important 
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Improved quality of life inside and outside the company

Important Obtaining an asset in terms of marketing

Benefits 

Major Impact 
Environmental protection Rational use of natural resources 

Business image in the community Recycling

Ensuring compliance Prevention of environmental risks 

Impact 
Clear, organized work environment Waste generation

Awareness of employees in environmental issues

No impact 
Insurance costs 

Costs of raw materials and 
equipment 

Ability to obtain financing at low interest rates

Drawbacks Overall costs increased on the early stages of certification.

Main Difficulties 
High certification costs 

Difficulties to change Company's 
culture 

Difficulties to motivate personal
          

O H S M S 

26.1 % are certified by OHSAS 18001

Reasons for 
non-
certification 

Main reason Investments are high 
Certification is seen as a cost and 
marketing 

Secondary 
reason 

Benefits do not outweigh the costs 
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Less Relevant Risk of accidents at work are low 

Reasons for 
certification 

Very 
important 

Eliminate or minimize risks to workers 

Important Improving the organization with the reduction of accidents at work 

Less 
Important 

Rate of absenteeism due to occupational diseases 

Benefits 

Major Impact 
Improvement of working conditions Better internal communication 

Improvement company image. Ensuring compliance with legislation 

Impact Less number of accidents 
Reduction in cost of accidents and 
occupational diseases 

No impact Dissemination in the media of data on safety and health of the company 

Drawbacks No drawbacks have been referred 

Main Difficulties 

High certification costs 
Difficulties to change Company's 
culture 

Difficulties to motivate personal Increase bureaucracy 

Management difficulties in the early stages of certification 
          

IMS 

Main Benefits  

Management costs reduction Unification of internal audits 

Reduction of bureaucracy 
Better definition of responsibilities 
and authority 

Easier compliance of legislation Increased performance and efficiency 

Improved external image of the 
company 

Better and easier communication 
system. 

Improved organization 

Simplified management systems 
resulting in less confusion, 
redundancy and conflicts in 
documentation 

Increased employee training 
Optimized resources(financial and 
humans) 

Drawbacks  

One problem on a single system 
affects the overall management 
system 

Initial costs increase associated to an 
increase in non-conformities; 

Initial higher organizational problems
Continuous update of every 
documentation with negative impact 
in the management activity itself 

Complex organizational system 
Incompatible concepts between 
systems 

Main Difficulties 

Long time to implement the 
integration process 

Insufficient integrability of the 
standards 

Deep changes in the management 
system due to operational changes 

Difficulties to implement systems 
integration 

High difficulty associated to training 
and changes in the organization 
methods and culture 

Higher difficulty and cost to 
implement all systems 
simultaneously when compared with 
individual implementation 

Table 6. Summary of the benefits and impact grade characterization that companies obtained with 
certification of the management systems (Adapted of [13]) 
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Also in this context of Sustainability, the integration of the EMS whith others management 
systems is, nowadays, a strategic decision of the organizations, influential of its 
competitiveness and continuity in the Market, fostering a better and increasing satisfaction of 
all Stakeholders, increasing the image and brand reputation near them [34] . Are too examples 
of adavantages of the integration, also highlighted by the survey respondents: the elimination 
of conflicts between individual systems with optimization of Resources; the improvement at 
the level of the Coordinated and Integrated Management of the Risk associated to the Safety of 
the Persons and Company Assets, Environment and Quality of the Products; the reduction of 
the number of internal and/or external audits and audits to Suppliers and spent time versus 
associated costs; the creation of added value for the business through the prevention and/or 
elimination of several types of operational and organizational wastes. 

4.3. Summary of the benefits and impact grade characterization that companies 
obtained with certification and integration of the management systems 

The three standards ISO 9001, ISO 14001 and OHSAS 18001 have a common underlying 
principle: continuous improvement based on Deming`s Cycle (Plan-do-Check-Act) [16 ; 34]. 
According to Labodová [22], basically one PDCA approach governing the aspects of quality, 
environment and safety, consistent with clear priorities, shows hot spots in companies, 
makes it easy to focus procedures and responsibilities on important areas.  

According to the survey, 100% of the companies of the sample had their QMS certified. 36.9 
% of these companies had also their EMS certified, and only 26.% had OHSMS certification. 
In Table 6, a summary of the main benefits, classified according to their impact relevance, as 
well as the main reasons for the three certification systems is presented. Moreover, the main 
factors that justify the option for non-certification of EMS and OHSMS of the remaining 
companies are also presented. The main factors that justify the option for non-certification of 
QMS are not presented, since every company participating in the survey had their QMS 
certified. Are also presented the main benefits, drawbacks and difficulties what concern 
Integration of Management Systems. 

5. Conclusions  

The theoretical fundamentation was supported on the concepts of Quality Management 
Systems, Environment and Safety, Integrated Management Systems, orientations, guidelines 
and ISO standards as well as a group of other sources of knowledge, such as Integrated 
Management Systems QES. 

Were identified the main benefits of implementing an EMS and it´s certification after 
receiving the QMS certification on Portuguese SMEs performance. In fact the main benefits 
that the Portuguese SMEs have gained from the referred certifications have been, among 
others, prevention of environmental risks, environment protection, improvement business 
image in the community, ensuring compliance with legislation and rational use of natural 
resources. In addition, the main reasons for non-certification were analyzed.  
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Those companies with non-certified EMS mentioned ”lack of investment support” and 
“consider the certification as a form of marketing”. Drawbacks that have been concluded 
were “overall costs increased on the early stages of certification”, because there is a better 
control. The main difficulties uncovered in relation to EMS certification can be pinpointed to 
difficulties in changing company culture, high certification costs, and difficulties to motivate 
personal. With respect to environment, there is still a lot to do in Portugal. Several 
Portuguese SMEs have already implemented the EMS and others will follow, mainly, 
because money can’t pay for an environmental disaster. 

In terms of the potential benefits of the integration of the Environmental Management 
System (EMS) with the Quality Management System (QMS) and Occupational Health and 
Safety Management System OH&SMS and it´s certification, will be mostly a whole range of 
opportunities for performance improvements of the organization as a whole, and 
throughout it's supply chain such as: the elimination of conflicts between individual systems 
with resource optimization , creation of added value to the business by eliminating several 
types of wastes, reducing the number of internal and external audits, common policy 
management, greater valuation and motivation of Collaborators, among others.  

The proposed model of IMS_QES has led to the simplification and consequent resolution of 
problems and gains in efficiency of existing management systems in the company (referred 
as Sub-systems), which along the years were adopted gradually, but individualized and 
often isolated between to each other.  

All these benefits will enhance the competitiveness of the Companies and its differentiation 
by the positive in the face of competition, national and/or international. 

The developed model of an Integrated Management Systems (IMS), generic, flexible, 
integrator, evolutionary and lean namely what concerns to Quality (ISO 9001), Environment 
(ISO 14001) and Health and Safety at work (OHSAS 18001/ NP 43397:2008), but too to others 
standards, such as, Risk Management (ISO 31000:2009), Social Accountability (SA 8000) and 
Information Security, among others, could be progressively more integrated and allow the 
Companies to even more capable, enhancing in this way too the development of the 
businesses and consequently their sustainable successes . 
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1. Introduction 

Global climate change is a threat that people are not aware of or do not give enough 
attention to. In Malaysia, many people take this problem very lightly. Global climate change 
is usually linked to an increase in world temperature that involves complex processes and 
would take a long time to take effect. However, the impact from global climate change is 
getting more apparent and can be felt by people of the world resulting from the increase in 
world temperature. The increase in world temperature, better known as global warming, is 
a new threat to the safety of people and nations, and could be even worse than weapons of 
destruction. This is due to the fact that global warming does not discriminate between skin 
colour and national boundaries. In Malaysia, signs of climate changes due to global 
warming can be seen through various disasters and symptoms affecting several areas 
throughout the country such as increasing sea level, haze, flood and water shortages. 
Climate change not only involves Malaysia, but is a global problem that must be dealt with 
cooperatively by every nation. 

1.1. What is global climate change? 

Global climate change, or global warming, is usually associated with the increase of world 
temperature. Global warming is an indication that there is an increase in surface 
temperature on land, in the ocean or a combination of both on a vast scale. Global warming 
is caused by the burning of fossil fuels such as coal, oil and gas, resulting in the increase of 
green house gases such as carbon dioxide, methane and chlorofluorocarbon (CFC) in the 
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Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 218 

[19] McDonald M, Mors T A, Phillips A (2003). Management system integration: can it be 
done? Quality Progress; 67-74. 

[20] Arifin K, Aiyub K, Awang A, Jahi J M, Iten R. (2009). Implementation of Integrated 
Management System in Malaysia: The Level of Organization’s Understanding and 
Awareness European Journal of Scientific Research ISSN 1450-216X Vol.31 No.2:188-195. 

[21] Bernardo M, Casadesus M, Karapetrovic S, Heras I (2009). How integrated are 
environmental, quality and other standardized management systems? An empirical 
study. Journal of Cleaner Production 17: 742–50.  

[22] Labodová A (2004). Implementing integrated management systems using a risk analysis 
based approach. Journal of Cleaner Production; 12: 571–80. 

[23] Guide ISO 72:2001, Guidelines for justification and development of management 
System standards.  

[24] ISO 19011:2011, Guidelines for auditing management systems 
[25] Santos G et al. (2008). Implementação de Sistemas Integrados de Gestão (Qualidade, 

Ambiente e Segurança) – ISBN 978-972-8953-26-3; Publindústria. 
[26] Suditu C (2007). Positive and negative aspects regarding the implementation of an 

integrated Quality, Environment, health and Safety Management System. Annals of the 
Oradea University, - Fascicle of Management and Technological Engineering, Volume VI 
(XVI),  

[27] Jørgensen T H (2008). Towards more sustainable management systems: through life 
cycle management and integration, Journal of Cleaner Production 16, 1071-1080. 

[28] OHSAS 18001:2007, Occupational Health and Safety Management Systems – 
Requirements - BSI, first published July. 

[29] Block M R, Marash IR (2002). Integrating ISO 14001 into a Quality Management System. 
ASQ – Second edition. Milwaukee. 

[30] http://www.min-economia.pt/ 2007. 
[31] Santos M G, Barbosa J, Pedro C.(2004). Integration of “QES” systems on the small and 

medium size foundry companies in Portugal. Communication presented at the 66th 
Would Foundry Congress. Istanbul, Turkey. 

[32] htpp://www.pme.online.pt/ 2007. 
[33] Mendes, F. (2007). O Impacto dos sistemas QAS nas PMEs portuguesas – Master Thesis 

– Univ. Minho. 
[34] Rebelo M F (2011). Contribuição para a estruturação de um modelo de sistema 

integrado de gestão QAS. Master Thesis. Polyt Inst Cavado Ave. Portugal. 
[35] Beckmerhageni A; Berg H. P.; Karapetrovic S. V.; W. O. Willborn (2003). Integration of 

Standardized Management Systems: focus on safety in the nuclear industry. 
International Journal of Quality & Reliability Management, Vol 20 N º 2, pp. 210-228. 

[36] ISO 14001:2004, Environmental management systems. Requirements with guidance for use. 
[37] ISO 9004:2009 – Managing for the sustained success of an organization – A quality 

management approach.  
[38] Curkovic S, Melnyk S A, Handfield R B, Calantone R (2000). Investigating the Linkage 

Between Total Quality Management and Environmentally Responsible Manufacturing. 
IEEE Transactions on Engineering Management, Vol. 47 Nº4, pp.444-464. 

Chapter 10 

 

 

 
 

© 2012 Sharaai et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Uncovering the Relation Between Environmental 
Damage and the Rate of Rainfall Received 
Through a Life Cycle Assessment (LCA) Study on 
Potable Water Production in Malaysia 

Amir Hamzah Sharaai, Noor Zalina Mahmood and Abdul Halim Sulaiman 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/45851 

1. Introduction 

Global climate change is a threat that people are not aware of or do not give enough 
attention to. In Malaysia, many people take this problem very lightly. Global climate change 
is usually linked to an increase in world temperature that involves complex processes and 
would take a long time to take effect. However, the impact from global climate change is 
getting more apparent and can be felt by people of the world resulting from the increase in 
world temperature. The increase in world temperature, better known as global warming, is 
a new threat to the safety of people and nations, and could be even worse than weapons of 
destruction. This is due to the fact that global warming does not discriminate between skin 
colour and national boundaries. In Malaysia, signs of climate changes due to global 
warming can be seen through various disasters and symptoms affecting several areas 
throughout the country such as increasing sea level, haze, flood and water shortages. 
Climate change not only involves Malaysia, but is a global problem that must be dealt with 
cooperatively by every nation. 

1.1. What is global climate change? 

Global climate change, or global warming, is usually associated with the increase of world 
temperature. Global warming is an indication that there is an increase in surface 
temperature on land, in the ocean or a combination of both on a vast scale. Global warming 
is caused by the burning of fossil fuels such as coal, oil and gas, resulting in the increase of 
green house gases such as carbon dioxide, methane and chlorofluorocarbon (CFC) in the 
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atmosphere. The accumulated green house gases trapped in the atmosphere causes the 
Earth to become warmer. 

The actual causes and factors contributing to global warming are still being debated, but the 
fact is that evidence shows that global warming is caused by human activities and lifestyle. 
Development, deforestation, industries, factories and transportation are among the activities 
that contribute to worldwide climate change. Global climate change occurs because of the 
increase in green house gas in the atmosphere generated by the rapid development in 
production industries, timber processing, agriculture, transportation and other industries, 
tipping the balance against nature. Increased carbon dioxide gas in the atmosphere is 
generated from the burning of fossil fuel such as petrol, coal and natural gas.  

According to the 4th Assessment Report (2007 Climate Change) Inter-Governmental Panel 
of Climate Change (IPCC), 98% of the temperature increase on Earth is caused by the release 
of carbon dioxide gas. Carbon dioxide concentration in the atmosphere increases from 
280ppm recorded in the 18th century (prior to the industrial revolution era) to 379 ppm in 
2005. In 2099, if humans maintain the current momentum of fossil fuel use as it is right now, 
the concentration of carbon dioxide in the atmosphere is predicted to increase to 700ppm. 
This situation would render the environment of the Earth no longer suitable for human 
habitation. Green house gas emission by Malaysia is still small compared to other countries 
in this world (see Table 1), nevertheless, a control system is needed to reduce the emission 
of green house gas into the atmosphere. 

 

Country Year Green house emission (million tan) 
Malaysia 1990 138.0 
 1994 144.0 
Thailand 1990 225.0 
Australia 1990 572.0 
Japan 1990 1215.9 
 1994 1276.1 
USA 1990 5895.9 
 1994 6130.0 

Table 1. Green house emission by country (Minister of Science, 2000) 

1.2. The impact of world climate change on the country 

Climate change is believed to have sped up the weather process causing sudden changes 
within a period of time. It is threatening the safety of both the population and the nation, 
from the physical and psychological aspects. If not managed properly, the combination of 
both would create a crisis in peoples’ lives, public safety/order, political stability and 
economic integrity. The physical effects of climate change to the country are as follows: 
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1.2.1. Natural disaster 

A change of monsoon wind direction, rising sea level and irregular rainfall are among the 
results of climate change. Increasing temperature of Earth will create a huge threat to 
human life resulting in an increased frequency of natural disasters over time. Typhoons, 
floods, drought and plagues of diseases related to the environment are among the natural 
disasters that would follow the unpredictable climate change. With 9% of land area in 
Malaysia (29,000 sq.km) exposed to flooding, 2.7 million people in this country might be the 
victims. The ever-changing weather would cause the country to face the possibility of a 
natural disaster. As an example, in 2006 and 2007, the state of Johor experienced flooding, 
resulting in 109, 831 victims to be evacuated (Bakar et al., 2007). Other states experiencing a 
similar situation at that time were Melaka, Pahang, Kelantan and Negeri Sembilan. A total 
of 344 flood evacuation centres were set up. It was reported that 17 lives were lost in this 
extreme flooding disaster (BBC News, 2007) linked to Hurricane Utor (The Star, 2006). In 
October 2008, a flash flood happened in the northern peninsular states of Kedah and Perak 
due to the hotter sea surface in the region (Bernama, 2008). 

1.2.2. Water source 

Rapid development in the urbanization process and industries increases the demand for 
water especially in the industrial and agricultural sectors, and also for domestic use. Climate 
change could cause Malaysia to experience increased or decreased rainfall. Increased rainfall 
would mean that Malaysia would be exposed to flooding, causing destruction to the 
infrastructure and property, and loss of life. Meanwhile, a decrease in rainfall would cause a 
reduction in clean water sources for domestic use, and the agricultural and industrial 
sectors. 

During the 1977 - 78 period, drought devastated paddy production in most of the irrigation 
schemes in northwest peninsular of Malaysia. In 1982 and 1991, drought was responsible for 
the critical drop of water levels in the state of Kedah, resulting in cancellation of the off-
season crop production. In 1991, the state of Melaka faced critical water problems with 
water levels falling below critical levels, thereby forcing severe water rationing for months 
in the state (Climate Ark, 2002). In 1998, the El Nino related drought caused severe water 
stress in the states of Kedah, Penang and Selangor. The state of Selangor was forced to 
impose severe water rationing in Kuala Lumpur and Petaling Jaya for many months 
(Angela, 2002). According to the Seventh Malaysia Plan reports, several countries 
experienced water shortages after 2000, including Kedah, Pulau Pinang and Selangor 
(Rahman, 2007). 

1.3. World climate change and the need for sustainable development 

Development can increase the quality of human life. This can be gauged by the increasing 
quality of products, services, health, society and culture. Development is endless and will 
keep expanding to fulfil the changing human vision and mission, but the development 
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process usually has negative effects on the environment, thus demanding a more 
environmentally sound plan. Unplanned and unsustainable development has placed great 
pressure in every dimension of the environment (air, water, soil, health, etc.) that ultimately 
causes problems that not only involve local issues, but also global such as global warming. 
Sustainable development is the need of the hour; it can only be achieved through effective 
environmental management (Khan et al., 2002). Effective environmental management can be 
achieved through the various environmental assessment tools including life cycle 
assessment (LCA). 

2.  Methodology of Life Cycle Assessment (LCA) 

There are four main phases in LCA as suggested in ISO 14040 series: 

2.1. Goal and scope definition (ISO 14040) 
2.2. Life cycle inventory (LCI) (ISO 14041) 
2.3. Life cycle impact assessment (LCIA) (ISO 14042) 
2.4. Life cycle assessment and interpretation (LCAI) (ISO 14043) 

2.1. Goal and scope definition 

In goal definition and scoping, the use of the results is identified, the scope of the study is 
stated, the functional unit is defined and a strategy and the procedures for data collection 
and the data quality assurance are established. 

2.1.1. Objectives 

The objective of this research is to get a clear picture of the impact potential produced from 
potable water production when two phases are involved, namely, production stage and 
construction stage using an LCIA method (in this case the Ecopoints method). This research 
will identify which impact is greater by comparing them using normalization and weighting 
procedures so that suggestions to reduce the impact can be recommended.  

2.1.2. Functional unit 

Functional unit is quantified performance of a product system as a reference unit in a life 
cycle assessment study (ISO14000, 2000). A constant value must be created to make the 
comparison (Miettinen & Hamalainen, 1997). Functional unit for this study is the production 
of 1m3 of treated water a day that fits the standard quality set by the Ministry of Health, 
Malaysia.   

2.1.3. Description of the system under study 

There are two stages which Became the basis of comparison in this study, namely, the 
production and construction stages.  
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2.1.3.1 . Production stage 

Raw water extracted from rivers will go through the following processes in the water 
treatment plant (Sastry, 1996): 

 Screening. Removing large, floating rubbish on the surface of the water. 
 Coagulation and flocculation. The coagulation process is the process of forming 

particles called floc. A coagulant needs to be added to form floc. The coagulants that are 
normally used include aluminium sulphate, ferric sulphate and ferric chloride. Tiny 
flocs will in turn attract each other while at the same time pulling the dissolved organic 
material and particulate to combine, forming a big flocculant particle. This process is 
called flocculation. 

 Settling. Aggregated flocs settle on the base of the settler. The accumulation of floc 
settlement is called settling sludge. 

 Filtration. Part of the suspended matter that does not settle goes through filtration. The 
water passes through a filtration system consisting of sand layers and activated carbon 
or anthracite coal. 

 Disinfection. This process is needed to eliminate the pathogen organisms that remain 
after filtration. Among the chemicals used for disinfection are chlorine, chloramines, 
chlorine dioxide, ozone and UV radiation. 

2.1.3.2 . Construction stage 

The main building Materials used when building water treatment plants are concrete and 
steel. Concrete is a type of composite material which is usually used in construction. It is a 
combination of the following: 

a. Cement  
b. Fine aggregate/sand 
c. Coarse aggregate 
d. Water 

The quality of the concrete which is produced depends on the quality of the raw materials 
that are being used such as cement, coarse aggregate and water, rate of mixing, the method 
of mixing, transportation and compression methods. If the raw materials used are not good 
quality, the concrete produced will be low quality and this causes the concrete to be weak 
and unable to fulfil the fixed specifications. So, concrete technology warrants that all the 
materials used should first be tested and certified through fixed standardizations before 
being used in construction work.   

Steel increases the tensile strength of the concrete structure. Reinforcement steel functions to 
increase the tensility strength of the concrete structure. Types of reinforcement steel that are 
used are as follows: 

i. Mild steel reinforcement /mild steel 
ii. Reinforcement steel with high tensility 
iii. Fabric steel (fabric) 
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The steels that are provided are 12m long, with diameters of 6mm, 8mm, 10mm, 12mm, 
16mm, 20mm, 22mm, 25mm and 32mm. The reinforcement steel will be cut and moulded 
according to the concrete structure design. Reinforcement steel with high tensility is used as 
the backbone of the concrete structure because of its high strength. Mild steel reinforcement 
is usually used as reinforcement fixation where high tensility is not needed. Fabric steel 
(fabric) is used in a wide concrete surface area such as floors and comes in sizes of 2.4m x 
1.8m with steel diameter 4mm to 12mm. The distance between each steel rod is different 
based on the types of fabric. Reinforcement steel that is used should be free from any dirt 
and rust, so it has to be protected from water and humidity. 

2.2. Life Cycle Inventory (LCI) 

The inventory of the studied LCA system includes information on the input and output 
(environmental exchanges) for all the processes within the boundaries of the product system 
(see Figure 1). The inventory is a long list of material and energy requirements, products 
and co-products, as well as wastes. This list is referred to as a material and energy balance, 
the inventory table, or the eco-balance of the product (Guinée, 2002). This LCA study is a 
streamlined LCA with background data for electricity, chemicals and transport using a 
database contained in the Jemaipro and Simapro 7 software. Foreground data collected from 
the treatment plant are: (see Table 2) 

 
Figure 1. System Boundary of Potable Water Treatment Plant 

 Electricity usage, and 
 Chemicals for water treatment such as aluminium sulphate (alum), polyaluminium 

chloride (PAC), chlorine and calcium hydroxide (lime) 
 Building materials such as steel, gravel, sand and cement  
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Filtration material (activated carbon and anthracite) and coagulant (ferrochloride) are not 
included in this study because no water treatment plants in Malaysia use these materials. 

Background data for all building materials and chemicals is obtained from Japan 
Environmental Management Association for Industry (JEMAI) - PAC, BUWAL 250 - 
chlorine, alum and electricity, ETH-ESU 98 - lime, LCA Food DK - tap water, and IDEMAT 
2001 - cement, steel, sand and gravel.  
 

Construction Stage  Production Stage 

Steel (kg) 8.78 Alum (kg) 22.55 
Cement (kg) 30.72 Chlorine (kg) 3.65 
Gravel (kg) 70.72 PAC (kg) 16.85 
Sand (kg) 47.15 Lime (kg) 11.12 
Electricity (kwh) 0.09 Electricity (kwh) 397.28 
Tap water (litre) 477.26   

Table 2. Foreground data for construction stage and production stage. 

2.3. Life Cycle Impact Assessment (LCIA) 

The impact assessment is used to identify the significant potential environmental effect by 
using the results of life cycle impact analysis (LCI). LCIA is very different from other 
techniques, such as environment impact assessment (EIA) and risk assessment, because the 
approach uses functional units. LCIA comprises four elements, namely, the classification, 
characterization, normalization and weighting, but normalization and weighting are 
optional elements (Koroneos, Dompros, Roumbas & Moussiopoulos, 2005). According to 
Jolliet, Brent et al., (2003), the classification of LCI due to the impact categories is through 
the impact pathway which begins from LCI results until the end-point. The explanation on 
impact pathway is also touched upon in ISO (Jolliet, Brent et al., 2003) where: 

 ‘LCI results are classified into the impact categories and category indicators that can be 
stated in any LCI results (mid) with the end-point category.’  

In accordance with the above explanation, two approaches have been developed to explain 
the inter-connection of the LCI results with the environmental impacts via mid-point or end-
point approaches (Heijungs et al., 2003; Jolliet, Margni et al., 2003; Jolliet et al., 2004; Ortiz, 
Francesc & Sonnemann, 2009; Sleeswijk, van Oersc, Guinée, Struijsd & Huijbregtsb, 2008; 
Soares, Toffoletto & Deschenes, 2006). According to Bare et al. (2000), the main difference 
between both models is the methodology used and how category indicators are presented to 
translate the achieved impact categories. 

Figure 2 illustrates that the impact pathway begins from LCI results until the end-point. The 
emission of ozone depletion gases is used as an example for the characterization of ozone 
depletion gases that can be conducted either until mid-point or end-point. Impact at mid-
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Filtration material (activated carbon and anthracite) and coagulant (ferrochloride) are not 
included in this study because no water treatment plants in Malaysia use these materials. 

Background data for all building materials and chemicals is obtained from Japan 
Environmental Management Association for Industry (JEMAI) - PAC, BUWAL 250 - 
chlorine, alum and electricity, ETH-ESU 98 - lime, LCA Food DK - tap water, and IDEMAT 
2001 - cement, steel, sand and gravel.  
 

Construction Stage  Production Stage 

Steel (kg) 8.78 Alum (kg) 22.55 
Cement (kg) 30.72 Chlorine (kg) 3.65 
Gravel (kg) 70.72 PAC (kg) 16.85 
Sand (kg) 47.15 Lime (kg) 11.12 
Electricity (kwh) 0.09 Electricity (kwh) 397.28 
Tap water (litre) 477.26   

Table 2. Foreground data for construction stage and production stage. 

2.3. Life Cycle Impact Assessment (LCIA) 

The impact assessment is used to identify the significant potential environmental effect by 
using the results of life cycle impact analysis (LCI). LCIA is very different from other 
techniques, such as environment impact assessment (EIA) and risk assessment, because the 
approach uses functional units. LCIA comprises four elements, namely, the classification, 
characterization, normalization and weighting, but normalization and weighting are 
optional elements (Koroneos, Dompros, Roumbas & Moussiopoulos, 2005). According to 
Jolliet, Brent et al., (2003), the classification of LCI due to the impact categories is through 
the impact pathway which begins from LCI results until the end-point. The explanation on 
impact pathway is also touched upon in ISO (Jolliet, Brent et al., 2003) where: 

 ‘LCI results are classified into the impact categories and category indicators that can be 
stated in any LCI results (mid) with the end-point category.’  

In accordance with the above explanation, two approaches have been developed to explain 
the inter-connection of the LCI results with the environmental impacts via mid-point or end-
point approaches (Heijungs et al., 2003; Jolliet, Margni et al., 2003; Jolliet et al., 2004; Ortiz, 
Francesc & Sonnemann, 2009; Sleeswijk, van Oersc, Guinée, Struijsd & Huijbregtsb, 2008; 
Soares, Toffoletto & Deschenes, 2006). According to Bare et al. (2000), the main difference 
between both models is the methodology used and how category indicators are presented to 
translate the achieved impact categories. 

Figure 2 illustrates that the impact pathway begins from LCI results until the end-point. The 
emission of ozone depletion gases is used as an example for the characterization of ozone 
depletion gases that can be conducted either until mid-point or end-point. Impact at mid-
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point is the ozone layer depletion and impact in the end-point is the protected area 
involving human health, natural biotic environment and manmade environment. 

 
Figure 2. Impact pathway connecting the emission to several deterioration categories. 

2.3.1. Mid-point approach 

The LCIA mid-point approach is also known as the problem-oriented approach (Dreyer, 
Niemann & Hauschild, 2003; Ortiz et al., 2009) or the classical impact assessment method 
(Jolliet, Brent et al., 2003; Jolliet et al., 2004). The term mid-point refers to the category 
indicator for each impact category which is expressed in the mid pathway of impact 
between LCI results and end-point (Josa, Aguado, Cardim & Byars, 2007). Mid-point 
translates the category impact into real phenomenon such as climate change, acidification 
and aquatic toxicity (Sleeswijk et al., 2008). An example of the methodology that was 
developed using the mid-point approach is CML 2001 (Dreyer et al., 2003; Heijungs et al., 
2003), EDIP 97 and TRACI (Jolliet et al., 2004).  

2.3.2. End-point approach 

The end-point LCIA methodology is also known as the damage-oriented approach (Dreyer 
et al., 2003). According to Heijungs et al., (2003) this approach looks at the elements inside 
the impact pathway that consist of independent values for society. The term ‘end-point’ 
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refers to the category indicator for each impact category located at the end of the impact 
pathway as in Figure 2. End-point indicator translates the category impact based on the area 
of protection such as human health, natural environmental quality, natural resources and 
the manmade environment (Bare & Gloria, 2008). Examples of end-point methodology are 
Eco-indicator 95 and 99, EPS 92, 96 and 2000, and LIME 2003 (Pennington et al., 2004). 
According to Reap et al. (2008), there are several factors affecting the level of confidence and 
suitability of LCA research result which include the options of LCIA methodology either 
using the mid-point or end-point approach. Reap et al. (2008) state that the end-point impact 
category is less comprehensive and possesses higher levels of uncertainty compared to the 
mid-point impact category. Nevertheless, the mid-point impact category is difficult to 
interpret, especially in the process of decision making because the mid-point impact 
category is not directly correlated with the area of protection (i.e., damage to human health, 
ecosystem quality and resource depletion) which is practiced by the end-point. 

2.3.3. Eco-Indicator 99 evaluation method 

LCIA for this study uses the Eco-Indicator 99 method (Eco-indicator 99 is an end-point 
method as mentioned in previous sub-topic) where 11 impacts classified into three damage 
assessment areas (refer Table 3) as listed below: 

 
Damage Assessment Unit Impact 

Human Health DALY  Carcinogen, radiation, 
respiratory organic and 
inorganic 

Ecosystem Quality PDF*m2yr 
PAF*m2yr 

Climate change, ozone layer 
and acidification  
Ecotoxicity 

Resources MJ surplus Land use, minerals and 
fossil fuels 

DALY: Disability Adjusted Life Years (years of disabled living or years of life lost due to the impacts) 
PAF: Potentially Affected Fraction (animals affected by the impacts) 
PDF: Potentially Disappeared Fraction (plant specie disappeared as result of the impacts) 
MJ: Surplus Energy (MJ) (extra energy that future generations must use to excavate scarce resources) 

Table 3. Damage Assessment and Impact According to Eco-Indicator 99. 

2.3.4. Steps in Life Cycle Impact Assessment (LCIA) 

Generally there are three steps in LCIA: 

2.3.4.1 . Classification and characterization 
2.3.4.2.  Normalization, and 
2.3.4.3 . Weighting 
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refers to the category indicator for each impact category located at the end of the impact 
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2.3.4.1 . Classification and characterization 

Classification is the step in which the data from the inventory analysis (the substance 
emissions) are grouped together into a number of impact categories (Bovea and Gallardo, 
2003). Grouping to the impact categories is done according to their ability to contribute to 
different environmental problems. While characterization is the effect of each item on each 
impact category. A typical way is to use equivalency factors, in some instances also called 
potentials is, for example, global warming potential for a substance indicates its two relative 
potentials to increase the global warming effect compared to CO2, whose GWP is set to one. 
In ISO 14040 series classification and characterization are two basic mandatory elements. 
Below are the results of the analysis done in this study (see Figure 3). 

 
Figure 3. Characterization According to Three Protection Areas 

Analysis is focused on three damage categories, namely, damage to human health, damage 
to ecosystem quality and damage to resource depletion. Analysis found that during the 
rainy season, the situation has the potential to cause higher damage to human health (0.0407 
DALY) and ecosystem quality (1.92E3 PDF*m2yr) at about 46% each compared to the dry 
season and a normal day. However, during the dry season, even though the value is much 
lower than during the rainy season, it is still higher than a normal day, but the difference is 
not too large (the difference in value of 0.0014 DALY in Human Health damage and 0.07E3 
PDF*m2yr in ecosystem quality damage). In damage to resources, the rainy season is still 
higher compared to the dry season and a normal day, but the contribution does not exceed 
40%. Meanwhile, the dry season still contributes higher compared to a normal day. Values 
for the rainy season, dry season and a normal day are 578, 536 and 521 MJ surplus, 
respectively. Analysis shows that two main substances contribute to these three damage 
categories. The substances are polyaluminium chloride (PAC) and natural gas. The PAC 
chemical production process releases sulphur oxides and nitrogen oxides that contribute to 
human health and ecosystem quality damage, while electricity generation contributes to 
natural resources depletion damage. 
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Impact Category Unit Rainy Season Dry Season Normal Day 
Carcinogens DALY 7.16E-06 6.62E-06 6.4E-06 
Resp. Organics DALY 1.17E-07 1.06E-07 1.01E-07 
Resp. Inorganics DALY 0.040633 0.023199 0.02182 
Climate Change DALY 8.06E-05 7.5E-05 7.2E-05 
Radiation DALY 1.71E-08 1.85E-08 1.17E-08 
Ozone Layer DALY 4.79E-09 4.27E-09 4.2E-09 
Ecotoxicity PDF*m2yr 2.036848 1.871666 1.851406 
Acidification/Eutrophicati
on 

PDF*m2yr 1915.167 1093.544 1028.461 

Land Use PDF*m2yr 0.053107 0.057419 0.036363 
Minerals MJ Surplus 0.011961 0.01291 0.008192 
Fossil Fuels MJ Surplus 577.824 535.6501 521.4128 

Table 4. Characterization to Impact Category for Different Situations. 

From impact analysis (refer Table 4), the rainy season surpassed other categories in all 
impact categories (carcinogens, respiratory organics, respiratory inorganics, climate change 
and ozone layer) in human health damage, except for the radiation impact category. For the 
radiation impact category, the rainy season falls into second place followed by a normal day. 
In the rest of the categories included in the damage to environmental quality category and 
natural resources depletion, the highest impact is contributed most by the rainy season 
(ecotoxicity, acidification/eutrophication, land use, minerals and fossil fuels. 

2.3.4.2 . Normalization 

Normalization expresses the magnitude of the impact scores on a scale which is common to 
all the categories of impact. Impact scores and resource consumptions from characterization 
are related to a common reference in order to facilitate comparisons across impact categories 
(Huijbregts et al., 2003). The impact scores are usually expressed in person equivalents, PE. 
The PE represents the annual impact from an average person and is useful for bringing 
together the rather diverse environmental impacts on a common scale. Normalization is an 
optional element in the ISO 14040 series. The following are the results of the normalization 
analysis for the impact category obtained (refer Table 5) 

Normalization shows the damage to human health quality as the main item. Impact to 
respiratory inorganic is pointed out as the main cause. The value for this impact category in 
the rainy season, the dry season and a normal day is 2.65, 1.51 and 6.6E-06 DALY, 
respectively. Meanwhile in the damage to ecosystem category, acidification/eutrophication 
is valued at 0.37, 0.21 and 0.20 for the rainy season, the dry season and a normal day, 
respectively. However, damage to ecosystem quality is in second place after damage to 
human health. The resource category is last in ranking as the impact contribution is the 
lowest among all the impact categories. For this damage, the fossil fuels impact category is 
higher compared to minerals. The contribution value for the rainy season, the dry season 
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and a normal day is 0.07, 0.063 and 0.062, respectively. The rainy season remains the highest 
contributor for this impact category. 
 

Impact Category Rainy Season Dry Season Normal Day 

Carcinogens 0.000466 0.000431 0.000417 

Resp. Organics 7.64E-06 6.92E-06 6.6E-06 

Resp. Inorganics 2.64518 1.510249 1.420503 

Climate Change 0.005246 0.004881 0.004689 

Radiation 1.11E-06 1.2E-06 7.61E-07 

Ozone Layer 3.12E-07 2.78E-07 2.73E-07 

Ecotoxicity 0.000397 0.000365 0.000361 

Acidification/Eutrophication 0.373457 0.213241 0.20055 

Land Use 1.04E-05 1.12E-05 7.09E-06 

Minerals 1.42E-06 1.54E-06 9.75E-07 

Fossil Fuels 0.068761 0.063742 0.062048 

Table 5. Normalization to Impact Category for Different Situation. 

2.3.4.3 . Weighting 

Weighting is also known as valuation. Weighting is the last step in LCIA where a ranking is 
undertaken of the different environmental impact categories and resource consumption, 
reflecting the relative importance they are assigned in the study (Soares et al., 2006; 
Pennington et al., 2004). The aim of this step is to arrive at a further interpretation and 
aggregation of the data of the impact assessment. The importance of the impact categories in 
relation to each other is a value-bound procedure based on an assessment of the relative 
environmental harm. This assessment will therefore reflect social values and preferences 
(Consoli et al., 1993). Weighting is another optional element. 

Weighting analysis shows a result similar to normalization analysis where the first ranking 
remains with damage to human health followed by damage to ecosystem quality and 
damage to resources (refer Figure 4). Values for damage to human health are 795, 455 and 
428 Pt for the rainy season, the dry season and a normal day, respectively. Damage to 
ecosystem quality is at second place with a difference between 340 Pt (rainy season), 369.4Pt 
(dry season) and 408 Pt (normal day) compared to the damage to human health category. 
Damage to resources category is in last place, indicating that this category is seen as 
contributing the least impact compared to damage to human health and ecosystem quality. 
Values for the three situations are 20.6 Pt (rainy season), 19.1Pt (dry season) and 18.6 Pt 
(normal day). 
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Figure 4. Weighting in Damage Assessment for Three Different Situations. 

2.3.5. Life Cycle Assessment Interpretation (LCAI) 

Interpretation is the phase of the LCA where the results of the other phase are interpreted 
according to the goal of the study using sensitivity and uncertainty analysis. The outcome of 
the interpretation may be a conclusion serving as a recommendation to the decision makers, 
who will normally consider the environmental and resource impacts together with other 
decision criteria (such as economic and social aspects) (Hauschild et al., 2005). 

2.3.5.1 . Improvement assessment 

From the analysis conducted, There are two weaknesses identified: 

1. Production of PAC: contributed to damage to human health quality and damage to 
ecosystem quality. The process in producing this chemical releases two other dangerous 
chemicals; nitrogen oxides and sulphur oxides. 

2. Depletion of fossil fuel, namely, natural gas: natural gas is used in electricity generation. 

These weaknesses could be overcome using more environmentally friendly alternatives 
such as: 

a. Replacing PAC with alum. PAC is a coagulant that could be replaced with other 
chemical substance such as alum. In this case, the water treatment plant uses both 
coagulants in similar quantities. Thus, the suggestion is for the complete PAC 
replacement with alum to depict the impact of the replacement. 

b. Natural resource depletion - natural gas: the existing advantages that water treatment 
plants have must be given attention and complete dependence in natural gas used as 
fuel for electricity generation is to be avoided. The main advantage is that the constant 
flow of water in water treatment plants could be used to generate electricity. Other than 
that, the location of water treatment plants usually exposed to solar radiation is also an 
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advantage that should not be taken lightly. The use of solar panels could assist in 
getting alternative electricity sources from this existing advantage. Thus, a suggestion 
made to reduce the impact of electricity generation is the use of solar panels (25%), 
hydroelectric generators (25%) and natural gas (50%).  

Background data for solar panels and hydroelectrics in Simapro 7 software is used to 
compare the actual results (natural gas usage) with the suggested corrective measure using 
the combination electricity generation process. The results of the weighting analysis for the 
corrective suggestions are shown in Figure 5. 

 
Figure 5. Weighting Analysis with Corrective Measures to Overcome Damage to Human Health, 
Damage to Ecosystem Quality and Damage to Resources 

From the analysis conducted, both damage to human health and ecosystem quality can be 
reduced by more than 90%. For example, in the damage to human health category, the 
original value for the rainy season (795 Pt), the dry season (455 Pt) and a normal day (428 Pt) 
can be reduced to 2.65 Pt in total (the total of each three different situations). This is the 
same with damage to ecosystem quality, the original value for the rainy season (150 Pt), the 
dry season (85.4 Pt) and a normal day (80.4Pt) can be reduced to a mere 0.48 Pt in total (the 
total of each three different situations). However, the use of hybrid technology in electricity 
generation can reduce 50% of the damage to resources. The analysis also found that the use 
of hybrid technology could also potentially have an impact on human health and ecosystem 
quality. 

3. Conclusion 

The goal of this study is to analyse the damage that would happen from the use of chemical 
use and electricity generation based on two extreme climate conditions in Malaysia: the 
rainy season and the dry season. Both these climate conditions are also linked to world 
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climate change which is a hot topic nowadays. Based on the analysis of environment impact 
using the Ecoindicator 99 evalution method, it is found that the rainy season and the dry 
season contribute higher to environmental damage, namely, damage to human health, 
damage to ecosystem quality and damage to resources if compared to normal days. The 
rainy season is found to contribute much higher impact compared to the dry season and a 
normal day. The dry season still contributes impact to the environment, but insignificantly 
compared to normal days. The consumption of alum, PAC and chlorine increases during the 
rainy season to ensure that treated water fits the standard set. The increase in these 
chemicals has the potential to cause environmental damage. The chemical that was 
identified to contribute to this damage is PAC. The production of this chemical releases two 
hazardous by-product chemicals, namely, nitrogen oxides and sulphur oxides. Nevertheless, 
the damage could be reduced by completely replacing the coagulant with a more 
environmentally friendly coagulant such as alum. After the replacement of the chemical, the 
burden on ecosystem quality and human health could be reduced by up to 80% -90%. 
Damage to natural resources depletion is caused by electricity generation using natural gas. 
Advantages at the water treatment plants could be fully utilized to avoid dependence on 
natural gas. This includes the running water in the water treatment system and water 
treatment plant locations that are exposed to solar radiation which could be harnessed to 
generate electricity. Hybrid electricity generation could reduce the complete dependence on 
fossil fuel natural gas in water treatment plants. 

Even though the replacement of PAC with the more ecosystem friendly alum could reduce 
the damage to ecosystem quality and human health quality, the disadvantage of alum use is 
that it generates a high quantity of sludge. Though there are claims that sludge produced 
from water treatment plants is not dangerous compared to sludge produced by wastewater 
treatment plants, it can have negative effects on the environment, especially if this sludge is 
released directly into rivers, as is still currently practised by some water treatment plants in 
Malaysia. The proportion  - 25% (solar panels): 25% (hydroelectric): 50% (natural gas) - 
suggested to reduce the dependence on natural gas might be improved further, as it is 
currently only able to reduce it by about 50%. However, if this suggestion is put into action, 
it would at least reduce the use of fossil fuel natural gas. 

World climate change demands sustainable development practices. Without sustainable 
development in environmental management, damage to the environment is inevitable. 
Global warming is an example of this caused by anthropogenic activities. The results are 
disasters, such as frequent droughts and floods, that occur in Malaysia. This situation 
applies to physical disasters and also indirectly causes environmental damage when river 
water needs to be treated with higher chemical dosages during the rainy and dry seasons. 
By using LCA as the environmental assessment tool, environmental damage could be 
foreseen. Among the potential damage from these two extreme climates are damage to 
human health (especially respiratory inorganic impact), damage to ecosystem quality 
(especially acidification/eutrophication impact) and damage to resources (especially impact 
to fossil fuels). 
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1. Introduction 

According to the EU Water Framework Directive (subsequently WFD) and its set of 
guidance documents [1,2], the main deadlines in implementing a coherent policy for water 
resources in the EU included: 

a. By 2004 at the latest, each Member State had to produce an analysis (to be revised in 
2013 and every 6 years afterwards) that must include: 
- an analysis of the characteristics of each river basin district; 
- a review of the impact of human activity on water and an economic analysis of 

water use; 
- a register of areas requiring special protection; 
- a survey of all bodies of water used for abstracting water for human consumption 

and producing more than 10 m³/day or serving more than 50 persons. 
b. By 2009, all Member States had to develop management plans for each river basin 

district, taking account of the results of the analyses and studies carried out in the 
previously mentioned analyses. These plans will cover the period until 2015, will be 
thoroughly revised in 2015 and then every 6 years thereafter. 

c. The management plans must be implemented in 2012. These management plans aim 
specifically to:  
- prevent deterioration, enhance and restore bodies of surface water,  
- achieve good chemical status of water bodies by 2015 at the latest; 
- achieve good ecological status of water bodies, again, by 2015 at the latest, by 

eliminating / reducing pollution from discharges and emissions of hazardous 
substances;  

- protect, enhance and restore the status of all bodies of groundwater, prevent its 
pollution, and ensure a balance between groundwater abstraction and replenishment; 
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- preserve protected areas.  
d. A specific mention is dedicated to how the management plans will be devised and 

implemented. The WFD asks Member States to encourage participation by all 
stakeholders in the implementation of this Framework-Directive, specifically with 
regard to the management plans for river basin districts.  

e. Starting from 2010, Member States must establish water pricing policies that provide 
adequate incentives for users to efficiently use water resources and that the various 
economic sectors contribute to the recovery of the costs of water services, including 
those relating to the environment and resources. Member States must introduce 
arrangements to establish an effective, proportionate and dissuasive system of fines and 
penalties for the event of breaches of the provisions of WFD. 

The WFD is a robust response that could be replicated in areas were irrational water 
consumption led to ecological disasters (e.g., the tragic fate of the Aral Sea [3]). But having a 
coherent legislation is only one part of the problem. Implementing it needs a dedicated 
work and collaboration among all stakeholders [4-8]. In taking decisions that affects the 
environment, the river basins ask for a high degree of responsibility and for a scientific, 
conservative approach [9], knowing that failing to carry out correct actions will lead to 
irreversible consequences at global level.  

As an EU Member, Romania is committed to fully implement the WFD, and observe strictly 
all the deadlines in it. Adopting and inserting the WFD in the national legal framework was, 
by far, the easiest step in this process. As for implementing it, the number and dimensions of 
obstacles are important. Some of them are detailed below: 

a. the Romanian industry inherited a very low effectiveness and efficiency because the 
majority of the industrial platforms, big water consumers, were built before 1990, when 
the concern about environment, resource conservation, water quality, etc., was limited. 
As a first consequence, industrial platforms could extract all the water they needed, 
sacrificing in many cases the habitat, the quality and quantity of groundwater, the 
needs of communities; 

b. Very little attention was paid to polluting water bodies so that at present, in many 
areas, the rivers and the underground water content in fertilizers, insecticides, 
nitrates/nitrites and other chemicals, etc., is unacceptably high; 

c. Though one may say that Romania has enough water resources for its industry and 
habitants, recent drought years revealed the dangers hidden in this assertion and asked 
for swift and coherent measures and plans in order to efficiently manage the existing 
water resources, without compromising the environment; 

d. There is little or no co-ordination and communication among all stakeholders using 
water from the same river basin or from the same underground water body. 
Establishing an industrial facility, a hotel or touristic resort in a given location does not 
take into consideration the detailed, long-term impact impact upon the water resources 
of the area and the consequences for all other stakeholders already consuming water 
from the same sources; 
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e. At enterprise level, the water management is in almost all cases reactive, i.e., the 
management responds to penalties, fines or other enforcing measures taken by the 
Romanian Environmental Guard or similar enforcing bodies. Pro-active policies at 
enterprise level are scarce, uncoordinated with other stakeholders, inefficient since they 
include only the interest of a given company;  

f. There is a lack of practical tools (mathematical models, data mining, benchmarking 
procedures), at enterprise level that can manage the water resources in the same way in 
which fuel or raw materials are managed. Though available, detailed and 
comprehensive, reference documents [10] are not, in many cases, used in day-by-day 
work on industrial platforms; 

The paper presents the outcomes of a Project carried out in the period 2009-2011, having as 
general objective the implementation of the WFD at a chemical platform (including the 
surrounding areas and stakeholders).  

Specific objectives were: 

- Set up a task force, at local level that can take care of the WFD specifications and 
deadlines even after the Project will end; 

- Know-how transfer to the mentioned task force (management tools, mathematical tools, 
specific indicators connected to all aspects of water management); 

- Establish a mode of cooperation among all stakeholders interested in the sustainable 
use of the same water sources. 

The Project was coordinated by the Romanian National R&D Institute for Industrial Ecology 
(INCD-ECOIND), Bucharest.  

Its role in the Project was to: 

- establish the focal area of the project; 
- set up a Project Advisory Board that will guide the Project team and assess its results; 
- carry out an interactive SWOT analyses, with the help of local experts and managers; 
- devise, together with the local experts, material balances for water, in the focal area; 
- set up a mathematical model for optimal use of water in the focal area; 
- run and analyze various scenarios in order to test the model usefulness and validity.  

Though some of the processes in the focal area were analyzed against best available techniques 
and some options for reducing water consumptions were generated, the main focus of the 
Project was to articulate a management system that includes all the important water users in 
the area and to optimize the water use at the level of this system. The optimization of each 
inner component of the structure of the system was not the objective of the present Project 
(only the VIROMET platform subsystems have been considered). The main reason for this 
limitation is that a mathematical model that could carry out the optimization of a system 
including many imbricate subsystems (companies and other water users) needs the 
knowledge of many technological parameters of each consumer. Many of these parameters are 
confidential. Nevertheless, by providing ranges of consumptions by each system component, 
companies that constitute the system studied could infer relevant conclusions about how big 
their share in the system is and how they could contribute to its sustainability.  
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2. The VIROMET Water Management System 

The first task of the Project Team was to clearly establish the borders of the system to be 
scrutinized. This led to the Water Management System centred on the VIROMET platform 
(subsequently VIROMET WMS), illustrated in Figure 1. 

Mainly, it includes: 

1. multiple water intakes from adjacent rivers. The intakes are owned and managed by 
VIROMET; 

2. a pre-treatment station that produces water for technological purposes (industrial water 
streams in Figure 1). The station is owned and operated by VIROMET; 

3. s system of distributing the industrial water to all industrial stakeholders, namely: 
a. a ion-exchange resin factory (Platform B in Figure 1); 
b. several SMEs in the vicinity of the VIROMET platform; 
c. a station for producing drinking water, subsequently used internally by VIROMET 

or distributed to Platform B and other users, including small communities. The 
Station is owned and operated by VIROMET; 

d. multiple industrial installations, components of the VIROMET platform; 
4. a wastewater treatment station that collects wastewater from a number of surrounding 

water users. The station is owned and operated by VIROMET. Wastewater from the 
SMEs that take industrial or drinking water from VIROMET WMS is not collected and 
processed by this station. 

 
Figure 1. The VIROMET Water Management System structure. Dark arrows denotes measured or 
estimated flows 
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As a first remark, VIROMET is the main provider, the main consumer and the single 
wastewater operator in the area considered.  

The water intake facilities, the pre-treatment and drinking water stations owned and 
operated by VIROMET provide 3 different qualities of water for end-users: 

- water taken from the rivers, delivered as is to consumers; 
- industrial water (for technological uses). This includes also the advanced purified water 

(deionised) used by local boilers. 
- Drinking water distributed to local industrial consumers and to adjacent 

communities.  

This being the situation, the main focal point of the Project was the VIROMET platform. 

This is a very large chemical platform, founded by Czechs in 1937, then operated by 
Germans and used during WWII. After 1990, the portfolio of installations and products was 
constantly shrinking, mainly because the capacity of the platform was correlated to other 
industrial consumers that ceased to exist. At present, VIROMET is a private company, listed 
on the Bucharest Stock Exchange. It has some 850 employees (in 2009) and a turnover of 33 
MEuro (2008). For the needs of the presdent project, the following main sections of the 
platform have been included in the study: 

1. The Methanol installation; 
2. The resin production facility; 
3. The plastic ware installation (canisters, barrels, other similar products); 
4. The R&D, small scale production installation; 

3. The project task force 

Following the WFD specifications, the Project aiming at establishing a performing water 
management system in the VIROMET area had to identify and include all relevant 
stakeholders and establish a procedure of consultation, cooperation and coordination 
among them, a rather new approach for the Romanian business environment, but a must, in 
the lines of the WFD. 

The identified stakeholders were: 

- The VIROMET Company, the main focal point of the Project; 
- Another, adjacent chemical platform, producing adsorbents and ion-exchange resins – 

the second major water user (Platform B in Figure 1); 
- Several SMEs interested in constant and good quality water feed from the VIROMET 

water intake and pre-treatment system; 
- Adjacent small communities. It must be underlined that the location of the VIROMET 

platform is in the vicinity of the Fagaras Mountains, the tallest in Romania (+2500m), an 
area still covered by large virgin forests, with many protected zones for plants and 
animals. The beautiful landscape provides large resources for developing touristic 
activities in the area and, in fact, especially after the year 2000, many touristic facilities 
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The water intake facilities, the pre-treatment and drinking water stations owned and 
operated by VIROMET provide 3 different qualities of water for end-users: 

- water taken from the rivers, delivered as is to consumers; 
- industrial water (for technological uses). This includes also the advanced purified water 

(deionised) used by local boilers. 
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This being the situation, the main focal point of the Project was the VIROMET platform. 

This is a very large chemical platform, founded by Czechs in 1937, then operated by 
Germans and used during WWII. After 1990, the portfolio of installations and products was 
constantly shrinking, mainly because the capacity of the platform was correlated to other 
industrial consumers that ceased to exist. At present, VIROMET is a private company, listed 
on the Bucharest Stock Exchange. It has some 850 employees (in 2009) and a turnover of 33 
MEuro (2008). For the needs of the presdent project, the following main sections of the 
platform have been included in the study: 

1. The Methanol installation; 
2. The resin production facility; 
3. The plastic ware installation (canisters, barrels, other similar products); 
4. The R&D, small scale production installation; 

3. The project task force 

Following the WFD specifications, the Project aiming at establishing a performing water 
management system in the VIROMET area had to identify and include all relevant 
stakeholders and establish a procedure of consultation, cooperation and coordination 
among them, a rather new approach for the Romanian business environment, but a must, in 
the lines of the WFD. 

The identified stakeholders were: 

- The VIROMET Company, the main focal point of the Project; 
- Another, adjacent chemical platform, producing adsorbents and ion-exchange resins – 

the second major water user (Platform B in Figure 1); 
- Several SMEs interested in constant and good quality water feed from the VIROMET 

water intake and pre-treatment system; 
- Adjacent small communities. It must be underlined that the location of the VIROMET 

platform is in the vicinity of the Fagaras Mountains, the tallest in Romania (+2500m), an 
area still covered by large virgin forests, with many protected zones for plants and 
animals. The beautiful landscape provides large resources for developing touristic 
activities in the area and, in fact, especially after the year 2000, many touristic facilities 
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have been commissioned (hotels, winter sports services), especially by private investors. 
This new and abrupt development of the zone, without accurately, objectively 
evaluating the short and long-term resource potential of the area, led to additional 
stresses upon the water resources (rivers, underground resources). All water 
management systems must therefore integrate these end-users, in trying to evaluate 
their contribution to the water footprint and limit, minimize and repair the damage 
done to water resources.  

In order to accurately evaluate the situation of the water resources in the focal zone and to 
take into account the interests of all stakeholders, it is recommended that a Project Advisory 
Board (subsequently, PAB) be set up at the beginning of the Project.  

This PAB has the following characteristics: 

- It consists of recognized, uncontested personalities in the area (managers of large 
companies, reputed specialists, local mayors, retired experts). The PAB must enjoy an 
intrinsic legitimacy, unanimously accepted by the local people; 

- Their role is to guide and censor the Project team members during the Project 
implementation by analysing the pertinence of their findings, their suggestions, their 
initiatives. In order to be accepted and implemented, these initiatives must not 
contradict the history, traditions, customs of the local people and communities, must 
preserve the specificity of the region; members of the PAB are believed to be in the best 
position to know exactly what is best for the local people, from the point of view of 
preserving water bodies and the beautiful surrounding environment; 

- Members of the PAB are in no way remunerated by the Project. Their participation is 
fully voluntary but will impact upon the local people in the focal zone. 

4. The existing situation. SWOT and DPSIR 

A detailed SWOT analysis was carried out by the Project team. Main findings are included 
in Table 1. Issues in Table 1 are, in majority, available for all chemical platforms in 
Romania. 

 
 

 

Nr 
Internal factors External factors

Strengths Weaknesses Opportunities Threats 

1. The platform is in the 
vicinity of important 
river courses, easing 
the water intake 
operations 

The pre-treatment 
technologies and 
equipment need 
upgrade. Consumptions 
in some modules of the 
system are not 
measured but only 
roughly estimated. 

Restructuring the 
water management 
system will be made in 
line with last minute 
norms and most 
advanced technologies 
[10-12] 

Climate change induces 
major events at an 
accelerated pace 
(drought, flooding). 
Retrofitting should take 
into account new 
conservative capabilities 
for water management.  
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Nr 
Internal factors External factors

Strengths Weaknesses Opportunities Threats 

2. Water distribution and 
wastewater collection 
system have extra 
capacity, due to the 
shrinking of the 
activity of the platform. 
Existing extra capacity 
assures that there are 
enough places for 
expanding the 
industrial activity in 
the focal area.  

Maintaining and 
operating a water 
distribution and 
wastewater collecting 
systems not adjusted to 
the exact needs of the 
users is very costly.  

Any new investment in 
updating the water 
distribution and 
collecting network 
must be aligned to 
foreseeable trends in 
UE, about water 
resources so it will fit 
the long term 
requirements for the 
water networks.  

There is little 
communication, 
coordination, no 
integrated management 
system of water 
resources in the focal 
zone. Uncorrelated use 
of water can lead to 
major disfunctionalities, 
especially in a drought 
year.  

3. The personnel 
operating the water 
and wastewater system 
is very experienced 
and skilful.  

Existing water network 
cannot recycle water on 
the platform (no 
pumping facilities, no 
dedicated recycle 
piping). Practically, the 
water flows in a single 
direction, without 
recycling loops that 
could increase the 
efficiency of the system 
and reduce associated 
costs. 

Opportunities to access 
EU funds for 
retrofitting the water 
system 
 

Adjacent communities 
are exposed to risks 
caused by poor 
operation of the 
wastewater treatment 
facilities in the focal 
zone. Water and soil 
polluted with chemicals 
may affect large areas, 
reducing the touristic 
potential and gravely 
affecting the 
environment and public 
health. 

4.  Many technologies 
(especially small scale 
ones, used in SMEs) in 
the focal zone are not 
aligned to BAT, mainly 
because the production 
level does not legally 
impose such an 
alignment. 
Consumption is 
therefore inefficient for 
many installations. This 
adds to stress upon the 
water resources and also 
increase the amount of 
wastewater to be 
treated.  

Investment needed for 
updating the water and 
wastewater networks 
in the focal zone could 
be supported, partially, 
by other stakeholders, 
via some mutually 
beneficial 
arrangements with 
VIROMET (public-
private ventures) 
 

Environmental norms in 
Romania are aligned to 
the EU ones. But this 
reduces the profit of 
Romanian companies, 
by comparison with 
industrial facilities not 
observing these norms, 
situated in other 
geographical zones 
(outside EU, CIS, Asia, 
etc.) 
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Nr 
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Nr 
Internal factors External factors

Strengths Weaknesses Opportunities Threats 

5.  The parameters assured 
by the wastewater 
treatment station are 
difficult to monitor or 
modify, in case the legal 
limits for pollution will 
become stricter 
(instrumentation of the 
stations is in many 
instances inadequate). 

The platform can offer 
technical assistance, 
maintenance and 
expertise to adjacent 
water users in the field 
of water distribution 
and wastewater 
collecting networks 

Not having a sound 
water resource 
management system will 
add to the financial 
burden of the Company, 
since Banks become 
more interested in the 
level of environmental 
concern of their clients 

6.  There are no identified 
and implemented 
options for water reuse 
outside the platform 
(irrigation, sport 
facilities, etc.). Neither 
the residues of the 
wastewater treatment 
station are used in any 
way.  

 There is a gap between 
enforcing agencies and 
enterprises. Instead of 
acting together, 
coherently, joining 
forces, learning one from 
another, they act as 
enemies. This does not 
add to the know-how 
and awareness of the 
companies. 

7.  There is neither sound 
and comprehensive 
strategy nor specific 
managerial, operational 
tools that can lead to 
more effective and 
efficient water use 
(DPSIR evaluation [13], 
eco-efficiency indicators, 
environmental 
management accounting 
[14], etc.).  

  

Table 1.  Main findings of the SWOT Analysis 

The most coherent way to evaluate critically and in full detail the existing situation in the 
focal area is the DPSIR approach [13]. 

A multitude of DPSIR indicators were collected or derived (population, density, geographic 
area, climate, household area per person, unemployment, criminality, cars / 1000 
inhabitants, sanitation, water supply characteristics, emissions to air, water, soil, etc.), but 
they will not be described here 

The objective of using DPSIR was threefold: 
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- to test the potential of an analytical framework, recommended at EU level, in a practical 
case; 

- to get the specialists of the focal zone used to a powerful tool, to exercise such an 
analysis whenever need be, not necessarily in the case of water management but in any 
environmental studies; 

- to generate a basis for future DPSIR assessment that will evaluate the trend of the 
processes and pressures in the area. 

For the structure and elements of the DPSIR approach, see Reference [13]. 

Essentially, the DPSIR tries to find objective responses to the following issues: 

- What is the state of waters in the focal zone? 
 Quality? (Nutrients, pesticides, heavy metals, ecological quality)  
 Quantity? (Runoff, availability, demands, water stress)  

- Dynamics of water bodies 
 Is the situation improving or getting worse, year by year? 
 Are the trends observed leading outside the legal limits? 

- What are the causes of the problems? 
 Industrial 
 Agricultural 
 Human Communities 
 Pressures on the environment 

- Policies 
 Are they the right ones, effectively and efficiently working towards targets? 

The DPSIR evaluation carried out in the focal zone pointed out the aspects included in  
Table 2. 

 

DPSIR 
element Structure Findings 

Drivers Industry Large chemical platforms and diverse SMEs in the area operate 
technologies difficult to control (e.g. bakers using polluting additives, 
car service stations improperly disposing of paints, batteries, 
wastewater)  
The City of Victoria depends in great measure on the success and 
sustainability of the VIROMET platform, because a large share of the 
active population works for VIROMET. There are few other 
opportunities for employment in the area.  

Energy VIROMET Power plant operates on gas 

Agriculture Large areas of maize, potato, vegetables, wheat cultures, orchards 

Animal breeding The area includes large pastures for livestock and is particularly 
renowned for the quality of dairy products from cows, sheep.  

Aquaculture Trout breeding facilities commissioned, especially during the last 
decade  
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Nr 
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 Are they the right ones, effectively and efficiently working towards targets? 
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car service stations improperly disposing of paints, batteries, 
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The City of Victoria depends in great measure on the success and 
sustainability of the VIROMET platform, because a large share of the 
active population works for VIROMET. There are few other 
opportunities for employment in the area.  

Energy VIROMET Power plant operates on gas 

Agriculture Large areas of maize, potato, vegetables, wheat cultures, orchards 

Animal breeding The area includes large pastures for livestock and is particularly 
renowned for the quality of dairy products from cows, sheep.  

Aquaculture Trout breeding facilities commissioned, especially during the last 
decade  
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DPSIR 
element 

Structure Findings 

Households The general trend is for population to move from agglomerated cities 
to a country side that is very far of being prepared to host them. Little 
or no sanitation or sewerage systems available, no environmentally 
sound landfill facility.  

Tourism The area has a large touristic potential 

Pressures Climate change Last 20 years included several drought years and flooding events as 
well in Romania but the focal zone was little affected 

Point source 
pollution 

Accidental 

Diffuse source 
pollution 

Mainly from households that irrationally use fertilizers and 
insecticides. Increasing awareness, education, trading must contribute 
to sort out this complex problem.  

Water abstraction Not subject to any regulation or voluntary agreement by individual 
households 

State Water quantity Could support the existing level of human activity, but not in case of 
extreme climatic events. All future development of the area must 
align to a coherent Action Plan 

Groundwater 
status 

A large number of analyses carried out by ECOIND showed that the 
groundwater is polluted in many areas, especially with oil products, 
chemicals, fertilizers and the like. Nitrites-nitrates level too high.  

Ecological status Acceptable, improving but needs permanent monitoring 

Chemical, physical, 
biological 

Large industrial platforms and service companies (e.g., gasoline 
stations) have induced soil and underground water pollution in many 
areas 

Impacts Loss of 
habitats/species 

Irrational deforestation led to reduced habitat areas 

Ill health No reported illnesses specifically connected to the state of water 

Droughts/floods Potential for drought or floods that would have grave consequences 
upon the communities 

Loss of amenity Potential loss of amenity very high, due to incoherent development of 
the focal zone, especially of household buildings and touristic 
facilities 

Eutrophication Present in some small rivers, near pollution sources 

Acidification Present in some small rivers, near pollution sources 

Responses Water use 
restrictions 

Little cooperation among stakeholders 

Alternative 
supplies 

Need large investment. The capacity of the VIROMET water 
providing system seems enough for the period to come 

Subsidized water 
prices 

Water intake from underground, by individual households not 
measure or paid for 
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DPSIR 
element 

Structure Findings 

Improved 
information 

Needed by all stakeholders 

Demand side 
management 

Not present 

Voluntary 
agreements 

Not in operation 

Regional conflicts No 

Waste water 
treatment 

Yes, but only for major industrial water users. Small communities still 
wait for sanitation, in-expensive wastewater treatment facilities 

Table 2. DPSIR findings. 

The conclusions of the preliminary evaluation of the water resources in the focal zones are: 

- The City of Vitoria and other small communities depend on the fate of the VIROMET 
platform 

- Though the water sources seem to cover the present needs of the industrial activities 
and of the communities in the VIROMET WMS, there are obvious pressures upon this 
system, due to rapid development of the small communities and touristic facilities that 
must accommodate more and more people coming from large cities. Future industrial 
investment in the area will add more stress upon the water bodies under scrutiny; 

- There is a need of coordination of action of all stakeholders, in order to implement a 
rational framework for water use that preserves the environment in a particularly 
sensitive area; 

- “Historical” pollution (caused by industrial platforms operated before 1990, without 
any environmental concern) must be confined by taking special measures (barriers 
installed in soil, extracting and purifying the underground polluted water).  

- There is plenty of room for improving the water management in the focal zone by 
reducing consumptions, by improving the industrial technologies operated in the area 
(especially in SMEs), by increasing the awareness and limiting the irrational use of 
fertilizers, pesticides, and the like; 

- By applying the DPSIR framework of analysis, managers realize that they have at hand 
a procedure that indicates the causes, impacts and places of actions in order to improve 
the water system performances. The approach is straightforward and accessible, yet 
thorough and comprehensive. 

The following section will show how the Project team tried to improve the water 
management in the focal area. 

5. Internal benchmarking and alignment to BAT 

Benchmarking is a management technique that consists of permanently searching and 
implementing of significantly better practices than those currently in use in a given area. It 
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Improved 
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Needed by all stakeholders 

Demand side 
management 

Not present 

Voluntary 
agreements 

Not in operation 

Regional conflicts No 

Waste water 
treatment 

Yes, but only for major industrial water users. Small communities still 
wait for sanitation, in-expensive wastewater treatment facilities 

Table 2. DPSIR findings. 

The conclusions of the preliminary evaluation of the water resources in the focal zones are: 

- The City of Vitoria and other small communities depend on the fate of the VIROMET 
platform 

- Though the water sources seem to cover the present needs of the industrial activities 
and of the communities in the VIROMET WMS, there are obvious pressures upon this 
system, due to rapid development of the small communities and touristic facilities that 
must accommodate more and more people coming from large cities. Future industrial 
investment in the area will add more stress upon the water bodies under scrutiny; 

- There is a need of coordination of action of all stakeholders, in order to implement a 
rational framework for water use that preserves the environment in a particularly 
sensitive area; 

- “Historical” pollution (caused by industrial platforms operated before 1990, without 
any environmental concern) must be confined by taking special measures (barriers 
installed in soil, extracting and purifying the underground polluted water).  

- There is plenty of room for improving the water management in the focal zone by 
reducing consumptions, by improving the industrial technologies operated in the area 
(especially in SMEs), by increasing the awareness and limiting the irrational use of 
fertilizers, pesticides, and the like; 

- By applying the DPSIR framework of analysis, managers realize that they have at hand 
a procedure that indicates the causes, impacts and places of actions in order to improve 
the water system performances. The approach is straightforward and accessible, yet 
thorough and comprehensive. 

The following section will show how the Project team tried to improve the water 
management in the focal area. 

5. Internal benchmarking and alignment to BAT 

Benchmarking is a management technique that consists of permanently searching and 
implementing of significantly better practices than those currently in use in a given area. It 
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leads to better performances by investigating the performance and practices of other 
organisations (benchmark partners) [15].  

Benchmarking is key to creating crisis that facilitate the change process in an enterprise.  

Applying benchmarking techniques has the following advantages: 

- Employees are able to perceive the improvement, in the short term; 
- Increase responsibility of the personnel and challenges operational complacency; 
- Points to weaknesses and suggest what actions are required to get better; 
- Creates a motivating atmosphere leading to continuous progress; 
- Generates a challenge to attain and go beyond the performances of competitors; 
- It is a permanent source of realistic and achievable targets. 

As can be seen, benchmarking uses comparison and reference to other benchmarking 
partners, but in a zone where the state of equipment and the level of technologies is not 
quite state-of-the-art, putting side by side the performances of benchmarking partners and 
the results of the company that is searching for improvement may be discouraging. It could 
become obvious that the improvement one is searching for is not possible without huge 
investment and would be achieved only after large time delays. 

The Project team chose, instead, the internal benchmarking approach. As a first step, 
before comparing to others, the managers would have to identify the best performances 
recorded by the company itself. As those performances were recorded, they have been 
attained without any investment or new technologies, only by carefully operating the 
existing equipment, paying attention to all details, fully respecting the operating 
procedures. It is the task of company and installation managers to identify the best results 
and performances (benchmarks) achieved by the company and analyze how they were 
possible. By simply putting order in the operational stage, by motivating personnel to 
responsibly carry out their work, the company could align its performance to its own best 
level, already recorded. 

To illustrate the procedure, in the case of VIROMET WMS, Figure 2 shows the production of 
the platform and the water consumption to achieve that production, all data expressed in % 
from average yearly values. 

The conclusions of Figure 2 are obvious: 

- the water consumption follows the water production profile but there are marked 
deviations from average; 

- The specific consumption varies reaches a lowest 87% of the average value, instead of 
being practically constant, all the year long; 

- The benchmarking emerging from this figure is the month of April, where the 
performances of the platform were the best; 

- Analyzing the consumption data in connection with the production parameters and 
with all operational data recorded, managers will have to identify why the specific 
consumption could be as low as 87% of the average value. By simply identifying and 
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observing the conditions that led to the lower specific consumption, the platform will 
see its water specific consumptions decrease by 13%.  

 
Figure 2. Monthly production and water specific consumptions. 

Cleaner Production options generated during the comparison of the existing technologies 
with BAT produced a list of actions to be taken by the platform managers in order to 
improve the installation performances.  

The list included: 

- Tangible elements: 
 Proactive maintenance; 
 Use of piping and instrumentation from non-operational units to increase the 

performance of the operational ones; 
 Installing additional measuring devices in order to monitor the water consumed in 

places where there is poor instrumentation and control; 
 Replacing the ceramic bed in the absorption towers with more efficient packings; 
 Water flows that may be recycled on the platform, instead of being directed to the 

wastewater treatment facility. Though this will call for investment (piping, pumps, 
some heat-exchange equipment), it is estimated that this will lead to no more than 
4-5 years return on investment; 

 Establish points of intake for monitoring the water quality in the VIROMET WMS; 
 Identifications of water flows that could be send to adjacent consumers (for 

irrigation purposes) instead to be sent directly to the wastewater treatment station 
or directly to the river. 

- Intangible elements 
 Training the personnel, especially the operators of the water system; 
 Motivating the operators; 
 Direct R&D efforts toward reduction of water intake; 
 Encouraging innovative solutions from operators; 
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observing the conditions that led to the lower specific consumption, the platform will 
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 Increase the know-how and expertise: ask personnel to assist operators in other 
installations, in order that everyone becomes aware of the problems confronting 
the entire platform. 

6. Optimization of the Water Management System 

In order to optimize the performances of the water management system at the focal point, 
the Project Team chose to develop a mathematical model comprehensive enough, so that its 
results are useful for the local managers but simple enough in order for the same managers 
to understand it, apply it and contribute to its improvement.  

There are many software products that can design, model, simulate, and optimize water and 
wastewater systems at different scales [16-18]. Instead of using a software that comes as a 
black box that no one can access and understand how it works, the Project team chose to use 
the facilities and tools offered by the MICROSOFT EXCEL software, already existing in 
many companies and much more accessible and intuitive. 

The MICROSOFT EXCEL software includes a mathematical package that can solve linear 
and non-linear programming problems, given a minimal set of data that must include: 

- the optimization criterion (to be minimized, maximized or set equal to a prescribed 
value); 

- the design variables (that must be adjusted in order to get the optimal value of the 
optimization criterion. The design variables are, e.g., water flowrates among different 
parts of the VIROMET WMS, productions of the VIROMET WMS components, etc.: 

- the set of model parameters (e.g., cost of unit of water, cost of treatment of 1 m3 
wastewater, specific consumptions per physical unit of different products of the 
VIROMET WMS, etc.); 

- a set of restrictions that take into account that production capacities are limited, piping 
transporting capacities are limited, water amounts needed by different users must 
observe some minimal and/or maximal levels, all water flows must be non-negative, 
etc. 

The structure of the mathematical model is detailed in the subsequent paragraphs, for the 
case of minimizing the water consumed by the VIROMET WMS by linear programming 
[19]. 

The model is based upon the following assumptions: 

- it considers and includes 4 sections of VIROMET (Methanol, R&D, Resin, Plastic ware) 
- because of confidentiality reasons, the contribution of other water consumers is 

included in the mathematical model in the set of restrictions (e.g., a consumer will not 
accept a water flowrate under a given level and is not interested in buying water over a 
given level. These minimal and maximal levels are included in business contracts 
signed by VIROMET as this is the water provider of other stakeholders. In principle, the 
model could be easily expanded to include and optimize processes at any water 
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consumer in the focal zone, by simply adding extra terms (design variables) to the 
optimization criterion and by expanding the set of restrictions. Yet such a process needs 
a total transparency and access to data that are confidential at every partner in the 
water management system studied; 

- cost levels are those available for the 2010 year but the MICROSOFT EXCEL application 
can be readily include new, adapted cost values without problem.  

The application is set to minimize the following criterion (written in condensed format):  

4

1
min

i
i iP i

P w


  

Here, Pi is the production of a given component (i) of the VIROMET WMS and wi is the 
water consumed per 1 unit of product. 

The set of restrictions are: 

- Productions vary between two limits: a minimal threshold (generally = 0 but the 
managers may consider to adopt different minimal threshold, if, e.g., based upon past 
years, they are sure that they could sell a minimal production) and a maximal level 
(generally the production capacity of a given installation but, again, managers are free 
to choose any limits they consider suitable) 

,min ,max ;i i iP P P   

Here the index min and max refers to the already mentioned minimal, maximal thresholds 
for the productions 

- In the case of other optimization criteria, different restrictions may be used. For 
example, the industrial water consumed will vary between a minimal value (e.g., 0) and 
the maximal capacity of the water transporting network or of the water treatment 
installation. The upper value could also include limits imposed by climatic events (the 
water amount will then be, for example, an acceptable fraction of the available river 
flowrate, fraction that will preserve the environment and ensure enough drinking water 
for the communities);  

- Freshwater consumed on the platform will also obey similar restrictions: 
- All variables are non-negative  

0.iP   

As can be seen, there is no fixed structure for the optimization criteria and for the set of 
restrictions. In this way, a simple MICROSOFT EXCEL application is flexible enough to suit 
many cases of interest for the local managers / stakeholders.  

Table 3 illustrates the simplest way to use the model: the managers wish to know the exact 
amount of water needed to produce a given quantity of a product, by one of the members of 
the water system. Such a facility of the application is necessary when there is an opportunity 
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model could be easily expanded to include and optimize processes at any water 
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consumer in the focal zone, by simply adding extra terms (design variables) to the 
optimization criterion and by expanding the set of restrictions. Yet such a process needs 
a total transparency and access to data that are confidential at every partner in the 
water management system studied; 

- cost levels are those available for the 2010 year but the MICROSOFT EXCEL application 
can be readily include new, adapted cost values without problem.  

The application is set to minimize the following criterion (written in condensed format):  

4

1
min

i
i iP i

P w


  

Here, Pi is the production of a given component (i) of the VIROMET WMS and wi is the 
water consumed per 1 unit of product. 

The set of restrictions are: 

- Productions vary between two limits: a minimal threshold (generally = 0 but the 
managers may consider to adopt different minimal threshold, if, e.g., based upon past 
years, they are sure that they could sell a minimal production) and a maximal level 
(generally the production capacity of a given installation but, again, managers are free 
to choose any limits they consider suitable) 

,min ,max ;i i iP P P   

Here the index min and max refers to the already mentioned minimal, maximal thresholds 
for the productions 

- In the case of other optimization criteria, different restrictions may be used. For 
example, the industrial water consumed will vary between a minimal value (e.g., 0) and 
the maximal capacity of the water transporting network or of the water treatment 
installation. The upper value could also include limits imposed by climatic events (the 
water amount will then be, for example, an acceptable fraction of the available river 
flowrate, fraction that will preserve the environment and ensure enough drinking water 
for the communities);  

- Freshwater consumed on the platform will also obey similar restrictions: 
- All variables are non-negative  

0.iP   

As can be seen, there is no fixed structure for the optimization criteria and for the set of 
restrictions. In this way, a simple MICROSOFT EXCEL application is flexible enough to suit 
many cases of interest for the local managers / stakeholders.  

Table 3 illustrates the simplest way to use the model: the managers wish to know the exact 
amount of water needed to produce a given quantity of a product, by one of the members of 
the water system. Such a facility of the application is necessary when there is an opportunity 
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to sign an additional contract with a client, situation in which the managers should know 
what that contract will add to the existing structure of the water consumption. 
 

Calculated parameter: Water consumed, m3 894380 

Productions, tons Value  

Methanol 75000.00  

Water consumption Value, m3 Max available 

Industrial water 892757 1200000 

Freshwater 1623 20000 

Total 894380  

Water available Value, m3  

Industrial water 307243  

Fresh water 18377  

Table 3. Scenario 1: amount of water needed for a given production 

As seen from Table 2, the platform still have 307243 m3 of industrial water and 18377m3 of 
fresh water available for other fabrications so the additional methanol production will be 
possible without any problems. 

Table 4 is the result of the application put to minimize the water consumed by the 
VIROMET WMS.  
 

Optimized Criterion: Water consumption, m3 932435 

Productions, tons Value  

Methanol 35000.00 Contracted 

R&D 0.00  

Resins 40.00 Contracted 

Plastic ware 8.00 Contracted 

Water consumption Value, m3  

Water sold as is 16000 Contracted 

Freshwater to Platform B 75000 Contracted 

Freshwater to 3rd parties 17000 Includes communities 

Industrial water to Platform B 2900000 Minimal value 

Industrial water to 3rd parties 750000 Minimal value 

Water for VIROMET 1678400 Includes losses 

Industrial Water to VIROMET 922016.368 Max = 1661616 

Fresh water to VIROMET 10418.338 Max = 16616 
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Optimized Criterion: Water consumption, m3 932435 

Total Water to VIROMET 932434.706  

Water available Value, m3  

Industrial water 739599.632  

Fresh water 6197.662  

Table 4. Minimized consumption of water. 

The structure of the water consumption still takes account that signed contracts should be 
fulfilled. Other consumptions are at the minimal level provided by the restrictions. 

Table 5 illustrates the maximization of the VIROMET production, given a limited amount of 
water available. 
 

Optimized Criterion: Maximal production, Euro/yr 29260434 

Productions, tons Value Remark 

Methanol 71480 Potential 

R&D 30 Contracted 

Resins 97745 Potential 

Plastic ware 50 Contracted 

Water consumption Value, m3 Remark 

Water sold as is 160000 Contracted 

Freshwater to Platform B 5000 Contracted 

Freshwater to 3rd parties 17000 Includes communities 

Industrial water to Platform B 2900000 Minimal value 

Industrial water to 3rd parties 750000 Minimal value 

Water for VIROMET 1998400 Includes losses 

Industrial Water to VIROMET 1978416 Max = 1978416 

Fresh water to VIROMET 19784 Max = 19784 

Total Water to VIROMET 1998200  

Water still available Value, m3  

Industrial water 0.00  

Fresh water 0.00  

Table 5. Scenario 3: Maximizing production, given the water amount available. 

In this case, the scenario includes two levels for already contracted products (for the R&D 
department and for the Plastic ware department). The production of all other components of 
the system is arranged so that highest profit possible is attained, all the available water is 
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to sign an additional contract with a client, situation in which the managers should know 
what that contract will add to the existing structure of the water consumption. 
 

Calculated parameter: Water consumed, m3 894380 

Productions, tons Value  

Methanol 75000.00  

Water consumption Value, m3 Max available 

Industrial water 892757 1200000 

Freshwater 1623 20000 

Total 894380  

Water available Value, m3  

Industrial water 307243  

Fresh water 18377  

Table 3. Scenario 1: amount of water needed for a given production 

As seen from Table 2, the platform still have 307243 m3 of industrial water and 18377m3 of 
fresh water available for other fabrications so the additional methanol production will be 
possible without any problems. 

Table 4 is the result of the application put to minimize the water consumed by the 
VIROMET WMS.  
 

Optimized Criterion: Water consumption, m3 932435 

Productions, tons Value  

Methanol 35000.00 Contracted 

R&D 0.00  

Resins 40.00 Contracted 

Plastic ware 8.00 Contracted 

Water consumption Value, m3  

Water sold as is 16000 Contracted 

Freshwater to Platform B 75000 Contracted 

Freshwater to 3rd parties 17000 Includes communities 

Industrial water to Platform B 2900000 Minimal value 

Industrial water to 3rd parties 750000 Minimal value 

Water for VIROMET 1678400 Includes losses 

Industrial Water to VIROMET 922016.368 Max = 1661616 

Fresh water to VIROMET 10418.338 Max = 16616 
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Optimized Criterion: Water consumption, m3 932435 

Total Water to VIROMET 932434.706  

Water available Value, m3  

Industrial water 739599.632  

Fresh water 6197.662  

Table 4. Minimized consumption of water. 

The structure of the water consumption still takes account that signed contracts should be 
fulfilled. Other consumptions are at the minimal level provided by the restrictions. 

Table 5 illustrates the maximization of the VIROMET production, given a limited amount of 
water available. 
 

Optimized Criterion: Maximal production, Euro/yr 29260434 

Productions, tons Value Remark 

Methanol 71480 Potential 

R&D 30 Contracted 

Resins 97745 Potential 

Plastic ware 50 Contracted 

Water consumption Value, m3 Remark 

Water sold as is 160000 Contracted 

Freshwater to Platform B 5000 Contracted 

Freshwater to 3rd parties 17000 Includes communities 

Industrial water to Platform B 2900000 Minimal value 

Industrial water to 3rd parties 750000 Minimal value 

Water for VIROMET 1998400 Includes losses 

Industrial Water to VIROMET 1978416 Max = 1978416 

Fresh water to VIROMET 19784 Max = 19784 

Total Water to VIROMET 1998200  

Water still available Value, m3  

Industrial water 0.00  

Fresh water 0.00  

Table 5. Scenario 3: Maximizing production, given the water amount available. 

In this case, the scenario includes two levels for already contracted products (for the R&D 
department and for the Plastic ware department). The production of all other components of 
the system is arranged so that highest profit possible is attained, all the available water is 
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consumed and all the contracts with 3rd parties, observed. As can be seen, in the end, there is 
no industrial water or freshwater left, when the production is maximized.  

This zero-level availability refers to the fact that the system cannot consume more water 
than the above amounts, though the adjacent rivers could provide for some extra quantities. 
But the restrictions were imposed in order to preserve the habitat. The environment could 
not sustain, in this case, larger water intakes by the water system studied. 

 

Optimized Criterion: Maximal production, 
Euro/yr 12850587 

Productions, tons Value Remarks 

Methanol 44682 Potential 

R&D 30 Contracted 

Resins 55471 Potential 

Plastic ware 48 Potential 

Water consumption Value, m3 Remarks 

Water sold as is 100000 Contracted 

Freshwater to Platform B 90000 Contracted 

Freshwater to 3rd parties 20000 Includes communities 

Industrial water to Platform B 2000000 
A 50000o m3 reduction 

to provide enough 
water to communities 

Industrial water to 3rd parties 800000 
Agreed level, for 

agricultural uses in the area 

Water for VIROMET 1192000 Includes losses 

Industrial Water to  
VIROMET 

1180080 Max = 1180080 

Fresh water to VIROMET 7499 Max = 7499 

Total Water to VIROMET 1187570  

Water still available Value, m3  

Industrial water 0.00  

Fresh water 0.00  

Table 6. Drought year. Optimal production structure. 

The scenario includes a drastic reduction of water (20%) for PLATFORM B and a major 
increase in the amount of water given to communities for agricultural purposes. In this case, 
the model finds the optimal production profile at VIROMET in order to reach the maximal 
possible production value, given the water restrictions. The zero-level availability refers, 
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again, to the fact that the system cannot extract more water from the available resources 
than the above amounts without affecting the environment. 

In this case, the set of restrictions is modified to take into account the limited water 
availability.  

Though this is only a potential situation, it becomes clear that the new restrictions may 
gravely affect, in this scenario, the productions and benefits of one or more of the companies 
in the VIROMET WMS. Though the above scenario will probably not materialize in the 
years to come in the focal area, provisions must be made that such situations do not 
generate conflicts. 

The simplest way in allocating scarce resources is that managers (and PAB) convene and add to 
each flow in the system a priority. The mathematical model should be modified such priority 
coefficients or weights and this can be easily done. But the use of priorities and allocation keys, 
even convened and accepted by all water consumers of the system does not solve the problem. 
Any allocation generates animosity and can lead to conflicts. Some of the consumers could 
leave the system, making all the management and optimization work pointless.  

The solution should be mathematical as well as ethical. If some of the water consumers 
cannot use (or can use only a part of) this valuable resource for their processes, they cannot 
generate profit and cannot survive. Adopting a consensus policy and a co-operative 
approach to sort out the potential conflicts leads to a procedure to share the profits and 
benefits generated by those companies that consumed water, among all members of the 
water system. Though the procedure could be thought as unfeasible because it implies total 
and permanent transparency and frankness from all stakeholders, it works in the Israeli 
kibbutzim [20]. In order to build trust among all stakeholders, they must be able to verify 
the accounting registers of all those companies that have used water. 

The last scenario presented illustrates the derivation of the optimal value of an eco-
efficiency indicator, a new metrics in the focal area.  

The criterion gives the minimal value of the m3 of water consumed per monetary unit of 
production of the VIROMET WMS. The optimal value of the criterion and the production 
structure is presented in the Table 7. 

 

Optimized Criterion: Minimal water consumed m3 / 
1000 euro production value

38.729 

Productions, tons Value Remarks 

Methanol 32805  

R&D 268  

Resins 54723  

Plastic ware 34  

Water consumption Value, m3 Remarks 
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consumed and all the contracts with 3rd parties, observed. As can be seen, in the end, there is 
no industrial water or freshwater left, when the production is maximized.  

This zero-level availability refers to the fact that the system cannot consume more water 
than the above amounts, though the adjacent rivers could provide for some extra quantities. 
But the restrictions were imposed in order to preserve the habitat. The environment could 
not sustain, in this case, larger water intakes by the water system studied. 

 

Optimized Criterion: Maximal production, 
Euro/yr 12850587 

Productions, tons Value Remarks 

Methanol 44682 Potential 

R&D 30 Contracted 

Resins 55471 Potential 

Plastic ware 48 Potential 

Water consumption Value, m3 Remarks 

Water sold as is 100000 Contracted 

Freshwater to Platform B 90000 Contracted 

Freshwater to 3rd parties 20000 Includes communities 

Industrial water to Platform B 2000000 
A 50000o m3 reduction 

to provide enough 
water to communities 

Industrial water to 3rd parties 800000 
Agreed level, for 

agricultural uses in the area 

Water for VIROMET 1192000 Includes losses 

Industrial Water to  
VIROMET 

1180080 Max = 1180080 

Fresh water to VIROMET 7499 Max = 7499 

Total Water to VIROMET 1187570  

Water still available Value, m3  

Industrial water 0.00  

Fresh water 0.00  

Table 6. Drought year. Optimal production structure. 

The scenario includes a drastic reduction of water (20%) for PLATFORM B and a major 
increase in the amount of water given to communities for agricultural purposes. In this case, 
the model finds the optimal production profile at VIROMET in order to reach the maximal 
possible production value, given the water restrictions. The zero-level availability refers, 
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again, to the fact that the system cannot extract more water from the available resources 
than the above amounts without affecting the environment. 

In this case, the set of restrictions is modified to take into account the limited water 
availability.  

Though this is only a potential situation, it becomes clear that the new restrictions may 
gravely affect, in this scenario, the productions and benefits of one or more of the companies 
in the VIROMET WMS. Though the above scenario will probably not materialize in the 
years to come in the focal area, provisions must be made that such situations do not 
generate conflicts. 

The simplest way in allocating scarce resources is that managers (and PAB) convene and add to 
each flow in the system a priority. The mathematical model should be modified such priority 
coefficients or weights and this can be easily done. But the use of priorities and allocation keys, 
even convened and accepted by all water consumers of the system does not solve the problem. 
Any allocation generates animosity and can lead to conflicts. Some of the consumers could 
leave the system, making all the management and optimization work pointless.  

The solution should be mathematical as well as ethical. If some of the water consumers 
cannot use (or can use only a part of) this valuable resource for their processes, they cannot 
generate profit and cannot survive. Adopting a consensus policy and a co-operative 
approach to sort out the potential conflicts leads to a procedure to share the profits and 
benefits generated by those companies that consumed water, among all members of the 
water system. Though the procedure could be thought as unfeasible because it implies total 
and permanent transparency and frankness from all stakeholders, it works in the Israeli 
kibbutzim [20]. In order to build trust among all stakeholders, they must be able to verify 
the accounting registers of all those companies that have used water. 

The last scenario presented illustrates the derivation of the optimal value of an eco-
efficiency indicator, a new metrics in the focal area.  

The criterion gives the minimal value of the m3 of water consumed per monetary unit of 
production of the VIROMET WMS. The optimal value of the criterion and the production 
structure is presented in the Table 7. 

 

Optimized Criterion: Minimal water consumed m3 / 
1000 euro production value

38.729 

Productions, tons Value Remarks 

Methanol 32805  

R&D 268  

Resins 54723  

Plastic ware 34  

Water consumption Value, m3 Remarks 
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Water sold as is 250000 Contracted 

Freshwater to Platform B 90000 Contracted 

Freshwater to 3rd parties 20000 Includes communities 

Industrial water to Platform B 2900000 Contracted 

Industrial water to 3rd parties 30000 Contracted 

Water for VIROMET 1872000 Includes losses 

Industrial Water to VIROMET 930831 Max = 1853280 

Fresh water to VIROMET 18532 Max = 18532 

Total Water to VIROMET 949363  

Water still available Value, m3  

Industrial water 922449  

Fresh water 0.00  

Table 7. Computing an eco-efficiency indicator. 

As can be seen, there is still some industrial water available but it cannot be used because 
the restriction imposed to the drinking water was reached. The model points to a limitation 
of the system that could cause problems. In order to avoid such circumstances, managers 
should look to expand the capacity of the fresh water production facility. 

By calculating regularly such eco-indicators, the managers can appreciate if the performance 
of the platform is getting better and make the necessary adjustments. 

A large number of similar scenarios and optimization criteria were tested, showing the 
capabilities of the model that still remains simple and versatile. 

7. Forecasting 

Knowing what will be the trends in a water system in the near future (3-6 months) is 
essential for the managers of the companies and consumers included in the VIROMET 
WMS. They can buy the necessary amounts of reagents, set up plans for maintenance, 
negotiate future contracts, evaluate the future risks that could hamper their production, etc. 

The mathematical model of the system included also a forecasting procedure, also 
implemented in MICROSOFT EXCEL. 

To illustrate the approach, Figure 3 shows the monthly amount of water entering the 
VIROMET wastewater treatment facility from all consumers connected to it.  

First of all, moving average graphs are derived, using 2 values and 4 values in averaging, 
respectively (both situations are illustrated in Figure 3). It can be seen that going from 2 to 4 
value moving averages does not sensibly improve the situation and that still no pattern 
seem to emerge. 

 
Integrated Water Management Around a Large Chemical Platform 257 

 
Figure 3. Actual and smoothed variation of wastewater treated in the VIROMET facility. 

 
Figure 4. Seasonal Index for the wastewater reaching the treatment facility. 

Apparently, there is no pattern governing the graph in Figure 3. 

Applying a procedure for calculating a seasonal index for the amount of wastewater [21] 
leads, nevertheless to a conclusion, illustrated in Figure 4. Data used to infer such an index 
are taken from the years 2007-2010. 

It seems that there is a gap in July and August as well as at the end of the year. 

If the pattern stands, July –August or December would be the right periods to carry out 
revisions, technical repairs, and maintenance of the wastewater treatment plant. 

March and October-November are the months when the wastewater facility works well over 
its annual average. 
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Water sold as is 250000 Contracted 

Freshwater to Platform B 90000 Contracted 

Freshwater to 3rd parties 20000 Includes communities 

Industrial water to Platform B 2900000 Contracted 

Industrial water to 3rd parties 30000 Contracted 

Water for VIROMET 1872000 Includes losses 

Industrial Water to VIROMET 930831 Max = 1853280 

Fresh water to VIROMET 18532 Max = 18532 

Total Water to VIROMET 949363  

Water still available Value, m3  

Industrial water 922449  

Fresh water 0.00  

Table 7. Computing an eco-efficiency indicator. 

As can be seen, there is still some industrial water available but it cannot be used because 
the restriction imposed to the drinking water was reached. The model points to a limitation 
of the system that could cause problems. In order to avoid such circumstances, managers 
should look to expand the capacity of the fresh water production facility. 

By calculating regularly such eco-indicators, the managers can appreciate if the performance 
of the platform is getting better and make the necessary adjustments. 

A large number of similar scenarios and optimization criteria were tested, showing the 
capabilities of the model that still remains simple and versatile. 

7. Forecasting 

Knowing what will be the trends in a water system in the near future (3-6 months) is 
essential for the managers of the companies and consumers included in the VIROMET 
WMS. They can buy the necessary amounts of reagents, set up plans for maintenance, 
negotiate future contracts, evaluate the future risks that could hamper their production, etc. 

The mathematical model of the system included also a forecasting procedure, also 
implemented in MICROSOFT EXCEL. 

To illustrate the approach, Figure 3 shows the monthly amount of water entering the 
VIROMET wastewater treatment facility from all consumers connected to it.  

First of all, moving average graphs are derived, using 2 values and 4 values in averaging, 
respectively (both situations are illustrated in Figure 3). It can be seen that going from 2 to 4 
value moving averages does not sensibly improve the situation and that still no pattern 
seem to emerge. 
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Figure 3. Actual and smoothed variation of wastewater treated in the VIROMET facility. 

 
Figure 4. Seasonal Index for the wastewater reaching the treatment facility. 

Apparently, there is no pattern governing the graph in Figure 3. 

Applying a procedure for calculating a seasonal index for the amount of wastewater [21] 
leads, nevertheless to a conclusion, illustrated in Figure 4. Data used to infer such an index 
are taken from the years 2007-2010. 

It seems that there is a gap in July and August as well as at the end of the year. 
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March and October-November are the months when the wastewater facility works well over 
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In order to test the seasonal index, it is used to predict the consumptions in the first half of 
2011. Results are presented in Table 8.  
 

Month Predicted value Actual value 
Absolute 
deviation 

Relative 
deviation, % 

Jan 2011 105,672 114,091.00 -8,419 -7.38 

Feb 107,696 113,637.00 -5,941 -5.23 

Mar 118,487 124,225.00 -5,738 -4.62 

Apr 114,587 121,675.00 -7,088 -5.83 

May 112,175 122,339.00 -10,164 -8.31 

Jun 124,466 121,953.00 2,513 2.06 

Total 683,082 717,920 -34,838 -4.85 

Table 8. Predicted and actual values for the wastewater reaching the treatment facility.  

Deviations of actual recorded values from predicted values are, in all cases, less than 8.5%. 
For the entire first half of 2011, the relative error is only 4.85%. The seasonal index 
calculations are self-learning (additional data can be added at any time, once available, in 
order to make the index more accurate).  

A large number of variables of the VIROMET WMS were subjected to forecasting in order to 
provide the local managers with useful decision support tools. 

8. Conclusions 

The study presented a methodology that assess and optimize an expanded system, 
including multiple water users and offers to local managers simple yet versatile tools to 
analyze various scenarios for their businesses. 

A synthetic outline of the methodology follows: 

1. Observe the legal framework governing a river basin but adopt a flexible approach, 
tailored to the area studied – legislation cannot include all the particular aspects of a 
given case. Stakeholders’ actions should therefore be complementary and implement 
the general norms in their letter and in their spirit.  

2. Organize the task force that will carry out the Project, identify stakeholders, set up a 
Project Advisory Board; it is important that all major consumers of water in the area are 
attracted in the Project; 

3. Establish communication procedures, encourage transparency, dialogue, identify 
potential sources of conflict and be prepared to solve such conflicts. An external 
facilitator could prove essential for such instances since it is presumed that the 
facilitator has no interests in the area and his judgement will remain fair and objective;  
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4. Evaluate the existing situations: interactively carry a SWOT and a DPSIR analysis; refer 
to PAB and local managers to validate the results of these analyses; 

5. Identify sources of reducing consumptions (cleaner production options, comparison to 
BAT, recycling possibilities, etc.); 

6. Carry out internal benchmarking and establish the best achieved performance of the 
water system. Ask managers to identify and replicate the situations that led to that best 
performance; as a first step in a more elaborated data-mining process, this procedure 
will lead, in the short time and with practical no investment to sensible improvements; 

7. Establish the exact structure and characteristics of the water system to be optimized 
(components, material balances, water quality analyses); 

8. Build up a mathematical model for optimization using MICROSOFT EXCEL software 
package: interactively establish various relevant criteria, identify, in each case design 
variables, model parameters, set of restrictions. This operation should be carried out 
together with local managers and experts, they being the end-users of the model; 

9. Test, together with local experts, the validity of the model by analysing as many 
scenarios as possible, simulate past known situations, examine all the possibilities of the 
model; 

10. Update the key performance indicator system of the system by adding new metrics, 
e.g., eco-indicators that will assess the trend of the water system toward sustainability; 
include the new metrics in the strategy metrics operating at the water system level; 

11. Help local people convene upon allocation keys for the case the water available is under 
the threshold needed by the system; establish a procedure for conflict resolution, in case 
some of the water users will not be able to access all the water they need for their 
processes; suggested approach: establish a way to distribute the profit accumulated by 
some of the stakeholders to all the members of the water system, in a transparent and 
fair manner; 

12. Help local managers with other decision support tools, e.g., forecasting. Derive the 
seasonal index for as many variables in the system as possible, keeping the forecasting 
model open to include future available data; 

13. Test procedures for expanding the mathematical model to include additional 
consumers.  

The main advantages and disadvantages of the methodology and its are summarized below: 

- The approach calls for support and participation of all stakeholders, in a given area, 
using the same water sources; if major water consumers are excluded from the system, 
the results of the optimization program will be grossly incorrect and generate major 
risks (e.g., in the situation when the water supplying system is under stress by climatic 
events); 

- The characteristics of a given water system are better known and can be monitored in 
the long term by local experts so their involvement in the Project is essential. Setting up 
a Project Advisory Board could be a solution; 

- This Project Advisory Board is of great help in assessing the accuracy of the 
assumptions made by the mathematical analysis, the precision of the set of restrictions 
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In order to test the seasonal index, it is used to predict the consumptions in the first half of 
2011. Results are presented in Table 8.  
 

Month Predicted value Actual value 
Absolute 
deviation 

Relative 
deviation, % 

Jan 2011 105,672 114,091.00 -8,419 -7.38 

Feb 107,696 113,637.00 -5,941 -5.23 

Mar 118,487 124,225.00 -5,738 -4.62 

Apr 114,587 121,675.00 -7,088 -5.83 

May 112,175 122,339.00 -10,164 -8.31 

Jun 124,466 121,953.00 2,513 2.06 

Total 683,082 717,920 -34,838 -4.85 

Table 8. Predicted and actual values for the wastewater reaching the treatment facility.  

Deviations of actual recorded values from predicted values are, in all cases, less than 8.5%. 
For the entire first half of 2011, the relative error is only 4.85%. The seasonal index 
calculations are self-learning (additional data can be added at any time, once available, in 
order to make the index more accurate).  

A large number of variables of the VIROMET WMS were subjected to forecasting in order to 
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A synthetic outline of the methodology follows: 
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Project Advisory Board; it is important that all major consumers of water in the area are 
attracted in the Project; 
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potential sources of conflict and be prepared to solve such conflicts. An external 
facilitator could prove essential for such instances since it is presumed that the 
facilitator has no interests in the area and his judgement will remain fair and objective;  
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4. Evaluate the existing situations: interactively carry a SWOT and a DPSIR analysis; refer 
to PAB and local managers to validate the results of these analyses; 

5. Identify sources of reducing consumptions (cleaner production options, comparison to 
BAT, recycling possibilities, etc.); 

6. Carry out internal benchmarking and establish the best achieved performance of the 
water system. Ask managers to identify and replicate the situations that led to that best 
performance; as a first step in a more elaborated data-mining process, this procedure 
will lead, in the short time and with practical no investment to sensible improvements; 

7. Establish the exact structure and characteristics of the water system to be optimized 
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package: interactively establish various relevant criteria, identify, in each case design 
variables, model parameters, set of restrictions. This operation should be carried out 
together with local managers and experts, they being the end-users of the model; 
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scenarios as possible, simulate past known situations, examine all the possibilities of the 
model; 

10. Update the key performance indicator system of the system by adding new metrics, 
e.g., eco-indicators that will assess the trend of the water system toward sustainability; 
include the new metrics in the strategy metrics operating at the water system level; 

11. Help local people convene upon allocation keys for the case the water available is under 
the threshold needed by the system; establish a procedure for conflict resolution, in case 
some of the water users will not be able to access all the water they need for their 
processes; suggested approach: establish a way to distribute the profit accumulated by 
some of the stakeholders to all the members of the water system, in a transparent and 
fair manner; 

12. Help local managers with other decision support tools, e.g., forecasting. Derive the 
seasonal index for as many variables in the system as possible, keeping the forecasting 
model open to include future available data; 

13. Test procedures for expanding the mathematical model to include additional 
consumers.  

The main advantages and disadvantages of the methodology and its are summarized below: 

- The approach calls for support and participation of all stakeholders, in a given area, 
using the same water sources; if major water consumers are excluded from the system, 
the results of the optimization program will be grossly incorrect and generate major 
risks (e.g., in the situation when the water supplying system is under stress by climatic 
events); 

- The characteristics of a given water system are better known and can be monitored in 
the long term by local experts so their involvement in the Project is essential. Setting up 
a Project Advisory Board could be a solution; 

- This Project Advisory Board is of great help in assessing the accuracy of the 
assumptions made by the mathematical analysis, the precision of the set of restrictions 
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as well as the water allocation keys in cases this resource is scarce (drought, long and 
heavy winters); 

- In case the set of restrictions imposed to some consumers affects their performance and 
profit, procedures should be in place to give them a fair compensation; 

- The optimization model uses the MICROSOFT EXCEL capabilities, therefore it can be 
easily implemented on most computers; 

- The forecasting procedures should be used for short-term planning not only in the case 
of water consumption but should be extended to all main operations and issues 
affecting the system and its components (power and fuel consumption, product 
demand, planning maintenance and revisions, etc.); 

- Adding new components to the water system should be done only after evaluating 
(with the help of the mathematical model presented) the capacity of this water system 
to sustain new consumers. As an option, all members of the water system could agree 
to some new allocation rules; 

- The parameters of the mathematical model (specific consumptions, restrictions) should 
be revised via a detailed work of implementing cleaner production and best available 
techniques options that will lead to reduced water consumptions by each consumer in 
the water system; 

- In order to increase the relevance of the set of results obtained with the mathematical 
model, consumers should agree to disclose the performances of their internal processes 
so that they can be included in the optimization criteria. This calls for confidentiality 
arrangements among all the users of the mathematical model.  
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1. Introduction 

The “Lisbon Strategy” was adopted in 2000 by EU countries as a response to the challenges 
of globalisation and ageing. It set the strategic goal for EU "to become the most dynamic and 
competitive knowledge-based economy in the world by 2010, capable of sustainable 
economic growth with more and better jobs and greater social cohesion and respect for the 
environment" [1]. As the deadline approached, it became clearer that the above strategic 
goal will not be attained and the Strategy as a whole will be a failure. The main findings of a 
thorough analysis of this failure, carried out by EU officials were, among others [2]: 

- The Lisbon Strategy has helped build broad consensus on the reforms that the EU needs 
and generated mutually acceptable solutions, still waiting to be implemented;  

- It is not always possible to demonstrate a causal link between Lisbon reforms and EU 
economic growth and jobs outcomes, in the period 2000-2010. These results would be 
probably the same, without having a “Lisbon Strategy”;  

- The strategy should have been organised better to focus more on critical elements 
which played a key role in the origin of the economic crisis (risk in financial markets, 
speculative housing markets, credit-driven consumerism, wage increases outpacing 
productivity gains);  

- The delivery gap between strategy commitments and actions has not been closed; 
- Communication, awareness and public support for the objectives of the Strategy 

remained weak at EU and at national level; 
- The non-binding character of the Lisbon Strategy contributed to its failure, and this 

lesson needed to be taken into account by the new Europe 2020 strategy. 
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The main idea emerging from the above remarks is that the Lisbon Strategy has failed not 
because of its generous, munificent objectives but because of inadequate operational 
implementation, lack of organizational measures and reforms, hesitation to generate and 
accept new solutions to the new challenges of globalization and economic crisis. 

EU is now on the way to implement a new 10-year strategy, the “Europe 2020” [3]. 

There are three main priorities in the new EU targets for 2020: 

- Smart growth: developing an economy based on knowledge and innovation. Again, the 
role of knowledge is the most important; 

- Sustainable growth: promoting a more resource-efficient, greener and more competitive 
economy;  

- Inclusive growth: fostering a high-employment economy delivering social and 
territorial cohesion.  

In trying to give a substantial answer to the simple question: “where does EU want to be by 
2020?” the European Commission proposes the following headline targets for 2020:  

- 75 % of the population aged 20-64 should be employed;  
- 3% of the EU's GDP should be invested in R&D; 
- The "20/20/20" climate/energy targets should be met;  
- Early school leavers should represent under 10% ; 
- At least 40% of the younger generation should have a tertiary degree; 
- 20 million less people should be at risk of poverty.  
- The Commission proposes that EU goals are translated into national targets and 

trajectories that should become binding, one way or another for the Member Countries.  
- There are seven flagship initiatives to catalyze progress under each priority theme:  
- "Innovation Union" to improve framework conditions for research and innovation; 
- "Youth on the move" to facilitate the entry of young people to the labour market;  
- "A digital agenda for Europe" to speed up the roll-out of high-speed internet;  
- "Resource efficient Europe" to help decouple economic growth from the use of resources; 
- "An industrial policy for the globalization era" to improve the business environment, 

notably for SMEs;  
- "An agenda for new skills and jobs" to modernise labour markets and empower people;  
- "European platform against poverty".  

Though these intentions show that the future instruments meant to implement the Europe 
2020 Strategy may be better structured than those accompanying the Lisbon Strategy, they 
are mainly regarding the actions to be carried out at EU central level and by Member States. 
The approach for implementing the new strategy does not differ much from the Lisbon 
Strategy operational implementation: framing the general action plans by the Commission 
and asking Member States to take measures they believe appropriate, in line with the 
actions set up by the Commission. This is essentially a top-down, ex-cathedra, approach that 
may work when it is about labelling products, eliminating food additives, limiting the use of 
some pesticides, setting up new standards for the TV broadcasting but it certainly will not 
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work when it comes to real people, to apply unavoidable austerity measures, to changing 
mentalities and modify habits in a 10-year interval, etc. Such an approach will probably 
encourage bureaucracy and corruption, asking for larger spending (from the money 
provided by the EU tax-payers) to prevent such consequences. 

The present study recognizes and accepts the high-value of the general objectives included 
in the Europe 2020 Strategy but presents a case of a possible bottom-up approach in building 
of a knowledge-based EU, starting from the lower level, of rural communities. It presents 
the results of a Pilot Project carried out in the period 2009-2011 in a small rural area of 
Romania, in the Suceava County. The Project was led by the Romanian National R&D 
Institute for Industrial Ecology (INCD-ECOIND, Bucharest) that provided the facilitators, 
experts, laboratory infrastructure, background information. 

The main lines of the present work are: 

1. Identifying the driving forces for the Project and their particularities for Romania; 
2. Defining essential concepts (development vs. growth);  
3. A discussion of the sources of sustainable knowledge-based development;  
4. Detailing the approach for implementing elements of knowledge-based development in 

the selected focal area: how to evaluate, mobilize and articulate the local expertize and 
energies to contribute to the Project; 

5. Description of main results of the Project in 2 Projects addressing energy and 
environmental issues in the focal area. 

The literature in the field is huge but it deals mainly with recognized centres of knowledge 
(urban environment where the intellectual capital is concentrated) and with knowledge-
based development metrics [4-9]. Both aspects are important: the first, because it may 
illustrate more rapidly the benefits and the limits of knowledge-based development there 
where the intellectual capital is more active and reacts more swiftly, the second because 
knowledge-based development management does not have its recognized metrics, which is 
an absolutely essential tool to assess the correctness of the approach. Measuring, comparing 
knowledge and making decisions in these circumstances is difficult because the intangible, 
weightless character of knowledge [10, 12].  

Though not as spectacular as new inventions or breathtaking discoveries, the Project 
demonstrates that there is an important amount of latent knowledge and expertise in small 
communities that could contribute, even in the short term, to the well-being of local people. 
It is important to create a friendly environment for dialogue and communication, to involve 
local people to the decision making process, to build on their ideas and perception, to 
generate communities of practice. This knowledge is not necessarily about advanced physics 
or nanotechnologies but can generate satisfaction and well-being, can contribute to a better 
life of communities.  

2. Driving forces for the project 

Aligning the Romanian society to the quality of life standards of other EU members requires 
much more than a bunch of legal norms, much more than Agencies and Commissions for 
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work when it comes to real people, to apply unavoidable austerity measures, to changing 
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Aligning the Romanian society to the quality of life standards of other EU members requires 
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Development, Sustainability, Human Rights, Environment, Social Inclusions, etc., even if 
these institutions have a role to play and are aligned to the EU legal system, Agencies and 
Commissions.  

Europe 2020 will succeed if and only if its advantages will reach, in the short term, every 
level of the society, if and only if every small community and its members will be convinced 
to act along the Europe 2020 objectives because they will be the first and most important 
beneficiaries. 

What the Lisbon Strategy and the Europe 2020 lack is to stress that implementation calls for 
dedicated specialists not staying at a desk, setting up questionnaires, action plans, 
producing tons of deliverables and intensively using the internet capabilities but going 
down, innovating and generating new approaches for communicating, convincing, 
campaigning, working with people, understanding their needs, building on what they 
already have, respecting them, fighting bureaucracy, inertia, poverty. The Europe 2020 will 
be a success only if it will be more than a Strategy but a Crusade against poverty and 
exclusion.  

In general for the Eastern Europe and in particular for Romania, now included in the EU, 
the last 50 year history presents a heavy legacy. 

In its earliest stage, the Communist Regime destroyed the traditional social structures that 
proved their value and sustainability for centuries; it levelled the society and replaced old 
structures by central planning and governance. Small communities had not had to think – 
taking initiatives was considered insidious. They simply had to wait from the Central 
Government and from the Communist Party structures (the only legitimate depositaries of 
what is good and necessary) what they have to do. Before coming with Europe 2020 action 
plans in a Society that has lost its habits and capacity for self-governance and its appetite for 
change and innovation, it is important to adapt such action plans and take the right 
measures to re-build the necessary social bonds that will accept and implement the action 
plans.  

Along the recent developments in anthropology research (e.g., the concept of “community 
of practice”, coined by Wenger [13]), one can say that there is a lot of work to do in the field 
of re-structuring Romanian communities, in transforming them in live, dynamic, full-
fledged organisms, aware of their capabilities and potential, ready to take action, to 
aggregate in communities of practice rather than of interest. This takes time and dedication. 

3. Knowledge-based development of small communities 

Development or growth? 

While the Europe 2020 document includes in its title the term “growth”, the term 
“development” would probably be more appropriate. The Strategy itself uses both terms: 
“sustainable growth” (starting with its title) and “sustainable development” [3, page 20] 
without making any difference and this can generate confusion.  
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Attaining a level of personal satisfaction and well-being does not necessarily reduce to 
growth and in many cases it does not imply growth at all. Development is a systemic policy 
intervention aiming at the economic, cultural, health, security and social well-being of 
people. Growth is connected mainly to market productivity and rise in GDP, being only one 
aspect of the process of economic development [14]. 

The findings of recent EU documents on sustainable consumption [15, 25] are relevant for 
the matter: 

- An average European citizen uses about four times more resources than one in Africa 
and three times more than one in Asia (but half of one in USA, Canada or Australia). 

- Resource use per person increased by 9.1% in the EU-27 between 2000 and 2007, 
reaching some 17 tonnes per person annually. Of the 8.2 billion tonnes of materials used 
in the EU in 2007, minerals and metals accounted for more than 50%, while fossil fuels 
and biomass were approximately 25% each. 

- 87% of EU citizens agree that Europe could use its natural resources more efficiently, 
and 41% think that their household produces too much waste. 

- The average floor area of dwellings increased from 81 to 87 m² since 1990, while the 
number of people per household decreased from 2.8 to 2.4. 

- Europeans travel more kilometres by car. Although cars on average become more fuel-
efficient, overall fuel consumption for private cars does barely go down, mainly because 
more kilometres are driven (rebound effects).  

- An estimated 89 million tonnes of food ends up as waste each year in the EU (180 kg 
per citizen).  

- In 2008, every citizen on average threw out 444 kg of household waste, and indirectly 
generated 5.2 tonnes of waste in the European economy. 

It is hard to believe that the economic growth could be the solution to these facts. Using 
fewer resources, generating less waste, travelling less, building smaller houses, throwing 
away less food will not prompt up the growth of production in the corresponding industrial 
sectors. Even increasing the amount of recycled waste is not the right solution because the 
main problem is not to generate the same amount of waste and recycle as much as possible 
of it but generating less and less waste in the first place.  

What EU should look for is a new state of mind that accepts that well-being does not mean 
growth in production and associated consumerism but longer-lasting appliances, repair 
services, less owning, more sharing options. Some of these options are unacceptable 
connotations of well-being, nowadays. Abundance, maybe – waste, no thanks!  

The conclusion is that the term “growth” should be better defined or replaced by a more 
appropriate term (development). 

The driving force for sustainable progress being the present distance of the Romanian 
Society to the correct and inspiring objectives included in the Lisbon and Europe 2020 
Strategies (conveniently updated, as already discussed), the present study will detail a 
practitioner view, a modus operandi that will try to translate them in practice in a way that 
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could inspire other practitioners and, perhaps, will suggest some modification of the Europe 
2020 Strategy that refers explicitly to its operational implementation. Most documents and 
studies addressing KBD refers to where knowledge is supposed to be concentrated, 
(academic media, renown universities, large IT companies, laboratories for 
nanotechnologies, nuclear physics, space technology, large urban areas, etc.). It seems there 
is a gap between these entities and the communities, especially small communities. 
Knowledge seems to flow from the large knowledge generating structures mentioned above 
toward the rest of the society that has only to wait and enjoy the results of scientific studies 
and experiments carried out in R&D entities.  

The authors believe that: 

- There is a huge heritage and dowry of knowledge accumulated at small communities 
level. Human kind has progressed based on the findings of humble inventors lost in 
small communities;  

- Pretending that small communities have to wait and apply what comes from R&D 
Institutes denies the potential of generating valuable knowledge by everyone;  

- People believe in their own ideas and experience. Encouraging the generation of such 
ideas, collecting and disseminating such experience will add to the well-being of small 
communities even if those new ideas have little or no connections with space 
technology, nanoparticles or advanced ultrapure materials; 

- Neglecting the know-how accumulated by small communities in their historical 
development in trying to implement the Europe 2020 Strategy would be a recipe for 
failure. Small communities know better what is good for them, are already adapted and 
react swiftly to emergencies, know how to build good, inexpensive houses, how to 
reuse materials, how to spare energy, how to manage local resources to enjoy them the 
next year too, etc.; 

- The simple fact that a commune or a village exists since the 12th or 15th Century 
constitutes the most severe performance indicator and certificate for sustainability and 
defies any other 21st century metrics. All other levels of society, up to national 
government and EU structures have a lot to learn from the knowledge and life 
experience collected in small communities about how they managed to persist against 
all odds; 

- Sustainable development must not deny, destroy what already exists and replace it 
with expedients and substitutes generated in some R&D facility or in EU ad-hoc 
Agencies but must build on what proved to be right and durable in every community; 

- Inspiring solutions for the current economic crisis are certainly to be found by studying 
small communities; 

- What Europe 2020 could add to what communities already know and are familiar too is 
the dimension of swifter change and introduction of modern trends and tools of science 
and technology to their existing way of life.  

An adapted definition of sustainability, on what small communities have lived for centuries 
may be derived from the well-known Brundtland Report, could be: “Sustainable 
development is development that meets the community needs of the present without 
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compromising the ability of future generations and of neighbouring communities to meet 
their own needs”. 

History and the present time is full of examples of small, powerful communities across 
Europe and in the Mediterranean space that sustain the remarks above, not only for entire 
entities (villages, communes, cities) but also for segments of larger cities [16]. Large EU-
financed Projects are also directed to evaluate and build upon the know-how of small 
communities in managing a valuable resource like water, in Northern Africa [17].  

A constructive study dedicated to what is the level of preparation of Croatia to align to the 
knowledge-based society [18], as illustrated in the new EU documents gives a very 
comprehensive definition of knowledge-based economy:  

“A knowledge-based economy is one in which the generation and exploitation of knowledge 
play the predominant part in the creation of wealth. A knowledge economy is not an economy 
of scarcity, but rather of abundance because information and knowledge can be shared, and 
actually grow through application. A key component in a knowledge-based economy is 
human capital, or, more accurately, its competencies. In traditional industries most jobs 
require employees to learn how to perform routine functions, which, for the most part, remain 
constant over time. In the knowledge-based economy, rapid changes force workers constantly 
to acquire new skills and to update their skills throughout their lifetimes”. 

Knowledge translated in: applications, information, human capital, competencies – 
wherever these keywords characterize a community, there are good premises for well-being.  

An interesting experience in how to develop a sustainable strategy for a local community 
[19], as a primary tool for common action, provides a number of questions discussed by 
local people, questions that give substance to the concept of knowledge-based approach: 

- What is good about living in this area (Chichester, UK)? 
- What would you like to improve in the area? 
- Taking away the limitations that exist. What would be your ideal vision of your area? 
- Bringing limitations back into play, what priorities would you see for your area? 

Evaluating the experience of the mentioned communities in EU as well as from other part of 
the world [5, 6, 20] led to a handful of results expected by local people from knowledge-
based development of their small communities: 

1. Integrated communal services (water, sanitation, IT, cable TV, good education, health 
assistance, transportation, etc.), dependable and of high quality, acting proactively 
toward prevention of risk materialization by using communication, by protecting 
vulnerable people; 

2. Sustainability, environmentally sound development, job creation inside the community; 
3. Increase in the quality of life should maintain, preserve and develop the local specific 

that differentiates a given community from its neighbours; 
4. An increased decision power and more resources allocated to communities. People 

want to take their fate in their own hands.  
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In Romania, a recent study addresses the possibilities of knowledge-based development at 
the strategic level [21]:  

1. Top-down strategies that neglect the feelings and specific wishes of the subjects; 
2. Expert strategies, generating purely technical solutions, identified by experts for given 

areas and communities;  
3. Bargaining strategies, based upon negotiations, compromise among all stakeholders. This 

category includes the “bottom-up approach” by which local decision makers identify 
problems and barriers, call for consultations among all community members, collect 
ideas and solutions and decide which are the best ones by the same mechanism of 
bargaining; 

4. Heuristic strategies, having a high degree of rational and affective content. They come 
out from dialogue, participation, in the presence of experts, with community members. 
Community members will feel that they themselves have discovered the right solutions 
to their own problems; 

5. Participatory strategies, based essentially on voting. The obvious disadvantages are that 
in small communities, this voting process can be easily manipulated and that not all the 
members of the same community have the same education and can discern and choose 
the right option. 

A mix of these approaches, adapted to a given community and a given business and cultural 
environment will probably be the best solution for a given case. The present study will use 
mainly the bargaining approach, with some help from the experts’ and heuristic strategies.  

4. Fundamental principles 

In putting local know-how and expertise to work for the benefits of the community itself, 
the following principles should be observed: 

1. Equity in distributing profits and benefits generated by the knowledge-based 
development. A special code of good practices should be in operation at EU level to 
encourage and motivate innovative producers in small communities;  

2. The depositary of traditional know-how may be individuals or groups. They should be 
fairly acknowledged and rewarded; 

3. The knowledge heritage of a community is dynamic, upgrading, adapting. This will 
help implementing rapid changes required by the Europe 2020 strategy. Yet changes 
should be understood and accepted by the community, before being implemented. This 
approach would be applied to tangible matters (local products, handicrafts) and to 
intangibles (habits, healthy life, institutions, attitude toward deviants, etc.); 

4. Whenever possible, know-how and expertise of local people should be protected by 
patents or trade-marks;  

5. The mechanism for transmitting knowledge and expertise to future generations should 
be improved and institutionalized. Good practices generated in a community should be 
disseminated. Elderly people, known for their skills, should be able to transfer their 
know-how to younger generations, e.g., in schools;  
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6. Feedback: all applications, improvements, adaptations of techniques and products 
inspired from the know-how of a community should come back and be presented to the 
same community;  

7. Implementing knowledge-based development in small communities is a 
multidisciplinary endeavour; all the work needed will be carried out by a team of 
engineers, economists, ecologists, analysts with many years of experience in as many as 
diverse projects as possible. 

5. Sources of sustainable knowledge based development 

The study examined five sources of sustainable, knowledge-based development of small 
communities (subsequently detailed din Table 1):  

- Material and energy resources of the community; 
- The human factor; 
- Intangibles active in the communities; 
- The environment; 
- An articulated, sustainable strategy. 

Table 1 details also what could be the contribution of supplementary R&D work in order to 
assess and certify that traditional materials, products, techniques are in line with current 
environmental, health and safety or other similar regulations. 
 

Category Details Contribution of R&D work Remarks 

Material and Energy Resources 

Crafts, adding value 
to local materials 
and products 

New life to traditional skills 
(glass, leather, wood 
processing, painting, 
engraving, sculpture, 
dwelling, etc.) and use of local 
ceramic ware, traditional 
tableware, textiles and 
clothing, etc.  
Reviving the production and 
processing of flax, hemp, silk. 
Traditional dyes, detergents, 
chemical mixtures, drugs from 
plants, etc.  

Characterization of materials 
and processes against 
present EU health and safety 
standards. Material, energy 
balances for processes, 
comparison to BAT. 
Suggestions for using 
renewables. 
Evaluate the waste 
generation processes and 
methods for waste use and 
disposal. 

Traditional products still 
constitute curiosities at 
national or international 
fairs. Communication and 
dissemination will help 
their spreading, export. 
RISK: traditional industry 
could use newer, 
environmentally 
aggressive but more 
profitable techniques 
(electroplating, synthetic 
dyes, etc.) 

Traditional farming 
and animal 
breeding 

Identification of traditional 
methods in agriculture and 
animal farming 
Identify plants that do not 
need fertilizers and pesticides. 
Respecting the traditional 
calendar of agricultural works.
Traditional methods for plant 
and animal protection.  

Comparing the traditional 
approach to the principles of 
ecology, accepted by EU. 
Help and train local people 
and business to access EU 
funds  

Codes of practices needed 
at EU level to protect and 
promote traditional 
agriculture and animal 
breeding, targeting SMEs 
and small communities, to 
develop bio-economy 
methods. 
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in small communities, this voting process can be easily manipulated and that not all the 
members of the same community have the same education and can discern and choose 
the right option. 

A mix of these approaches, adapted to a given community and a given business and cultural 
environment will probably be the best solution for a given case. The present study will use 
mainly the bargaining approach, with some help from the experts’ and heuristic strategies.  

4. Fundamental principles 

In putting local know-how and expertise to work for the benefits of the community itself, 
the following principles should be observed: 

1. Equity in distributing profits and benefits generated by the knowledge-based 
development. A special code of good practices should be in operation at EU level to 
encourage and motivate innovative producers in small communities;  

2. The depositary of traditional know-how may be individuals or groups. They should be 
fairly acknowledged and rewarded; 

3. The knowledge heritage of a community is dynamic, upgrading, adapting. This will 
help implementing rapid changes required by the Europe 2020 strategy. Yet changes 
should be understood and accepted by the community, before being implemented. This 
approach would be applied to tangible matters (local products, handicrafts) and to 
intangibles (habits, healthy life, institutions, attitude toward deviants, etc.); 

4. Whenever possible, know-how and expertise of local people should be protected by 
patents or trade-marks;  

5. The mechanism for transmitting knowledge and expertise to future generations should 
be improved and institutionalized. Good practices generated in a community should be 
disseminated. Elderly people, known for their skills, should be able to transfer their 
know-how to younger generations, e.g., in schools;  
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6. Feedback: all applications, improvements, adaptations of techniques and products 
inspired from the know-how of a community should come back and be presented to the 
same community;  

7. Implementing knowledge-based development in small communities is a 
multidisciplinary endeavour; all the work needed will be carried out by a team of 
engineers, economists, ecologists, analysts with many years of experience in as many as 
diverse projects as possible. 

5. Sources of sustainable knowledge based development 

The study examined five sources of sustainable, knowledge-based development of small 
communities (subsequently detailed din Table 1):  

- Material and energy resources of the community; 
- The human factor; 
- Intangibles active in the communities; 
- The environment; 
- An articulated, sustainable strategy. 

Table 1 details also what could be the contribution of supplementary R&D work in order to 
assess and certify that traditional materials, products, techniques are in line with current 
environmental, health and safety or other similar regulations. 
 

Category Details Contribution of R&D work Remarks 

Material and Energy Resources 

Crafts, adding value 
to local materials 
and products 

New life to traditional skills 
(glass, leather, wood 
processing, painting, 
engraving, sculpture, 
dwelling, etc.) and use of local 
ceramic ware, traditional 
tableware, textiles and 
clothing, etc.  
Reviving the production and 
processing of flax, hemp, silk. 
Traditional dyes, detergents, 
chemical mixtures, drugs from 
plants, etc.  

Characterization of materials 
and processes against 
present EU health and safety 
standards. Material, energy 
balances for processes, 
comparison to BAT. 
Suggestions for using 
renewables. 
Evaluate the waste 
generation processes and 
methods for waste use and 
disposal. 

Traditional products still 
constitute curiosities at 
national or international 
fairs. Communication and 
dissemination will help 
their spreading, export. 
RISK: traditional industry 
could use newer, 
environmentally 
aggressive but more 
profitable techniques 
(electroplating, synthetic 
dyes, etc.) 

Traditional farming 
and animal 
breeding 

Identification of traditional 
methods in agriculture and 
animal farming 
Identify plants that do not 
need fertilizers and pesticides. 
Respecting the traditional 
calendar of agricultural works.
Traditional methods for plant 
and animal protection.  

Comparing the traditional 
approach to the principles of 
ecology, accepted by EU. 
Help and train local people 
and business to access EU 
funds  

Codes of practices needed 
at EU level to protect and 
promote traditional 
agriculture and animal 
breeding, targeting SMEs 
and small communities, to 
develop bio-economy 
methods. 
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Category Details Contribution of R&D work Remarks 

Diet Traditional diets, food and 
drinks 

Analysis of products and 
scientific evaluation of diet. 
Comparison to quality 
standards required in EU. 
Encourage and support local 
community to acquire ISO, 
HACCP certifications and 
register their trade-marks. 

Traditionally, food and 
drinks are produced by 
bio-techniques with no 
chemicals or additives.  
Promoting and 
disseminating activities 
needed  

Tourism, commerce, 
other services 

Pensions, hotels conserving 
the local specific. 
Gaming and fishing.  
Traditional occupations could 
serve to develop new sport 
activities (river rafting 
supervised by local people that 
usually take the timber down 
the rivers) 

Services at EU levels of 
quality standards.  
Encourage local owners to 
apply for certification, 
quality auditing, etc. 

Encourage associations. 
Local, foreign language 
speaking guides for 
tourists needed.  

Traditional 
buildings and 
households 

Techniques for increasing the 
energy efficiency. Arranging 
households along traditional 
experience and habits. 
Respecting the specific local 
architecture.  

Evaluating energy efficiency 
and environmental 
footprints (Life Cycle 
Assessment, [26]).  

Preserving what 
differentiates a 
community from its 
neighbours 

Water management Identification of traditional 
water sources, water 
management techniques 
leading to the protection of 
rivers, lakes, underground 
water.  

Water quality analyses. 
Solutions for wastewater 
treatment and sanitation. 
Evaluating the potential of 
recycling wastewater. 

The Water Framework 
Directive [22] and lessons 
learned from the EU Zer0 
Project [17] should be 
carefully observed.  

Energy 
management 

Small communities could 
become self-sufficient 
energetically. 

Identification of solutions 
for producing and saving 
energy 

Larger projects (e.g., wind 
turbines or micro-
hydropower stations) 
could ask for more than 
one community to be 
implemented  

The Human Factor 

Health  Traditional medicine, 
practices, drugs 

Scientifically assess the 
efficiency and risk of 
practices and drugs 

Intellectual protection of 
products  

Education Complementary to schools, 
communities should transfer 
know-how and experience 
through traditional methods 
(apprenticeship, social 
events, fairs, Sunday schools 
in churches, etc.) 

Assessing curriculum.  Mobilizing local learned 
people in the educational 
process. Kindergartens 
managed with the aid of 
elderly, educated people. 
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Category Details Contribution of R&D work Remarks 

INTANGIBLES 

Cultural Heritage Habits, customs, religious and 
other traditional holidays. 
Conservation of institutions, 
ethnographic particularities.  

Assessing the content of 
such heritage elements and 
keeping them clean from 
influences that would 
compromise their existence 
and value. 

Reviving the authentic 
traditions and culture.  

Participation, 
communication, 
social inclusion and 
cohesion 

Traditionally, an Elderly 
Council, enjoying an intrinsic 
legitimacy overviewed and 
solved many conflict inside the 
community. Community 
Gatherings should be revived 
and given decision power.  

Educated people from the 
community (teachers, 
doctors, priests, technicians, 
other specialists) should 
promote permanent 
dialogue inside the 
community.  

Sanctions issued by 
communities should be 
complementary and not 
contradicting the legal 
conviction. Search for pro-
active, preventing rather 
than coercive initiatives 
and actions 

IT, GSM, Cable TV Should not replace traditional 
direct contact of people, social 
events, gatherings, etc. 

Identifying and using local 
skilled computer specialists 
to devise tools for e-
governance. 

IT, GSM, Cable TV should 
remain a valuable tool to 
promote and develop local 
specific  

Environment 

Environmental 
Protection, 
biodiversity, 
climatic change 

Traditional methods for 
sustainable management of 
forests, pastures, rivers. 
Evaluate traditional responses 
to disasters. 

Help training local people.  
Assess emergency plans for 
environmental accidents. 

Encouraging local ideas 
and solutions for zero-
waste communities 

Symbiosis Re-build traditional 
connections for exchange of 
materials, services, products, 
expertise among all interested 
stakeholders  

Solutions for turning waste 
from local or adjacent 
sources to valuable 
resources 

Co-operation with other 
communities to be 
institutionalized 

Strategy and tools 

Strategy Establish objectives, priorities 
in accordance with the local 
specific 

Transferring expertise for 
strategic management. 

Strategy should be the 
result of local people 
initiatives. 

Institutions Guilds, religious  
gatherings,  
celebrations of some 
agricultural events, etc., 
should be complementary to 
existing institutions 

Include them in the strategy; 
make them contributors to 
the social bond. 
 

Old institutions are 
intrinsic sources of local 
legitimacy and should be 
used to govern local 
communities 

Management Traditional methods for 
consultation, option 
generation, decision making.  

Assess their efficiency. New managerial tools are 
complementary to older 
ones, familiar to local 
people. 

Table 1. Sources of sustainable, knowledge based development of small communities 
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Category Details Contribution of R&D work Remarks 
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Project [17] should be 
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Energy 
management 

Small communities could 
become self-sufficient 
energetically. 

Identification of solutions 
for producing and saving 
energy 

Larger projects (e.g., wind 
turbines or micro-
hydropower stations) 
could ask for more than 
one community to be 
implemented  

The Human Factor 

Health  Traditional medicine, 
practices, drugs 

Scientifically assess the 
efficiency and risk of 
practices and drugs 

Intellectual protection of 
products  

Education Complementary to schools, 
communities should transfer 
know-how and experience 
through traditional methods 
(apprenticeship, social 
events, fairs, Sunday schools 
in churches, etc.) 

Assessing curriculum.  Mobilizing local learned 
people in the educational 
process. Kindergartens 
managed with the aid of 
elderly, educated people. 
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Category Details Contribution of R&D work Remarks 

INTANGIBLES 

Cultural Heritage Habits, customs, religious and 
other traditional holidays. 
Conservation of institutions, 
ethnographic particularities.  

Assessing the content of 
such heritage elements and 
keeping them clean from 
influences that would 
compromise their existence 
and value. 

Reviving the authentic 
traditions and culture.  

Participation, 
communication, 
social inclusion and 
cohesion 

Traditionally, an Elderly 
Council, enjoying an intrinsic 
legitimacy overviewed and 
solved many conflict inside the 
community. Community 
Gatherings should be revived 
and given decision power.  

Educated people from the 
community (teachers, 
doctors, priests, technicians, 
other specialists) should 
promote permanent 
dialogue inside the 
community.  

Sanctions issued by 
communities should be 
complementary and not 
contradicting the legal 
conviction. Search for pro-
active, preventing rather 
than coercive initiatives 
and actions 

IT, GSM, Cable TV Should not replace traditional 
direct contact of people, social 
events, gatherings, etc. 

Identifying and using local 
skilled computer specialists 
to devise tools for e-
governance. 

IT, GSM, Cable TV should 
remain a valuable tool to 
promote and develop local 
specific  

Environment 

Environmental 
Protection, 
biodiversity, 
climatic change 

Traditional methods for 
sustainable management of 
forests, pastures, rivers. 
Evaluate traditional responses 
to disasters. 

Help training local people.  
Assess emergency plans for 
environmental accidents. 

Encouraging local ideas 
and solutions for zero-
waste communities 

Symbiosis Re-build traditional 
connections for exchange of 
materials, services, products, 
expertise among all interested 
stakeholders  

Solutions for turning waste 
from local or adjacent 
sources to valuable 
resources 

Co-operation with other 
communities to be 
institutionalized 

Strategy and tools 

Strategy Establish objectives, priorities 
in accordance with the local 
specific 

Transferring expertise for 
strategic management. 

Strategy should be the 
result of local people 
initiatives. 

Institutions Guilds, religious  
gatherings,  
celebrations of some 
agricultural events, etc., 
should be complementary to 
existing institutions 

Include them in the strategy; 
make them contributors to 
the social bond. 
 

Old institutions are 
intrinsic sources of local 
legitimacy and should be 
used to govern local 
communities 

Management Traditional methods for 
consultation, option 
generation, decision making.  

Assess their efficiency. New managerial tools are 
complementary to older 
ones, familiar to local 
people. 

Table 1. Sources of sustainable, knowledge based development of small communities 
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6. Project vision and objectives 

The Project Vision was: “the identification of small communities needs for adding value to 
their human, material, scientific and cultural capital, in order to sustainably increase their 
quality of life, in harmony with the environment”.  

The operational objectives of the Project were: 

1. Selecting the focal area, establish a Project Advisory Board (subsequently PAB) and 
carrying out a preliminary diagnostic, by using tools like SWOT, in the focal area; 

2. Interactive generation of options for development; 
3. Selecting a number of agreed projects that will demonstrate the advantages of the 

approach and the potential of knowledge-based development of the focal area; 
4. Know-how transfer to the local people, complementary to what expertise is already 

present in the focal area. This led to the application of some modern tools for strategic 
management of small communities; 

5. Evaluating, where possible, the success of the Project by comparison to national or EU 
practices, etc. 

7. The focal area 

The Focal Area of the Pilot Project covered the territory of several communes in the Suceava 
County, in the Northern part of Romania. Initially, the communes of Ilisesti and Balaceana 
were envisaged but, during the Project, it attracted a number of other communities in the 
same County that took part, more or less actively: Scheia, Ciprian Porumbescu, Veresti, and 
Stroiesti. Some of these communes have more than one village. The total number of 
inhabitants is estimated at 20000. 

Once some local projects started, their immediate success acted like attractors, like a critical 
mass for some more communes. So, at the end of the project, there were 11 communes 
involved and the number is increasing.  

A Project Advisory Board was set up that included mayors of the above mentioned 
communes but also specialists and even a priest. The Project co-ordinator (INCD-ECOIND-
Bucharest) underlined that the Project should and shall stay absolutely free of any political 
involvement or connotation. The role of the PAB was essentially a honorific one – members 
of the PAB were in no way remunerated for their participation but their contribution was 
essential because: 

- PAB members know best what is good for the local communities; 
- They are aware of the traditions, ethnography, particularities of the area, how to 

preserve them, how to take the most out of them; 
- They know who are the best local specialists, skilled persons that could contribute to a 

given part of the project; 
- They have the authority and legitimacy to guide and censor the Project team on its way. 
- They constitute the element of continuity, after the Project ends.  
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The stakeholders identified during the Project were: 

- The Commune halls (mayors, top clerks); 
- The Church; 
- Teachers from the local schools and doctors from local hospitals; 
- Bank subsidiaries present in the area that are in the first line of crediting local business 

for starting new projects; 
- Successful businessmen 
- Educated retired people. 

The role of the Project coordinator was: 

- to identify the focal area and to obtain the commitment of local policy makers; 
- to carry out an in-depth diagnostic of the focal area; 
- to process, together with local specialists the SWOT findings and to generate a 

structured list of development options aligned to what communities knows, needs, can 
do; 

- to facilitate dialogue and contact among all stakeholders, to smoothen communication 
and solve conflicts, if need be; 

- To develop some R&D work (chemical analyses, balances, cost-benefit assessment, test 
techniques against BAT, evaluate potential use of waste, etc.).  

8. The SWOT analysis 

Contrary to what someone could expect from a local community, lost in a beautiful 
landscape in the rural area of Bucovina (the historical name of the region), there was no 
need for instructing local people in order to carry out a meticulous and painstaking SWOT 
analysis. Young educated people took part with great interest in the action and produced 
high value documents for the initial diagnostic of the area. 

Table 2 illustrates the SWOT analysis of the Ilisesti commune as it came from the local 
specialists. Little intervention has been made (elimination of some repetition, reformulation 
of some findings). Most of the suggestions of this Table can be found in SWOT analyses 
conducted in other communities so Table 2 may be considered representative for what 
happens in all the focal area. 
 

Section 1: Agriculture, forests, rural development
Strengths Weaknesses
- Majority of population work in agriculture 
- Large available areas of the commune enable 

cultivation of an important number of plants 
(wheat, maize, rye, potatoes, vegetables, 
pastures, orchards); 

- Animal breeding has a long tradition; 

- Poorly equipped farms; 
- No collecting and processing capacities for the 

local products; 
- No irrigation systems; 
- Insufficient development of service sector; 
- Farmers own very small pieces of land – 

cultures are fragmented; 
- No centres for artificial animal breeding; 
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- Majority of population work in agriculture 
- Large available areas of the commune enable 

cultivation of an important number of plants 
(wheat, maize, rye, potatoes, vegetables, 
pastures, orchards); 

- Animal breeding has a long tradition; 

- Poorly equipped farms; 
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local products; 
- No irrigation systems; 
- Insufficient development of service sector; 
- Farmers own very small pieces of land – 

cultures are fragmented; 
- No centres for artificial animal breeding; 
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Opportunities Threats
- Room for association of local farmers in larger 

organizations; 
- EU funds available, with the support of the 

local Agricultural Chamber; 
- Potential for wind energy production to reduce 

the energy bill of farmers; 
- Large potential for bio-products. 

- Increased competition makes difficult the way 
of local products to EU markets; 

- Unpredictable, constantly changing legal 
system; 

- No protection / encouraging measures for 
domestic agriculture, SMEs; 

- Low awareness about EU norms and potential 
cooperation; 

Section 2: Infrastructure and Environment 
Strengths Weaknesses
- Access to an important national road, DN17 
- Nearest Airport at only 30 km distance; 
- Fuel distribution capacities available for 

domestic fuel and for cars; 
- Existence of a human dispensary, a veterinary 

clinic and a pharmacy; 
- Good quality timber and wooden products; 
- The largest (600000m3/yr) wooden waste-

processing facilities in the Northern part of 
Romania are only 40 km away; 

- There is a wheat mill and a large bakery in the 
commune; 

- A state-of-the-art meat processing unit 
operates in the commune;  

- Relatively good quality, reliable INTERNET, 
GSM and Cable TV networks. 

- No sewerage system and no wastewater 
treatment facility; 

- Natural gas network is not present in the area; 
- Road network need maintenance and repair; 
- River pollution; 
- Little interest of local business for environment 

protection; 
- Environmental education - inadequate; 
- There is no eco-landfill available 
- Health infrastructure does not cover the local 

needs; 
- Forests affected by irrational exploitation - led 

to landslides, floods;  
- Large amounts of wooden waste pollutes 

valleys, rivers, obstruct roads, cause floods; 
- No domestic waste recycled. 

Opportunities Threats
- Installing a water supply system and investing 

in sanitation and wastewater treatment; 
- High potential for waste recycling. 

- Little experience in elaborating and 
management of EU financed Projects; 

- The zone is exposed to transboundary 
pollution (Chernobyl). 

Section 3: Economic
Strengths Weaknesses
- Area renown for good, diverse food, good 

traditional cuisine 
- Ecological products developing rapidly 
- Animal breeding offers large quantities of 

animal products; 
- Highly skilled workforce. 

- Inadequate infrastructure of food and drink 
industry; 

- No relevant foreign investments; 
- Degradation of potential industrial sites, built 

before 1990; 
- Little marketing activities 

Opportunities Threats
- The area is known as the land of potato. Could 

become a source of ethanol, as car fuel 
- Workshops and other infrastructure available 

for industrial development. 

- The area is little known abroad, to foreign 
investors; 

- Little flexibility of local people to market needs; 
- Increased share of undeclared work. 
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Section 4: Tourism
Strengths Weaknesses
- Large number of small pensions, hotels 
- Good access to important monuments; 
- Many protected areas; 
- People renown for their hospitality 
- Probably the only private ZOO in Romania 

- No funds for investment in touristic 
infrastructure  

- No personnel for touristic activities 
- Little promotion of touristic potential  
- No sport facilities for adults and children. 

Opportunities Threats 
- New forms of relaxation (rafting, paragliding); 
- Cultural tourism potential. 

- Investors prefer other areas (sea-side, higher 
mountains); 

- Limited marketing and promotion. 
Section 5: Education and Culture
Strengths Weaknesses
- The commune has a large school and a 

kindergarten; 
- A large public library; 
- Many traditional cultural, religious events still 

active; 

- The IT infrastructure in the school is 
inadequate 

- Many pupils leave school before completing 
the 8 grade stage. 

Opportunities Threats
- School rehabilitation with EU funds; 
- Motivating teachers to work for the commune, 

not only in schools; 

- Large number of families disrupted (father and 
/ or mother working abroad, leaves children to 
grandparents’ care); 

Table 2. SWOT Analysis findings. 

The conclusions of the first stage in the SWOT analysis are: 

- There is a marked interest for the Project, illustrated by the celerity and level of detail of 
the SWOT submitted by local specialists to the Project Team; 

- There are good traditions that must be revived so that they will contribute to social 
cohesion (farming, traditional food and drink, habits, fairs, etc.); 

- Great potential for profiting from local resources; 
- There is no coherent strategy for sustainable development in the focal area; 
- Communities could become self-sufficient (energy, resources) and provide other 

regions with ethanol from potatoes, wind energy, traditional products; 
- Little has been made to protect and promote local products; 
- Great potential for improving communication, dialogue, decision making processes; 
- The environment constitutes a big problem; 
- There are social aspects that need special attention (early-leave of the educational 

system, separation of families and parents going to work abroad).  

9. Generating options for community development 
All the SWOT tables from the focal area were consolidated with the contribution of local 
specialists and PAB. In the process, some issues were dropped, some others were moved 
from one category to another, some others were rephrased.  
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Opportunities Threats
- Room for association of local farmers in larger 
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local Agricultural Chamber; 
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the energy bill of farmers; 
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of local products to EU markets; 
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- Existence of a human dispensary, a veterinary 

clinic and a pharmacy; 
- Good quality timber and wooden products; 
- The largest (600000m3/yr) wooden waste-

processing facilities in the Northern part of 
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Section 4: Tourism
Strengths Weaknesses
- Large number of small pensions, hotels 
- Good access to important monuments; 
- Many protected areas; 
- People renown for their hospitality 
- Probably the only private ZOO in Romania 

- No funds for investment in touristic 
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inadequate 

- Many pupils leave school before completing 
the 8 grade stage. 

Opportunities Threats
- School rehabilitation with EU funds; 
- Motivating teachers to work for the commune, 

not only in schools; 
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Table 2. SWOT Analysis findings. 
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- Great potential for improving communication, dialogue, decision making processes; 
- The environment constitutes a big problem; 
- There are social aspects that need special attention (early-leave of the educational 

system, separation of families and parents going to work abroad).  

9. Generating options for community development 
All the SWOT tables from the focal area were consolidated with the contribution of local 
specialists and PAB. In the process, some issues were dropped, some others were moved 
from one category to another, some others were rephrased.  
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A single table resulted after intense interactive work and discussions. It was an excellent 
opportunity for the local specialists to meet and learn to work together for the benefit of the 
communities. This was one of the most important intangible benefits of the Project. 

The SWOT Table was further re-organized in the following manner. First, local specialists 
were asked to give each SWOT finding 2 scores, in the interval 1 – 10: 

- One that answers the question: “is the issue important for the local community?” (1 = 
least important; 10 = very important); 

- The other, answering the question: “Have the local communities the capability and 
means to carry out the task of the SWOT issue?” (1 = no means available; 10 = all 
required means are available).  

Knowledge that came with the Project co-ordinator was included in this score.  

An aggregate score has been subsequently derived, based on the two scores given to each 
SWOT finding, using the formula: 

2
1 1

1 2

Aggregate Score

Score Score




 

The resulted aggregate scores are in the same interval 1 (worse) – 10 (best). The formula, 
inspired from chemical engineering (series of resistances to heat or mass transfer) ensures 
that a SWOT finding will result highly opportune and feasible only if both Score 1 and Score 
2 are high, because the aggregate score calculated with this formula is less than the lowest 
values of Score 1 and Score 2.  

Using these aggregate scores, the SWOT findings, reformulated and detailed as options for 
local development during interactive analysis, were classified in 4 categories, in the same 
way the options for cleaner production are usually classified: 

- A-type options that could be easily implemented in the short term and are relevant for 
the local communities 

- B-type options, requiring some investment but being relevant for the community; 
- C-type options, requiring large funding and large time horizon for implementation; 
- D-type options, left aside for the time being. 

These options are presented in Table 3. They are organized in 4 main chapters 
(infrastructure, profit generation, social cohesion, and institutional framework) 

Table 3 includes some particularities: 

- Local people know what they need and what could be the solutions for their problems; 
- The concern of local specialists for energy and environment (core themes of any EU 

strategy) is obvious and well structured;  
- Large number of business ideas shows that local people are at current with community 

potential, to sustainable products (e.g., ethanol for cars, collagen from bones, etc.).  
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 Infrastructure 
Profit generating 

activities 
Social Cohesion 

Institutional 
framework 

A 
options 

Landscaping 
 
Keep public spaces clean 
and neat 
 
River Banks 
maintenance against 
floods 

Marketing and 
promotion of local 
products, services 
 
Trade marks for local 
products 
 
Symbiotic connections 
for adding value to 
local materials and 
services 
 
Adding value to local 
resources 

Local companies 
should hire local 
people first 
 
Creating jobs for 
people with 
disabilities, elderly 
 
Increase 
environmental 
awareness 
 
Collecting facts and 
objects illustrating 
commune history 
and specific  

Devising a Sustainable 
Strategy  
 
Cooperation with all 
stakeholders, 
neighbouring 
communes 
 
Assisting families 
having members 
working abroad 
 
Church to become 
involved in solving 
social problems, fight 
criminal behaviour 

B 
options 

Water supply network 
 
Acquiring a special 
bulldozer for cleaning 
the snow on the roads 
 
Upgrading the IT 
infrastructure in schools, 
kindergartens 
 
Reforestation 

Promoting the use of 
renewables as energy 
sources 
 
New processing 
facilities for 
agricultural and animal 
products (traditional 
products) 
 
Waste recycling 

Expanding schools 
 
Building a 
retirement home 
and a facility for 
people with 
disabilities 
 
Educational 
programmes for 
adult and young 
people  

Defining and 
registering the BRAND 
of the Commune 
 
Lobby activities at local 
and central level for 
promoting interests of 
communities. 
 
Commune Meetings to 
be revived and become 
legitimate critics of the 
local people  

C 
options 

Modernize the road 
network 
 
Large work along rivers 
for protection against 
floods 
 
Wastewater treatment 
station 
 
Ecological landfill 

Add value to local 
resources: Fruit 
processing units, 
brewery, and trout 
breeding. 
 
Produce / distribute 
stoves, small scale 
boilers operating on 
wooden-chips. 
 
Valuables from waste 
(pet-food and collagen 
from animal waste) 
 
Incineration of waste 
with energy recovery 
and use in a 
greenhouse 

Building a larger 
kindergarten 
 
Financial support 
for young families 
to build their 
houses. 

Asking for the status of 
town 
 
Church and monasteries 
to create housing 
services for retired 
people to live and work. 
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- Large number of business ideas shows that local people are at current with community 
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Local companies 
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and specific  
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having members 
working abroad 
 
Church to become 
involved in solving 
social problems, fight 
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Water supply network 
 
Acquiring a special 
bulldozer for cleaning 
the snow on the roads 
 
Upgrading the IT 
infrastructure in schools, 
kindergartens 
 
Reforestation 

Promoting the use of 
renewables as energy 
sources 
 
New processing 
facilities for 
agricultural and animal 
products (traditional 
products) 
 
Waste recycling 

Expanding schools 
 
Building a 
retirement home 
and a facility for 
people with 
disabilities 
 
Educational 
programmes for 
adult and young 
people  

Defining and 
registering the BRAND 
of the Commune 
 
Lobby activities at local 
and central level for 
promoting interests of 
communities. 
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be revived and become 
legitimate critics of the 
local people  

C 
options 

Modernize the road 
network 
 
Large work along rivers 
for protection against 
floods 
 
Wastewater treatment 
station 
 
Ecological landfill 

Add value to local 
resources: Fruit 
processing units, 
brewery, and trout 
breeding. 
 
Produce / distribute 
stoves, small scale 
boilers operating on 
wooden-chips. 
 
Valuables from waste 
(pet-food and collagen 
from animal waste) 
 
Incineration of waste 
with energy recovery 
and use in a 
greenhouse 

Building a larger 
kindergarten 
 
Financial support 
for young families 
to build their 
houses. 

Asking for the status of 
town 
 
Church and monasteries 
to create housing 
services for retired 
people to live and work. 
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 Infrastructure 
Profit generating 

activities 
Social Cohesion 

Institutional 
framework 

D 
options 

Wind energy park 
 
Micro hydropower 
installations 

Ethanol from potatoes 
 
Building a sport and 
entertainment park 

Building a new 
Commune centre, a 
Museum of 
ethnography 

Local e-governance 

Table 3. Classification of options for community development  

- The concern of the same specialists about how to add value to local resources is also a 
noticeable. There are all kind of options (A, B, C, and D) for generating benefits from 
natural resources. This shows that the limiting step to the economic, sustainable 
development of the communities is not the lack of ideas or expertise but the funding 
and an encouraging business environment and an articulated marketing policy; 

- There are some domains not covered by local specialists: marketing, economists 
familiar with EU funding, ecologists, etc. This should be a signal of concern for high-
schools and universities, to pay attention to real needs of communities and adapt their 
curricula accordingly; 

- The social aspects are also important. Local communities understand the risks 
generated by parents leaving children and look abroad for work, the early leaving of 
schools or the increased number of criminal acts. Unfortunately, this constitutes a 
national concern as hundred of thousands of Romanians work abroad. There is no 
coherent approach to support families having 1-2 members far from home. The only 
good part of this situation is that these workers come home with a life experience, 
knowledge and some savings that could be of great help for the community; 

- The institutional dimension is very well represented (Commune Meetings, Church to 
get more involved in the social life).  

Based upon the mentioned aggregate scores, a short list of options emerged (Table 4).  
 

No. Option Score Remarks 
1. Devising the sustainable 

strategy for the communes 
8.7 Helps local decision factors, specialists, SMEs to act coherently for 

the good of all the community.  
2. Promoting the use of 

renewables as energy 
sources 

8.4 In line with the 20/20/20 targets of EU. Tries to find knowledge-
based, efficient solutions to the energy sector, at the community 
scale 

3. Recycling domestic waste 8.1 Adds value to waste and implements the requirements of 
development decoupled from the use of resources  

4. Local companies should 
hire local people first 

7.3 Important social consequences 

5. Increase environmental 
awareness 

7.4 The SWOT has shown deficit in understanding and preventing 
environmental aggression.  

6. Assisting families having 
members working abroad 

6.9 A social problems for hundred of thousands of families in Romania 

7. Trade marks for local 
products 

6.8 Needs expertise and extended work for setting up the application 
for the trade mark 

Table 4. The shortlist of development options for local communities 
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10. Implementation of the selected options 

A-options have been adopted by local authorities and institutions and will be implemented 
in the near future. Their implementation does not need the help of the Project Coordinator. 

The many business ideas (especially C-options) will constitute the priority for future 
business development in the area because they are generated and endorsed by local 
specialists and managers and, as the analyses carried out during the project, they are 
sustainable solutions for the problems in the communities. Working together for their 
implementation will test the value of the approach used to generate such options and 
confirm the importance of Wenger’s “communities of practice” [13]. 

Option 5 needs a special training programme that will be devised by local specialists, 
teachers, retired experts, in order to identify and centralize all the environmental problems 
that confront each community, to analyze their consequences and to increase the awareness 
of local people. It is important that discussions should take place in the months to come with 
the County Environmental Protection Agency and the Local Environmental Guard. 

Option 6 represents a very tough issue though its solution could be simple. Co-operation 
with County Authorities and with Child Protection Institutions is needed. Local families 
without children or single people have expressed their availability to take care of the 
children left alone by parents working in Spain, Italy or elsewhere but, though the problem 
is pressing (at national level several cases of suicides were recorded) all arrangements need 
a detailed case-by-case auditing and a formal, legal approval of child protection authorities. 

Option 7 is the task of local experts that know best what differentiate local products from 
similar products of other areas. 

In the subsequent paragraphs, the implementation of Options 1, 2, and 3 will be detailed. 

11. Sustainable community strategy 

The paragraph details how the sustainable strategy of local communities was set up during 
the Project. 

In interacting with local experts and decision-making authorities, all the elements needed to 
set up a sustainable strategy for the community were detailed. 

The building of the strategy started with adopting the Vision / Mission / Fundamental 
Values.  

The Vision identifies what local authorities and stakeholders will value most about the 
community. Example of Vision phrases suggested to local authorities were: 

- “our commune – history and tradition aligned to the 21st Century” 
- “experience Bucovina as it once was”  
- “our commune lives by the legitimacy of history, the energy of its people and the 

beauty of the surrounding landscape” 
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7. Trade marks for local 
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for the trade mark 
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10. Implementation of the selected options 

A-options have been adopted by local authorities and institutions and will be implemented 
in the near future. Their implementation does not need the help of the Project Coordinator. 

The many business ideas (especially C-options) will constitute the priority for future 
business development in the area because they are generated and endorsed by local 
specialists and managers and, as the analyses carried out during the project, they are 
sustainable solutions for the problems in the communities. Working together for their 
implementation will test the value of the approach used to generate such options and 
confirm the importance of Wenger’s “communities of practice” [13]. 

Option 5 needs a special training programme that will be devised by local specialists, 
teachers, retired experts, in order to identify and centralize all the environmental problems 
that confront each community, to analyze their consequences and to increase the awareness 
of local people. It is important that discussions should take place in the months to come with 
the County Environmental Protection Agency and the Local Environmental Guard. 

Option 6 represents a very tough issue though its solution could be simple. Co-operation 
with County Authorities and with Child Protection Institutions is needed. Local families 
without children or single people have expressed their availability to take care of the 
children left alone by parents working in Spain, Italy or elsewhere but, though the problem 
is pressing (at national level several cases of suicides were recorded) all arrangements need 
a detailed case-by-case auditing and a formal, legal approval of child protection authorities. 

Option 7 is the task of local experts that know best what differentiate local products from 
similar products of other areas. 

In the subsequent paragraphs, the implementation of Options 1, 2, and 3 will be detailed. 

11. Sustainable community strategy 

The paragraph details how the sustainable strategy of local communities was set up during 
the Project. 

In interacting with local experts and decision-making authorities, all the elements needed to 
set up a sustainable strategy for the community were detailed. 

The building of the strategy started with adopting the Vision / Mission / Fundamental 
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The Vision identifies what local authorities and stakeholders will value most about the 
community. Example of Vision phrases suggested to local authorities were: 

- “our commune – history and tradition aligned to the 21st Century” 
- “experience Bucovina as it once was”  
- “our commune lives by the legitimacy of history, the energy of its people and the 
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A Mission Statement defines what should be the community primary objective. Its prime 
function is internal and its prime audience, the community leaders and community 
representative people. The Mission Statement communicates what the local community 
represents and how would it contribute to its welfare.  

Example: “We promote innovative and responsible initiatives that: 

1. Will generate new economic opportunities based upon our heritage; 
2. Will protect the environment for future generations; 
3. Will encourage co-operation with our neighbours; 
4. Will respect and value the dignity of elderly and helpless people. 

The Fundamental Values of the Strategy (a “Constitution” of the commune) must come from 
what elderly people and PAB believe are the most important values (old, cherished, 
respected, shared by all)  

The strategic objectives must come out from the SWOT and subsequent analyses and must 
be accepted by the majority of the local people.  

Contribution and critics are more than welcome at this stage, in order to set up a list of 
objectives understood by all community representatives in the Project. 

Strategic objectives must address the three pillars of sustainable development (economic, 
environmental, and social) and also be aligned to the 4 perspectives that constitute the 
horizon of local communities: 

1. The Budget perspective; 
2. The Stakeholders perspective; 
3. The internal processes and capabilities perspective; 
4. The learning and growth perspective. 

These four perspectives have been taken from the celebrated Balanced Scorecard developed 
by Kaplan and Norton [24], completed to take into account the three pillars of sustainable 
development. Such an approach leads to a specific structure of the associated strategy map, 
illustrated in Table 5.  

At the intersection of lines with columns one will find in each cell one or more strategic 
objectives for the sustainable development of the community. Table 5 already includes some 
examples of strategic objectives but the final ones will be devised by local communities, after 
intense consultation and interaction with the local people.  

Arrows may be added to the map in Table 5, interconnecting objectives and showing how 
one issue determines the fulfilment of another.  

Also, a system of classification can be adopted (e.g., 1 to 5 stars) and mentioned in the 
strategic map, denoting how important a strategic objective is. 

It was stressed that the number of strategic objectives should be kept at a minimum possible 
(15-25). Of course, a community could have more than 25 objectives, addressing more 
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specific matters but the majority of them could probably be added to the list of operational 
objectives. 

 

Pe
rs

pe
ct

iv
es

 

Vision-Mission, Destination Statement 

Budget 

Adding value to 
local resources 

Absorbing EU and 
similar funds 

 
Add value to traditional 

habits, products, services, 
landscape, historical heritage

 
Benefits from waste 
Green community 

  

Stakeholders 
Public-private 
partnerships  

Business community to invest, 
apply corporate social 

responsibility 
 

Cooperation and 
common, focused 
action for a better 

environment 
  

Internal 
processes 

Identify and 
develop local 

expertise 
Motivate local 

skilled people to 
stay and work in 
the community 

 

Conserving, reconstructing 
the social bond 

The Church to contribute to 
reduce criminal deviances 

 
Decoupling 

development from 
resources. 

  

Learning & 
growth 

Continual 
education. 

e-Governance 
 

Support elderly, helpless, 
people in need, children left 

alone by parents gone to work 
abroad 

 Awareness 

 Economic Social Environmental 
3 pillars of sustainable development

Table 5. Strategic map with examples of objectives for sustainable development. 

Such a structure of the strategic map commits the experts and the policy makers at the 
community level to address all the essential aspects of their community, its structure, its 
connections, its capabilities and its future, but also the 3 factors that should be considered in 
any sustainable development process.  

Once they chose to organize their strategic objectives in this way, these objectives must fill in 
every cell, in order to show the dedication of local decision makers to set up a 
comprehensive strategy that covers all the issues. Also, they must be relevant and make 
sense for the local people, answer to their expectations.  

Filling in just a page, the map is a powerful vector for communicating the strategy, the 
intentions of local community representatives to all stakeholders, to all interested persons or 
organizations. It constitutes the most visible part of the strategy, submitted to public 
scrutiny.  

Implementing the strategy calls for hard work directed to: 
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specific matters but the majority of them could probably be added to the list of operational 
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Pe
rs

pe
ct

iv
es

 

Vision-Mission, Destination Statement 

Budget 

Adding value to 
local resources 

Absorbing EU and 
similar funds 

 
Add value to traditional 

habits, products, services, 
landscape, historical heritage

 
Benefits from waste 
Green community 

  

Stakeholders 
Public-private 
partnerships  

Business community to invest, 
apply corporate social 

responsibility 
 

Cooperation and 
common, focused 
action for a better 

environment 
  

Internal 
processes 

Identify and 
develop local 

expertise 
Motivate local 

skilled people to 
stay and work in 
the community 

 

Conserving, reconstructing 
the social bond 

The Church to contribute to 
reduce criminal deviances 

 
Decoupling 

development from 
resources. 

  

Learning & 
growth 

Continual 
education. 

e-Governance 
 

Support elderly, helpless, 
people in need, children left 

alone by parents gone to work 
abroad 

 Awareness 

 Economic Social Environmental 
3 pillars of sustainable development

Table 5. Strategic map with examples of objectives for sustainable development. 
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comprehensive strategy that covers all the issues. Also, they must be relevant and make 
sense for the local people, answer to their expectations.  

Filling in just a page, the map is a powerful vector for communicating the strategy, the 
intentions of local community representatives to all stakeholders, to all interested persons or 
organizations. It constitutes the most visible part of the strategy, submitted to public 
scrutiny.  

Implementing the strategy calls for hard work directed to: 
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- The setting up of clear-cut policies at community level; 
- Detailed actions plans meant to identify and mobilize all resources needed in the 

accomplishment of a given strategic objective; 
- Targets and deadlines for each objectives; 
- Responsibilities for people that carry out the strategy implementation.  

If need be, some of these elements could be confidential or made available to a limited 
number of people (e.g., stipulations of some public-private contracts).  

Each strategic objective should be accompanied by one or more key performance indicators 
(KPIs). 

Devising a list of KPIs constitutes the most difficult and delicate operation in the 
implementation of the strategy. They form the metrics of the strategy, the essential tools for 
evaluating how progress is made. 

For a sound system of KPIs: 

- They must completely characterize the strategic process and its evolution; 
- There must be a balance between leading and lagging indicators [24]; 
- Some of the KPIs must be agreed with neighbouring communities (e.g., those referring 

to the management and exploitation of rivers, pastures, forests, other natural resources, 
waste); 

- KPIs must be simple to derive and must be based, if possible, on existing metrics 
available at the community level; 

- They must be easily understood by most people; 

KPIs must be accompanied by transparent targets and deadlines in order to assess the 
progress or the flaws in the strategy. 

Examples of KPIs: 

- Income from tourism; 
- Number of pupils that have left the educational system; 
- Area of polluted environment reclaimed; 
- Income from waste. 

A final form of the community strategy will be produced by local authorities after 
consulting and interacting with all stakeholders. 

12. Promoting the use of renewables as energy sources 

The paragraph illustrates the implementation of one sustainable development option, based 
on local resources and expertise and addressing the energy domain. Forest people and 
timber producing companies in the Suceava County generate huge amounts of wooden 
waste (trunks with no economic value, branches, bark, and sawdust). The local Forest 
Authority asked for help from local companies to solve the problem of wooden waste left in 
forests, along the rivers, roads, etc. This waste currently alters the state of the local 
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environment, obstructs streams and cause floods or landslides. The sawdust modifies the 
Carbon/Nitrogen balance in waters and soil and induces modifications in the 
microorganism population, alters the quality of surface and ground waters.  

During the Project, an opportunity for funding was identified, from a Norwegian Fund. 
With Norwegian help, a local company acquired a second-hand truck with a special crane 
that collects wooden waste from remote places. Local specialists managed to repair the 
equipment and put it back in operation, in excellent conditions. Thus, local competences 
helped local company to expand and add value to waste, a rather new business in the area. 
In addition, it solves an important environmental problem and reinserts in the economic 
chain a valuable resource (firewood), saving important quantities of virgin resources (wood 
is the main source of energy for local communities).  

Appreciations came from HE the Norwegian Ambassador in Romania who visited the area.  

Table 6 centralizes the volume of wooden waste collected in 12 months. 
 

Jul 2010 451 
Aug 315 
Sep 544 
Oct 1004 
Nov 519 
Dec 437 

Jan 2011 184 
Feb 381 
Mar 569 
Apr 290 
May 694 
Jun 271 

Total Jul 2010-Jun 2011 5659 

Table 6. Wooden waste collected, m3 (July 2010 – June 2011). 

The benefits generated by using wooden waste as fire wood or for producing briquettes 
from sawdust, at a local manufacturing unit are shown in Table 7. 

Biomass as a fuel is a sustainable solution for the energy balance of local communities. 
 

Characteristics Value Units 
Total biomass collected 4527.2 Tons 
Virgin resources saved (forests) 26 ha 
Main briquette characteristics: Higher Calorific Value 4443 kcal/kg 
VOC content 80.3 g/kg 
Sulphur 0.02 g/kg 
Ash (may be used as fertilizer) 0.43 g/kg 
Fossil fuel replaced (spared): Methane 536 Tons 
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from sawdust, at a local manufacturing unit are shown in Table 7. 

Biomass as a fuel is a sustainable solution for the energy balance of local communities. 
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Total biomass collected 4527.2 Tons 
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Characteristics Value Units 
Lignite (1.5%S; 25% Ash) 1184 Tons 
Fuel oil 688 Tons 
Benign CO2 generated by burning 4527.2 tons biomass replaces the CO2 
generated by the following amounts of fossil fuels: Methane 

1524.31 Tons 

coal (lignite) 3352.39 Tons 
fuel oil 1946.7 Tons 
SOx from 4527.2 tons biomass 0.064 Tons 
SOx from equivalent coal (lignite) 35.52 Tons 
SOx from equivalent fuel oil (0.5% S) 6.88 Tons 
Ash from equivalent lignite (to landfill) 296 Tons 
Ash from equivalent fuel oil (to landfill) 13.76 Tons 
Social benefits: Jobs created 26  

Cost of 1 Gcal produced by burning biomass 50 Euro 
Cost of 1 Gcal produced in power plants and delivered in the heating system 60-150 Euro 

Table 7. Benefits of wooden waste reinsertion in the economic cycle.  

13. Recycling domestic waste 

In Romania, only some 1% of the collected domestic waste is recycled (compare to EU level: 25-
28%). The paragraph illustrates how a sensitive issue was sorted out during the Project, based 
on local ideas, resources and expertize. During the implementation phase of the Project, a 
second-hand waste sorting station (manufactured in 1980) and a baler were identified and 
bought by a local company. The equipment needed capital repair and maintenance to become 
operational again but this was done by using the skills and ability of local specialists. It is worth 
noting that the mentioned equipment was the first of its kind in the area but repairing and 
maintaining has been carried out smoothly by local skilled technicians. Using the sorting station 
and the baler, domestic waste collected from the focal area (6 communes in the initial phase, 11 
communes at the end of the Project) was sorted and prepared to be taken by recyclers.  

Detailed discussions with local managers led to a modern solution of “upcycling” some of 
the waste (PET bottles) to fibres, instead of “downcycling” (incineration or conversion to 
lower quality goods).  

Table 8 presents the benefits of recycling the domestic waste, in a public-private partnership, 
a novel approach for the focal area but a sound option in the view of the Europe 2020 
strategy. 

Table 9 shows the amounts of waste sent to recyclers in the first half of 2011. 

The efforts of identifying funds, equipment, retrofitting it, starting a new business are 
rewarding, as Table 9 illustrates. 

In addition, a simple benchmarking operation pointed out that the recycling rate of 
domestic waste in the focal area was not 15% but increased steadily and attained a 35% 
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figure in August 2012, 35 times more than the national recycling rate (1%). Currently, 
monthly recycling rates are 30-34%. 

 
6 communes (13 villages) in the focal area They produce approx 2000 m3/month domestic 

waste. 
At 150kg/m3 density, this means 3600 tons/yr 

If 15% of the collected domestic waste is not 
sorted and segregated, communities have to 
pay 1 Euro/m3 for the 15% share of the amount 
of waste sent to landfill 

 

If minimum 15% of waste is sorted, 36000 Euro 
taxes are not paid and remain in the 
Community budget 

Sorted waste can be sold, leading to an income 
of 54000 Euro/yr. 
Communities save 36000 Euro taxes and earn 
54000 Euro from selling sorted waste = 
90000Euro/yr 

 The local company that sorts and bales the 
waste earns extra 104000 Euro/yr (300 Euro/ton 
of baled waste).  

Environmental benefits At least 540 tons waste diverted from landfill 
and reinserted in the value chain 

Social benefits 5 new jobs, healthier environment 

Table 8. Benefits from recycling domestic waste. 

 
Month 
(2011) 

Cardboard
and paper PET

Plastic
sheet Metal TOTAL Remarks 

Feb 7360 16580   23940  

Mar 4673 29290  1420 35383 Arrangements made with a metal recycler 

Apr 6099 50680 2525 467 59771 
A plastic sheet recycler was identified. More 
added value to collected plastic 

May 2420 55020 920 1470 59830 
Starting with May 2011 PET are segregated in 
“white” and “coloured”, adding supplementary 
value to PET waste collected 

Jun 42760 57340 22462 4540 127102  

Table 9. Waste sent to recyclers (kg) 

Table 9 illustrates continual efforts by local specialists and managers to diversify, to identify 
new smart and simple sources for adding value to the collected waste. In some cases efforts 
are still on the way (e.g., glass, textiles) because either the recycling infrastructure in 
Romania cannot process some kind of waste, either the recycler is too far from the focal area 
(transportation costs are too high). This leaves the door open for local managers to start or 
expand their businesses, to value locally the recycled waste available. 
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14. Conclusions 

The study showed the great potential of small community development based upon ideas, 
skills and efforts of the same communities, without waiting for miracle panacea from 
Central Authorities. 

Knowledge-based development means a lot more than looking for and implementing last 
minute cutting-edge technologies. It means working together with local people, evaluating 
their problems, looking for local, up-to-date, smart and efficient solutions that contribute to 
the well-being of communities. The role of external facilitators (the Project coordinator, in 
this study) is to provoke a substantial dialogue, to suggest possible solutions, to assess the 
efficiency of the solutions generated, to mobilize all local specialists, to help finding financial 
support, to smoothen communication and co-operation among stakeholders. 

Apart of some material successes (35% recycle rate of local domestic waste, 31 new jobs, 
more than 4500 tons of biomass reinserted in the value chain, saving the equivalent amounts 
of fossil fuels, etc.), the project generated the lines for future development of the 
communities: 

- A structured sustainable strategy;  
- The associated strategic management tools; 
- A shortlist of business ideas and development options believed to the most relevant and 

most suitable for the resources and know-how existing in the area; 
- A framework of cooperation and dialogue, essential for future replication. 

The project underlined the need of meticulous, in-depth work and co-operation of all 
stakeholders, of all those called to implement the generous objectives like those in the 
Europe 2020 Strategy and proves that innovation should not be limited to high-speed, 
efficient electric cars, IT stuff or high-yield solar panels. The approach of implementing the 
Europe 2020 Strategy should also be innovative and original in what regards commitment, 
organization, resources used, and human touch.  
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1. Introduction 

The “territorial approach” to Environmental Management began in the European context at 
the end of the Nineties [1, 2, 3]. These experimentations showed the possibility of a new 
application of the EMAS (Reg. EC/761/2001, modified today in the EC/1221/2009) 
requirements to territorial contexts in which many similar SMEs are “aggregated”, and not 
only to a single organization or productive site. This interpretation lead to applications in 
industrial areas (a group of industrial companies located in a limited and constraintable 
area), but was not applicable as such to a wider territorial cluster [3, 4].  

This wider applicability of EMAS gave the possibility of considering the Regulation a new 
available policy tool able to integrate the environmental managerial needs of enterprises 
(and in particular SMEs, suffering of a lack of human, technical and economic resources for 
the application of an Environmental Management System) and the interest of a Local 
Government to improve the environmental performances of a governed area [1, 5, 6, 7, 8, 9]. 
The adoption of EMSs represents a relevant opportunity for SMEs facing with challenges of 
globalization processes and the increased (and increasing) social attention and sensitiveness 
towards environmental protection [10, 11, 12]; on the other side, a new approach to 
territorial management is needed to overcome the limits showed by the traditional policy 
tools available for Local Governments, such as the Agenda 21 Local processes [13]. 

In this perspective, a “territorial” approach based on EMAS can be considered as a new 
opportunity to integrate industrial, territorial and environmental policies; in particular, this 
approach gains a great importance if we consider specific territorial and productive systems, 
known as industrial clusters1 and districts. These contexts are characterized by the presence of 
                                                                 
1 Clusters have been officially defined by the Final Report of European Commission Export Group on enterprise 
clusters and network as follows: “groups of independent companies and associated institutions that are collaborating and 
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a large number of SMEs operating in the same productive sector and characterized by 
specific technical and social relationships among private and public actors. The cluster 
“organizational structure” and entrepreneurial culture is characterized by the presence of 
systematic business and non-business relations among the local actors, sharing technical 
solutions for integrating the processes and technologies in a common value vision [14, 15, 
16, 17, 18, 19]. Also in an “environmental management” perspective, within these territorial 
agglomerations the high concentration of similar pollutant production processes of 
industrial activities causes similar and increasing environmental problems: firms in an 
industrial cluster, because of operating in the same sector, affect in a cumulative way the 
same local ecosystem, get environmental pressures on the same targets, and interact with 
the same local communities and authorities. In order to limit and efficiently  manage their 
impacts, enterprises (mostly SMEs) operating in industrial clusters tend to cooperate strictly 
amongst themselves and with the other local stakeholders (local authorities, local trade 
associations, and other local intermediary institutions) [1, 3, 20, 21, 22]. 

On the basis of these premises, a new model of diffusion of voluntary management tools has 
been developed (named cluster approach), involving also (but not only) the environmental 
dimension [23, 24]. Specifically, in this contribution the proposed methodology fosters a co-
operative and integrated approach for environmental management at the cluster level, 
based on the relationships existing between territorial environmental performances and 
proximity between firms and other local actors and stakeholders. This approach 
encompasses the implementation of the different steps foreseen by the EMAS Regulation at 
the cluster level [3, 4]; in particular the foreseen phases are the following: 

a. set up of a Promotion Committee, coordinating environmental management initiatives of 
the different local actors and driving all planning actions at the cluster level; this must 
be representative of all the relevant public and sectorial interests of the cluster  

b. carrying out a Cluster Environmental Review, identifying and assessing the main 
environmental criticalities of the cluster, by a territorial, sectorial and perceptive points 
of view 

c. definition by Committee, of a Cluster Environmental Policy, identifying the commitment 
towards the continual improvement of the environmental performances within the 
cluster; elaboration of a Cluster Environmental Programme, based on the results of the 
Cluster Environmental Review, containing the concrete and measurable commitments 
for carrying out strategic and high-priority intervention for the cluster  

d. promotion of collective initiatives addressed to local actors (SMEs, Local Authorities, 
suppliers, etc.) aimed at satisfying the commitments of the shared Programme.  

The first step concerns the creation of a Promotion Committee, able to co-ordinate and integrate 
environmental issues within the cluster. This Committee must favor the synergies and 
                                                                                                                                                                   
competing; geographically concentrated in one or several regions, even though the cluster may have global extensions, specialized 
in a particular field, linked by common technologies and skills, either science-based or traditional; clusters can be either 
institutionalized (they have a proper cluster manager) or non-institutionalized. The cluster has a positive influence on: innovation 
and competitiveness, skill formation and information and growth and long-term business dynamics”. 
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coordination among the different local actors. The Promotion Committee identifies the 
priorities, the main actions for the improvement and the possible ways of their 
implementation; it should express the main public and private interests existing in the 
cluster. The members of the Committee should be the representatives of all the relevant 
public bodies involved in the environmental regulation and control (such as the Local 
Government carrying out territorial planning and local Agencies for the Environmental 
Protection) and the representatives of SMEs operating in the local productive sector (such as 
trade associations or local consortia of enterprises), legitimated to act on their behalf as a 
whole. The Committee should fix specific rules concerning, at least, the appointment of its 
members, the decision making process and the organisational rules guaranteeing the active 
role of the Committee. These rules should be formalized in a voluntary agreement signed by 
the members of the Committee. 

The second step consists in carrying out a Cluster Environmental Review by the Promotion 
Committee. It should represent a useful tool for SMEs operating in the cluster, to support 
them in the identification of the environmental aspects that are important for them. 
represent a useful tool for SMEs operating in the cluster, to support them in the 
identification of the environmental aspects that are important for them. An effective and 
satisfying Cluster Environmental Review should provide a thorough and in-depth 
description of the cluster territorial area, both from a geo-morphological point of view and 
from a socio – economic one, identify the main environmental problems of the area, analyse 
the local production processes, evaluate all the environmental aspects directly and indirectly 
linked with each phase of these processes, and, finally, provide an overall picture of the 
projects and initiatives carried out up to that time. The evaluation process aims at 
identifying the main critical environmental aspects characterizing the cluster area and 
measuring the contribution of the characterizing productive sector in terms of pressure 
exerted on the environment. From this point of view it’s important to focus on the role of the 
Promotion Committee in fixing the criteria for evaluating the local environmental aspects 
and establishing the weight of each one in the final algorithm. Because of this, the evaluation 
process is the result of a multicriteria analysis [25, 26], in which the opinions of the 
participants of the Promotion Committee can influence significantly the final result and the 
following planning phase. 

The following step in the “cluster approach” to environmental management concerns the 
drafting of a Cluster Environmental Policy that includes the commitment of all the main local 
actors towards the continuous improvement of the environmental performances within the 
cluster. This Policy is developed by the Promotion Committee and has to be strictly 
consistent with the territorial and sectorial contexts and based on the results emerged by the 
previous evaluation process. The Cluster Environmental Policy is the milestone for all the 
environmental actions to be carried out in the cluster, and the point of reference for the 
policies to be drafted by every company operating in the cluster interested to contribute to 
these actions. On the basis of the Environmental Policy, a Cluster Environmental Programme is 
subsequently elaborated by the Promotion Committee. The Programme details the 
commitments for carrying out strategic actions for environmental improvement in the 
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cluster. Such a Programme  establishes these actions at the operational level and contains the 
detailed planning for their implementation. The Programme should be continuously 
monitored, revised and updated.  

The final step consists in the implementation of initiatives for a Cluster Environmental 
Management; in order to achieve the Programme targets and objectives, the Promotion 
Committee can promote and implement a number of managerial, technical and 
organizational initiatives addressed to local actors. These cluster initiatives should consist 
both in direct implementation of tools addressed to local SMEs aiming at facilitating their 
single adhesion to EMAS requirements, and in developing and promoting activities aiming 
at monitor the compliance to targets and actions detailed in the Cluster Environmental 
Programme. This process should be implemented such as an Environmental Management 
System adopted by a single organization, with an orientation to a cyclic PCDA process 
based on checking the planned results and on monitoring, year after year, the real 
improvement of the local environmental performances.  

2. Description of the case study 

The described methodological approach was experimented in a pilot project co-financed by 
the European Commission (Environment GD), length 28  months and ended on February 
2006, involving the Lucca paper Cluster. This project, named PIONEER project – “Paper 
Industry Operating in Network: an Experiment for EMAS Revision” (www.life-
pioneer.info), was financed within the LIFE Action Programme. The methodology of the 
PIONEER project encompassed the implementation of the different steps foreseen by the 
EMAS Regulation at the cluster level, so to create a common basis for facing the local 
environmental problems and supporting all the individual organisations operating in the 
cluster that intended to use collective resources to achieve an individual EMAS Registration 
[3, 4]. The involved territorial area was the paper industrial cluster of Lucca, in the Tuscany 
region. This area is extended on a geographical surface of 750 km2, including the territories 
governed by 12 Municipalities. More than 100 companies, located in this area, operate in the 
local sectorial supply-chain (most of which SMEs), with a high level of aggregation, a 
considerable density per km2 and with an occupational capability of more than 5.000 
employees. In this area, concentrating more than 80% of the Italian production of tissue 
paper, the industrial activities are deeply rooted in the social and institutional local context, 
and the production sites are mixed and integrated with many other civil, commercial, 
logistic, administrative and services activities. 

The first step was the set up of a Promotion Committee for EMAS, aiming at designing and 
implementing an Environmental Management System for the paper cluster. The members of 
the Lucca Cluster Committee are: 

 Lucca Province – Environmental Department, expression of the public interests and 
representative of citizens; the Lucca Province was the applicant of the project, too. 

 Association of the Industrials in the Lucca Province, expression of the private interests and 
representative of local paper producers 
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 Coordination organism of the paper Lucca Cluster, an NGO representative of local paper 
industry and expression of the Lucca cluster development policies. 

Powers, responsibilities and functioning rules of the Committee have been fixed in an 
official statute signed by all its members.   

After constituting the Promotion Committee and detailing the powers, its first action was 
the Cluster Environmental Review; it focused on three levels of analysis: 

- first: identification and assessment of the environmental problems and territorial 
criticalities of the area (by use of a specific set of environmental territorial Performance 
Indicators) 

- second: focused on the industrial activities characterizing the cluster and the 
environmental impacts connected with their productive processes (by use of a specific 
set of environmental sectorial Performance Indicators); in particular by means of 
specific questionnaires addressed to the paper firms located in the cluster, all their 
environmental performances were measured 

- third: survey about the environmental perception of local communities (carried out by 
means of questionnaires and directed towards a representative sample of the adult 
population of the investigated area); the survey aimed at giving an analytic framework 
and an evaluation of the environmental problems perceived by the local communities, 
of the way these problems are perceived, of the expectations the local communities 
show towards the economic, social and institutional actors operating in the territory.  

After the previous data and information collection, a methodology of evaluation was 
prepared. The criteria of evaluation were the following ones:  

- level of legislative compliance in respect to national and EU standards and limits 
- inter-temporal trend of selected environmental indicators 
- territorial and sectorial benchmarking  
- results of the survey about the environmental perception of local communities 

These criteria were applied to the different levels of analysis, and by the integration of the 
results a list of significant cluster environmental aspects was drafted.   

In the following paragraph a focus concerning the indicators used in the “Cluster 
Environmental Review” and the evaluation methodology will be proposed.  

On the basis of the Analysis results, a Cluster Environmental Policy was defined by the 
Promotion Committee; this Policy has been shared by the Agenda 21 Local Forum and 
formally approved by all members of the Committee on the 24th of September  2004 .    

On the basis of the principles fixed in the Policy, a Lucca Cluster Environmental Programme 
was defined by the Promotion Committee; this Programme included 17 objectives and 50 
detailed targets and was formally approved on March 2005.  

The Lucca Cluster Environmental Programme specifies the following items: 
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set of environmental sectorial Performance Indicators); in particular by means of 
specific questionnaires addressed to the paper firms located in the cluster, all their 
environmental performances were measured 

- third: survey about the environmental perception of local communities (carried out by 
means of questionnaires and directed towards a representative sample of the adult 
population of the investigated area); the survey aimed at giving an analytic framework 
and an evaluation of the environmental problems perceived by the local communities, 
of the way these problems are perceived, of the expectations the local communities 
show towards the economic, social and institutional actors operating in the territory.  

After the previous data and information collection, a methodology of evaluation was 
prepared. The criteria of evaluation were the following ones:  

- level of legislative compliance in respect to national and EU standards and limits 
- inter-temporal trend of selected environmental indicators 
- territorial and sectorial benchmarking  
- results of the survey about the environmental perception of local communities 

These criteria were applied to the different levels of analysis, and by the integration of the 
results a list of significant cluster environmental aspects was drafted.   

In the following paragraph a focus concerning the indicators used in the “Cluster 
Environmental Review” and the evaluation methodology will be proposed.  

On the basis of the Analysis results, a Cluster Environmental Policy was defined by the 
Promotion Committee; this Policy has been shared by the Agenda 21 Local Forum and 
formally approved by all members of the Committee on the 24th of September  2004 .    

On the basis of the principles fixed in the Policy, a Lucca Cluster Environmental Programme 
was defined by the Promotion Committee; this Programme included 17 objectives and 50 
detailed targets and was formally approved on March 2005.  

The Lucca Cluster Environmental Programme specifies the following items: 
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 Objectives: medium–term targets referred to the cluster territory, aiming at improving 
the Cluster most significant environmental aspects  

 Targets: short–term targets, consistent with the objectives, that are quantified and 
measurable whenever possible, and clarifies the implementation responsibilities for the 
actors operating in the cluster 

 Actions and sub – actions: the Programme design in detail the activities to be carried out 
in order to achieve the foreseen objectives and targets 

 Resources: definition of the human, economic and technical resources that are necessary 
to carry out each action 

 Timetable: specification of the deadlines for each objective and target 
 Actors involved: definition of the local actors (institutional or private ones, single 

companies or their consortia, etc.) that should be involved in carrying out the described 
actions for each target                

The Lucca Cluster Environmental Programme was formalized by one voluntary agreement 
among all the most representative actors of the cluster who will be in charge of the 
fulfilment of the targets and objectives. 

The following step of the project regarded the implementation of initiatives for the Lucca 
Environmental Cluster Management System. The main actions developed during the project 
can be summarised as follows: 

- definition, documentation and communication of the organisational structure and of 
responsibilities, in order to improve the environmental management of the Lucca 
industrial cluster and make it more effective  

- identification of the possibilities to improve the collective and co-operative 
management of the industrial operations, commercial, logistic activities and services 
(environmental pressures) linked with the significant environmental aspects for the 
territorial cluster 

- definition and adoption of managerial and organisational procedures that can be shared 
and diffused to the different local actors (such as: emergency plan for the whole cluster, 
system of qualification of the paper industry suppliers on the basis of environmentally 
sound criteria, definition and updating of a register of all the relevant environmental 
laws for the local production, etc.) 

- training and information initiatives within the Cluster EMS addressed to private and 
public actors;  

- definition of procedures for favouring stable communication flows and exchange of 
information among the local actors 

- planning and carrying out of auditing initiatives at the cluster level addressed to the 
whole Cluster Environmental Management System and to sample organizations, with the 
aim of evaluating their efficiency and, above all, effectiveness (compliance to legislation, 
to environmental standard of management and to planned objectives and targets) 

During all the previously described process, a very relevant role was represented by the 
definition of a basket of Cluster Key Performance Indicators; these indicators were, at first, 

 
Industrial Clusters and Environmental Management 297 

defined in the first phase of the process (during the Cluster Environmental Review) by the 
Promotion Committee for evaluating the local environmental performances, and then they 
were inserted in the local environmental performance monitoring procedure. In the next 
paragraphs a particular attention will be focused on the process adopted in the PIONEER 
project by the Promotion Committee for selecting the indicators in the Cluster Environmental 
Review and for the identification of the most critical local environmental aspects (multi criteria 
methodology for the evaluation process); moreover a framework of environmental 
performances at local level measured by the selected indicators will be detailed.   

3. Focus on cluster environmental indicators  

The first phase of the process of adhesion to EMAS for a single organization is the occasion 
for evaluating the level of its impacts on environment and identifying the priorities of action 
in terms of improvement of environmental performances. In accordance with the EMAS 
Regulation requirements, in the Environmental Review each single organization has to 
analyze its territorial context and the environmental issues characterizing the area; 
moreover the single organization, for each phase of its productive process, has to identify 
the connected environmental aspects and to evaluate their significance on the basis of 
specific defined evaluation criteria. These criteria have to be objective, repeatable and they 
have to consider the views of interested parties.  

These requirements, in the cluster approach to EMAS, can be satisfied by the application of a 
specific objective methodology, shared by the members of the Promotion Committee, able to 
interpret the environmental significant aspects from territorial and sectorial points of view 
(evaluated also on the basis of the points of view of the stakeholders) [27, 28]. 

The first step of the PIONEER approach was a detailed environmental analysis of the local 
territorial context and subsequent selection of State indicators representative of the whole 
cluster area; the considered territorial aspects were: quality of air, water pollution, water 
availability, levels of wastes production, level of energy consumption, biodiversity, traffic 
and mobility, soil pollution, electromagnetism, noise pollution. For each aspect a specific set 
of performance indicators was selected; this selection was carried out by the Promotion 
Committee on the basis of the existing methodologies of environmental reporting and 
analysis (OCSE, United Nations, European Commission, Global Reporting Initiatives) [29]. 

Table 1 shows the territorial indicators used in the PIONEER project (with indication of the 
environmental issue and its unit of measurement). 

These indicators were used by the Promotion Committee for drafting the Cluster 
Environmental Review; later on, in the phase of implementation of the cluster managerial 
activities, they were inserted in the Cluster Monitoring System (with a triennial term for 
monitoring them). 

At the same time, the second level analysis started; a data collection process was 
implemented by the Promotion Committee with the aim of selecting a basket of sectorial 
performance indicators.   
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defined in the first phase of the process (during the Cluster Environmental Review) by the 
Promotion Committee for evaluating the local environmental performances, and then they 
were inserted in the local environmental performance monitoring procedure. In the next 
paragraphs a particular attention will be focused on the process adopted in the PIONEER 
project by the Promotion Committee for selecting the indicators in the Cluster Environmental 
Review and for the identification of the most critical local environmental aspects (multi criteria 
methodology for the evaluation process); moreover a framework of environmental 
performances at local level measured by the selected indicators will be detailed.   

3. Focus on cluster environmental indicators  

The first phase of the process of adhesion to EMAS for a single organization is the occasion 
for evaluating the level of its impacts on environment and identifying the priorities of action 
in terms of improvement of environmental performances. In accordance with the EMAS 
Regulation requirements, in the Environmental Review each single organization has to 
analyze its territorial context and the environmental issues characterizing the area; 
moreover the single organization, for each phase of its productive process, has to identify 
the connected environmental aspects and to evaluate their significance on the basis of 
specific defined evaluation criteria. These criteria have to be objective, repeatable and they 
have to consider the views of interested parties.  

These requirements, in the cluster approach to EMAS, can be satisfied by the application of a 
specific objective methodology, shared by the members of the Promotion Committee, able to 
interpret the environmental significant aspects from territorial and sectorial points of view 
(evaluated also on the basis of the points of view of the stakeholders) [27, 28]. 

The first step of the PIONEER approach was a detailed environmental analysis of the local 
territorial context and subsequent selection of State indicators representative of the whole 
cluster area; the considered territorial aspects were: quality of air, water pollution, water 
availability, levels of wastes production, level of energy consumption, biodiversity, traffic 
and mobility, soil pollution, electromagnetism, noise pollution. For each aspect a specific set 
of performance indicators was selected; this selection was carried out by the Promotion 
Committee on the basis of the existing methodologies of environmental reporting and 
analysis (OCSE, United Nations, European Commission, Global Reporting Initiatives) [29]. 

Table 1 shows the territorial indicators used in the PIONEER project (with indication of the 
environmental issue and its unit of measurement). 

These indicators were used by the Promotion Committee for drafting the Cluster 
Environmental Review; later on, in the phase of implementation of the cluster managerial 
activities, they were inserted in the Cluster Monitoring System (with a triennial term for 
monitoring them). 

At the same time, the second level analysis started; a data collection process was 
implemented by the Promotion Committee with the aim of selecting a basket of sectorial 
performance indicators.   
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Issue Selected indicators Unit of measurement 

Quality of air 

- Annual average concentrations : 
CO, NO2, PM10, O3 (last three years)

CO: mg/mc ; NO2: μg/mc 
PM10: μg/mc ; O3: μg/mc 

- N° of events exceeding the levels of
standard quality (for each year): CO,  

NO2, PM10, O3 
Number per year 

- Biomonitoring process results: Index 
of Air Purity % of territory with IAP < 25,5 

- Emission on air (CO, PTS, NOx) T/kmq

Noise 

- n°of municipalities with approved 
acoustic classification of the territory % of classified territory 

- levels of noise monitored in the last 
three years 

diurnal and nocturnal levels of dB(A) 
monitored 

Electroma-
gnetism 

- Levels of electic field monitored in 
the last three years V/m 

- Levels of electromagnetic induction 
monitored in the last three years μT

- Number of new radio stations 
installed in each municipality N° for each year 

Energy 

- Pro – capite consumption of electric 
energy kWh/inhabitant 

- Pro – capite consumption of LPG l/ inhabitant 
- Pro – capite consumption of green 

petrol l/ inhabitant 

- Pro – capite consumption of 
methane mc/ inhabitant 

- Pro – capite consumption of diesel 
gas l/ inhabitant 

- Pro – capite consumption of 
combustible oil kg/ inhabitant 

Water 
availability 

- Levels of water stratum m/year
- Pro – capite water pickings and 

consumptions mc/ inhabitant 

Quality of 
subterranean 

water 

- N° of events exceeding the levels of 
standard quality (for each year): 

chlorides, ammonium ion, nitrates
N°/year 

- N° of events exceeding the levels of 
standard quality (for each year): 

trichloroethylene.
N°/year 

- Annual average concentrations : 
chlorides, ammonium ion, nitrates, 

trichloroethylene
μg/l e mg/l 
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Issue Selected indicators Unit of measurement 
- Environmental State of 

Subterranean Water 
ESSW Index 

Use of soil 

- Ratio between used agricultural 
surface and total agricultural one 

% 

- Built surface % 
- Wooded surface in respect to the 

total one 
% 

Quality of 
surface water 

- Chemical monitoring of the main 
cluster rivers 

LIM Italian Index of quality 

- Biological monitoring of the main 
cluster rivers 

IBE Italian Index of quality 

Wastes 

- Pro – capite urban wastes Kg/ inhabitant 
- Differentiated level of wastes % 
- Per employed special wastes Kg/employed 
- Level of hazardous produced 

wastes 
% 

- Level of recovered paper % 

Quality of soil 
and 

subsurface 

- N° of industrial sites forced to 
reclamation (in respect to the total 

existing ones) 
% 

- Surface of industrial sites forced to 
reclamation (in respect to the total 

one) 
% 

Biodiversity 
- Protected areas mq 

- Agroforestal biodiversity Shannon index 

Traffic and 
transportation 

- Density of streets in the cluster Km / Kmq 
- Motorization rate N° cars*100/ inhabitants. 

- Territorial density of vehicles N° vehicles/km of streets 
- Level of registered industrial 

vehicles 
% 

Source: Cluster Environmental Review, PIONEER project – www.life-pioneer.info  

Table 1. Territorial indicators 

The sector of reference was the paper one; a questionnaire concerning the environmental 
aspects and performances was sent to all paper firms operating in the Lucca cluster (with 
information concerning their emission to air, quality and quantity of their water discharges, 
typologies and quantities of produced wastes, water and raw materials consumptions, and 
so on). On the basis of the obtained answers (about 70% of sent questionnaires were 
compiled, representing more than 80% of the whole cluster paper production), the 
Promotion Committee, for each environmental aspect characterizing the paper productive 
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Table 1. Territorial indicators 

The sector of reference was the paper one; a questionnaire concerning the environmental 
aspects and performances was sent to all paper firms operating in the Lucca cluster (with 
information concerning their emission to air, quality and quantity of their water discharges, 
typologies and quantities of produced wastes, water and raw materials consumptions, and 
so on). On the basis of the obtained answers (about 70% of sent questionnaires were 
compiled, representing more than 80% of the whole cluster paper production), the 
Promotion Committee, for each environmental aspect characterizing the paper productive 
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process, defined a basket of sectorial environmental performance indicators (many of these 
couched in terms of coefficient of emission). These indicators (as the territorial ones) were 
inserted in the monitoring plan defined by the Promotion Committee. In the following table 
environmental sectorial aspects and the selected indicators. 
 

Environmental aspect Selected indicators
Emission on air  PM10 [kg/ton of produced paper] 

 CO [kg/ton of produced paper] 
 NOx [kg/ton of produced paper] 

Noise  Levels of max dB[A] monitored on the firm perimeter 
Energy  Annual consumptions of methane [mc/ton of produced paper] 

 Annual consumptions of electric energy [kWh/ton of produced 
paper] 

Water consumption  Specific water consumption [mc/ton of produced paper] 
Effluents on water  Specific water emission [mc/ton of produced paper] 

 BOD [kg/ton of produced paper] 
 COD [kg/ton of produced paper] 
 SST [kg/ton of produced paper] 
 Emission of N [kg/ton of produced paper] 
 Emission of P [kg/ton of produced paper] 
 Chloride [kg/ton of produced paper] 

Hazardous materials  mc of asbestos/number of employed 
 mc of asbestos/number of firms 

Wastes  Specific production of wastes [kg of wastes/ton of produced 
paper] 

Transportation  Number of IN-OUT vehicles/ton of produced paper 
Raw materials 
consumption 

 Chemical substances specific consumption [kg of chemical 
substances /ton of produced paper] 

 Virgin fiber specific consumption [ton/ton of produced paper] 
 Package specific consumption [kg /ton of produced paper] 

Source: Cluster Environmental Review, PIONEER project – www.life-pioneer.info  

Table 2. Selected sectorial indicators 

The third phase, transversal to the previous ones, was characterized by a survey about 
environmental perception of local communities, with direct interviews to 700 cluster 
inhabitants. The survey focused on ways of perception of both environmental territorial 
issues and the entity of pressures  produced on environment from paper enterprises. As 
academic literature shows [30, 31], for many environmental aspects a big difference exists 
between real risk and perceived one: in a territorial perspective, the community perception 
of environmental issues represents an interesting way for learning the “point of view of the 
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interested parties”. Two questions addressed to citizens were used as criteria in the 
significance evaluation process of cluster environmental aspects and issues:  

 Which are, in your opinion, the two most serious issues characterizing this territorial 
area? 

 Which are, in your opinion, the two most significant environmental issues inducted by 
the large presence of enterprises operating in the paper industry?   

 
Criterion of evaluation Description of the criterion

Territorial section of the analysis
Intertemporal trend of 

performances 
Last three years trend of selected performance indicators 

Comparison with 
overterritorial contexts 

The comparison was carried out in respect to Regional and 
National performance 

Comparison with quality 
standards and legislative limits

The comparison was carried in respect to standard 
legislation fixed by EU Directives and national laws 

Results of survey about 
environmental perception 

The question was: Which are, in your opinion, the two 
most serious issues characterizing this territorial area? 

Indictments of citizens 
The indictments of citizens to Public Authorities in the last 
three years represented another indirect indication of 
environmental perception of local communities. 

Sectorial section of the analysis
Intertemporal trend of 

performances 
Last three years trend of selected performance indicators 

Comparison with objective 
sectorial benchmark 

The standards were: 
- Bref IPPC for paper industry 
- Ecolabel requirements for paper industry 
- Performance indicators concerning the paper industry 

(Environmental Assocarta Annual Report, SCA Group 
Environmental Report, data published by other paper 
clusters in Italy and Europe] 

Presence of environmental 
laws concerning that specific 

environmental aspect 
The legislative references were national and European ones 

Results of survey about 
environmental perception 

The question was: Which are, in your opinion, the two 
most significant environmental issues inducted by the large 
presence of enterprises operating in the paper industry? 

Source: Cluster Environmental Review, PIONEER project – www.life-pioneer.info  

Table 3. Criteria of evaluation 

The first question was used as evaluation criterion in the territorial section of analysis; the 
second one was used as measure of perception of local communities of pressures produced 
by paper industry on environment. After selecting the performance indicators and 
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process, defined a basket of sectorial environmental performance indicators (many of these 
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between real risk and perceived one: in a territorial perspective, the community perception 
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interested parties”. Two questions addressed to citizens were used as criteria in the 
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 Which are, in your opinion, the two most serious issues characterizing this territorial 
area? 

 Which are, in your opinion, the two most significant environmental issues inducted by 
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Table 3. Criteria of evaluation 

The first question was used as evaluation criterion in the territorial section of analysis; the 
second one was used as measure of perception of local communities of pressures produced 
by paper industry on environment. After selecting the performance indicators and 
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summarizing the results of the survey about environmental perception of local 
communities, the Promotion Committee fixed a list of evaluation criteria for the identified 
environmental issues and aspects. In the Table 3 the list of evaluation criteria adopted in the 
PIONEER project. 

The Promotion Committee, after approving the previous criteria, defined the weights to assign 
to each criterion in the evaluation algorithms of environmental significance. The application of 
the alghoritms to the baskets of territorial and sectorial indicators gave as result the list of 
significant environmental aspects and issues of the cluster. The shared algorithms were the 
result of opinions and interests expressed by the members of the Promotion Committee (in its 
turn representative of public, private and sectorial local interests).    

The last step of the assessment phase was the integration of results of significance 
concerning the territorial section of the cluster analysis with the results of the sectorial 
section, with the aim of obtaining a measure of the pressure produced by the paper industry 
on environment in the cluster. The scheme of integration is represented in Table 4. 
 

Environmental aspect Issue
Emission on air Quality of air 

Effluents on water Quality of surface water 
Energy consumptions Energy 
Water consumptions Availability of water resources 

Wastes Wastes 
Transportations Traffic and transportation 

Noise Noise 
Odours Odours 

Visual impact Use of soil 
Hazardous materials Quality of soil and subsurface 

Source: Cluster Environmental Review, PIONEER project – www.life-pioneer.info  

Table 4. Correspondence table 

On the basis of the emerged results by integration of environmental issues and aspects (also 
in this case the weight assigned to each dimension was the result of a shared process among 
members of the Promotion Committee), the Cluster Environmental Programme was drafted.   

4. The monitoring system and trend of performances 

After the end of the project (February 2006), at cluster level the activities continued and the 
local Promotion Committee pursued to carry out its ordinary activities. In the 
environmental  monitoring procedure the Promotion Committee established to monitor the 
cluster environmental performances at least biennially. This monitoring system involves 
both issue indicators (representing local environmental conditions), and indicators related to 
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sectorial environmental aspects (representing the entity of environmental pressures from 
local paper enterprises). On the basis of the collected  evidences, the Promotion Committee 
established initiatives to be acted at cluster level and the incidental new targets of 
improvement to be integrated within the Programme. Nevertheless, what relevant in this 
paper is not the framework of developed initiatives after the end of the project, but the trend 
of environmental performances characterizing the cluster from 2006 to today. This 
framework of performances has to be interpreted with respect both to local environmental 
conditions and to impacts of paper enterprises.   

In the tables 5 and 6 we have selected in a synthetic way the trend of the monitored 
indicators from 2006 to 2011. The monitored indicators can be found in the “Updating charts 
of Lucca paper industrial cluster” available at www.life-pioneer.it. Last monitoring 
updating was November 2011; not all indicators are collected annually, and the trends refer 
to different periods.  

Trends evaluation has been carried out by 5 different categories of data:  

++     relevant improvement of the performance 
+     slight improvement of the performance 
=     steady condition 
-     slight decrease of the performance 
--     relevant decrease of the performance 
 

Issue Selected indicators Period Trend of 
performance Comments 

Quality of air 

Annual average concentrations 2006 - 2010 +

General 
improvement 

of performance 

N° of events exceeding the 
levels of standard quality 2006 - 2010 + 

Biomonitoring process results Not 
monitored 

/ 

Emission on air 2005 - 2007 = 

Noise 

N° of municipalities with 
approved acoustic 
classification 

2006 - 2011 ++ Relevant 
improvement 

Levels of noise monitored 2007 - 2010 + 

Electroma-
gnetism 

Levels of electric field 
monitored 2006  -2010 = Initial situation 

already in 
compliance 

with regulation 

Levels of electromagnetic 
induction monitored 2006  -2010 = 

Number of new radio stations 2006 - 2010 - 

Energy 

Pro – capite consumption of 
electric energy 2003 - 2008 - Steady 

situation (not 
critical) 

Pro – capite consumption of 
fuels 

2003 - 2008 = 
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summarizing the results of the survey about environmental perception of local 
communities, the Promotion Committee fixed a list of evaluation criteria for the identified 
environmental issues and aspects. In the Table 3 the list of evaluation criteria adopted in the 
PIONEER project. 

The Promotion Committee, after approving the previous criteria, defined the weights to assign 
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the alghoritms to the baskets of territorial and sectorial indicators gave as result the list of 
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Environmental aspect Issue
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Water consumptions Availability of water resources 

Wastes Wastes 
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Noise Noise 
Odours Odours 
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Hazardous materials Quality of soil and subsurface 

Source: Cluster Environmental Review, PIONEER project – www.life-pioneer.info  

Table 4. Correspondence table 

On the basis of the emerged results by integration of environmental issues and aspects (also 
in this case the weight assigned to each dimension was the result of a shared process among 
members of the Promotion Committee), the Cluster Environmental Programme was drafted.   
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both issue indicators (representing local environmental conditions), and indicators related to 
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sectorial environmental aspects (representing the entity of environmental pressures from 
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paper is not the framework of developed initiatives after the end of the project, but the trend 
of environmental performances characterizing the cluster from 2006 to today. This 
framework of performances has to be interpreted with respect both to local environmental 
conditions and to impacts of paper enterprises.   

In the tables 5 and 6 we have selected in a synthetic way the trend of the monitored 
indicators from 2006 to 2011. The monitored indicators can be found in the “Updating charts 
of Lucca paper industrial cluster” available at www.life-pioneer.it. Last monitoring 
updating was November 2011; not all indicators are collected annually, and the trends refer 
to different periods.  

Trends evaluation has been carried out by 5 different categories of data:  

++     relevant improvement of the performance 
+     slight improvement of the performance 
=     steady condition 
-     slight decrease of the performance 
--     relevant decrease of the performance 
 

Issue Selected indicators Period Trend of 
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Quality of air 

Annual average concentrations 2006 - 2010 +

General 
improvement 

of performance 

N° of events exceeding the 
levels of standard quality 2006 - 2010 + 

Biomonitoring process results Not 
monitored 

/ 

Emission on air 2005 - 2007 = 

Noise 

N° of municipalities with 
approved acoustic 
classification 

2006 - 2011 ++ Relevant 
improvement 

Levels of noise monitored 2007 - 2010 + 

Electroma-
gnetism 

Levels of electric field 
monitored 2006  -2010 = Initial situation 

already in 
compliance 

with regulation 

Levels of electromagnetic 
induction monitored 2006  -2010 = 

Number of new radio stations 2006 - 2010 - 

Energy 

Pro – capite consumption of 
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fuels 
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Issue Selected indicators Period Trend of 
performance Comments 

Water 
availability 

Levels of water stratum 2006 - 2008 = Steady 
situation 
(critical) Pro – capite water pickings Not 

monitored  

Quality of 
subterranean 

water 

N° of events exceeding the 
levels of standard quality 2006 - 2010 ++ 

General 
improvement 

of performance 
Annual average concentrations 2006 - 2010 +
Environmental State of 
Subterranean Water 2007-2010 = 

Use of soil 

Ratio between used agricultural 
surface and total one 

Not 
monitored / 

Decrease of 
performance 

(but not critical) 
Built surface Not 

monitored / 

Wooded surface in respect to 
the total one 2004 - 2007 - 

Quality of 
surface water 

Chemical monitoring of the 
main cluster rivers 2006- 2008 = General 

improvement 
of performance Biological monitoring of the 

main cluster rivers 2006 - 2011 + 

Wastes 

Pro – capite urban wastes 2007 - 2010 +

General 
improvement 

of performance 

Differentiated level of wastes 2007 - 2010 ++
Per employed special wastes 2007-2009 ++
Level of hazardous produced 
wastes 2007-2009 = 

Level of recovered special 
wastes 

Not 
monitored / 

Quality of soil 
and subsurface 

N° of sites forced to reclamation 2006 - 2011 - - Relevant 
decrease of 

performance 
Surface of industrial sites 
forced to reclamation 2006-2011 - - 

Biodiversity 
Protected areas 2006-2011 =

Steady 
situation Agroforestal biodiversity Not 

monitored / 

Traffic and 
transportation 

Density of streets in the cluster Not 
monitored / 

Decrease of 
performance 

(critical aspect) 

Motorization rate 2006 – 2010 -

Territorial density of vehicles Not 
monitored

/ 

Level of registered industrial 
vehicles 2006 – 2010 - 

Source: Updating charts of Lucca paper industrial cluster  

Table 5. Trend of territorial performance indicators 
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Environmental 
aspect Selected indicators Period 

Type of product
Comments 

Tissue Packaging

Emission on air

NOx [kg/ton of 
produced paper]

2006 - 2010

= - Steady 
situation, 

influenced by 
a decrease of 
production in 

the period 

CO [kg/ton of 
produced paper] 

= + 

PM10 [kg/ton of 
produced paper] 

- / 

Noise 
Levels of max dB[A] 
monitored on the firm 
perimeter 

Not 
monitored

/ / 
 

Energy 

Annual consumptions 
of methane [mc/ton of 
produced paper] 

2006-2010 

- + 

General steady 
situation Annual consumptions 

of electric energy 
[kWh/ton of produced 
paper] 

+ - 

Water 
consumption 

Specific water 
consumption [mc/ton 
of produced paper] 

2006-2010 - - = 

Worse 
performance, 
influenced by 
a decrease of 
production 

Effluents on 
water 

BOD [kg/ton of 
produced paper] 

2006-2010 

- + 

General steady 
situation 

COD [kg/ton of 
produced paper] 

= = 

SST [kg/ton of 
produced paper] 

= + 

Emission of N [kg/ton 
of produced paper] 

= - 

Emission of P [kg/ton 
of produced paper] 

= = 

Chloride [kg/ton of 
produced paper] 

= - 
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Issue Selected indicators Period Trend of 
performance Comments 
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main cluster rivers 2006 - 2011 + 
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Level of recovered special 
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monitored / 

Traffic and 
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/ 
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Environmental 
aspect Selected indicators Period 

Type of product
Comments 

Tissue Packaging

Emission on air

NOx [kg/ton of 
produced paper]

2006 - 2010

= - Steady 
situation, 

influenced by 
a decrease of 
production in 

the period 

CO [kg/ton of 
produced paper] 

= + 

PM10 [kg/ton of 
produced paper] 

- / 

Noise 
Levels of max dB[A] 
monitored on the firm 
perimeter 

Not 
monitored

/ / 
 

Energy 

Annual consumptions 
of methane [mc/ton of 
produced paper] 

2006-2010 

- + 

General steady 
situation Annual consumptions 

of electric energy 
[kWh/ton of produced 
paper] 

+ - 

Water 
consumption 

Specific water 
consumption [mc/ton 
of produced paper] 

2006-2010 - - = 

Worse 
performance, 
influenced by 
a decrease of 
production 

Effluents on 
water 

BOD [kg/ton of 
produced paper] 

2006-2010 

- + 

General steady 
situation 

COD [kg/ton of 
produced paper] 

= = 

SST [kg/ton of 
produced paper] 

= + 

Emission of N [kg/ton 
of produced paper] 

= - 

Emission of P [kg/ton 
of produced paper] 

= = 

Chloride [kg/ton of 
produced paper] 

= - 
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Environmental 
aspect Selected indicators Period 

Type of product
Comments 

Tissue Packaging

Hazardous 
materials 

- mc of 
asbestos/number of 
employed  
- mc of 
asbestos/number of 
firms 

Not 
monitored

/ / 

 

Wastes 

Specific production of 
wastes [kg of 
wastes/ton of 
produced paper] 

2006-2010 + = 
General steady 

situation 

Transportation
Number of IN-OUT 
vehicles/ton of 
produced paper 

Not 
monitored

/ /  

Raw materials 
consumption 

Chemical substances 
specific  
consumption  
[kg of chemical 
substances /ton of 
produced  
paper] 

2006 – 2010

- - 

Light decrease 
of performance 

Virgin fiber specific 
consumption  
[ton/ton of produced 
paper] 

+ / 

Package specific 
consumption  
[kg /ton of produced 
paper] 

/ = 

Source: Updating charts of Lucca paper industrial cluster 

Table 6. Trend of sectorial performance indicatorS 

Data show an orientation to improvement of environmental conditions at cluster level, with 
respect to local cluster conditions (the only one decreasing datum refers to quality of soils 
and subsurface). On the contrary, with respect to data related to paper industry 
performances, we have a general steady of performances in the period 2006-2010, by the 
way in a period characterized by recession and decrease of productions.      
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5. Conclusions 

From the PIONEER experience we can draw two different levels of conclusions; the first one 
(technical) regards the specific results obtained by the PIONEER project, while the second 
one regards the fallouts of the proposed methodological approach on territorial clusters and 
its reproducibility in other territorial and sectorial contexts.  

From the first point of view, the PIONEER project produced results in terms of a high 
participation in EMAS by a relevant number of organisations; in fact, within the end of the 
project, 18 organizations obtained the individual EMAS Registration and, since 2007, the 
Promotion Committee obtained the award promoted by the Italian Competent Body for 
industrial clusters with a well implemented process for simplification of EMAS registration 
of local SMEs. Moreover, as described in the previous paragraph, local environmental 
conditions improved and pressures of enterprises (although in a recession phase) didn’t 
increase.   

From the second point of view, the comparison with other EU territorial contexts showed an 
high potential of transferability of the methodological approach; in fact, the PIONEER 
experience showed that there is a high number of synergies that can be obtained at the 
managerial and technological level to promote the inclusion and diffusion of innovative 
elements based on the partnership between the different firms operating within the same area. 
It is a question of exploiting the “co-opetition” attitude (co-operation between firms which also 
compete) and the collaboration between the enterprises and the other economic and 
institutional actors. These issues are the same for every industrial cluster, making the project 
methodology reproducible in each of these homogenous areas, characterizing the productive 
systems of many EU countries, in Italy, Spain, Portugal, Denmark, France, Finland and the UK. 
Moreover the project showed the operational feasibility of the methodological approach 
previously described, fostering an innovative approach to decision-making, based on 
multistakeholder involvement. According to this approach, EMAS has become a real territorial 
policy instrument, able to integrate industrial development targets and environmental quality 
ones, with a key–role played by the Promotion Committee.  
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Environmental 
aspect Selected indicators Period 

Type of product
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Specific production of 
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produced paper] 
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situation 
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Number of IN-OUT 
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produced paper 
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monitored

/ /  

Raw materials 
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[kg of chemical 
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paper] 

2006 – 2010
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Light decrease 
of performance 
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+ / 
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/ = 
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1. Introduction 
Small and medium-sized enterprises make up a large part of Europe’s economy, 
representing some 99% of all enterprises and 57% of the economy's added value (COM 
(2005) 551 fin). Therefore they also play a primary role in shifting the European economy to 
more sustainable production and consumption patterns. SMEs can have considerable impact 
on the environment, not necessarily through individual pressure, but through their 
combined total impact across sectors. It is widely accepted that it would be too complex and 
burdensome for companies and public authorities to determine the detailed contribution 
made by SMEs to pollution (e.g. air pollution), in terms of the environmental load from 
different types of pollutants (e.g. CO2, SOx, NOx, etc.) in each Member State. Indeed, in 
many cases the data does not exist. Nevertheless, the often quoted rough figure of a 
contribution of 70% of industrial pollution in Europe seems reliable, and a number of 
studies attempt to provide ‘insights’ into particular environmental problems deriving from 
SMEs for specific countries. For example, a British report estimated that SMEs accounted for 
60% of total carbon dioxide emissions from businesses in the UK and concluded that there 
was substantial room for improvement in energy efficiency and emissions reductions 
among SMEs. Again, estimates from the Netherlands and United Kingdom suggest that the 
commercial and industrial waste from SMEs represents on average 50% of the total. These 
studies further support the claim that SMEs can exert considerable pressures on the 
environment (SEC (2007) 907). Numerous regional and national studies show that the 
majority of SMEs have low awareness of their environmental impacts and how to manage 
them. Most SMEs are ‘vulnerably compliant’, since they do not always know enough about 
legislation to ensure that they are compliant. This is mostly due to lack of awareness of the 
environmental impacts of their own activities, ignorance of environmental legislation, 
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inability to tackle their environmental impacts, and sometimes the excessive administrative 
and financial burden of compliance. Compliance is further hindered by the perception that 
environmental protection is costly and has little benefit for the business (SEC (2007) 907). 

This scenario shows: 

- the potential threat to the environment and to the effectiveness of many Community 
environmental protection measures due to lack of knowledge and awareness; 

- the potential risk for the health and safety of SMEs employees  
- the potential advantages that an enhanced environmental management could bring to 

SMEs in terms of economic and/or financial benefits (of which SMEs may be unaware). 
The complexity of the issues involving the SMEs’ environmental compliance and their 
environmental performance, other than their capacity to fully respond in time to the 
new challenges placed by environmental issues (which allows them to catch the benefits 
in terms of competitiveness and innovation) needs a multiple approach, capable of 
putting into action a set of complementary measures. These would include education 
and awareness raising, on-the-spot assessment and identification of problems, targeted 
consultancy, exchange of information and best practices, removal of administrative 
burdens, availability of shared tools. 

Generally, the issues are related to the environmental impact of the SMEs production 
activities and services, involving all the environmental aspects (air, water, soil and sub-soil, 
biodiversity, noise, land, etc.) normally/usually disciplined by the EU and the national and 
local legislation. They also include crucial new challenges that the EU is facing, regarding 
global warming, energy efficiency, renewable energy sources, sustainable use of resources, 
waste reduction, re-use and recycling. 

All these considerations have stimulated the development of the so-called “cluster approach” 
to manage the environmental issues of a large number of SMEs located in limited territorial 
areas. In recent years, the “cluster approach” has been mentioned in some important official 
documents of the European Union, such as: 

- EC COM (2007) 379 “Small, clean and competitive - A programme to help small and 
medium-sized enterprises comply with environmental legislation” (ECAP Programme) 
which encourages the use/implementation of environmental management in industrial 
clusters or districts of SMEs, using specific cluster or supply chain approaches; 

- the new Regulation (EC) no. 1221/2009 (EMAS III), which in article 37 mentions  SMEs 
clusters  applying for EMAS registration. 

Networking and cooperation among organisations emerge from several studies and 
empirical evidence as some of the most important factors fostering the dissemination of 
formal EMS (such as EMAS). Many authors (inter alia:Biondi et al. 2000, Hillary 2004) 
emphasise that working with groups of companies is an useful and efficient way of 
adopting EMAS, particularly for SMEs. Moreover, the European Commission has recently 
confirmed the key role of networking for overcoming the constraints and barriers for EMS 
adoption among SMEs (European Commission 2007). In fact, the Commission has 

 
Overview of Past and Ongoing Experiences Dealing with the Environmental Management at Cluster Level 313 

highlighted its commitment to promote and encourage the use of EMAS in industrial 
clusters or districts of SMEs, using specific cluster- or supply chain- oriented approaches, 
since they can reduce consultancy and audit/verification costs for SMEs, and facilitate 
additional sharing of knowledge and exchange of experience among participants. 

The effectiveness of the networking approach is clear among organisations operating in the 
same sector (such as the industrial sector, but also service sectors such as tourism or public 
institutions operating at different levels) and among organisations operating in the same 
region (or territorial area). 

In the first case, enterprises can co-operate by identifying and assessing similar 
environmental aspects and by finding technological and operational solutions that can be 
applied to similar production processes and products, as well as by defining organisational 
structures suitable for the same kind of production cycles. In the second case, co-operation is 
facilitated by the ‘physical contiguousness’ and there are synergies both in improving the 
environmental impact on the same local eco-system, and in interacting and communicating 
with the same stakeholders (local population, authorities, etc..). 

In some experiences, a network has been created among SMEs within a ‘cluster’, in order to 
foster information exchange and experience diffusion and to define and apply common 
solutions to similar environmental, technical and/or organisational problems, or to share 
environmental management resources (Iraldo & Frey, 2007). A specific kind of co-operation 
within a cluster of organisations takes place in the supply-chain: when a large customer is 
willing to support small suppliers in the EMS implementation process, then all the smaller 
organisations involved in the supply chain can benefit greatly from networking. This 
approach proved effective in some Member States such as Germany (“Konvoi” approach), 
Spain (co-operation in the tourism supply chain), Nordic Countries (Denmark and Sweden). 
In Italy it has shown a real effectiveness in promoting the environmental compliance of 
SMEs by means of the so-called APO “Ambiti Produttivi Omogenei”. 

This study aims at collecting and describing the most important international experiences 
concerning the cluster approach, with the following objectives: 

 To analyse different types of inter-company dynamics in the cluster; 
 To give information on the diffusion of the cluster approach at international level; 
 To understand possible correlations between cluster approach and environmental 

issues management; 
 To analyze some excellent experiences on shared and collective management of 

environmental aspects. 

The structure of this chapter is organised in sections according to the different types of 
clusters considered. After a brief introduction on the methodological approach, each section 
analyses the various forms of cluster with the following structure. 

The first section focuses on the identification and analysis of the definition of cluster to 
which we refer, outlining its key features and describing the cooperative dynamics that 
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consolidate within it. The second section explains the presence of the abovementioned type 
of cluster in Italy, describing its prevalence and relevance for the national economy. The 
third section aims at outlining the European framework and offers a comparison with the 
information applied to the national context. The last section identifies the elements that 
characterise the management of environmental issues (in a cooperative logic) in the type of 
cluster analysed, 

This study is based on the results emerged from a research carried out within the ECCELSA 
(Environmental Compliance based on Cluster Experiences and Local Sme-oriented 
Approaches) Life project. For this reason the authors acknowledge all project partners1 who 
contributed to the results presented in this chapter. 

2. The methodological approach  
The first references to the “Cluster organizational model”, as an approach that can develop 
synergies resulting in more efficient production than would occur within a single large 
plant, are found in Marshall at the end of the XIX century. In the first half of the XX century 
the benefits of agglomeration of economic activities were also confirmed by  Austrian 
economist Shumpeter, who stressed the importance of the cluster system in terms of 
business competitiveness. In 1991, Michael Porter in his Competitive Advantage of Nations 
(1991), stated the "cluster theory" in which he identified the most potential for growth and 
development for industrial clusters as opposed to the single enterprises, thanks to the 
presence of vertical relations [customer/supplier] and horizontal relations [common customers, 
technology, channels]. 

At European level, clusters have been formally recognized and defined in the Final Report 
of the 'European Commission Expert Group on Enterprise Clusters and Networks which 
offers a first "census" of the phenomenon, and in communication No. 652, October 20082. 

In those documents, clusters are defined as "geographic concentrations of specialized 
companies that have workforce with advanced abilities and skills, and "support" institutions 
that make possible the spreading of knowledge and indirect positive effects as a result of 
their proximity".  

According to this definition, the elements that characterize the cluster concept can be 
identified in geographic proximity, specialization in production and interaction among different 
actors in the cluster. Therefore, the definition of cluster is not restrictive; it  covers a wide 
variety of approaches in which those elements are more or less relevant. In fact, the concept 
includes the classical configuration of the industrial district and the geographically confined 
                                                                 
1 The authors specifically acknowledge Sara Tessitore and Valentina Toschi (SSSUP);  Besides Sant’Anna School of 
Advanced Studies (coordinator of the project) the other partners are: Ambiente Italia – Istituto di Ricerca, ERVET - 
Emilia Romagna Valorizzazione Economica del Territorio, IEFE Bocconi - Istituto di Economia e Politica dell'Energia e 
dell'Ambiente, SIGE - Servizi Industriali Genova, Gemini - Innovazione Sviluppo e Trasferimento Tecnologico. 
2 Communication from the commission to the Council, the European Parliament, the European Economic and Social 
Committee and the committees of the region 'Towards world-class clusters in the European Union: Implementing the 
broad-based innovation strategy ". 
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industrial areas such as the environmentally equipped production areas "APEA", as well as 
industrial parks up to the interactions along the supply chain. While being characterized by 
the presence of elements linked to the cluster, these network systems show major differences 
that allow to distinguish three main approaches within which to investigate.  

For example, the Industrial District is a local system with the presence of a prevalent 
production carried out by a group of small independent firms highly specialized in different 
stages of the same production process. Production Areas instead represent an organizational 
model characterized by the territorial element but, unlike the District, they are concentrated 
in areas more easily defined and circumscribed geographically, and do not necessarily show 
the presence of one or more specialised production sectors.  

Another organizational model that meets the definition of cluster is the supply chain: a 
network involving all stakeholders in the production chain, from the company that 
produces raw materials to the processing company, from carriers to distributors, from 
wholesale to retail. The feature of the production chain is the interaction between SMEs 
involved in a process of production, among which the exchange of information can flourish 
and the development of projects and a relationships based on trust may be encouraged. 
Compared to Districts and Production Areas the less important aspect in this context is the 
territorial delimitation and the concentration of enterprises.  

The distinction between different aspects of the concept of clusters led to the identification 
of three inter-organizational interaction models on which to focus the analysis, particularly 
emphasizing the organizational arrangements implemented to manage common 
environmental problems. In detail, the types of clusters in this study are:  

 Industrial districts, closely related to production; 
 Ecologically equipped productive areas APEA and Industrial Parks;  
 Supply chain management which aims to produce stable benefits for the companies that 

are part of the supply chain (buyers and suppliers) through process integration and 
long term relationships.  

3. Industrial district cluster 

3.1. "Industrial districts" cluster: Definition and boundaries 

In literature, the industrial district is represented by a local system characterized by a main 
production activity performed by a group of small independent firms, highly specialized in 
different stages of the same production process. This peculiar entrepreneurial organizational 
model can develop synergies that result in a more efficient production than would occur 
within a single large plant. At the end of the XIX century Marshall (1890) had already 
highlighted the benefits coming from the agglomeration of economic activities in terms of 
availability of skilled labour and high level of specialization. Similarly, the Austrian 
economist Schumpeter in the first half of last century stated the existence of competitive 
advantages deriving from a business cluster. A significant contribution to the study of 
industrial districts and of internal relationship mechanisms able to generate competitive 
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advantages for the cluster firms comes from G. Becattini who, in his article "From industrial 
sectors to industrial districts" introduced the concept of industrial district as a tool to 
support regional policies for territorial development.  

Without any attempt to reorder the taxonomies in the field of industrial districts (which can 
be found in the literature according to the various configurations that such systems engage 
in), we mention some definitions and acronyms that have slightly different interpretation 
and, as a result, partially conflicting definitions of local systems with a high concentration of 
businesses: from industrial districts to system-sectors, from milieu to TPS (territorial 
production systems), to the RESS (regional economic and social systems). Connecting all the 
approaches underlying these concepts is the identification as the common element of the 
analysis of a system of usually small and medium enterprises operating in a homogeneous 
sector (or in sectors known as "auxiliary") and located in a limited socio-territorial area in 
which they have deep-seated social and economic relationships. The role which an 
industrial district can have in a competitive development of local production has stimulated 
in some national contexts the interest of policy makers. In Italy, Law  140, 1990, enacted to 
simplify and facilitate the set up of district areas, also fostered an institutional definition of 
the concept of Local Production System (LPS), which is an area characterized by:  

 Homogeneous production contexts; 
 High concentration of enterprises; 
 Specific internal organization. 

Based on that definition, the industrial district can be considered a specific LPS featuring:   

- High concentration of industrial enterprises;   
- Highly specialized production of business systems.  

3.2. The "industrial districts" cluster in Italy  

Law No 317 of 1991 “Action for innovation and development of small enterprises”  
introduced in Italy the concept of industrial district (art. 36) taken up and extended by Law 
No 140, 1999 with reference to the Local Production System.  National legislation has given 
regional administrations the task to define criteria and procedures for the recognition of 
clusters and the legal form they should have once approved. 

The Region of Lombardy under Regional Law (L.R.) 7 of 1993 and Regional Law 1 of 2000 
regulates the procedures for the geographical boundaries of Industrial Districts, sets up the 
provision of development programmes in individual districts and the creation of innovative 
projects for the enterprises that belong to them. In 2000 Tuscany adopted Resolution No. 69 
which defines districts as "monosectorial production systems with a high presence of small 
medium industrial manufacturers having a strong supply chain, social and institutional 
relationships also present in interprovincial areas". Italian Regions did not issue any rules to 
formally and rigidly acknowledge districts, so it remains a very flexible approach which is 
closely related to the characteristics of the area and primarily addressed to contexts 
consisting of SMEs.  
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The district approach has spread as a result of economic support programmes promoted at 
first at regional level (eg. I-C@AST programm - a textile project being reorganized - 
Lombardy 2006), and later by the Ministry of Economic Development (2003-2005 -2008)3. 
Art.3 of Law 266/1997 (so-called Bersani Law) for the first time establishes state funding for 
the Regions to be used in Industrial Districts identified on the basis of Law No. 317/1991, to 
fund programmes that improve service networks, in particular in the ITC sector.  

Another important intervention of industrial policy in favour of Districts was carried out 
under the Decree for the liberalization of the electricity market, which envisaged the 
opportunity for those entities defined as "eligible customers" in Article 2 to sign supply 
contracts with any producer, distributor or wholesaler in Italy and abroad. Among those 
considered for this option are groups formed by companies whose total consumption 
reaches a value greater than 30 GWh, located exclusively in the same municipality or 
contiguous municipalities, or in areas identified with specific acts of regional planning. New 
policies to support technological development in the Districts were approved in 2001 and in 
2005. The last supportive action took place under the 2008 Budget which included a call for 
bids to grant funding to districts also engaged in improving environmental performances at 
level of production area. Surveys by research bodies such as the "Districts Club" and the 
"IPI-Institute for Industrial Promotion" reported data showing a significant presence of the 
district system in Italy. Here is some information resulting from the last industry census 
carried out by ISTAT in 2000. In Italy there are 155 districts mostly located in the Northern 
regions. This model of production organization involves 4,929,721 employees and 1,180,042 
businesses of the manufacturing, services and trade sectors4. The areas where this approach 
is prevailing are textiles with 45 districts, mechanics (38), household goods (35) and the 
tanning industry (20). Districts are less common in the production of paper and paperboard, 
in the food industry, chemicals and plastics.  

The regions with greater presence of industrial districts (2001 data) are Lombardy (27), 
Marche (27), Veneto (22), Tuscany (15) and Emilia Romagna (13)5. Among the 27 districts of 
Lombardy the most important sectors are textiles and engineering, while in the Veneto and 
Marche regions districts are more present in the production of household goods. In Tuscany, 
along with textiles the most important districts are tanning and paper, while in Emilia 
Romagna the presence of districts in the mechanical industry is accompanied by the food 
industry and the production of household goods.  

3.3. The "Industrial districts" in Europe  

When comparing the characteristics of Industrial Districts as previously mentioned with the 
concept of cluster at European level, three important common characteristics emerge. 
Firstly, clusters are seen as geographic concentrations of specialized firms, of highly skilled  
                                                                 
3 Europe INNOVA Cluster Mapping Project: Report Italy Available in:  
http://www.clusterobservatory.eu/upload/Policy_Report_Italy_20080116.pdf> 
4 Club Distretti, Map of Italian districts, 2005. 
5 ISTAT, Industry Census 2000. 
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3 Europe INNOVA Cluster Mapping Project: Report Italy Available in:  
http://www.clusterobservatory.eu/upload/Policy_Report_Italy_20080116.pdf> 
4 Club Distretti, Map of Italian districts, 2005. 
5 ISTAT, Industry Census 2000. 
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Region No Districts Workers 
Piedmont  12 297,034 
Lombardy  27 1,745,042 
Trentino-Alto Adige  4 46,814 
Veneto  22 861,546 
Friuli-Venezia Giulia  3 123,244 
Emilia-Romagna  13 574,432 
Tuscany  15 466,494 
Umbria  5 61,823 
MarcheMarche 27 435,063 
Lazio  2 31,542 
Abruzzo  6 96,859 
Molise  2 4307 
Campania  6 26,177 
Apulia  8 144,096 
Basilicata  1 9,927 
Sicily  2 3,236 
Sardinia  1 2,085 
ITALY  156 4,929,721 

Source: ISTAT 2001  

Table 1. Presence of manufacturing districts in Italy  

Industry Industrial
Districts 

Local manufacturing
units 

Workers 

Textile and clothing  45 63,954 537,435 
Mechanics  38 56,816 587,320 
Household goods  32 42,287 382,332 
tanning and footwear  20 23,441 186,680 
Food  7 3,781 33,304 
Jewelry and musical instruments  6 13,010 116,950 
Paperrmaking and printing  4 4,342 35,996 
Rubber and plastic  4 4,779 48,585 
TOTAL  156 212,410 1,928,602 

Source: ISTAT 2001  

Table 2. Types of industrial districts in Italy  

and capable workforce, and of supportive institutions that improve the flow and the 
spillover of knowledge. Secondly, the cluster is useful to reach the functional objective to 
provide a range of specialized and customized services to a specific group of firms. Finally, 
clusters are characterized by some social and organizational elements, called "institutional 
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social cohesion tools", which link the different and interconnected actors, thus facilitating a 
closer cooperation and interaction between them.  

At European level, two different approaches are used to identify clusters. The best known is 
based on "case studies", the gathering of qualitative information through interviews with local 
experts or research on documents and publications. The second approach regards the 
various quantitative techniques that rely on the most sophisticated economic models and are 
based on statistical methods which encourage to identify clusters indirectly, by measuring 
the effects that are supposed to be detectable in the presence of a cluster.  

There are hundreds of case studies that document the history, activities and impact of 
clusters on regional development, on employment and innovation. The European Cluster 
Observatory6 has published 25 case studies of European clusters, related to the areas and the 
sectors indicated in the picture below.  

Through the collection of "case studies" each cluster tells "its own story" and sometimes it is 
difficult to compare different results. Furthermore, due to the rapid changes occurring in 
clusters, the results may arise from old data. Therefore, by describing relationships, 
processes and interactions among actors this methodology becomes an excellent tool that 
can be used to complement statistical analysis. With regard to quantitative techniques, the 
approach used by the European Cluster Observatory is based on indirect measurement of 
the effects revealed by coordinated localization of those elements that are assumed to be 
detectable in the presence of a cluster, such as the concentration of workers or high 
productivity. There are other techniques for quantitative mapping of clusters but, unlike the 
operational methodology7 of the European Cluster Observatory, they are not constantly 
updated according to changes which take place in the countries analyzed.  

The first results came in June 2007 with the establishment of a framework of regional 
clusters in 31 countries, divided into 38 areas. For the first time, the quantitative analysis 
performed is based on a fully comparable and consistent methodology in all European 
countries.This method identifies clusters based on regional employment data collected by 
EUROSTAT and national and regional statistical sources. The approach used is deliberately 
based on the measurement of the effects that relationships and spillover have on the 
companies' choice of location, and not on the direct measurement of the dynamic 
interactions among the forces driving the cluster.  

The quality and quantity of the knowledge that circulate and the spillover among firms 
located in a cluster depend on the size of the cluster, on its degree of specialization and on 
how well the areas are equipped and focused on the production in the main industries that 
make up the cluster. Therefore, the three factors size, specialization and focus can be chosen to 
assess whether the cluster has reached a "specialized critical mass" likely to spillover and 
develop positive relationships. Statistical mapping of Clusters by the European Cluster 
Observatory identifies over 2,000 regional clusters in Europe, among which clusters 
                                                                 
6 The European Cluster Observatory was founded in September 2006 by Europe INNOVA. 
7 Cluster Mapping methodology developed  by the Institute for Strategy and Competitiveness, Harvard Business 
School. 
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6 The European Cluster Observatory was founded in September 2006 by Europe INNOVA. 
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classified as "industrial districts" are 13808. The following table shows the geographical 
distribution of "industrial districts" clusters.  
 

European States No Industrial Districts Percentage of total 
Austria 34 2.5% 
Belgium 19 1.4% 
Bulgaria 33 2.4% 
Cyprus 2 0.1% 

Denmark 18 1.3% 
Estonia 6 0.4% 
Finland 16 1.2% 
France 103 7.5% 

Germany 269 19.5% 
Greece 18 1.3% 
Ireland 7 0.5% 
Iceland 2 0.1% 

Italy 158 11.4% 
Latvia 3 0.2% 

Lithuania 9 0.7% 
Luxembourg 1 0.1% 

Malta 4 0.3% 
Norway 12 0.9% 

Netherlands 29 2.1% 
Poland 97 7% 

Portugal 27 2% 
United Kingdom 58 4.2% 
Czech Republic 61 4.4% 

Romania 75 5.4% 
Slovakia 23 1.7% 
Slovenia 8 0.6% 

Spain 104 7.5% 
Sweden 27 2% 

Switzerland 34 2.5% 
Turkey 83 6% 

Hungary 40 2.9% 
Source: European Cluster Observatory  

Table 3. Geographic Distribution of "Industrial Districts” clusters 
                                                                 
8 Clusters that do not comply with the definition of Industrial Districts were not included in the total number of 
clusters considered by the European Cluster Observatory. Specifically, they are: Agricultural, Business services, 
Distribution, Education, Entertainement, Finance, Fishing, Hospitality, Sporting, Transportation. 
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Even taking into account the different spatial dimensions of the European countries 
analyzed, the table and the graph above show a greater presence of clusters in Germany, 
Italy, Spain and France. Within the above mentioned countries, there is a predominance of 
the Construction and Food sectors with 15.5% and 10.7% respectively on the total number of 
districts. The Construction sector is more prevalent in Germany (27 out of 269 districts), in 
Italy (21 out of 158), and Spain (17 out of 104). In France, however, the greatest number of 
districts is in the Food sector, with 19 out of 103 districts.  

 
Source: European Cluster Observatory  

Figure 1. Number of Districts by Industry 

In recent years, many initiatives have been implemented in Europe in order to create 
favourable conditions for the establishment of new clusters and strengthen existing ones. To 
date, more than 130 specific national measures in support of clusters were identified in 31 
European countries and registered by the INNO-Policy Trend Chart9. Nowadays, almost all 
European countries have specific measures for clusters or programmes developed at 
national and/or regional level, suggesting that they are a key element of the national and 
regional strategies in support of innovation 

3.4. Cluster approach in the management of environmental issues 

The size of clustering in a local context has critical relevance in the analysis of the 
environmental impact of industrial activities. When assessing the impacting factors related 
to a particular type of production, the characteristics of different local contexts in which that 
type of production produces its environmental effects have to be taken into account. Italy 
clearly shows how the environmental impact of some industrial sectors (textiles, tanning, 
ceramic) is localized around some areas where there is a high concentration of industries 
                                                                 
9 More detailed information in <http://www.proinno-europe.eu>  and <http://cordis.europa.eu/erawatch> 
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from those sectors. In these cases local dimension becomes a key determinant of the 
significance of environmental issues for the entire industry sector and, at the same time, a 
key variable in coordinating an effective response by the companies.  

There is no doubt that in terms of impacts on the environment, companies that operate in an 
industrial district have many elements in common.  

First of all settlement, production and sales activities of these enterprises influence the same 
local ecosystem, characterized by specific and defined environmental aspects. Moreover, 
companies operating in one district often face similar environmental problems, because they 
dump the emissions from their production processes into the same receptacle: waste water 
that drains into the same river (eg the Bisenzio river that runs through the entire Prato 
textile area, or the Sarno in the Salerno tomato district) or solid waste that goes into the same 
landfill. 

On the other hand, the high specialization of production and the usually very small size of 
enterprises (with all the implications in terms of limited availability of human, technical and 
financial resources) allows us to think of the district as an industrial area sufficiently 
homogeneous also in terms of production methods, degree of technology and organizational 
and managerial choices. The same technological and organizational matrix of the businesses 
in the district may show in common environmental problems that are related, for example, 
to the inefficiency and ineffectiveness of facilities to reduce pollution, to technology 
obsolescence, to inadequate structures for environmental management, cultural lag and so 
on.  

Even relations with suppliers of equipment and components, according to the logic of 
"vertically integrated industry" that characterizes many districts, are often played at local 
level, thus also affecting the availability and appropriateness of the most innovative and 
advanced technological solutions for pollution prevention (think of the crucial role 
companies of the so-called mechano-ceramic play in the district of Sassuolo, as the almost 
exclusive repositories of technological know-how and, therefore, appointed to develop and 
propose new ‘clean technology’ to the ceramic businesses in the district).  

A final aspect to highlight is the relationship with local stakeholders: for businesses in the 
district, interacting with the same community, the same institutions, the same local 
supervisory bodies means to deal with the same needs and requests concerning the quality 
of the environment. This is of fundamental importance if we consider that the significance of 
an environmental problem depends on the way in which it is perceived socially. The local 
dimension is a context where the relationship with company stakeholders is intensified, it 
becomes more straightforward (given the coexistence in the same area), more immediate 
(e.g. relationships with local institutions are more frequent than with national institutions), 
closer (just consider the number of residents employed by enterprises in the district). 
Besides, given the homogeneity of industrial activities, the physical proximity and frequent 
inability to attribute the environmental effects to any one production unit, enterprises in the 
district are considered by local partners almost as single entity.  
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The relational dynamics among companies and external stakeholders therefore become a 
crucial pressure factor to foster awareness on environmental issues within the district. By 
acting the same way and with the same incisiveness on a large number of similar businesses, 
it reinforces itself and strengthens its effects. For example, if the local population shows 
particular sensitivity to environmental issues, all enterprises in the district will undergo a 
high degree of examination from the public (which leads them to ensure continued 
compliance to regulations) and will be encouraged to use tools to enhance their 
environmental commitment to the local community.  

Other important partners for companies in the district are local institutions. Sometimes 
companies interact with local authorities and supervisory bodies who are open to dialogue 
and willing to leave some room for negotiation, or with institutions that are particularly 
strict as regards law enforcement and extremely demanding on the compliance with 
obligations and deadlines. The different attitude of institutions can mitigate or amplify the 
context pressure, acting in the same direction for all firms in the district. Firms can be 
challenged with requests from local authorities that may focus on some environmental 
aspects (making them more problematic) or that may promote the application of certain 
environmental policy tools (e.g.: voluntary agreements at local level).  

Local institutions may also prove to be particularly active in promoting common solutions 
(subsidiaries or consortium) to the most demanding and urgent environmental problems in 
the district, acting as a catalyst to encourage collaboration among businesses and promoting 
synergy in the commitment of human, technical and financial resources. 

The local dimension represents an essential key in understanding environmental issues also 
because the same solution to environmental problems can be managed at district level. For 
example, the infrastructural equipment of a purification plant helps the industrial system in 
reducing the environmental impact. However, enterprises may find themselves having to 
directly invest in the installation of small treatment plants, which is known to result in a 
"scattered" distribution of facilities rather than in a systematic and consistent process.  

Increasing awareness to environmental issues by the actors with whom the company 
interacts implies the need to meet certain "environmental questions".  

This is especially significant for SMEs operating within an industrial district. In fact, efforts 
in the direction of environmental improvement by an individual company are here 
associated with new knowledge and with the onset of difficulties (the environment, as we 
have seen, is a challenge or new "turbulence") that once overcome constitute know-how that 
can be shared with other firms in the district. In this process of growth also appears/arises 
the need for support from (and relationships with) external actors, a need common to most 
SMEs, which fosters the development of new "answers" to the emerging needs/demands. In 
a territorial dimension the resulting "networking" takes peculiar forms, leading to the 
development of somewhat common solutions (i.e. based on sharing tangible or intangible 
resources) that are tied to the specific local environment in which businesses in the district 
interact.  



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 322 

from those sectors. In these cases local dimension becomes a key determinant of the 
significance of environmental issues for the entire industry sector and, at the same time, a 
key variable in coordinating an effective response by the companies.  

There is no doubt that in terms of impacts on the environment, companies that operate in an 
industrial district have many elements in common.  

First of all settlement, production and sales activities of these enterprises influence the same 
local ecosystem, characterized by specific and defined environmental aspects. Moreover, 
companies operating in one district often face similar environmental problems, because they 
dump the emissions from their production processes into the same receptacle: waste water 
that drains into the same river (eg the Bisenzio river that runs through the entire Prato 
textile area, or the Sarno in the Salerno tomato district) or solid waste that goes into the same 
landfill. 

On the other hand, the high specialization of production and the usually very small size of 
enterprises (with all the implications in terms of limited availability of human, technical and 
financial resources) allows us to think of the district as an industrial area sufficiently 
homogeneous also in terms of production methods, degree of technology and organizational 
and managerial choices. The same technological and organizational matrix of the businesses 
in the district may show in common environmental problems that are related, for example, 
to the inefficiency and ineffectiveness of facilities to reduce pollution, to technology 
obsolescence, to inadequate structures for environmental management, cultural lag and so 
on.  

Even relations with suppliers of equipment and components, according to the logic of 
"vertically integrated industry" that characterizes many districts, are often played at local 
level, thus also affecting the availability and appropriateness of the most innovative and 
advanced technological solutions for pollution prevention (think of the crucial role 
companies of the so-called mechano-ceramic play in the district of Sassuolo, as the almost 
exclusive repositories of technological know-how and, therefore, appointed to develop and 
propose new ‘clean technology’ to the ceramic businesses in the district).  

A final aspect to highlight is the relationship with local stakeholders: for businesses in the 
district, interacting with the same community, the same institutions, the same local 
supervisory bodies means to deal with the same needs and requests concerning the quality 
of the environment. This is of fundamental importance if we consider that the significance of 
an environmental problem depends on the way in which it is perceived socially. The local 
dimension is a context where the relationship with company stakeholders is intensified, it 
becomes more straightforward (given the coexistence in the same area), more immediate 
(e.g. relationships with local institutions are more frequent than with national institutions), 
closer (just consider the number of residents employed by enterprises in the district). 
Besides, given the homogeneity of industrial activities, the physical proximity and frequent 
inability to attribute the environmental effects to any one production unit, enterprises in the 
district are considered by local partners almost as single entity.  

 
Overview of Past and Ongoing Experiences Dealing with the Environmental Management at Cluster Level 323 

The relational dynamics among companies and external stakeholders therefore become a 
crucial pressure factor to foster awareness on environmental issues within the district. By 
acting the same way and with the same incisiveness on a large number of similar businesses, 
it reinforces itself and strengthens its effects. For example, if the local population shows 
particular sensitivity to environmental issues, all enterprises in the district will undergo a 
high degree of examination from the public (which leads them to ensure continued 
compliance to regulations) and will be encouraged to use tools to enhance their 
environmental commitment to the local community.  

Other important partners for companies in the district are local institutions. Sometimes 
companies interact with local authorities and supervisory bodies who are open to dialogue 
and willing to leave some room for negotiation, or with institutions that are particularly 
strict as regards law enforcement and extremely demanding on the compliance with 
obligations and deadlines. The different attitude of institutions can mitigate or amplify the 
context pressure, acting in the same direction for all firms in the district. Firms can be 
challenged with requests from local authorities that may focus on some environmental 
aspects (making them more problematic) or that may promote the application of certain 
environmental policy tools (e.g.: voluntary agreements at local level).  

Local institutions may also prove to be particularly active in promoting common solutions 
(subsidiaries or consortium) to the most demanding and urgent environmental problems in 
the district, acting as a catalyst to encourage collaboration among businesses and promoting 
synergy in the commitment of human, technical and financial resources. 

The local dimension represents an essential key in understanding environmental issues also 
because the same solution to environmental problems can be managed at district level. For 
example, the infrastructural equipment of a purification plant helps the industrial system in 
reducing the environmental impact. However, enterprises may find themselves having to 
directly invest in the installation of small treatment plants, which is known to result in a 
"scattered" distribution of facilities rather than in a systematic and consistent process.  

Increasing awareness to environmental issues by the actors with whom the company 
interacts implies the need to meet certain "environmental questions".  

This is especially significant for SMEs operating within an industrial district. In fact, efforts 
in the direction of environmental improvement by an individual company are here 
associated with new knowledge and with the onset of difficulties (the environment, as we 
have seen, is a challenge or new "turbulence") that once overcome constitute know-how that 
can be shared with other firms in the district. In this process of growth also appears/arises 
the need for support from (and relationships with) external actors, a need common to most 
SMEs, which fosters the development of new "answers" to the emerging needs/demands. In 
a territorial dimension the resulting "networking" takes peculiar forms, leading to the 
development of somewhat common solutions (i.e. based on sharing tangible or intangible 
resources) that are tied to the specific local environment in which businesses in the district 
interact.  



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 324 

Recent decades have shown the dynamic of those "common solutions" in industrial districts, 
connected to the different inputs and external forces that have enabled the development of 
strategies and tools to start up environmental management processes that could involve the 
whole district 

4. Environmentally Equipped Industrial Areas (EEIA) Cluster 

4.1. Cluster “Environmentally equipped production areas and eco-industrial 
parks: definition and boundaries” 

“Industrial area” means an area with specific land uses, geographically limited, that is near 
or on the periphery of urban centers. The industrial area can affect one or more 
municipalities. “Environmentally equipped areas” were introduced in Italy by Legislative 
Decree no. 112/98 (the so-called "Bassanini Decree") that in Article 26 states: "The regions 
and the autonomous provinces of Trento and Bolzano govern, with their own laws, 
industrial areas and environmentally equipped areas, with infrastructures and systems 
necessary to guarantee the protection of health, safety and environment. The same laws 
govern the forms of single management of infrastructures and services in ecologically 
equipped areas by public or private actors... omission ... and procedures for land acquisition 
included in industrial areas,...omission .... The production plants located in ecologically 
equipped areas are exempt from the acquisition of permits concerning the use of services 
therein. The regions and autonomous provinces identify areas ... omission ...mainly  
choosing among already existing areas, zones or centres, even if partially or totally 
abandoned. The local authorities concerned participate in this identification procedure". 

Hence, national legislation gives the individual regions the task to regulate the matter, 
giving some basic points of reference: 

1. environmentally equipped areas have infrastructure and systems necessary to protect 
health, safety and environment; 

2. environmentally equipped areas are characterized by forms of centralized management 
of infrastructure and services; 

3. manufacturing plants located in environmentally equipped areas are exempt from the 
acquisition of permits concerning the use of services therein. [eliminato, era un copia e 
incolla che ripeteva la frase del punto 2). 

A different approach must be used as regards the so-called "eco-industrial parks" (EIP), 
which are spread across Europe and the world and are in a way similar to Environmentally 
Equipped Areas, but are usually voluntary initiatives. Eco Industrial Parks as theorized by 
Lowe, Moran, and Holmes are communities of manufacturing and services firms linked by a 
common management, and they seek to improve their environmental, economic and social 
performances by collaborating when addressing environmental issues and using the 
resources (including energy, water and materials). This integrated approach aims to achieve 
collective benefits that exceed the sum of individual benefits each company would separately 
have from the optimization of its performances. The path to achieving this goal includes a 
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new design or redevelopment of infrastructures, and planning of the production area, cleaner 
production, protection from pollution, energy efficiency and cooperation among enterprises.  

The early theorists of the concept of industrial ecology as we consider it today were 
scientists Robert Frosch and Nicholas Gallopolus, who in an article published in Scientific 
American in September 1989 defined a new strategy for the manufacturing industry: "the 
traditional model of industrial activity, in which production processes generate products for 
sale and waste for disposal, must be transformed into a more integrated model: an 
industrial ecosystem. This system optimizes energy and raw materials consumption up to 
using residues from one process...to feed other processes".  

Other important researchers (Tibbs, Allenby, Graedel, Lowe, Holmes, Moran) contributed to 
the development of the concept of industrial ecology. They developed industrial ecology 
into a discipline based on multidisciplinary contributions aiming at the improvement of the 
industry-environment relationship. In 1992 Tibbs, another important pioneer, held that "in 
natural systems there is no waste, meaning something that can not be absorbed constructively 
elsewhere in the system" coming to a key concept which is closing cycles: "...making maximum use of 
recycled materials in new products, optimizing the use of integrated materials and energy, 
minimizing waste and recovering waste as raw materials for other processes".  

Thus industrial ecology considers the flow of matter and energy with the aim of 
significantly reducing the use of resources and pollution. It suggests the application to 
industrial systems and their processing/production cycles of the rules and principles that 
determine the functioning of non-human biological systems, of ecosystems that are 
characterized by symbiotic relationships and by the absence of the concept of waste. Every 
scrap is reintroduced into the cycle to generate energy or as raw material to start another 
process that is essential to maintaining the overall balance.  

Both types of production area (APEA and EIP), therefore, aim at the so-called "closing 
cycles" of material, water and energy; they aim at sharing key environmental services 
(water, energy, waste) and at optimizing the organization of activities that have an impact 
on the environment. 

The cooperative approach can be seen mainly in two basic aspects: 

 The adoption of collective systems and infrastructures within the industrial area (e.g. 
purification plant, centralized area for storing waste, industrial water supply systems, 
power generators for the area); 

 The identification of a single production manager that deals with common services 
within the production area (e.g. collective management of waste, energy, security). 

4.2. Cluster "Environmentally equipped production areas and eco-industrial 
parks" in Italy 

As mentioned above, Italian legislation lets the regions regulate the issue of environmentally 
equipped areas on their territory. 
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The spread of APEA in Italy depends on the choices promoted by each region. To date, the 
regions that have issued laws and regulations are: 

 Abruzzo (R.G.D. October 10, 2003, No. 1122, "Leg. Decree March 31, 1998, number 112 -
P.R.D October 20, 1998, No. 447 as amended by Presidential Decree March 31, 2000, No 
440 Definition of the discipline of "Environmentally equipped areas"). 

 Calabria (Regional Law December 24, 2001. Number 38 "New legal system for 
Consortia for   Areas, Centres and Industrial Development Zones); 

 Emilia Romagna (Regional Law No 20/00 "General framework on the protection and 
use of the territory", Legislative Assembly Resolution No. 118/07 "Adoption of the 
Guidelines Act and technical coordination on the implementation of  ecologically 
equipped areas in Emilia-Romagna). 

 Liguria (Regional Council Resolution of December 28, 2000 No 1486 "Criteria, 
parameters and methods on the industrial areas and environmentally equipped areas) 

 Marche (Regional Law n. 16/05 "Regulation of urban redevelopment and guidelines for 
the environmentally equipped production areas", and DGR n. 157 of 07/02/2005 
"Guidelines for the ecologically equipped production areas (APEA) of Marche 
Region"). 

 Puglia (Regional Law January 31, 2003, No. 2 "Guidelines on actions for economic 
development, production activities, industrial areas and environmentally equipped 
areas). 

 Tuscany (Tuscany Regional Law No. 87 of 22/12/2003 "Ecologically equipped 
production areas. Changes to the regional law December 1, 1998, No 87"). 

In other Italian regions in which there are no laws specifically dedicated to APEA, there are 
other standards that facilitate the environmental management of industrial areas or the 
creation of EIP. It is the case with regional laws governing consortia of industrial 
development which are suitable structures for the collective management of a number of 
issues in the area, including environmental issues (eg, Friuli Venezia Giulia, Sicily). 

In other cases, although APEA characteristics are not regulated by regional standards, they 
are often referred to in regional planning documents (eg. DOCUP 2000-2006 Regione 
Piemonte).  

An analysis of the related regional legislation shows that regulations concerning the 
management of industrial areas come from different disciplines, especially laws related to 
planning and environmental and production activities.  

In some regions the choice to go towards an APEA is compulsory, since it was decided in 
urban planning (e.g. Emilia Romagna), while in others the choice is voluntary (e.g.Tuscany).  
Although the national law was enacted over 10 years ago, its application in different regions 
is not settled yet, but still under development. 

APEAs could potentially become a very popular model of production area in Italy, but to 
date there are only few cases of full implementation. 
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In the various Regions there is the enactment of laws and technical regulations, the 
implementation of experimental projects and (albeit only recently) financing, but the reality 
of APEAs in Italy has not yet established itself in terms of actual implementation.  

It is therefore difficult to identify APEAs in Italy. To date, the most advanced experiences 
are in Tuscany, where it is possible to identify 12 production areas involved in a 
qualification path towards APEA, and in Emilia Romagna, with a process of public funding 
for APEA which saw the application of 42 industrial areas. 

This gradual development is also linked to the fact that the different regional regulations 
provide for environmentally equipped areas a very broad field of application, stating that 
issues such as waste management, water resources, transport and logistics, security, etc. 
should be dealt with, thus covering all environmental issues in a systematic way.  

However, some environmentally equipped areas are precursors, i.e. industrial areas that 
implemented solutions fully in line with the contents of Legislative Decree No 112, 1998. 

For these areas the definition ‘eco-industrial parks’ is more correct, since they are 
production areas that do not fully comply with regulatory requirements of APEAs, but 
where environmental management initiatives such as collective management of certain 
environmental problems (not all) were activated, or collective facilities were built. 

These experiences represent case studies with established characteristics in the review of 
Italian good practices, while actual cases of APEA will be mostly developing initiatives.  

4.3. Environmentally equipped production areas and eco-industrial parks 
Cluster in Europe 

Eco industrial parks are not identical to the Italian environmentally equipped areas, but they 
certainly show strong similarities. 

First, the reference cluster, identified in the industrial area intended as a geographically 
defined and limited area, with production activities; then the adoption of engineering and 
management solutions designed to reduce environmental impacts, in fact making the 
environment variable a lever for competitiveness. 

Indeed, the main difference between APEAs and EIPs is that while the former are governed 
by technical and planning rules, often involving public entities, the latter are usually created 
on the basis of future economic gain. 

The involvement of the public administration is also less frequent, although it still 
constitutes a major subject in many cases. 

Eco-industrial parks are spread globally, and it is possible to find examples of success in 
Europe, North America and Asia. Although it is difficult to define the categories, it is 
interesting to highlight some elements that differentiate the European EIP from the 
American or Asian EIP.  
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Although there are exceptions, in general in European countries the initiator of the 
development process of the production area is a public actor which promotes the EIP as a 
solution to territorial problems. The involvement may be associated with a form of local 
governance. On the contrary, in Asia EIPs are usually linked to the economic value related to 
the application of the principles of industrial ecology, especially as concerns the issue of waste.  

Another difference is related to the size of industrial areas (much bigger in Asia), which 
makes it easier to trade secondary raw materials. In Europe, collective solutions are usually 
linked to the sharing of financial and human resources (services, collective facilities).  

The EIPs in North America are more similar to the European ones, although the public 
presence in developing the production area is lower. 

A further difference between the eco-industrial parks in Europe and those outside Europe is 
that in Europe there are many technology parks that are classified as eco-industrial parks, 
i.e. areas that are not strictly involved in production, but which play a role in research, 
communication and promotion for the development of environmental technologies and 
sustainable management solutions in the production industry. It is difficult to gain a 
thorough knowledge of the distribution of eco-industrial parks in Europe, America and Asia 
since there are no institutional structures of reference.  

The summary of the presence of eco industrial parks in the world was based on data 
collected from studies, networks and devoted sites. 

A study by the University of Patras (Greece) in 2003 on the state of the art of eco-industrial 
parks in the world identified over 100 cases, of which 42% in the U.S., 36% in Europe, 11% in 
Asia and 6% in Canada. In Europe, eco-industrial parks are mainly concentrated in the 
North-West, especially in England, France and Scandinavia. 

The geographic department of Hull University mapped a distribution of about 30 eco-
industrial parks in Europe. It points out that in some cases they are not actual industrial 
parks but science and technology parks or initiatives and programmes aimed at sustainable 
management of production areas.  

In a Finnish study on eco industrial parks conducted in 2006, data on the number of eco-
industrial parks in Europe is lower and equal to 20, while North American EIPs are 36.  

An investigation conducted by the Chinese ‘National Commission for Development and 
Reform’ (presented on the website of Cleaner Production in China) analyzed the Eco Industrial 
Parks initiatives undertaken in Asia. There are about 40 initiatives for environmental 
industrial networking or Environmental Management. These initiatives were launched in 
eastern Asia: China, India, Japan, Philippines, Malaysia, Taiwan, Vietnam, Thailand, Sri 
Lanka. 

4.4. Features of the cluster approach in the management of environmental issues 

The environmental performances of an APEA, both in consumption of non-renewable 
resources and in emission of pollutants in the air, water and soil, are based on three 
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important aspects: urban planning, plant and infrastructure equipment, and 
management. 

The search for performance excellence starts with the way in which the spaces within the 
industrial area are designed. The second aspect is based on using the best available 
techniques (eg. dual networks for the water cycle, own production of energy from 
cogeneration or from renewable sources) in line with national and EC legislation on 
Environmental Integrated Authorization (IPPC Integrated Pollution Prevention and 
Control) and on common spaces and facilities instead of individual ones (e.g. industrial 
sewage treatment plant for the entire area, common waste storage areas, centralized basins 
for the collection and treatment of stormwater).  

The third aspect provides for the optimization of synergies already existing among the 
various businesses and the unified management of spaces and of centralized systems (e.g. 
provision of a grant for the recovery of waste among the firms located in the area, area 
mobility management, area energy management). 

A collective management is the heart and engine of improving the environmental 
performance of the production area. Through the use of collective facilities and 
infrastructure it makes it possible to provide businesses with services that allow greater 
protection and environmental control and a reduction in costs.  

The manager is generally an expression of the realities present on the territory, and it may 
be a public, private or mixed actor.  

The single production manager is also responsible for the definition and implementation of 
an area environmental programme and for monitoring the environmental performance of 
the area. The Area Environmental Programme starts by analysing the existing issues and 
proposes solutions involving relevant local stakeholders (e.g. government, companies, trade 
associations, managers of public services).  

Existing initiatives concern the activation of virtuous mechanisms among firms (sharing 
of human and technological resources, materials and energy flows in an industrial 
environmental perspective), the delivery of services to companies by the subject tha 
manages the area, the infrastructural and plant elements available to the production areas.  

The following table shows the main solutions of good environmental management 
identified in the 32 analyzed cases (17 international cases10 and 15 Italian cases11) 

                                                                 
10 Eco-industrial park of Devens (USA); Burnside Industrial Park (Canada); Kokubo (Japan), Naroda Industrial Estate 
(India), LIK (Indonesia); Kalundborg (Denmark), Parc Industriel Plaine de l'Ain, Sphere EcoIndustrie D'Alsace, 
Syndival Lancadcres (France); Crewe Business Park, Sustainable Growth Park (U.K); Ecopark Hartberg (Austria); 
Vreten (Sweden); Value Park (Germany); S.Perpetua di Magoda, Parque Tecnologico de Reciclado Lopez Soriano. 
11 1° Macrolotto Industriale di Prato, Z.I. Ponterosso - San Vito al Tagliamento (PN), Z.I.P. Padova, Z.I. Udine Sud, Z.I. 
Castello Lucento – Torino, Z.I. Valle del Biferno – Termoli, APO Ferrara, APO Ravenna, APEA Monte S. Vito (AN), 
APEA Pianvallico (FI), APEA Navicelli (PI), APEA Scandicci, APEA Ozzano (BO), APEA Ostellato (FE), APEA 
Colbordolo (PU). 
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RAW MATERIAL CONSUMPTION AND WASTE MATERIALS 
Good management of 
waste from construction 
activities 

Recovery and safe disposal of waste generated during 
construction activities. The Italian experience demonstrates the 
success of the initiative when the monitoring activity carried out 
by the operator is accompanied by specific requirements in the 
Implementation Standards of Urban Planning. 

Collective organization of 
waste disposal 

It refers in particular to the special waste collection from 
businesses, which can be performed by the area operator or, 
more frequently, by third parties. 

Promoting the principles 
of industrial ecology 

Exchange activities among enterprises from the perspective of 
recovery and reuse of waste used as secondary raw materials. 
Usually there are specific agreements among a limited number of 
companies with synergic production processes. 

SPREADING OF CLEAN TECHNOLOGIES 
Fostering of clean 
production technologies 

Provision of research facilities; promotion of innovative solutions 
also through exhibition spaces; activation of pilot projects. 
Initiatives are generally aimed at creating of new jobs. 

ADMINISTRATIVE SUPPORT FOR COMPANIES 
Interface between 
companies in the area  
and public 
administration 

The area manager acts as mediator between businesses and the 
public administration with regard to administrative proceedings. 
The service can be simply informative (the manager contacts the 
local authority to obtain information and passes on said 
information to the interested companies) or it may concern the 
drafting of forms or the actual issuance of permits as delegated 
by the Municipality.

Environment info desk
for businesses 

Setting up an information service on environmental issues 
regarding regulatory obligations and as support for the processes 
of environmental certification.

Support to businesses for
investment and funding

Activities carried out by the area manager for businesses as 
regards investments and research of grants and funding. 

TRANSPORTATION 
Agreements with the 
provider of local public 
transportation 

Study of traffic flows and routes from home to work, on the basis 
of which the single manager signs agreements with the provider 
of public transport to improve the service in terms of frequency 
and stops. 

Car sharing and car 
pooling 

Setting up a system of vehicles to stimulate the activation of a 
system of collective transport, as an alternative to the use of 
individual private vehicles. The initiative aims at reducing traffic 
in both commuting and missions. 

TRAINING AND TECHNICAL SUPPORT 
Training on 
environmental issues 

Courses for technical business personnel organized by the area 
manager, aimed at a proper application of environmental and 
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safety regulations. Training and information activities for 
companies in the area offered directly or through third parties. 

Eco – efficiency centers  Technical assistance and training to companies to improve their 
energy and water efficiency and in the production and disposal 
of waste. 

SETTING UP OF BUSINESSES 
Environmental remarks 
in the selection of 
companies that wish to 
settle in the area 

Generally carried out by drafting a questionnaire that the 
interested companies are required to fill in. The area manager is 
responsible for the selection as actor in charge of selling parcels 
of land or on behalf of the local authority. 

Checking the companies 
status of  compliance in 
terms of environmental 
requirements 

Check up the relevant documentation prior to the settlement and 
visits to the site at the time of installation. This service is 
successfully carried out where companies have adopted an area 
Environmental Management System. 

Envisaging 
environmental clauses in 
the contracts of sale for 
parcels 

Provision of specific environmental clauses in contracts of sale for 
land parcels (e.g. when planning the areas for material handling 
or storage of waste) or request to adhere to the environmental 
policy. 

Urban-environmental 
advantages  

Removal of infrastructure costs, reduction of safety, health, and 
environmental taxes. 

Landscape protection Preserving the environment and integrating the business with the 
surrounding landscape through a centralized management of the 
development of the production area. 

INNOVATIVE MANAGEMENT SOLUTION 
Implementation of 
environmental 
management system 

Implementing an Environmental Management System complies 
with regulatory standards (ISO 14001 or EMAS) by the subject 
that manages the area. The EMS can provide a business 
involvement in varying degrees, for example in the adoption of 
common procedures or construction of a participatory 
environmental program. 
These elements also depend on the area of infrastructural 
facilities available 

Creation of a territorial 
information system of the 
industrial 

Development of a GIS on-line with all spatial information 
(geographical, cadastral and possibly environmental). The GIS is 
accessible by the companies settled and may represent a geo-
referenced base that allows performance monitoring of the area. 
The management of the SIT is borne by the operator or company 
in charge of the area. 

Agenda 21 meeting to 
define the action for 
cluster 

Organise meetings within the local Agenda 21 to encourage the 
productive area to address environmental sustainability issues 
(energy supply, waste management, cleaning, transport and 
construction). 
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Through working groups involving representatives of companies 
can address problems related to environmental issues and 
identify solutions that best suited for that territory.  

Definition of an 
environmental action 
plan based on 
performance standards 

Participation of local communities and businesses in programs of 
environmental action through the application of standards of 
environmental, social and economic performance and 
certification. The standards are defined by a committee made up 
of representatives of local production activities (trade 
associations) and citizens. 

Table 4. Solutions for good environmental management 

5. Cluster supply chain  

5.1. Cluster "supply chain": definition and boundaries  

The concept of this kind of cluster is not yet an 'autonomous' element in the economic 
literature, as is rather the case for other types of clusters (for example the large and 
consolidated strand of economic literature on industrial districts, or the most recent and 
innovative one on environmentally equipped production areas).  

Although the meaning has not been conceptually developed yet, references to the 'supply 
chain' cluster are widespread and detectable in several contexts, both legal and academical.  

Starting from Porter’s remarks (1990), the cluster theory originally focused on identifying the 
key features of the ‘cluster entity’, with the aim of analyzing the ways in which its operation 
functioning mechanisms and its internal dynamics are able to determine a competitive 
advantage for businesses/industries belonging to the cluster itself. According to Porter, 
clusters are geographic concentrations of interconnected companies, specialized providers, 
service providers, and associated institutions in a particular field12. Firms located in the 
same area have the opportunity to operate with ease, in coordination along the value chain. 
The cluster is based not only on goods and material resources, but also on intangible 
resources such as development and exchange of knowledge, expertise, and relationships. 
These elements make a territorial area unique, an area in which human factor and 
knowledge make the difference when compared to any other area. 

In other words, the supply chain is conceived as a geographically defined element within 
the cluster. This approach is confirmed by that part of literature aimed at investigating the 
connections between cluster theory, supply chain and supply chain management theory. 
This is a trend not developed theoretically and empirically yet, but which contributes to 
clarify some important aspects of the relationship between cluster and supply chain. Some 
authors observe that one of the key elements of Porter's cluster theory - the benefit deriving 
from knowledge exchange and cooperation between firms - is shared by the theorists of the 
                                                                 
12 “A cluster is a geographically proximate group of interconnected companies and associated institutions in a particular field, 
linked by commonalities and complementarities” (Porter, 1998).  
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supply management theory13 (De Witt et al., 2006; Mentzer et al., 2001). In fact, supply 
chain management aims at producing benefits for companies that are part of the chain 
through process integration and the set up of long term relationships (cooperation, trust) 
among companies. When companies belonging to the same supply chain operate in the 
same geographical context, they benefit from coordination and from the boost to 
competitiveness and innovation that comes from their geographical proximity (Mentzer et 
al., 2001). 

To sum up, according to Porter the factors that characterize the cluster can be identified in 
geographical proximity, production specialization and in the interaction among the different 
actors in the cluster.  

In this sense and for the purposes of our analysis it is relevant to note that proximity both 
upstream and downstream the supply chain is what facilitates interaction and promotes a 
continuous exchange of ideas and innovations.  

Some studies aimed at providing empirical evidence of the existence of positive synergies, 
in terms of the impact on competitive performances that arises from belonging to a cluster. 
According to De Witt et al. (2001), the geographical proximity of firms belonging to a supply 
chain allows long-term competitive advantages that are more stable than those achieved by 
outsourcing to distant companies. Other studies highlight that the relational factors that 
characterize the relationship between buyers and suppliers belonging to the same cluster are 
able to enhance their performance in the long run (Noordewier et al. 1990; Corsten and Kumar, 
2005). More specifically, the key elements that determine long-term competitive advantages 
are the interdependence, the mutual trust and shared goals and commitments that pervade the 
relationship among actors in the chain within a cluster, and the reduction of conflicts among 
the actors themselves (Ganeson, 1994, Doney and Cannon, 1997, Kumar et al., 1995). 

A second important connecting element between cluster and supply chain refers to a 
particular connotation of the cluster, defined by the presence of a large multinational 
company surrounded by a 'halo' of suppliers (“A large demanding purchaser, such as a 
major multinational firm […] surrounded by a 'halo' of suppliers”, Johnston, 2003). In this 
respect, territorial location still plays a central role in the competitive dynamics of the 
cluster: the proximity of suppliers of a large enterprise allows for the development of 
agglomeration economies thanks to the direct or indirect links that are established between 
the economic activities upstream and downstream.  

                                                                 
13 In spite of the popularity of the supply chain management both in theory and in practice, there is no unanimous 
agreement on its meaning, also because its development in the managerial and academic fields is relatively recent. In 
his important work of 2001 (‘Defining Supply Chain Management’), Mentzer defines the supply chain management, or 
management of the supply chain, ‘a systemic, strategic coordination of the traditional business functions within a particular 
company and across businesses within the supply chain, for the purposes of improving the long-term performance of the individual 
companies and the supplu chain as a whole’ (Mentzer, 2001). With ‘supply chain’ he means ‘a set of three or more companies 
directly linked by one or more of the upstream and downstream flows of products, services, finances, and information from the 
source to the ultimate customer’ (Mentzer, 2001).  
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major multinational firm […] surrounded by a 'halo' of suppliers”, Johnston, 2003). In this 
respect, territorial location still plays a central role in the competitive dynamics of the 
cluster: the proximity of suppliers of a large enterprise allows for the development of 
agglomeration economies thanks to the direct or indirect links that are established between 
the economic activities upstream and downstream.  

                                                                 
13 In spite of the popularity of the supply chain management both in theory and in practice, there is no unanimous 
agreement on its meaning, also because its development in the managerial and academic fields is relatively recent. In 
his important work of 2001 (‘Defining Supply Chain Management’), Mentzer defines the supply chain management, or 
management of the supply chain, ‘a systemic, strategic coordination of the traditional business functions within a particular 
company and across businesses within the supply chain, for the purposes of improving the long-term performance of the individual 
companies and the supplu chain as a whole’ (Mentzer, 2001). With ‘supply chain’ he means ‘a set of three or more companies 
directly linked by one or more of the upstream and downstream flows of products, services, finances, and information from the 
source to the ultimate customer’ (Mentzer, 2001).  
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More recently, the literature recognizes the need to introduce a new meaning of the word 
cluster alongside its more 'traditional' concept. Nowadays, the technological improvement 
of communication systems and of distribution networks at global level makes it possible to 
talk of 'virtual' clusters, where the element of geographical proximity is missing while 
emphasis is placed on features such as exchange and sharing of information and knowledge 
among the actors in the cluster (Johnston, 2003). 

According to Rullani14, this new type of cluster is characterized by an "evolved" form of 
proximity, not only physical but also virtual, among people and businesses that use 
technological mediation to develop ‘close relationships’ (easy, frequent, reliable, complex) even 
when they are physically distant from each other, thus replicating in a virtual space the benefits 
of proximity that in the past were a typical (and almost exclusive) characteristic of the territory.  

The academic theory of virtual clusters is joined by their institutional recognition. In its 
working paper annexed to the EC Communication “Towards world-class clusters in the 
European Union: Implementing the broad-based innovation strategy” [COM(2008)652]15, the 
European Commission, while recognizing that most definitions of cluster focus on two 
factors - the concentration of one or more sectors in a given geographical area and the 
importance of networking and cooperation among enterprises and institutions - indicates 
that the spatial dimension of a cluster is variable and not necessarily limited to certain 
geographic boundaries, depending, among other things, on the ability and willingness of its 
actors to perform changes that are functional for the development and preservation of 
relationships that feed the cluster itself. 

The definition of clusters developed by the OECD makes the "release" of the concept from 
the element of geographical proximity even more explicit, emphasizing once again the 
production and exchange of knowledge within the value chain as a key element of identity 
of the cluster "Clusters are characterised as networks of production of strongly 
interdependent firms, knowledge-producing agents and customers linked to each other in a 
value-adding production chain" (OECD, 1999).  

A final element of analysis comes from recent literature aimed at defining the links between 
the concepts of cluster and supply chain in the context of today's 'knowledge-based 
economy''. If it is true that the cluster theory in general takes a macroeconomic perspective 
in which the theories on supply chain refer to a purely microeconomic level, it is possible to 
recognize some key elements the two theories share and that can lead to the identification of 
significant similarities between the two concepts (Sureephong et al., 2008). In particular, the 
success of a cluster is often due to the presence of a Cluster Development Agent (CDA), an 
organizational entity that represents the different socio-economic actors in a cluster, acts as 
coordinator and facilitator of cooperative dynamics among the actors, promoting knowledge 
sharing, innovation, the ability to communicate and the mutual recognition and trust16. 

                                                                 
14 Enzo Rullani, Cluster: tendenze e scenari nell'economia globalizzata, “Pattern of clusters evolutions” conference 
proceedings, Venezia. 
15 European Commission (2008b).  
16 Notice how this role and functions correspond to what in the context of E.U. policies are the tasks of the governing 
body of a cluster that is  established when a cluster is ‘institutionalized’ (Cfr.: CE, 2002).  
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The literature recognizes a strong similarity between this role and the one that in the context 
of the supply chain management theory is played by the Supply Chain Facilitator (SCF), the 
person that guides the relationships among actors in a supply chain, and encourages the 
development of relationships and cooperation among them. If this role was originally 
played by the large multinational company, in the context of the current '"knowledge-based 
economy'" its function can be successfully carried out by other bodies - such as universities, 
associations, local institutions, ad hoc coordinating organizations - that belong to the same 
cluster as the socio-economic actors in the supply chain (Sureephong et al. 2008). 

5.2. Supply chain cluster in Italy 

As abovementioned, for the purposes of this analysis we should highlight how within this 
theoretical model it is possible to trace a first description of cluster as a type of "supply 
chain", relating to a local chain dimension, coinciding or included in the 'classic' industrial 
district, physically located in a given territorial area. The cluster supply chain is especially 
notable for the presence of a primary industry supported by several companies specializing 
in various phases of the industry. Thanks to territorial proximity and the presence of a 
socially cohesive community, these companies have the ability to easily operate by 
coordinating along the value chain (Sacco, Ferilli, 2006). 

With respect to this first description, the literature emphasizes how clusters linked to local 
industries represent an area of strong identification and specialization in the economy of 
many Italian regions, although generally the cluster does not reach the regional dimension 
(Bardi, Bertini, 2005 ). In many contexts, some leading companies’ ability to grow and export 
can foster local induced activities and is an example increasingly imitated by dynamic new 
small businesses, a catalyst of growth processes and territorial specialization. Examples of 
chains related to this meaning may be found in many traditional Italian industrial districts. 
Consider, for example, the area between Carpi and Reggio Emilia for knitwear and clothing, 
the area of Forlì and Cesena for the food industry, the Bassa Bresciana for shoe 
manufacturers, the furniture chain located between Matera and Puglia, etc. 

More recently, the literature shows how in many cases this type of articulation of the cluster 
supply chain reached maturity during the 90s, and how the highest degree of complexity of 
the industry and the increased competition on international markets led to an expansion of 
the classical concept of district, which meant an area in which a single homogeneous 
production chain was focused. To respond to these changes, the new articulation of a cluster 
is as metadistrict, that is a territorial chain not concentrated locally, but that creates a 
widespread, sectorially specialized network - on a regional, multi-regional or national scale - 
with strong interaction/interdependence/competition among the business realities belonging 
to it. In many cases this  connotation can be traced back to the development of products that 
identify the so-called 'Made in Italy' in some specific areas (typically the North East of the 
country and Tuscany), mainly focusing on sectors such as fashion, home, typical food 
products (e.g, buffalo mozzarella in Campania, bresaola of the Valtellina), light engineering 
(e.g. the biomedical field in Emilia-Romagna) (Rullani, 2002). 
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14 Enzo Rullani, Cluster: tendenze e scenari nell'economia globalizzata, “Pattern of clusters evolutions” conference 
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15 European Commission (2008b).  
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The literature recognizes a strong similarity between this role and the one that in the context 
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person that guides the relationships among actors in a supply chain, and encourages the 
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played by the large multinational company, in the context of the current '"knowledge-based 
economy'" its function can be successfully carried out by other bodies - such as universities, 
associations, local institutions, ad hoc coordinating organizations - that belong to the same 
cluster as the socio-economic actors in the supply chain (Sureephong et al. 2008). 

5.2. Supply chain cluster in Italy 

As abovementioned, for the purposes of this analysis we should highlight how within this 
theoretical model it is possible to trace a first description of cluster as a type of "supply 
chain", relating to a local chain dimension, coinciding or included in the 'classic' industrial 
district, physically located in a given territorial area. The cluster supply chain is especially 
notable for the presence of a primary industry supported by several companies specializing 
in various phases of the industry. Thanks to territorial proximity and the presence of a 
socially cohesive community, these companies have the ability to easily operate by 
coordinating along the value chain (Sacco, Ferilli, 2006). 

With respect to this first description, the literature emphasizes how clusters linked to local 
industries represent an area of strong identification and specialization in the economy of 
many Italian regions, although generally the cluster does not reach the regional dimension 
(Bardi, Bertini, 2005 ). In many contexts, some leading companies’ ability to grow and export 
can foster local induced activities and is an example increasingly imitated by dynamic new 
small businesses, a catalyst of growth processes and territorial specialization. Examples of 
chains related to this meaning may be found in many traditional Italian industrial districts. 
Consider, for example, the area between Carpi and Reggio Emilia for knitwear and clothing, 
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the industry and the increased competition on international markets led to an expansion of 
the classical concept of district, which meant an area in which a single homogeneous 
production chain was focused. To respond to these changes, the new articulation of a cluster 
is as metadistrict, that is a territorial chain not concentrated locally, but that creates a 
widespread, sectorially specialized network - on a regional, multi-regional or national scale - 
with strong interaction/interdependence/competition among the business realities belonging 
to it. In many cases this  connotation can be traced back to the development of products that 
identify the so-called 'Made in Italy' in some specific areas (typically the North East of the 
country and Tuscany), mainly focusing on sectors such as fashion, home, typical food 
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In this respect, the cluster supply chain is characterized by the different role of territorial 
contiguity of businesses with regard to cooperative and competitive dynamics that 
characterize it. Studies and remarks note how the metadistrict was established to overcome 
the old links among companies - where proximity is a prerequisite for the existence of 
relationships that can trigger processes of technological exchange and learning – by creating 
new links related to the development of new technologies and services necessary to keep 
those companies competitive. Globalization and new information technologies do not 
"disengage" companies from the territory, but help to provide the cluster with another 
operational dimension, in addition to and not as a replacement of the local dimension 
(Zucchetti, 2003). 

The change of competitive scenarios also influence the nature of relationships among companies 
within the supply chains and production chains. While within the traditional districts of the '70s 
and '80s the relationships among companies along the supply chain are basically egalitarian, 
mostly informal and usually direct, beginning from the '90s these characteristics deeply 
change. The stability of the suppliers' relationship with a limited number of clients, typically 
located within the district, is no longer a 'dogma', i.e. the degree of 'mobility' of the system is 
increasing. 

Furthermore, to support the internationalization and export activity aimed at enhancing the 
'Made in Italy', territorial production chains sometimes adopt a form of 'twinning' among 
the original industrial districts. Aggregation, in these cases, also aims at improving the 
awareness of belonging to a quality industry, promoting high visibility of the territories, 
increasing transparency and credibility with all stakeholders - investors, tour operators, 
consumers, etc. - and especially at increasing cooperation among industrial districts within a 
sector at national level17 (Fontana, 2007). Consider, for example, the chain of leather 
products for shoes and clothing in Tuscany, or the textile chain in Lombardy. 

Finally, the literature recognizes that even in our country the previously defined virtual 
clusters are taking shape. According to Rullani18, a virtual cluster may arise from very 
different evolutionary paths: 

1. From previously existent clusters that learn to master new technologies, combining the 
advantages of the existing local network with the advantages deriving from long 
distance relationships and multi-territorial sharing;  

2. From medium enterprises, once "plunged" in a regional system, that use new information 
technologies to extend their supply and distribution networks in the global circuit 
(without losing their roots in the area of origin); 

 From multinational companies, that discover the importance of differences and 
specificities of each territory they have access to, eventually anchoring themselves 
permanently to certain territorial specializations. These specializations are enhanced 

                                                                 
17 An example is the ‘agro-ichthyc-food industry’ twinning between the districts of San Daniele del Friuli (famous for the 
prosciutto Dop), Nocera Inferiore-Gragnano (famous for its tomatoes and pasta), Mazara del Vallo Co.S.Va.P. (fisheries) and 
Vulture (specialized in wine, fruit and vegetables, olive oil, cheeses and dairy products) (Fontana, 2007). 
18 Ibidem. 
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and expanded through access to that global network of virtual proximity and 
coexistence made possible by the multinational company itself.  

If, in general, our country sees setbacks in the rise of virtual clusters (mainly due to the 
difficulty for the traditional districts/clusters of SMEs to evolve rapidly19), the third path 
here outlined leads to the identification of a third type of supply chain cluster in Italy, 
defined in terms of 'trade mark' (or 'brand') industry. The connotation, though not 
prevalent in the Italian production reality (characterized by a structure of small and medium 
enterprises), can be recognized in all those cases in which large companies and/or 
multinational companies or large chains (whether the property be domestic or foreign) 
operate on a national scale through a widespread and 'loyal' network of suppliers and 
subcontractors. The following section presents in detail this specific type of supply chain 
cluster, widely present in the European and international context. 

5.3. Supply chain cluster in Europe 

While in Italy the patterns adopted by the supply chain cluster are significantly influenced 
by the specificity of the economic and social fabric, in the rest of Europe chain clusters are 
generally configured as business combinations, often multi-sectoral, linked by supply 
relationships (of goods and services) at different levels with large leading companies and/or 
multinational corporations.  

Due to globalization, in recent decades the European context has wirnessed the emergence 
of the concept of cluster supply chain in terms of virtual aggregation. As anticipated, this 
type developes around large companies that become a drive of the territorial development 
of some industrial areas at regional level, through processes of "virtualization" of the flow of 
information and of internationalization of the supply and distribution networks. These 
companies are able to stimulate and support the growth of competitiveness poles of global 
significance, within which operate production chains belonging to one or more related 
manufacturing sectors. 

Many corporations belonging to different sectors, such as IKEA, Ericsson, ABB, H&M, 
Volvo, belong to this type of cluster (Sölvell, 2006). 

Therefore, in this type of cluster the globalization of the supply chain and of innovation goes 
hand in hand with the strategic importance of the so-called 'local environments'. While local 
markets seem to have exhausted their function of driving force for most goods and services, 
the local concentration of activities related to various production sectors (old and new) 
continues to act as a driver of (multinational) business innovation. In other words, the 
multinational companies’ ability to compete is linked to their ability to act as ”insiders" 
(through their branches or subsidiaries) within the most dynamic regional clusters, and to 
                                                                 
19 Among the main factors that hinder the ‘virtual’ development of Italian districts and clusters, the literature identifies 
chronic saturation of work environment (full employment), of infrastructures (congestion), of free space (crowding), 
and of environmental tolerances (with balanced under constant stress) (Rullani, ib.). 
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and expanded through access to that global network of virtual proximity and 
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Therefore, in this type of cluster the globalization of the supply chain and of innovation goes 
hand in hand with the strategic importance of the so-called 'local environments'. While local 
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19 Among the main factors that hinder the ‘virtual’ development of Italian districts and clusters, the literature identifies 
chronic saturation of work environment (full employment), of infrastructures (congestion), of free space (crowding), 
and of environmental tolerances (with balanced under constant stress) (Rullani, ib.). 
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globally coordinate activities in order to connect in large-scale networks global markets and 
the innovative thrust deriving from local clusters20 (Sölvell, 2002). 

In summary, the literature recognizes in this type of cluster the persistence of some 
distinctive features of the supply chain cluster, except for the element of proximity, now 
redefined on a virtual basis. The specialization of production and the interaction among 
actors in the production chain continue to classify the cluster, developing through a 
virtualization of the flows of knowledge that stimulates the constant change and 
"upgrading" of products and services, thus creating the bases for advanced supply chains 
that are diversified geographically as well.  

5.4. Features of the cluster approach in the management of environmental issues 

This paragraph analyzes the characteristics of the "supply chain" cluster with reference to 
the elements that characterize its management from an environmental point of view. To this 
end we gathered a review of existing theoretical and empirical studies, oriented along the 
three trends of literature identified as priority areas of investigation about the connections 
between cluster approach, environmental management and supply chain management: 

 The trend of the so-called Green Supply Chain Management, or the development of 
supply chain management practices in environmental terms and their connections with 
the application of Environmental Management Systems (EMS); 

 Studies and experience related to the adoption and implementation of strongly 
product-oriented EMS, so-called POEMS ('Product-Oriented Environmental Management 
Systems'), mainly based on the need to identify, assess and manage the so-called 
"indirect environmental aspects" (introduced by EMAS II Regulation) related to the 
product; 

 The literature on the application of the concept and methodologies of Life Cycle 
Assessment (LCA) in line with the chain/supply chain.  

These three trends have in common (albeit with different meanings at times) the 
acknowledgement of the need to adopt an inter-organizational approach to environmental 
management based on coordination and co-operation among different actors in the sector 
and not necessarily linked the territory. This need is the culmination of an evolution in the 
application of environmental management tools, characterized by the progressive 
recognition and assimilation by the businesses of a management approach inspired by the 
so-called life cycle thinking21, marked by a greater sense of awareness and responsibility 
towards the environmental impacts that their activities have outside the confines of the 
production site (Carnimeo et al., 2002). 
                                                                 
20 In literature such clusters are sometimes called “Hollywoods” with reference to the californian cluster, world leader in 
the entertainment industry. 
21 In summary, Life Cycle Thinking can be defined as a ‘cultural’ approach that aims at focusing all management aspects 
of a product through a single ‘magnifying glass’: its life cycle. Under this approach, the environmental impacts (actual 
or potential) generated during the life cycle should be considered in an integrated manner when designing, developing 
and managing a product. For further reading see: Carnimeo, Frey, Iraldo (2002).  
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As previously stated, the first trend refers to the so-called Green Supply Chain 
Management, or that part of the literature born by integrating and "contaminating" 
environmental management and supply chain management studies, and targeted at 
investigating supply chain approaches and management logic from an environmental point 
of view (Srivastava, 2007)22. This is a trend literature regards as underdeveloped although 
potentially fertile for investigation, and so far studied in depth only in relation to certain 
phases or activities of the supply chain viewed individually (eg. green design, green 
procurement, reverse logistics, etc.) (Srivastava, 2007; Sharfman et al., 2009). Conversely, the 
same literature agrees in giving particular importance to studies and contributions that on 
the one hand account for the reasons for adopting environmental supply chain management 
practices, and on the other hand account for the benefits and difficulties related to the 
implementation of the same practices. 

At the empirical level, studies have shown the existence of a wide range of internal and 
external factors that may push companies to expand the environmental management to 
upstream and downstream supply chain activities: from the need to respond to increasing 
pressures from external stakeholders (e.g. consumers or institutions), to the need to ensure 
compliance to more stringent environmental regulatory requirements, to reasons of a strategic 
nature, or related to the opportunity to gain a competitive advantage (Sharfman et al. 2009; 
Darnall et al. 2008; Nawrocka, 2008). Corbett and Decroix (2001) affirm that nowadays the 
need to extend environmental management practices to the supply chain to improve 
performances is so recurrent in studies it has become a 'mantra' ("We have heard [...] various 
versions of the 'mantra': 'the next step forward in environmental improvement lies in 
supply-chain coordination', Corbett and Decroix, 2001). 

Important for the purposes of this analysis are those studies that investigate the reasons  
that push companies to extend the environmental management to the supply chain under a 
cooperative approach. In this context, the empirical contributions emphasize how - beyond 
the reasons more closely tied to a proactive and '"value-driven"' environmental management 
- the key element that pushes companies towards a logic of cooperation with suppliers is 
mainly due to the uncertainty of information that governs the nature and extent of 
environmental impacts associated with the production process upstream and downstream 
activities, and the complexity and difficulty of decision-making processes frequently created 
by this uncertainty (Vermeulen and Ras, 2006 ; Sharfman et al., 2009). 

In the context of a relatively scarce literature it is significant to note that some recent studies 
focus on the relationship linking the adoption and implementation of an Environmental 
Management System and the development of supply chain management practices, with the 
main objective to investigate (i) if and what kind of correlation exists in the adoption of 
these management practices, that is (ii) if and to what extent the adoption of one practice 
influences the adoption of the other (Darnall et al. 2008; Nawrocka 2008). 

The process of gradual 'opening' of EMS and their redefinition in inter-organizational terms 
is recognized by the literature as a significant innovation in environmental management 
                                                                 
22 Srivastava’s work (2007) offers a very detailed review of GSCM literature.  
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globally coordinate activities in order to connect in large-scale networks global markets and 
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20 In literature such clusters are sometimes called “Hollywoods” with reference to the californian cluster, world leader in 
the entertainment industry. 
21 In summary, Life Cycle Thinking can be defined as a ‘cultural’ approach that aims at focusing all management aspects 
of a product through a single ‘magnifying glass’: its life cycle. Under this approach, the environmental impacts (actual 
or potential) generated during the life cycle should be considered in an integrated manner when designing, developing 
and managing a product. For further reading see: Carnimeo, Frey, Iraldo (2002).  
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As previously stated, the first trend refers to the so-called Green Supply Chain 
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these management practices, that is (ii) if and to what extent the adoption of one practice 
influences the adoption of the other (Darnall et al. 2008; Nawrocka 2008). 

The process of gradual 'opening' of EMS and their redefinition in inter-organizational terms 
is recognized by the literature as a significant innovation in environmental management 
                                                                 
22 Srivastava’s work (2007) offers a very detailed review of GSCM literature.  
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practices, characterized by the gradual assimilation by enterprises of the management logic 
inspired by the so.called life cycle thinking. This trend is identified by some authors with the 
gradual extension of the objectives and scope of management systems to environmental 
issues related to the lifecycle of the product (or service). The result of this "integration" is 
called POEMS - Product Oriented Environmental Management Systems (Klinkers et al., 
1999). 

The links between environmental impacts related to production and product make the 
environmental management tools within the company ineffective by shifting the emphasis on 
the relationships the company itself has with the actors that influence those impacts. By this 
logic, the goal of the management system is not only to ensure the implementation of the 
company’s environmental policy by governing the processes and internal resources, but also 
to manage relations with the outside world, to foster and promote dissemination of that policy 
to other actors that share it. In other words, the scope of implementation of the management 
system becomes that of the actions and interactions through which many actors manage the 
impacts related to the different stages of the product’s lifecycle (Sharfman et al., 1997). 

The literature on POEMS highlights the benefits and limitations of these tools. In fact, 
although taking into account the entire lifecycle can provide more opportunities to reduce 
the environmental impact associated with the products - either through actions on specific 
issues and joint efforts involving different stakeholders along the chain - (Sharfman et al., 
2009), thus contributing to the achievement of tangible improvements in performance (van 
Berkel et al. 1999; Charter and Belmane, 1999; Brezet and Rocha, 2001), the process of 
'opening up' the environmental management systems is not immediate or 'painless' for 
businesses. 

At European level, some experiences of POEMS developed since the '90s. In the Netherlands 
the signing of voluntary agreements between various industries and local authorities has 
allowed the development and funding of some pilot projects for product-oriented EMS. A 
study of sixty Dutch companies shows that the most sensitive element in the development 
of such tools is the difficulty for organizations to obtain the necessary information from their 
suppliers, because of the other companies’ unfamiliarity with POEMS and the little 
influence of single organizations, especially small ones, on the whole product chain. Other 
experiences have demonstrated the 'compatibility' of the approaches and the requirements 
of international and European standards on environmental management systems (ISO 14001 
and EMAS) and POEMS. 

In France, a project to develop product environmental management in the automotive sector 
involved 250 companies, mostly SMEs, with the aim of honing tools and methodologies for 
the development of POEMS in organizations belonging to the sector. In this case the main 
project stimulus was of a regulatory nature, in connection with the requirements of the 
European Directive End of Life Vehicle, which demands specific knowledge of the supply 
chain23 (Andriola et al., 2003a). 

                                                                 
23 Directive 2000/53/CE.  
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In Italy as well several POEMS experiences were carried out in medium-large businesses, or 
under programme agreements with public institutions (Ardente et al., 2006; Andriola et al., 
2003a). Overall, the Italian experiences and the experimental applications in Europe (mainly 
in the Netherlands, France and Denmark) have not led to a 'coding' of POEMS by any 
international or Community standard. However, it must be noted how these experiences 
have contributed significantly to the development of methodological and management tools 
aimed not only at accounting for the impacts associated with the lifecycle of the product, but 
also at involving the suppliers in the assessment and quantification dynamics of these 
impacts. Among these tools, the methodologies of Life Cycle Assessment (LCA) are 
predominant24.  

A vast literature deals with the technical and methodological aspects as well as with 
numerous case studies and methods of dissemination of the LCA in Italy and in other 
advanced countries. For the purposes of this analysis, it is particularly important to observe 
the studies that investigate the role and mode of application of the LCA in the context of the 
management of supply chain relationships and management. In this respect, the literature 
recognizes that the potential of a LCA is revealed mainly in the form of a methodology 
capable of triggering an inter-organizational and networking approach within the chain. In 
fact, the steps that make up the tool25 imply the need to activate along the entire supply 
chain the information and communicational channels necessary to collect and process data 
and information that allow to quantify the interactions between the 'product system' 
analized and the environment (Pesonen, 2001, Lefebvre 2000, Krikke et al. 2004; Sarkis, 2001; 
Sroufe et al., 2000). 

Finally, it is important to note that some studies go further in analyzing the relationship 
between LCA and supply chain. They apply the methodology of Life Cycle Assessment as 
an opportunity to "restructure" the supply chain, with the aim of improving the 
environmental performance associated with a specific "product system". It is essential to 
take into account a number of factors for the LCA to be able to effectively contribute to 
                                                                 
24 The most common definition of this method comes from the Society of Environmental Toxicology and Chemistry 
(SETAC): “a LCA is a process to evaluate the environmental burdens associated with a product […] by identifying and 
quantifying energy and materials used and wastes released to the environment to assess the impact of those energy and materials 
used and releases to the environment; and to identify and evaluate opportunities to affect environmental improvements. The 
assessment includes the entire life cycle of the product […] encompassing, extracting and processing raw materials; 
manufacturing, transportation and distribution; use, re-use,  recycling, and final disposal” (SETAC, 1993). If the inter-
organizational approach of the POEMS consists in considering the product-system as “a network of operations linked 
together by flows of materials and energy […] that ties activities and processes in different organizational contexts” (Heiskanen, 
2000), the use of a LCA proves itself extremely useful, since it can be aimed at finding the optimal solutions for the 
entire product-system, regardless of what would be preferable from an environmental point of view for each single 
process (or single organization) (Carnimeo et al., 2000).    
25 The structure of the LCA derives from the scheme set up by SETAC in the early ‘90s with the aim of proposing a 
common approach for all the analyses carried out until then. This format is still the basic structure from which the 
subsequent changes and amendments derived. Internationally, the scheme proposed by SETAC was complemented by 
the ISO Regulations 14040 series, which rule the drafting of LCA studies. According to the ISO general regulation, the 
assessment of the life cycle must include the following steps: 1) definition of the objective and scope of the study, 2) 
inventory analysis, 3) impact assessment; 4 ) interpretation of results. 
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logic, the goal of the management system is not only to ensure the implementation of the 
company’s environmental policy by governing the processes and internal resources, but also 
to manage relations with the outside world, to foster and promote dissemination of that policy 
to other actors that share it. In other words, the scope of implementation of the management 
system becomes that of the actions and interactions through which many actors manage the 
impacts related to the different stages of the product’s lifecycle (Sharfman et al., 1997). 

The literature on POEMS highlights the benefits and limitations of these tools. In fact, 
although taking into account the entire lifecycle can provide more opportunities to reduce 
the environmental impact associated with the products - either through actions on specific 
issues and joint efforts involving different stakeholders along the chain - (Sharfman et al., 
2009), thus contributing to the achievement of tangible improvements in performance (van 
Berkel et al. 1999; Charter and Belmane, 1999; Brezet and Rocha, 2001), the process of 
'opening up' the environmental management systems is not immediate or 'painless' for 
businesses. 

At European level, some experiences of POEMS developed since the '90s. In the Netherlands 
the signing of voluntary agreements between various industries and local authorities has 
allowed the development and funding of some pilot projects for product-oriented EMS. A 
study of sixty Dutch companies shows that the most sensitive element in the development 
of such tools is the difficulty for organizations to obtain the necessary information from their 
suppliers, because of the other companies’ unfamiliarity with POEMS and the little 
influence of single organizations, especially small ones, on the whole product chain. Other 
experiences have demonstrated the 'compatibility' of the approaches and the requirements 
of international and European standards on environmental management systems (ISO 14001 
and EMAS) and POEMS. 

In France, a project to develop product environmental management in the automotive sector 
involved 250 companies, mostly SMEs, with the aim of honing tools and methodologies for 
the development of POEMS in organizations belonging to the sector. In this case the main 
project stimulus was of a regulatory nature, in connection with the requirements of the 
European Directive End of Life Vehicle, which demands specific knowledge of the supply 
chain23 (Andriola et al., 2003a). 

                                                                 
23 Directive 2000/53/CE.  
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In Italy as well several POEMS experiences were carried out in medium-large businesses, or 
under programme agreements with public institutions (Ardente et al., 2006; Andriola et al., 
2003a). Overall, the Italian experiences and the experimental applications in Europe (mainly 
in the Netherlands, France and Denmark) have not led to a 'coding' of POEMS by any 
international or Community standard. However, it must be noted how these experiences 
have contributed significantly to the development of methodological and management tools 
aimed not only at accounting for the impacts associated with the lifecycle of the product, but 
also at involving the suppliers in the assessment and quantification dynamics of these 
impacts. Among these tools, the methodologies of Life Cycle Assessment (LCA) are 
predominant24.  

A vast literature deals with the technical and methodological aspects as well as with 
numerous case studies and methods of dissemination of the LCA in Italy and in other 
advanced countries. For the purposes of this analysis, it is particularly important to observe 
the studies that investigate the role and mode of application of the LCA in the context of the 
management of supply chain relationships and management. In this respect, the literature 
recognizes that the potential of a LCA is revealed mainly in the form of a methodology 
capable of triggering an inter-organizational and networking approach within the chain. In 
fact, the steps that make up the tool25 imply the need to activate along the entire supply 
chain the information and communicational channels necessary to collect and process data 
and information that allow to quantify the interactions between the 'product system' 
analized and the environment (Pesonen, 2001, Lefebvre 2000, Krikke et al. 2004; Sarkis, 2001; 
Sroufe et al., 2000). 

Finally, it is important to note that some studies go further in analyzing the relationship 
between LCA and supply chain. They apply the methodology of Life Cycle Assessment as 
an opportunity to "restructure" the supply chain, with the aim of improving the 
environmental performance associated with a specific "product system". It is essential to 
take into account a number of factors for the LCA to be able to effectively contribute to 
                                                                 
24 The most common definition of this method comes from the Society of Environmental Toxicology and Chemistry 
(SETAC): “a LCA is a process to evaluate the environmental burdens associated with a product […] by identifying and 
quantifying energy and materials used and wastes released to the environment to assess the impact of those energy and materials 
used and releases to the environment; and to identify and evaluate opportunities to affect environmental improvements. The 
assessment includes the entire life cycle of the product […] encompassing, extracting and processing raw materials; 
manufacturing, transportation and distribution; use, re-use,  recycling, and final disposal” (SETAC, 1993). If the inter-
organizational approach of the POEMS consists in considering the product-system as “a network of operations linked 
together by flows of materials and energy […] that ties activities and processes in different organizational contexts” (Heiskanen, 
2000), the use of a LCA proves itself extremely useful, since it can be aimed at finding the optimal solutions for the 
entire product-system, regardless of what would be preferable from an environmental point of view for each single 
process (or single organization) (Carnimeo et al., 2000).    
25 The structure of the LCA derives from the scheme set up by SETAC in the early ‘90s with the aim of proposing a 
common approach for all the analyses carried out until then. This format is still the basic structure from which the 
subsequent changes and amendments derived. Internationally, the scheme proposed by SETAC was complemented by 
the ISO Regulations 14040 series, which rule the drafting of LCA studies. According to the ISO general regulation, the 
assessment of the life cycle must include the following steps: 1) definition of the objective and scope of the study, 2) 
inventory analysis, 3) impact assessment; 4 ) interpretation of results. 
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improve the environmental performances associated with the implementation of a product 
or service which combine multiple actors along the value chain (Hagelaar G. and van der 
Vorst J., 2001): 

 The results of the LCA methodology are closely tied to the definition of the objectives 
and scope of this tool that are set at the startup of the evaluation process; 

 The application of LCA in the perspective of the supply chain involves strong 
cooperation among all actors involved, not only in terms of trust and openness, but also 
of transparency in the shared data and information and of consistency in their policies.  

In conclusion, it is possible to account for some empirical evidence related to the 
implementation of tools linked to Life Cycle Thinking in the logic of supply chain 
management. When LCA is integrated into the environmental management system in a 
logic of supply chain dynamics management, it is to be assumed that companies that use 
and promote this approach are able to affect the environmental impacts or influence the 
behaviour of actors that are external to the "boundaries" of the companies’ organization. 
This is a pre-condition for the integration of product logic to be effective. If this pre-
condition occurs, the use of LCA within the supply chain relationships provides important 
contact points, synergies and complementarity with an “extended” environmental 
management system. The above mentioned approach of "indirect environmental aspects" 
introduced by the EMAS II Regulation is well suited to be the "leverage" through which to 
introduce these tools. 

The experiences in the analyzed scenario refer to the implementation of a LCA aimed at 
including product-oriented logic in an environmental management system. A first empirical 
evidence refers to the transition from a single company to a supply chain perspective, in the 
implementation of the Initial Environmental Analysis (as provided by ISO 14001 and EMAS) 
that crosses the company’s boundaries and allows to identify and properly assess the 
indirect environmental aspects thanks to the adoption of the LCA. Although in practice the 
EMAS Regulation does not require the company to conduct a thorough LCA, it is clear that 
knowledge of these impacts is necessary, especially when it is functional to the identification 
of the most significant indirect environmental aspects. Understanding the impacts of 
product disposal, or of the product’s packaging, may be decisive for a company that uses 
large distribution channels and targets/is addressed to the final market. 

The same applies when a company uses a transport network for the delivery of its products 
to intermediate customers "spread" on the territory. This activity can be carried out as part 
of a chain. In the case of the local supply chain that drove the PIONEER project26, for 
example, a simplified LCA of paper products was implemented (streamlined or screening 
LCA, to use English terminology), useful to companies in the supply chain to identify 
                                                                 
26 The Life PIONEER Project (2003-2006) had the objective to define and experimentally implement a methodology 
based on the EMAS Regulation to the paper industry district of Lucca. The methodology has promoted a cooperative 
and integrated approach to the environmental management at local level, aimed at involving all stakeholders in 
actions to improve the environmental performance of the territory. For further reading, see: Frey and Iraldo, 2008 and 
the website www.life-pioneer.info 
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particularly relevant indirect aspects and to determine the connections among the various 
business activities of companies operating at different stages of the supply chain,  in order to 
focus on critical points on which it was then possible to work with joint programmes and 
improvements. 

LCA can be applied effectively in the supply chain environmental management also in the 
pursuit of ways to improve eco-efficiency. The so-called Life Cycle Costing (LCC), for 
example, provides guidance on how to integrate "conventional" accounting with an 
approach that allows to identify longer-term strategic opportunities and efficiency margins. 
An interesting example of application of LCC is that of the logistics of the large company 
Xerox (Bennet, James, 1999). Careful analysis of logistics costs by the company (related to 
product distribution and the recovery of remains to be reused) showed efficiency margins in 
its supply chain. However, in order to seize these opportunities some  interventions were 
needed to design, manage and reorganize logistics flows which would mean a different 
allocation of costs and benefits among the different stakeholders (Xerox suppliers and 
customers). 

Examples of these solutions were the internalization of the costs of packaging (including 
disposal) in accordance with the suppliers, and the standardization of packages so that they 
were adaptable to every product and, above all, reusable by customers to pack the product 
being replaced (and returned) at end of life. With an initial investment of 4-5 million dollars, 
Xerox estimated annual savings of $1.2, to which some “intangible” benefits (e.g. in the 
management and organizatin of logistics: handling of homogeneous packaging, reduction of 
operations’ time, etc.) added up. Although the overall comparison gave a positive outcome, 
some phases of the chain showed an increase in costs. Had the company not analyzed costs 
and potential benefits in the different stages of the lifecycle using the LCC method and 
reasoning in terms of actions promoted and coordinated by Xerox in an integrated logic 
with the other industry players, they would have never independently decided to engage in 
the improvement programme. 

There are other examples that show how attention to the product under a “supply chain” 
environmental management system driven by the logic of the life cycle can constitute a solid 
basis on which to build a strategy oriented to an “environmental” customer satisfaction27. 
An interesting case is that of Baxter International. After stating in its policy that "we will 
work with our clients to help them tackle their environmental problems”, the company 
managed to translate this principle at the operational level by applying an approach heavily 
oriented towards the green supply chain management. Resolutely going beyond the 
boundaries of its organization, management at Baxter decided to take charge of the issues 
related to the disposal of waste that results from the use of intermediate products in the 
"downstream" activities. By this logic, a waste auditing service was activated with the aim to 
                                                                 
27 Although the concept of environmental customer satisfaction is not totally alien to the logic of a management system, 
it is usually related to social actors, since the main “customer” in environmental terms is the one that suffers the 
externalities of production. When this customer coincides with the traditional customer, however, the dynamics with 
which relationships can be managed differ from those that govern relationships with social stakeholders. 
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introduced by the EMAS II Regulation is well suited to be the "leverage" through which to 
introduce these tools. 

The experiences in the analyzed scenario refer to the implementation of a LCA aimed at 
including product-oriented logic in an environmental management system. A first empirical 
evidence refers to the transition from a single company to a supply chain perspective, in the 
implementation of the Initial Environmental Analysis (as provided by ISO 14001 and EMAS) 
that crosses the company’s boundaries and allows to identify and properly assess the 
indirect environmental aspects thanks to the adoption of the LCA. Although in practice the 
EMAS Regulation does not require the company to conduct a thorough LCA, it is clear that 
knowledge of these impacts is necessary, especially when it is functional to the identification 
of the most significant indirect environmental aspects. Understanding the impacts of 
product disposal, or of the product’s packaging, may be decisive for a company that uses 
large distribution channels and targets/is addressed to the final market. 

The same applies when a company uses a transport network for the delivery of its products 
to intermediate customers "spread" on the territory. This activity can be carried out as part 
of a chain. In the case of the local supply chain that drove the PIONEER project26, for 
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particularly relevant indirect aspects and to determine the connections among the various 
business activities of companies operating at different stages of the supply chain,  in order to 
focus on critical points on which it was then possible to work with joint programmes and 
improvements. 

LCA can be applied effectively in the supply chain environmental management also in the 
pursuit of ways to improve eco-efficiency. The so-called Life Cycle Costing (LCC), for 
example, provides guidance on how to integrate "conventional" accounting with an 
approach that allows to identify longer-term strategic opportunities and efficiency margins. 
An interesting example of application of LCC is that of the logistics of the large company 
Xerox (Bennet, James, 1999). Careful analysis of logistics costs by the company (related to 
product distribution and the recovery of remains to be reused) showed efficiency margins in 
its supply chain. However, in order to seize these opportunities some  interventions were 
needed to design, manage and reorganize logistics flows which would mean a different 
allocation of costs and benefits among the different stakeholders (Xerox suppliers and 
customers). 

Examples of these solutions were the internalization of the costs of packaging (including 
disposal) in accordance with the suppliers, and the standardization of packages so that they 
were adaptable to every product and, above all, reusable by customers to pack the product 
being replaced (and returned) at end of life. With an initial investment of 4-5 million dollars, 
Xerox estimated annual savings of $1.2, to which some “intangible” benefits (e.g. in the 
management and organizatin of logistics: handling of homogeneous packaging, reduction of 
operations’ time, etc.) added up. Although the overall comparison gave a positive outcome, 
some phases of the chain showed an increase in costs. Had the company not analyzed costs 
and potential benefits in the different stages of the lifecycle using the LCC method and 
reasoning in terms of actions promoted and coordinated by Xerox in an integrated logic 
with the other industry players, they would have never independently decided to engage in 
the improvement programme. 

There are other examples that show how attention to the product under a “supply chain” 
environmental management system driven by the logic of the life cycle can constitute a solid 
basis on which to build a strategy oriented to an “environmental” customer satisfaction27. 
An interesting case is that of Baxter International. After stating in its policy that "we will 
work with our clients to help them tackle their environmental problems”, the company 
managed to translate this principle at the operational level by applying an approach heavily 
oriented towards the green supply chain management. Resolutely going beyond the 
boundaries of its organization, management at Baxter decided to take charge of the issues 
related to the disposal of waste that results from the use of intermediate products in the 
"downstream" activities. By this logic, a waste auditing service was activated with the aim to 
                                                                 
27 Although the concept of environmental customer satisfaction is not totally alien to the logic of a management system, 
it is usually related to social actors, since the main “customer” in environmental terms is the one that suffers the 
externalities of production. When this customer coincides with the traditional customer, however, the dynamics with 
which relationships can be managed differ from those that govern relationships with social stakeholders. 
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verify the needs in the waste management of their intermediate customers. The activity 
developed by this service has produced a set of suggestions/recommendations, then 
implemented through a thorough and extensive redesign of products and services in order 
to minimize their impact downstream of the production process (Fuller, 1999).  

Another interesting case is that of the initiatives undertaken by a group of U.S. chemical 
companies in a “horizontal supply chain” (Elwood and Case, 2000) for the management of 
orders from customers in a logic of eco-efficiency. In this case, the needs of production 
efficiency go together with the attempt by the manufacturers to reduce the environmental 
impacts of their products in all stages of the lifecycle.  

The examples here reported show some approaches that were made possible only through 
the cooperative relationship among the companies in the supply chain and, although not 
directly related to the application of LCA, they clarify that a product-oriented logic can 
effectively engage on the environmental management system of a company that operates as 
a producer or as a customer in any type of supply chain. This logic provides crucial support 
for the management of customer relationships, and bridges the gaps of the system when it 
comes to identifying the customers’ needs, defining interaction modes, handling complaints 
and returns (for environmental reasons), reviewing the contract (which can include 
requirements concerning the product’s impact) and measuring customers'  satisfaction, 
which is essential in order to assess the environmental competitiveness and “green” 
marketing strategies implemented by the company itself. 

In terms of marketing and environmental communication, there is another interesting example 
of application of product logic within a supply chain. It is the opportunity, now available and 
potentially very effective, to certify the environmental impact of a product of a "local" chain or 
a group of producers on the basis of an international scheme based on the ISO standard. The 
EPD international system (Environmental Product Declaration), currently managed by a body 
comprising representatives of some EU countries (including Italy) was born with the objective 
to certify the environmental performances of a product or service of a single firm. 

Because of the evolution of the system and its gradual spreading (currently it counts more 
than 100 companies) there is the the need to promote products and services that come from 
an entire production system (i.e. a “cluster” or chain of companies) precisely because of 
environmental marketing objectives of a typical product or a product tied to a "brand". 
Thanks to the recent amendment of the EPD certification system groups of producers (from 
a district, a chain, a geographical area) were offered the opportunity to develop an 
Environmental Product Declaration that can enhance the excellent environmental 
performances of their "average" product. 

6. Conclusion 
SMEs are to be considered a crucial target if policy makers really want to pursue sustainable 
development. The environmental problem does not fully emerge if one considers individual 
firms (although in some cases there can be serious impacts on local environments and 
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communities exerted by a single SME), but it pertains to their combined and cumulative 
impact across sectors. Therefore. these companies are responsible for a large share of 
business environmental impacts.  

These observations have stimulated the development of the so-called “cluster approach” to 
manage the environmental issues of a large number of SMEs located in limited territorial 
areas. As above mentioned, this concept is not limited to the classical configuration of the 
industrial district (geographically confined industrial areas) but it also encompasses 
environmentally equipped production areas ("APEA"), or industrial parks up to the 
interactions along the supply chain.  

For example, the Industrial District is a local system with the presence of a prevalent 
production activity carried out by a group of small independent firms highly specialized in 
different stages of the same production process. On the contrary, Production Areas 
represent an organizational model characterized by the territorial element but, unlike the 
District, they are concentrated in areas that are easier to define and circumscribe 
geographically, and do not necessarily show the presence of one or more specialised 
production sectors.  

The networking approach allows enterprises to co-operate by identifying and assessing 
similar environmental aspects and by finding technological and operational solutions that 
can be applied to similar production processes and products, as well as by defining 
organisational structures suitable for the same kind of production cycles 

In the APEA case, co-operation is facilitated by the ‘physical contiguousness’ and there are 
synergies both in improving the environmental impact on the same local eco-system, and in 
interacting and communicating with the same stakeholders (local population, authorities, 
etc.). 

In some cases, a network was created among SMEs within a ‘cluster’ in order to foster 
information exchange and experience dissemination and to define and apply common 
solutions to similar environmental, technical and/or organisational problems, or to share 
environmental management resources (Iraldo & Frey, 2007). A specific kind of co-operation 
within a cluster of organisations takes place in the supply-chain: when a large customer is 
willing to support small suppliers in the EMS implementation process, then all the smaller 
organisations involved in the supply chain can greatly benefit from networking. This 
approach proved to be effective in some Member States such as Germany (“Konvoi” 
approach), Spain (co-operation in the tourism supply chain), Nordic Countries (Denmark 
and Sweden) but in particular in Italy, where by means of the so-called APO “Ambiti 
Produttivi Omogenei”, it has shown its effectiveness in promoting the environmental 
compliance of SMEs. 

Therefore, we collected some empirical cases to demonstrate how the innovative approach 
to environmental management called “cluster approach” can be an effective tool available to 
SMEs in order to improve their environmental performance and find innovative 
management solutions. 
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communities exerted by a single SME), but it pertains to their combined and cumulative 
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The goal for future research and experimental initiatives should be the development of the 
cluster approach and its structural inclusion in policy-making.  

Author details 
Francesco Testa1,*, Tiberio Daddi1, Fabio Iraldo1,2 and Marco Frey1,2 
1Sant’Anna School of Advanced Studies, Pisa, Italy  
2IEFE – Institute for Environmental and Energy Policy and Economics, Milano 

7. References 
ADEME (2007). L'environnement et la maîtrise de l'énergie dans les PME, Paris. 
Andriola L., Luciani R., Sibilio S. (2003b), ‘I sistemi di gestione ambientale orientati al 

prodotto: POEMS, un nuovo strumento’, Ambiente, n. 8 
Bardo A., Bertini S. (a cura di) (2005), Dinamiche territoriali e nuova industria, Dai distretti 

alle filiere, V Rapporto della Fondazione istituto per il Lavoro, Maggioli Editore, 
Milano. 

Becattini G. (1979). “Dal ‘settore’ industriale al ‘distretto’ industriale. Alcune considerazioni 
sull’unità di indagine dell’economia industriale”, Rivista di economia e politica 
industriale, n. 1, 

Calcagno D., Del Borghi A., Gaggero P.L., Sacerdote I. (2006), The contribution of LCA 
methodology to the environmental sustainability of cement production, 15th 
International Symposium on Mine Planning & Equipment Selection MPES, Torino - 
Italy, September 20 - 22, 2006 

Cancila E., Bosso A. e Ottolenghi M. (a cura di), (2006), La gestione sostenibile delle aree 
produttive. Una scelta possibile per il governo del territorio e per il rilancio delle 
politiche industriali, Ervet, Bologna. 

Carnimeo G., Frey M., Iraldo F. (2002), Gestione del Prodotto e Sostenibilità, Le imprese di 
fronte alle nuove prospettive delle politiche ambientali comunitarie e della IPP 
(Integrated Product Policy), Franco Angeli, Milano 

Charter M., Belmane I., (1999), Integrated Product Policy (IPP) and Eco-Product 
Development (EPD), Journal of Sustainable Product Design. 

Communication from the European Commission to the Council, the European Parliament, 
the european economic and social committee and the committee of the region “Towards 
world-class clusters in the European Union:Implementing the broad-based innovation 
strategy” (COM (2008) 652). 

Corbett C. J., DeCroix G. A., (2001), Shared-Savings Contracts for Indirect Materials in 
Supply Chains: Channel profits and Environmental Impacts, Management Science, Vol. 
47, n. 7 

                                                                 
* Corresponding Author 

 
Overview of Past and Ongoing Experiences Dealing with the Environmental Management at Cluster Level 347 

Corsten D., Kumar N. (2005), Do suppliers benefit from collaborative relationships with 
large retailers? An empirical investigation of efficient consumer response adoption, 
Journal of Marketing, Vol. 69, n.3 

Darnall N., Jolley G. J., Handfield R. (2008), Environmental Management Systems and Green 
Supply Chain Management: Complements for Sustainability?, Business Strategy and 
the Environment, n.18 

De Witt T., Giunipero L. C., Melton H. L. (2006), Clusters and supply chain management: the 
Amish experience, International Journal of Physical Distribution & Logistics 
Management, Vol. 36, n 4. 

Doney P.M., Cannon, J.P. (1997), An examination of the nature of trust in buyer-seller 
relationships, Journal of Marketing, Vol. 61, 1997. 

ENEA - Progetto Life-Siam (2007), Linee Guida per l’insediamento e la gestione di aree 
produttive sostenibili [on line], disponibile su <http://www.life-siam.bologna.enea.it/> 
[data di accesso: 23 marzo 2009] 

Fontana D. (2007), Distretti Italiani in quindici anni di vita di strada ne ha fatta, 
Amministrazione & Finanza, n. 22/2007, Inserto 

Frosch R. e Gallopolus N., (1989), Strategies for manufacturing, Scientific American, 261: 94 
Fuller D.A. (1999), New decision boundaries: the product system life cycle, in Sustainable 

Marketing, SAGE Publications, Thousand Oaks, London, New Delhi. 
Ganeson S. (1994), Determinants of long-term orientation in buyer-seller relationships, 

Journal of Marketing, Vol. 58 
Graedel T.E. and Allenby B.R., (2002), “Industrial Ecology”, Prentice Hall, 363 

http://www.chinacp.org.cn, Cleaner Production in China, [data dell’ultima 
consultazione: 25 marzo 2009] 

Hagelaar G., van der Vorst J. (2001), Environmental Supply Chain Management: using Life 
Cycle Assessment to structure supply chains, Paper IAMA 2001, Sydney, Australia. 

Heiksanen E, (2000), Managers’interpretation of LCA: enlightment and responsibility or 
conflusion and denial, Business Strategy and the Environment, Vol. 9 

Johnston R. (2003), Clusters: A Review, The Australian Centre for Innovation Limited. 
Lowe, E.A., Moran S.R. and Holmes D.B. (1996). Fieldbook for the development of Eco – 

Industrial Park, final report, Washington 
Marceau J., Dodgson M., (1999) Systems of Innovation, Paper N. 1, Innovation Summit, 

Department of Industry, Science and Resources, Canberra 
Marshall A., (1980). Principles of Economics: an Introductory Volume. London. 
Marshall C. (1998). Report for HM Treasury.Economic Instruments and the Business Use of 

Energy. The Stationary Office, London. 
Mentzer J.T., DeWitt W., Keebler J.S., Nix N.W., Smith C.D., Zacharia, Z.G. (2001), “Defining 

supply chain management”, Journal of Business Logistics, Vol. 22 No. 2. 
Morikawa M., (2000), Eco–industrial development in Japan, Indigo Development Center 
Nawrocka D. (2008), Inter-Organizational Use of EMSs in Supply Chain Management: Some 

Experiences from Poland and Sweden, Corporate Social Responsibility and 
Environmental Management, n. 15 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 346 

The goal for future research and experimental initiatives should be the development of the 
cluster approach and its structural inclusion in policy-making.  

Author details 
Francesco Testa1,*, Tiberio Daddi1, Fabio Iraldo1,2 and Marco Frey1,2 
1Sant’Anna School of Advanced Studies, Pisa, Italy  
2IEFE – Institute for Environmental and Energy Policy and Economics, Milano 

7. References 
ADEME (2007). L'environnement et la maîtrise de l'énergie dans les PME, Paris. 
Andriola L., Luciani R., Sibilio S. (2003b), ‘I sistemi di gestione ambientale orientati al 

prodotto: POEMS, un nuovo strumento’, Ambiente, n. 8 
Bardo A., Bertini S. (a cura di) (2005), Dinamiche territoriali e nuova industria, Dai distretti 

alle filiere, V Rapporto della Fondazione istituto per il Lavoro, Maggioli Editore, 
Milano. 

Becattini G. (1979). “Dal ‘settore’ industriale al ‘distretto’ industriale. Alcune considerazioni 
sull’unità di indagine dell’economia industriale”, Rivista di economia e politica 
industriale, n. 1, 

Calcagno D., Del Borghi A., Gaggero P.L., Sacerdote I. (2006), The contribution of LCA 
methodology to the environmental sustainability of cement production, 15th 
International Symposium on Mine Planning & Equipment Selection MPES, Torino - 
Italy, September 20 - 22, 2006 

Cancila E., Bosso A. e Ottolenghi M. (a cura di), (2006), La gestione sostenibile delle aree 
produttive. Una scelta possibile per il governo del territorio e per il rilancio delle 
politiche industriali, Ervet, Bologna. 

Carnimeo G., Frey M., Iraldo F. (2002), Gestione del Prodotto e Sostenibilità, Le imprese di 
fronte alle nuove prospettive delle politiche ambientali comunitarie e della IPP 
(Integrated Product Policy), Franco Angeli, Milano 

Charter M., Belmane I., (1999), Integrated Product Policy (IPP) and Eco-Product 
Development (EPD), Journal of Sustainable Product Design. 

Communication from the European Commission to the Council, the European Parliament, 
the european economic and social committee and the committee of the region “Towards 
world-class clusters in the European Union:Implementing the broad-based innovation 
strategy” (COM (2008) 652). 

Corbett C. J., DeCroix G. A., (2001), Shared-Savings Contracts for Indirect Materials in 
Supply Chains: Channel profits and Environmental Impacts, Management Science, Vol. 
47, n. 7 

                                                                 
* Corresponding Author 

 
Overview of Past and Ongoing Experiences Dealing with the Environmental Management at Cluster Level 347 

Corsten D., Kumar N. (2005), Do suppliers benefit from collaborative relationships with 
large retailers? An empirical investigation of efficient consumer response adoption, 
Journal of Marketing, Vol. 69, n.3 

Darnall N., Jolley G. J., Handfield R. (2008), Environmental Management Systems and Green 
Supply Chain Management: Complements for Sustainability?, Business Strategy and 
the Environment, n.18 

De Witt T., Giunipero L. C., Melton H. L. (2006), Clusters and supply chain management: the 
Amish experience, International Journal of Physical Distribution & Logistics 
Management, Vol. 36, n 4. 

Doney P.M., Cannon, J.P. (1997), An examination of the nature of trust in buyer-seller 
relationships, Journal of Marketing, Vol. 61, 1997. 

ENEA - Progetto Life-Siam (2007), Linee Guida per l’insediamento e la gestione di aree 
produttive sostenibili [on line], disponibile su <http://www.life-siam.bologna.enea.it/> 
[data di accesso: 23 marzo 2009] 

Fontana D. (2007), Distretti Italiani in quindici anni di vita di strada ne ha fatta, 
Amministrazione & Finanza, n. 22/2007, Inserto 

Frosch R. e Gallopolus N., (1989), Strategies for manufacturing, Scientific American, 261: 94 
Fuller D.A. (1999), New decision boundaries: the product system life cycle, in Sustainable 

Marketing, SAGE Publications, Thousand Oaks, London, New Delhi. 
Ganeson S. (1994), Determinants of long-term orientation in buyer-seller relationships, 

Journal of Marketing, Vol. 58 
Graedel T.E. and Allenby B.R., (2002), “Industrial Ecology”, Prentice Hall, 363 

http://www.chinacp.org.cn, Cleaner Production in China, [data dell’ultima 
consultazione: 25 marzo 2009] 

Hagelaar G., van der Vorst J. (2001), Environmental Supply Chain Management: using Life 
Cycle Assessment to structure supply chains, Paper IAMA 2001, Sydney, Australia. 

Heiksanen E, (2000), Managers’interpretation of LCA: enlightment and responsibility or 
conflusion and denial, Business Strategy and the Environment, Vol. 9 

Johnston R. (2003), Clusters: A Review, The Australian Centre for Innovation Limited. 
Lowe, E.A., Moran S.R. and Holmes D.B. (1996). Fieldbook for the development of Eco – 

Industrial Park, final report, Washington 
Marceau J., Dodgson M., (1999) Systems of Innovation, Paper N. 1, Innovation Summit, 

Department of Industry, Science and Resources, Canberra 
Marshall A., (1980). Principles of Economics: an Introductory Volume. London. 
Marshall C. (1998). Report for HM Treasury.Economic Instruments and the Business Use of 

Energy. The Stationary Office, London. 
Mentzer J.T., DeWitt W., Keebler J.S., Nix N.W., Smith C.D., Zacharia, Z.G. (2001), “Defining 

supply chain management”, Journal of Business Logistics, Vol. 22 No. 2. 
Morikawa M., (2000), Eco–industrial development in Japan, Indigo Development Center 
Nawrocka D. (2008), Inter-Organizational Use of EMSs in Supply Chain Management: Some 

Experiences from Poland and Sweden, Corporate Social Responsibility and 
Environmental Management, n. 15 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 348 

Noordewier T.G., John G., Nevin J.R. (1990), Performance outcomes of purchasing 
arrangements in industrial buyer-vendor relationships, Journal of Marketing, Vol. 54 

Pesonen H-L. (2006), Multinational Corporations and Clusters, Vinnova Conference 
Proceedings “Challenges to National Innovation Systems in a Globalizing World”, 
Stockholm, 19th January 2006. 

Porter M. E., (1998). On Competition, Harvard Business School Press, Boston. 
Porter, M.E. (1990). The Competitive Advantage of Nations, Macmillan, London. 
Regional Council of Etela – Savo, (2006), Eco Industrial Parks, background report for the eco 

– industrial park project at Ratasalmi – Interreg IIIB. 
Rullani E. (2002), Dallo sviluppo per accumulazione allo sviluppo per propagazione: piccole 

imprese, clusters e capitale sociale nella nuova Europa in formazione, East West Cluster 
Conference Proceedings, 28-31 Ottobre 2002, OECD, LEED, Udine. 

Sacco P., Ferilli G. (2006), Il distretto culturale evoluto nell’economia post industriale, 
Università Iuav di Venezia, DADI Dipartimento delle Arti e del Disegno Industriale, 
WP WORKING PAPERS DADI/ WP_4/06. 

Schumpeter J.A. (1971), Teoria dello Sviluppo economico, Sansoni, Firenze. 
Sharfman M.P., Ellington R.T., Meo M. (1997), The next step in becoming “green”: life-cycle 

oriented environmental management, Business Horizons, vol. 40 
Sharfman M.P., Shaft T. M., Anex R. P. Jr (2009), The Road to Cooperative Supply-Chain 

Environmental Management: Trust and Uncertainty Among Pro-Active Firms, Business 
Strategy and the Environment, n. 18. 

Sinding K. (2000), Environmental management beyond the boundaries of the firm: 
definitions and costraints, Business Strategy and the Environment, Vol. 9, n. 2 

Sölvell Ö. (2002), The Multi-Home Based Multinational – Combining Global Compentencies 
and Local Innovativeness, Institute of International Business – Stockolm School of 
Economics 

Srivastava S. K. (2007), Green supply-chain management: A state-of-the-art literature 
review, International Journal of Management Reviews, Vol. n. 9, Issue 1 

Sureephong P., Chakpitak N., Buzon L., Bouras A. (2008), Cluster Development and 
Knowledge Exchange in Supply Chain, The Proceeding of International Conference on 
Software Knowledge Information Management and Applications (SKIMA 2008), 
Katmandu, Nepal.  

Tibbs B.C, (1992), Industrial Ecology: an Environmental Agenda for industry, Whole Earth 
Review, 4 - 19 

Van Berkel R., van Kampen M., Kortman J. (1999), Opportunities and constraints for 
Product-oriented Environmental Management Systems (P-EMS), Journal of Cleaner 
Production, n.7(6) 

Vermeulen W. J. V., Ras P. J.,(2006),The Challenge of Greening Global Product Chains: 
Meeting Both End, Sustainable Development, vol. 14. 

Zucchetti S. (2003), Una nuova generazione di distretti industriali, Impresa & Stato. 

Chapter 15 

 

 

 
 

© 2012 Yang et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Beach Erosion Management with the 
Application of Soft Countermeasure in Taiwan 

Ray-Yeng Yang, Ying-Chih Wu and Hwung-Hweng Hwung 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/45883 

1. Introduction 

The total length of Taiwan’s shoreline is approximately 1,100 kilometers including sand, 
rock, cliff, gravel and reef coasts (see Figure 1). Almost half of the shoreline has been 
protected by seawalls. From the viewpoint of shore protection in coastal area, these seawalls 
actually play an important role of costal protection that prevents people and infrastructure 
from coastal disasters. Furthermore, detached breakwater and groyne are built to protect the 
coastal area with serious erosion problem. These efforts made our land safe over the last 
fifty years to some extent. Due to the martial law, it was not so easy for people to walk or 
visit near the coastal area in Taiwan during 1949 to 1987. However, after 1987 people 
gradually valued the coastline for environmental protection and, recreational use as well as 
the economic activity. The purpose of the coastal protection is diversified by these new 
demands. In this study, we will introduce environmentally and user-oriented coastal 
protection works as well as technically sound creditable coastal protection works to meet 
these new trends. Therefore, the purpose of this study is to evaluate on how to join soft 
solution strategies into current shore protection system throughout Taiwan’s coast. 
Moreover, a feasible application for hard solutions complemented by soft issues for beach 
erosion management has also been evaluated. In Taiwan, beach erosion has become more 
serious in the recent past. The time for this beach erosion to become apparent chiefly 
depends on how fast the rate of longshore sediment transport decreased from the up-coast 
area and on the river sediment supply. Many industrial, commercial and fishery harbor 
construction projects were also observed to have disturbed the continuity of littoral 
sediment transport, and lead to the retreat of the shoreline in the downcoast area. However, 
sufficient knowledge on nearshore hydrodynamic forcing (incoming wave energy, wave-
induced currents in the surf zone and tidal range), sediment transport processes and 
morphological features along coasts, will be helpful to the improvement of shore protection 
work. Countermeasures for beach erosion control should depend on the local conditions of 

© 2012 Yang et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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1. Introduction 

The total length of Taiwan’s shoreline is approximately 1,100 kilometers including sand, 
rock, cliff, gravel and reef coasts (see Figure 1). Almost half of the shoreline has been 
protected by seawalls. From the viewpoint of shore protection in coastal area, these seawalls 
actually play an important role of costal protection that prevents people and infrastructure 
from coastal disasters. Furthermore, detached breakwater and groyne are built to protect the 
coastal area with serious erosion problem. These efforts made our land safe over the last 
fifty years to some extent. Due to the martial law, it was not so easy for people to walk or 
visit near the coastal area in Taiwan during 1949 to 1987. However, after 1987 people 
gradually valued the coastline for environmental protection and, recreational use as well as 
the economic activity. The purpose of the coastal protection is diversified by these new 
demands. In this study, we will introduce environmentally and user-oriented coastal 
protection works as well as technically sound creditable coastal protection works to meet 
these new trends. Therefore, the purpose of this study is to evaluate on how to join soft 
solution strategies into current shore protection system throughout Taiwan’s coast. 
Moreover, a feasible application for hard solutions complemented by soft issues for beach 
erosion management has also been evaluated. In Taiwan, beach erosion has become more 
serious in the recent past. The time for this beach erosion to become apparent chiefly 
depends on how fast the rate of longshore sediment transport decreased from the up-coast 
area and on the river sediment supply. Many industrial, commercial and fishery harbor 
construction projects were also observed to have disturbed the continuity of littoral 
sediment transport, and lead to the retreat of the shoreline in the downcoast area. However, 
sufficient knowledge on nearshore hydrodynamic forcing (incoming wave energy, wave-
induced currents in the surf zone and tidal range), sediment transport processes and 
morphological features along coasts, will be helpful to the improvement of shore protection 
work. Countermeasures for beach erosion control should depend on the local conditions of 
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hydrodynamic forcing characteristics, littoral sediment transport and various morphologies. 
Therefore better applications of the various soft methodologies available for beach erosion 
management will be proposed in this study. 

 
Figure 1. Different types of coasts in Taiwan 

2. Evaluation of soft engineering structures 

The protection of beaches against erosion has always been an important aspect of coastal 
engineering works in Taiwan. History is replete with the loss of valuable coastal lands such 
as beaches, reclamation areas, harbors, and other valuable coastal property to erosion 
induced by sea encroaching. On the other hand, there are also some cases of harbors being 
abandoned because of infilling by sediments, which is quite a different coastal engineering 
problem but a significant one. Erosion control measures should incorporate a reduction in 
the cause of the beach erosion where possible, when, for example, the erosion is caused by 
human activities along the coastal areas such as hard engineering structures or harbors. For 
each coastal erosion mitigation measure, it is important to know how they work. In fact, 
some of the mitigation schemes are able to reduce the wave energy at the shoreline, or 
simply provide a sacrificial beach, whereas others try to impede the long shore transport of 
sand. In a particular situation, one mitigation scheme will work better than some others 
owing to the difference in operation. In fact, some methods will fail in one situation and do 
very well in others. Therefore, in order to mitigate the erosion problems due to the current 
hard shore protection system around Taiwan coast, detailed evaluation of various feasible 
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soft engineering structures should be conducted in advance. The evaluation of soft 
countermeasure includes beach nourishment, near shore disposal berms, geosystems, 
artificial oyster reef, fluid-elastic sheet and aquatic vegetation. 

2.1. Beach nourishment  

Beach nourishment is the mechanical or hydraulic placement of sand on the beach and/or 
shoreface to advance the shoreline or to maintain the volume of sand in the littoral. It is a 
soft protective and remedial measure that leaves a beach in a more natural state than hard 
structures and preserves its recreational value. Of the many remedial measures for beach 
erosion, beach nourishment is the only approach that introduces additional sand sources 
into the coastal system. Without the construction of coastal structures, beach nourishment 
seldom causes damage to the landscape, and can flexibly responds to changes of the littoral 
environment. Beach nourishment, with its expected widening of beach, is used to 
accomplish several goals as follows: formation of additional recreational area; land 
reclamation; maintenance of shoreline; reinforcement of dunes against breaching; protection 
of coastal structures; reduction of the wave energy near shore and creation of a sacrificial 
beach to be eroded during a storm; provide, in some cases, environmental habitat for 
endangered species. 

Sand nourishment can be carried out at various locations in the profile or along the 
shoreline. The options of nourishments in cross-shore profile are shoreface (underwater 
nourishment or profile nourishment), dune zone (landward and seaward above dune toe), 
beach and swash zone. Leonard et al., 1990 evaluated 155 beach nourishment projects in the 
U.S.A. In all, about 300 million 3m  of sand was placed along 700km of shoreline (470km 
along Atlantic coasts, 180km along Gulf coasts and 50km along Pacific coasts). In 1996, 
Rijkswaterstaat also evaluated nine nourishment projects (volumes between 50 and 100

3 / /m m yr ; sand size between 0.15 and 0.3mm) carried out along the coasts (tidal range of 
about 2m) of the Netherlands in the period 1975-1994. Several characteristics, including ratio 
of design nourishment volume and required volume to compensate annual erosion volume 
in active zone before nourishment and after nourishment, were analyzed in his evaluation. 
Leo C. van Rijn, 1998 summarized the sand nourishment characteristics under micro and 
meso-tidal conditions in great detail from five projects (Delft Hydr., 1987; Dette & Raudkivi, 
1994; Mφller, 1990; Rijksw, 1996; Work & Dean, 1991). From his result, it shows that beach 
nourishment can be mostly utilized on coastal areas of low or moderate wave energy with 
micro-tidal condition. Meanwhile, the three basic elements including the eroded area, the 
borrow area and the transportation/ dumping methods should be investigated in detail 
when sand nourishment is applied to beach erosion control. Dean, 1986 recommended a 
mitigative approach for armoring on an eroding coastline that calls for the placement of 
sand annually in the amount that has been prevented from entering the system by the 
armoring structure. This approach maintains a more natural littoral system. Often, the 
nourishment scheme is remedial rather than preventive (Hamm et al., 1998). In summary, 
beach nourishment is the approach that directly addresses the deficit of sand in the coastal 
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soft engineering structures should be conducted in advance. The evaluation of soft 
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2.1. Beach nourishment  
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shoreface to advance the shoreline or to maintain the volume of sand in the littoral. It is a 
soft protective and remedial measure that leaves a beach in a more natural state than hard 
structures and preserves its recreational value. Of the many remedial measures for beach 
erosion, beach nourishment is the only approach that introduces additional sand sources 
into the coastal system. Without the construction of coastal structures, beach nourishment 
seldom causes damage to the landscape, and can flexibly responds to changes of the littoral 
environment. Beach nourishment, with its expected widening of beach, is used to 
accomplish several goals as follows: formation of additional recreational area; land 
reclamation; maintenance of shoreline; reinforcement of dunes against breaching; protection 
of coastal structures; reduction of the wave energy near shore and creation of a sacrificial 
beach to be eroded during a storm; provide, in some cases, environmental habitat for 
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Sand nourishment can be carried out at various locations in the profile or along the 
shoreline. The options of nourishments in cross-shore profile are shoreface (underwater 
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beach and swash zone. Leonard et al., 1990 evaluated 155 beach nourishment projects in the 
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Rijkswaterstaat also evaluated nine nourishment projects (volumes between 50 and 100

3 / /m m yr ; sand size between 0.15 and 0.3mm) carried out along the coasts (tidal range of 
about 2m) of the Netherlands in the period 1975-1994. Several characteristics, including ratio 
of design nourishment volume and required volume to compensate annual erosion volume 
in active zone before nourishment and after nourishment, were analyzed in his evaluation. 
Leo C. van Rijn, 1998 summarized the sand nourishment characteristics under micro and 
meso-tidal conditions in great detail from five projects (Delft Hydr., 1987; Dette & Raudkivi, 
1994; Mφller, 1990; Rijksw, 1996; Work & Dean, 1991). From his result, it shows that beach 
nourishment can be mostly utilized on coastal areas of low or moderate wave energy with 
micro-tidal condition. Meanwhile, the three basic elements including the eroded area, the 
borrow area and the transportation/ dumping methods should be investigated in detail 
when sand nourishment is applied to beach erosion control. Dean, 1986 recommended a 
mitigative approach for armoring on an eroding coastline that calls for the placement of 
sand annually in the amount that has been prevented from entering the system by the 
armoring structure. This approach maintains a more natural littoral system. Often, the 
nourishment scheme is remedial rather than preventive (Hamm et al., 1998). In summary, 
beach nourishment is the approach that directly addresses the deficit of sand in the coastal 
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system without at least the potential of causing adverse effects on adjacent property. Bridges 
& Dean, 1996 concluded that beach nourishment is the most benign and acceptable 
approach to beach erosion mitigation. However from the new demands of shore protection 
now in Taiwan, beach nourishment can not be the only option of beach erosion control. 

2.2. Near shore disposal berms 

Open-water disposal of dredged material has been practiced worldwide for over sixty years. 
The initial attempts have arisen from the search for a beneficial use of the large amounts of 
dredged material obtained from navigation channel maintenance operations. The removed 
material which varies in size and quantity has been placed in nearshore disposal sites 
seaward of the surf zone. A major cost savings often accrues if beach fill material can be 
placed offshore rather than on the beach in the expectation that natural processes will move 
the material to the beach. The performance of underwater berms has been investigated both 
in the laboratory and through field monitoring programs. Hands, 1991 provided a thorough 
review of the behavior of 11 berms and their performance. Furthermore, Otay, 1994 
presented a summary of submerged berms and their characteristics, including whether they 
were judged to be stable or migrated. Of the berms placed to benefit the landward beaches, 
possible designs could be a feeder berm, in which sand would be transported to the beach 
from an active berm or as a stable berm that causes damping of the waves and thus 
sheltering of the landward beach. In his research, Otay also described the monitoring results 
of an underwater berm placed off Perdido Key, Florida. Monitoring included repetitive 
beach profiles and wave measurements. His result showed that the berm had exerted a 
stabilizing effect on the beach leeward of the berm. 

2.3. Geosystems 

Geosystems (tubes, containers) have already found various applications in coastal 
engineering. The tubes and containers are mainly applicable for construction of groynes, 
perched beaches, and offshore breakwaters, and as bunds for reclamation works. 
Application of these systems has executed by a number of projects in the Netherland, 
Germany, Japan and U.S. Some information on U.S. experience with geotubes can be found 
in Fowler et al., 1995 including the application of geotubes for dewatering of contaminated 
maintenance dredged material. Geosystems have much applicability in erosion control, 
water control (small weirs and reservoirs), flood control, etc. For example, breakwaters 
made of sandbags, geotubes, etc, have been used successfully in the United States of 
America under conditions for low tidal range and low wave activity (Krystian, 2000). Under 
gentle wave climates such structures may not only attenuate waves, but can also encourage 
the accretion of sediment between them and the shore. Geotube can also be used to assist in 
dike, groin and breakwater construction. Krystian summarized the examples of application 
of geotube, as dune reinforcement, core of breakwater, and bunds for dike construction, 
from a number of projects executed in the Netherlands and Germany. The main advantages 
of geosystems in comparison with more traditional methods (rock, concrete armor units, 
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block mats, asphalt, etc.) are: a reduction in work volume, execution time and cost, the use 
of local materials, low-skilled labour and locally available equipment. However, until now, 
geosystems were mostly applied as temporary structures. The reason for that was their 
relatively low resistance to the loading of waves and currents, the lack of proper design 
criteria, and a low durability in respect to UV-radiation and vandalism. 

2.4. Artificial oyster reef 

There is increasing interest in oyster reefs used to restore eroding coastlines. Occasionally, 
subtidal oyster reefs can be found offshore. These immense natural submerged breakwaters 
protect the beaches from storms and wave erosion by dissipating wave energy. The study of 
how artificial and natural reefs have protected shorelines has been conducted by 
Hamaguchi et al., 1991. They investigated the effects of an artificial reef on the Niigata coast 
in Japan. It was found that a significant amount of sand was deposited landward of this 
artificial reef. This reef was developed to mimic the effect of the natural coral reefs in the 
area. There has been an effort to find different methods of restoring oyster reefs in various 
estuaries around the world. O’Beirn et al., 2000 conducted the experiments by using oyster 
shell, concrete, and rubber tire chips as oystercultch material. A structure termed an 
“oysterbreak” was designed to stimulate the growth of biological structures in an optimal 
shape to serve as submerged breakwaters (Foret, 2002). Oysterbreak can form immense 
structures that can protect shorelines and coastal communities by reducing wave energy. 

Currently, mineral accretion amelioration on gabion that was filled with oyster cultch & 
rock to form a new biological unit has been investigated in field experiment by Hwung et 
al., 2008. It is hoped that this combination of oyster cultch, mineral accretion and cage 
meshed into berm breakwater can improve the toe revetment and berm advance, and 
simultaneously enrich the local environment to a higher level. 

2.5. Fluid-elastic sheet 

Fluid-plate hydro-elastic interaction problems have been of common interest for a long time 
because of their engineering applications. During the past decades, for instance, there has 
been a gradual increase in interest in the use of flexible plates or membranes as alternative 
effective inexpensive wave barriers in a beach zone. Currently, developing of the new 
design of floating wave breakers in a beach zone using coating of the sea surface by an 
elastic plate, which absorbing the energy of sea waves, is investigated by Hwung et al., 2008. 
A properly designed horizontal flexible membrane can be a very effective wave barrier and 
its optimal design can be found through a comprehensive parametric study using the 
experiments, theory and computer programs developed. In particular, the membrane is light 
and rapidly deployable; thus, it may be an ideal candidate as a portable temporary 
breakwater. Since a horizontal membrane does not directly block incoming waves, the 
transmitted and motion-induced waves need to be properly cancelled for it to be an effective 
wave barrier. 
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2.6. Aquatic vegetation 

Aquatic vegetation provides important ecosystem services to coastal marine systems. They 
influence their environments through wave attenuation, the stabilization of sediments, 
increased setting of the suspended particulate particle and nutrient cycling. For 
environmental and esthetic purposes, projects on natural development of wetlands and 
restoration of river basins toward natural development have been promoted recently. The 
growth of vegetation in these areas is favored. Such vegetation increases the resistance of the 
watercourse, leading to an increase in water depth and reduction of flow velocity. In 
estuarine and coastal areas with vegetation, in addition to freshwater flow upstream, waves 
and tidal currents exist and will play a significant role in the hydrodynamics and mixing 
processes. Waves over vegetation will be attenuated due to the resistance offered by the 
vegetation. The bidirectional nature of wave motion will increase the mixing between the 
water column and that within the vegetation (Li & Yan, 2007). Wave motion tends to be 
highest in the shallow waters where, in combination with tidal currents, water movement 
imposes a shear stress on bottom sediments. If bottom shear stress exceeds a critical value, 
sediment will be resuspended, increasing turbidity and light attenuation (Wright, 1995). 

For waves propagating over vegetation, Kobayashi et al., 1993 developed an analytical 
model to predict wave attenuation over vegetation by assuming an exponential decay of 
incoming regular waves. Vegetation meadows can reduce suspended sediment 
concentrations; friction from vegetation leaves reduces current velocity and attenuates 
waves, thus reducing the stress on bottom sediments, decreasing resuspension, and 
promoting sediment settling within the vegetation bed (Fonseca & Cahalan, 1992; Rybicki et 
al., 1997). Vegetation beds may also increase particle settling shoreward of the bed (Chen et 
al., 2007). 

3. Hydrodynamic energy and morphology classification of Taiwan coast 

The hydrodynamic and morphological processes in the coastal zone are governed by two 
primary phenomena, namely, winds and tides. The winds are directly responsible for the 
transport of sand on the dry beach and for the generation of waves, currents and water-level 
fluctuations, while the tides express themselves in a periodic rising and falling of the water 
and in tidal currents. Therefore, coastal classification based on hydrodynamic energy was 
presented by Davis & Hayes, 1984. The classification is shown in Table 1. The wave climate 
is generally characterized, as: low wave energy, if annual mean significant wave height at 
edge of surf zone (say, depth of 6m) is Hs,am<0.6m; moderate wave energy, if Hs,am 
between 0.6m and 1.5m; high wave energy, if Hs,am>1.5m. 

However, tides are classified as micro-tidal, if the tidal range (TR) <2m, meso-tidal for TR 
between 2m and 4m and macro-tidal for TR>4m. Furthermore, the relative strength of tide-
induced (tidal range TR) and wave-induced forces (mean annual nearshore wave height H) 
acting in coastal system, the following classification may also be given as: wave energy-
dominated coasts (TR/H=0.5 to 1.0), tide energy-dominated coasts (TR/H>3); mixed energy 
coasts (TR/H=1 to 3). 
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Regarding the long-term marine observation data, we refer to the research reports analyzed 
by Tainan Hydraulics Laboratory [THL], 2002 and then summarize the hydrodynamic 
energy classification of Taiwan coast shown as Figure 2 and Figure 3. Therefore based on 
Davis and Hayes’s classification, the results show that northeastern coast, east coast and 
south coast of Taiwan belong to micro-tidal coast. However, Yun-Lin, Changhua (mid-
western coast) and north coast are meso-tidal coast. As mentioned about classification of 
wave energy coast, the coast from Taipei county to Hsinchu county (northwestern coast), 
and coast between Yun-Lin county and Tainan county (west coast) are moderate wave 
energy coast. 
 

Wave Energy 
low moderate high 

Hs,am<0.6m 0.6m <Hs,am<1.5m Hs,am>1.5m 

Tidal Energy 
micro-tidal meso- tidal Macro- tidal 

TR<2m 2m<TR<4m TR>4m 
Coastal classification based on hydrodynamic energy 

Wave Energy-dominated TR/ Hs,am=0.5~1 
Tide Energy-dominated TR/ Hs,am>3 

Mixed Energy 1<TR/ Hs,am<3 

Table 1. Hydrodynamic forcing in the coastal zone 

 
Figure 2. Tidal energy classification of Taiwan coast 
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al., 2007). 

3. Hydrodynamic energy and morphology classification of Taiwan coast 

The hydrodynamic and morphological processes in the coastal zone are governed by two 
primary phenomena, namely, winds and tides. The winds are directly responsible for the 
transport of sand on the dry beach and for the generation of waves, currents and water-level 
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edge of surf zone (say, depth of 6m) is Hs,am<0.6m; moderate wave energy, if Hs,am 
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However, tides are classified as micro-tidal, if the tidal range (TR) <2m, meso-tidal for TR 
between 2m and 4m and macro-tidal for TR>4m. Furthermore, the relative strength of tide-
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dominated coasts (TR/H=0.5 to 1.0), tide energy-dominated coasts (TR/H>3); mixed energy 
coasts (TR/H=1 to 3). 
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Regarding the long-term marine observation data, we refer to the research reports analyzed 
by Tainan Hydraulics Laboratory [THL], 2002 and then summarize the hydrodynamic 
energy classification of Taiwan coast shown as Figure 2 and Figure 3. Therefore based on 
Davis and Hayes’s classification, the results show that northeastern coast, east coast and 
south coast of Taiwan belong to micro-tidal coast. However, Yun-Lin, Changhua (mid-
western coast) and north coast are meso-tidal coast. As mentioned about classification of 
wave energy coast, the coast from Taipei county to Hsinchu county (northwestern coast), 
and coast between Yun-Lin county and Tainan county (west coast) are moderate wave 
energy coast. 
 

Wave Energy 
low moderate high 

Hs,am<0.6m 0.6m <Hs,am<1.5m Hs,am>1.5m 

Tidal Energy 
micro-tidal meso- tidal Macro- tidal 

TR<2m 2m<TR<4m TR>4m 
Coastal classification based on hydrodynamic energy 

Wave Energy-dominated TR/ Hs,am=0.5~1 
Tide Energy-dominated TR/ Hs,am>3 

Mixed Energy 1<TR/ Hs,am<3 

Table 1. Hydrodynamic forcing in the coastal zone 

 
Figure 2. Tidal energy classification of Taiwan coast 
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However, southwestern coast from Tainan city, Kaohsiung to Ping-Tung county belong to 
low or moderate wave energy coast. Regarding to the east coast of Taiwan, besides partial 
coast of Taitung county is moderate wave energy coast, most parts of the east coast, 
(Hualien, Yi-Lan) and northeastern coast, are high wave energy coasts. For morphology 
classification, the slopes of beach profiles around Taiwan coast are shown in Figure 4. Due 
to these hydrodynamic energy and morphology classification of Taiwan coast, a strategic 
management proposal can be made to integrate soft countermeasure into the current hard 
shore protection system around Taiwan coast. 

 
Figure 3. Wave energy classification of Taiwan coast 

 
Figure 4. Morphology classification, the beach slopes around Taiwan 
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4. Discussion on application of combining hard and soft solutions for 
beach protection in Taiwan 

Water Resource Agency, Taiwan, has claimed nearly 95 percent of fulfillment on coastal 
protection after more than 30 years’ efforts. However, under the disaster prevention 
demand in earlier days, coastal protection has been accomplished mostly be lining up the 
hard engineering structures such as seawalls, groyne and armour units along the coastlines. 
Until now, the constriction of the seawalls for shore protection does not always work well 
on each coast around Taiwan. Some shores still get eroded seriously with seawalls being 
damaged partially. Meanwhile, the coastal engineering development in Taiwan currently 
has changed the previous strategy, only focused on shore protection, to a new one taking 
into consideration several aspects like safety, economy, construction, recreation, landscape 
and ecology. According to this new trend, the current shore protection system around 
Taiwan can be properly mended by soft countermeasures, however, the specific 
characteristics and requisite at each local site should be taken into consideration. Therefore, 
we have divided Taiwan coast into several categories based on the collected long-term 
observation information such as geological characteristics, hydrodynamic forcing, the 
intensity of beach erosion and shore protection. Then, the national beach management and 
protection problems were evaluated and the solutions for shore protections and further 
improvements were proposed. 

After evaluation of a number of soft solution results, it is indicated that beach nourishment 
is a natural and popular soft shore protection technique that has been applied worldwide 
recently. This method can be utilized on the coastal areas under low or moderate wave 
energies with mild or moderate bottom slope for engineering purpose. However from the 
new demands of shore protection now in Taiwan, beach nourishment can not be the only 
option of beach erosion control. Another soft solution should be also taken into 
consideration for integration. Based on these criteria and the categories of Taiwan coast, the 
countermeasure of integrating soft solution into current hard shore protection system 
around Taiwan coast will be proposed as follows: 

Because the north coasts in Taiwan are meso-tidal and moderate wave energy coasts, and 
their beach profiles are of mild slope, the eligible improvement criteria for current shore 
protection scheme are based on headland control strategy plus sand nourishment. However, 
volume of sand, sand size, beach and swash zone placement should be taken into account in 
the works of beach nourishment. 

On the other hand, many barrier islands in the offshore of Yun-Lin, Chia-Yi and Tainan 
coast, can be treated as natural offshore breakwaters. In fact, those barrier islands can form a 
defense line of low-lying coastal plains and back-barrier basin against storms attacking these 
areas. Therefore, the shore protection strategy for these areas should be focused on how to 
protect these barrier islands. However, most important for the formation and maintenance 
of barrier islands and inlets is the relative strength of the wave processes and of the tidal 
processes. In order to protect these barrier islands, detailed field investigations on sediment 
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supply (sources and sinks), hydrodynamic forces (waves, tides and rate of sea level change) 
and geomorphic setting (shoreface profile shape, sub-strata composition) should be carried 
out in advance. Meanwhile, oyster cultivation is an important fishery industry in the coast 
of these areas. Thus, there is large volume of oyster cultch in these coasts. Therefore, one 
new shore protection technology using mineral accretion technique is proposed by Hwung 
et al., 2008. Regarding to this new technology, mineral accretion (an advance on cathodic 
protection) amelioration combined with oyster cultch and rock is used to form the new 
biological unit in order to enhance the efficiency of anti-rusting and function of shore 
protection. Several field experiments of this new shore protection technology have been 
done on Chigu Lagoon in Tainan County. It is hoped that this new shore protection 
technology can be successfully applied to coastal engineering in the near future. 

Offshore sills or breakwaters have proved to be much effective when used in combination 
with beach nourishment schemes. The retention capacity of a perched beach not only helps 
to reduce wave attack but is clearly beneficial from a recreational point of view. Since many 
offshore breakwaters already exist in the coasts of Kao-Shung and Pin-Tung counties, sand 
sources can be filled in the region between offshore breakwaters and sea dikes. The 
expanding beach faces will be helpful for wave damping and sightseeing. However, as 
many successful fisheries exist in the coastal regions of Kao-Shung and Pin-Tung Counties, 
when the beach nourishment is taken as the shore protection method in these areas, the 
influence of beach nourishment to coastal fisheries should be taken into considerations. 

As for steep beaches and high wave energy, such as those of the east coast region, more 
specific parameters should be taken into account. For example, the erosion problem at the 
Tou-Chen beach in Yi-Lan County can be remedied by headland control strategy plus sand 
nourishment. The Tou-Chen beach now is defended only by a seawall and some short 
groynes. The headland control strategy can be based on reconstructing two long arc-shaped 
groynes with a submerged breakwater to support the recreational beach fill in front of 
seawall. Meanwhile, for the purpose of recreational activity, the fluid-elastic shirt can be 
applied as a portable temporary breakwater in this beach zone for wave damping. However 
in order to mitigate the erosion of gravel beaches in Hualien and Tai-Tung counties, the 
beach nourishment of mixed grain sizes is to become an alternative solution. Since there is 
little experience on the movement of gravel on steep coast of Hualien and Tai-Tung 
counties, a comprehensive field investigation should be done on the mechanism of sediment 
movement especially for action of typhoon wave. Moreover, a detailed physical model 
study about the effect of dynamic nourishment as a countermeasure against erosion should 
also be conducted before gravel nourishment can be carried out on the Taiwan eastern coast. 

5. Experimental application study on integration of soft solution into 
current hard shore protection system 

Two local sites in the southwestern Taiwan coast and one biggest offshore barrier island in 
Taiwan are selected for the experimental application study on integration of soft solution 
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into current hard shore protection system. These in-situ experimental studies are therefore 
designed to improve the security as well as to involve ecological and scenic remediation for 
the beach erosion problem. 

5.1. Ching-Tsao-Lun coastal area 

With the length of 5 kilometer, Ching-Tsao-Lun coastal area is located between Zeng-Wun 
River mouth and Lu-Erh-Men River mouth at the middle section of Tainan coast. Without 
manmade intrusion, Zeng-Wun River mouth was once a natural estuary for more over three 
decades ago. Unfortunately, nowadays Ching-Tsao-Lun coastal area was invaded by 
constructing concrete and pebble dikes or other artificial protection. Therefore, the beach in 
front of Ching-Tsao-Lun concrete dike had been eroded ten years ago (Figure 5 and Figure 
6). In order to have an overall study on rebirthing Ching-Tsao-Lun coastline, the in-situ 
study (Figure 7) focuses not only on safety evaluation of remedial Ching-Tsao-Lun sea dike 
but also on low to reform the beach back with ecology evaluation (Liou et al., 2007). 
Furthermore, by joining government resource and local manpower together, advance 
coastal management will enlighten the environment and landscape of Ching-Tsao-Lun coast 
again. The overall coastal protections and environment rebirths for Ching-Tsao-Lun coastal 
are listed as follow: 

The coastal area around Ching-Tsao-Lun concrete dike: 

1. Short-term goal: If rebuild is required, dike section adjustment could be put into 
consideration. 

2. Long-term goal: Three schemes with beach nourishment and offshore breakwater are 
proposed for beach rebirth. Physical remediation will be half the way whiles the beach 
reversible. 

 
Figure 5. The erosion area in the Ching-Tsao-Lun coastline 
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The coastal area around Ching-Tsao-Lun pebble dike: 

1. Apply “Vegetation Evolution Method” to enhance vegetation diversity and landscape. 
2. Advance coastal management and use floating logs to enlighten the environment and 

coastal protection. 

The natural beach zone: 

1. Short-term goal: Build wind fence with planting to enhance the environment and 
landscape. 

2. Long-term goal: Build artificial sand dune and increase dune elevation by using local 
floating logs, oyster cultch or dredged sedimentation form Lu-Erh-Men River. 

 

 
Figure 6. The erosion beach in front of Ching-Tsao-Lun concrete dike 

 

 
 

Figure 7. In-situ study on beach erosion control in the Ching-Tsao-Lun area 

 
Beach Erosion Management with the Application of Soft Countermeasure in Taiwan 361 

5.2. Shuang-Chun coastal area 

With a beautiful sight and a mangrove ecosystem preservation area, Shuang-Chun coastal 
area (Figure 8) locates between Ba-Jhang River mouth and Ji-Shuei River mouth at the 
northern section of Tainan coast. Historical evolution of the coastal morphology shows 
that one third of the Shuang-Chun coastline at northern section has revealed shoreline 
retreat problem in the recent years. It can be shown by the evolution of coastline, satellite 
photos and aerial photographs from 1993~2002 (Figure 9, Figure 10 and research reports 
by THL, 2004). 
 

 
Figure 8. The location of Shuang-Chun coast between two river mouths 

After analyzing the long term field investigation data, the hydrodynamic characteristics of 
Shuang-Chun coast are moderate wave energy coast and micro-tide condition. The 
dominant hydrodynamic characteristics (incoming wave climate, tidal range) and local 
morphological information are considered for the proposed countermeasure to control 
beach erosion. Based on parabolic bay orientation on equilibrium shape (Hsu & Evan, 1989), 
the final select countermeasure is show in Figure 11 and Figure 12. The design is to establish 
three offshore breakwaters with a southwest stretched breakwater as a down-coast artificial 
headland on the existing seawall of Ba-Jhang River mouth (Yang et al., 2004). All the new 
breakwaters are set up by geobags filled with sand from the northern deposited area of Ba-
Jhang River mouth. Behind the shelter areas of three offshore breakwaters, oyster booth is 
used as wave energy dissipation and sand trapping. Meanwhile, the existing dune is 
reinforced by dune zone nourishment. Monitoring of this experimental application study 
has still been conducted from 2008~2012. The final results of this proposed countermeasure 
will be verified by measurements of hydrodynamics and topography, sand sampling and 
monitoring of geosystem and oyster booth for their function of anti-damage and suitably 
applied environment. 
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Figure 9. The satellite photos of Shuang-Chun coast from 1993~2002 
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Figure 10. The comparision of Shuang-Chun coastal morphology between 1993 and 2002 

 
Figure 11. The final sketch of shore protection countermeasure for Shuang-Chun coastal area 

 
Figure 12. Beach nourishment and geobag application in experimental study of the Shuang-Chun 
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5.3. Wai-San-Ding barrier island  

Barrier islands as their name implies, they form a protective barrier between coastal 
shorelines and wave action that originates offshore. Barrier islands are also ecosystems that 
border coastal shorelines and physically separate the offshore oceanic province from inshore 
wetlands, bays and estuaries. Coastlines fronted by barrier islands also include some of the 
greatest concentrations of human populations and accompanying anthropogenic 
development in the word. The native vegetation and geological stability of these ecosystems 
are coupled and vulnerable to erosion events, particularly when also disturbed by 
development.  

The Wai-San-Ding barrier island (Figure 13), protruding at about a forty-five-degree angle 
from the natural trend of the mainland shoreline at the mouth of the Peigang Shi River, is 
the largest remaining barrier island off the Taiwan coast. The overall length of this barrier 
is twenty kilometers, and her area is around two-thousand hectares during the Mean 
Water Level (M.W.L.). Much of the island shoreline is investigated to have been eroding 
at a rate of 50m~60m per year in recent years. Furthermore, this island holds some sort of 
“land speed” with continuing 0.2 degree/year counter-clockwise rotation to migrate 
southeastware to the mainland shoreline and gradual submerging into the sea. The Wai-
San-Ding barrier island located on the southwestern Taiwan, is normally treated as 
natural offshore breakwater. In fact this biggest barrier island can form a defense line of 
low-lying coastal plains and back-barrier basin against storms attacking the southwestern 
coastal area in Taiwan. However, the erosion problem of the Wai-San-Ding barrier island 
has become more serious in the recent past. Therefore, how to protect this barrier island is 
always an important issue both from the consideration of coastal hazard and sustainable 
environment in Taiwan. 

The objective of this experimental application study is to find the suitable measure for 
mitigating the existing erosion problem of the Wai-San-Ding barrier island. After 
collecting enough hydrodynamic and morphodynamic data from the long-term field 
investigation, the erosion mechanisms of the barrier island were analyzed in detail. Figure 
14 shows that the time for this beach erosion to become apparently chiefly depends on 
how fast the rate of longshore sediment transport decreased from the up-coast area and 
on the river sediment supply. Meanwhile, run up mechanism under various waves, storm 
surge and overwash threshold on sand barrier during typhoon are also the important 
factors to be investigated. However, sufficient knowledge on nearshore hydrodynamic 
forcing, sediment transport processes and morphological features along this offshore 
barrier island, is helpful to the countermeasure control work. Based on the analysis of the 
erosion mechanisms, consideration of some measure options were proposed and firstly 
simulated by numerical model to find the two better solutions. Then two better 
applications (Figure 15) of the various soft methodologies available for the beach erosion 
control were proposed after numerical model analysis and further investigated by 
physical model test in the Near-shore Wave Basin (NSWB, 150x60x1.5m) at the Tainan 
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Hydraulics Laboratory (THL), National Cheng Kung University (NCKU), Tainan, Taiwan 
to validate their effect. The results showed that soft groins in the downstream and 
submerged artificial berms in the midstream are the effectively integrated measure to 
mitigate the continuing erosion problem of the Wai-San-Ding barrier island. Meanwhile, 
the plant evolution method and oyster cultch with aquatic vegetation were also proposed 
to apply in mitigation of wind sand transport and stabilization of sand dune. In order to 
protect this offshore barrier island, the more detailed field investigations on sediment 
supply (source and sinks), hydrodynamic forces (waves, tides and rate of sea level 
change) and geomorphic setting (shoreface profile shape, sub-strata composition) should 
be continuously conducted. Furthermore, the in-situ experimental study based on two 
proposed countermeasures is suggested to apply in improving the security as well as to 
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5.3. Wai-San-Ding barrier island  

Barrier islands as their name implies, they form a protective barrier between coastal 
shorelines and wave action that originates offshore. Barrier islands are also ecosystems that 
border coastal shorelines and physically separate the offshore oceanic province from inshore 
wetlands, bays and estuaries. Coastlines fronted by barrier islands also include some of the 
greatest concentrations of human populations and accompanying anthropogenic 
development in the word. The native vegetation and geological stability of these ecosystems 
are coupled and vulnerable to erosion events, particularly when also disturbed by 
development.  

The Wai-San-Ding barrier island (Figure 13), protruding at about a forty-five-degree angle 
from the natural trend of the mainland shoreline at the mouth of the Peigang Shi River, is 
the largest remaining barrier island off the Taiwan coast. The overall length of this barrier 
is twenty kilometers, and her area is around two-thousand hectares during the Mean 
Water Level (M.W.L.). Much of the island shoreline is investigated to have been eroding 
at a rate of 50m~60m per year in recent years. Furthermore, this island holds some sort of 
“land speed” with continuing 0.2 degree/year counter-clockwise rotation to migrate 
southeastware to the mainland shoreline and gradual submerging into the sea. The Wai-
San-Ding barrier island located on the southwestern Taiwan, is normally treated as 
natural offshore breakwater. In fact this biggest barrier island can form a defense line of 
low-lying coastal plains and back-barrier basin against storms attacking the southwestern 
coastal area in Taiwan. However, the erosion problem of the Wai-San-Ding barrier island 
has become more serious in the recent past. Therefore, how to protect this barrier island is 
always an important issue both from the consideration of coastal hazard and sustainable 
environment in Taiwan. 

The objective of this experimental application study is to find the suitable measure for 
mitigating the existing erosion problem of the Wai-San-Ding barrier island. After 
collecting enough hydrodynamic and morphodynamic data from the long-term field 
investigation, the erosion mechanisms of the barrier island were analyzed in detail. Figure 
14 shows that the time for this beach erosion to become apparently chiefly depends on 
how fast the rate of longshore sediment transport decreased from the up-coast area and 
on the river sediment supply. Meanwhile, run up mechanism under various waves, storm 
surge and overwash threshold on sand barrier during typhoon are also the important 
factors to be investigated. However, sufficient knowledge on nearshore hydrodynamic 
forcing, sediment transport processes and morphological features along this offshore 
barrier island, is helpful to the countermeasure control work. Based on the analysis of the 
erosion mechanisms, consideration of some measure options were proposed and firstly 
simulated by numerical model to find the two better solutions. Then two better 
applications (Figure 15) of the various soft methodologies available for the beach erosion 
control were proposed after numerical model analysis and further investigated by 
physical model test in the Near-shore Wave Basin (NSWB, 150x60x1.5m) at the Tainan 
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Hydraulics Laboratory (THL), National Cheng Kung University (NCKU), Tainan, Taiwan 
to validate their effect. The results showed that soft groins in the downstream and 
submerged artificial berms in the midstream are the effectively integrated measure to 
mitigate the continuing erosion problem of the Wai-San-Ding barrier island. Meanwhile, 
the plant evolution method and oyster cultch with aquatic vegetation were also proposed 
to apply in mitigation of wind sand transport and stabilization of sand dune. In order to 
protect this offshore barrier island, the more detailed field investigations on sediment 
supply (source and sinks), hydrodynamic forces (waves, tides and rate of sea level 
change) and geomorphic setting (shoreface profile shape, sub-strata composition) should 
be continuously conducted. Furthermore, the in-situ experimental study based on two 
proposed countermeasures is suggested to apply in improving the security as well as to 
involve ecological and scenic remediation for the erosion problem of Wai-San-Ding 
barrier island. 
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Figure 14. Hydrodynamic forcing characteristics, littoral sediment transport and morphology dynamics 
of the offshore barrier island 

 
Figure 15. Two better countermeasures for mitigation the erosion problem of Wai-San-Ding Barrier Island 

Aogu

Baishuihu

Budai

164

Boziliao

Taizicun

Jinhu

166

17

170

168

17

17

17

N

Typhoons wave
in summer

Tidal current

Tidal current

Winter monsoon
Wind transport

Wave induced
Longshore transport

Wash over

Wave in winter

Pein-Hou
trench.more than 100m deep

Wangliao

Dongshi
Wengang

Aogu

Baishuihu

Budai

164

Boziliao

Taizicun

Jinhu

166

17

170

168

17

17

17

N

Typhoons wave
in summer

Tidal current

Tidal current

Winter monsoon
Wind transport

Wave induced
Longshore transport

Wash over

Wave in winter

Pein-Hou
trench.more than 100m deep

Wangliao

Dongshi
Wengang

(a) submerged artificial berms (b) soft groins used by geotube 

2592000

2593000

2594000

2595000

2596000

2597000

2598000

2599000

2600000

2601000

2602000

2603000

2604000

2605000

2606000

2607000

146000 147000 148000 149000 150000 151000 152000 153000 154000 155000 156000 157000 158000 159000 160000

wave
N

oN10 W

200m 200m 200m
150m

350m

1m

location of 
submerged 
artificial berms

2592000

2593000

2594000

2595000

2596000

2597000

2598000

2599000

2600000

2601000

2602000

2603000

2604000

2605000

2606000

2607000

146000 147000 148000 149000 150000 151000 152000 153000 154000 155000 156000 157000 158000 159000 160000

wave
N

oN10 W

200m 200m 200m
150m

350m

1m

location of 
submerged 
artificial berms

250m 350m 450m

138m
190m

260m
360m

2592500

2593000

2593500

2594000

2594500

2595000

2595500

2596000

2596500

147000 147500 148000 148500 149000 149500 150000 150500 151000

2592000

2593000

2594000

2595000

2596000

2597000

2598000

2599000

2600000

2601000

2602000

2603000

2604000

2605000

2606000

2607000

146000 147000 148000 149000 150000 151000 152000 153000 154000 155000 156000 157000 158000 159000 160000

wave
N

oN10 W

geotube-type
groins

longshore
transport

250m 350m 450m

138m
190m

260m
360m

2592500

2593000

2593500

2594000

2594500

2595000

2595500

2596000

2596500

147000 147500 148000 148500 149000 149500 150000 150500 151000

2592000

2593000

2594000

2595000

2596000

2597000

2598000

2599000

2600000

2601000

2602000

2603000

2604000

2605000

2606000

2607000

146000 147000 148000 149000 150000 151000 152000 153000 154000 155000 156000 157000 158000 159000 160000

wave
N

oN10 W

geotube-type
groins

longshore
transport

 
Beach Erosion Management with the Application of Soft Countermeasure in Taiwan 367 

6. Conclusion  

The efficiency and productivity of the infrastructure facilities is strictly required nowadays 
owing to escalating fiscal deficit of the government. We have questioned ourselves about 
what the people in Taiwan expect on coastal protection work for the next decade; moreover, 
is it worth applying soft solution instead of keeping the previous reinforced concrete 
revetment under this tight budget condition? The objective of this study is therefore to 
present various soft solution strategies available for beach erosion control in the hope of 
providing better efficiency and cost-effectiveness as well. The results also reveal that the 
current shore protection system around Taiwan can be properly controlled by beach 
nourishment. However, the specific characteristics at each local site should be taken into 
consideration. Accordingly, we divide Taiwan coast into categories based on the collected 
information such as geological characteristics, hydrodynamics, and the intensity of beach 
erosion. The national beach management and protection problems will therefore be 
evaluated followed by the offering of resolutions for shore protection and further 
improvements. For the purpose of beach erosion management, we also have completed 
collecting and analyzing coastal data around Taiwan and constructed a database as well a 
geographic information system (see Figure 16) as reference. Related units of coastal 
management agency, in Taiwan, are permitted to log on to and use the system via the 
Worldwide Web with an authorized username and password. The actual locations and 
related information of the current shore protection constructions with suitable principle and 
countermeasure of the future beach erosion control around Taiwan can be obtained via this 
geographic information. It is helpful for future reference of beach erosion management for 
the governmental agency in charge of shoreline policies. 

 
Figure 16. GIS information system of Taiwan coast 
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1. Introduction 

The modern landscape is one where environmental impact encroaches upon our quality of 
life. The search for viable technologies which both alleviate and lessen environmental 
pollution has become a priority, especially in the arena of production. Business, as with 
society, is now focused on minimizing environmental degradation, reviewing its strategies, 
structures and responsibilities. Tinoco (2001) explains that this modern responsibility is 
defined by the environmental and social demands of our day, where it is not merely a 
question of profit but also social conscientiousness. Business is now geared towards the 
interests of society, where environmental policy features high on its agenda.  

It seems that human being has the tendency to risk his existence and wellbeing when the 
environmental impact of business proves a constant disruption to our natural world. Rural 
swine production and the environmental dangers it poses, is one example: waste, in 
remaining exposed releases methane gas into the atmosphere. As Brilhante and Caldas 
(1999) on this point, over the last few decades the dissipation of gasses has been affected by 
such practices, resulting in an increased concentration of carbonic gas (CO²); methane 
(CH4); chlorofluorocarbons (CFCs), nitrous oxide and atmospheric ozone. As we now know, 
these gasses disrupt the energetic equilibrium of the Earth’s atmosphere, and by 
consequence, our climate system. 

Swine production has contributed substantially to Brazilian trade; it has received large 
investment incentives from genetics and other technologies, in order to provide and ensure 
a quality product. Panty (2008) highlights, that Brazil and its State of Santa Catarina have a 
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model integrating both industry and producer, where specialists and rural farmers are well 
attuned to the competitive advantages of swine production. 

Rural producers of swine do however face a lack of financial assistance in their search for an 
environmentally friendly solution. But an alternative is available, one able to reduce the 
endangerment of even more natural resources. Various “techniques” bringing to light and 
lessening the environmental effects of swine waste have been developed and put into 
practice. For instance, the process of biodigestion transforms methane gas into carbon 
dioxide, lessening environmental impact. The implementation of a biodigester means that 
waste can be reused and transformed into a renewable resource, proving an important 
mechanism for both business (finance) and society (the environment) alike. In other words, 
the biodigester is today’s alternative solution for the rural farming industry, capable of 
minimizing the environmental effects of swine production. Waste on each farm, can be ably 
“re-directed” benefiting financial return; and where the farmer’s quality of life is enhanced 
economically and financially, so too is that of the population at large who rely on the natural 
world for sustainability and survival. Indeed, we not only have the importance of increased 
productivity and the ensured success of new markets, but of being alert to a challenging 
future of sustainability and social responsibility. 

Our research assesses the financially and environmental viability of installing a 
biodegster on a farming property. We divide our present study into 7 subsections, not 
counting the introduction. Beginning with Environmental Management we seek to 
contextualize the discourse and importance of our research by drawing upon recent 
literature in order to underline the contemporary shift in practice – namely the move 
towards more environmentally sensitive and socially sympathetic business strategies. 
Environmental strategy  is vast becoming the defining characteristic of market 
competitiveness, and the success of a business to be environmental conscious and aware 
in its strategy and decision making, will prove the measure of its market edge and value. 
Our third section, Swine Production and the Environment, introduces the readership to the 
unique  global positioning of Brazilian swine production and the very real possibilities of 
introducing Biodigestion as a viable and important measure ensuring both 
environmental integrity as well as cost effectiveness for the farming business. Section 
four, Biodigesters, introduces anaerobic biodigestion as the natural mechanism for both 
farming and environmental integrity. We seek to detail this anaerobic process  and set 
out the processes and procedures of installing a functional biodigester on farming 
properties. Our sections on Methodology and the Interpretation of Data introduce the 
reader to the sampling method and data specifics of the herd studied. We then follow on 
with a section dealing with initial investment into the biodigester project, detailing the 
projected return and revenue, this, qualifying such investment as both environmentally 
timely and financially cost-effective for the business.  

We conclude our study by underlining the necessity and urgency of biodigestion for swine 
producers, this, supported by the modern context of social conscientiousness and the benefit 
of sound financial return in line with our research projections. 
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2. Environmental management 

The more our environment is damaged, the more our planet earth is compromised. We are 
witnessing, and experiencing, the progressive extinction of fauna and floral species, the 
pollution of groundwater and global warming. 

In the face of these threats, is environmental management which aims to minimize 
environmental impact and maintain the wellbeing of people by redefining practices, 
processes and procedures for private, public and rural life. Good, proper working 
conditions and environmentally sound products complying with environmental laws and 
regulations fall to the responsibility of environmental management, as does the proper 
handling of waste produced in rural areas and the legal remit within which organizations 
can operate. This said, environmental management seeks to strike the legal and ethical 
balance between quality, productivity and competitiveness with the minimization of 
environmental degradation. Thus, for Moura (2000), the workings of environmental 
management involve putting specialized concepts and management techniques into 
environmental practice.  

An environmental management system also signals greater competitiveness for the business 
which can equally retain and attract modern, learned consumers, whilst meeting the 
growing demands of external markets. Barbieri (2007) tells us that environmental 
management is defined by its administrative guidelines and key activities such as the 
planning, direction, control, and allocation of resources. Its main objective, furthermore, is to 
achieve positive, environmental results by reducing and eliminating the damage caused by 
human practices, or indeed to prevent such damage from even arising now and in the 
future. 

This is why companies are now looking to develop and implement environmental 
management at the core of their operations in order gain an environmental advantage over 
market competitors, in strict accordance with the principles of sustainable development. 
Thus in retaking the concept of Barbieri, Tinoco and Kraemer (2004), we can assert that the 
role of environmental management is to effectively minimize and eliminate the 
environmental risks of private, public and rural businesses.  

Companies can therefore meet the demands of the environment (and likewise of society), by 
tallying the expenditure of resources  with legislation, restoring the natural resources 
extracted from the environment. 

In this context, environmental management underlines the importance of environmental 
certification and accreditation which aims to help companies engage with, and commit to, 
the environment.  Ribeiro (2006), for example, states that it is necessary to determine the 
particular strategy of implementing guidelines so as to more broadly define a company's 
environmental status and profile.  Here, tools such as economic planning can be 
implemented into environmental programs that seek to change the current management 
system. Such programs, moreover, must be constantly checked through environmental 
audits. Yet aside from the virtues of the environmental management model, there is a 
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constant need for businesses to be aware of the rapid changes which are occurring in 
information technology and strategic cost initiatives.  

Indeed, models are constructed using the concepts defined by companies to guide and 
achieve goals. Barbieri’s findings (2007) underline that the adoption of a model is critical 
because activities can be developed by different people at different times, in different places 
and through different ways of perceiving and positioning crucial issues. Companies can 
create their own environmental management models or take advantage of the various 
generic models that have been with us since the mid-1980s. 

We see then that companies are finally coming into the age of environmental awareness, 
where standards and environmental legislation feature high on the agenda of those wanting 
to be maintain a market edge, nationally and internationally. We have a new series of 
standards defining our environmentally sensitive and fragile modernity, where the 
environmental status of a particular company has become the internationally accepted 
standard, seal and guarantee. 

3. Swine production and the environment 

For Marion (2002 p. 24) rural business, “explores the productive capacity of soil through the 
cultivation of land, as well as breeding and processing of certain agricultural products”. The 
author classifies such rural activity as (1) agricultural; (2) zootechnical; and (3) agro-
industrial.  Similarly, Araújo (2003, p. 31) points out that, “agro-industries are businesses 
defined by the processing, handling and transformation of natural agricultural products into 
commercially packaged goods.” Such businesses – deemed “agro-industries” by Marion 
(2002) and Araújo (2003) – are those which transform the agricultural/zootechnical product: 
the process of breeding, raising and slaughtering pigs for example, is for the purpose of 
transforming and commercializing derivatives. In a strictly economic context, the swine 
industry plays an important role in the movement of the food and supply chain.  
Sobestiansky (1998) shows then, that the modern swine industry is primarily focused on the 
production of pigs for slaughter and / or the breeding of livestock. 

One of the most evident changes occurring both worldwide and in the Brazilian pig 
industry is the linear trend where a decrease in the number of production systems runs 
parallel to an increase in the number of system matrices. In terms of international 
agriculture, Brazil has the specialized workforce capable of producing technology that 
ensures a competitive advantage – it is a country fit to compete on equal terms with any 
other in the agricultural business, heavily investing in research and production strategies. 
The work of Gonçalves and Palmeiras (2006) shows us that the Brazilian swine industry 
has received greater international attention for its advantageously competitive edge: 
swine production in Brazil has lower costs than its major worldwide competitors; its 
system of production is vertically integrated (meeting agro-industrial demand); foodstuffs 
and basic grains such as soybeans and corn are plentiful, and there is technological 
investment. 
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In retrospect, market realities and the accelerated growth of a global economy meant that 
agro-industrial businesses had to seek improvements and overhaul their organizational 
structures in order to guarantee market presence and competitiveness. The swine 
industry was by no means an exception to this trend, requiring both injections of 
investment into its processes and new facilities. As Leite (2008) makes clear, swine 
production underwent change because technological innovation became the rule-of-
thumb for a new generation of engineers focusing on the economic and environmental 
viability of such practices.  Zuin and Alliprandini (2006, p. 255) similarly assert that, 
“over the years innovation and invention proved powerful tools in achieving better 
efficiency in farming systems.” An equally important factor to this is the partnerships 
established between pig farmers and agro-industrial businesses, which have ensured the 
commercialization of production and added market value to the final product. Yet Mior 
(2005) equally points out that at the close of the 1990s in the western region of Santa 
Catarina, partnerships between agro-industries and swine producers heralded a new 
epoch in pig production, by reducing the number of contracts at the same time as 
increasing production. 

According to findings from the Associação Catarinense de Criadores de Suínos (2011), Brazil 
has 2,460 matrices for the housing of swine, where production sprang from 2,708 million 
tons in 2003 to 3,240 million in 2010 – this, an increase of 19.65% in merely five years, 
signaling market growth and the importance of swine in the supply chain. Yet the 
concentration of pig herds on small rural farms nevertheless carries environmental impacts 
owing to the vertical model of production adopted by Brazil, which is characterized by 
partnerships with industry.  

Generally, animal waste is treated in liquid form: water runs into deposits which are stored 
and the soil then used as organic fertilizer (EMBRAPA, 2008). This model coupled with the 
growth of swine production in Brazil heightens the risks of environmental degradation 
whereby the measures for treating swine waste are not only costly but require constant 
precision –  mishandled waste can lead to water, soil and air pollution with both an 
unwelcome stench and mosquitoes. 

In addition to industry and urbanization (domestic sewage), swine production is monitored 
by regulatory bodies and environmental agencies, so much so that the law clearly identifies 
the environmental dangers of such practices (GUIVANT e MIRANDA 2004). This is due to 
the large number of contaminants found in effluents which represent a potential source of 
air, water and soil contamination. Indeed, due to the high concentration of livestock at these 
rural sites, swine waste can easily  exceed the capacity of local ecosystems, potentially 
disrupting the natural environment and human health through organic matter; nutrients; 
pathogens; odors and microorganisms generated in the atmosphere (PEREIRA, DEMARCHI 
e BUDINO, 2009). 

A series of requirements can therefore be provisionally laid out, aimed at preventing and 
correcting increased environmental degradation. Among these we can list: 
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1. The need to maintain a permanent boundary of preservation set at a distance of 30 
meters, with distances between dwellings and settlements of at least 300 meters, and 
distances to roads at least 50 meters (Bezerra, 2005). 

2. The need to prohibit and monitor the dumping of waste and/or effluents from any 
polluting source, including waste from livestock, into Class I rivers intended for 
domestic supply. Such material may be released directly or indirectly into Class II and 
III rivers only after appropriate treatment and having satisfied the conditions, standards 
and requirements set forth by government Decree (RESOLUÇÃO CONAMA nº 357, 
from 17th March, 2005). 

3. The need to research ways of combining the use of waste for crops (fertilizers), or for 
the production of energy. This would reduce the degree of environmental pollution in 
line with the realities faced by rural farmers. Given this context, some environmental 
problems could be solved if environmental measures for swine production were 
effectively researched and put into practice. However, not all swine producers have the 
awareness or financial resource to treat waste correctly.  

4. Biodigesters 

Seganfredo (1999) notes that the continuous use of large quantities of swine waste as 
fertilizer has proven environmentally detrimental, not only in terms of air pollution but in 
terms of the progressive accumulation of nutrients in the soil and the presence of excess 
nitrates in water.  Likewise Sampaio et al. (2010) show that the mismanagement of 
remaining waste water can lead to an excess of pig manure in the soil (depending on the 
capacity for absorption some of these nutrients may lead to water contamination). 

Nogueira (PALHARES, 2008) therefore does well to remind us that in 1086 the Englishman 
Humphrey Davy identified a gas rich in carbon and carbon dioxide resulting from the 
decomposition of manure in humid places. Released into the atmosphere, the gas attacks the 
ozone layer and causes global warming. Jordan (2005) states, moreover, that methane - one 
of the gases produced by the degradation of waste – is twenty-one times more volatile than 
carbon dioxide (CO2). 

It is precisely here that the process of anaerobic biodigestion can prove the necessary 
environmental solution in that it destroys pathogenic organisms and parasites. In this way 
the treatment of waste by such means carries great advantages, transforming harmful gasses 
into a source of energy (bio-gas) for the better. In addition to this, solid matter decanting in 
the bottom biodigesting tank acts as biofertilizer, with liquid matter the (treated) 
mineralized effluent. Nogueira (1986) further points out that such a process offers multiple 
advantages. The production of fuel gas; the control of water pollution and odor; the 
elimination of pathogens from organic matter and the preservation of fertilizer are the 
immediate benefits of such waste removal. We can likewise emphasize that anaerobic 
digestion helps to minimize negative environmental impact, at once reducing relative risks 
and improving quality of life issues. 
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A digester is essentially built from a tank sealed with canvas suitable for storing waste. The 
process of biodigestion occurs in rotating fashion where organic matter enters through the 
side and anaerobic fermentation taking place without the presence of air. The result of this 
process is the transformation of methane into carbon dioxide. 

The biogas storage balloon is used for the intake and utilization of highly corrosive gases 
which require beneficiation treatment. Such processing is essential and increases their 
efficiency, for without it the use of biogas is not recommended. The process has specific 
stages of washing; cooling and compression. Finally, there is the intake of biogas by the 
storage (balloon), as evidenced in Figure 2. 

The liquid effluent resulting from this process then exits the digester for maturation ponds 
wherein the release of gases is completed: even after waste digestion in the machine, some 
substances still remain and must be released into the atmosphere so that the liquid can be 
used for fertilization. 

As Nogueira explains (1986) waste is transformed by agitation which distributes the 
substrate and bacteria, efficiently using the volume of the biodigester and 
reducing/eliminating supernatant scum matter. In order to have a guaranteed and precise 
process, agitators must be inserted into the biodigester in order to correctly agitate the 
substances necessary for transforming waste. It is also important to maintain the biomass at 
a heated temperature within the biodigester, for as Nogueira (1986) further points out, the 
biodigester has to be constructed and set up below ground-level, since this depth serves as a 
thermal insulator. Temperature plays an important part and it is advisable to ensure internal 
or external heat (of course depending on the agricultural needs of the producer) because 
bacteria can reproduce in this way, thereby transforming waste into biogas. 

 
Figure 1. The biodigester set up on the property where research findings were collated. 
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Figure 2. Biogas storage balloon  

 
Source: Gter Energias Renováveis. 

Figure 3. The biogas treatment process prior to intake. 
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Source:http://www.biodieselbr.com/i/energia/renovavel/biogas/processo-biodigestor.gif. 
Accessed: 18/5/08. 

Figure 4. The metabolic stages of anaerobic digestion occurring in the biodigester: the transformation of 
organic materials into gases used by farms, means that the environment is benefitted through the 
reduction of harmful methane gas emission. 

The introduction of biodigesters to rural swine production can thus equally benefit 
producers and the environment, reducing and possibly eliminating risks of environmental 
degradation whilst ensuring the quality of life required by human being. 
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5. Methodology 

Our present study focuses on a rural farm chiefly producing swine. Research was carried 
out on a farming property with a herd of 5, 362 pigs. All processes and procedures 
undertaken at the farm are officially approved and licensed by the governing environmental 
agency. We also investigated whether the implementation of a biodigester is an 
economically and financially viable alternative: where there is the appropriate treatment of 
swine waste from production and the financial return of investment for the farmer.Data was 
solicited by semi-structured interview, with the additional analysis of documentation.  The 
methodology of our study consisted of exploratory (qualitative) research, case studies of site 
procedures as well as quantitative research. Collated data was then tabled, and calculations / 
financial projections were made for the economic viability of investment. 

For the sake of anonymity, "Business A" is used to designate the slaughterhouse and 
"Business B" the company which invested funds into the biodigester. 

Calculations for the economic and financial viability of investment drew upon data collected 
in the first half of 2009. These data were tabled and are the basis for projections. In January 
2012, we revisited the businesses which had participated in the research study in order to 
measure the strength and validity of the 2009 projections.  We found that the generation of 
biogas and the financial return were in line with our 2009 forecasting/calculations. 
Adjustments were made in order to ensure a greater reliability for the return of investment. 

6. Interpretation of data 

The object of our study is Farm III and its 2 nuclei. The farm provides raw material to 
Business A.  Our study seeks to measure the economic and financial feasibility of installing a 
digester and the proper treatment of swine waste this promises. All necessary data was 
therefore collected from Farm III/Nuclei I and II. 

Farm III currently has a herd number of 5,362 pigs between nuclei I and II. It has a legally 
authorized waste treatment system. Each nucleus on the site has six pools and a 
Geomembrane Biodigestor of HDP (High Density Polyethylene) and LLDP (Linear Low 
Density Polyethylene) of 1.00 mm with a volume capacity of 800m ³ in nucleus I and 1400m ³ 
in nucleus II. Each nucleus has a homogenization tank which heats waste prior to it entering 
the biodigester. This tank has a volume capacity of 75m ³ in nucleus I and 150m ³ in nucleus 
II. There is also a homogenization pump in each nucleus with a power of 5 hp.  

7. Initial investment in the project 

Installing a biodigester requires building a workable structure. Costing included reservoirs 
of clean biogas; biogas cleaning kits and labor. It was also necessary to purchase equipment 
such as biogas dryers; piping; compressors. Table 1 presents the total costing of initial 
investment necessary for installing a biodigester.  
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Description Qty Value (R$) 
Biodigester 1.400 m³ 1 und 131.700,00 
Biodigester 900 m³ 1 und 102.426,00 
Earthwork/excavation N/D 37.000,00 
Machinery room 2 und 26.000,00 
Biogas cleaning kit 2 und 49.640,00 
Biogas dryer set N/D 38.960,00 
Reservoirs of clean biogas 3 und 54.000,00 
Pipe connections N/D 12.000,00 
Compressor 2 und 24.000,00 
High pressure network N/D 9.600,00 
Pipeline 4 km 41.735,00 
Pipeline excavation 4 km 22.000,00 
Control fittings N/D 28.716,00 
Command table 2 und 24.800,00 
Burners / heating equipment N/D 32.321,00 
Unforeseen costs N/D 15.873,00 
Total  650.771,00 

Source: data collected from Business B. 

Table 1. Initial investment. 

7.1. Revenue generated by investment 

Business B is responsible for funding the biodigester. It receives a return through the use of 
biogas consumed in the slaughterhouse and the singeing of swine. Values are invoiced 
using the following calculation:   

  m³ biogas cost per kg of GLP 0.80CBG R$
2.3

 
  

KEY: CBG = value of biogas consumed 
m³ biogas = quantity of biogas consumed; 
cost per kg of GLP (liquefied petroleum gas); 
0.80 = eighty percent of the value of LPG (as per the binding contractual clause between 
investor and slaughterhouse);  
2.3 = conversion factor for energy equivalence GLP/biogas. 

Table 2 shows the net income accrued over 2006; 2007; 2008; 2009; 2010 and 2011, and the 
projected income for 2012; 2013; 2014 and 2015. The projections were made by calculating 
the average between 2009, 2010, 2011 and applying a 5% growth estimate (subsequent years 
are projected to grow by 5% when compared to previous years). 
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Year Revenue
2006 94.922,09 
2007 115.993,24 
2008 107.239,10 
2009 111.354,05 
2010 116.921,75 
2011 122.767,84 
2012 122.865,27 
2013 129.008,54 
2014 135.458,96 
2015 142.231,91 

Source: Data collected from Business B. 

Table 2. Generated and projected revenue. 

In 2006 we see that the investing company had revenues of R $ 94,922.09 (ninety four 
thousand, nine hundred and twenty-two Reals, nine cents). This, representing a nominal 
return of 14.95% from the value invested. The rate of inflation for 2006, using the IPCA 
index (adopted by the Brazilian government as the official measure of inflation) was 3.14% 
(according to the Central Bank of Brazil) and stands at 11.45% as the effective rate of return 
for that year. 

In 2007, the investing company achieved a total revenue of R $ 115,993.24 (one hundred and 
fifteen thousand nine hundred and ninety-three Reals, twenty-four cents), representing an 
18.27% nominal return on the value invested. The IPCA inflation rate for 2007 stood at 4.46% 
(according to the Central Bank of Brazil), with 13.22% as the effective rate of return on 
investment for the period. 

In 2008, total revenue accrued by the company amounted to R $ 107,239.10 (one hundred 
and seven thousand, two hundred and thirty-nine Reals, ten cents), reaching a nominal 
return of 16.89% on invested capital. IPCA (according to Central Bank of Brazil) registered 
inflation at 5.90%, thus qualifying 10.38% as the effective return of investment. 

In 2009 the total net revenue obtained by the company amounted to R $ 111,354.05 (one 
hundred and eleven thousand, three-hundred and fifty-four Reals, five cents), reaching a 
nominal return of 17.54% on invested capital. Using IPCA as an index (and according to the 
Central Bank of Brazil) inflation stood at 4.31%, thus qualifying a 12.68% effective return of 
investment. 

2010 had total revenues of R $ 116,921.75 (one hundred and sixteen thousand, nine hundred 
and twenty-one Reals, seventy-five cents), reaching a nominal return of 18.42% on invested 
capital.  In 2010 IPCA (according to the Central Bank of Brazil) pegged inflation at 5.91%, 
this putting the effective return of investment at 11.81%. 
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In 2011 net revenue was R $ 122,767.84 (one hundred and twenty-two thousand, seven 
hundred and sixty-seven Reals, eighty-four cents), reaching a nominal return of 19.34% on 
invested capital.  Inflation stood at 6.50% according to IPCA (and the Central Bank of 
Brazil), with the effective return of investment at 12.06%. 

It appears that the annual return of savings (investment considered low risk and yield equal 
in all financial institutions in the country) for the years 2006; 2007; 2008; 2009; 2010 and 2011 
was 8.41%;  7.80%;  7.74%;  7.09%; 6.81% and  7.50% respectively. The rate of cumulative 
nominal return on investment in question was higher in all the periods analyzed when 
compared to the accumulated rate of return of savings. From a purely financial viewpoint, 
such investment is attractive in terms of yields. 
 

Year Initial Investment Net revenue Return

2006 -650.771,00  -650.771,00 

2006  94.922,09 -555.848,91 

2007  115.993,24 -439.855,67 

2008  107.239,10 -332.616,57 

2009  111.354,05 -221.262,52 

2010  116.921,75 -104.340,77 

2011  122.767,84 18.427,07 

2012  122.865,27 141.292,34 

2013  129.008,54 270.300,88 

2014  135.458,96 405.759,84 

2015  142.231,91 547.991,75 

Table 3. Payback and return of investment. The payback method of analysis presents to shareholders the 
necessary time to recover the financial resources invested in the project. Source: authors. 

One of the weaknesses of payback strategy is the depreciation of monetary value over time. 
This said, a reversal seems to have occurred between 2010 (negative) and 2011 (positive). In 
terms of our research and its specific scenario, a recovery of initial investment kicks in at 
about five years and 11 months. The projection of discount rates for the following years was 
calculated by using the simple average of yields recorded over the previous three years, this 
being approximately 7.13%.  
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Year 
Initial

investment Net revenue 
Tax

deduction Net income Deducted return 

2006 -650.771,00    -650.771,00 
2006  94.922,09 8,41% 87.558,43 -563.212,57 
2007  115.993,24 7,80% 99.814,85 -463.397,72 
2008  107.239,10 7,74% 85.747,65 -377.650,07 
2009  111.354,05 7,09% 84.666,25 -292.983,82 
2010  116.921,75 6,81% 84.107,70 -208.876,12 
2011  122.767,84 7,50% 79.548,84 -129.327,29 
2012  122.865,27 7,13% 75.866,74 -53.460,55 
2013  129.008,54 7,13% 74.358,33 20.897,78 
2014  135.458,96 7,13% 72.879,90 93.777,68 
2015  142.231,91 7,13% 71.430,88 165.208,56 

Source: authors. 

Table 4. Deducted return: this table shows the calculation of discounted payback. The discount rates 
applied to net annual income were from savings accounts checked for the years 2006, 2007, 2008, 2009, 
2010 and 2011. 

Considering this data, a sign inversion occurs between the projected years 2012 (negative) 
and 2013 (positive), pitching the recovery of initial investment at roughly 7 years and 9 
months. Using the information in Table 4 as a reference point, that is, the initial investment 
and net income both generated and projected, it is also possible to calculate the internal rate 
of return for the project – this being 12.16% per year. 

Financial analysis reveals the benefits of investing in a biodigester. The farm reported a total 
revenue of R $ 650,771.00, with a net income of R$ 94.922,09 for 2006; R$ 115.993,24 for 2007; 
R$ 107.239,10 for 2008; R$ 111.354,05 for 2009; R$ 116.921,75 for 2010 and R$ 122.767,84 for 
2011. For 2012 net income is projected to be R $ 122,865.27 with 5% real annual growth 
applied. 

The payback period of investment recovery stands at 5 years and 11 months, and the 
discounted payback at 7 years and 9 months. Comparing the annual return of investment to 
the cost of savings, the rate of return on investment yielded higher gain over all periods 
analyzed, this, confirming the economic and financial viability of such a project.  Financial 
and economic optic thus evidences the viability of financial investment into the project. This, 
combined with the environmental benefits, marks the entrepreneurial quality of such an 
enterprise.  

8. Conclusion 

The goal of our study was to demonstrate the relationship between swine production and 
the environment – where the former can be developed through new, innovative 
technologies, the latter is not impervious and remains vulnerable.  There is a need to 
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consider the negative environmental effects of such practices, highlighting the urgency for 
due care and attention in waste management and business strategy. 

The current market calls for fundamental changes in the economic situation and nature of 
organizations as well as flagging demands for a new benchmark in business management. 
An innovative approach to the way new realities are both understood and dealt with is a 
modern requirement. 

There is nevertheless a lack of accurate information about the chemical concentration of 
swine waste. Alternatives remain limited and the rationale underdeveloped. Ongoing 
research is required into the suitability of different soil types and crops receiving fertilizer. 
Likewise, both the short and long-term environmental effects of swine waste need to be 
studied and known. What we do know is that the indiscriminate disposal of swine waste in 
natural environments, runs the elevated risk of contaminating soil; water supplies; rivers; 
effluents and the air itself – this, a condonable practice directly affecting the health of rural 
and urban communities. 

Any waste distribution system then, must take into account the cultural and economic 
realities of farmers and local producers of swine. It is essential to raise the awareness of 
farmers and society alike, bringing to their attention issues of waste pollutants, as well as 
the benefits of implementing a technology that combines the agronomic use  of  manure  as 
fertilizer, providing the economy with greater input and systems which minimize the effects 
of pollution. 

As we previously asserted, our modern scenario is one requiring a social conscientiousness 
for the ecosystem is on the verge of total collapse. It is where modern man is faced with the 
urgency to change his world-view through sustainable business practices, igniting a change 
of values and a new direction in operating systems which engage with sustainable 
development and environmental preservation. 

According to Freitas (2008), a great many experts fear that if emissions of greenhouse gases 
(mainly carbon dioxide, methane and nitrous oxide) continue to increase, then the planet's 
temperature will rise and the results will be drastic if not unimaginable. Formidable changes 
in our climate with extreme cold and elevations of wetland will lead us to experiencing 
periods of drought; fertile farmland will not too far into the future succumb to 
desertification; incidences of severely destructive storms, tornadoes, hurricanes or typhoons 
will be frequent; the dwindling and complete loss of floral species and fauna in different 
parts of the natural world will be commonplace, as will the melting of ice caps and the 
consequent increase in global sea levels. With the unbridled increase in global warming, 
mainly due to high levels of carbon dioxide and methane, serious consequences can already 
be felt on a global scale, threatening the survival of the earth’s inhabitants. 

The aim of our study is to demonstrate the benefits generated by installing a biodigester as a 
financially and economically viable alternative in the management of swine waste.  Given 
this, biodigester technology and its environmental value, is more than a mere hypothesis but 
a tried and tested means of treating and reusing detrimental waste material – this, important 
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Year 
Initial

investment Net revenue 
Tax

deduction Net income Deducted return 
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2009  111.354,05 7,09% 84.666,25 -292.983,82 
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2012  122.865,27 7,13% 75.866,74 -53.460,55 
2013  129.008,54 7,13% 74.358,33 20.897,78 
2014  135.458,96 7,13% 72.879,90 93.777,68 
2015  142.231,91 7,13% 71.430,88 165.208,56 

Source: authors. 
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enterprise.  

8. Conclusion 

The goal of our study was to demonstrate the relationship between swine production and 
the environment – where the former can be developed through new, innovative 
technologies, the latter is not impervious and remains vulnerable.  There is a need to 

The Economic and Financial Feasibility of a Biodigester:  
A Sound Alternative for Reducing the Environmental Impact of Swine Production 385 

consider the negative environmental effects of such practices, highlighting the urgency for 
due care and attention in waste management and business strategy. 

The current market calls for fundamental changes in the economic situation and nature of 
organizations as well as flagging demands for a new benchmark in business management. 
An innovative approach to the way new realities are both understood and dealt with is a 
modern requirement. 

There is nevertheless a lack of accurate information about the chemical concentration of 
swine waste. Alternatives remain limited and the rationale underdeveloped. Ongoing 
research is required into the suitability of different soil types and crops receiving fertilizer. 
Likewise, both the short and long-term environmental effects of swine waste need to be 
studied and known. What we do know is that the indiscriminate disposal of swine waste in 
natural environments, runs the elevated risk of contaminating soil; water supplies; rivers; 
effluents and the air itself – this, a condonable practice directly affecting the health of rural 
and urban communities. 

Any waste distribution system then, must take into account the cultural and economic 
realities of farmers and local producers of swine. It is essential to raise the awareness of 
farmers and society alike, bringing to their attention issues of waste pollutants, as well as 
the benefits of implementing a technology that combines the agronomic use  of  manure  as 
fertilizer, providing the economy with greater input and systems which minimize the effects 
of pollution. 

As we previously asserted, our modern scenario is one requiring a social conscientiousness 
for the ecosystem is on the verge of total collapse. It is where modern man is faced with the 
urgency to change his world-view through sustainable business practices, igniting a change 
of values and a new direction in operating systems which engage with sustainable 
development and environmental preservation. 

According to Freitas (2008), a great many experts fear that if emissions of greenhouse gases 
(mainly carbon dioxide, methane and nitrous oxide) continue to increase, then the planet's 
temperature will rise and the results will be drastic if not unimaginable. Formidable changes 
in our climate with extreme cold and elevations of wetland will lead us to experiencing 
periods of drought; fertile farmland will not too far into the future succumb to 
desertification; incidences of severely destructive storms, tornadoes, hurricanes or typhoons 
will be frequent; the dwindling and complete loss of floral species and fauna in different 
parts of the natural world will be commonplace, as will the melting of ice caps and the 
consequent increase in global sea levels. With the unbridled increase in global warming, 
mainly due to high levels of carbon dioxide and methane, serious consequences can already 
be felt on a global scale, threatening the survival of the earth’s inhabitants. 

The aim of our study is to demonstrate the benefits generated by installing a biodigester as a 
financially and economically viable alternative in the management of swine waste.  Given 
this, biodigester technology and its environmental value, is more than a mere hypothesis but 
a tried and tested means of treating and reusing detrimental waste material – this, important 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 386 

for both swine producer and society. Besides being an alternative source of renewable gas, 
such a technology reuses and recycles, improving and maintaining soil without jeopardizing 
environmental standards and human wellbeing.  
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1. Introduction 

For the reason of worldwide increased activities of upstream oil and gas industry for 
future energy demands which will be associated with more waste generation, zero 
discharge is considered an environmentally friendly approach of complying with 
environmental legislations. Drilling is one of the major operations in upstream oil and gas 
industry that can potentially impact the environment through generation of different 
types of wastes. The drilling process generates millions of barrels of drilling waste each 
year; primarily used drilling fluids and drill cuttings especially oil-contaminated drill 
cuttings. In the early years of the oil industry, little attention was given to environmental 
management of drilling wastes. The rapid development of drilling operation in order to 
fulfill the global energy demands and so the drilling environmental regulatory 
requirements have become stricter, drilling and mud system technologies have advanced, 
and many companies have voluntarily adopted waste management options with more 
benign environmental impacts that those used in the past. Moreover, it is crucial to find 
out why drilling wastes are important nowadays, how they generated and by which 
means those waste could be disposed off with higher efficiency and acceptable HSE and 
economically concerns. Drill Cutting Re-Injection (DCRI) is one of the processes that 
developed as an environmentally friendly and zero discharge technology in upstream oil 
and gas industry.  

A variety of oil field wastes are disposed of through injection, such as produced water that 
re-injected through tens of thousands of wells for enhanced recovery or disposal. Other oil 
field wastes that are injected at some sites include work over and completion fluids, sludge, 
sand, scale, contaminated soils, and storm water, among others. The focus of this chapter is 

© 2012 Zoveidavianpoor et al., licensee InTech. This is a paper distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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injection of wastes related to the drilling process, which involve processing cuttings into 
small particles, mixing them with water and other additives to make slurry, and injecting it 
into a subsurface geological formation at pressure high enough to fracture the rock. DCRI 
has been given other terms by different authors such as fracture slurry injection, grind and 
inject, and drill cuttings injection.   

The most critical aspect in waste injection through hydraulic fracturing (HF) in upstream oil 
and gas industry, which is DCRI, will be reviewed in this chapter. The subject of this 
chapter, DCRI, is a specialized area in upstream petroleum industry; even though many 
brilliant papers presented on various environmental areas, overview papers that present a 
context for those more specific studies are needed. This chapter will presents in an effort to 
review the environmental management of DCRI in upstream petroleum industry. The aims 
are firstly, to review the drilling process and different types of drilling fluid. Afterwards, 
because it's considered as a key in identifying containment formations to prevent waste 
migration to water resources and environment in DCRI operations, HF technology will be 
introduced in the second part of this chapter. Finally, after reviewing the essential parts of 
DCRI, drilling wastes and HF, the nature of DCRI and its role in environmental 
management will be presented in details. 

2. Overview of drilling operation 

Oil and gas wells are drilled to depths of several hundred to more than 5,000 meters. Figure 
1 shows a schematic of typical drilling rig, which uses a rotating drill bit attached to the end 
of a drill pipe. Drilling fluids (muds) are pumped down through the hollow drill pipe, 
through the drill bit nozzles and up the annular space between the drill pipe and the  
hole. Drilling mud mixture is particularly related to site and hole condition; it used to 
lubricate and cool the drill bit, maintains pressure control of the well as it is being drilled, 
and helps to removes the cuttings from the hole to the surface, among other functions. In 
fact, the technology of mud mixing and treatment has been recognized as a source of 
pollutants. 

Mud and drill cuttings are separated by circulating the mixture over vibrating screens 
called shale shakers. As the bit turns, it generates fragments of rock (cuttings), which will 
be separated from the mud by shale shakers that will moves the accumulated cuttings 
over the screen to a point for further treatment or management. Consequently, additional 
lengths of pipe are added to the drill string as necessary. As a common practice in drilling 
of oil and gas wells, when a target depth has been reached according to the drilling plan, 
the drill string is removed and the exposed section of the borehole is permanently 
stabilized and lined with casing that is slightly smaller than the diameter of the hole. The 
main function is to maintain well-bore stability and pressure integrity. (Three sizes of 
casing depicted in Figure 1). Cement is then is pumped into the space between the wall of 
the drilled hole and the outside of the casing to secure the casing and seal off the upper 
part of the borehole. Each new portion of casing is smaller in diameter than the previous 
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portion through which it is installed. The final number of casing strings depends on the 
total depth of the well and the sensitivity of the formations through which the well 
passes. The process of drilling and adding sections of casing continues until final well 
depth is reached. 

 
 

 
 

Figure 1. A schematic of a drilling rig (not to scale). 

Two primary types of wastes are generated in drilling of oil and gas wells; drill cuttings and 
drilling fluids. Most drilling fluids contain bentonite clay, water, barite, specialized 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 390 

injection of wastes related to the drilling process, which involve processing cuttings into 
small particles, mixing them with water and other additives to make slurry, and injecting it 
into a subsurface geological formation at pressure high enough to fracture the rock. DCRI 
has been given other terms by different authors such as fracture slurry injection, grind and 
inject, and drill cuttings injection.   

The most critical aspect in waste injection through hydraulic fracturing (HF) in upstream oil 
and gas industry, which is DCRI, will be reviewed in this chapter. The subject of this 
chapter, DCRI, is a specialized area in upstream petroleum industry; even though many 
brilliant papers presented on various environmental areas, overview papers that present a 
context for those more specific studies are needed. This chapter will presents in an effort to 
review the environmental management of DCRI in upstream petroleum industry. The aims 
are firstly, to review the drilling process and different types of drilling fluid. Afterwards, 
because it's considered as a key in identifying containment formations to prevent waste 
migration to water resources and environment in DCRI operations, HF technology will be 
introduced in the second part of this chapter. Finally, after reviewing the essential parts of 
DCRI, drilling wastes and HF, the nature of DCRI and its role in environmental 
management will be presented in details. 

2. Overview of drilling operation 

Oil and gas wells are drilled to depths of several hundred to more than 5,000 meters. Figure 
1 shows a schematic of typical drilling rig, which uses a rotating drill bit attached to the end 
of a drill pipe. Drilling fluids (muds) are pumped down through the hollow drill pipe, 
through the drill bit nozzles and up the annular space between the drill pipe and the  
hole. Drilling mud mixture is particularly related to site and hole condition; it used to 
lubricate and cool the drill bit, maintains pressure control of the well as it is being drilled, 
and helps to removes the cuttings from the hole to the surface, among other functions. In 
fact, the technology of mud mixing and treatment has been recognized as a source of 
pollutants. 

Mud and drill cuttings are separated by circulating the mixture over vibrating screens 
called shale shakers. As the bit turns, it generates fragments of rock (cuttings), which will 
be separated from the mud by shale shakers that will moves the accumulated cuttings 
over the screen to a point for further treatment or management. Consequently, additional 
lengths of pipe are added to the drill string as necessary. As a common practice in drilling 
of oil and gas wells, when a target depth has been reached according to the drilling plan, 
the drill string is removed and the exposed section of the borehole is permanently 
stabilized and lined with casing that is slightly smaller than the diameter of the hole. The 
main function is to maintain well-bore stability and pressure integrity. (Three sizes of 
casing depicted in Figure 1). Cement is then is pumped into the space between the wall of 
the drilled hole and the outside of the casing to secure the casing and seal off the upper 
part of the borehole. Each new portion of casing is smaller in diameter than the previous 

Overview of Environmental Management  
by Drill Cutting Re-Injection Through Hydraulic Fracturing in Upstream Oil and Gas Industry 391 

portion through which it is installed. The final number of casing strings depends on the 
total depth of the well and the sensitivity of the formations through which the well 
passes. The process of drilling and adding sections of casing continues until final well 
depth is reached. 
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additives, and some types of muds also contain hydrocarbons. Large volumes of drilling 
muds are stored in aboveground tanks or pits. The liquid muds pass through the screen and 
are recycled into the mud system, which is continuously treated to maintain the desired 
properties for a successful drilling operation. Depending on the depth and diameter of the 
well bore, the volume of drilling wastes generated from each well varies; typically, several 
thousand barrels of drilling waste are generated per well. Figure 2 is a demonstration of the 
generated drilling waste from a 2400 meters well depth that comprises of four different 
borehole sizes.  
 

 
Figure 2. A typical drill cutting and mud volumes for a 2400 meters well depth. 

The generation of wastes from drilling fluid and drill cuttings could be recognized at 
different stages of the drilling operation. When drilling at the first few hundred meters to 
run conductor casing or surface casing, higher quantities of cuttings are produced; that’s 
because borehole diameter is the largest during this stage. Substantial waste fluid must be 
handled when drilling deep wells that encountered shale's and/or unstable formations. So, 
oil based muds (OBMs) is utilized to overcome those problems which will be mixed with 
other drilling fluids in waste pit and disposed to the environment. Furthermore, higher 
volume of wastes must be displaced in the completion phase of drilling operation which is 
replaced by completion fluids and equipment. Physical condition of a waste pit during and 
after drilling operation is illustrated in Figures 3 and 4, respectively. More details could be 
found by Shadizadeh and Zoveidavianpoor, (2008). 
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Figure 3. Mud pit condition during drilling operation. 

 
Figure 4. Mud pit condition after drilling operation. 
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3. Environmental impacts of drilling muds 

In upstream petroleum industry, drilling is the major operation that can potentially impact 
the environment. Drilling operation generates a significant volume of wastes. The 
composition of drilling fluid constituents is depicted in Table 1. Environmentally 
responsible actions require an understanding of the characteristics of these wastes and how 
they are generated in order to minimize their environmental impacts by known 
environmental protection methods. In this section, environmental impacts of a drilling mud 
will be presented along with a case study on mud pit samples for heavy metals (Cd, Cr, Ni, 
and Al) concentrations during and after the drilling operation. For more details please 
consult Shadizadeh and Zoveidavianpoor, 2008 and 2010.  
 

Elements Water Cuttings Barite Clay Chrome-
lignosulfonate Lignite Caustic 

Aluminum 0.3 40,400 40,400 88,600 6,700 6,700 0.013 
Arsenic 0.0005 3.9 34 3.9 10.1 10.1 0.039 
Barium 0.01 158 590,000 640 230 230 0.26 

Cadmium 0.0001 0.08 6 0.5 0.2 0.2 0.0013 
Chromium 0.001 183 183 8.02 40,030 65.3 0.00066 

Cobalt 0.001 183 183 8.02 40,030 65.3 0.00066 
Copper 0.0002 2.9 3.8 2.9 5 5 0.00053 

Iron 0.003 22 49 8.18 22.9 22.9 0.039 
Lead 0.5 21,900 12,950 37,500 7,220 7,220 0.04 

Magnesium 0.003 37 685 27.1 5.4 5.4 0.004 
Mercury 4 23,300 3,900 69,800 5,040 5,040 17,800 
Nickel 0.0001 0.12 4.1 0.12 0.2 0.2 5 

Potassium 0.0005 15 3 15 11.6 11.6 0.09 
Silicon 2.2 13,500 660 2,400 3,000 460 51,400 
Sodium 7 206,000 70,200 271,000 2,390 2,390 339 

Strontium 6 3,040 3,040 11,000 71,000 2,400 500,000 
Cobalt 0.07 312 540 60.5 1030 1030 105 

Table 1. Elemental composition of drilling fluid constituents (ppm) (Bleier et al., 1993). 

A potential source of heavy metals in drilling fluid is from crude itself. Crude oil naturally 
contains widely varying concentrations of various heavy metals. In the selected well a 
combination of water based muds (WBMs) and OBMs had used. As shown in Table 2, the 
major components of WBMs in the investigated site were barite, salt, starch, bentonite, and 
lime. The metals of greatest concern, because of their potential toxicity and/or abundance in 
drilling fluids, include chromium, cadmium, and nickel (Neff, 2002). Some of these metals 
are added intentionally to drilling muds as metal salts or organometallic compounds. Others 
are present as trace impurities in major mud ingredients, particularly barite and bentonite. 
One of the major drilling mud additives used in both WBMs and OBMs in the investigated 
well is barite. The amount of barite used in the investigated well as shown in Table 2 is 702 
tonnes. Barite contains variable amounts of heavy metals and it is the main source of heavy 
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metals in the investigated site. Metals concentrations in mud pit of selected well during and 
after drilling operation are presented in Figure 5. Chromium concentration was detected in 
the samples at 0–0.08 ppm. Other heavy metals were also at high levels and showed 
significantly higher values specially by using OBMs: cadmium 0–0.006 ppm, nickel 0–0.024 
ppm, and aluminum 0–341 ppm. However, these heavy metal levels are generally above 
toxic levels. As shown in Figures 5, the concentrations of cadmium, chromium, and nickel 
increased progressively in the fourth sampling periods because of the contamination of the 
mud pit with OBMs that was initiated in the fourth sampling period. Concentration of 
aluminum increased from the first to the third sampling periods, whereas in the fourth 
period it shows decreased values from 0.05 ppm to 0.006 ppm. Aluminum was not observed 
in the fifth and sixth sampling periods but maintained an increased value from the seventh 
to the end of the sampling periods. In the entire study area, chromium levels ranged from 0 
to 0.08 ppm but no concentration was observed after the seventh period of the sampling. 
This can be explained by the storm runoff water at the investigated well site that washes 
away all these wastes, especially in the mud pits to other locations or seepage from the 
discharge pits into the surrounding soils. The statistics of the investigated heavy metals are 
shown in Table 3. 
 

Properties 24” hole  60 m 17½” hole 
1510 m 

12¼” hole 
2158 m 

8½” hole  
2330 m 

M
ud

 P
ro

pe
rt
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Mud system WBM WBM WBM OBM 
pH 10-10.5 10.5-9.8 8-10 9-9.5 

Average salt 
concentration (mg/l)

2000 185600 297600 380100 

Average calcium 
concentration (mg/l)

464 2404 3320 231 

YP 11 4-7 6-78 19-27 
PV 35 5-10 8-58 8-12 

Initial Gel 22 3-6 1-13 2 
10 Min. Gel 30 4-8 2-6 3 

Mud lost @ unit (bbl) 0 2588 1252 802 
Density (pcf) 70-62 68-79 79-146 69.5 

Barite (t) 0 27 674.4 0 

M
ud

 M
at

er
ia

l 

Salt (t) 2 166 168 15 
Starch (sx) 0 30 727 0 

Bentonite (t) 160 750 0 0 
Lime (sx) 123 69 222 130 

CMS H.V (sx) 0 0 0 17 
IRSATROL(sx) 0 0 0 140 

Diesel (bbl) 0 0 0 615 
Note: YP=yield point; PV=plastic viscosity; bbl=barrel; pcf=pound per cubic feet; t=ton; sx=sacks 

Table 2. Drilling fluid used in the selected well (Shadizadeh and Zoveidavianpoor, 2010). 
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metals in the investigated site. Metals concentrations in mud pit of selected well during and 
after drilling operation are presented in Figure 5. Chromium concentration was detected in 
the samples at 0–0.08 ppm. Other heavy metals were also at high levels and showed 
significantly higher values specially by using OBMs: cadmium 0–0.006 ppm, nickel 0–0.024 
ppm, and aluminum 0–341 ppm. However, these heavy metal levels are generally above 
toxic levels. As shown in Figures 5, the concentrations of cadmium, chromium, and nickel 
increased progressively in the fourth sampling periods because of the contamination of the 
mud pit with OBMs that was initiated in the fourth sampling period. Concentration of 
aluminum increased from the first to the third sampling periods, whereas in the fourth 
period it shows decreased values from 0.05 ppm to 0.006 ppm. Aluminum was not observed 
in the fifth and sixth sampling periods but maintained an increased value from the seventh 
to the end of the sampling periods. In the entire study area, chromium levels ranged from 0 
to 0.08 ppm but no concentration was observed after the seventh period of the sampling. 
This can be explained by the storm runoff water at the investigated well site that washes 
away all these wastes, especially in the mud pits to other locations or seepage from the 
discharge pits into the surrounding soils. The statistics of the investigated heavy metals are 
shown in Table 3. 
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Figure 5. Heavy metals fluctuation during and after drilling operation. 

 

Statistics 
Heavy Metals (ppm) 

Cd Cr Ni Al 
Max 0.0060 0.0800 0.024 0.341 

Mean 0.0022 0.0214 0.005991 0.09396 
Median 1.0000e-003 1.0000e-003 0.0003 0.05 
Mode 0.0040 0 0 0 

Std 0.0021 0.0306 0.008349 0.1255 
Range 0.0060 0.0800 0.024 0.341 

Table 3. Heavy metals statistics in the case study 

4. Potential effects on natural resources, and minimization strategies 

Drilling wastes can harm ecosystems, plants, and animals and cause health problems in 
humans. Many materials that are released into reserve mud pits also release drilling wastes 
into the environment, which calls for public awareness as well. When released heavy metals 
are discharged into unlined pits the toxic substances in the pits can leach directly into the 
soil and may contaminate groundwater. Additionally, there is no evidence of zero discharge 
in lined pits. In contrast to most organic pollutants, trace metals are not usually eliminated 
from aquatic ecosystems by natural processes due to their non-biodegradability. Both toxic 
and nontoxic heavy metals tend to accumulate in bottom sediments, from which they may 
be released by various processes of remobilization. Frequently, these metals can move up 
the biological chain, eventually reaching humans, where they can cause chronic and acute 
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ailments (Ankley et al., 1993). As presented in the previous sections, routine drilling wastes 
such as drilling muds and cuttings contain a variety of toxic chemicals; they are known to be 
hazardous to wildlife, livestock, and human health. If pollutants from oil well drilling build 
up in the food chain, people who consume those natural resources from the contaminated 
drilled well area could be at risk of health problems such as genetic defects and cancer. For 
environmental protection, different strategies are considered; (1) restoring the well site to its 
natural state after drilling, (2) let the liquid to be evaporated, (3) Bioremediation, (4) multi-
pit system, and (5) DCRI, which is the focus of this chapter. Because DCRI deal with the 
initiation and propagation of a fracture in a rock matrix by means of hydraulic pressure, HF 
will briefly be discussed in the next section.  

5. Hydraulic fracturing 

Initially, fracturing was a low technology operation consisting of the injection, at low 
temperature, of a few thousand gallons of napalm into low-pressure reservoirs. 
Substantially, HF has evolved into a highly engineering and complex procedure. As a 
technology has improved, so has the number of wells, formations, and fields that can be 
successfully fractured, increased. The development of high pressure pump units, high 
strength proppant, and sophisticated fracturing fluids, has meant that deep, low 
permeability, high temperature, reservoirs can now be fractured (Veatch et al., 1989). This 
technology is a well-known process, which was originally applied to overcome near 
wellbore skin damage (Smith, 2006). Since then, it has been expanded to such applications 
as (1) reservoir stimulation for increase hydrocarbon deliverability, (2) increase drainage 
area, and decrease pressure drop around the well to minimize problems with asphaltene 
and/or paraffin deposition, (3) geothermal reservoir recovery, (4) waste disposal, (5) 
control of sand production, (6) to measure the in-situ stress field and (7) heat extraction 
(geothermal energy) from deep formations. Obviously, there could be other uses of HF, 
but the majority of the treatments are performed for the mentioned reasons. HF has made 
significant contributions to the petroleum industry since its inception (Veatch et al., 1989). 
By 2009 HF activity has increased 5-fold compared to the investment of a decade earlier 
and has become the second largest outlay of petroleum companies after drilling 
(Economides, 2010). 

HF is the pumping of fluids at high rates and pressures in order to break the rock. A typical 
chart of fracturing which shows the common treatment stages is shown in Figure 6. The 
operation begins with injection of a mixed acid and water named Pre-pad. A mixture of 
water and a polymer, named Pad, will follows. The fracture will initiated in this stage but 
contains no proppant. To make the fracture open for fluid flow, a mixture of proppant and 
the fracturing fluid, which called Slurry will have injected. For more details please consult 
Daneshy, 2010. 

As it clear from section 2, the need has been arises to treat/manage the drill cuttings toward 
zero discharge by utilization of HF. 
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(Economides, 2010). 

HF is the pumping of fluids at high rates and pressures in order to break the rock. A typical 
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As it clear from section 2, the need has been arises to treat/manage the drill cuttings toward 
zero discharge by utilization of HF. 
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Figure 6. A typical fracturing chart illustrates the steps to HF a well (Daneshy, 2010). 

There are both similarities and distinct differences between HF and DCRI which shown in 
Table 4. More details could be found from Arthur (2010). 
 

Issue Drill Cutting Re-injection Hydraulic Fracturing 
Target interval Non Reservoir Reservoir 

Pumping period Long-term Short-term 
Pumping pressure Fracture Fracture 

Slurry mixture Cuttings and fracturing fluids
Proppant and fracturing 

fluids 
Fracture containment study Essential Essential 

Table 4. Comparison between DCRI and HF. 

6. Waste management by DCRI  

6.1. An overview 

Even though the generation of drill cuttings is a certain result of drilling, those wastes can 
be treated and/or managed in a number of ways. A summary chart on different drilling 
wastes management options are presented in Figure 7. As mentioned earlier, the focus of 
this chapter will be on DCRI. 

Valuable literature available regarding the disposal options including: lessons learned 
concerning biotreating exploration and production wastes (McMillen et al. 2004), successful 
cases of fixation (Zimmerman and Robert, 1991), converting cuttings into a valuable sources by 
using vermicomposting (Paulse, 2004), and thermal treatment (Bansal and Sugiarto, 1999). 
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As summarized in Figure 7, environmental management of drilling wastes may be 
categorized in three options; waste minimization, recycle/reuse, and disposal. The first and 
second options are not addressed here. Table 5 shows a comparison among disposal methods 
which may classified into fixation, thermal treatment, DCRI, and bioremediation/composting. 
Among the four methods for disposal option that may be considered when deciding on waste 
management options, the focus of this chapter is on DCRI. 

 
Figure 7. Different approaches in environmental management for drilling wastes 

Comparative assessments on alternative disposal options are outlined in Table 5. As clearly 
shown, environmental impacts and safety risks, which are the most important factors 
among others, have low level degree and therefore its vulnerability as the best option 
increases to be adopted as the environmentally friendly drilling waste disposal process. in 
addition to zero discharge, other advantages of DCRI include; no transportation concerns, 
no future cleanup responsibilities by the operator, full control over the waste management 
process, world wide applicability, and its favorable economics. According to Reddoch, 
(2008): "DCRI is simply the lowest cost, easiest course of action for most drilling operations." 
 

Comparison Factors Fixation 
Thermal 

Treatment 
DCRI 

Bioremediation/ 
Composting 

Environmental Impact Low High Low Medium 
Cost $9-10/bbl a $90/metric ton a $5/bbl b $500/cubic meter c 

Safety Risks High High Low Medium 
Technical Low Medium High Medium 

1m3=6.29 bbl (US bbl); 1 metric ton=7.1 bbl (for an oil with 0.88 specific gravity) 
aBansal and Sugiarto (1999); bReddoch (2008); cMcMillen and Gray (1994) 

Table 5. Qualitative and quantitative comparison in disposal approaches 

The question is raised that what is the relationship between environmental management 
and DCRI? It's clear that DCRI process will maintain waste containment in a target interval 
with zero discharge and consequently low HSE risks. Other goals such as cost management 
and asset management are not covered in this chapter. For more details please consult 
Bruno et al. (2000). 
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We can visualize DCRI to loss of circulation of drilling fluids in conventional under 
balanced drilling operation. Also, it's quite similar to HF operation, because we need to 
propagate the fractures in the selected horizon and this goal will be achieved by utilization 
of fracture propagation models which conventionally employed in HF treatment.  

Cuttings may be re-injected into the annulus of a well being drilled or into a dedicated well. 
In annulus injection, cutting would be stored until the desired formation is reached. 
Whereas in dedicated disposal well, one or more dedicated disposal wells would be drilled 
and drill waste systems put in place in those wells. A schematic of both types of DCRI is 
shown in Figure 8. 

 
Figure 8. Two major types of DCRI; annulus injection (left) and dedicated well (right). 

Drill cuttings may be injected into subsurface geological formations at the drilling site, 
offshore or onshore and would provide a complete disposal solution. Its worth to note that 
onshore operations have a wider range of options than offshore operations.   

Readers may be asks why this process is called drill cutting re-injection? That's because drill 
cuttings will be returned back to their origin, deep beneath the Earth's surface. 

A sketch of basic setup and flow of DCRI process is shown in Figure 9. Drill cuttings and 
other oilfield wastes are slurried by being milled and sheared in the presence of water. The 
resulting slurry is then disposed of by pumping it into a dedicated disposal well, or through 
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the open annulus of a previous well into a fracture created at the casing shoe set in a suitable 
formation. 

 
Figure 9. A sketch of basic setup and flow of DCRI 

6.2. A case study 

In addition to the drill cuttings and drilling fluids, various waste streams need to be handled 
and disposed of properly include: produced water, contaminated rainwater, scales, and 
produced sand. DCRI provides a secure operation by injecting cuttings and associated fluids 
up to several thousand meters below the surface into hydraulically created fractures. In 
order to guarantee containment within the selected underground formation and perform 
sufficient design of surface facilities, simulations are performed for the anticipated 
downhole waste domain.  

In this regard, a feasibility study was performed to show the possibility of DCRI in Ahwaz 
oilfield located in southern Iranian oilfields. The possibility of annular injection and 
dedicated injection wells was investigated in this study. The objectives were to (1) estimate 
the volume of drilling waste produced from drilling of each wellbore of the field, (2) select 
the most appropriate disposal formation in the field, and (3) determine whether the drill 
wastes can be safely injected into a dedicated well or annular space. Numerous scenarios 
were considered in the feasibility studies to ensure safe containment of any injected drilling 
waste. More details could be found by Shadizadeh and Zoveidavianpoor, (2011). 

The volumes of drill cuttings and muds, type of utilized mud, and geological information 
are shown in Table 6. The required data to conduct this study is depicted in Table 7. 
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oilfield located in southern Iranian oilfields. The possibility of annular injection and 
dedicated injection wells was investigated in this study. The objectives were to (1) estimate 
the volume of drilling waste produced from drilling of each wellbore of the field, (2) select 
the most appropriate disposal formation in the field, and (3) determine whether the drill 
wastes can be safely injected into a dedicated well or annular space. Numerous scenarios 
were considered in the feasibility studies to ensure safe containment of any injected drilling 
waste. More details could be found by Shadizadeh and Zoveidavianpoor, (2011). 

The volumes of drill cuttings and muds, type of utilized mud, and geological information 
are shown in Table 6. The required data to conduct this study is depicted in Table 7. 
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Depth 
(m) 

Formation 
Name Column 

Setting 
depth 

(inchm)
Lithology Hole Size 

(inch) 

Cutting 
volume 

(bbl) 

Mud 
volume 

(bbl) 

Mud 
type 

1550 Aghajari 
Marl with 
Sandston 

bonds 
26 132 4400 WBM 

1660 Mishan 
Marl with 
Limestone 
basement 

17 1/2 2040 2800 WBM 

2332 Gachsaran Marl, Salt, 
Anhydrate. 9 5/8 219 3500 WBM 

3590 Asmari 
Limestone 

with 
Sandstone 

8 1/2 73 800+400 WBM+
OBM 

Table 6. Generalized geologic data along with drill cuttings and mud volumes. 

Required data Description

Injection batch 
volumes and 
injection rates 

Injection of the slurry is often conducted intermittently in batches into the 
selected disposal formation, followed by a period of shut-in. depending 
upon the batch volume and the injection rate, each batch injection may 
last from less than an hour to several days or even longer.

Minimum in situ 
stress 

Most important in fracture simulation that controls fracture-height 
growth, fracture azimuth and vertical and horizontal orientation, fracture 
width, treatment pressures, fracture conductivity, and wastes 
containment in disposal horizon.

Pore pressure 
Very critical parameter to planning and carrying out successful DCRI, 
because the stress state of the poroelastic medium is directly influenced 
by pore pressure or reservoir pressure.

Young’s 
modulus 

Is the ration of longitudinal stress to longitudinal strain, which  has 
significant effect on fracture geometry, especially on fracture width 

Poisson’s ratio Is a measure of the compressibility of material perpendicular to applied 
stress that has significant effect on fracture geometry

Casing setting 
depths and 
injection point 

The target which the slurry has to be injected via annulus or dedicated 
well. 

Fluid leak-off 
data 

Means the leaking of fluid from the surface of a fracture into the 
surrounding rock formation. It's an important parameter controlling the 
size and geometry of the hydraulically induced fracture.

Slurry rheology The study of the deformation and flow of matter, that crucial for 
maintaining zonal isolation.

Fracture 
toughness 

Is an important parameter in fracture modeling and is a measure of a 
material's resistance to fracture propagation

Table 7. Explanation of required data for DCRI simulation. 
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In particular, the expense of DCRI requires that the operator knows how the formation will 
respond to treatment, and whether the treatment design such as selection of pump rates, 
fluid rheology, accurate rock mechanic properties, pumping schedule and fracture 
propagation model, will create the intended fracture.  

Most 2D models are based on three common models entitles Perkins-Kern-Nordgren (PKN), 
Khristianovic-Geertsma de Klerk (KGD), and Radial models. The first and second models 
which assume constant height, are appropriate when the stress contrasts are high between 
the pay layer and neighboring formations and these contrasts follow lithologic boundaries. 
For Radial model, its better works in a setting where the fracture grows in a formation of 
homogeneous stress and mechanical properties so that fracture height is small compared to 
formation layer thickness. A brief comparison among 2D models is listed in Table 8.     

The main advantage of a more advanced method such as pseudo 3D (P3D) over 2D models 
is that it does not require estimating fracture height, but it does require input of the 
magnitude of minimum horizontal stress in the zone to be fractured and in the zones 
immediately above and below. 

Model 
Name Plan View Cross Section View Pressure-Time Trend Description 

PKN 

 

Cross section= 
Elliptical 
Width  height 
Width < KGD 
Length > KGD 
Suitable when: 
length>height 

KGD 

Cross section: 
Rectangular 
Width  height 
Suitable when: 
length<height 

Radial 

Cross section= 
Elliptical 
Suitable when: 
length=height 

Table 8. Comparison of 2D fracture models 

6.2.1. Simulation study 

Based on the petrophysical logs, from lithological point of view, the relevant formations are 
fairly marl, sandstone and limestone with an average rock density 2.33gr/cm3. The vertical 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 402 

Depth 
(m) 

Formation 
Name Column 

Setting 
depth 

(inchm)
Lithology Hole Size 

(inch) 

Cutting 
volume 

(bbl) 

Mud 
volume 

(bbl) 

Mud 
type 

1550 Aghajari 
Marl with 
Sandston 

bonds 
26 132 4400 WBM 

1660 Mishan 
Marl with 
Limestone 
basement 

17 1/2 2040 2800 WBM 

2332 Gachsaran Marl, Salt, 
Anhydrate. 9 5/8 219 3500 WBM 

3590 Asmari 
Limestone 

with 
Sandstone 

8 1/2 73 800+400 WBM+
OBM 

Table 6. Generalized geologic data along with drill cuttings and mud volumes. 

Required data Description

Injection batch 
volumes and 
injection rates 

Injection of the slurry is often conducted intermittently in batches into the 
selected disposal formation, followed by a period of shut-in. depending 
upon the batch volume and the injection rate, each batch injection may 
last from less than an hour to several days or even longer.

Minimum in situ 
stress 

Most important in fracture simulation that controls fracture-height 
growth, fracture azimuth and vertical and horizontal orientation, fracture 
width, treatment pressures, fracture conductivity, and wastes 
containment in disposal horizon.

Pore pressure 
Very critical parameter to planning and carrying out successful DCRI, 
because the stress state of the poroelastic medium is directly influenced 
by pore pressure or reservoir pressure.

Young’s 
modulus 

Is the ration of longitudinal stress to longitudinal strain, which  has 
significant effect on fracture geometry, especially on fracture width 

Poisson’s ratio Is a measure of the compressibility of material perpendicular to applied 
stress that has significant effect on fracture geometry

Casing setting 
depths and 
injection point 

The target which the slurry has to be injected via annulus or dedicated 
well. 

Fluid leak-off 
data 

Means the leaking of fluid from the surface of a fracture into the 
surrounding rock formation. It's an important parameter controlling the 
size and geometry of the hydraulically induced fracture.

Slurry rheology The study of the deformation and flow of matter, that crucial for 
maintaining zonal isolation.

Fracture 
toughness 

Is an important parameter in fracture modeling and is a measure of a 
material's resistance to fracture propagation

Table 7. Explanation of required data for DCRI simulation. 

Overview of Environmental Management  
by Drill Cutting Re-Injection Through Hydraulic Fracturing in Upstream Oil and Gas Industry 403 

In particular, the expense of DCRI requires that the operator knows how the formation will 
respond to treatment, and whether the treatment design such as selection of pump rates, 
fluid rheology, accurate rock mechanic properties, pumping schedule and fracture 
propagation model, will create the intended fracture.  

Most 2D models are based on three common models entitles Perkins-Kern-Nordgren (PKN), 
Khristianovic-Geertsma de Klerk (KGD), and Radial models. The first and second models 
which assume constant height, are appropriate when the stress contrasts are high between 
the pay layer and neighboring formations and these contrasts follow lithologic boundaries. 
For Radial model, its better works in a setting where the fracture grows in a formation of 
homogeneous stress and mechanical properties so that fracture height is small compared to 
formation layer thickness. A brief comparison among 2D models is listed in Table 8.     

The main advantage of a more advanced method such as pseudo 3D (P3D) over 2D models 
is that it does not require estimating fracture height, but it does require input of the 
magnitude of minimum horizontal stress in the zone to be fractured and in the zones 
immediately above and below. 

Model 
Name Plan View Cross Section View Pressure-Time Trend Description 

PKN 

 

Cross section= 
Elliptical 
Width  height 
Width < KGD 
Length > KGD 
Suitable when: 
length>height 

KGD 

Cross section: 
Rectangular 
Width  height 
Suitable when: 
length<height 

Radial 

Cross section= 
Elliptical 
Suitable when: 
length=height 

Table 8. Comparison of 2D fracture models 

6.2.1. Simulation study 

Based on the petrophysical logs, from lithological point of view, the relevant formations are 
fairly marl, sandstone and limestone with an average rock density 2.33gr/cm3. The vertical 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 404 

stress was calculated by integrating the available bulk density with respect to depth. Vertical 
stress gradient is calculated as Eq. (1): 

 0.433 0.433 2.33 1 /v OB psi ft                               (1) 

The values of minimum horizontal stress of Aghajari, Mishan, and Gachsaran formations 
were 1693, 3847, and 4489, respectively which calculated from Eq. (2) is: 
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Elasticity of the formations is determined with the sonic log. Table 9 lists the values of the 
static elastic Young’s modulus, Poisson’s ration, leak-off coefficient for the different 
formation zones shown in Table 5.  These values are based on the dynamic elastic Young’s 
module obtained from sonic and density logs. Static elastic Young’s module values are often 
two times smaller than dynamic values derived from sonic logs. The elastic Young’s module 
values that are listed in Table 9 are arbitrarily one-half of their dynamic equivalents. The 
larger than usual values were used in the analysis for these shallower formations.   
 

Zone Name 
Zone 

Height 
(ft) 

Poission’s 
Ratio* 

Pore 
Pressure* 

(psi) 

Fracture 
Gradient* 

(psi/ft) 

In-situ 
Stress 
(psi) 

Young’s 
Modulus 
(MM psi) 

Leak-off 
Coefficient 
(ft.min -0.5) 

Toughness 
(psi.min-

0.5) 
Aghajari 5250 0.29 1050 0.650 1693 2 0.00081 1000 
Mishan 330 0.31 2567 0.714 3847 2 0.00087 1000 

Gachsaran 330 0.36 2878 0.780 4489 2 0.00089 1000 

Table 9. Formation properties used in fracture simulations. 

Slurry rheology design did not performed in this paper and is beyond the scope of this 
article; however by considering the cuttings brought out of the wellbore and the drilling 
muds used in Ahwaz oil field, a reasonable result was earned of rheology characteristics of 
the injection slurry. It was assumed that the cuttings slurry with final rheological condition 
would behave in a manner similar to the drilling muds used in Ahwaz oil field. Slurry and 
solid properties are selected from past DCRI operation in literature (Abou-Sayed et al., 
2002), which is also near the nature of selected drilling fluids and cuttings lithology of the 
Ahwaz oilfield and are presented in Table 10.  
 

Density 1.26 SG
Particle Loading 80/100 mesh proppant at a consternation of 2 PPG 

Apparent Viscosity 161 cp  170 1/S
Non-Newtonian power law indices N=0.26; k=0.15

Table 10. Physical properties of injected cuttings slurry. 

For the scenario of casing injection into a dedicated injection well, the intermediate casing 
can be set on top of Gachsaran formation. The casing is assumed to perforate at a depth 
about 50 m under the Aghajari formation and the center of the Mishan formation. The initial 
fracture is assumed to be at the center of the perforated interval. 

Overview of Environmental Management  
by Drill Cutting Re-Injection Through Hydraulic Fracturing in Upstream Oil and Gas Industry 405 

6.2.2: Simulation results 

After determining all required data, a fracture geometry model was selected for use in the 
simulation. As described previously, the dedicated injection mechanism is more suitable for 
the Mishan formation because it is deep enough and consists of limestone lithology in a base 
that is appropriate for reinjection. In each case, the geometry reported indicates the 
maximum fracture achieved when slurry is pumped continuously. The simulation study is 
represented for both dedicated wells that consist of two cases and annulus injection well 
mechanisms. 

Dedicated Well Injection Mechanism 

Two cases will be presented in this section, which differs in the magnitude of two 
parameters; Young's modulus and leak-off coefficient.   

Case 1: For a case like Ahwaz oilfield in which the vertical distribution of the minimum in 
situ stress is uniform, a circular fracture is expected. The formations had Young’s modulus 
and leak-off coefficients as shown in Table 9. For this simulation, the fracturing would 
initiate from the Mishan formation and broke through the Aghajari formation but was still 
4,700 ft. below the surface when 50,000 bbl of slurry had been injected continuously. Table 
11 summarizes the results of this simulation. Figures 10 and 11 show predicted the fracture 
shape plot after injection of 50,000 bbl continuously at 5 bbl/min. 

 
Figure 10. Fracture geometry history- Radial model (case 1). 

Case 2: The formations were assumed to have Young’s modulus that was twice those listed 
in Table 9. Also, the leak-off coefficient for formations used was specified as one half of the 
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fracture is assumed to be at the center of the perforated interval. 
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6.2.2: Simulation results 

After determining all required data, a fracture geometry model was selected for use in the 
simulation. As described previously, the dedicated injection mechanism is more suitable for 
the Mishan formation because it is deep enough and consists of limestone lithology in a base 
that is appropriate for reinjection. In each case, the geometry reported indicates the 
maximum fracture achieved when slurry is pumped continuously. The simulation study is 
represented for both dedicated wells that consist of two cases and annulus injection well 
mechanisms. 

Dedicated Well Injection Mechanism 

Two cases will be presented in this section, which differs in the magnitude of two 
parameters; Young's modulus and leak-off coefficient.   

Case 1: For a case like Ahwaz oilfield in which the vertical distribution of the minimum in 
situ stress is uniform, a circular fracture is expected. The formations had Young’s modulus 
and leak-off coefficients as shown in Table 9. For this simulation, the fracturing would 
initiate from the Mishan formation and broke through the Aghajari formation but was still 
4,700 ft. below the surface when 50,000 bbl of slurry had been injected continuously. Table 
11 summarizes the results of this simulation. Figures 10 and 11 show predicted the fracture 
shape plot after injection of 50,000 bbl continuously at 5 bbl/min. 

 
Figure 10. Fracture geometry history- Radial model (case 1). 

Case 2: The formations were assumed to have Young’s modulus that was twice those listed 
in Table 9. Also, the leak-off coefficient for formations used was specified as one half of the 
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value listed in Table 9. This extremely large modulus and small leak-off resulted in a much 
larger fracture. Consequently, this is a very conservative analysis. Even for this very 
conservative case, the fracture that broke through the Aghajari formation was still 4,550 ft. 
below the surface when almost 50,000 bbl of slurry had been injected continuously at 5 
bbl/min. Table 11 summarizes the results of the fractures created. 

 
Figure 11. Fracture profile and cuttings concentration- Radial model (Case 2). 

 

Parameters Case 1 Case 2 
Slurry volume (bbls) 50000 50000 

Fracture half-length (ft) 576 795 
Fracture width at well (in) 0.276 0.237 

Net pressure (psi) 71 89 
Max surface pressure (psi) 1755 1807 

Shut-in time (hrs) 13 26 

Table 11. Simulation's results of dedicated well injection. 

Annulus Well Injection Mechanism 

Annulus injection is only possible if the annulus of an intermediate casing string in an 
existing well is open to a suitable subsurface formation and this well satisfies a range of 
screening criteria. The allowable injection pressures for annulus injectors are often lower 
than the allowable pressures for dedicated wells because of casing burst and collapse 
limitations for annulus injectors. By considering the lithology and casing design of Ahwaz 
oilfield, it is concluded that the planned slurry injection would occur in an 18 5/8-in./13 3/8-
in. annulus. Other annuli are not possible for injection because they are open to unsuitable 
subsurface formations. To prevent the upward migration of injected wastes to the surface, 
the 18 5/8-in. casing string should set at about 1,000 ft. and cement back to the surface, and 
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the 13 3/8-in. string should cement back to 1,500 ft. below the previous casing shoe. This 
provides a window across the Upper Miocene marl and sandstone of Aghajari formation. 
For this simulation, the fracturing initiated from the Aghajari formation and grew toward 
the surface but was still 500 ft. below the surface when 15,000 bbl of slurry had been injected 
continuously. Table 12 presents the different parameters of the fracture created. Figure 12 
shows the predicted fracture shape plot after injection of 15,000 bbl continuously at 5 
bbl/min. 
 

Parameters Radial Model 
Slurry volume (bbls) 15000 

Fracture half-length (ft) 230 
Fracture width at well (in) 643 

Net pressure (psi) 2.39 
Max surface pressure (psi) 968 

Table 12. Simulation results of annular well injection. 

 
Figure 12. Fracture geometry history- annular injection well (Radial model) 

7. Discussion and conclusions 

Assessment of environmental impacts of drilling operations and searching for the 
methodologies to protect nature and resources against negative impacts has become an 
interesting topic during the last thirty years in upstream petroleum industry. The necessity 
of environmental management in drilling operation, lessons learned, and a brief list of 
mitigation options from wastes generated by drilling operations in a southern Iranian 
oilfield were documented previously (Shadizadeh and Zoveidavianpoor, 2008, 2010). Most 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 406 

value listed in Table 9. This extremely large modulus and small leak-off resulted in a much 
larger fracture. Consequently, this is a very conservative analysis. Even for this very 
conservative case, the fracture that broke through the Aghajari formation was still 4,550 ft. 
below the surface when almost 50,000 bbl of slurry had been injected continuously at 5 
bbl/min. Table 11 summarizes the results of the fractures created. 

 
Figure 11. Fracture profile and cuttings concentration- Radial model (Case 2). 

 

Parameters Case 1 Case 2 
Slurry volume (bbls) 50000 50000 

Fracture half-length (ft) 576 795 
Fracture width at well (in) 0.276 0.237 

Net pressure (psi) 71 89 
Max surface pressure (psi) 1755 1807 

Shut-in time (hrs) 13 26 

Table 11. Simulation's results of dedicated well injection. 

Annulus Well Injection Mechanism 

Annulus injection is only possible if the annulus of an intermediate casing string in an 
existing well is open to a suitable subsurface formation and this well satisfies a range of 
screening criteria. The allowable injection pressures for annulus injectors are often lower 
than the allowable pressures for dedicated wells because of casing burst and collapse 
limitations for annulus injectors. By considering the lithology and casing design of Ahwaz 
oilfield, it is concluded that the planned slurry injection would occur in an 18 5/8-in./13 3/8-
in. annulus. Other annuli are not possible for injection because they are open to unsuitable 
subsurface formations. To prevent the upward migration of injected wastes to the surface, 
the 18 5/8-in. casing string should set at about 1,000 ft. and cement back to the surface, and 

Overview of Environmental Management  
by Drill Cutting Re-Injection Through Hydraulic Fracturing in Upstream Oil and Gas Industry 407 

the 13 3/8-in. string should cement back to 1,500 ft. below the previous casing shoe. This 
provides a window across the Upper Miocene marl and sandstone of Aghajari formation. 
For this simulation, the fracturing initiated from the Aghajari formation and grew toward 
the surface but was still 500 ft. below the surface when 15,000 bbl of slurry had been injected 
continuously. Table 12 presents the different parameters of the fracture created. Figure 12 
shows the predicted fracture shape plot after injection of 15,000 bbl continuously at 5 
bbl/min. 
 

Parameters Radial Model 
Slurry volume (bbls) 15000 

Fracture half-length (ft) 230 
Fracture width at well (in) 643 

Net pressure (psi) 2.39 
Max surface pressure (psi) 968 

Table 12. Simulation results of annular well injection. 

 
Figure 12. Fracture geometry history- annular injection well (Radial model) 

7. Discussion and conclusions 

Assessment of environmental impacts of drilling operations and searching for the 
methodologies to protect nature and resources against negative impacts has become an 
interesting topic during the last thirty years in upstream petroleum industry. The necessity 
of environmental management in drilling operation, lessons learned, and a brief list of 
mitigation options from wastes generated by drilling operations in a southern Iranian 
oilfield were documented previously (Shadizadeh and Zoveidavianpoor, 2008, 2010). Most 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 408 

of the drilling wastes sources in the oilfields are OMBs and oily cuttings associated with 
them. Unfortunately, lack of demanding regulations regarding drilling waste discharge 
leaves room for drilling companies to leave the waste in the nature without treating them 
(Shadizadeh and Zoveidavianpoor, 2008, 2010). This chapter tried to study the possibilities 
of waste prevention and zero discharge by utilization of serviceable methods in drilling well 
sites. So, the feseability study of DCRI at Ahwaz oilfield was initiated and conducted to 
fulfill the needs of growing upstream petroleum industry in Iran. This article focuses on the 
design aspect of the technology. Design guidelines are given to include data required for 
project planning, injection scheme (annulus versus dedicated well) selection, injection well 
and disposal formation identification, subsurface fracturing simulation, and waste 
containment. Operational procedures such as slurry rheology were the area of investigation 
in this study; however, it was determined as input data for simulation that has conformity 
with the nature of selected drilling fluids and cuttings lithology of the Ahwaz oilfield. Well 
design requirements and estimation of disposal capacity in each of the injection schemes 
was performed. This study shows that the DCRI study at Ahwaz oilfield is practical by 
considering some potential risks involved in any DCRI job. It was determined that by using 
HF technology, drilling wastes could be reinjected to the Mishan formation or even a 
shallow formation such as the Aghajari formation without propagation of the fractures to 
the surface or near wellbores. The thickness of the Aghajari formation provides an 
appropriate barrier to upward growth of DCRI at the Mishan formation through a dedicated 
injection well. A dedicated injection well is more typical of longer-term, permanent injection 
operations and is more common onshore (Keck, 2002). It is simulated that a large amount of 
drilling waste can be safely injected to Mishan formation. The maximum surface pressure 
required to inject the slurry is in a range of 1,500 to 2,000 psi, which is completely reasonable 
with the current surface facilities. The propagation of the fracture to the surface showed to be 
efficient and safe in the two cases performed in the dedicated well injection scheme. The 
simulation results confirm that the drilling wastes produced from each wellbore could be 
injected through annulus of the same wellbore while drilling. The selected annulus for annular 
reinjection in Ahwaz oilfield is not very favorable because the injection point is close to the 
surface. As described before, other annuli are not suitable due to abnormal pressure or 
hydrocarbon bearing. The annular reinjection at Ahwaz oilfield has many serious risks that 
need a careful job planning. However, the amount of drilling wastes from a typical wellbore is 
not high and the simulations confirm that 15,000 bbl wastes from a typical wellbore can be 
injected without serious danger. Advantages and disadvantages of annular and dedicated well 
injectors are presented in Abou-Sayed and Guo (2001). 

It should be noted that the simulations represent upper-bound predictions of the fracture 
geometry because low leak-off and high Young’s modulus is assumed in different 
formations. In reality, even a very limited change in the amount of fluid leak-off, coupled 
with intermittent batch injection of slurry, would result in a significantly reduced fracture 
area. The analyses confirm the integrity and suitability of the injection operations and 
ensure safe application of this technology at Ahwaz oilfield. 
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1. Introduction 

In the State of Zacatecas, Mexico (Figure 1), the environment is not usually taken into 
account as a critical variable for the urban growth and development planning. The 
expansion of the cities of Zacatecas and Guadalupe in the study area is merely based on the 
land use change according to the Urban Development Code[1] and the Urban Development 
Plan 2004-2030 [2]. The Code states the urban growth policies which apply to the whole state; 
whereas the Plan is a compilation of documents related to the urban growth tendency, 
population distribution, and basic population services (i.e. water supply). Regardless of the 
scale, the criteria for the land use change policies are unclear. The Urban Development Plan 
[2] suggests avoiding urban growth towards areas geologically and topographically unstable 
and those with flood potential. In every case, the slope should be less than 30°. There are no 
available maps that indicate where these areas are located, so the criteria for land use will 
remain unclear.  

Although the geology and geomorphology are mentioned [2], their value as critical variables 
is not taken into account in practice for any purpose. The geologic and geomorphologic 
variables defined [3] are only indicated, but not located on a map for planning development. 
Moreover, it is suggested [2] that there is a necessity for a detailed mapping of the 
geomorphic agents defined [3].  
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variables defined [3] are only indicated, but not located on a map for planning development. 
Moreover, it is suggested [2] that there is a necessity for a detailed mapping of the 
geomorphic agents defined [3].  
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Figure 1. Digital Terrain Model of the study area. The area includes six municipalities whose names are 
in bold-italic. The largest cities are Zacatecas and Guadalupe. The graphs show the population growth 
during the last 20 years [8-10], Guadalupe is among the fastest growing municipalities in Mexico  
(~25% in 2010). The 1971 city limit was obtained from INEGI [11-12]; the growth of these cities until 2002 is 
a compilation made by the first author; while for 2010 it was a combination between a Google Earth 
image (August 5th, 2009) and field work. Inset is the location of the State of Zacatecas and the study 
area. 
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Due to the land use change and the subsequent landscape modification, the erosion 
processes are currently becoming active in places usually considered to be stable. The effects 
are: fractured streets, roads, and houses, voids under the streets and buildings, slope 
instability, and rock blocks falling next to the roads themselves (Figure 2). The primary 
erosion agent is rainwater. The geomorphic processes are slow but steady contributors, due 
to the semiarid climatic conditions [3]. The average annual precipitation is 500 mm/yr; while 
the average annual temperature is 22°C. Therefore, the erosion processes develop slowly, 
but successfully. Until now, the hazardous zones have only been reported in specific places; 
the effects of which are the mass removal under houses or streets with active fracturing and, 
in worst case situations, their slow collapse (Figure 2). The exact location of these areas has 
not been taken into account as a social, economic or environmental problem. The natural 
hazards recognized by the authorities are mostly related to the mining industry and their 
products (i.e. mine tailings, open pits); on the other hand, the erosion and its effects [2] are 
considered of minor importance. The landscape, geology, land use, soil cover, and their 
modifications are barely considered to be serious enough to promote the development of 
dangerous areas once the original conditions are changed. 

 
Figure 2. Images showing the erosion hazards associated with different lithology: a) and b) are in the 
granitic facies of the Zacatecas Conglomerate; c) moderately consolidated facies of the Conglomerate; 
and d) deformed lava flows from Las Pilas Complex. Yellow arrows point toward the first attempt of 
damage repair. Purple arrows are the sites where a second repair phase has been attempted; while the 
green arrow shows a third repair phase. The red arrows point to the voids created due to the soil 
removal by the erosion processes. 
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For several years now, attempts have been made in order to identify and describe the 
geomorphic processes acting in the Zacatecas and Guadalupe cities and their relationship 
with geology and geomorphology [3-7]. In this paper we define the hazardous zones by 
means of a GIS analysis that integrates the geologic and geomorphologic mapping 
combined with the digital slope modeling, land use, and soil type.  

1.1. Local geology overview 

The stratigraphic sequence of the study area is composed by units ranging from the Early 
Cretaceous Period to Present Age (Figure 3). The oldest unit is the Early Cretaceous 
Zacatecas Formation[13]. The Zacatecas Formation is made up by Greenschists Facies 
metamorphic rocks whose protoliths are wacke, mudstone, limestone, as well as, 
interstratified conglomerates with lava flows and tuffs. The whole sequence is cut by dikes, 
sills, and dioritic laccoliths. Its upper contact is transitional with the Early Cretaceous Las 
Pilas Complex. This unit is composed of mafic lavas with pillowed and massive structure, 
commonly foliated and deformed (Figure 4a and b). Lava flows contain interbedded wacke, 
greywacke, mudstone, and minor tuff and limestone. It is considered that laccoliths and 
dikes of the Las Pilas Complex are part of the same volcanic sequence. Moderate to intense 
hydrothermal alteration affects the entire Mesozoic record. Both, the Zacatecas Formation 
and the Las Pilas Complex are known as the Zacatecas Group. This group shows the results 
of a Late Cretaceous compressive deformation stage and at least five extensional 
deformation phases that have occurred from the Oligocene to Recent [16]. The association of 
deformed structures with faulting and steep slopes promotes rock falling. 

The Las Pilas Complex is unconformably covered by the Eocene Zacatecas Conglomerate 
that crops out in the Zacatecas and Guadalupe cities. This conglomerate is composed of five 
facies named according to their clast-rich abundance and their physical characteristics 
(Figure 4c and d). The sandstone-rich layers are more easily erodible than the conglomeratic 
ones. This characteristic promotes differential erosion processes that, in combination with 
moderate to steep slopes, favors the generation of hazardous areas. The conglomerate was 
deposited in a WNW-ESE fault-bounded basin whose deformation is less intense than the 
one showed by the Zacatecas Group.  

At the top of the stratigraphic column the Zacatecas Conglomerate is in transitional contact 
with the Oligocene-Miocene Volcanic Sequence that is composed of interbedded ash-flow 
and air-fall tuffs, breccias, and rhyolitic flows and domes [3, 17]. They commonly develop cliffs 
that, when associated with steep slopes, encourage the falling of the rocks. The cliffs next to 
the main faults and steep slopes are also suitable areas for the rock falling process to 
happen. 

1.2. Geomorphic features and unconsolidated deposits 

The study area belongs to the Basin and Range extensional province [16] that is formed by 
NNW-SSE normal faults forming horsts and grabens. The main geomorphologic feature is 
the Sierra de Zacatecas that is oriented NNW-SSE (Figure 5) bounded to the west by the 
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Calera Valley and to the east by the El Palmar Valley. A minor range, Sierra de Tolosa, is 
located to the east; both ranges are separated by the El Palmar Valley.  

 
Figure 3. Geologic map of the Zacatecas and Guadalupe quadrangles. Detailed mapping from the 
Mesozoic sequence is taken from [13-14], while the Tertiary Volcanic Sequence is from [3, 15]. The names are 
from the municipalities of the study area. 
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Figure 4. Images showing the main physical characteristics of lithological units that crop out in the 
Zacatecas and Guadalupe quadrangles. The Las Pilas Complex can be deformed (a) or massive (b), 
while the Zacatecas Conglomerate can be moderately consolidated (c) with differential erosion (d). 

The main erosional agent in the area is rainwater; it affects unconsolidated to moderately 
consolidated sediments either from slope or fluvial deposits, as well as alluvial fans. These 
geomorphic features occur in the neighborhood of the present city limit (Figure 5). The 
slope deposits are made of interbedded sandstone and conglomerate. The sandstone 
thickness is less than 50 cm, whereas the conglomerate thickness varies from a few 
centimeters up to 30 meters. Commonly, both show normal gradation and, sometimes there 
are interbedded pumice and/or lithic tuffs. Since the sandstone more easily eroded than the 
conglomerate, it generates a differential erosion process (Figure 4d).  
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Figure 5. Digital Terrain Model showing sedimentary deposits that are in the neighborhood of the city 
limit of Zacatecas and Guadalupe. Horizontal bold-italics names are the municipalities; while in italics 
are the ranges and valleys. The main topographic features are underlined. 

The slope deposits are of unknown age. Their morphologic expression is masked by the 
relief. The cities of Zacatecas and Guadalupe are currently growing directly on these 
deposits (Figure 5). Regarding the alluvial fans, there are a few of them in the eastern side of 
the Sierra de Zacatecas because most of the valleys are used for agricultural activities. The 
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fluvial deposits are common in the western side of this sierra; however, the arroyos are 
currently modified due to city growth. 

The buildings constructed on moderate to loosely consolidated sediments and lithological 
units are more vulnerable than those with well consolidated materials. In the sedimentary 
deposits shown in Figure 5 the erosion of loose materials generate hazardous zones if the 
terrain slope is over 20°.  

1.3. Land use and vegetation  

The study area is located in a semi-desertic area with an average annual precipitation of less 
than ~500 mm/yr so most of the water supply for any all human activities is taken from 
underground wells. In these conditions the vegetation varieties are limited (Figure 6). The 
valleys are mostly used for agriculture. The thorn scrub and nopal (Opuntia) occupy the 
gentle hills of the sierras de Zacatecas and Tolosa. This type of vegetation requires little 
water and their roots extend laterally. The bushes are either natural vegetation outside the 
city limit or reforested areas inside those limits.  

Since the original data was generated during the decade of 1970 [18-19], the situation now is 
different. The area shown as “Natural bushes” (Figure 6) is currently being substituted by 
thorn scrub and nopal. However, there is no up-to-date cartography. 

The land use shown in Figure 7 is taken from [18-19]; as well as in Figure 6, the valleys are 
used for agriculture. Cattle use is now greater, while the forestry area has decreased. 
Though the information on the criteria used to define “forestry use” is unclear, informally, 
these areas were considered for land conservation. However, since there are no written 
rules, the land use changes and modifications are based on unknown criteria. What has been 
seen is a continuous modification of landscape for urban purposes next to the city limit.  

The land use map (Figure 7) was created from the INEGI (Instituto Nacional de Estadística, 
Geografía e Informática), institution depository of most of the cartographic information in 
the country. These maps are the basis for all the projects that require cartography. This being 
said, the conditions of the maps vary. The older ones were made different than the ones 
made today.  

1.4. Edaphology 

The soil classification used here is that of the United Nations Educational, Scientific and 
Cultural Organization [20].  In the Sierra de Zacatecas, where most municipalities are located, 
the Lithosol Eutric is dominant (Figure 8). It is composed by local, scarcely transported, rock 
clasts whose size varies from coarse sand to gravel; usually it is poor in organic matter. Its 
thickness is less than 15 cm.  

The fluvisols are found along the arroyos; they show well-developed bedding, with normal 
gradation and variable amounts of organic matter. Their thickness is unknown since they 
are filling the valleys. The change in their texture and composition allows us to define the 
subclass. 
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The xerosols are dominant in the valleys. They have variable amounts of organic matter. A 
whitish layer at the top is characteristic of this soil, and it is usually due to the carbonate or 
sulfate accumulation.  

 
Figure 6. Vegetation of the study area, modified from [18-19]. The city limit corresponds to  2010. The 
names in bold, italics are the municipalities. The places with no vegetation are artificial dams. The 
original data are from the decade of 1970 [18-19]. 
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Figure 7. Land use proposed to the study area from [18-19]. The city limit is from 2010. The names in 
bold-italics are the municipalities. The places with no vegetation are the city limits in 1971. The original 
land use data are from the decade of 1970 [18-19]. 
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Figure 8. A simplified edaphologic map of the study area. Modified from [21-22].  

2. Methodology  

This chapter describes the elements used in the geologic and geomorphologic analysis. It 
starts with the field mapping of the elements where the hazards are occurring. These 
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parameters were the basis for a geomorphologic study and finally all the information was 
integrated and analyzed in a GIS.  

2.1. Field work 

The risk areas are associated with slope deposits. The field work was directed to recognize 
the risk elements in the field and map them at scale 1:10,000. These elements are ancient 
landslide deposits and fallen rocks. They occur along arroyos, close to the top of the highest 
hills, and can be traced downslope until they reach the city limit.  

The hazardous areas are not only related with the slope deposits; the erosion effects are 
accelerated where the landscape is modified, either by cutting through the hills or by filling 
in the arroyos. Along the arroyos are the fluvial terraces and at the edge of the Sierra de 
Zacatecas, the alluvial fans. In the study area all unconsolidated or moderately consolidated 
materials tend to be removed if their original conditions are changed.  

The stratigraphic sequence and faults are mainly taken from [3, 13]. The rock falls are related 
with faults, steep slopes (> 20°) and rain. The rocks usually move less than 15 meters away 
from the source because the steep slopes are normally less than 10 m high.  

In places where the cities are expected to grow, the landscape modification starts with 
vegetation removal, then the surface flattening, and eventually the construction phase. The 
cartography of the elements mentioned in this subchapter, unless when the landscape was 
modified artificially, where digitalized and managed in ArcGIS v. 9.3.1.  

2.2. Geomorphologic analysis 

The geomorphologic analysis was made according to the procedure described by [23]. The 
method uses a topographic chart scale 1:50,000 which is divided into squares; for this study 
the length side of each square was 1 km. In each square, four parameters were measured: 1) 
the dissection density (DD) that is defined as the total length of arroyos per square 
kilometer; 2) the general dissection density (GDD) which is the sum of the lengths of all the 
topographic curves per square kilometer; 3) the maximum dissection depth (MDD) which is 
the elevation difference measured from a creek perpendicular to the nearest highest point; 
and 4) the relief energy (RE) that is the difference between the highest and the lowest point 
in each square.  

The measured parameters in each square were stored in a database in ArcGIS software. Each 
value is considered to be in the center of the square [23]. For each parameter, a Kriging 
interpolation procedure was used to define a raster image showing the spatial distribution 
of the variable. Since each parameter is in GIS Image format, the values can be managed for 
classification.  

Based on field mapping, the slope deposits originated where DD> 10 km/km2, GDD> 25 
km/km2, MDD>130 m and RE > 160. The areas defined this way were called “high erosion 
zones”. The function used is a mathematical logical union of variables. If the variables 
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change from 8.5 to 10 km/km2, 20 to 25 km/km2, 100 to 130 m and 130 to 160, respectively; 
they belong with the main body of the slope deposit, so they are “medium erosion zones”. 
Whereas values ranging from 7 to 8.5 km/km2, 15 to 20 km/km2, 70 to 100 m, and 100 to 130, 
respectively, are located at the tip of the slope deposit and they are called “low erosion 
zones”. Lower values are considered as “very low erosion zones”.  

The erosion areas defined this way do not take the slope into account. Therefore, due to the 
interpolation method used, “high erosion zones” can be located in a flat area, as well as an 
area with slope. 

2.3. GIS analysis 

The digital slope model (DSM) was obtained from the digital terrain model. The slopes were 
divided, according with field observations, in: 1) 0° to 5° semi-plain, 2) 5.01° to 10° gentle 
slope, 3) 10.01° to 20° hillside, 4) 20.01° to 30° ramps, and 5) >30.01° scarp or cliff. Since the 
DSM and the geomorphologic data are in the same coordinates system (NAD27; UTM-13N) 
the maps can overlay for spatial analysis. We used an intersection function of the selected 
DSM data with the geomorphologic analysis. This way, the DSM has redefined the 
hazardous areas by combining the slope ranges with the erosion zones. The intense erosion 
zones are located only in the scarps; while the medium erosion zones occur in the ramps 
and scarps. The low erosion zones are located in hillsides and ramps.  

Once a result was obtained from the combination mentioned in the above paragraph, the 
next step was to combine the edaphology and land use information. All these areas are in 
the same kind of soil: Lithosol Eutric. This soil is less than 15 cm thick, rich in gravel and 
sand with variable amounts of organic matter. The vegetal coverage consists of bushes, 
nopals and grazing vegetation. When using the edaphology and land use data, the obtained 
results did not modify the previous outcome. 

The analysis for rock falling was making a buffer of 15 meters length of the “Geology map”. 
The structures were the result of the combination of the buffer on the fault and the slope 
range and direction.  

All the information layers were spatially analyzed in ArcGis software, Ver. 9.3.1, and the 
results were verified in the field. For proof, we selected places where there were two or 
more erosion zones. Thus, the changes by erosion promoted by the lithology, sedimentary 
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3. Results 
In this chapter all the mapping and digital analysis is integrated to get the definition of erosion 
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Figure 9. A digital slope model of the study area. The model was built using the contour lines each 10 
m. The fallen rocks are those whose diameter is larger than 3.5 m. They are mostly related with ramps 
and scarps on Cerro La Virgen and Cerro La Bufa. 

A Geologic and Geomorphologic Analysis of the Zacatecas and Guadalupe 
Quadrangles in Order to Define Hazardous Zones Associated with the Erosion Processes 425 

The Figure 9 depicts the Zacatecas and Guadalupe cities growing in the gentle slope and 
semi-plain areas up to 2002; the use of hillsides and ramps was restricted to a few areas in 
Guadalupe. Due to population growth and continuous pressure on the territory, after 2002, 
the cities advanced toward the hillside areas. Moreover, due to the pressure on the territory, 
the arroyos became urbanized. The modification of the original conditions of the territory on 
hillsides and ramps favors the erosion on unconsolidated to moderately consolidated 
materials, both natural and artificial. 

After 2002 the city grew in the direction of higher slopes, thus, aiding the territory to be 
affected by erosion. Furthermore, the city limit now is closer to scarps or cliffs where the 
fallen rocks become a common feature. The Figure 9 shows the location of rocks whose 
diameter is over 3.5 m; however, the common ones are those of ~ 1 m that can be found 
upslope. 

3.1. Geologic analysis 

Rock falling is a common phenomenon in the study area. It is related with rock type and its 
fabric. Those rocks that are massive and deformed, if cut by faults, are most likely to be 
suitable for the development of this process. Additionally, the slope plays an important role 
in the location of hazardous areas associated with rock falling. 

The analysis was made according to the observations made in modern and ancient fall rock. 
At present time the fallen rocks (~ 50 cm in diameter or less) observed are less than 15 m 
away from the fault, if there are scarps and ramps. If there is a combination of flowing water 
after rain with the slope, the displacement could be as far as ~ 100 m away from the source. 
Whereas the largest distances seen are ~ 1,000 m away from the faults (Figure 10). 

The spatial analysis was made considering the following parameters: 

1. The location of the mapped faults. 
2. The lithologic units whose fabric is massive or deformed; they are: Zacatecas 

Formation, Deformed andesite and Undifferentiated tuff. 
3. The slopes: scarp, ramp and hillslope. 
4. The travel distance recorded by the fallen rocks. 

The analysis is based on the location of the faults and making buffers at 15 and 100 m. The 
areas defined by the buffers, if they intersect ramps and scarps, are classified as hazardous 
zones. Due to the steep slopes no rock type was included.  

The historical record indicates that a rock can travel as far as 1,000 m. For the faults mapped, 
this distance is in the hillslope area. During analysis, the first step was to define the buffers 
at 1,000 m. The next step was to perform a logical operation. If the buffer intersects a 
hillslope, and the lithology is considered, then the intersection identifies the area which has 
the possibility to have fallen rock. In Figure 10 the areas for each distance are irregular 
polygons with voids inside of them. The voids are areas where the above mentioned 
conditions are not satisfied.  
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The results shown in Figure 10 indicate the areas susceptible to have, or have the potential 
to be affected by fallen rocks. The field verification of these results indicates that our model 
defines vulnerable areas for rock falls. However, the results do not indicate the recurrence 
time or periodicity of the phenomena, It is merely starting where it could happen. 

The hazardous areas are mostly located outside of the city limits. Additionally, Figure 10 
can be used for planning urban growth and, if necessary, make the proper preventative 
arrangements to avoid possible damages to the population and/or infrastructure prior to the 
landscape modification.  

3.2. Geomorphologic analysis 

In the Zacatecas and Guadalupe area the geomorphic agents, in relevance order, are: 
rainwater, gravity, wind and ice[3]. Since water is the main geomorphic agent, considering 
the semiarid climatic conditions, the effects of the erosion are most evident during the rainy 
season in the summer. In the winter, the wind and ice can increase their erosive effects in the 
loose materials. 

Figure 11 shows the distribution of each geomorphologic parameters. It can be noticed that 
during the last 40 years the cities grew on medium to low erosion zones. However, this 
tendency has recently changed. Nowadays, the growth is close to the limits of Sierra de 
Zacatecas, getting closer to the “high erosion zones”. The Dissection Density is the only 
parameter that barely has “High erosion” values. This is because the slope deposits start 
where the creeks do too; so the length of the "high erosion" is short. 

The geomorphologic parameters are joined using a logical expression: If two or more “high 
erosion” areas intersect and the slopes and ramps are scarp, then they define an “Intense 
erosion zone” (Figure 12).  The “Medium erosion zones” are defined if two or more 
“medium erosion” intersects with hillslope. The “Low erosion” areas are defined if two or 
more “low erosion” parameters intersect the gentle slope and semi-plain.  

The erosion zones are defined on the basis of geomorphologic analysis and the DSM (Figure 
12). The effects on the different lithological units, as well as the land coverage, soil type, and 
sedimentary deposits are verified in the field. If the natural vegetation and soil are 
preserved, the erosion processes do not play an important role independently of where they 
are located. If this is case, the surface creeping is the only geomorphic process. The 
vegetation and soil removal, along with the modification of arroyos and basin modifications 
and/or filling with unconsolidated materials, are the starting point for the erosion processes 
that affects the landscape.  

When the original conditions are changed, the zonation that is defined here then applies. 
The effects are in the unconsolidated to moderately consolidated materials. There is a slow, 
but continuous, removal of sediments; mainly sand. The erosion occurs mainly during the 
rainy season in the summer. However, due to the low precipitation (~ 500 mm/yr) the 
monthly amount of rain could be so low that its effect as erosive agent could be minor. 
During the rainy season, the clay content in the sediments promotes the hydration and 
dehydration that, together with scarps and ramps, favors the formation of gullies.  
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Figure 10. A digital terrain model showing the hazards associated with rock falling in scarps and 
ramps (red), hillslope close to the faults (green) and hillslope away from faults (magenta). It can be 
noticed that there are some faults not associated with erosion areas. This is because they are in gentle 
slopes or semi-plain areas. 
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Figure 11. Maps showing the distribution of the geomorphologic parameters: a) Dissection density, b) 
General Dissection Density; c) Maximum Dissection Depth; d) Relief Energy. The erosion type values 
were defined according to section 2.2. Up to now, the city has grown in moderate to low erosion zones, 
although the “High erosion zone” is getting closer. 
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Figure 12. Erosion zones defined for the Zacatecas and Guadalupe quadrangles based on the 
geomorphologic and the digital slope model analyses. The “Intense erosion” areas indicate that if the 
natural conditions are changed, either by removing or adding new materials, they can be easily eroded 
according to the rain intensity. In the “Medium erosion” zones occurs the same event as in the previous 
one, but in a slower way. The “Low erosion” zones are located in the semi plain and gentle slope areas; 
their effects depend on the amount of running water after a rain. 
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The consequences of erosion in the rocks from the Mesozoic sequence and the Tertiary 
Volcanic rocks (both lithologic units well consolidated) are related with the faulting and 
fracturing patterns associated with scarps and ramps in intense and medium erosion zones. 
In the low erosion zones the effects are negligible. Most of the Zacatecas and Guadalupe 
cities are built on the Zacatecas Conglomerate whose facies composition and structure 
define differential erosion zones. Clearly, the sand and clay-rich facies can be more easily 
affected by the erosion processes than those well consolidated. The differential erosion 
removes the sandy rich strata, leaving unstable the conglomeratic ones or large rock 
fragments. With time, the unbalanced materials fall down. 

The results shown in Figure 12 were verified in the field and they are presented in Figure 
13. The erosion removes unconsolidated materials if the original conditions are changed; 
otherwise the process is very slow. The velocity at which erosion acts depends on the zone 
they are in. The model here defined should be taken into account for the urban development 
planning. This model locates areas potentially affected by erosion if the landscape is 
modified.  

 
Figure 13. Field verification of the proposed model for hazardous zones associated with erosion. a) 
Moderate erosion zone; in the filling deposit can be seen gullies formed after the rainy season; whereas 
the conglomerate is affected by differential erosion. b) Intense erosion zone. An excavation was made 

A Geologic and Geomorphologic Analysis of the Zacatecas and Guadalupe 
Quadrangles in Order to Define Hazardous Zones Associated with the Erosion Processes 431 

for unknown reasons. The effects after the rainy season were that the wall and sidewalk fall. c) A Low 
erosion zone in a semi plain area; more than one year after the road was built, large gullies developed. 
d) An intense to moderate erosion zone. The undisturbed area is in the intense erosion where no visible 
effects are seen; while the moderate one is where the streets are traced. 

4. Conclusions 

If the landscape is not modified, the only erosion process acting is the surface creeping. This 
is independent of the location of the erosion zone. In the intense to medium erosion zones 
the mobility of loose materials is mainly achieved by rainwater when: 1) the landscape is 
modified, 2) the road cuts have a high angle or high angle slopes, 3) in the moderately 
consolidated facies of the Zacatecas Conglomerate, and 4) in the sedimentary deposits. The 
vegetation, land use and edaphology seem not to have any significant outcome in the 
definition of the erosion zones. 

In the well consolidated rocks, the effects of the high erosion zones are associated with faults 
and fractures. In the historical record, rocks of less than 1 m in diameter can travel as far as 1 
km away from the source rock in scarps to hillslopes. The model here presented detect the 
areas with strong possibilities of having fall rocks fallen. 

The low erosion areas only have an effect in loose materials; while in the very low erosion 
zones the effects are along the arroyos.  

5. Further research 

After this study several questions were answered, but new ones arise for further research 
such as: 

1. Until now no geophysics method has been used to define the extent and depth of the 
slope deposits, fluvial terraces, alluvial fans and artificially filled places. A method that 
could be used is surface waves, in this way the elastic parameters of the unconsolidated 
sediments could be obtained and may be used in construction regulations. The surface 
waves could also be used to locate buried slope deposits. 

2. The slope deposits are of unknown age; they could be dated by looking for fossils, 
using U-Th-He, cosmogenic isotopes and/or paleomagnetism. The knowledge of their 
age and recurrence could be useful in defining the hazards´ recurrence. 

3. The geomorphologic parameters used allowed us to define the erosion zones if the 
topography is abrupt; however they are not designed to evaluate the almost flat 
surfaces of the valleys. A further work is to look for the parameters that could be used 
to evaluate erosion in the valleys. 

4. In the places damaged by the erosion processes, it is necessary to develop a mitigation 
plan. This should be made by an interdisciplinary professional team. 

5. It is necessary to define the unconsolidated material loss; either from soil, fillings, 
sedimentary deposits or unconsolidated materials. In this way it could be possible to 
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make a precise evaluation of the sediment removal and the location of the more likely 
places where it will occur. 
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1. Introduction 

Soil is a vital natural source and, at the same time, has an economic and eco-social potential. 
It allows the production of food and raw materials, recycles waste, creates forest-
agricultural land, filters and retains water, allows the usage and valorisation of sun energy, 
ensures the cycle and balance of substances in nature, maintains diversity of plant and 
animal species. It primarily shapes the quality of the environment; it is the resource and 
cultural heritage of the Earth; it ensures the life and social being of the population. 
Agricultural activities realised in landscape affect natural resources. A rational usage of 
renewable and non-renewable resources which are not retrieved in real time is an essential 
precondition. 

The farming system is the most widespread environmental technology with its positive and 
negative consequences. It utilises essential natural resources and, at the same time, 
influences other natural environments. Therefore, ecologisation of farming is a priority of 
farmers as well as environmentalists. Respecting the principles of soil sustainability and 
other components of environment is the basic precondition for life sustainability.  

A United Nations [UN] conference on environment and development (Rio de Janeiro, 1992) 
prioritised sustainable development, which is presented in a global development 
programme for the end of the 20th century and especially for the 21st century (Agenda 21). 
The concept of sustainable development of agriculture includes such practices in farming 
which respect ecological aspects in growing plants and ethology of livestock in rearing, do 
not enhance damage in ecological land stability, respect environmental protection, including 
surface and underground water and monitor the quality of agricultural produce.  

Sustainable agriculture is based on the principle of agriculture being a biological process 
which, in practice, should imitate key characteristics of the natural ecosystem. It strives to 
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bring diversity into agro-ecosystem, recycle nutrients efficiently and maintain the priority of 
sunlight as a source of energy for agro-ecosystems.  

Specific manifestations of soil require different approaches. In soil protection, these must be 
ecological (biological) approaches, as this is the only way to achieve sustainable 
development of ground cover and the resulting economical and social development and 
environmental balance in society.  

Sustainable use of soil takes soil-ecological conditions into consideration and is realised in 
such a way and in such intensity, which gives rise to neither negative changes in soil, nor 
establishes trends for the development of negative characteristics in soil. The essential 
principle of sustainable farming system is its protection from any degradation by natural or 
man-induced influences. Sustainable development of soil use also encompasses the 
protection of the soil acreage to such an extent which ensures that all soil functions are 
employed.  

In a number of European countries, sustainable use of soil is realised according to the 
principles of International Federation of Organic Agriculture Movements [IFOAM] and is 
referred to as ecological soil management. When introducing ecological systems of soil 
management, the main criterion is the application of knowledge in the functioning of 
natural ecosystems, which are typical of plant and animal variety and sunlight is the 
exclusive source of energy. In cultural (artificial) agro-ecosystems, the structure is disrupted 
by man drawing the production past the limit of the agro-ecosystem. The ecological system 
focuses on theoretical elaboration of farming arrangement in sensitive areas (the protection 
of underground and surface water zones, polluted zones, national parks, protected natural 
areas and soils heavily endangered by erosion). Continued protection of nature and natural 
resources is at the forefront; therefore, significant intensifying constituents of conventional 
agriculture (high dosage of fertilisers, full usage of pesticides, annual subsoil ploughing, 
major hunts, high ratio of grain crops, intensive breeding, heavy automation) are replaced 
by technologies with strong economical and ecological components (tillage minimisation, 
anti-erosive crop rotation, monitoring of plant nutrition, integrated a biological protection of 
plants, minimal automation, free-range breeding).  

According to Organisation for Economic Co-operation and Development [OECD], an 
indicator is a parameter or a value derived from several parameters. It provides information 
about a particular observed phenomenon from the viewpoint of its quantitative or 
qualitative characteristics, present in a give time and area, in the environment as a whole, or 
its individual components by the qualitative parameters of these components influencing 
the health condition of the population, as well as the structure and function of the ecosystem 
in the area in question. From the above stated, it results that there are a number of 
horizontal and vertical causal links between individual environmental indicators. The 
“sustainability indicator“ can, thus, be defined as a measurable factor, whose imbalance 
negatively influences the long-term performance of the whole production system. Stable 
agriculture has a time and space dimension. The time scale depends on the adaptability of 
the system (usually 5 to 10 years, or more); space can be given by the borderlines of soil-
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climatic units or areas. Stability indicators should be applicable to the evaluation of the main 
components of sustainable agriculture. Attention is mainly paid to the level of farming and 
its productivity regarding the ecological soil potential, maintaining diversity of plant species 
as well as the protection of natural resources, social-economic viability related to the 
regional and world economy.  

From the viewpoint of agricultural practice, the stability indicators regarding productivity 
of agricultural production and ecological aspects of farming systems have been explored in 
most detail. The guaranteed yield on the level of the ecological potential of location (without 
further input increase), the ability of the system to return to the initial performance in a 
short period of time after a natural disaster, achieving a relatively high efficiency of water 
and plant nutrition utilisation, maintaining the soil quality environment (organic mass, soil 
organisms, nutrients), reliability of the methods used in integrated plant protection, 
ensuring the quality of water resources, maintaining the level of underground water 
without major fluctuations, and protecting natural resources are considered quantifiable 
biophysical indicators of sustainable productivity (Klír, 1997). With regard to the evaluation 
of ecological sustainability, the most significant indicators are maintenance and 
improvement of biodiversity in managed, as well as adjacent natural ecosystems, 
maintaining the environmental quality and avoiding pollution limit excess (Virmani & 
Singh, 1997 as cited in Fazekašová, 2003).  

It is impossible to select universal soil parameters with regard to their suitability for 
sustainable soil and is subject to specialised discussions. A significant role in the selection of 
parameters is played by their variability in time, related to parameter stability. The 
following soil parameters can be distinguished: stable (such as soil depth or granularity), 
relatively stable (the salt content, the content of organic mass in soil, heavy metal 
contamination), relatively dynamic (pH, the content of nutrients), and dynamic (soil 
humidity and temperature, microbial activity, etc.). Stable and relatively stable parameters 
dominantly influence soil quality, while relatively dynamic and dynamic characteristics are 
more connected to its short-term changes.  

Soil parameters indicate the state of soil ecosystem characteristics, which especially reflect 
production, buffering, filter and other soil functions. From this view, the structure of soil 
profile (the soil class), soil type, soil depth, skeletal nature, the content and quality of humus 
substances, accessible nutrient supply, soil reaction, the content of foreign substances in soil, 
and soil edaphon seem to be of highest importance.  

Soil quality cannot be judged directly; it must be determined from the changes of its 
parameters. It is more accurate to evaluate the range of appropriate indicators rather than to 
use a single one. Soil quality is significantly affected by physical, chemical, biological 
and biochemical properties sensitive to changes in the environment and land management. 
With regard to physical properties, there are bulk density, porosity, water retention 
capacity, soil temperature, etc. In the group of chemical characteristics, total carbon and 
nitrogen content, soil reaction and content of available nutrients are observed. Evaluation of 
biological parameters focuses on microbial biomass and its activity, soil respiration, 
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potentially mineralised nitrogen, the activity of soil enzymes, etc. Soil enzymatic activity can 
be used as a microbial indicator of soil quality, since the activity of soil enzymes is closely 
related to essential soil characteristics. It indicates changes sooner than other soil 
characteristics and can be an integrating soil-biological index reflecting soil use (Javoreková 
et al., 2008; Šarapatka, 2002). Wick et al. (2002) considers selected enzymatic activities as 
suitable indicators for long-term soil monitoring and quality assessment (Miralles, 2007; 
Geisseler, 2009). A decrease in soil quality is obvious from the values of critical load of risk 
substances. When evaluating the content of heavy metals in soil, attention must also be paid 
to their bio-accessibility (Bujnovský & Juráni, 1999). 

The chapter deals with a synthetic and comparative analysis of scientific findings regarding 
the development of soil quality parameters in the conditions of a sustainable farming 
system. Based on the research carried out between 1997 and 2010 on a model area situated in 
a marginal region of north-eastern Slovakia (48o 57' N; 20o 05' E), the development of soil 
indicators are evaluated, focusing on physical (bulk density and soil porosity), chemical (soil 
pH, inorganic nitrogen, available phosphorus, potassium, magnesium and organic carbon 
content) and biological parameters (activity of acid and alkaline phosphatase and urease), as 
well as the presence of risk substances in the soil ecosystem (heavy metal content - Cd, Ni 
and Pb). 

2. Evolution of soil parameters  

At present, there is little knowledge with regard to soil development in the conditions of 
sustainable farming systems whose principles lie in soil maintenance. There is a major effort 
to increase its natural productivity by as closed a cycle of nutrients as possible with the 
highest possible reduction of external, mainly energetic and chemical, inputs (Lacko-
Bartošová et al., 2005; Fazekašová, 2003). The present findings can hardly be compared to 
other research due to the different soil-ecological conditions in which they were obtained. 
The issue of universal methods for all soil types remains a universal problem within the 
research of soil development. Unless this area is unified, objective comparison will remain 
on a regional level. Soil parameters are usually determined only in relation to specific 
topsoil. Certain physical and chemical parameters in subsoil cannot be neglected, since they 
guarantee soil functions (Fazekašová, 2003). 

2.1. Methods  

The research project was carried out between 1997 and 2000 and 2008 and 2010 under 
production conditions in the investigated area situated in a marginal region of north-eastern 
Slovakia (48o 57' N; 20o 05' E). Here, the ecological farming system has been applied since 
1996. The area is situated in the Low Tatras National Park at an altitude ranging from 846 to 
1492 m above sea level. In terms of geomorphological division, it is a part of sub-assemblies 
of the Kráľovohoľské Mountains (Michaeli & Ivanová, 2005). The whole area is situated in a 
mild zone with a sum of average daily temperatures above 10 ºC ranging from 1600 to 2000 
and average precipitation of 700-1200 mm (Fig. 1). 
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The soil conditions are relatively homogeneous, the largest area being represented by 
Cambisols, mostly moderate and strongly skeletal, mainly in the subsoil, medium-weight 
and heavy in granularity (loamy sand, loam, clayey loam). Cambisols are the most common 
soil type occurring in Slovakia. From an ecological viewpoint, Cambisols are valuable for 
their irreplaceable ability to retain and accumulate atmospheric fallout and also for their 
filtration attributes. From the relief viewpoint, the majority of the land is situated on slopes, 
soil is often eroded and, thus, surface water resources are threatened. With regard to 
pollution, there is an assumption that heavy metals are transported to crops (due to the 
acidity of these soils). In the current crop structure, cereal acreage represents 33.3 %, 
potatoes 16 % to 18 % and fodder crops 49.8%. Crops are rotated as follows: perennial 
fodder (clover mixture) → perennial fodder (clover mixture) → winter crops (winter wheat, 
winter rye, triticale and winter barley) → root crops (potatoes) → spring crops (spring 
barley, oats) → annual mixture (oats pea, peas, ryegrass). Arable land is fertilised with 
manure dosage of approximately 30 t ha-1 once in two years. The permitted phosphorous 
and potassium mineral fertilisers have not been added in the past five years. The permanent 
grassland and arable land were fertilised with liquid organic fertiliser in the spring season, 3 
000 l ha-1 (minimum nutrients content: total nitrogen expressed as N in dry mass at least 15 
%, total phosphorus as P2O5 in dry mass less than 0.2 %, total potassium as K2O in dry mass 
less than 0.4 %, total sulphur as S in dry mass at least 16.5 %).  

 
Figure 1. The course of average air temperatures (°C) and sum of precipitation (mm) during the 
observed period in the observed area situated in a marginal region of north-eastern Slovakia  

Soil samples for physical, chemical and biological soil properties and heavy metal content 
determination were obtained in spring time in a connected stand on five permanent research 
sites, from the depth of 0.05 m to 0.15 m. Part of the soil samples were air-dried, sieved (sieve 
with 2 mm size opening), homogenised prior to the analysis and used for measurements of 
chemical and biological soil characteristics and heavy metal content. From the physical soil 
properties, soil bulk density and soil porosity were studied and evaluated in a Kopecky 
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physical cylinder with a capacity of 100 cm3 (Fiala et al., 1999). From the chemical soil 
characteristics, soil pH in 1M CaCl2 solution was monitored and evaluated, as well as 
inorganic nitrogen, available phosphorus, potassium, and magnesium with Mehlich III and 
organic carbon content (Fiala et al., 1999). The available heavy metal content (Cd, Ni and Pb) of 
the samples was determined in 2M HNO3 solution using atomic absorption spectrophotometer 
(Matúšková & Vojtáš, 2005). The following biological soil characteristics were monitored: 
activity of acid and alkaline phosphatase (Grejtovský, 1991) and urease (Chaziev, 1976). The 
obtained data were tested by mathematical-statistical methods from which analysis of variance 
and regression analysis were used (the Statgraphics software package). 

2.2. Evolution of physical soil parameters  

The changes in physical characteristics of soil not only result from meteorological factors, 
yearly farming plan, or from the course of vegetation, but also depend on the employed 
farming system. Larson and Pierce (1991) confirmed that soil quality can be evaluated and 
the sustainability of a system assessed on the basis of essential physical indicators.  

Soil granularity, and especially the ratio of clay particles, primarily influences physical, 
hydro-physical and chemical characteristics. The soils in the monitored localities according 
to the content of clay particles based on Novák’s classification (Fulajtár, 2006) are of loamy-
sandy, loamy and clay-loamy category (Tab. 1.).  
 

Diameter of 
particles [%] 

Studied locality 
I. II. III. IV. V. 

> 0.25 31.3 14.5 11.5 32.5 16.0 
0.250.05 21.6 15.5 18.9 13.9 14.9 
0.050.01 27.8 32.4 24.3 22.2 31.3 

0.010.001 15.5 29.3 3.3 24.0 2.6 
< 0.001 3.8 8.3 11.0 7.4 8.2 

I. Category 19.3 37.6 45.3 31.4 37.8 
Soil loamy sand loam clayey loam loam loam 

Table 1. Particle grain-size composition of soil [%] in the monitored area situated in a marginal region 
of north-eastern Slovakia in depth 0.050.15 m.  

Bulk density as an integral value of soil granularity, humus content and anthropogenic 
impacts on soil should not exceed the limits given for individual soil types (Tab. 2.).  

Soil 
texture 

Sandy Loamy sand Sandy loam Loam 
Clayey loam 

and clay 
Clay 

Bulk 
density 

1.70 1.60 1.55 1.45 1.40 1.35 

Porosity 38 40 42 45 47 48 

Table 2. Critical values of bulk density soil [t.m-3] and porosity [%] for different of soil texture  
(Líška et al., 2008) 
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Long-term research has shown that ecological soil farming regulates bulk density of soil. 
The measured values of bulk density were in the range of 0.94 to 1.35 t.m-3 (Fig. 2.), in 1997 
to 2009, there was a moderate decrease and values comparable to average figures for the 
given soil type and category according to Líška et al. (2008) were achieved (Tab. 2.), with the 
exception of 2010, when a mild increase in bulk density was measured. At the same time, 
this parameter proved to change under the influence of the water content and 
meteorological exposure (Kotorová, Šoltýsová & Mati, 2010). In 2010, in comparison to the 
previous years, precipitation reached higher values (Fig. 1.).  

 
Figure 2. Bulk density of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  

General porosity is closely related to bulk density. From the total pore volume, which 
should not fall below 38 % for sandy soil and below 48 % for clay-loam soil (Líška et al., 
2008), the share of non-capillary pores rapidly releasing gravitational water and allowing 
good air exchange between soil and climate should be sufficient. The share of non-
capillary pores (Pn) in comparison to capillary pores (Pk) should be higher in heavy 
soils.  

As can be seen from Fig. 3., the values show that, in the observed timeframe, porosity levels 
ranged between 46.43 and 64.49 %. Considering this parameter, optimum conditions were 
created for the growth of most arable crops, which are given by general porosity between 55 
and 65 % and 20 and 25 % soil air content (Rode, 1969).  

A statistically significant effect in the monitored year and locality on all observed soil 
physical parameters was confirmed by an analysis of variance (Tab. 3.).  
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Parameter Min. Max. Mean Standard 
error 

Source of 
variability 

d. f. F-
Ratio 

P 

bulk density 
[t.m-3] 

1.04 1.35 1.18 0.016347 
year 

locality 
6 
4 

8.33 
28.39 

++ 
++ 

porosity [%] 49.15 60.56 55.52 0.617864 
year 

locality 
6 
4 

8.24 
28.41 

++ 
++ 

Table 3. Analysis of variance of soil physical parameters in the monitored area situated in a marginal 
region of north-eastern Slovakia  
++P 0,01 +P 0,05 

 
Figure 3. Porosity of soil in the monitored area situated in a marginal region of north-eastern Slovakia 
expressed by descriptive statistics  

2.3. Evolution of chemical soil parameters  

Chemical parameters are considered relatively dynamic (pH, nutrient content) and, in terms 
of plant growth and development, vital. Their deficiency is reflected in crop production. At 
the same time, they serve as indicators of additional inputs in the form of fertilisers. 
Sustainable farming systems exclude, or reduce, the use of artificial fertilisers; therefore, it is 
necessary to pay attention to the dynamics of chemical soil parameters in order to prevent 
one-way draining of nutrients, particularly phosphorus and potassium.  

The soil pH is an important factor for soil fertility despite the fact that its values change 
dynamically, depending on so-called internal and external factors. It influences the 
buffering and filtering capacities, the quality of organic substances, nutrient accessibility for 
plants and the production of biomass in most crops grown. A majority of arable crops suit 
the range of slightly acidic to slightly alkaline soil pH – 6 to 7.5 (Krnáčová, Račko & Bedrna, 
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1997). A pH value lower than 5.5 is undesirable and requires ameliorative lime treatment. 
Similarly, from the viewpoint of productivity, alkaline soils (pH>8.4) are limiting and 
require appropriate measures. 

In the course of monitoring the model area, the values of soil pH ranged between 5.1 and 
7.2. The average values of soil pH increased moderately and were in the category of slightly 
acidic to neutral soil pH (6.3 – 6.9) (Fig. 4.). 

This can be assigned to the ecological farming system, as physiologically acidic mineral 
fertilisers were not applied. On the contrary, organic fertilisers (manure at the dosage 30 t 
ha-1 and liquid organic fertilisers at the dosage 3000 l ha-1) were applied. The organic matter 
positively influences the buffering capacity of soil, which is why the soil reaction was 
stabilised. Nevertheless, it is necessary to pay continuous attention to soil reaction, since soil 
is naturally acidified through acid atmospheric fallout as well as calcium intake by plants. 

 
Figure 4. Soil reaction (pH/CaCl2) in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  

Nitrogen, phosphorus and potassium are the most important nutrients. Their supply to 
soil can be realised in various ways; fertilisation being of most importance. A lack of 
essential nutrients is rapidly reflected in the level of plant production. Nitrogen in soil is 
restored as part of its natural cycle. Its additional supply is necessary for intensified 
harvest, when its natural supply is not sufficient in order to achieve the targeted harvest. 
The supply of phosphorus and potassium by fertilisation is related to their supply in soil. 
Their supply in soil is not exhaustless; moreover, when constantly utilised, they are not 
naturally renewable. 
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According to Bielek (1998), there is a small probability that an increase in the total nitrogen 
content has a positive effect on soil fertility. This only applies to productive and highly 
productive soils. For soils with low production capacity, a reciprocal ratio between the total 
nitrogen content and soil fertility is typical. From the total nitrogen in soil, 95 % to 98 % is 
bound in organic forms; fertility functions determine mechanisms of its accessibility to 
plants. It is mainly organic nitrogen mineralisation, or, more specifically, that part of 
mineralisation which prevails over carbon immobilisation related to fertility. Inorganic 
nitrogen only represents a small part of total nitrogen and its content in the season is subject 
to frequent and fast changes, resulting from natural and anthropic factors. The 
concentrations of the main forms of mineral nitrogen (ammonia, nitrates) result from pure 
mineralisation and frequent nitrification of nitrogen in soil. In our research carried out in 
natural conditions, medium to highly favourable content of inorganic nitrogen in topsoil has 
been observed (Fig. 5.) in spite of the fact that in the soil-ecological conditions of the 
investigated area (a mild zone with a sum of average daily temperatures above 10 ºC 
ranging from 1600 ºC to 2000 ºC and average precipitation of 700-1200 mm), the nitrogen 
mineralisation is less intensive (the optimum temperature for an intensive process is  
28-30 ºC); therefore, even with a high total content of nitrogen, the content of mineral (i.e. 
immediately available) nitrogen may not be high. The assumption is that by adding high 
doses of organic fertiliser, the total nitrogen content will increase. However, including 
legumes in the crop rotation can increase the content of immediately available nitrogen. 
These crops leave high amounts of nitrogen in soil (more than 100 kg ha-1 N), which are later 
available for the crops grown in the following period (Jurčová & Torma, 1998; Kováčik, 
2001).  

 
Figure 5. Nanorg content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  

 
Evaluation of Soil Quality Parameters Development in Terms of Sustainable Land Use 445 

Phosphorus is firmly fixed in soil and its proportion is relatively stable and dependent on 
soil reaction values. Between 1997 and 2010, the value of soil pH did not significantly 
change in the investigated area. With regard to the above, the proportion of available 
phosphorus changed only minimally (Fig. 6.). 

 
Figure 6. Pavail content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  

In the observed period, the proportion of potassium and magnesium was relatively stable 
(Fig. 7. and Fig. 8). Due to the grain structure of the soils (medium and heavy soils), these 
nutrients are bound to soil particles and are not prone to soil washing in spite of high 
precipitation throughout the year. 

Organic mass determines the soils quality, as it binds soil particles, stabilises soil (by which 
the risk of erosion decreases), increases water retention and cationic exchange capacity and 
reduces the negative impact of pesticides, heavy metals and other pollutants. A high 
proportion of organic carbon alone cannot guarantee a high yield; however, the influence of 
soil carbon on productivity increases when the levels of carbon decrease below 1%. With a 
content Corg 1.0 to 1.5, productivity decreases by 15 % and with content Corg under 1.0 %, it 
decreases by as much as 25 %. The most significant parameter is the ratio of humin acids 
and fulvene acids. This ratio is considered highly favourable, if it is higher than 2, 
satisfactory in the range between 1 and 2, and unfavourable if lower than 1. With regard 
to biological activity of soil, so-called non-specific humus substances play a significant role. 
These are a source of nutrients for soil microorganisms, participating in important cyclic 
biochemical processes (Hraško & Bedrna, 1988). 

The content of humus in soil is a parameter prone to significant changes in the long-term. 
The application of high amounts of organic fertilisers and incorporating perennial fodder 
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ranging from 1600 ºC to 2000 ºC and average precipitation of 700-1200 mm), the nitrogen 
mineralisation is less intensive (the optimum temperature for an intensive process is  
28-30 ºC); therefore, even with a high total content of nitrogen, the content of mineral (i.e. 
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Figure 5. Nanorg content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  
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Phosphorus is firmly fixed in soil and its proportion is relatively stable and dependent on 
soil reaction values. Between 1997 and 2010, the value of soil pH did not significantly 
change in the investigated area. With regard to the above, the proportion of available 
phosphorus changed only minimally (Fig. 6.). 

 
Figure 6. Pavail content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  

In the observed period, the proportion of potassium and magnesium was relatively stable 
(Fig. 7. and Fig. 8). Due to the grain structure of the soils (medium and heavy soils), these 
nutrients are bound to soil particles and are not prone to soil washing in spite of high 
precipitation throughout the year. 

Organic mass determines the soils quality, as it binds soil particles, stabilises soil (by which 
the risk of erosion decreases), increases water retention and cationic exchange capacity and 
reduces the negative impact of pesticides, heavy metals and other pollutants. A high 
proportion of organic carbon alone cannot guarantee a high yield; however, the influence of 
soil carbon on productivity increases when the levels of carbon decrease below 1%. With a 
content Corg 1.0 to 1.5, productivity decreases by 15 % and with content Corg under 1.0 %, it 
decreases by as much as 25 %. The most significant parameter is the ratio of humin acids 
and fulvene acids. This ratio is considered highly favourable, if it is higher than 2, 
satisfactory in the range between 1 and 2, and unfavourable if lower than 1. With regard 
to biological activity of soil, so-called non-specific humus substances play a significant role. 
These are a source of nutrients for soil microorganisms, participating in important cyclic 
biochemical processes (Hraško & Bedrna, 1988). 

The content of humus in soil is a parameter prone to significant changes in the long-term. 
The application of high amounts of organic fertilisers and incorporating perennial fodder 
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crops in the crop rotation influenced the preservation of humus content. The measured Cox 
values ranged from 2.16 to 3.92 (Fig. 9.), which, when conversed to humus (conversion 
coefficient 1.724), are medium to good humic soils (Vilček et al., 2005). 

 

 
Figure 7. Kavail content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  
 

 
Figure 8. Mgavail content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  
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Figure 9. Cox content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  

A statistically significant effect of the monitored year on all observed soil chemical 
parameters was confirmed by an analysis of variance (Tab. 4.). The influence of the 
monitored locality on soil chemical parameters was also statistically significant, with the 
exception of Nanorg. 

 

Parameter Min. Max. Mean 
Standard 

error 
Source of 
variability 

d. f. 
F-

Ratio 
P 

pH/CaCl2 5.77 7.13 6.41 0.083124 
year 
locality 

6 
4 

0.82 
24.51 

- 
++ 

Cox [%] 2.25 3.61 3.03 0.084802 
year 
locality 

6 
4 

1.46 
23.99 

- 
++ 

Nanorg 
[mg.kg-1] 

16.76 40.50 27.52 1.698623 
year 
locality 

6 
4 

12.77 
2.22 

++ 
- 

Pavail 

[mg.kg-1] 
19.97 127.88 64.63 3.494827 

year 
locality 

6 
4 

3.02 
121.06 

++ 
++ 

Kavail 

[mg.kg-1] 
168.59 427.98 290.91 12.5772 

year 
locality 

6 
4 

5.87 
43.46 

++ 
++ 

Mgavail 
[mg.kg-1] 

215.98 301.43 265.0 4.918103 
year 
locality 

6 
4 

17.52 
3.73 

++ 
++ 

Table 4. Analysis of variance of soil chemical parameters in the monitored area situated in a marginal 
region of north-eastern Slovakia 
 ++P 0,01 +P 0,05 
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2.4. Evolution of biological soil parameters  

The information on biological soil parameters is not as plentiful as it is in the case of 
physical and chemical parameters, despite the fact that the effect of edaphon on biochemical 
processes in soil, nutrients balance, soil structure, etc. is proven in general.  

There are a great number of enzymes in soil, depending on the diversity of soil organisms 
and the conditions of organic substances transformation. 

Soil enzymes regulate the functioning of the ecosystem and play key biochemical functions 
in the overall process of organic matter decomposition in the soil system (Sinsabaugh et al., 
1997). They are important in catalysing several important reactions necessary for the life 
processes of micro-organisms in soils and the stabilisation of soil structure, the 
decomposition of organic wastes, organic matter formation and nutrient cycling (Dick et al., 
1994 cited in Makoi & Ndakidemi, 2008).  

Enzymes are present in the cells of living organisms in soil (bacteria, fungi, algae, and soil 
fauna) and plant roots. Micro-organisms are the major source of enzymes in soil. The 
amount and quality of enzymes in soil is dependent on their characteristics, volumes and 
forms of organic matter and the activity of micro-flora. Enzymatic soil activity is higher in 
fertile soils with plenitudes of organic matter. The highest proportion of various enzymes 
can be found in the humus soil horizon (Pejve, 1966). The activity of soil enzymes can be 
enhanced by using organic fertilisers (Burns, 1978; Iovieno et al., 2009; Chander et al., 1997). 
The urease enzyme belongs to the hydrolases group of enzymes and is responsible for the 
hydrolysis of urea fertiliser applied to the soil into NH3 and CO2 with the concomitant rise 
in soil pH. This, in turn, results in a rapid N loss to the atmosphere through NH3 
volatilisation. Due to this role, urease activities in soils have received a lot of attention since 
it was first reported, a process considered vital in the regulation of N supply to plants after 
urea fertilisation (Makoi & Ndakidemi, 2008).  

Soil urease originates mainly from plants and micro-organisms. It can be found as a free 
enzyme in soil solution, and yet more often firmly bound to soil organic mass or minerals, 
as well as inside living cells (Klose & Tabatabai; 2000; Alef & Nannipieri, 1995). Its activity 
depends on soil humidity (Baligar et al., 2005), pH, humus proportion and quality 
(Tabatabai & Acosta-Martínez, 2000) and the total nitrogen content (Nourbakhsh & Monreal, 
2004). At the same time, an increased sensitivity to excess content of heavy metals (Kromka 
& Bedrna, 2000) and a negative effect of triazine herbicides on the activity of enzymes 
(Belińska & Prangal, 2007) was shown.  

Phosphatases are a broad group of enzymes that are capable of catalysing hydrolysis of 
esters and anhydrides of phosphoric acid. In soil ecosystems, these enzymes are believed to 
play critical roles in P cycles (Speir et al., 2003) as evidence shows that they are correlated to 
P stress and plant growth. Apart from being good indicators of soil fertility, phosphatase 
enzymes play key roles in the soil system (Dick et al., 2000 cited in Makoi & Ndakidemi, 
2008).  
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Soil phosphatase has certain typical characteristics. It depends on the substratum and its 
concentration. Two optimums levels, acidic and alkaline, are often present (Burns, 1978). An 
optimum pH of soil phosphatase is influenced by a great number of factors. 

Soil pH differs from the pH optimal for phosphatase activity. Soil phosphatase can be 
inactive if the differences between soil pH and optimum enzyme pH are too great (Chaziev, 
1976). The activity of soil phosphatase is higher in soils with high humidity in comparison to 
dry soils or soils with normal humidity. Phosphatase activity declines with an increasing 
soil depth, which is caused mainly by lower biological activity in lower soil profiles. 
Inorganic phosphate, copper, mercury and vanadium also have a considerable inhibitory 
effect on soil phosphatase activity (Burns, 1978; Speir et al., 2003). 

There was minimum fluctuation in the measured values of soil enzyme activity in the 
observed period. The urease values ranged from 0.43 to 0.67 mg NH4+ - N.g-1.24 hour-1, and 
the values of acidic and alkaline phosphatase between 236.8 and 336.5 µg P.g-1.3 hour-1 (Fig. 
10., Fig. 11. and Fig. 12.). These are values typical for sparse-vegetation soils (Burns, 1978).  

 
Figure 10. Urease activity of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  

At the same time, a higher activity of soil enzymes in lower temperatures was confirmed 
(the area is situated in a mild district with a sum of average daily temperatures above  
10 oC ranging from 1600 to 2000 and average precipitation between 700 and 1200 mm) and 
organic fertilisers and soil organic mass stimulate the activity of soil phosphatase and 
significantly enhance the protection of natural soil urease (Chaziev, 1976; Bremner 
& Mulvaney, 1978).  
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At the same time, a higher activity of soil enzymes in lower temperatures was confirmed 
(the area is situated in a mild district with a sum of average daily temperatures above  
10 oC ranging from 1600 to 2000 and average precipitation between 700 and 1200 mm) and 
organic fertilisers and soil organic mass stimulate the activity of soil phosphatase and 
significantly enhance the protection of natural soil urease (Chaziev, 1976; Bremner 
& Mulvaney, 1978).  
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Figure 11. Acid phosphatase activity of soil in the monitored area situated in a marginal region of 
north-eastern Slovakia expressed by descriptive statistics  
 

 
Figure 12. Alkaline phosphatase activity of soil in the monitored area situated in a marginal region of 
north-eastern Slovakia expressed by descriptive statistics  

 
Evaluation of Soil Quality Parameters Development in Terms of Sustainable Land Use 451 

A statistically significant effect of the monitored year and locality on all observed soil 
biological parameters was confirmed by an analysis of variance (Tab. 5.). 
 

Parameter Min. Max. Mean 
Standard 

error 
Source of 
variability

d. f. 
F-

Ratio 
P 

urease [mg 
NH4+ - N.g-1 

.24hour-1] 
0.454 0.674 0.551 0.007954 

year 
locality 

6 
4 

44.07 
33.12 

++ 
++ 

acid 
phosphatase 
[µg P.g-1 

.3hour-1] 

271.23 306.77 294.91 2.65001 
year 

locality 
6 
4 

36.16 
15.85 

++ 
++ 

alkaline 
phosphatase 
[µg P.g-1 

.3hour-1] 

264.35 329.33 291.97 1.96567 
year 

locality 
6 
4 

75.50 
16.39 

++ 
++ 

Table 5. Analysis of variance of soil biological parameters in the monitored area situated in a marginal 
region of north-eastern Slovakia  
++P 0,01 +P 0,05 

2.5. Concentration of heavy metals in soil  

An increase in inputs employed in the farming system has gradually brought about the need 
for studying and evaluating their potential negative influence on soil environment and 
production quality. Monitoring soil contamination with various degrees of biotoxicity is an 
important area. Fertilisers, especially industrially produced, are considered (including rock 
slackening, atmospheric decline and waste stock) a significant source of risk elements in soil 
(Beneš, Benešová, 1993). The system of farming, including the use of fertilisers, can also 
indirectly affect the acceptability of risk elements for plants (Beneš, 1993). 

Loading agricultural soil with harmful substances is serious, since soil is not only the key to 
agricultural production but also has filtration and buffering capacities. Soil considerably 
influences the composition and quality of underground water and provides a living 
environment for soil micro-organisms (Tischer, 2008; Gulser, 2008). It could be assumed that 
accumulating higher concentrations of heavy metals in soil is a potentially serious danger to 
the food chain (Torma et al., 1997). It is especially toxic elements and organically highly-
persistent substances that are among harmful substances entering soil.  

Heavy metals as a large group of polluters are a serious problem in all components of the 
environment, including soil. As a great number of these have considerable toxic effects, their 
highest allowed concentrations are defined for the soil system, similarly to those for air and 
water. It is extremely difficult to define limit concentrations of heavy metals for soil, since, in 
contrast to air and water, soil is an extremely heterogeneous system and mobility of 
inorganic contaminants, closely related to the intake by plants, depends on several soil 
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factors. The approaches towards the determination of metal concentration limits in soil vary 
significantly in individual countries. In some countries, the definition of limits for heavy 
metals concentrations is based on soil use (these are defined as so-called trigger and action 
values), or, possibly, on eco-toxicological data in so-called standard soil and limit values for 
the total and dissolvable concentration of heavy metals in soil (Barančíková, 1998; 
Makovníková et al., 2006).  

Toxicity of heavy metals varies; it decreases in the following line Hg>Cd>Ni>Pb>Cr and 
their influence is enhanced by their non-degradability. Soil is only presented as a passive 
acceptor of heavy metals; it becomes the source of polluting other components of the 
environment and the food chain. Changes in soil properties are responsible for the 
mobilisation of metals, especially pH, humus content and quality and the proportion of clay 
fraction (Barančíková, 1998).  

With regard to the above findings, the content of the following risk elements was observed 
in the conditions of sustainable use of soil: lead, cadmium and nickel (in the leachate 2M 
HNO3) (Fig. 13., Fig. 14. and Fig. 15.). The evaluation showed that the content of dangerous 
elements in soil did not reach maximum permitted values for the Slovak Republic (Act No. 
220/2004 Coll.) and the measured values corresponded with natural contents of the observed 
elements in soil and base rocks (Makovníková et al., 2006). At the same time, in ecological 
systems, no anthropogenic pollution by applying chemical substances and sediments in soil 
is present.  

 
Figure 13. Cd content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  
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Figure 14. Ni content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  
 

 
Figure 15. Pb content of soil in the monitored area situated in a marginal region of north-eastern 
Slovakia expressed by descriptive statistics  
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A statistically significant effect of the monitored year and locality on observed heavy metal 
content of the soil was confirmed by an analysis of variance (Tab. 6.). 
 

Parameter Min. Max. Mean 
Standard 

error 
Source of 
variability 

d. f. F-Ratio P 

Pb 2M HNO3 
[mg.kg-1] 

7.77 22.18 14.11 0.823555 
year 
locality 

6 
4 

12.30 
22.01 

++ 
++ 

Cd 2M 
HNO3 
[mg.kg-1] 

0.129 0.697 0.343 0.037233 
year 
locality 

6 
4 

9.37 
19.69 

++ 
++ 

Ni 2M HNO3 

[mg.kg-1] 
0.934 3.436 2.392 0.140375 

year 
locality 

6 
4 

24.08 
25.20 

++ 
++ 

Table 6. Analysis of variance of the heavy metal content of the soil in the monitored area situated in a 
marginal region of north-eastern Slovakia  
++P 0,01 +P 0,05 

3. Conclusion  
The farming system is the most widespread environmental technology with its positive and 
negative consequences. It utilises essential natural resources and, at the same time, 
influences other natural environments. Therefore, ecologisation of farming is a priority of 
farmers as well as environmentalists. Respecting the principles of soil sustainability and 
other components of the environment is a basic precondition for life sustainability. 
Sustainable agriculture is based on the principle of agriculture being a biological process 
which, in practice, should imitate key characteristics of the natural ecosystem. It strives to 
bring diversity into agro-ecosystems, recycle nutrients efficiently and maintain the priority 
of sunlight as a source of energy for agro-ecosystems. Sustainable use of soil takes soil-
ecological conditions into consideration and is realised in such a way and in such intensity, 
which gives rise to neither negative changes in soil, nor establishes trends for the 
development of negative characteristics in soil. It is impossible to select universal soil 
parameters for sustainable soil, which is why the area is subject to specialised discussions. A 
significant role in the selection of parameters is played by their variability in time, related to 
parameter stability. Stable (such as soil depth or granularity), relatively stable (the salt 
content, the content of organic mass in soil, heavy metal contamination), relatively dynamic 
(pH, the content of nutrients) and dynamic (soil humidity and temperature, microbial 
activity, etc.) parameters are more connected to its short-term changes. Soil quality cannot 
be judged directly; it must be determined from the changes of its parameters. It is more 
accurate to evaluate the range of appropriate indicators rather than to use a single one. Soil 
quality is significantly affected by physical, chemical, biological and biochemical 
properties sensitive to changes in the environment and land management. At present, there 
is little knowledge with regard to soil development in the conditions of sustainable farming 
systems. The present findings can hardly be compared to other research due to the different 
soil-ecological conditions in which they were obtained. The issue of universal methods for 
all soil types remains a universal problem within the research of soil development. Unless 
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this area is unified, objective comparison will remain on a regional level. Soil parameters are 
usually determined only in relation to specific topsoil. Certain physical and chemical 
parameters in subsoil cannot be neglected, since they guarantee soil functions.  

The present results showed development of selected soil parameters during long-term 
monitoring on a model area situated in a marginal region of north-eastern Slovakia where an 
ecological farming system was applied. Soil physical properties change not only under the 
influence of weather conditions, crop year, vegetation pass, but also under the influence of 
applied management systems. During the year and growing season, bulk density value also 
varies depending on water availability in the soil, weather and farming methods. The research 
showed that soil physical properties get adjusted after long-term application of an ecological 
farming system and the measured values were stabilised, reaching levels comparable with the 
average values for the soil type. Agrochemical soil characteristics did not change significantly 
during the research period. High doses of organic fertilisers had a positive effect on soil 
productivity, and, thus, indirectly on maintaining soil pH, the available nutrient content and 
retention of humus in soil. In spite of this, it is necessary to continuously pay attention to soil 
reaction, because soil is naturally acidified through acid atmospheric fallout as well as calcium 
intake by plants. Values of selected heavy metals in the monitored period did not exceed the 
limit values published in Act No. 220/2004 Coll. The values of activity of phosphatase and 
urease changed minimally during the research period and they refer to values typical for soils 
with sparse vegetation. At the same time, it was proven that increasing the content of soil 
organic matter promotes natural protection of soil enzymes. Analysis of variance confirmed a 
statistically significant effect of the monitored year on all observed soil parameters. The effect 
of the observed locality, with the exception of pH/CaCl2, Cox and Nanorg, on other soil 
parameters was also statistically significant.  
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A statistically significant effect of the monitored year and locality on observed heavy metal 
content of the soil was confirmed by an analysis of variance (Tab. 6.). 
 

Parameter Min. Max. Mean 
Standard 

error 
Source of 
variability 

d. f. F-Ratio P 

Pb 2M HNO3 
[mg.kg-1] 
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year 
locality 

6 
4 

12.30 
22.01 

++ 
++ 

Cd 2M 
HNO3 
[mg.kg-1] 

0.129 0.697 0.343 0.037233 
year 
locality 

6 
4 

9.37 
19.69 

++ 
++ 

Ni 2M HNO3 

[mg.kg-1] 
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year 
locality 

6 
4 

24.08 
25.20 

++ 
++ 

Table 6. Analysis of variance of the heavy metal content of the soil in the monitored area situated in a 
marginal region of north-eastern Slovakia  
++P 0,01 +P 0,05 
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The present results showed development of selected soil parameters during long-term 
monitoring on a model area situated in a marginal region of north-eastern Slovakia where an 
ecological farming system was applied. Soil physical properties change not only under the 
influence of weather conditions, crop year, vegetation pass, but also under the influence of 
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with sparse vegetation. At the same time, it was proven that increasing the content of soil 
organic matter promotes natural protection of soil enzymes. Analysis of variance confirmed a 
statistically significant effect of the monitored year on all observed soil parameters. The effect 
of the observed locality, with the exception of pH/CaCl2, Cox and Nanorg, on other soil 
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1. Introduction 

Olive oil farming is a significant feature of land use in Mediterranean regions, covering over 
five million hectares in the EU Member States. The main areas of olive oil production are in 
Spain (2.4 million ha), followed by Italy (1.4 million ha), Greece (1 million ha) and Portugal 
(0.5 million ha) [1]. Whilst olive plantations are found over most of the Mediterranean 
region, around 65% of the Spanish olive oil area is located in Andalusia (southern Spain), 
representing 30% of the total EU olive oil production and about 35% of the utilized 
agricultural area. Therefore, olive oil farming in Andalusia is of great social, economic and 
environmental significance and any change in the olive oil industry in terms of management 
practices and post-processing options could be of wide importance, at least at the regional 
scale. 

The olive oil industry generates large quantities of by-products. Almost all of the olive mills 
in Spain use the two–phase centrifugation system for oil extraction to reduce wastewater 
generation and lower the contaminant load, compared with the three–phase centrifugation 
system [2] which is currently used by other Mediterranean countries. The main by–product 
of the two–phase extraction system is olive mill pomace (OMP, hereafter), which in 
Mediterranean areas is produced during a short period over the winter, from November to 
February [3], the amount generated varying between 7 and 30 million m3 per year [4-6]. 
Typically, OMP is a semi–solid to semi–liquid by-product resulting from the mix of 
“alpechin”, the main by–products resulting from the older three–phase extraction 
procedure, and “orujo”. This by-product is made mainly with water, seed and pulp and is a 
potentially harmful by–product for the environment, because of the phytotoxic and 
antimicrobial properties, low pH, relatively high salinity and organic load, and the phenolic 
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and lipid constituents [7-11]. Direct application to rivers or soil is not allowed under most of 
the national regulations of the producer countries. The main physico–chemical 
characterization of OMP can be found in other reports [10,12,13]. According to these studies, 
OMP is acidic, with a very high content of organic matter and carbon, rich in potassium (K), 
poor in phosphorus (P), with intermediate levels of nitrogen (N) and may also contain 
phenolic and lipid compounds. 

Some economic (due to costs associated with disposal) and environmental problems arise 
from the disposal of OMP. The various options for the fate of the large amounts of OMP 
which are produced annually in Andalusia can be very diverse: a general description of 
these can be found in [14]. Briefly, one alternative for the disposal of this large amount of 
OMP could be in evaporative ponds, but large areas would be required for this option 
which might also pose several potential environmental problems such as bad odour, 
leaching and insect proliferation. Another major preferred option would include the 
generation of renewable energy taking advantage of the relatively high calorific value of 
OMP. Other important uses include the transformation of OMP into an organic fertiliser and 
soil conditioner through composting. The process of composting OMP consists of mixing it 
with a blend of natural organic residues (e.g. olive leaves and twigs collected after cleaning 
the olive fruit in the mill, and/or straw, or manures), which is then allowed to decompose in 
aerated piles for 7 to 9 months. This means of re-utilization can help to improve soil fertility 
in olive oil farms which are characterized by low organic matter, reduce the cost of 
inorganic fertilisers or, for a commercial enterprise, can provide an additional source of 
revenue for the olive oil mill economy. The main reasons for composting are that OMP has a 
semi–solid consistency which makes it difficult to manage, and to eliminate any 
phytotoxical effects by composting for at least 18 weeks [15]. Composting OMP enables it to 
be sanitized; the mass and volume of the product are reduced and stabilized prior to land 
spreading. As already mentioned, before composting, OMP is mixed with bulking agents 
such as olive tree leaves, which are gathered along with the olive fruit, twigs and small 
branches, straw [16], cotton waste [17] and manure to increase the nutrient content, or any 
other materials of animal or plant origin which are available locally.  

In Andalusia, composted olive mill pomace (COMP, hereafter) production has increased 
exponentially during the last seven years from 1000 tonnes in 2003 to 70000 in 2011 [18] and 
there are about 14 olive mills which are producing COMP in this region. Despite this rapid 
increase, there are no published studies on the main agrochemical properties and the effects 
of OMP application to soil. Indeed, there are few studies on the main physico-chemical 
changes in OMP during composting [19-21], or on the chemical characterisation of the final 
OMP composted product [22]. Moreover, these studies have been undertaken using only a 
limited number of OMP composts, which were produced in only low experimental 
quantities and at a small experimental scale. The main aims of this chapter are to review the 
information from other studies and our own on the agrochemical characterization of COMP 
currently produced in Andalusia and on the short- and long-term effects of its application 
on the soil physico-chemical and biological properties. 
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2. Agrochemical characterization of composted olive mill pomace 

The relatively high diversity of the bulking agents used (such as olive mill pomace, olive 
leafy material (OLM), manure or straw) as well as the variable proportion in which they are 
mixed is responsible for the highly heterogeneous nature and variability of the quality of the 
COMP.  

2.1. Composition of commercially produced composted olive mill pomace 

As far as we know, there are no studies on the characterization of currently commercially 
produced COMP. In one of our own study, seven ready to apply OMP composts were 
collected from different olive mills located in several provinces of Andalusia. COMP 
samples differed in composition and in the proportions of primary materials such as OMP, 
OLM, manure and straw, as shown in Table 1 and Picture 1.  
 

Composted olive
mill pomace 

OMP OLM Manure Straw 

COMP1 80% 7% Sheep M 13%  
COMP2 75% 12% Poultry M 13%  
COMP3 60%  Sheep M 40%  
COMP4 70% 8% Sheep M 12% 10% 
COMP5 85% 5%  10% 
COMP6 80% 20%   
COMP7 80% 13% Poultry M 7%  

Table 1. Composition of different composted olive mill pomaces described in this chapter. OMP and 
OLM refer to olive mill pomace and olive leafy materials, respectively. 

 
Picture 1. Visual appearance of the composted olive mill pomace used in this study. 

COMP pH ranged 7.45 to 8.34 and were adequate for most agricultural purposes. Those 
COMPs made of manure tended to have a higher pH. Mean COMP pH was 8.03, a value 
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similar to those reported by [20,23] for other experimentally–produced composts made of 
OMP, and is within the pH range considered as optimal for the activity of microorganisms 
and plant growth [24,25]. In all cases, electric conductivity was lower than the 10 dS m–1, 
threshold established as indicator of possible phytotoxic/phyto–inhibitory effects on plants 
or in soil [26]. COMP has a high content of organic matter (60.5%, on average) and carbon 
(30.7%, on average) (Table 2). These values are higher than those reported for cow, sheep 
and poultry manures and similar to those found for horse, pig and rabbit [27]. The highest 
values were found in those composts which included OLM and straw with little or no 
manure (COMP4 through to COMP7) and may be due to incomplete organic matter 
degradation of the larger particle sizes and the higher lignin content of OLM. A low organic 
matter degradation rate during composting has been reported [20], mainly because the high 
lignin content of the OMP and the high moisture of the initial mixture which limits sufficient 
aeration. For these COMPs, application to soil could be a good strategy to increase the 
organic matter content of soils of olive oil farms which in the Mediterranean basin are 
usually depleted in organic matter and are exposed to progressive degradation processes. 
Furthermore, the content of labile carbon in the COMPs are relatively low, indicating that 
respired carbon derived from compost after application to soil would be expected to be low. 
Therefore, COMP application to soil could increase C storage due to the high total carbon 
content and expected low rate of C mineralisation (see below). 

Total nitrogen (TN) averaged 1.5%, and was higher for those COMP which included 
relatively high amounts of manure during composting (Table 2). This values is within the 
range of that found for compost made from plant residues [28,29] and similar to that 
reported for compost produced experimentally with OMP plus rabbit or sheep manure, and 
rice straw or almond shells [22]. 

The C:N ratio ranged from 27.2 to 35.8 for COMP4, COMP5 and COMP6, which did not 
include, or contained only limited amounts of manure, while the ratio was much lower (at 
10.5 – 18.7) for COMP1, COMP2, COMP3 and COMP7, which included sheep or poultry 
manures (Table 2). 

The total K (TK) in the composts averaged 1.7% and was highest for COMP2, which 
included a high proportion of poultry manure and lowest for COMP4 and COMP5, both of 
which included straw (Table 2). These values were within the range of values reported by 
other authors [20,23] for experimentally–produced compost and also similar to those of 
OMP [13]. This indicates that K was not lost through leaching during the composting 
process. The total P of the composts averaged 0.41% and was highest for those amended 
with manure (COMP1, COMP2 and COMP3) and lowest for those which included only 
OLM or straw (Table 2). TP values were lower than those of municipal solid wastes and 
sewage sludge, although similar to other vegetable wastes and manures [30]. 

Those COMPs with a high percentage of manure had lower lignin contents, but lignin 
content tended to increase in those COMPs with a higher proportion of OLM and straw. 
Polyphenol contents of the COMPs were less than 2%, even though OMP is usually 
characterized by high levels of polyphenols (Table 2). Polyphenols from olive oil mill waste 
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water have been found to be toxic for some soil microorganisms [31], and this is one of the 
main reasons why direct application to soil cannot be recommended. The low polyphenol 
contents in the composts agree with values found by other researchers [32], who showed 
that the polyphenol content decreases during composting. In all cases, the polyphenol 
contents were lower than 4%: the limit which has been established where there is a shift 
between net N mineralization and immobilization during decomposition [33]. Those 
composts which are currently produced in Andalusia and which included manure showed 
typical lignin and polyphenol contents lower that 20% and 2%, respectively and therefore 
are suitable as organic fertilisers. Lignin and polyphenol contents of residues have been 
shown to be robust indices for the prediction of N mineralisation from residue–N after 
incorporation in soil [34,35], with typical thresholds for immediate net N mineralisation 
being < 15% lignin and < 3 – 4% total extractable polyphenol contents [36-38].  

COMPs phytotoxicities (Zuconni test) were typically higher than 50%, except for COMP3 
and COMP5, suggesting that a relatively high percentage of the currently produced COMPs 
are mature enough to be applied in the field. 

 
COMP commercially

produced 
(min –mean- max) 

Others authors1 

Organic matter (LOI) (g kg-1) 272 - 605 – 879 465 - 621 
Total C (g kg-1) 184 - 307 - 390 301 - 491 
Total N (g kg-1) 10.7 - 15.0 - 20.0 14.0 - 27.8 

C:N 10.5 - 21.9 - 35.8 14.0 - 22.7 
Total P (%) 0.19 – 0.41 -1.19 0.5 - 1.5 
Total K (%) 1.06 – 1.73 -2.39 20.6 - 39.5 

Lignin (g kg-1) 76.0 - 218 - 313 410 - 426 
Polyphenols (%) 0.94 – 1.33 - 2.1 - 

Labile organic C (g kg-1) 4.6 - 16.5 - 25.0 7.3 - 10.2 

Table 2. Main physico-chemical properties of seven commercially produced composted olive mill 
pomaces (Table 1) and results from bibliographic review of different authors for composted olive mill 
pomace. Values are mean of four replicates. 
1Other authors [19,20,21,22,23] for experimentally produced COMPs. 

2.2. Nutrient distribution in different particle size fractions of composted olive 
mill pomace 

The separation and application of different COMP particle sizes could provide for better 
optimization of COMP management, because a fairly clear relationship between particle–
size distribution of an exogenous source of organic matter and the C and N dynamics in 
soils for sludge compost [39] (among others) has been demonstrated. Similarly, C 
mineralisation and turnover was seen to differ according to the particle–size fraction in a 
cattle slurry compost [40,41], also from a sludge–straw mixture [42] and in an aerobically 
digested sewage sludge composted along with screened green waste compost, stored yard 
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or in soil [26]. COMP has a high content of organic matter (60.5%, on average) and carbon 
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and poultry manures and similar to those found for horse, pig and rabbit [27]. The highest 
values were found in those composts which included OLM and straw with little or no 
manure (COMP4 through to COMP7) and may be due to incomplete organic matter 
degradation of the larger particle sizes and the higher lignin content of OLM. A low organic 
matter degradation rate during composting has been reported [20], mainly because the high 
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aeration. For these COMPs, application to soil could be a good strategy to increase the 
organic matter content of soils of olive oil farms which in the Mediterranean basin are 
usually depleted in organic matter and are exposed to progressive degradation processes. 
Furthermore, the content of labile carbon in the COMPs are relatively low, indicating that 
respired carbon derived from compost after application to soil would be expected to be low. 
Therefore, COMP application to soil could increase C storage due to the high total carbon 
content and expected low rate of C mineralisation (see below). 

Total nitrogen (TN) averaged 1.5%, and was higher for those COMP which included 
relatively high amounts of manure during composting (Table 2). This values is within the 
range of that found for compost made from plant residues [28,29] and similar to that 
reported for compost produced experimentally with OMP plus rabbit or sheep manure, and 
rice straw or almond shells [22]. 

The C:N ratio ranged from 27.2 to 35.8 for COMP4, COMP5 and COMP6, which did not 
include, or contained only limited amounts of manure, while the ratio was much lower (at 
10.5 – 18.7) for COMP1, COMP2, COMP3 and COMP7, which included sheep or poultry 
manures (Table 2). 

The total K (TK) in the composts averaged 1.7% and was highest for COMP2, which 
included a high proportion of poultry manure and lowest for COMP4 and COMP5, both of 
which included straw (Table 2). These values were within the range of values reported by 
other authors [20,23] for experimentally–produced compost and also similar to those of 
OMP [13]. This indicates that K was not lost through leaching during the composting 
process. The total P of the composts averaged 0.41% and was highest for those amended 
with manure (COMP1, COMP2 and COMP3) and lowest for those which included only 
OLM or straw (Table 2). TP values were lower than those of municipal solid wastes and 
sewage sludge, although similar to other vegetable wastes and manures [30]. 

Those COMPs with a high percentage of manure had lower lignin contents, but lignin 
content tended to increase in those COMPs with a higher proportion of OLM and straw. 
Polyphenol contents of the COMPs were less than 2%, even though OMP is usually 
characterized by high levels of polyphenols (Table 2). Polyphenols from olive oil mill waste 
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water have been found to be toxic for some soil microorganisms [31], and this is one of the 
main reasons why direct application to soil cannot be recommended. The low polyphenol 
contents in the composts agree with values found by other researchers [32], who showed 
that the polyphenol content decreases during composting. In all cases, the polyphenol 
contents were lower than 4%: the limit which has been established where there is a shift 
between net N mineralization and immobilization during decomposition [33]. Those 
composts which are currently produced in Andalusia and which included manure showed 
typical lignin and polyphenol contents lower that 20% and 2%, respectively and therefore 
are suitable as organic fertilisers. Lignin and polyphenol contents of residues have been 
shown to be robust indices for the prediction of N mineralisation from residue–N after 
incorporation in soil [34,35], with typical thresholds for immediate net N mineralisation 
being < 15% lignin and < 3 – 4% total extractable polyphenol contents [36-38].  

COMPs phytotoxicities (Zuconni test) were typically higher than 50%, except for COMP3 
and COMP5, suggesting that a relatively high percentage of the currently produced COMPs 
are mature enough to be applied in the field. 

 
COMP commercially

produced 
(min –mean- max) 

Others authors1 

Organic matter (LOI) (g kg-1) 272 - 605 – 879 465 - 621 
Total C (g kg-1) 184 - 307 - 390 301 - 491 
Total N (g kg-1) 10.7 - 15.0 - 20.0 14.0 - 27.8 

C:N 10.5 - 21.9 - 35.8 14.0 - 22.7 
Total P (%) 0.19 – 0.41 -1.19 0.5 - 1.5 
Total K (%) 1.06 – 1.73 -2.39 20.6 - 39.5 

Lignin (g kg-1) 76.0 - 218 - 313 410 - 426 
Polyphenols (%) 0.94 – 1.33 - 2.1 - 

Labile organic C (g kg-1) 4.6 - 16.5 - 25.0 7.3 - 10.2 

Table 2. Main physico-chemical properties of seven commercially produced composted olive mill 
pomaces (Table 1) and results from bibliographic review of different authors for composted olive mill 
pomace. Values are mean of four replicates. 
1Other authors [19,20,21,22,23] for experimentally produced COMPs. 

2.2. Nutrient distribution in different particle size fractions of composted olive 
mill pomace 

The separation and application of different COMP particle sizes could provide for better 
optimization of COMP management, because a fairly clear relationship between particle–
size distribution of an exogenous source of organic matter and the C and N dynamics in 
soils for sludge compost [39] (among others) has been demonstrated. Similarly, C 
mineralisation and turnover was seen to differ according to the particle–size fraction in a 
cattle slurry compost [40,41], also from a sludge–straw mixture [42] and in an aerobically 
digested sewage sludge composted along with screened green waste compost, stored yard 
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trimmings and crushed wood pallets [39]. Moreover, the nitrogen availability in compost 
has also been shown to be related to particle size, increasing as particle size decreased in 
sludge compost [43]. Generally, N mineralisation is greater in the fine and water–soluble 
fractions than in coarser fractions, at least for manure and city refuse composts [44] and 
composted sewage sludge [39]. These results suggest that the size of fractions in compost 
contribute substantially to the total C and N dynamics of mineralisation after compost is 
incorporated into soil. This is of particular interest, because depending on the range in 
particle sizes, composts could therefore provide a means for storage of C in soil (i.e. from the 
larger sized compost fractions), or a source of available N (i.e. from the finer compost 
fractions). The diversity and variable amount of raw materials used to obtain COMP make 
the final products very heterogeneous and therefore, it is expected that the nutrients and the 
main physico-chemical properties also differ in the particle size fractions of COMP. 
However, no studies existed to corroborate this, therefore in a separate study we examined 
whether or not this expectation about COMP was correct. 

To estimate the nutrient distribution in particle size fraction of COMP, seven commercially 
produced COMPs were studied (Table 1) by sieving successively through to obtain 3 
different sized fractions: <0.212, 0.212 – 1.0 and 1.0 – 60 mm. About 52% of COMP particles 
were larger than 1mm for those COMPs with a high content of manure, whereas, in contrast 
for COMPs without manure and with straw the consisted for 80% of these larger particle 
sizes. . The percentage of fine particles (<0.212 mm) doubled for COMPs with manure. These 
COMPs showed similar percentages of particle size fractions reported for duck manure [45], 
suggesting that during composting, manures generate a relatively high content of finer 
fractions. In general, the content of different compounds rich in organic C, such as organic 
matter, total carbon and lignin increased with particle size, being significantly higher for 
fractions between 1 to 6 mm. In sewage sludge compost made with screened refuse, yard 
trimmings and pallets [39], and for two types of dairy slurries others found [41], as in this 
study, an increase in the total C content with larger particles, although these differences 
were less distinct. 

In contrast, nutrients contents including total N, mineral N, total P or total K were 
significantly higher in the fine fractions (<0.212 mm). More than 40% of the total N, P and K 
found in the original COMPs were in the <1 mm particle fractions in COMPs which 
included sheep or poultry manure during composting, whereas for COMP5, 6 and 7, the 
contribution of <1 mm fractions was lower than 30%. This finding agrees with those for 
manure and city refuse composts [44], animal slurry [41,45-47] and sludge compost [39], 
from workers who observed that most of the total N and various forms of N available in the 
short-term were mostly in the finer and water–soluble fractions.  

As a result of lower N, but higher C, the C:N ratio decreased as particle size increased 
(Figure 1). Similar relationships between C:N ratio and particle size fractions were obtained 
for cattle slurry [46,47] and for sludge compost [39]. Typically, the C:N ratio for particles 
finer than 1 mm was lower than 18.2 in all COMPs, except those which included straw 
(COMP4 and COMP5), suggesting higher N availability of the organic N from these 
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particles. During decomposition, manures with C:N ratios below 15 are likely to result in 
positive (net) N mineralisation after application to soil [48]. 

Overall, the germination index was higher than 80% in the <1 mm fractions, whereas it was 
lower than 50% (e.g. with some degree of phytotoxicity) for fractions 1.0 – 6.0 mm, although 
this was not true for COMPs made without manure (COMP5 and 6 mixtures) (Figure 1). 
Thus, the fractionation of the compost produced in olive mills containing <1 mm 
phytotoxicity–free fractions is highly recommended for commercial purposes. 

 
Figure 1. Box–plot of C:N, potential mineralisable N (PNM), mineralisable C and germination index of 
particle size fractions of combinations of COMPs according to the Principal Component Analysis. 
Different letters stand for significant differences (P <0.05) among particle size fractions. 
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trimmings and crushed wood pallets [39]. Moreover, the nitrogen availability in compost 
has also been shown to be related to particle size, increasing as particle size decreased in 
sludge compost [43]. Generally, N mineralisation is greater in the fine and water–soluble 
fractions than in coarser fractions, at least for manure and city refuse composts [44] and 
composted sewage sludge [39]. These results suggest that the size of fractions in compost 
contribute substantially to the total C and N dynamics of mineralisation after compost is 
incorporated into soil. This is of particular interest, because depending on the range in 
particle sizes, composts could therefore provide a means for storage of C in soil (i.e. from the 
larger sized compost fractions), or a source of available N (i.e. from the finer compost 
fractions). The diversity and variable amount of raw materials used to obtain COMP make 
the final products very heterogeneous and therefore, it is expected that the nutrients and the 
main physico-chemical properties also differ in the particle size fractions of COMP. 
However, no studies existed to corroborate this, therefore in a separate study we examined 
whether or not this expectation about COMP was correct. 

To estimate the nutrient distribution in particle size fraction of COMP, seven commercially 
produced COMPs were studied (Table 1) by sieving successively through to obtain 3 
different sized fractions: <0.212, 0.212 – 1.0 and 1.0 – 60 mm. About 52% of COMP particles 
were larger than 1mm for those COMPs with a high content of manure, whereas, in contrast 
for COMPs without manure and with straw the consisted for 80% of these larger particle 
sizes. . The percentage of fine particles (<0.212 mm) doubled for COMPs with manure. These 
COMPs showed similar percentages of particle size fractions reported for duck manure [45], 
suggesting that during composting, manures generate a relatively high content of finer 
fractions. In general, the content of different compounds rich in organic C, such as organic 
matter, total carbon and lignin increased with particle size, being significantly higher for 
fractions between 1 to 6 mm. In sewage sludge compost made with screened refuse, yard 
trimmings and pallets [39], and for two types of dairy slurries others found [41], as in this 
study, an increase in the total C content with larger particles, although these differences 
were less distinct. 

In contrast, nutrients contents including total N, mineral N, total P or total K were 
significantly higher in the fine fractions (<0.212 mm). More than 40% of the total N, P and K 
found in the original COMPs were in the <1 mm particle fractions in COMPs which 
included sheep or poultry manure during composting, whereas for COMP5, 6 and 7, the 
contribution of <1 mm fractions was lower than 30%. This finding agrees with those for 
manure and city refuse composts [44], animal slurry [41,45-47] and sludge compost [39], 
from workers who observed that most of the total N and various forms of N available in the 
short-term were mostly in the finer and water–soluble fractions.  

As a result of lower N, but higher C, the C:N ratio decreased as particle size increased 
(Figure 1). Similar relationships between C:N ratio and particle size fractions were obtained 
for cattle slurry [46,47] and for sludge compost [39]. Typically, the C:N ratio for particles 
finer than 1 mm was lower than 18.2 in all COMPs, except those which included straw 
(COMP4 and COMP5), suggesting higher N availability of the organic N from these 
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particles. During decomposition, manures with C:N ratios below 15 are likely to result in 
positive (net) N mineralisation after application to soil [48]. 

Overall, the germination index was higher than 80% in the <1 mm fractions, whereas it was 
lower than 50% (e.g. with some degree of phytotoxicity) for fractions 1.0 – 6.0 mm, although 
this was not true for COMPs made without manure (COMP5 and 6 mixtures) (Figure 1). 
Thus, the fractionation of the compost produced in olive mills containing <1 mm 
phytotoxicity–free fractions is highly recommended for commercial purposes. 

 
Figure 1. Box–plot of C:N, potential mineralisable N (PNM), mineralisable C and germination index of 
particle size fractions of combinations of COMPs according to the Principal Component Analysis. 
Different letters stand for significant differences (P <0.05) among particle size fractions. 
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The main differences among seven COMP tested according their quality was shown in the 
Principal Component Analysis (Figure 2). First principal component (PC1), which was 
negatively correlated with COMP quality indicators (e.g. total and available nutrients, C:N 
ratio,…), categorized the COMPs according to the pool of nutrients and organic matter and 
C, showing the high influence of raw materials in the quality of individual COMPs. Those 
COMPs made with poultry manure resulted in a high quality product, followed by COMPs 
made with sheep manure, whereas the quality of those COMPs made with a high 
proportion of OLM and straw but no manure was low. In addition, there was a trend for the 
quality to increase in relation to the content of finer fractions.  

This highlighted the large influence of the raw materials in the final composition and quality 
of COMP product; a high proportion of manure increased the abundance of finer particles 
with high nutrients contents, whereas the addition of large amounts of OLM caused an 
increase in the content of larger particles with a high content of C compounds. 

Overall, the separation and application of different COMP particle sizes could be useful for 
better optimization of COMP management, considering that the smallest particles (<1 mm) 
have a much higher germination index value, total N, P and K and a higher potential to 
mineralise N, providing a more homogeneous, high quality compost. On the other hand, 
larger particles (>1 mm) had higher contents of organic matter and C and tended to have the 
lowest C mineralisation and thus, on application to the soil in olive groves as a soil 
conditioner, could improve the structure and increase the organic matter of the poorer soils 
and increase the storage of soil organic C. 

 
Figure 2. Scores of the whole and the particle size fractions of the COMPs in the space defined by PC1 
and PC2.  
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3. Effects of composted olive mill pomace on nitrogen availability 
Although it is expected that the application of COMP-organic N would also supply some 
available N for the plant, there is little information on the decomposition rate of COMP and 
the impact this may have on the N available for the growth and productivity of olive trees. 

Previous work [49] showed a relatively low net N mineralisation in soil after application of 
compost obtained from olive mill wastewater taken from an evaporative pond and other 
agricultural by–products, suggesting that during decomposition of composted OMP, N 
immobilization could take place. 

More detailed knowledge of the main soil N transformations and dynamics, following 
COMP application to soil, could be the key to regulating soil fertility through an improved 
capability to predict crop available N and organic matter sequestration and losses.  

3.1. Nitrogen supply after the application of composted olive mill pomace 

Available nitrogen supply throughout net N mineralisation (NM) and nitrification was 
studied for commercially produced COMPs differing in the raw materials co-composted 
with OMP (Table 1) in an aerobic incubation experiment under controlled conditions over 
two years. The highest rates of NM for the control soil and COMP samples were found 
during the first week of incubation. This positive net N mineralisation was probably from 
the N and C contained in the labile components of the COMP, which can be used directly by 
microbes as an energy source. After the initial stage of mineral N release, net N 
immobilization during COMP decomposition was found. Probably because the 
microorganisms began to decomposed the more recalcitrant compounds (with a higher C:N 
ratio) and this placed a demand on available soil N resulting in net N immobilization, which 
can ultimately be re–mineralised over time. Similar rates of mineralisation were found with 
mature composted materials [50,51]. This result was unexpected since, according to the TN 
contents, C:N ratios and lignin contents of the different COMPs, net N mineralisation would 
be expected according to the view that the addition of organic matter generally causes N 
mineralisation [52-54]. Raw materials co-composted with OMP had effects on net N 
mineralization. During the first year of incubation, N immobilization was found in all 
COMPs, except for COMPs made chiefly from OMP and OLM. After two years, 
decomposition of COMP resulted in a positive net N mineralization (i.e. net mineral N 
supply) for all COMPs (Figure 3), with values as high as 95% of that added as COMP-N. 
These results demonstrate that the organic N contained in the COMPs is not readily 
available over short to medium timescales, and suggests that most of the organic N may be 
in relatively recalcitrant forms. Indeed, during the composting process, N is immobilised in 
condensed aromatic compounds which might contribute to the reduced availability of N 
[55]. Therefore, the application of COMP may result in short–term declines in N availability 
in agricultural soils: it is therefore recommended that during the first year, the application of 
COMP should be combined with some other N-rich source of fertilizer. On the other hand, 
autumn COMP application could be a useful approach to lowering soil inorganic N levels, 
thereby reducing potential N losses by leaching.  
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3. Effects of composted olive mill pomace on nitrogen availability 
Although it is expected that the application of COMP-organic N would also supply some 
available N for the plant, there is little information on the decomposition rate of COMP and 
the impact this may have on the N available for the growth and productivity of olive trees. 

Previous work [49] showed a relatively low net N mineralisation in soil after application of 
compost obtained from olive mill wastewater taken from an evaporative pond and other 
agricultural by–products, suggesting that during decomposition of composted OMP, N 
immobilization could take place. 

More detailed knowledge of the main soil N transformations and dynamics, following 
COMP application to soil, could be the key to regulating soil fertility through an improved 
capability to predict crop available N and organic matter sequestration and losses.  

3.1. Nitrogen supply after the application of composted olive mill pomace 

Available nitrogen supply throughout net N mineralisation (NM) and nitrification was 
studied for commercially produced COMPs differing in the raw materials co-composted 
with OMP (Table 1) in an aerobic incubation experiment under controlled conditions over 
two years. The highest rates of NM for the control soil and COMP samples were found 
during the first week of incubation. This positive net N mineralisation was probably from 
the N and C contained in the labile components of the COMP, which can be used directly by 
microbes as an energy source. After the initial stage of mineral N release, net N 
immobilization during COMP decomposition was found. Probably because the 
microorganisms began to decomposed the more recalcitrant compounds (with a higher C:N 
ratio) and this placed a demand on available soil N resulting in net N immobilization, which 
can ultimately be re–mineralised over time. Similar rates of mineralisation were found with 
mature composted materials [50,51]. This result was unexpected since, according to the TN 
contents, C:N ratios and lignin contents of the different COMPs, net N mineralisation would 
be expected according to the view that the addition of organic matter generally causes N 
mineralisation [52-54]. Raw materials co-composted with OMP had effects on net N 
mineralization. During the first year of incubation, N immobilization was found in all 
COMPs, except for COMPs made chiefly from OMP and OLM. After two years, 
decomposition of COMP resulted in a positive net N mineralization (i.e. net mineral N 
supply) for all COMPs (Figure 3), with values as high as 95% of that added as COMP-N. 
These results demonstrate that the organic N contained in the COMPs is not readily 
available over short to medium timescales, and suggests that most of the organic N may be 
in relatively recalcitrant forms. Indeed, during the composting process, N is immobilised in 
condensed aromatic compounds which might contribute to the reduced availability of N 
[55]. Therefore, the application of COMP may result in short–term declines in N availability 
in agricultural soils: it is therefore recommended that during the first year, the application of 
COMP should be combined with some other N-rich source of fertilizer. On the other hand, 
autumn COMP application could be a useful approach to lowering soil inorganic N levels, 
thereby reducing potential N losses by leaching.  
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3.2. Application of composted olive mill pomace to soil reduce nitrogen losses 
by leaching  

Plant nitrogen use efficiency is usually lower than 50%, though highly dependent on crop 
type and environmental conditions. There are different ways by which the N is lost and no 
longer available for crop uptake, such as denitrification, ammonia volatilization and 
leaching, which might also be associated with environmental problems. N leaching can 
contaminate groundwater or surface waters through runoff. Indeed, although N 
contamination of groundwater arises from several sources, such as industrial waste, 
municipal landfills, mining, or septic systems, agricultural practices remain a major source 
[56-58]. About 15 – 55% of N applied to crops can be lost by leaching every year [59,60]. This 
is particularly important in olive oil groves as many olive crops are on areas vulnerable to 
nitrate pollution.  

 
Figure 3. (a) Cumulative amounts of COMP–amended inorganic N (IN) for each sampling period and 
(b) at the end of incubation (365 d) for COMP amended soils. Bars for each sampling represent the mean 
of the standard deviations of the whole set of COMP–samples. 
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Taking into account that N contained in COMP is not readily available in the short-term, N 
lost by leaching is expected to be low after application of COMP to soils. Indeed, short-term 
(51 days) leaching losses of N after application of COMP were similar or even lower 
(between -5 to 10% of the added N) than the unamended control soils in an experiment 
carried out under laboratory conditions. These values were much lower than those found 
for commercial organic fertilizer (up to 30% of the added) and urea or sodium nitrate (up to 
80% of the added) for the same amount of total N added (Figure 4). 

 
Figure 4. Percentage of N lost as nitrate by leaching of the total N added (equivalent to 100 µg N g-1) 
after 51 d and three precipitation events (total precipitation equivalent to 80 l m-2). Values are the mean 
of 4 replicates. Bar denotes standard deviation. Different letters denote significant differences between 
treatments (P<0.05). 

Similar results were found in an experiment under outdoor conditions after one year. Nitrate 
leaching in soils amended with COMP was compared with soils amended with sheep 
manure (sheep M), commercial organic fertilizer (CPR), or inorganic fertiliser. Fertilisers were 
applied at two different rates (equivalent to 100 and 200 g N g-1) combined with two modes 
of application (on the soil surface or mixed with soil) and simulating autumn conditions. The 
lowest losses were for COMP amended soils (up to 7% of that applied) and the method of 
application had significant effects on mineral N leaching (Figure 5). In general, those soils 
which received COMP on the soil surface averaged negative mineral N losses (i.e. lower or 
similar losses to the control soil). N application rates had no effect on COMP IN leaching, 
regardless of the way the COMP was applied. Overall, inorganic N leaching for those 
treatments which received either Sheep M or CPR did not differ significantly, although 
leaching after surface application of CPR was higher than sheep M. Up to 37% of the 
fertiliser–derived N was leached for the ‘double’ surface application of CPR. No effects of rate 
or methods of application on IN leaching were found for CPR. However, for sheep M, 
leaching was higher at the double rate and lower for the ‘surface’, compared with the ‘mixed 
in’ application. The highest IN leaching reached 58% of the added N for inorganic fertiliser 
application (Figure 5). Results from the laboratory and outdoor experiment clearly showed 

N
 lo

ss
 b

y 
le

ac
hi

ng
 (%

)

-20

0

20

40

60

80

100

COMP O COMP CT08 CPR Urea NaNO3
-

Organic Inorganic

a

a

cc

b

a



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 468 

3.2. Application of composted olive mill pomace to soil reduce nitrogen losses 
by leaching  

Plant nitrogen use efficiency is usually lower than 50%, though highly dependent on crop 
type and environmental conditions. There are different ways by which the N is lost and no 
longer available for crop uptake, such as denitrification, ammonia volatilization and 
leaching, which might also be associated with environmental problems. N leaching can 
contaminate groundwater or surface waters through runoff. Indeed, although N 
contamination of groundwater arises from several sources, such as industrial waste, 
municipal landfills, mining, or septic systems, agricultural practices remain a major source 
[56-58]. About 15 – 55% of N applied to crops can be lost by leaching every year [59,60]. This 
is particularly important in olive oil groves as many olive crops are on areas vulnerable to 
nitrate pollution.  

 
Figure 3. (a) Cumulative amounts of COMP–amended inorganic N (IN) for each sampling period and 
(b) at the end of incubation (365 d) for COMP amended soils. Bars for each sampling represent the mean 
of the standard deviations of the whole set of COMP–samples. 
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Taking into account that N contained in COMP is not readily available in the short-term, N 
lost by leaching is expected to be low after application of COMP to soils. Indeed, short-term 
(51 days) leaching losses of N after application of COMP were similar or even lower 
(between -5 to 10% of the added N) than the unamended control soils in an experiment 
carried out under laboratory conditions. These values were much lower than those found 
for commercial organic fertilizer (up to 30% of the added) and urea or sodium nitrate (up to 
80% of the added) for the same amount of total N added (Figure 4). 

 
Figure 4. Percentage of N lost as nitrate by leaching of the total N added (equivalent to 100 µg N g-1) 
after 51 d and three precipitation events (total precipitation equivalent to 80 l m-2). Values are the mean 
of 4 replicates. Bar denotes standard deviation. Different letters denote significant differences between 
treatments (P<0.05). 

Similar results were found in an experiment under outdoor conditions after one year. Nitrate 
leaching in soils amended with COMP was compared with soils amended with sheep 
manure (sheep M), commercial organic fertilizer (CPR), or inorganic fertiliser. Fertilisers were 
applied at two different rates (equivalent to 100 and 200 g N g-1) combined with two modes 
of application (on the soil surface or mixed with soil) and simulating autumn conditions. The 
lowest losses were for COMP amended soils (up to 7% of that applied) and the method of 
application had significant effects on mineral N leaching (Figure 5). In general, those soils 
which received COMP on the soil surface averaged negative mineral N losses (i.e. lower or 
similar losses to the control soil). N application rates had no effect on COMP IN leaching, 
regardless of the way the COMP was applied. Overall, inorganic N leaching for those 
treatments which received either Sheep M or CPR did not differ significantly, although 
leaching after surface application of CPR was higher than sheep M. Up to 37% of the 
fertiliser–derived N was leached for the ‘double’ surface application of CPR. No effects of rate 
or methods of application on IN leaching were found for CPR. However, for sheep M, 
leaching was higher at the double rate and lower for the ‘surface’, compared with the ‘mixed 
in’ application. The highest IN leaching reached 58% of the added N for inorganic fertiliser 
application (Figure 5). Results from the laboratory and outdoor experiment clearly showed 
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the recalcitrant nature of the COMP-N (i.e. a high degree of N retention) despite the relatively 
low C:N ratio, confirming previous results on COMP-derived negative net N mineralisation 
and nitrification. Thus, application of COMP on olive oil farms distributed in the nitrate 
vulnerable areas might be a suitable strategy to diminish nitrate contaminated groundwater. 
This strategy agrees with [61] who reported that composted material can considerably lower 
the risk of groundwater contamination. Slow–release, controlled–release and stabilized 
fertilisers, such as composted OMP are recommended for several agro–environmental 
situations to improve nutrient use efficiency by reducing nutrient losses from the soil. Results 
from our studies clearly demonstrated the high efficiency of composted OMP to retain N and 
the beneficial reduction of nitrate leaching elicited by this compost. 

 
Figure 5. Cumulative fertiliser–derived mineral N (nitrate + ammonium) leaching after one year under 
natural rainfall and temperature in outdoor conditions for soils which received: i) composted olive mill 
pomace (COMP), ii) sheep manure (Sheep M), iii) commercial organic fertilisers (CPR), or iv) NaNO3 
(Inor) at 1 (250 µg N g-1) or 2 (500 µg N g-1) doses. M and S, stand for soil in which the fertilisers were 
mixed (M) with the soil or applied to the soil surface (S). Values are means of 4 replicates and bars 
denote standard deviations. Different letters denote significant differences (P<0.05). 

3.3. N2O emission derived of application of composted olive mill pomace 

Agricultural soils are a significant source of atmospheric N2O which is of concern because of the 
role this gas has in global warming [62]. Emissions of N2O from soil have been shown to increase 
after the addition of plant residues [63] and organic fertilisers [64], the biochemical composition 
(or quality) being an important determinant of the magnitude of N2O emissions [65]. 

N2O emissions in soil amended with COMP (100 µg N g–1) were determined under aerobic 
incubation over 51 days. Soil N2O–N fluxes were constant and relatively low (2.71 ng N2O–N 
g–1 d–1), and did not vary significantly between COMP-amended and the control soils, except 
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for the COMP which was made with moderate levels of sheep manure (COMP1) (Figure 6). 
The cumulative N-N2O emissions after 51-days were only 0.23% of the added COMP-N. This 
result was not in agreement with the well documented increase in N2O emissions after plant 
residue addition to soils as reported in other studies [63,65]. The very low increase in N2O 
emissions after COMP application suggests that N losses via denitrification after the annual 
application of COMP to olive oil groves are expected to be very low, and thus application of 
COMP could provide organic N without increasing the emissions of N2O 

 
Figure 6. Time course of (a) N-N2O emission rate and (b) cumulative N-N2O emission in soil amended 
with COMP during 51 days of lab incubation under aerobic conditions. Bars denote the mean standard 
deviations for each treatment and sampling point. 

4. COMP-carbon mineralization 

As shown above, composted olive mill pomace (COMP) has a high content of total carbon, 
most of which of recalcitrant nature (e.g. expected low C decomposition) such as lignin or 
fibre. Therefore, COMP application in soil can be a good strategy to increase the organic 
matter content in soil, as well as the organic C. This practice could reduce CO2 emission to 
the atmosphere increasing C storage in soil. 

4.1. Carbon mineralization 

Measurements of soil CO2 emissions can provide useful insights into soil C cycling, and 
provide a basis for evaluating soil C dynamics and potential C sequestration in different 
agricultural systems [66], particularly in intensive production systems affected by the 
different cropping practices and residue management [67]. Soil C can only be assimilated, 
and recycled through the microbial biomass, or respired [68]. Soil respiration and 
mineralisation are generally thought to be related to the composition of the microbial 
biomass, which in soils, tends to vary both across substrate qualities [69] and in time [70]. 
Low C mineralisation measured as CO2–C fluxes after mature COMP application have been 
shown [71]. However, the COMP used in this study was an experimentally produced 
COMP. The amount of COMP-C mineralized after 8 months of incubation after COMP 
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the recalcitrant nature of the COMP-N (i.e. a high degree of N retention) despite the relatively 
low C:N ratio, confirming previous results on COMP-derived negative net N mineralisation 
and nitrification. Thus, application of COMP on olive oil farms distributed in the nitrate 
vulnerable areas might be a suitable strategy to diminish nitrate contaminated groundwater. 
This strategy agrees with [61] who reported that composted material can considerably lower 
the risk of groundwater contamination. Slow–release, controlled–release and stabilized 
fertilisers, such as composted OMP are recommended for several agro–environmental 
situations to improve nutrient use efficiency by reducing nutrient losses from the soil. Results 
from our studies clearly demonstrated the high efficiency of composted OMP to retain N and 
the beneficial reduction of nitrate leaching elicited by this compost. 

 
Figure 5. Cumulative fertiliser–derived mineral N (nitrate + ammonium) leaching after one year under 
natural rainfall and temperature in outdoor conditions for soils which received: i) composted olive mill 
pomace (COMP), ii) sheep manure (Sheep M), iii) commercial organic fertilisers (CPR), or iv) NaNO3 
(Inor) at 1 (250 µg N g-1) or 2 (500 µg N g-1) doses. M and S, stand for soil in which the fertilisers were 
mixed (M) with the soil or applied to the soil surface (S). Values are means of 4 replicates and bars 
denote standard deviations. Different letters denote significant differences (P<0.05). 
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Agricultural soils are a significant source of atmospheric N2O which is of concern because of the 
role this gas has in global warming [62]. Emissions of N2O from soil have been shown to increase 
after the addition of plant residues [63] and organic fertilisers [64], the biochemical composition 
(or quality) being an important determinant of the magnitude of N2O emissions [65]. 

N2O emissions in soil amended with COMP (100 µg N g–1) were determined under aerobic 
incubation over 51 days. Soil N2O–N fluxes were constant and relatively low (2.71 ng N2O–N 
g–1 d–1), and did not vary significantly between COMP-amended and the control soils, except 
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for the COMP which was made with moderate levels of sheep manure (COMP1) (Figure 6). 
The cumulative N-N2O emissions after 51-days were only 0.23% of the added COMP-N. This 
result was not in agreement with the well documented increase in N2O emissions after plant 
residue addition to soils as reported in other studies [63,65]. The very low increase in N2O 
emissions after COMP application suggests that N losses via denitrification after the annual 
application of COMP to olive oil groves are expected to be very low, and thus application of 
COMP could provide organic N without increasing the emissions of N2O 

 
Figure 6. Time course of (a) N-N2O emission rate and (b) cumulative N-N2O emission in soil amended 
with COMP during 51 days of lab incubation under aerobic conditions. Bars denote the mean standard 
deviations for each treatment and sampling point. 

4. COMP-carbon mineralization 

As shown above, composted olive mill pomace (COMP) has a high content of total carbon, 
most of which of recalcitrant nature (e.g. expected low C decomposition) such as lignin or 
fibre. Therefore, COMP application in soil can be a good strategy to increase the organic 
matter content in soil, as well as the organic C. This practice could reduce CO2 emission to 
the atmosphere increasing C storage in soil. 

4.1. Carbon mineralization 

Measurements of soil CO2 emissions can provide useful insights into soil C cycling, and 
provide a basis for evaluating soil C dynamics and potential C sequestration in different 
agricultural systems [66], particularly in intensive production systems affected by the 
different cropping practices and residue management [67]. Soil C can only be assimilated, 
and recycled through the microbial biomass, or respired [68]. Soil respiration and 
mineralisation are generally thought to be related to the composition of the microbial 
biomass, which in soils, tends to vary both across substrate qualities [69] and in time [70]. 
Low C mineralisation measured as CO2–C fluxes after mature COMP application have been 
shown [71]. However, the COMP used in this study was an experimentally produced 
COMP. The amount of COMP-C mineralized after 8 months of incubation after COMP 
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application in eight soils differing in soil organic carbon (SOC) is shown in Figure 7. For all 
cases, the COMP-C mineralized (e.g. emitted as C-CO2) was less than 10% of that added (4 
�g COMP-C g-1), and this was true, independently of soil texture or SOC contents. This 
result suggests that C compounds in COMP are complex and refractory, resulting in a high 
residence time in the soil. Moreover, the percentage of COMP-C mineralisation tended to be 
lower at higher rates of COMP application, which indicates a higher potential for COMP-C 
to accumulate in the soils at higher rates of application (Figure 8). 

 
Figure 7. Percentage of C emitted as CO2 during COMP decomposition for eight types of soil after 240 
days of incubation. Bars denote standards deviations. 

 
Figure 8. Effects of increasing the rate of COMP-C application to two soils differing in soil organic 
carbon (SOC) on cumulative COMP-C derived C-CO2 emissions after 8 months of incubation. Bars 
denote standards deviations of three replicates. 
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5. Long-term effects of composted olive mill pomace application in olive 
groves 

The majority of the olive grove soils of Andalusia are characterised by low levels of organic 
matter, and are exposed to progressive degradation processes. Thus, organic matter 
application is required to compensate for organic carbon deficiency and to improve soil 
fertility. As a consequence, the use of a transformed agro-industrial waste for agricultural 
use, such as composted olive mill pomace, might represent a realistic solution to overcome 
both the soil degradation of olive oil groves and a sustainable disposal of OMP, thus 
increasing the sustainability of olive groves. Regional authorities, have recognised the 
potential use of COMP in agriculture, and have promoted composting which has resulted in 
an exponential increase in the production of COMP during the last 5 years, with a 
production of about 70000 tonnes in the 2009-2010 harvest campaign [18]. However, the 
long-term effects of annual application of COMP on the soil fertility of olive oil groves 
should be evaluated to promote more olive mill pomace composting.  

Soil samples were taken from four olive oil farms; Olvera (O), Reja (R), Tobazo (T) and 
Andújar (A), which annually received applications of COMP during 3, 4, 9 and 16 years, 
respectively (COMP olive oil farms, hereafter). Soil samples were also taken from 
comparable olive oil farms located in the vicinity (<20 m) of each of the COMP farms that 
never received composted olive mill pomace (NCOMP, hereafter). These NCOMP farms 
have similar environmental conditions, topography and soil texture to the COMP farms. Soil 
samples were characterized for physico-chemical and biological variables to determine the 
fertility and functionality of soil after COMP application.  

In general, soil pH in the 4, 9 and 16 years COMP sites was 0.31, 0.23 and 1.47 units lower than 
the comparable NCOMP olive farming, respectively, whereas no differences were achieved in 
the site after 3 years of COMP application. Moreover, the soil water holding capacity (WHC) 
was significantly higher in the COMP treated soils, with increases of 2 – 4% with respect to 
NCOMP soils. The higher (WHC) in the soils under COMP farming was expected (Table 3), 
due to the relatively higher levels of organic matter in these soils: the effect of organic matter 
on the increased potential for soils to retain water was described previously for 77 soil profiles 
[72]. Moreover, soil water aggregate stability was also significantly higher after COMP 
application for all treated soils: up to 1.5 - 2.5 times greater for COMP compared with NCOMP 
treated soils (Table 3). The higher soil aggregate stability in the COMP soils agrees with the 
findings of [73], who showed that the application OMP to soils increased this soil property 
from 64 to 73% after 5 years. The cation exchange capacity of soils treated with COMP was also 
significantly higher than in the relative NCOMP soils, independently of the site (e.g. number 
of years since COMP was first applied) (Table 3). 

Overall, COMP application significantly increased both organic matter and carbon contents, 
compared with the NCOMP soil, except at the site that received COMP for only three years. 
The soil organic matter content in soils treated for 4, 9 and 16 years with COMP (i.e. R, T and A 
sites), was from 2.1 to 8.5 times greater than the respective NCOMP treated soil (Table 3). Our 
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application in eight soils differing in soil organic carbon (SOC) is shown in Figure 7. For all 
cases, the COMP-C mineralized (e.g. emitted as C-CO2) was less than 10% of that added (4 
�g COMP-C g-1), and this was true, independently of soil texture or SOC contents. This 
result suggests that C compounds in COMP are complex and refractory, resulting in a high 
residence time in the soil. Moreover, the percentage of COMP-C mineralisation tended to be 
lower at higher rates of COMP application, which indicates a higher potential for COMP-C 
to accumulate in the soils at higher rates of application (Figure 8). 

 
Figure 7. Percentage of C emitted as CO2 during COMP decomposition for eight types of soil after 240 
days of incubation. Bars denote standards deviations. 

 
Figure 8. Effects of increasing the rate of COMP-C application to two soils differing in soil organic 
carbon (SOC) on cumulative COMP-C derived C-CO2 emissions after 8 months of incubation. Bars 
denote standards deviations of three replicates. 
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5. Long-term effects of composted olive mill pomace application in olive 
groves 

The majority of the olive grove soils of Andalusia are characterised by low levels of organic 
matter, and are exposed to progressive degradation processes. Thus, organic matter 
application is required to compensate for organic carbon deficiency and to improve soil 
fertility. As a consequence, the use of a transformed agro-industrial waste for agricultural 
use, such as composted olive mill pomace, might represent a realistic solution to overcome 
both the soil degradation of olive oil groves and a sustainable disposal of OMP, thus 
increasing the sustainability of olive groves. Regional authorities, have recognised the 
potential use of COMP in agriculture, and have promoted composting which has resulted in 
an exponential increase in the production of COMP during the last 5 years, with a 
production of about 70000 tonnes in the 2009-2010 harvest campaign [18]. However, the 
long-term effects of annual application of COMP on the soil fertility of olive oil groves 
should be evaluated to promote more olive mill pomace composting.  

Soil samples were taken from four olive oil farms; Olvera (O), Reja (R), Tobazo (T) and 
Andújar (A), which annually received applications of COMP during 3, 4, 9 and 16 years, 
respectively (COMP olive oil farms, hereafter). Soil samples were also taken from 
comparable olive oil farms located in the vicinity (<20 m) of each of the COMP farms that 
never received composted olive mill pomace (NCOMP, hereafter). These NCOMP farms 
have similar environmental conditions, topography and soil texture to the COMP farms. Soil 
samples were characterized for physico-chemical and biological variables to determine the 
fertility and functionality of soil after COMP application.  

In general, soil pH in the 4, 9 and 16 years COMP sites was 0.31, 0.23 and 1.47 units lower than 
the comparable NCOMP olive farming, respectively, whereas no differences were achieved in 
the site after 3 years of COMP application. Moreover, the soil water holding capacity (WHC) 
was significantly higher in the COMP treated soils, with increases of 2 – 4% with respect to 
NCOMP soils. The higher (WHC) in the soils under COMP farming was expected (Table 3), 
due to the relatively higher levels of organic matter in these soils: the effect of organic matter 
on the increased potential for soils to retain water was described previously for 77 soil profiles 
[72]. Moreover, soil water aggregate stability was also significantly higher after COMP 
application for all treated soils: up to 1.5 - 2.5 times greater for COMP compared with NCOMP 
treated soils (Table 3). The higher soil aggregate stability in the COMP soils agrees with the 
findings of [73], who showed that the application OMP to soils increased this soil property 
from 64 to 73% after 5 years. The cation exchange capacity of soils treated with COMP was also 
significantly higher than in the relative NCOMP soils, independently of the site (e.g. number 
of years since COMP was first applied) (Table 3). 

Overall, COMP application significantly increased both organic matter and carbon contents, 
compared with the NCOMP soil, except at the site that received COMP for only three years. 
The soil organic matter content in soils treated for 4, 9 and 16 years with COMP (i.e. R, T and A 
sites), was from 2.1 to 8.5 times greater than the respective NCOMP treated soil (Table 3). Our 
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data confirmed previous results which indicated that soil organic matter increased after 
amendment with OMP during the first weeks after application [74] or after several years 
[73,75]. Our results also showed that organic carbon was higher in the COMP treatment 
compared with the NCOMP treatment. The increase in organic carbon after COMP application 
indicates that the decomposition rates of COMP–C were relatively low, and lower than the 
rates of annual COMP–C application. These recalcitrant compounds might contribute to the 
reduced rate of C decomposition. Soil organic carbon was higher in the soils treated with 
COMP, being up to eight times higher in soil where COMP was applied during the last 16 
years in comparison with NCOMP farming. When extrapolating to a hectare scale, these 
results show that soil organic C increased up to 30 tonnes per ha-1 y-1 in soil after COMP 
application. The low decomposition rate of COMP and high organic C content in COMP-
amended soil indicates that application of COMP in olive oil groves is an appropriate strategy 
to sequester organic carbon into the soil and should be evaluated further. 

 Overall, the total N content was higher in the COMP than in the NCOMP soils although 
this depended on the site. At O and R sites, which received three and four years of COMP 
application respectively, differences with the comparable NCOMP soils were not significant. 
However, total N was 1.3 and 14.8 times higher in soil with 9 and 16 years of COMP 
application (sites T and A) than in the comparable NCOMP treated soils (Table 3). The 
higher TN in COMP soils was expected, since application of organic residues normally 
results in an increase in the soil content of N [49,73,76]. They showed a significant increase 
in the TN after two to three years of application of OMP or COMP, indicating that COMP–N 
is very resistant to mineralisation, and therefore is retained in the soil. 

Generally, soil labile phosphorus (P) in the amended COMP soils was higher than the 
unamended soil. In the O, R and A sites, soil available P at the COMP soils was 13.9, 260.3 
and 1607 % higher than the NCOMP soil, whereas no significant difference was found at T 
site (Table 3). At all sites, soil exchangeable potassium was significantly higher in the COMP 
treated soils than in the unamended soils.  

Site  WHC (%) SA (%) 
CEC 

(meq100 g–1)
LOI (%) TC (%) TN (%) 

Available P 
(µg P g–1) 

O COMP 26.3±0.81a 51.8±2.0a 22.2±1.22ª 3.95±0.95a 2.29±0.39a 0.25±0.04a 10.6±0.04ª 
 NCOMP 22.3±0.3b 34.0±1.6b 20.8±0.21b 3.45±0.85a 2.00±0.49a 0.27±0.03a 9.3±0.03ª 

R COMP 21.8±1.3a 57.9±1.8ª 25.3±3.83ª 8.34±3.67a 4.84±1.90a 0.29±0.03a 30.3±0.03ª 
 NCOMP 20.5±1.7b 37.1±0.9b 18.6±0.27b 3.96±1.09b 2.30±0.57b 0.23±0.02a 11.5±0.02b 

T COMP 23.6±0.5a 56.7±0.2ª 21.1±3.46ª 6.31±2.22a 3.66±1.15a 0.25±0.08a 6.9±0.01ª 
 NCOMP 20.5±0.8b 22.6±0.6b 15.4±2.06b 2.39±0.62b 1.39±0.32b 0.10±0.02b 7.6±0.02ª 

A COMP 30.2±0.5a 23.9±1.0a 23.3±6.9ª 16.1±3.49a 8.49±2.11a 0.74±0.33a 57.4±0.33ª 
 NCOMP 28.7±1.3a 23.7±1.5ª 10.6±1.2b 1.88±0.41b 1.09±0.21b 0.05±0.02b 3.57±0.02b 

Table 3. Water holding capacity (WHC), soil stables aggregates (SA), cation exchangeable capacity 
(CEC), organic matter (LOI), total C (TC), total N (TN) and available P of olive oil farming which 
received (COMP) or not (NCOMP) composted olive mill pomace at Olvera (O), Reja (R), Tobazo (T) and 
Andújar (A). Data are the mean of five replicates ± standard deviation. Different superscript letters for 
each site denote significant differences between COMP and NCOMP farming (one way ANOVA; P< 
0.05).  
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Figure 9. Soil acid phosphatase (a), -glucosidase (b), protease (c), invertase (d), and dehydrogenase (e) 
activities, potential nitrification rate (f) and geometric mean of the assayed soil enzyme in olive oil farms 
which received (black) or not (white) COMP at Olvera (O), Reja (R), Tobazo (T) and Andújar (A). The 
number of years since composted olive mill pomace has been applied to COMP farming is also 
indicated. Different subscript letters stand for significant differences (P < 0.05) between COMP and 
NCOMP farming of each site. 

Soil enzyme activities related to carbon, nitrogen and phosphorus cycling have been 
proposed as a tool to assess soil quality/health and functioning [77]. Enzymes activities 
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related to the C, N and P cycles were all significantly higher in soils amended with COMP 
than in NCOMP soils (Figure 9). Others authors [78,79] have found similar results after 
application of manures of different origin.  

When pooling all the analysed variables in a Principal Component Analysis it was found 
that the first principal component (PC1) was negatively correlated with soil organic matter, 
total N, available P, soil aggregate stability and soil enzyme activities and therefore, PC1 is 
strongly related to soil functioning. PC2, on the other hand, was positively correlated with 
clay content, WHC and cation exchange capacity. COMP-treated soils shifted upwards 
(higher WHC and CEC) and towards the left (higher soil functioning) with respect to their 
NCOMP soils in the PC1–PC2 space (Figure 10). Therefore PCA, which included all the 
analysed variables, clearly separated paired plots according to the COMP application, 
supporting the hypothesis that COMP application improves overall soil functioning. 

 
Figure 10. Ordination of the COMP and NCOMP farms at Olvera (O), Reja (R), Tobazo (T) and Andújar 
(A) in the space defined by the PC1 and PC2 axis resulting from the PCA analysis carried out with 
physico–chemical and biochemical soil properties. Coordinates are the means of t five replicates and 
bars represent the standard deviations of the mean. Arrows illustrate the differences in the position of 
the COMP and NCOMP farming at each site. 

Finally, the vectorial distance between comparable COMP and NCOMP farms (e.g. 
differences in soil functioning) tended to increase with the period of COMP application, 
suggesting that there is potential for further increases in soil fertility and functioning after 
long-term application of COMP. 

6. Ecological services associated with the use of composted olive mill 
pomace as organic fertiliser 

There is a global trend towards developing agricultural production systems which are 
sustainable. This involves the more efficient utilisation of inputs and the reduction of waste 
products. Ideally, organic by-products should be transformed into useful products by 
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processes such as nutrient recycling, replenishment of soil organic matter or generation of 
energy. In this context, the cost of waste disposal would be avoided and environmental 
pollution reduced. This fact has led y to a widespread increase in the value of by-products of 
the agricultural industry. This is also now the case for OMP. 

Recycling of OMP through composting (relatively easy-to-use and low costing methodology) 
could be a sound strategy to provide some ecological services to olive oil groves (Figure 11). 
Firstly, composting OMP reduces most of the potential environmental pollution problems 
linked with the disposal of approximately 4 million of tonnes of OMP produced in Andalusia 
over a relatively short-time span (3 months). On the other hand, most of the nutrients 
(especially nitrogen, phosphorus and potassium) harvested with the yield, are contained in 
the OMP, and therefore after composting and application to olive oil groves helps to recycle 
these nutrients, reducing the need for chemical fertilisers. Our estimates show that between 
one to two-thirds of the Andalusian olive oil groves could be fertilised annually with the 
OMP produced in Andalusia after composting, with a subsequent reduction of about 25 – 
60% in chemical fertilisers. In addition, the main beneficiary of the economic and 
environmental profits of composting OMP and application to olive oil groves is the farmer. 

 
Figure 11. Fate of C, N and P of the fruit harvested in the olive oil farming when olive mill pomace 
(main by-product of the olive oil mill industry) is composted and applied to the olive oil groves. Some 
of the environmental services linked to the recycling of olive mill pomace throughout composting, are 
also indicated. 
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processes such as nutrient recycling, replenishment of soil organic matter or generation of 
energy. In this context, the cost of waste disposal would be avoided and environmental 
pollution reduced. This fact has led y to a widespread increase in the value of by-products of 
the agricultural industry. This is also now the case for OMP. 

Recycling of OMP through composting (relatively easy-to-use and low costing methodology) 
could be a sound strategy to provide some ecological services to olive oil groves (Figure 11). 
Firstly, composting OMP reduces most of the potential environmental pollution problems 
linked with the disposal of approximately 4 million of tonnes of OMP produced in Andalusia 
over a relatively short-time span (3 months). On the other hand, most of the nutrients 
(especially nitrogen, phosphorus and potassium) harvested with the yield, are contained in 
the OMP, and therefore after composting and application to olive oil groves helps to recycle 
these nutrients, reducing the need for chemical fertilisers. Our estimates show that between 
one to two-thirds of the Andalusian olive oil groves could be fertilised annually with the 
OMP produced in Andalusia after composting, with a subsequent reduction of about 25 – 
60% in chemical fertilisers. In addition, the main beneficiary of the economic and 
environmental profits of composting OMP and application to olive oil groves is the farmer. 
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(main by-product of the olive oil mill industry) is composted and applied to the olive oil groves. Some 
of the environmental services linked to the recycling of olive mill pomace throughout composting, are 
also indicated. 
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Some of the environmental services restored after application of COMP and shown in this 
chapter include: i) Increased soil organic matter and carbon. Indeed our data showed that 
both increased significantly after regular applications of COMP and there was a trend for 
increased differences in SOM and SOC between soils amended or unamended with COMP 
according to the number of years when COMP was applied. Other variables related directly 
or indirectly with the increase in SOM include i) an increase in soil microbial activity related 
to nutrient recycling (e.g. soil enzyme activities), cation exchange capacity, soil aggregate 
stability and available P and K, ii) increase in soil carbon sequestration. COMP-C derived 
mineralization is rather low (< 10% over one year at optimal conditions) and thus, regular 
applications of COMP could contribute to soil C sequestration and help alleviate the soil C-
CO2 emissions linked to olive oil cultivation, iii) reduction of the potential nitrate leaching 
and N2O emissions. Our data on seven currently produced COMPs have demonstrated that 
during decomposition of OMP, soil mineral N is retained (i.e. net N immobilization) 
reducing not only nitrate leaching, but also N2O emissions. 

7. Conclusions 

The recycling of nutrient and organic matter of the olive mill pomace after its composting 
and application to the soil of olive oil farming is a worthwhile strategy to avoid the potential 
environmental harm of olive mill waste disposal and could lead to increased soil fertility 
and functionality. The characteristics of the COMP currently produced are adequate for 
agricultural purposes (high organic matter and carbon, high level of potassium and from 
low to medium levels of N and P, and lack of phytotoxicity) and the quality was highly 
dependent on the proportion of manure co-composted with olive mill pomace. COMP-N is 
well humified and during decomposition soil mineral N can be immobilised depending on 
the proportion of raw materials co-composted, and therefore it is recommended to combine 
N rich fertiliser with COMP during the first years of COMP application. COMP-nitrate 
leaching (at a temporal scale of months to a year) and nitrous oxide emissions were 
negligible after COMP application to soils. COMP-C mineralization was very low (< 10% of 
that added after one year) and, therefore, COMP application to soils could enhance C 
sequestration in olive oil farming. Soil fertility and functioning was improved after three 
years of regular applications of COMP to soils of olive oil groves a there was a clear trend 
for a further increase over longer periods of application. 

Overall, composted olive mill pomace is a worthwhile strategy to reduce the environmental 
problems associated with the disposal of OLM, and increases the sustainability and 
ecological services of olive oil cultivation. 
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1. Introduction 

Chiapas is considered one of the areas of origin for maize, and indigenous production 
systems remain a major element of maize farming and the food system of Mexico’s 
southernmost state. These traditional systems often include a complex, long-term 
relationship between maize farming and the larger landscape (Medellín and Equihua, 
1998). However, what often appear to be static, steady states of small farmer land use in 
fact are highly dynamic systems that are in the midst of major adaptations to new climatic 
and economic conditions. The globalization of the agribusiness model that came to 
dominate the U.S. landscape during the 20th century has put intense pressures on small 
farmers in Chiapas, adding to complications arising from shifting growing seasons and 
other effects of global climate change. However, history has shown that Mexican small 
farmers are never passive objects of their circumstances, and their responses to early 21st 
century marginalization take both centralized and local forms, in political and productive 
terms (Guevara-Hernández et al. 2011a). The balance of forces—capitalist agriculture, 
external input dependence, neoliberal national food policy on one hand; traditional 
knowledge, agroecological transitions, social movements on the other—in Mexican 
agriculture tends to distinguish two contending models for food systems, even as climate 
change, resource scarcity, and economic crises limit humanity’s options.      

Shifting cultivation and other traditional systems of food production in Chiapas are being 
highly influenced by the slow-motion arrival of industrial agriculture, which is based on 
maximizing short-term productivity through the use of synthetic inputs such as fertilizers 
and pesticides, as well as commercial seeds (Garcia-Barrios et al. 2010). Most farm inputs are 
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Monsanto, Syngenta, and Dow. At the same time, an industrial food system means that 
large amounts of capital are invested in food sales, creating giant monopolies in processing 
and distribution, which significantly reduce the portion that farmers receive of the price 
paid by consumers. In other words, control over the food system—the set of activities that 
are built around capital flow and labor command in food production, shipping, 
transformation, consumption—is highly concentrated in the hands of input manufacturers 
and food processing, trading, and retail corporations, while the riskiest part of agriculture—
the actual farming process—is still in the hands of hundreds of thousands of small farmers 
(Magdoff et al. 2000). 

In Chiapas, these farmers live in hills and valleys, in forested land and former forests, in dry 
shrub lands and in lush jungles. Their communities and farmlands compose a peasant 
landscape, in which patches of forest are interspersed in a complex mosaic of farms, 
backyards, homes, schools, rivers, roads, and towns. Depending on the type of agriculture 
practiced, soil may be highly degraded or intact. Chiapas is a center for biodiversity; many 
endemic species live in and around forest patches and agroecosystems (Ramírez-Marcial et 
al. 2001). In this setting, the demands of rural social movements such as ¡Sin Maíz No Hay 
País! (Without Corn There is No Country!) increasingly refer to the goal of food sovereignty. 
Food sovereignty means a fundamental emphasis on local and domestic production, based 
on land access for small farmers and ecological production practices. It rejects food as a 
commodity to be included in free trade agreements or dumping schemes meant to 
undermine countries’ domestic production capacity. As a political proposal, food 
sovereignty implies a radical democratization and decentralization of the agriculture-food 
system, including the destruction of corporate power over food.  On a more cultural level, 
food sovereignty is an affirmation of rural community, local knowledge, and gender 
equality.    

Both the agribusiness model and the food sovereignty model are highly complex, 
integrated systems that involve the relationship of society and nature. The stability of 
each system depends on distinct factors that combine social and ecological drivers, while 
the capacity of each to respond to shock or disturbance will depend on unique intrinsic 
qualities. In the case of industrial or export-focused agriculture, we have a system that has 
been shown to be destructive to peoples and ecosystems, due to its focus on short-term 
profits through maximizing monoculture productivity. Here we draw from theoretical 
contributions from restoration ecology that use models of alternative stable states to study 
change in complex systems (Suding et al. 2004). We argue that monoculture/capitalist 
agribusiness represents one pull of attraction, or alternative state, indeed a food system 
unique to late-stage global capitalism. On the other hand, we propose that the 
agroecology/food sovereignty framework may in fact represent another alternative state, 
far more promising for building resilient food systems in the 21st century. In order to 
develop this line of inquiry, we start by examining more closely the resilience paradigm 
and the two proposed stable states at an abstract/global level. Then we describe historical, 
agroecological, and political elements of food system resilience in the case of a maize-
growing community in Chiapas. 
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2. The resilience paradigm  

Research into sustainable agriculture has increasing come to embrace the conceptual 
approach of food systems, as these reflect the interface of alimentation, human activities, 
public policies, cultural norms and social well-being, along with land, farms, ecosystems, 
and economies. The complex interactions between these processes at distinct scales, and 
involving various institutional and economic actors, may produce the outcome of food 
security. The food system approach may be useful for developing cohesive strategies across 
policy sectors, including agrarian and land access sectors, natural resource and 
environmental management, agriculture, trade, economy, industry, science and technology, 
health, and education, among others (Ericksen et al. 2010). Efforts to achieve food system 
sustainability in the midst of global environmental and economic changes are beginning to 
coalesce around certain concepts that help determine the most significant problems in food 
systems and identify management strategies at several levels of analysis (farm, community, 
national, international) to increase social, ecological, and economic sustainability (Pretty et 
al. 2011).  

The management of complex, adaptive systems has become a dynamic field of new trans-
disciplinary theory, especially with regard to life supporting systems of human activities, 
such as agriculture, in sensitive ecological contexts. Social-ecological systems (Berkes and 
Folke, 1998), or coupled human and natural systems (Liu et al. 2007), have become a central 
concept to allow greater understanding of the interdependencies and feedbacks between 
social and ecological systems. The contributions of systems ecology are applied in order to 
understand the complex internal dynamics and adaptability of these coupled systems. Many 
of the concepts that inform such studies of systems originate from ecology, for two reasons: 
one, its emphasis on qualities that emerge from a set of relationships between elements, 
rather than the reductionist focus on elements in isolation; and two, the growing academic 
and popular concern for the relationship between humanity and the biosphere that tenderly 
exists on the surface of the Earth’s crust (Lang, 2009). 

In the efforts to understand the intrinsic qualities of social-ecological systems, researchers 
from several different disciplinary backgrounds have approached the concept of resilience 
(Shattuck, 2012). The resilience principle stems from systems ecology theory (Hooper, 1973) 
that suggested that instead of static, unchanging climax communities, natural ecosystems 
could evolve between several alternative stable states, with biotic and abiotic feedback 
mechanisms accelerating or preventing system change. Disturbances began to be seen as an 
integral part of ecosystem function, and resilience as an emergent system capacity to absorb 
a certain magnitude of shock and maintain key system functions before reaching a critical 
threshold and switching to an alternative stable equilibrium with new system properties 
(Holling, 1973; Noy-Meir, 1975). Noy-Meir (1975) used the analogy of a mechanical ball-in-
container (figure 1) to describe alternative steady-states. The original steady-state is stable to 
fluctuations within a certain range, but too hard a push in one direction will send it over the 
turning point and toward a new steady-state. The major concern in light of global 
environmental change is that ecosystems will be pushed beyond their limits, into new 
steady-states that provide less ecological services (Walker et al. 2004). 
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Figure 1. A physical model of the two-steady-states situation (from Noy-Meir, 1975). 

The two-steady-state model is a very simple illustration of a key concept in resilience 
studies: the threshold. The high point of the center curve in figure one is the threshold, or 
point of no return, for the original system. Resilience systems may absorb strong shocks 
below this point; one tiny push above it will result in what could be irreversible and 
accelerated change. One of the major objectives of resilience research is to identify and 
characterize system thresholds, in order to understand what makes systems able to absorb 
some shocks without changing overall function, what makes some changes temporary and 
others permanent, and how to shift thresholds through system adaptations. Social and 
ecological dynamics in industrial food states can be very different from dynamics in 
traditional or sovereign food states. Efforts to promote transition to a sovereign food state 
need to better understand feedbacks and constraints of the industrial food state. Alternative 
state models, used in restoration ecology to focus on internally reinforced states and 
recovery thresholds (Suding et al. 2004), may help guide historic conversions to sovereign 
food systems.  

The recent attention paid in academic literature toward the concepts of risk, robustness and 
resilience in social and economic systems is surely related to such troubling events as the 
global financial crisis of 2008; the Great Recession that is still very much limiting 
employment and well-being among most nations in the world; the so-called Arab Spring 
that has produced protest movements for systemic change in diverse countries like Egypt, 
Tunisia, Yemen, Libya, Syria, Spain, Greece, Portugal, France, and the United States; the 
global food price crises of 2007 and 2011; the impending scarcity of hydrological and 
energetic resources; and finally, the arrival of such damning evidence as increased incidence 
of extreme weather events (e.g. hurricanes, droughts, floods) and long-term changes 
associated with excessive greenhouse gases in the Earth’s atmosphere.  

The sudden growth in use of the term “resilience” has been studied elsewhere and 
associated with a shift toward the understanding of complex systems as being more 
dynamic and less tied to any one climax or stable state. The Resilience Alliance and the 
Stockholm Resilience Centre, high-profile scientific platforms that bring together orthodox 
neoliberal economists with systems ecologists (Walker and Cooper, 2011), emphasize an 
adaptive cycle within complex systems that includes phases of growth, decadence, self-
destruction and renewal. Curiously, this self-organization that complex systems are seen to 
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have is used to argue against inserting planning mechanisms and regulation on economic 
systems. Indeed, the free market is argued to be a complex system capable of self-regulation. 
The same analysis considers the shock of deregulation and structural adjustment programs 
to be a healthy opportunity for renewal. A skeptic might insert here the example of New 
Orleans or Iraq, both places where disaster (to be located somewhere on a gradient between 
“natural” and human-made) created an opportunity to rebuild in a new image and for the 
benefit of a distinct group, in both cases resulting in massive profits for contractors that, 
incidentally, worked under U.S. government contact (i.e., the planned economy). 
Essentially, orthodox neoliberals create conditions for huge profit by monopoly capital, 
rather than constructing any sort of self-organized or resilient world state. On the contrary, 
we argue that the resilience of a local food system is often inversely related to its integration 
into the world capitalist economy.   

Shattuck (2012) proposes a framework for studying resilience in food systems, in order to 
effectively prioritize goals of human well-being and biodiversity conservation. This author 
combines literature on biophysical restraints, adaptive capacity, and political economy to 
develop a food system resilience framework that considers ecological processes and 
underlying macroeconomic causes of livelihood vulnerability. Here we presuppose that as 
an emergent property, resilience of a given food system-state is always subject to influence 
by resilience of systems that operate at larger or smaller scales. We have built our analysis 
around a resilience assessment in a rural community of Chiapas, but have sought to 
contribute to a much-needed debate on the global scale. In the study community, we 
evaluated aspects of economic, social and ecological resilience, based on interviews, surveys, 
and data sampling that were carried out over the course of two years of fieldwork in the 
Fraylesca region of Chiapas during 2010-12.  

3. Resilience of the industrial food system 

Allenby and Fink (2005) define resilience as the “capability of a system to maintain its 
functions and structure in the face of internal and external change and to degrade gracefully 
when it must.” Accepting this definition, we should define the functions of the capitalist 
industrial food system and describe its structure, before looking for the critical thresholds 
that it may not cross without converting into a qualitatively different system. As with all 
activities driven by capital, the paramount function of the capitalist food system is to 
reproduce capital in greater quantities. This function has lead to a rationalization of 
economies surrounding food, based on the principle of maximizing the difference between 
costs and revenues in the application of capital to production, processing, distribution, and 
sales. In the productive sphere, rationalization means the maximization of commodity 
production. In order to maximize revenues, capitalist food systems have developed 
enormous structures for food processing in order to add to commodity value, as well as 
advertising to boost revenues. As capital has been slow to penetrate the actual farming 
process itself (Levins, 2007), due to its risky nature and bio-physical limitations, it has 
instead reduced the on-farm value added to commodities (i.e. cut into the farmer’s income) 
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by creating an industry of costly farm inputs, which are generally accepted as a part of the 
modern, monoculture form of growing food. 

To think of the industrial agriculture model as a stable state on a food system continuum 
requires identifying its major components, defining the limits and time scale of the system, 
determining the values, peoples, and natural resources involved, analyzing the political 
economy and legal character of industrial agriculture, and recognizing the cross-scale 
interactions that all have an impact on system resilience (Kinzig et al. 2007). The essential 
components of a mature industrial agriculture model include the integration of food into 
free trade agreements, government support for agribusiness, market control over land and 
water resources, external input-intensive production models, monoculture and 
specialization, as well as an agricultural research establishment that focuses on developing 
profitable technologies. These conditions are largely met in Mexico as a whole, except for 
the millions of small-scale producers who continue to meet food needs at the local and 
national level using few external inputs and some form of communal land rights. The 
contradictory proliferation—and hybridization—of this model in socially and ecologically 
adverse circumstances deserves further attention. 

The industrial food system represents the technological and organizational apex of a model 
first put into place in lands colonized by European powers. The monoculture is an invention 
of colonial economies, which treated dominated nations only as sources for cheap raw 
materials (including cheap food for a growing industrial working class). In Ireland, the 
monoculture potato production system was enforced by British colonial law that prevented 
the Irish from planting other crops. When a common pathogenic fungus destroyed the 
potato harvest, millions of Irish were killed by the ensuing famine. This is a classic example 
of the risk of the food system built on monoculture. Despite many such examples of 
spectacular failure, the industrial food system remains deeply committed to monoculture 
production systems around the world. The development of a global food system based on 
the increasing excursion of capital into farming has been a complex process, by which 
capital completely surrounded farming by taking over farm input and post-harvest 
economies while only slowly moving into the actual farming itself. Early stabs at industrial 
agriculture included the guano boat and phosphorus mining fertilizer industries in the late 
1800s. In California, industrial agriculture and land takeovers were always linked (Walker, 
2004), as wheat farming prospecting triggered a new “gold fever” and led to a bonanza 
period of often-falsified speculation on real estate.  

A great new era began for industrial agriculture after the Second World War. Many 
countries were in ruins, and baby booms gave impetus to the US war materials industry to 
“convert swords to plowshares” and sell them to reconstruction programs. Factories that 
produced nitrogen-based explosives already had the entire infrastructure necessary to 
produce nitrogen fertilizers, tank assembly lines could easily be converted to create tractors, 
and many of the nastier chemicals used in war efforts were found to have satisfyingly lethal 
effects on insects and unwanted plants in agriculture. Even more importantly, the call for 
technical solutions to hunger was seen as an antidote to the more radical demands from 
structural change and wealth redistribution in order to combat poverty-caused hunger in 
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the hopeful post-war and post-colonial world. Thus it was that the “green revolution,” a 
broad program of agricultural research and technology development mostly focused on 
producing new high-yield varieties, was developed as production-focused solution to 
hunger in Asia, Africa, and Latin America.  

Industrial agriculture is based on the intensive use of external inputs—such as improved 
seeds, fertilizers, pesticides, and irrigated water—to maximize yields. In the United States, 
this led to more overall production, causing the prices that farmers receive for their 
production to fall. As input costs rose and farm prices fell, small farms were squeezed by the 
low per-unit return on farming. The large farms that could produce at such a scale as to be 
profitable—despite the narrow margin between input costs and sales prices—started to 
swallow a much greater share of U.S. farm income. In 1969, the 1.2 percent of U.S. farms 
with the greatest annual income earned 16 percent of net farm income; by the end of the 
1980s, they earned nearly 40 percent (Rosset, 1998). It is not necessarily the technologies of 
industrial agriculture that cause this concentration of agricultural income, but their 
application in societies where the advantage is already with wealthier growers and large 
agribusiness corporations. In such a social context, green revolution technologies tend to 
accelerate the concentration of food system resources, such as land and capital, in the hands 
of a few large players.  

At a landscape level, the agribusiness model becomes best consolidated in conditions of 
potential ecological homogeneity and market control over economic resources (Perfecto et 
al. 2010). For this reason, its arrival to the Fraylesca region of Chiapas has been uneven—
dominating the landscape in the large valleys, and barely felt in the most remote ejidos and 
family farms. The ejido system, as a form of collective property embedded in the national 
food system, has been a buffering element that kept local food systems viable in much of the 
Mexican countryside, especially in the southern states. Meanwhile, the large population of 
northern Mexico has created a more drastic contrast between delicate, rain-fed systems, and 
industrial farms built on fossil water.   

This partially explains the highly disproportionate amount of private and public investment 
in agriculture in the northern states, while most support for farmers in southern states take 
the form of social welfare programs (Fox and Haight, 2010). The capitalist agribusiness 
model has been consolidated in northern Mexico in the generations since the end of the 
Second World War. In southern Mexico, it has arrived in waves—the most tidal of which 
was the destruction of state-owned grain warehouses and price regulations—which have yet 
to completely break the small farmer food system that retains a large geographic and 
nutritional importance, despite the dismantling of the economic structure that had been 
built around it since the Revolution.  

Resilience in the industrial food system depends on two major objective factors: avoiding 
ecological destruction that would affect profit margins, and continued growth into new 
markets to prevent negative effects of overproduction. As global economies become more 
integrated than ever before and resource scarcity on a global level seems imminent, 
agribusiness corporations have moved into biotechnologies as a way to absorb huge sums of 
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by creating an industry of costly farm inputs, which are generally accepted as a part of the 
modern, monoculture form of growing food. 

To think of the industrial agriculture model as a stable state on a food system continuum 
requires identifying its major components, defining the limits and time scale of the system, 
determining the values, peoples, and natural resources involved, analyzing the political 
economy and legal character of industrial agriculture, and recognizing the cross-scale 
interactions that all have an impact on system resilience (Kinzig et al. 2007). The essential 
components of a mature industrial agriculture model include the integration of food into 
free trade agreements, government support for agribusiness, market control over land and 
water resources, external input-intensive production models, monoculture and 
specialization, as well as an agricultural research establishment that focuses on developing 
profitable technologies. These conditions are largely met in Mexico as a whole, except for 
the millions of small-scale producers who continue to meet food needs at the local and 
national level using few external inputs and some form of communal land rights. The 
contradictory proliferation—and hybridization—of this model in socially and ecologically 
adverse circumstances deserves further attention. 

The industrial food system represents the technological and organizational apex of a model 
first put into place in lands colonized by European powers. The monoculture is an invention 
of colonial economies, which treated dominated nations only as sources for cheap raw 
materials (including cheap food for a growing industrial working class). In Ireland, the 
monoculture potato production system was enforced by British colonial law that prevented 
the Irish from planting other crops. When a common pathogenic fungus destroyed the 
potato harvest, millions of Irish were killed by the ensuing famine. This is a classic example 
of the risk of the food system built on monoculture. Despite many such examples of 
spectacular failure, the industrial food system remains deeply committed to monoculture 
production systems around the world. The development of a global food system based on 
the increasing excursion of capital into farming has been a complex process, by which 
capital completely surrounded farming by taking over farm input and post-harvest 
economies while only slowly moving into the actual farming itself. Early stabs at industrial 
agriculture included the guano boat and phosphorus mining fertilizer industries in the late 
1800s. In California, industrial agriculture and land takeovers were always linked (Walker, 
2004), as wheat farming prospecting triggered a new “gold fever” and led to a bonanza 
period of often-falsified speculation on real estate.  

A great new era began for industrial agriculture after the Second World War. Many 
countries were in ruins, and baby booms gave impetus to the US war materials industry to 
“convert swords to plowshares” and sell them to reconstruction programs. Factories that 
produced nitrogen-based explosives already had the entire infrastructure necessary to 
produce nitrogen fertilizers, tank assembly lines could easily be converted to create tractors, 
and many of the nastier chemicals used in war efforts were found to have satisfyingly lethal 
effects on insects and unwanted plants in agriculture. Even more importantly, the call for 
technical solutions to hunger was seen as an antidote to the more radical demands from 
structural change and wealth redistribution in order to combat poverty-caused hunger in 
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the hopeful post-war and post-colonial world. Thus it was that the “green revolution,” a 
broad program of agricultural research and technology development mostly focused on 
producing new high-yield varieties, was developed as production-focused solution to 
hunger in Asia, Africa, and Latin America.  

Industrial agriculture is based on the intensive use of external inputs—such as improved 
seeds, fertilizers, pesticides, and irrigated water—to maximize yields. In the United States, 
this led to more overall production, causing the prices that farmers receive for their 
production to fall. As input costs rose and farm prices fell, small farms were squeezed by the 
low per-unit return on farming. The large farms that could produce at such a scale as to be 
profitable—despite the narrow margin between input costs and sales prices—started to 
swallow a much greater share of U.S. farm income. In 1969, the 1.2 percent of U.S. farms 
with the greatest annual income earned 16 percent of net farm income; by the end of the 
1980s, they earned nearly 40 percent (Rosset, 1998). It is not necessarily the technologies of 
industrial agriculture that cause this concentration of agricultural income, but their 
application in societies where the advantage is already with wealthier growers and large 
agribusiness corporations. In such a social context, green revolution technologies tend to 
accelerate the concentration of food system resources, such as land and capital, in the hands 
of a few large players.  

At a landscape level, the agribusiness model becomes best consolidated in conditions of 
potential ecological homogeneity and market control over economic resources (Perfecto et 
al. 2010). For this reason, its arrival to the Fraylesca region of Chiapas has been uneven—
dominating the landscape in the large valleys, and barely felt in the most remote ejidos and 
family farms. The ejido system, as a form of collective property embedded in the national 
food system, has been a buffering element that kept local food systems viable in much of the 
Mexican countryside, especially in the southern states. Meanwhile, the large population of 
northern Mexico has created a more drastic contrast between delicate, rain-fed systems, and 
industrial farms built on fossil water.   

This partially explains the highly disproportionate amount of private and public investment 
in agriculture in the northern states, while most support for farmers in southern states take 
the form of social welfare programs (Fox and Haight, 2010). The capitalist agribusiness 
model has been consolidated in northern Mexico in the generations since the end of the 
Second World War. In southern Mexico, it has arrived in waves—the most tidal of which 
was the destruction of state-owned grain warehouses and price regulations—which have yet 
to completely break the small farmer food system that retains a large geographic and 
nutritional importance, despite the dismantling of the economic structure that had been 
built around it since the Revolution.  

Resilience in the industrial food system depends on two major objective factors: avoiding 
ecological destruction that would affect profit margins, and continued growth into new 
markets to prevent negative effects of overproduction. As global economies become more 
integrated than ever before and resource scarcity on a global level seems imminent, 
agribusiness corporations have moved into biotechnologies as a way to absorb huge sums of 
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capital and—they hope—create vast new seed, energy, and pharmaceuticals markets. As a 
global system, agribusiness can easily leave behind devastated ecosystems and farm 
communities once degradation has reached the point that farming is no longer profitable. 
This has especially been the case in areas where long-term irrigation and synthetic fertilizer 
use have increased salt content of soils beyond thresholds of productivity, or on deforested 
land where original soil fertility is quickly exhausted to abysmal levels. While this kind of 
ecological and economic destruction is not threatening to the agribusiness model as a whole, 
it does threaten to create a social blowback, in the form of rural social movements and 
consumer groups, strong enough to threaten the future of the agribusiness model. In this 
sense, widespread social rejection of industrial agriculture is a subjective factor (i.e. 
dependent upon people’s consciousness) that deeply influences the resilience of the system.  

4. Resilience of the sovereign food system 

Many efforts have been made to define food sovereignty (Patel, 2009). As an evolving 
concept, it has also been subject to growing social and academic interest, giving its full 
meaning an emergent quality in the historical conditions of 21st century social struggle 
(García-Linera, 2011). Nonetheless, we present a non-exhaustive list of components for 
economic, social and ecological resilience in sovereign food systems. While definitions are 
still being agreed upon, economic resilience among rural peoples may consist, at this 
particular historical moment and in many parts of the world, of several interacting 
components: 1) land access and unalienable rights to produce; 2) capacity to produce an 
abundance and variety of food necessary to meet most local food needs, essentially the 
potential to subsist with local production; 3) minimal dependency upon external inputs (e.g. 
hybrid seeds, pesticides) the availability and price of which are controlled by monopolies or 
foreign corporations; 4) maximum capacity to use local and renewable sources for energy 
and material needs (e.g. water, light, soil nutrition, farm labor); 5) use of diversified land-use 
and production systems, that may include extraction, agriculture, animal production, and 
small-scale processing in order to appropriate the value added by labor; 6) diverse income 
sources and form, which may include local products and off-farm employment, local and 
regional markets, direct contact with consumers, or in-kind payments; 7) real participation 
in the planning, design, and implementation of economic activities, through grassroots 
organizations or through governmental planning processes; and 8) the capacity to adapt and 
transform economic systems to better suit ecological and social necessities. Economic 
resilience allows systems of economic activities to withstand climatic shock, sudden scarcity 
or loss of markets, or long-term disturbance.  

Social resilience, perhaps more difficult to define, includes at least the following 
components: 1) free and universal access to education and culture; 2) methods for sharing 
information and ideas vertically and horizontally in a way that combines theory and 
practice; 3) strong social organizations organized with democratic principles; 4) access to a 
common identity that admits and is strengthened by diversity; 5) access to universal and 
affordable health care; and 6) respect for social and economic human rights, such as the 
human right to food. This is clearly not a static situation, but rather a dynamic learning and 
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adaptation process subject to conflict and contestation, as well as consensus. Ecological 
resilience could consist of: 1) ecosystems based on material cycles (e.g. hydrological, carbon, 
nitrogen), energy flow through trophic webs, and ecological interactions between biotic 
agents (e.g. competition, predation, mutualism, commensalism, parasitism); 2) productive 
patterns that maintain the possibility for indefinite temporal continuity without degradation 
to material cycles; 3) diversity of function in the ecosystem, with the greatest possible 
number of niches filled; and 4) redundancy of function, so that the potential loss of some 
species can be compensated by the activity of others.  

In order to think of food sovereignty as a stable state or domain of attraction, it becomes 
necessary to define the “pull” that is capable of directing a food system transition, once 
the thresholds of the industrial food system have been reached. The direction and 
strength of this force of attraction almost certainly depends on which thresholds have 
been reached in the industrial food system-state. Sometimes in order to better understand 
the resilience pull effect, we can ask ourselves, in any given context, what the easiest 
option is. In the contradictory dominant order of a globalized, capitalist food system, 
where are there activities that, when certain thresholds have been passed, become easier 
to do by conforming to the logic of food sovereignty rather than the logic of capital 
accumulation? Clearly, the access to conventional farm inputs is a defining pull toward 
the capital-influenced agricultural model. Thus maybe one starting point for a regime 
shift could be the end of access to conventional, yield-intensifying chemicals and seeds. 
This was indeed the case in Cuba, the world’s greatest example yet of a national-level 
transition from an industrial agriculture model to an organic, diversified, low-external 
input agricultural model. When conventional inputs, petroleum, and imported food all 
become unavailable due to the fall of the Soviet Union and the US trade embargo, Cuba’s 
small farmers, scientific community, and government teamed up to direct a national 
inward-looking agricultural effort, based on organic urban gardens, agroecological small 
farms, and the breaking-up of unproductive state farms into cooperatives more directly 
controlled by workers (Rosset and Benjamin, 1994). In this case, the perturbation was an 
acute food crisis; the response was a rapid, dramatic regime shift toward the food 
sovereignty framework. 

In other cases, the defining pull that defines food state transitions could be the social 
demand for land, as was the case in those that accompanied the Mexican Revolution. There 
is also the eternal drive for greater social justice and equality, which has been a major 
component of food sovereignty-themed social movements in countries such as the United 
States and Brazil. In the case study below, the driving pull toward a food sovereignty state 
of the food system is the concern for human health. 

5. The focal system 

By focusing on one maize-growing community in rural Chiapas, we set out to understand 
the resilience of a maize production system to external disturbances and internal 
contradictions that jeopardize its natural resource base and the health of its inhabitants. That 
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capital and—they hope—create vast new seed, energy, and pharmaceuticals markets. As a 
global system, agribusiness can easily leave behind devastated ecosystems and farm 
communities once degradation has reached the point that farming is no longer profitable. 
This has especially been the case in areas where long-term irrigation and synthetic fertilizer 
use have increased salt content of soils beyond thresholds of productivity, or on deforested 
land where original soil fertility is quickly exhausted to abysmal levels. While this kind of 
ecological and economic destruction is not threatening to the agribusiness model as a whole, 
it does threaten to create a social blowback, in the form of rural social movements and 
consumer groups, strong enough to threaten the future of the agribusiness model. In this 
sense, widespread social rejection of industrial agriculture is a subjective factor (i.e. 
dependent upon people’s consciousness) that deeply influences the resilience of the system.  

4. Resilience of the sovereign food system 

Many efforts have been made to define food sovereignty (Patel, 2009). As an evolving 
concept, it has also been subject to growing social and academic interest, giving its full 
meaning an emergent quality in the historical conditions of 21st century social struggle 
(García-Linera, 2011). Nonetheless, we present a non-exhaustive list of components for 
economic, social and ecological resilience in sovereign food systems. While definitions are 
still being agreed upon, economic resilience among rural peoples may consist, at this 
particular historical moment and in many parts of the world, of several interacting 
components: 1) land access and unalienable rights to produce; 2) capacity to produce an 
abundance and variety of food necessary to meet most local food needs, essentially the 
potential to subsist with local production; 3) minimal dependency upon external inputs (e.g. 
hybrid seeds, pesticides) the availability and price of which are controlled by monopolies or 
foreign corporations; 4) maximum capacity to use local and renewable sources for energy 
and material needs (e.g. water, light, soil nutrition, farm labor); 5) use of diversified land-use 
and production systems, that may include extraction, agriculture, animal production, and 
small-scale processing in order to appropriate the value added by labor; 6) diverse income 
sources and form, which may include local products and off-farm employment, local and 
regional markets, direct contact with consumers, or in-kind payments; 7) real participation 
in the planning, design, and implementation of economic activities, through grassroots 
organizations or through governmental planning processes; and 8) the capacity to adapt and 
transform economic systems to better suit ecological and social necessities. Economic 
resilience allows systems of economic activities to withstand climatic shock, sudden scarcity 
or loss of markets, or long-term disturbance.  

Social resilience, perhaps more difficult to define, includes at least the following 
components: 1) free and universal access to education and culture; 2) methods for sharing 
information and ideas vertically and horizontally in a way that combines theory and 
practice; 3) strong social organizations organized with democratic principles; 4) access to a 
common identity that admits and is strengthened by diversity; 5) access to universal and 
affordable health care; and 6) respect for social and economic human rights, such as the 
human right to food. This is clearly not a static situation, but rather a dynamic learning and 
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adaptation process subject to conflict and contestation, as well as consensus. Ecological 
resilience could consist of: 1) ecosystems based on material cycles (e.g. hydrological, carbon, 
nitrogen), energy flow through trophic webs, and ecological interactions between biotic 
agents (e.g. competition, predation, mutualism, commensalism, parasitism); 2) productive 
patterns that maintain the possibility for indefinite temporal continuity without degradation 
to material cycles; 3) diversity of function in the ecosystem, with the greatest possible 
number of niches filled; and 4) redundancy of function, so that the potential loss of some 
species can be compensated by the activity of others.  

In order to think of food sovereignty as a stable state or domain of attraction, it becomes 
necessary to define the “pull” that is capable of directing a food system transition, once 
the thresholds of the industrial food system have been reached. The direction and 
strength of this force of attraction almost certainly depends on which thresholds have 
been reached in the industrial food system-state. Sometimes in order to better understand 
the resilience pull effect, we can ask ourselves, in any given context, what the easiest 
option is. In the contradictory dominant order of a globalized, capitalist food system, 
where are there activities that, when certain thresholds have been passed, become easier 
to do by conforming to the logic of food sovereignty rather than the logic of capital 
accumulation? Clearly, the access to conventional farm inputs is a defining pull toward 
the capital-influenced agricultural model. Thus maybe one starting point for a regime 
shift could be the end of access to conventional, yield-intensifying chemicals and seeds. 
This was indeed the case in Cuba, the world’s greatest example yet of a national-level 
transition from an industrial agriculture model to an organic, diversified, low-external 
input agricultural model. When conventional inputs, petroleum, and imported food all 
become unavailable due to the fall of the Soviet Union and the US trade embargo, Cuba’s 
small farmers, scientific community, and government teamed up to direct a national 
inward-looking agricultural effort, based on organic urban gardens, agroecological small 
farms, and the breaking-up of unproductive state farms into cooperatives more directly 
controlled by workers (Rosset and Benjamin, 1994). In this case, the perturbation was an 
acute food crisis; the response was a rapid, dramatic regime shift toward the food 
sovereignty framework. 

In other cases, the defining pull that defines food state transitions could be the social 
demand for land, as was the case in those that accompanied the Mexican Revolution. There 
is also the eternal drive for greater social justice and equality, which has been a major 
component of food sovereignty-themed social movements in countries such as the United 
States and Brazil. In the case study below, the driving pull toward a food sovereignty state 
of the food system is the concern for human health. 

5. The focal system 

By focusing on one maize-growing community in rural Chiapas, we set out to understand 
the resilience of a maize production system to external disturbances and internal 
contradictions that jeopardize its natural resource base and the health of its inhabitants. That 
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is to say, we are interested in the factors of social-ecological resilience in a small farmer 
agroecosystem at the community/landscape level over the next couple decades. In Mexico, 
land reform resulted in the creation of ejidos, or agrarian communities of small producers 
with internal political structures. The ejido system is itself a complex adaptive system that 
has survived decades of neoliberal food and land policy at the national level. Within one 
ejido, our study focuses especially on the food production, distribution, and consumption 
surrounding what is known as the milpa system, or the fields where maize is grown, in 25 
hectares within the limits of the ejido. The overall shift toward the agribusiness state in 
Mexican maize farming is an uneven, long-term trend which takes place over the course of 
decades and has a series of social and ecological feedbacks. 

The critical components of the current system include farmer families, land access, synthetic 
fertilizers, hybrid seeds, and chemical herbicides, as well as maize purchasers. Critical 
components of the restored agroecosystem will include local knowledge and farmer 
identity, community interest in health and nutrition, soil fertility, functional 
agrobiodiversity, farmer-to-farmer knowledge exchanges, strong local organizations, 
traditional seed varieties, organic fertilizers, and crop rotation (Milestad et al. 2010). 
Important natural resources in the focal system include biodiversity, clean water, fertile soil, 
forest carbon, and knowledge in the form of traditional maize varieties. Key people include 
the producer families, including elders, women, men, and children, while critical values 
include the relative interest in short-term income versus long-term economic sustainability, 
the capacity to coalesce around the concept of health, and the impacts of belonging to the 
small farmer social class (Guevara-Hernández et al. 2011b).    

The ejido system is a form of local governance, not only for land issues but also for other 
social issues such as health. Property rights reflect a mix of collective and private land-
holdings, with complex informal arrangements used for producing food on the land that is 
closest to the community, regardless of who is the legal owner. There is a definite lack of 
strong rural organizations in the region, leading the ejido structure, the elementary school, 
and the local church to hold a monopoly over collective action in the community. Maize 
farming communities in the region, as in most of Mexico, are highly dependent on 
government anti-poverty programs, as these have come to replace most productive 
subsidies and credit mechanisms. Obviously, multinational farm input corporations are 
untouched by democratic institutions that might be used to control the use of toxic 
chemicals in the community or promote local seeds (Bakan, 2004). Indeed, scale factors 
deeply influence the capacity to characterize the resilience of the focal system, because its 
resilience is intertwined with that of the agribusiness model at the international level, as 
shown below in table 1. 

In order to assess social-ecological resilience, at the focal scale of one maize-growing 
community in Chiapas during the recent past and near future (10-30 years), we will look for 
the cross-scale interactions between components in table 1 and describe their feedback 
mechanisms (Buchmann, 2010). In the next section, we give a context for understanding the 
local food system in the study community. 
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Scales of variables Food system components 
Spatial Scales 
 
Microbiological soil ecology, nutrition assimilation, chemical exposure to organisms 
Field net primary productivity, cost of production, maize yield, planned 

agrobiodiversity, diversity of associated plant and insect species, soil health, 
use of trees, use of organic fertilizers, pest and plant disease 

Community/landscape attitudes, knowledge, organization, experimentation, crop diversity, out-
migration, conflict, human health, nutrition, economic necessity, access to 
social assets, access to land, landscape matrix quality 

Subregional health indicators, land use, public policies, level of influence of agribusiness, 
growing seasons, farm prices, social equality, farmer organizations, political 
economy and actors, capacity for self-reliance in key crops 

National food policy, environmental policy, trade policy, agrarian policy, education 
policy, health care policy, popular participation in democracy, adaptive 
governance, level of influence of transnational corporations 

Global climate change, global social movements, capitalism  
Temporal Scales 
 
Hourly, Daily or 
Weekly 

food security, physical activity, household labors, planting dates, weed 
control, soil biological processes 

Seasonal production cycles, climate factors, weed and insect communities, off-farm 
income, farm prices, training programs, implementation of government 
supports 

Annual farm productivity, learning-by-experimentation, community demographics, 
government policies, farm prices 

Decade-level soil erosion and compaction, landscape mosaic quality, land use changes, 
trade policy, market influences, climate change, crop suitability    

Longer-term land use, population factors, national sovereignty, world economic system 

Table 1. Spatial and temporal scales in food systems. Focal scale is in bold. 

6. Regional characteristics and historical context of the study community 
The Fraylesca region is a hot and dry tropical zone that comprises the Central Valleys of 
Chiapas. Its major city, Villaflores, is located about two hours’ drive south of the state 
capitol of Tuxtla Gutierrez, but the region continues another 100 km to the southeast. The 
Fraylesca traces its name back to the monks who habited the zone during the early colonial 
period. It is one of the regions of Chiapas with the least presence of indigenous language-
speaking groups, probably due to the productivity of its lands and resulting displacement of 
the indigenous population during the colonial period. During the 1960s and 1970s, the 
Fraylesca region was known as the maize equivalent of the breadbasket (granero) for 
southern Mexico, where flat, alluvial valley floors gave typical maize harvests of 5-8 metric 
tons per hectare. Green Revolution technology, introduced through concentrated efforts to 
modernize maize farming systems in the flatlands, trickled upstream into the hills as 
population growth and limited land access pushed families upwards. By the 1990s, the vast 
majority of traditional maize varieties had been lost in the region, due to adoption of hybrid 
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is to say, we are interested in the factors of social-ecological resilience in a small farmer 
agroecosystem at the community/landscape level over the next couple decades. In Mexico, 
land reform resulted in the creation of ejidos, or agrarian communities of small producers 
with internal political structures. The ejido system is itself a complex adaptive system that 
has survived decades of neoliberal food and land policy at the national level. Within one 
ejido, our study focuses especially on the food production, distribution, and consumption 
surrounding what is known as the milpa system, or the fields where maize is grown, in 25 
hectares within the limits of the ejido. The overall shift toward the agribusiness state in 
Mexican maize farming is an uneven, long-term trend which takes place over the course of 
decades and has a series of social and ecological feedbacks. 

The critical components of the current system include farmer families, land access, synthetic 
fertilizers, hybrid seeds, and chemical herbicides, as well as maize purchasers. Critical 
components of the restored agroecosystem will include local knowledge and farmer 
identity, community interest in health and nutrition, soil fertility, functional 
agrobiodiversity, farmer-to-farmer knowledge exchanges, strong local organizations, 
traditional seed varieties, organic fertilizers, and crop rotation (Milestad et al. 2010). 
Important natural resources in the focal system include biodiversity, clean water, fertile soil, 
forest carbon, and knowledge in the form of traditional maize varieties. Key people include 
the producer families, including elders, women, men, and children, while critical values 
include the relative interest in short-term income versus long-term economic sustainability, 
the capacity to coalesce around the concept of health, and the impacts of belonging to the 
small farmer social class (Guevara-Hernández et al. 2011b).    

The ejido system is a form of local governance, not only for land issues but also for other 
social issues such as health. Property rights reflect a mix of collective and private land-
holdings, with complex informal arrangements used for producing food on the land that is 
closest to the community, regardless of who is the legal owner. There is a definite lack of 
strong rural organizations in the region, leading the ejido structure, the elementary school, 
and the local church to hold a monopoly over collective action in the community. Maize 
farming communities in the region, as in most of Mexico, are highly dependent on 
government anti-poverty programs, as these have come to replace most productive 
subsidies and credit mechanisms. Obviously, multinational farm input corporations are 
untouched by democratic institutions that might be used to control the use of toxic 
chemicals in the community or promote local seeds (Bakan, 2004). Indeed, scale factors 
deeply influence the capacity to characterize the resilience of the focal system, because its 
resilience is intertwined with that of the agribusiness model at the international level, as 
shown below in table 1. 

In order to assess social-ecological resilience, at the focal scale of one maize-growing 
community in Chiapas during the recent past and near future (10-30 years), we will look for 
the cross-scale interactions between components in table 1 and describe their feedback 
mechanisms (Buchmann, 2010). In the next section, we give a context for understanding the 
local food system in the study community. 
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Scales of variables Food system components 
Spatial Scales 
 
Microbiological soil ecology, nutrition assimilation, chemical exposure to organisms 
Field net primary productivity, cost of production, maize yield, planned 

agrobiodiversity, diversity of associated plant and insect species, soil health, 
use of trees, use of organic fertilizers, pest and plant disease 

Community/landscape attitudes, knowledge, organization, experimentation, crop diversity, out-
migration, conflict, human health, nutrition, economic necessity, access to 
social assets, access to land, landscape matrix quality 

Subregional health indicators, land use, public policies, level of influence of agribusiness, 
growing seasons, farm prices, social equality, farmer organizations, political 
economy and actors, capacity for self-reliance in key crops 

National food policy, environmental policy, trade policy, agrarian policy, education 
policy, health care policy, popular participation in democracy, adaptive 
governance, level of influence of transnational corporations 

Global climate change, global social movements, capitalism  
Temporal Scales 
 
Hourly, Daily or 
Weekly 

food security, physical activity, household labors, planting dates, weed 
control, soil biological processes 

Seasonal production cycles, climate factors, weed and insect communities, off-farm 
income, farm prices, training programs, implementation of government 
supports 

Annual farm productivity, learning-by-experimentation, community demographics, 
government policies, farm prices 

Decade-level soil erosion and compaction, landscape mosaic quality, land use changes, 
trade policy, market influences, climate change, crop suitability    

Longer-term land use, population factors, national sovereignty, world economic system 

Table 1. Spatial and temporal scales in food systems. Focal scale is in bold. 

6. Regional characteristics and historical context of the study community 
The Fraylesca region is a hot and dry tropical zone that comprises the Central Valleys of 
Chiapas. Its major city, Villaflores, is located about two hours’ drive south of the state 
capitol of Tuxtla Gutierrez, but the region continues another 100 km to the southeast. The 
Fraylesca traces its name back to the monks who habited the zone during the early colonial 
period. It is one of the regions of Chiapas with the least presence of indigenous language-
speaking groups, probably due to the productivity of its lands and resulting displacement of 
the indigenous population during the colonial period. During the 1960s and 1970s, the 
Fraylesca region was known as the maize equivalent of the breadbasket (granero) for 
southern Mexico, where flat, alluvial valley floors gave typical maize harvests of 5-8 metric 
tons per hectare. Green Revolution technology, introduced through concentrated efforts to 
modernize maize farming systems in the flatlands, trickled upstream into the hills as 
population growth and limited land access pushed families upwards. By the 1990s, the vast 
majority of traditional maize varieties had been lost in the region, due to adoption of hybrid 
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varieties in government seed programs and corporate advertising. The traditional shifting 
milpa agriculture system was generally replaced by a system of permanent fields in which 
maize is planted in monoculture during the first rainy season from June to July. Chemical 
laden maize fields came to dominate the landscape, while posters advertising agricultural 
chemicals and hybrid seeds are pinned to trees along the highways.  

Recent decades have produced change in the Fraylesca region. Increased costs of maize farm 
inputs, together with soil degradation and low farm prices, appears to be putting the 
commercial maize farming system in economic jeopardy. Cattle-ranching has been 
increasingly embraced by hillside farmers, who graze beef cattle on maize stalks during the 
dry season and set them into the forest during the rainy season. More commercial lowland 
cattle operations buy the chicken manure from massive chicken farms in the region and feed 
it to their cattle, in order to produce greater volumes of milk and beef. This practice is 
generally disliked by the population, but that has not prevented it from becoming the 
conventional practice adopted by ranchers and dairy farmers. Intertwined with the growth 
of cattle-raising and the uncertainty of maize cultivation, the changing climate has added to 
the insecurity of social-ecological systems in the Fraylesca region. Growing seasons have 
shifted as annual precipitation has begun to concentrate in the second rainy season of the 
year from September to November, increasing the risk of cob-rot fungal disease. Rainfall has 
become scarcer during the long dry season from December to May, leading farmers to 
concentrate their cropping activities between the months of June and October. 

Land tenure in the Fraylesca region is subject to similar social tensions to those that have 
characterized Chiapas as a whole during the last 50 years. The agrarian reform of the 
Mexican Revolution was slow in arriving to Chiapas, and the finca system of large landlord 
estates remained intact into the 1920s. The first ejidos, or agricultural communities created 
and protected by Mexico’s agrarian reform laws, were created in the region as a result of 
social struggle in the 1920s in valley floors, and currently resemble small towns of paved 
streets, parks, and residential neighborhoods. As population pressure increased, peasant 
families have challenged landlord estates across the landscape, building makeshift 
communities in remote hills and asking for government recognition. Until the constitutional 
counter-reforms of 1992, Mexican land policy included a legal process for recognizing land 
claims through the Secretariat of Agrarian Reform (SRA) and reimbursing landowners for 
the forfeiture of unused land to new agrarian communities, which in turn could become 
ejidos. These second- and third-generation settlements differ in many respects from the older 
ejidos, in that they have much less access to health and education services, markets, 
transportation, and government supports. In newer ejidos, maize farming and cattle grazing 
take place on slopes that are much more vulnerable to erosion than the alluvial flatlands of 
the valley floors. As the Zapatista rebellion and federal military occupation of much of the 
Los Altos region took place in 1994-95, indigenous communities displaced by the violence 
began to look for land far into the hills of the Fraylesca region. These communities, fleeing 
from bloodshed, occupied land belonging to large and small landholders alike and sought 
federal recognition. While many such communities have obtained a certain level of land 
security by gaining ejido status, others remain in situations of precarious land tenure despite 
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more than a decade of waiting for governmental recognition, even while cultivating the 
landscape and constructing homes.   

7. Characterizing small farmer maize production in 24 de Febrero 

The ejido of 24 de Febrero is about 45 minutes’ drive south of Villaflores, in the municipality 
of Villa Corzo. The community is situated at 16°06´30´´ north and 93°22´33´´ west, at an 
altitude of 900 meters above sea level (Figure 2). The climate is considered subhumid 
tropics, with an annual precipitation of 1,248mm, concentrated in five months from June to 
October, and a mean temperature of 24° Celsius. Of the 1,240 hectares that belong to the 
ejido, 650 hectares are considered forestland and areas of important habitat for rare species 
of mammals, birds, reptiles, and amphibians. No more than 40 hectares are dedicated to 
maize cultivation in any given year, and often on fields with between 5 and 20 years of 
continuous maize monoculture production. Meanwhile, the area dedicated to cattle 
production shifts across the landscape, from pastures to former maize fields to forestland.     

 
Figure 2. Geographic location of the ejido 24 de Febrero, in Villa Corzo municipality, state of Chiapas. 
Source: Rural Development Studies Network (2011). 

The community of 24 de Febrero is primarily made up of one extended family of blood relatives 
and in-laws. None of the residents of the community speak an indigenous language. In contrast 
to many ejidos, the founders of the settlement were small farmers in nearby lands between the 
current community and the valley floor. In the mid 1980s, a group of peasants from a different 
part of the Fraylesca region organized with a lawyer to occupy lands belonging to one of these 
small farmers. In response, a large part of the extended family organized to create an ejido on the 
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varieties in government seed programs and corporate advertising. The traditional shifting 
milpa agriculture system was generally replaced by a system of permanent fields in which 
maize is planted in monoculture during the first rainy season from June to July. Chemical 
laden maize fields came to dominate the landscape, while posters advertising agricultural 
chemicals and hybrid seeds are pinned to trees along the highways.  

Recent decades have produced change in the Fraylesca region. Increased costs of maize farm 
inputs, together with soil degradation and low farm prices, appears to be putting the 
commercial maize farming system in economic jeopardy. Cattle-ranching has been 
increasingly embraced by hillside farmers, who graze beef cattle on maize stalks during the 
dry season and set them into the forest during the rainy season. More commercial lowland 
cattle operations buy the chicken manure from massive chicken farms in the region and feed 
it to their cattle, in order to produce greater volumes of milk and beef. This practice is 
generally disliked by the population, but that has not prevented it from becoming the 
conventional practice adopted by ranchers and dairy farmers. Intertwined with the growth 
of cattle-raising and the uncertainty of maize cultivation, the changing climate has added to 
the insecurity of social-ecological systems in the Fraylesca region. Growing seasons have 
shifted as annual precipitation has begun to concentrate in the second rainy season of the 
year from September to November, increasing the risk of cob-rot fungal disease. Rainfall has 
become scarcer during the long dry season from December to May, leading farmers to 
concentrate their cropping activities between the months of June and October. 

Land tenure in the Fraylesca region is subject to similar social tensions to those that have 
characterized Chiapas as a whole during the last 50 years. The agrarian reform of the 
Mexican Revolution was slow in arriving to Chiapas, and the finca system of large landlord 
estates remained intact into the 1920s. The first ejidos, or agricultural communities created 
and protected by Mexico’s agrarian reform laws, were created in the region as a result of 
social struggle in the 1920s in valley floors, and currently resemble small towns of paved 
streets, parks, and residential neighborhoods. As population pressure increased, peasant 
families have challenged landlord estates across the landscape, building makeshift 
communities in remote hills and asking for government recognition. Until the constitutional 
counter-reforms of 1992, Mexican land policy included a legal process for recognizing land 
claims through the Secretariat of Agrarian Reform (SRA) and reimbursing landowners for 
the forfeiture of unused land to new agrarian communities, which in turn could become 
ejidos. These second- and third-generation settlements differ in many respects from the older 
ejidos, in that they have much less access to health and education services, markets, 
transportation, and government supports. In newer ejidos, maize farming and cattle grazing 
take place on slopes that are much more vulnerable to erosion than the alluvial flatlands of 
the valley floors. As the Zapatista rebellion and federal military occupation of much of the 
Los Altos region took place in 1994-95, indigenous communities displaced by the violence 
began to look for land far into the hills of the Fraylesca region. These communities, fleeing 
from bloodshed, occupied land belonging to large and small landholders alike and sought 
federal recognition. While many such communities have obtained a certain level of land 
security by gaining ejido status, others remain in situations of precarious land tenure despite 
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more than a decade of waiting for governmental recognition, even while cultivating the 
landscape and constructing homes.   

7. Characterizing small farmer maize production in 24 de Febrero 

The ejido of 24 de Febrero is about 45 minutes’ drive south of Villaflores, in the municipality 
of Villa Corzo. The community is situated at 16°06´30´´ north and 93°22´33´´ west, at an 
altitude of 900 meters above sea level (Figure 2). The climate is considered subhumid 
tropics, with an annual precipitation of 1,248mm, concentrated in five months from June to 
October, and a mean temperature of 24° Celsius. Of the 1,240 hectares that belong to the 
ejido, 650 hectares are considered forestland and areas of important habitat for rare species 
of mammals, birds, reptiles, and amphibians. No more than 40 hectares are dedicated to 
maize cultivation in any given year, and often on fields with between 5 and 20 years of 
continuous maize monoculture production. Meanwhile, the area dedicated to cattle 
production shifts across the landscape, from pastures to former maize fields to forestland.     

 
Figure 2. Geographic location of the ejido 24 de Febrero, in Villa Corzo municipality, state of Chiapas. 
Source: Rural Development Studies Network (2011). 

The community of 24 de Febrero is primarily made up of one extended family of blood relatives 
and in-laws. None of the residents of the community speak an indigenous language. In contrast 
to many ejidos, the founders of the settlement were small farmers in nearby lands between the 
current community and the valley floor. In the mid 1980s, a group of peasants from a different 
part of the Fraylesca region organized with a lawyer to occupy lands belonging to one of these 
small farmers. In response, a large part of the extended family organized to create an ejido on the 
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contested lands, and thus avoided a land conflict between peasant groups. So it was that the ejido 
24 de Febrero was founded in 1986 with 5 homes. In subsequent years, the settlement has grown 
to include over 50 homes, with most new construction by sons and daughters of the 
community’s founders. In the entire community, there are only 38 maize farmers, due to 
cost/benefit pressures that have taken out of production several former fields that are now 
considered to be too far to walk from the community. 

Transition from the original subsistence system 

OG plus no fires, OG plus fertilizante, etc. 

Risks in the degraded state: soil erosion and cob-rot disease 

We need to evaluate soil erosion in the 18 fields, as well as damage due to the cob-rot disease.  

Farmers in 24 de Febrero plant both purchased maize seed and several native or mixed 
varieties that have been used by local farmers for generations. Planting usually takes place 
in the months of June and July, when torrential rains soften land. Maize fields are typically 
about 15 to 45 minutes’ walk from the population center of the community, and are 
generally on sloped hillsides that are deeply eroded. Some farmers mix their seeds with 
chemical pesticides in order to limit damage from ants, while others use local herbs such as 
epozote to the same effect.  Planting is carried out using hollow gourds to contain seeds, and 
a wooden stick with a metal tip to open up small holes in the untilled soil. Two or three 
seeds are tossed into each hole, which are made every 40 cm in rows of 80 cm width. Some 
farmers still follow the traditional practice of mixing squash seeds in with their maize seeds, 
in order to plant squash every 3m or so throughout the field.  

Generally farmers clear fields for planting by using a systemic herbicide such as glyphosate, 
applied soon after the first rains in May. A few farmers still burn fields before planting maize, 
although only in areas that haven’t been planted with maize in several years. Around 4 days 
after planting, most farmers apply a contact herbicide, such as 2,4D amina or paraquat. At 15-
20 days, farmers apply a dose of nitrogen or phosphate fertilizer. Another herbicide treatment 
is carried out at 40 days with 2,4D amina and paraquat. At 45-50 days, a second fertilization is 
carried out. Maize plants are bent over below the ears only in fields where beans are planted in 
between rows, during the months of September and October. Sweet maize is harvested in 
September and October for family consumption, while the vast majority of maize ears are left 
to dry in the fields and harvested from December to March (table 2). 
 

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 
Maize 
harvest 

Home gardens, 
sugar cane and off-
farm activities 

 Plant 
maize 

 Plant 
squash 

40 days 
of heat 
without 
rain 

 Plant beans 
and harvest 
sweet maize 

Bean and 
maize 
harvest 
begins 

Dry season First rainy 
season 

Second rainy 
season 

Dry 
season 

Table 2. A seasonal calendar for cropping activities in 24 de Febrero. 
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During harvest, farmers remove only the corn ear, and leave all crop residues in the field. 
Soon afterwards, cattle are generally moved into harvested fields to graze upon the maize 
stalks. Cattle manure and pulverized maize stalks encompass the major sources of soil 
organic matter. Crop rotation is a very rare practice in the community, as maize is the only 
commercial crop and additional food crops such as sugar cane, banana, chili peppers and 
yucca are grown in small, separate batches. The practice of leaving fields in fallow, or 
several years of woody bush and chaparral tree regrowth in between cycles of maize 
production, was largely abandoned with the adoption of synthetic fertilizers by the 
community. Crop association, however, remains as a traditional practice in several fields, 
where farmers plant squash seeds along with their maize and beans in the latter rainy 
season.     

7.1. Conventional and alternative practices 

Figure 2 shows the ecological quality of several chemical practices in the community. A 
value scale from 0 to 3 was applied to four indicators of chemical usage, following a method 
for quantifying ecological quality of management practices (McCune et al. 2011). A value of 
0 denotes practices with no benefit and with harmful impacts to ecological processes, 1 
represents practices with no benefit but with a minimum of harmful effects, 2 denotes 
practices with minimal or insufficient benefits to ecological processes, and 3 represents 
practices with broad ecosystem benefits and that are applied with ecological criteria.  

For example, in the case of chemical inputs as shown in Figure 2, the value attributed to 
each product is essentially the inverse of usage intensification; e.g. the higher value for 2,4D 
amina shows that this product is less widely used than paraquat. The indicator practices 
were chosen to be sensitive to changes from the conventional practices found in the 
community, in order to indicate where processes of innovation may be entering into maize 
farming. Combinations of organic with conventional fertilization practices remain very rare 
in the community, as do responses that indicate that farmers believe that it is possible to 
produce without conventional inputs. Incipient processes of innovation were found in the 
use of composts for fertilization, and in substitution for paraquat, a contact herbicide that is 
also a respiratory toxin. In 2011, four farmers were experimenting with liquid mixes made 
from the leaves of two common trees (Ficus spp. and Byrsonima crassifolia), along with fine 
salt and one-tenth the normal dosage of paraquat. Results were encouraging, although the 
next steps for expanding the usage of these homemade liquids are unclear. Despite the 
farmer experimentation taking place, chemical fertilizers and paraquat-based herbicides 
were most intensively used of the four indicators of agrochemical use among the 18 farmers 
surveyed.  

The information in Figure 3 can be useful for determining the kinds of dependence 
produced within small farmer communities in Chiapas. The extreme dependence on 
synthetic fertilizers is an indicator of the level of soil erosion present in agricultural fields. 
Aside from highly unusual, small-scale efforts at growing organic maize for specialty 
markets or home use, the only maize-growing systems in Chiapas without this dependency  
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contested lands, and thus avoided a land conflict between peasant groups. So it was that the ejido 
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cost/benefit pressures that have taken out of production several former fields that are now 
considered to be too far to walk from the community. 
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Farmers in 24 de Febrero plant both purchased maize seed and several native or mixed 
varieties that have been used by local farmers for generations. Planting usually takes place 
in the months of June and July, when torrential rains soften land. Maize fields are typically 
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generally on sloped hillsides that are deeply eroded. Some farmers mix their seeds with 
chemical pesticides in order to limit damage from ants, while others use local herbs such as 
epozote to the same effect.  Planting is carried out using hollow gourds to contain seeds, and 
a wooden stick with a metal tip to open up small holes in the untilled soil. Two or three 
seeds are tossed into each hole, which are made every 40 cm in rows of 80 cm width. Some 
farmers still follow the traditional practice of mixing squash seeds in with their maize seeds, 
in order to plant squash every 3m or so throughout the field.  

Generally farmers clear fields for planting by using a systemic herbicide such as glyphosate, 
applied soon after the first rains in May. A few farmers still burn fields before planting maize, 
although only in areas that haven’t been planted with maize in several years. Around 4 days 
after planting, most farmers apply a contact herbicide, such as 2,4D amina or paraquat. At 15-
20 days, farmers apply a dose of nitrogen or phosphate fertilizer. Another herbicide treatment 
is carried out at 40 days with 2,4D amina and paraquat. At 45-50 days, a second fertilization is 
carried out. Maize plants are bent over below the ears only in fields where beans are planted in 
between rows, during the months of September and October. Sweet maize is harvested in 
September and October for family consumption, while the vast majority of maize ears are left 
to dry in the fields and harvested from December to March (table 2). 
 

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 
Maize 
harvest 

Home gardens, 
sugar cane and off-
farm activities 

 Plant 
maize 

 Plant 
squash 

40 days 
of heat 
without 
rain 

 Plant beans 
and harvest 
sweet maize 

Bean and 
maize 
harvest 
begins 

Dry season First rainy 
season 

Second rainy 
season 

Dry 
season 

Table 2. A seasonal calendar for cropping activities in 24 de Febrero. 

 
Social-Ecological Resilience and Maize Farming in Chiapas, Mexico 499 

During harvest, farmers remove only the corn ear, and leave all crop residues in the field. 
Soon afterwards, cattle are generally moved into harvested fields to graze upon the maize 
stalks. Cattle manure and pulverized maize stalks encompass the major sources of soil 
organic matter. Crop rotation is a very rare practice in the community, as maize is the only 
commercial crop and additional food crops such as sugar cane, banana, chili peppers and 
yucca are grown in small, separate batches. The practice of leaving fields in fallow, or 
several years of woody bush and chaparral tree regrowth in between cycles of maize 
production, was largely abandoned with the adoption of synthetic fertilizers by the 
community. Crop association, however, remains as a traditional practice in several fields, 
where farmers plant squash seeds along with their maize and beans in the latter rainy 
season.     

7.1. Conventional and alternative practices 

Figure 2 shows the ecological quality of several chemical practices in the community. A 
value scale from 0 to 3 was applied to four indicators of chemical usage, following a method 
for quantifying ecological quality of management practices (McCune et al. 2011). A value of 
0 denotes practices with no benefit and with harmful impacts to ecological processes, 1 
represents practices with no benefit but with a minimum of harmful effects, 2 denotes 
practices with minimal or insufficient benefits to ecological processes, and 3 represents 
practices with broad ecosystem benefits and that are applied with ecological criteria.  

For example, in the case of chemical inputs as shown in Figure 2, the value attributed to 
each product is essentially the inverse of usage intensification; e.g. the higher value for 2,4D 
amina shows that this product is less widely used than paraquat. The indicator practices 
were chosen to be sensitive to changes from the conventional practices found in the 
community, in order to indicate where processes of innovation may be entering into maize 
farming. Combinations of organic with conventional fertilization practices remain very rare 
in the community, as do responses that indicate that farmers believe that it is possible to 
produce without conventional inputs. Incipient processes of innovation were found in the 
use of composts for fertilization, and in substitution for paraquat, a contact herbicide that is 
also a respiratory toxin. In 2011, four farmers were experimenting with liquid mixes made 
from the leaves of two common trees (Ficus spp. and Byrsonima crassifolia), along with fine 
salt and one-tenth the normal dosage of paraquat. Results were encouraging, although the 
next steps for expanding the usage of these homemade liquids are unclear. Despite the 
farmer experimentation taking place, chemical fertilizers and paraquat-based herbicides 
were most intensively used of the four indicators of agrochemical use among the 18 farmers 
surveyed.  

The information in Figure 3 can be useful for determining the kinds of dependence 
produced within small farmer communities in Chiapas. The extreme dependence on 
synthetic fertilizers is an indicator of the level of soil erosion present in agricultural fields. 
Aside from highly unusual, small-scale efforts at growing organic maize for specialty 
markets or home use, the only maize-growing systems in Chiapas without this dependency  
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Figure 3. Ecological quality of chemical input use for maize production in the ejido 24 de Febrero, using 
an indicator system on a scale of 0 to 3. The value of zero represents maximum chemical application, 
while the value of three represents no usage.  

on chemical fertilizers are the traditional shifting agriculture systems in which the forest re-
growth of long-fallowed fields is cut and burned, and seeds planted into the rich layer of 
ash.  

It is useful to identify the constraints and feedbacks of soil fertility management in Chiapas 
maize production. Fertilizers represent the greatest cost of maize farmers, with typical costs 
in 24 de Febrero reaching well over $1,000 US per hectare. Yet substitution of synthetic 
fertilizers with organic soil amendments is difficult, because hillside soils are so badly 
eroded that existing soil has almost no nutritional content, and up to 40 tons of organic 
matter per hectare would need to be applied in order to satisfy nutritional requirements of 
maize. The production and transportation of this volume of organic fertilizers would require 
large inputs of labor, difficult for farmers to provide as livelihood diversification strategies 
have left less time for maize-production activities than before. Thus the availability of time 
and labor (or cash in the case of purchased organic fertilizers) is a limiting factor for the 
efforts to break the dependency on synthetic fertilizers. The sloped maize fields represent an 
additional restraint, in that erosion is likely to undo most soil amendment applications until 
a massive labor effort goes into erosion-reduction practices, such as stone or stick terracing.  

Feedbacks between management and ecological factors also complicate efforts to reduce 
fertilizer dependency. For example, populations of soil organisms that could improve soil 
structure and nutrition over time are likely to be negatively affected by the application of 
chemical fertilizers. In addition, cattle grazing in maize fields during the dry season can 
exacerbate erosion and also cause soil compaction. Compared to other crops, maize is hardy 
to degraded soil structure as long as sufficient nutrients are present. Indeed, farmers feel 
that its capacity to adjust to poor soils is an aspect of maize’s centrality as “the” subsistence 
crop. Thus the economic need to produce every year is combined with the fact that maize is 
the only crop that can be produced under such marginal conditions, to create a system of 
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monoculture maize production year after year in the same fields. Legal prohibitions on 
burning are meant to limit landscape degradation, but they also effectively end shifting 
agriculture, since fire is the typical way to open sloped fields to agriculture. Without shifting 
fields or rotations, soil degradation is accelerated to alarming levels.  

The use of herbicide cocktails is a characteristic of maize farming in the Fraylesca region. 
The major restraints on reducing herbicide dependence are related to the labor opportunity 
cost, as manual weed removal takes a great deal of time that can be otherwise used 
productively by households. New ideas such as the organic weed retardant may represent 
the most promising directions for reducing herbicide dependence. Management feedbacks 
also exist with regard to herbicide use. After herbicide disturbance to fields, pioneer species 
such as aggressive weeds are the first plants to take advantage of nutrients and light in the 
newly opened spaces. The practice of herbicide application tends to increase the relative 
abundance of plants species that establish competitive relationships with maize crops. Fields 
with frequent use of herbicides tend to have major problems with a few key weeds, whereas 
fields without herbicide use have a greater diversity of associated plant diversity, including 
beneficial and non-competitive species.  

A final interesting aspect of farmers’ chemical use is the high dependence on herbicides and 
very infrequent of insecticides in the maize cropping system. In general, insect pests are not 
considered to be more than a nuisance, while farmers identify over 10 beneficial insects, 
mostly insect predators and parasitoid wasps (see below).  

Over the course of two or three years, the community has progressively given more 
importance to ecological considerations, partly as a result of a training course in 
environmental education offered by the National Forestry Commission and carried out in 
the ejido by a local NGO in 2010. As a result of this course and follow-up activities by a 
participatory research team from the Autonomous University of Chiapas, several farmers 
have engaged in communication and experimentation with the purpose of substituting 
organic and traditional inputs for chemical inputs in agricultural activities. These and other 
alternative activities, such as a promotion of herbal medicine, are being adopted explicitly 
out of concerns for human health that emerged in monthly ejido assemblies, where the 
residents attributed poor health to chemical usage and the diminishing quality of diets. A 
first practice of seed saving using such traditional materials as ash, lime, and several kinds 
of herbs was carried out with the participation of 18 farmers. Of these, five attempted to 
grow fields of organic maize in 2011 using compost and organic fumigants. Figure 4 shows 
indicators for the appropriation of agroecological practices by the same 18 maize producers 
in the ejido. A similar value scale as with chemical use was applied to four indicators of 
alternative productive activities: nutrient cycling, crop rotation, crop association 
(intercropping), and seed management.  

Our results showed a much greater appropriation of nutrient recycling practices than 
alternative seed management and crop association activities, basically due to the local 
customs of leaving crop residues in the field, moving cattle into former crop areas to eat the 
maize stalks, and the total absence of plowing. Crop rotation was shown to be a major  
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monoculture maize production year after year in the same fields. Legal prohibitions on 
burning are meant to limit landscape degradation, but they also effectively end shifting 
agriculture, since fire is the typical way to open sloped fields to agriculture. Without shifting 
fields or rotations, soil degradation is accelerated to alarming levels.  

The use of herbicide cocktails is a characteristic of maize farming in the Fraylesca region. 
The major restraints on reducing herbicide dependence are related to the labor opportunity 
cost, as manual weed removal takes a great deal of time that can be otherwise used 
productively by households. New ideas such as the organic weed retardant may represent 
the most promising directions for reducing herbicide dependence. Management feedbacks 
also exist with regard to herbicide use. After herbicide disturbance to fields, pioneer species 
such as aggressive weeds are the first plants to take advantage of nutrients and light in the 
newly opened spaces. The practice of herbicide application tends to increase the relative 
abundance of plants species that establish competitive relationships with maize crops. Fields 
with frequent use of herbicides tend to have major problems with a few key weeds, whereas 
fields without herbicide use have a greater diversity of associated plant diversity, including 
beneficial and non-competitive species.  

A final interesting aspect of farmers’ chemical use is the high dependence on herbicides and 
very infrequent of insecticides in the maize cropping system. In general, insect pests are not 
considered to be more than a nuisance, while farmers identify over 10 beneficial insects, 
mostly insect predators and parasitoid wasps (see below).  

Over the course of two or three years, the community has progressively given more 
importance to ecological considerations, partly as a result of a training course in 
environmental education offered by the National Forestry Commission and carried out in 
the ejido by a local NGO in 2010. As a result of this course and follow-up activities by a 
participatory research team from the Autonomous University of Chiapas, several farmers 
have engaged in communication and experimentation with the purpose of substituting 
organic and traditional inputs for chemical inputs in agricultural activities. These and other 
alternative activities, such as a promotion of herbal medicine, are being adopted explicitly 
out of concerns for human health that emerged in monthly ejido assemblies, where the 
residents attributed poor health to chemical usage and the diminishing quality of diets. A 
first practice of seed saving using such traditional materials as ash, lime, and several kinds 
of herbs was carried out with the participation of 18 farmers. Of these, five attempted to 
grow fields of organic maize in 2011 using compost and organic fumigants. Figure 4 shows 
indicators for the appropriation of agroecological practices by the same 18 maize producers 
in the ejido. A similar value scale as with chemical use was applied to four indicators of 
alternative productive activities: nutrient cycling, crop rotation, crop association 
(intercropping), and seed management.  

Our results showed a much greater appropriation of nutrient recycling practices than 
alternative seed management and crop association activities, basically due to the local 
customs of leaving crop residues in the field, moving cattle into former crop areas to eat the 
maize stalks, and the total absence of plowing. Crop rotation was shown to be a major  
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Figure 4. Ecological quality of alternative practices for maize production in the ejido 24 de Febrero, 
using an indicator system on a scale of 0 to 3. The value of zero represents total absence of alternative 
practices, while the value of three represents widespread use of ecological practices for reasons that 
farmers understand.  

problem in the community, as annual crops of maize dominate the agricultural landscape 
during the single growing season. Maize is the preferred crop due to its importance as a 
food crop, its durability as a commercial crop, and its response to fertilizers even in highly 
eroded soils, providing a lightly positive cost-benefit balance to farmers for years even as 
soil quality declines. Cultural preference for maize makes diversification of the productive 
landscape a complex and sensitive process. 

7.2. Biological interactions in maize production systems in 24 de Febrero 

Weed and insect communities within the maize fields show that even under existing 
conditions and technological patterns, the small farmer landscape is capable of supporting a 
rich diversity of species and functional groups. This is an especially important finding, 
given that agriculture and biodiversity conservation are often considered in neoliberal 
theory to be mutually exclusive, even competitive uses for land in the tropics (Grau and 
Aide, 2008). The idea of contradictory agricultural and conservation goals, and the necessary 
segregation of the two, has led neoliberal resource economists to support wilderness 
reserves in some parts of the rural tropical landscape and industrial agriculture in the rest 
(Aide and Grau, 2004). The problem, as pointed out by rural organizations, is that small 
farmers are essentially excluded from both parts of the landscape, and conservation policy 
then becomes a tool for the dispossession of family farmers and rural communities. In 
addition to small farmer objections, the neoliberal model of biodiversity conservation has 
been challenged on ecological grounds, as recent decades of theory on metapopulations has 
shown the importance of migration between habitat patches for species survival. According 
to this conservation paradigm, also known as the convergent model of mixed land-use (Miki 
et al. date unknown), agricultural systems that retain elements of the original ecosystem can 
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promote successful migration between patches of wilderness. This may make the ecological 
quality of agroecosystems even more important than the conservation of habitat patches to 
biodiversity conservation in the tropics.   

In 18 fields of 24 de Febrero, weeds and crops were measured monthly for the percentage of 
area they covered within three 50cm x 50cm quadrants placed using a random block design 
in each field, for a total of 54 quadrants, during the six-month maize growing season. In the 
total studied area of 13.5 square meters, over 30 species of weeds were found, reflecting high 
overall richness despite the use of herbicides. Tree cover and type varied among fields, but 
crucially, trees were present in all fields. The uses for weeds and trees were various; eight 
weeds were considered to be edible, and 11 were identified as medicinal plants. Among 
trees, several were nitrogen-fixing legumes and others were fruit-bearing, with the 
remainder having social use as building material, medicine, or firewood.   

We identified 29 families of insect herbivores, seven families of secondary consumers or 
predators, 12 families of parasitoids, and two families of pollinators in five samplings across 
the eighteen study fields during the growing season of 2011. The insect community within 
maize fields reflects a high level of biodiversity and is likely to have the net result of 
stabilizing yields, creating an “ecological homeostasis” through complex networks of 
trophic, life-cycle, and density-dependent interactions (Vandermeer et al. 2010). The critical 
interactions within such an autonomous agroecological service such as pest control may be 
highly complex and occur on various spatial and temporal scales.  

In 24 de Febrero, maize fields also bear beans, squash, tomato, edible herbs, several 
medicines, and several use categories of trees. This multi-use aspect of agricultural fields 
may lend itself to system resilience, since any detrimental impact on maize production is 
partially offset by the other functions of the same land. Land-use diversity is an element of 
system resilience that is pronouncedly strong in small farmer settings (Altieri, 2010). While 
the use of the farm landscape in 24 de Febrero retains an important level of diversity, it is 
also useful to ask why it doesn’t have even more, especially given the supposition that small 
farmers maintain diverse productive systems. To understand the drivers of land-use change 
and agricultural intensification, it becomes necessary to examine the social and economic 
vulnerability of small farmers in Chiapas.  

7.3. Characterizing social resilience 

Livelihood is an important concept for understanding risks in social-ecological systems. 
Both vulnerability and livelihood trace their conceptual roots in the search by Sen for 
adequate measures of well-being (1993). Livelihood has to do with the relationship 
between households and the conditions of their production and reproduction as an 
economic unit, including housing, employment, income, access to basic necessities and to 
consumer goods, transportation, health, and education. It is generally used to define 
baseline measures of human well-being, and as such applied to small scale rural 
producers and the rural or urban classes without property. While livelihood studies 
generally examine immediate aspects of economic life at a household level, vulnerability 
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promote successful migration between patches of wilderness. This may make the ecological 
quality of agroecosystems even more important than the conservation of habitat patches to 
biodiversity conservation in the tropics.   

In 18 fields of 24 de Febrero, weeds and crops were measured monthly for the percentage of 
area they covered within three 50cm x 50cm quadrants placed using a random block design 
in each field, for a total of 54 quadrants, during the six-month maize growing season. In the 
total studied area of 13.5 square meters, over 30 species of weeds were found, reflecting high 
overall richness despite the use of herbicides. Tree cover and type varied among fields, but 
crucially, trees were present in all fields. The uses for weeds and trees were various; eight 
weeds were considered to be edible, and 11 were identified as medicinal plants. Among 
trees, several were nitrogen-fixing legumes and others were fruit-bearing, with the 
remainder having social use as building material, medicine, or firewood.   

We identified 29 families of insect herbivores, seven families of secondary consumers or 
predators, 12 families of parasitoids, and two families of pollinators in five samplings across 
the eighteen study fields during the growing season of 2011. The insect community within 
maize fields reflects a high level of biodiversity and is likely to have the net result of 
stabilizing yields, creating an “ecological homeostasis” through complex networks of 
trophic, life-cycle, and density-dependent interactions (Vandermeer et al. 2010). The critical 
interactions within such an autonomous agroecological service such as pest control may be 
highly complex and occur on various spatial and temporal scales.  

In 24 de Febrero, maize fields also bear beans, squash, tomato, edible herbs, several 
medicines, and several use categories of trees. This multi-use aspect of agricultural fields 
may lend itself to system resilience, since any detrimental impact on maize production is 
partially offset by the other functions of the same land. Land-use diversity is an element of 
system resilience that is pronouncedly strong in small farmer settings (Altieri, 2010). While 
the use of the farm landscape in 24 de Febrero retains an important level of diversity, it is 
also useful to ask why it doesn’t have even more, especially given the supposition that small 
farmers maintain diverse productive systems. To understand the drivers of land-use change 
and agricultural intensification, it becomes necessary to examine the social and economic 
vulnerability of small farmers in Chiapas.  

7.3. Characterizing social resilience 

Livelihood is an important concept for understanding risks in social-ecological systems. 
Both vulnerability and livelihood trace their conceptual roots in the search by Sen for 
adequate measures of well-being (1993). Livelihood has to do with the relationship 
between households and the conditions of their production and reproduction as an 
economic unit, including housing, employment, income, access to basic necessities and to 
consumer goods, transportation, health, and education. It is generally used to define 
baseline measures of human well-being, and as such applied to small scale rural 
producers and the rural or urban classes without property. While livelihood studies 
generally examine immediate aspects of economic life at a household level, vulnerability 
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studies tend to focus on structural factors, such as legal, political, cultural, ecological or 
economic factors that threaten livelihoods.    

In order to make an initial characterization of livelihood resilience factors in the community 
of 24 de Febrero, an indicator system was created to include among its variables: food 
access, health care access, access to credit, access to public programs, access to markets, 
access to alternative technologies, and access to education (Figure 5). These access indicators 
are significant to everyday life under normal circumstances, but they are also indicative of 
social risks that could become urgent under changing conditions. 

 

 
Figure 5. Factors of livelihood resilience in the ejido of 24 de Febrero, using an indicator system on a 
scale of 0 to 3. The value of zero represents abandoned or systematically denied access rights, while the 
value of three represents free and universal access as well as participation within planning or 
implementation processes.  

Results confirm the existence of several types of social vulnerability in the community. 
Indicator values for access to food and public programs were substantially greater than 
those for other variables. Values were notably low for access to education and access to 
credit, two indicators related to opportunity. With regard to education, the attained value of 
one means that the average response to interview questions was that beyond elementary 
school, monetary costs associated with education made it inaccessible. The very little access 
to credit for farmers in the maize growing regions of Chiapas is a matter of considerable 
importance for the community of 24 de Febrero, and contributes to migration by young 
people to the United States in pursuit of sufficient cash to construct homes or purchase 
fertilizers. At the same time, the conservation of certain traditional practices is often 
attributed to the lack of farm credits, which would enable farmers to pursue a more 
technified production strategy.     
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8. Food sovereignty and the nation-state 

While we have characterized many aspects of the maize production system in 24 de Febrero, 
the question remains: where is the community located on a gradient between agribusiness 
and the food sovereignty model? Clearly, the food system of the community is somewhere 
in between the two states that we have described. Its combinations of traditional and 
conventional technologies, cash- and subsistence-oriented agriculture, monoculture and 
multi-use systems, indeed, environmental stewardship and degradation, give the local food 
system a character highly compatible with the sovereignty system state. However, the 
community is within a nation that has been subjected to the full formula of capitalist 
agribusiness. 

Here we come to a fundamental issue of scale: the local food system in 24 de Febrero can 
only be understood in its larger context, as part of Mexico’s food system. On one hand, it is 
an adaptation on the traditional milpa system of maize production on collectively held lands 
that has characterized Mexican food systems for millennia. On the other hand, it is the result 
of the extension of capital logic and conventional technologies to far corners of the Mexican 
countryside, bringing junk food and chemical input dependencies to the rural household. 
The ambiguity is a signal of the importance of scale, and it may well be possible that 
systems within the gravitational pull of one steady state could also exist within another. For 
example, the Procede land certification policy enacted during the 1990s was thought to be 
the end of collective landholding in Mexico, as it partitioned private titles for ejido lands and 
legalized land sales (De Ita, 2000). However, the internal resilience of the ejido system, based 
on social and political feedback mechanisms, was strong enough that certification did not 
have the same effect that it has in other parts of the world, such as Africa and the Middle 
East.  

At a larger historical scale, collective resource-use regimes such as the ejido system may be 
momentarily compatible with both capital-driven and socially-planned economies. In this 
sense, a valid comparison can be made between ejidos of Mexico and agricultural production 
cooperatives in Cuba, both of which are based on profound land reform and collective 
agrarian property governed by local assembly. Such institutions can exist within countries 
dominated by the industrial food model, but the dynamic of the overall food system will 
determine how long they last and how they change. The ejido was created as a compromise 
between the radicalized peasantry of the Mexican Revolution and conservative groups of 
power that were interested in limiting resource redistribution. By giving ejidos to peasants, 
militant rural organizations could be demobilized and wages could be kept low during 
industrialization, since industrial workers’ wages were supplemented by their access to 
productive land. Essentially, the ejido was a major tool for the consolidation of a new 
bourgeois regime after the Mexican Revolution. It was the eventual reorientation of the 
national economy toward global capital and away from nation-building in the late 1970s 
that brought the ejido system into conflict with the emerging neoliberal resource 
management regime. The temporary compatibility of agrarian systems that have a food 
sovereignty character, such as the Mexican ejido, within industrial food systems that are in 
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conventional technologies, cash- and subsistence-oriented agriculture, monoculture and 
multi-use systems, indeed, environmental stewardship and degradation, give the local food 
system a character highly compatible with the sovereignty system state. However, the 
community is within a nation that has been subjected to the full formula of capitalist 
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on social and political feedback mechanisms, was strong enough that certification did not 
have the same effect that it has in other parts of the world, such as Africa and the Middle 
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At a larger historical scale, collective resource-use regimes such as the ejido system may be 
momentarily compatible with both capital-driven and socially-planned economies. In this 
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the process of consolidation, is a matter of scale and historical contingency. Components 
embedded in one kind of food system can reflect a distinct qualitative character, as long as 
they are so limited in scale and impact as not to push the larger system to a threshold.   

The dependence of the maize production system in 24 de Febrero on foreign multinational 
corporations and the chemicals they sell is a sign of its integration into the international 
capitalist development model that dominates Mexico from outside. As maize sellers, they 
are limited to the white maize varieties sought by middlemen buyers en route to large-scale 
tortilla production (mixed first with maize from the state of Sinaloa or, increasingly, the 
United States) or exportation to Guatamala. Surrounded by an agricultural landscape of 
maize fields with hybrid seeds, the integrity of their traditional varieties is at risk of 
contamination. It would seem that in neoliberal Mexico, the community is within the outer 
reach of the industrial food model and as such, subject to its contradictions. Nonetheless, on 
a household level, there remains a level of resistance to the industrial food system, which 
takes the form of self-sufficiency in basic grains, conservation of landrace maize and bean 
varieties, use of home gardens, traditional labor-sharing arrangements and artisan food 
processing. These are all components of the local food system consistent with a food 
sovereignty framework, but they are gradually disappearing from the landscape. What is 
the role of the Mexican State in this transformation?  

8.1. Devolutionary governance 

Since the Mexican Revolution of 1910, national policy toward agriculture has reflected a 
struggle between peasant groups that have fought for land access and favorable policies 
toward small farmers, and a combination of business and political elite from within and 
outside of Mexico that have sought to develop a capitalist, export agriculture model. Since 
the dawn of the twentieth century, capital investments began creating two basic tracks for 
Mexican agriculture: the capital-intensive irrigated, specialized farms in Central and 
Northern valleys and plains, and subsistence agriculture in most other non-urban land in 
Mexico. This split in land use reinforced the nation’s conception of monoculture as 
“modern,” and diversified, low-input farming as “backward.” 

The agricultural research and technology program that came to be known as the Green 
Revolution was largely a US Cold War-era effort to resolve issues of hunger and poverty in 
Mexico with technical solutions, rather than new social and economic policy (Perfecto et al. 
2010). The proliferation of new, “modern” seed varieties, as well as irrigation infrastructure, 
synthetic fertilizers and pesticides during the 1960s, 1970s, and 1980s, was a highly uneven 
process that reflected the compromise between corporatist governmental policy beneficial to 
large agricultural interests, and the commitment to  

Since the 1980s, Mexico’s government has opted for a free trade strategy in all productive 
spheres, as a result of changes in the economic ideology of the ruling party, as well as 
external pressure from international lenders and the United States. For Mexican industry, 
this meant the final and unequivocal abandonment of the import-substitution 
industrialization strategy. In commerce, it eventually led to the signing of the North 
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American Free Trade Agreement in 1993, which opened up Mexican markets to a flood of 
cheap products from the United States. In agriculture, the adoption of the free trade model 
meant a shift in strategy from the goal of self-sufficiency that had characterized agricultural 
and land policy since the revolution. Guaranteed farm prices for basic grains such as maize 
disappeared, as the state reduced its presence in the countryside and international private 
actors stepped into the void. Cheap grain from subsidized farmers in the United States 
began to flood Mexican markets, adding to the economic insecurity of millions of Mexican 
maize farmers. Meanwhile, the price of tortilla, the basic and essential form of maize in the 
Mexican diet, has more than tripled for consumers since NAFTA was signed, as a result of 
concentration of the maize storage and processing sectors by several transnational 
corporations.  

One of the most controversial issues in contemporary Mexico is the entrance of genetically 
modified maize into the country, almost universally from the United States, as seed, feed, or 
food. In 2001, Mexican and U.S. researchers accidently found traces of genetically modified 
maize in landrace varieties of rural Oaxaca (Quist and Chapela, 2001, Nature 414), and 
subsequent studies have confirmed the contamination of maize landraces by modified genes 
across Mexico. Given the extraordinary cultural and alimentary importance of maize in 
Mexico, the loss of traditional agrobiodiversity in this crop represents a loss of national 
patrimony and sovereignty. In 2007, President Felipe Calderon created by decree a federal 
program to support in situ conservation of landrace maize varieties by farmers. However, 
the Secretary for Agriculture, Livestock, Fish and Food (SAGARPA for its initials in 
Spanish) was cold to the proposal, as it went against the productivity focus of its programs. 
Thus it fell to the Secretary for Natural Resources and the Environment (SEMARNAT) to 
take on the maize biodiversity program. SEMARNAT, in turn, sent the new law to its 
National Commission for Natural Protected Areas (CONANP), which began to apply the 
program, its implementation having now been reduced to agricultural areas within nature 
reserves.  

CONANP’s Program for in situ Conservation of Landrace Maize, or PROMAC (Programa de 
Maíz Criollo) as it is more commonly known, is still a new fish in a very complex pond of 
federal and state programs that combine agriculture and natural resource conservation. It 
pays about $100 US per year to farmers who have been growing landrace maize varieties in 
nature reserves to continue growing them, and advocates the conservation of the traditional 
milpa productive system (maize in association with squash, beans, and other edible plants). 
PROMAC funds are used based on the discretion of each nature reserve, and can be used to 
hold seed exchange fairs, conduct capacity-building trainings for farmers, build seed banks 
and even create maize-based cultural centers. While this program clearly has the potential to 
strengthen the peasant maize production system, its capacity to help small farmers and 
protect landrace maize varieties depends on how it is implemented in each nature reserve. 
In interviews, many nature reserve officials compare PROMAC to PROCAMPO: a program 
created during the administration of Carlos Salinas (1988-1994) to buffer his free trade 
economic shocks and which pays annual subsidies to all citizens who show documents 
proving that they grow crops or raise livestock. Despite its populist appeal, PROCAMPO is 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 506 

the process of consolidation, is a matter of scale and historical contingency. Components 
embedded in one kind of food system can reflect a distinct qualitative character, as long as 
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United States) or exportation to Guatamala. Surrounded by an agricultural landscape of 
maize fields with hybrid seeds, the integrity of their traditional varieties is at risk of 
contamination. It would seem that in neoliberal Mexico, the community is within the outer 
reach of the industrial food model and as such, subject to its contradictions. Nonetheless, on 
a household level, there remains a level of resistance to the industrial food system, which 
takes the form of self-sufficiency in basic grains, conservation of landrace maize and bean 
varieties, use of home gardens, traditional labor-sharing arrangements and artisan food 
processing. These are all components of the local food system consistent with a food 
sovereignty framework, but they are gradually disappearing from the landscape. What is 
the role of the Mexican State in this transformation?  

8.1. Devolutionary governance 

Since the Mexican Revolution of 1910, national policy toward agriculture has reflected a 
struggle between peasant groups that have fought for land access and favorable policies 
toward small farmers, and a combination of business and political elite from within and 
outside of Mexico that have sought to develop a capitalist, export agriculture model. Since 
the dawn of the twentieth century, capital investments began creating two basic tracks for 
Mexican agriculture: the capital-intensive irrigated, specialized farms in Central and 
Northern valleys and plains, and subsistence agriculture in most other non-urban land in 
Mexico. This split in land use reinforced the nation’s conception of monoculture as 
“modern,” and diversified, low-input farming as “backward.” 

The agricultural research and technology program that came to be known as the Green 
Revolution was largely a US Cold War-era effort to resolve issues of hunger and poverty in 
Mexico with technical solutions, rather than new social and economic policy (Perfecto et al. 
2010). The proliferation of new, “modern” seed varieties, as well as irrigation infrastructure, 
synthetic fertilizers and pesticides during the 1960s, 1970s, and 1980s, was a highly uneven 
process that reflected the compromise between corporatist governmental policy beneficial to 
large agricultural interests, and the commitment to  

Since the 1980s, Mexico’s government has opted for a free trade strategy in all productive 
spheres, as a result of changes in the economic ideology of the ruling party, as well as 
external pressure from international lenders and the United States. For Mexican industry, 
this meant the final and unequivocal abandonment of the import-substitution 
industrialization strategy. In commerce, it eventually led to the signing of the North 
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American Free Trade Agreement in 1993, which opened up Mexican markets to a flood of 
cheap products from the United States. In agriculture, the adoption of the free trade model 
meant a shift in strategy from the goal of self-sufficiency that had characterized agricultural 
and land policy since the revolution. Guaranteed farm prices for basic grains such as maize 
disappeared, as the state reduced its presence in the countryside and international private 
actors stepped into the void. Cheap grain from subsidized farmers in the United States 
began to flood Mexican markets, adding to the economic insecurity of millions of Mexican 
maize farmers. Meanwhile, the price of tortilla, the basic and essential form of maize in the 
Mexican diet, has more than tripled for consumers since NAFTA was signed, as a result of 
concentration of the maize storage and processing sectors by several transnational 
corporations.  

One of the most controversial issues in contemporary Mexico is the entrance of genetically 
modified maize into the country, almost universally from the United States, as seed, feed, or 
food. In 2001, Mexican and U.S. researchers accidently found traces of genetically modified 
maize in landrace varieties of rural Oaxaca (Quist and Chapela, 2001, Nature 414), and 
subsequent studies have confirmed the contamination of maize landraces by modified genes 
across Mexico. Given the extraordinary cultural and alimentary importance of maize in 
Mexico, the loss of traditional agrobiodiversity in this crop represents a loss of national 
patrimony and sovereignty. In 2007, President Felipe Calderon created by decree a federal 
program to support in situ conservation of landrace maize varieties by farmers. However, 
the Secretary for Agriculture, Livestock, Fish and Food (SAGARPA for its initials in 
Spanish) was cold to the proposal, as it went against the productivity focus of its programs. 
Thus it fell to the Secretary for Natural Resources and the Environment (SEMARNAT) to 
take on the maize biodiversity program. SEMARNAT, in turn, sent the new law to its 
National Commission for Natural Protected Areas (CONANP), which began to apply the 
program, its implementation having now been reduced to agricultural areas within nature 
reserves.  

CONANP’s Program for in situ Conservation of Landrace Maize, or PROMAC (Programa de 
Maíz Criollo) as it is more commonly known, is still a new fish in a very complex pond of 
federal and state programs that combine agriculture and natural resource conservation. It 
pays about $100 US per year to farmers who have been growing landrace maize varieties in 
nature reserves to continue growing them, and advocates the conservation of the traditional 
milpa productive system (maize in association with squash, beans, and other edible plants). 
PROMAC funds are used based on the discretion of each nature reserve, and can be used to 
hold seed exchange fairs, conduct capacity-building trainings for farmers, build seed banks 
and even create maize-based cultural centers. While this program clearly has the potential to 
strengthen the peasant maize production system, its capacity to help small farmers and 
protect landrace maize varieties depends on how it is implemented in each nature reserve. 
In interviews, many nature reserve officials compare PROMAC to PROCAMPO: a program 
created during the administration of Carlos Salinas (1988-1994) to buffer his free trade 
economic shocks and which pays annual subsidies to all citizens who show documents 
proving that they grow crops or raise livestock. Despite its populist appeal, PROCAMPO is 
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a notoriously inefficient program, as its implementation provides ample opportunity for 
fraudulent payment claims and requires no participation in training programs or 
production plans. Many Mexican politicians at the national level oppose support of any 
kind for maize production, because they see it as a marginal subsistence activity that is 
outside of the free market agricultural strategy of specialized crop exports and basic grains 
imports. Thus from its origins, PROMAC has been born into a hostile and disjointed 
institutional atmosphere, in which some nature reserves have ignored the program while 
others have encouraged farmers to enter into it. 

While PROMAC is among the more important federal programs for maize farmers in 
Chiapas, due to the significant amount of farmland within protected areas, on the state level 
there is a program called Solidarity Maize that is closely connected with the governor’s 
office. This program ostensibly gives payments in the form of agricultural inputs to all 
maize farmers in the state. Given that fertilizers represent the greatest expense in maize 
farming in many regions of Chiapas, small farmers are generally in favor of Solidarity Maize 
and eager to participate. Unfortunately, the program reaches a relatively small portion of 
the actual maize farmers in Chiapas, while creating a massive informal market for sacks of 
fertilizers that are often exchanged for political allegiance long before reaching farmers.  

In 2008, a group of farmers and advocates formed the Landrace Maize Network (Red de Maíz 
Criollo) in Chiapas in order to stem the loss of traditional peasant varieties of maize and 
defend the milpa production system. This group protested the fact that the supports from the 
state government through the Solidarity Maize program set small farmers on a course 
toward conventional, chemical-laden agricultural practices. The Landrace Maize Network 
achieved a commitment by the state government to offer organic fertilizers to those 
producers who request them, setting a new precedent for governmental support for 
alternative agriculture. Unfortunately, to date very few farmers know that they have the 
option to request organic farm inputs.  

The farmers of 24 de Febrero have yet to receive support from PROMAC, despite their long-
term commitment to growing traditional maize varieties, and they have not received 
support from the Solidarity Maize program either. In fact, PROCAMPO is the only 
government support that they receive. Despite being relatively close to population centers, 
and following the requirements to be considered in state and federal programs, they have 
been left out of the little support for small-scale agriculture that exists in Mexico. 

9. Conclusions 

The future is unknown, social and ecological drivers of change are linked, and periodic, 
qualitative change is part of life. That is one view of the world, carefully developed in 
resilience theory since Holling’s (1973) seminal essay. Here we have posited two contrasting 
(but not exhaustive) food system possibilities, in part to demonstrate the openness of 
history. We do not see evidence for necessary evolution toward stable equilibrium in either 
social or ecological systems. Rather, the last several hundred years have shown that history 
is full of surprises, and theory of stages of development is often more hindering than 
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helpful. In its insistence on the existence of the unknown, orientation toward emergent 
properties, and focus on feedback mechanisms, resilience theory is of extraordinary 
usefulness in social science.  

Despite such impressive strides in systems thinking, we find the brave new world embraced 
by resilience science to itself be exclusionary in terms of possible outcomes for humanity. 
Far too often, the capital system is naturalized into the feedbacks of the social-ecological 
framework, rather than understood as a historical system that is liable to the same phases of 
growth, decadence, collapse and renewal as something qualitatively different. Indeed, in the 
present conditions of global financial crisis and historical highs of economic inequality, it 
would be quite blind not to accept the collapse of global capitalism as a historical possibility. 
With natural resource exhaustion and an exploitative human-nature relationship 
increasingly understood as inevitable contradictions of this economic system (O’Conner, 
2001), the alternative stable states model is highly relevant for the testing of alternatives at 
distinct scales.  

In ejido assemblies, the residents of 24 de Febrero have identified the directions that they 
would like the community to take. The local vision is of organic agriculture as a response to 
what appear to be increasing health problems, such as high blood pressure, diabetes, and 
cancer. The community has made collective decisions to begin a process of experimentation 
to combine what people remember of the practices used by past generations with technical 
advice from a research team of the Faculty of Agronomic Sciences at the Autonomous 
University of Chiapas. The role of local innovation is being filled (Milestad et al. 2010). But is 
this enough to pull the system toward a food sovereignty stable state? 

The resilience literature identifies the need for adaptive governance (Allen and Holling, 
2010; Folk et al. 2005). This can be interpreted in several ways, but the creation of public-
private partnerships is often suggested, albeit in terms of “bridging organizations” or multi-
stakeholder groups. In sum, governance for resilience is understood to take place in what 
Walker and colleagues (2002) call with refreshing honesty “more-or-less democratic, 
pluralistic, capitalist” societies. The resilience principle, as applied to social-ecological 
systems, has been applauded and feared because it normalizes—and absorbs all critique 
to—the neoliberal development model (Walker and Cooper, 2011). When adaptive 
governance is understood to mean increased private influence over formerly public spheres, 
especially natural resource management, then the objectives of its research agenda may well 
include building resilience to “shocks and disturbances” like market crashes, critical social 
movements, and dissent.  

Unfortunately, history may show that the degraded system is global, and that what is “too 
big to fail” in the international economic system has indeed already failed, in terms of its 
social and ecological impacts. The destruction of global agrobiodiversity—a fundamental 
component of food system resilience—that took place during the last half-century has not 
been accompanied by a solution to world hunger, as more than one billion undernourished 
people make plain. If resilience is the “capability of a system to maintain its functions and 
structure in the face of internal and external change and to degrade gracefully when it must, 
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a notoriously inefficient program, as its implementation provides ample opportunity for 
fraudulent payment claims and requires no participation in training programs or 
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and eager to participate. Unfortunately, the program reaches a relatively small portion of 
the actual maize farmers in Chiapas, while creating a massive informal market for sacks of 
fertilizers that are often exchanged for political allegiance long before reaching farmers.  

In 2008, a group of farmers and advocates formed the Landrace Maize Network (Red de Maíz 
Criollo) in Chiapas in order to stem the loss of traditional peasant varieties of maize and 
defend the milpa production system. This group protested the fact that the supports from the 
state government through the Solidarity Maize program set small farmers on a course 
toward conventional, chemical-laden agricultural practices. The Landrace Maize Network 
achieved a commitment by the state government to offer organic fertilizers to those 
producers who request them, setting a new precedent for governmental support for 
alternative agriculture. Unfortunately, to date very few farmers know that they have the 
option to request organic farm inputs.  

The farmers of 24 de Febrero have yet to receive support from PROMAC, despite their long-
term commitment to growing traditional maize varieties, and they have not received 
support from the Solidarity Maize program either. In fact, PROCAMPO is the only 
government support that they receive. Despite being relatively close to population centers, 
and following the requirements to be considered in state and federal programs, they have 
been left out of the little support for small-scale agriculture that exists in Mexico. 
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The future is unknown, social and ecological drivers of change are linked, and periodic, 
qualitative change is part of life. That is one view of the world, carefully developed in 
resilience theory since Holling’s (1973) seminal essay. Here we have posited two contrasting 
(but not exhaustive) food system possibilities, in part to demonstrate the openness of 
history. We do not see evidence for necessary evolution toward stable equilibrium in either 
social or ecological systems. Rather, the last several hundred years have shown that history 
is full of surprises, and theory of stages of development is often more hindering than 
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helpful. In its insistence on the existence of the unknown, orientation toward emergent 
properties, and focus on feedback mechanisms, resilience theory is of extraordinary 
usefulness in social science.  

Despite such impressive strides in systems thinking, we find the brave new world embraced 
by resilience science to itself be exclusionary in terms of possible outcomes for humanity. 
Far too often, the capital system is naturalized into the feedbacks of the social-ecological 
framework, rather than understood as a historical system that is liable to the same phases of 
growth, decadence, collapse and renewal as something qualitatively different. Indeed, in the 
present conditions of global financial crisis and historical highs of economic inequality, it 
would be quite blind not to accept the collapse of global capitalism as a historical possibility. 
With natural resource exhaustion and an exploitative human-nature relationship 
increasingly understood as inevitable contradictions of this economic system (O’Conner, 
2001), the alternative stable states model is highly relevant for the testing of alternatives at 
distinct scales.  

In ejido assemblies, the residents of 24 de Febrero have identified the directions that they 
would like the community to take. The local vision is of organic agriculture as a response to 
what appear to be increasing health problems, such as high blood pressure, diabetes, and 
cancer. The community has made collective decisions to begin a process of experimentation 
to combine what people remember of the practices used by past generations with technical 
advice from a research team of the Faculty of Agronomic Sciences at the Autonomous 
University of Chiapas. The role of local innovation is being filled (Milestad et al. 2010). But is 
this enough to pull the system toward a food sovereignty stable state? 

The resilience literature identifies the need for adaptive governance (Allen and Holling, 
2010; Folk et al. 2005). This can be interpreted in several ways, but the creation of public-
private partnerships is often suggested, albeit in terms of “bridging organizations” or multi-
stakeholder groups. In sum, governance for resilience is understood to take place in what 
Walker and colleagues (2002) call with refreshing honesty “more-or-less democratic, 
pluralistic, capitalist” societies. The resilience principle, as applied to social-ecological 
systems, has been applauded and feared because it normalizes—and absorbs all critique 
to—the neoliberal development model (Walker and Cooper, 2011). When adaptive 
governance is understood to mean increased private influence over formerly public spheres, 
especially natural resource management, then the objectives of its research agenda may well 
include building resilience to “shocks and disturbances” like market crashes, critical social 
movements, and dissent.  

Unfortunately, history may show that the degraded system is global, and that what is “too 
big to fail” in the international economic system has indeed already failed, in terms of its 
social and ecological impacts. The destruction of global agrobiodiversity—a fundamental 
component of food system resilience—that took place during the last half-century has not 
been accompanied by a solution to world hunger, as more than one billion undernourished 
people make plain. If resilience is the “capability of a system to maintain its functions and 
structure in the face of internal and external change and to degrade gracefully when it must, 
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(Allenby and Fink, 2005)” then perhaps the most prudent option would be to begin a wide 
debate about the graceful exit of the agribusiness model. The development of sovereign food 
systems at the local level requires cross-scalar interactions that should not be limited to 
farmer innovations, but include farmer-to-farmer networks, strong rural organizations, and 
redistributive public policy. If these requirements cannot be met within the neoliberal 
development model, then the next step is to ask what kind of transformation is necessary at 
the global level, beyond the narrow market valuation of Nature. 
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ever increasing amount of municipal solid waste (which causes increasingly pronounced 
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planning as an inevitable instrument for strategic waste management. The paper also points 
out the importance of spatial aspect in the waste management planning process. 

2. Disposal of solid waste   

The final functional element in the waste management system is waste disposal. Waste 
disposal is a final fate of all types of waste, either municipal solid waste, collected and 
transported directly to landfills, or industrial waste or other materials from waste treatment 
facilities which are of no use-value any longer [1]. 

Landfill forms the basis of every waste management plan, because there will always be 
waste to be disposed of. 

Sanitary landfills are sites selected for waste disposal, such as natural or artificial 
(excavated) depressions, engineered facilities, where the waste is, through appropriate 
technological processes, compacted as densely as practicable to minimize its volume and 
covered with a layer of soil or some other material in a systematic and sanitary manner. 
Before proceeding with such work, a terrain to be used must be selected, surveyed and 
prepared [2]. 

Sanitary landfills are necessary in any combination, even for some other form of solid waste 
treatment, because there will always be waste to be disposed of. Uncontrolled dumps must 
be closed along with necessary sanitation. This requires knowledge of a series of  notions, 
processes and activities which should enable proper landfill planning, design, construction, 
exploitation and funding, as well as control of landfill environmental impacts [3]. 

3. Spatial aspect of waste management 

Considering that waste management system is realized in space, it is quite clear that 
characteristics of space greatly determine the choice of an adequate management system, i.e. 
its spatial organization. This primarily refers to the selection of sites having physical 
elements of the system, such as, primarily, sanitary landfills, transfer stations, recycling 
centers, etc. In this context, physical-geographical and anthropogenetic characteristics of 
space are of great importance. Relative to these characteristics, conceptual solutions to the 
waste management system are defined, and landfill site selection process is carried out for 
elements of the waste management system. 

3.1. Requirements for the regional landfill site selection 

In the waste disposal process, a controlled disposal procedure is unavoidable, either for the 
disposal of genuine waste or materials that remain after the treatment process, or, as 
necessary, if the main process cannot be carried out in certain period because of 
interruption, defect, overhaul, or out of other reasons. Sanitary landfills are necessary in any 
chosen waste management option, because there will always be waste to be disposed of on 
landfills. In this sense, locating potential landfill sites, as the most commonly used process 
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through which a huge amount of collected waste is treated, should be given great attention 
in the waste management process, i.e. in spatial planning process. This is a very delicate and 
very important process from the viewpoint of the protection of key environmental factors 
(land, water and air), landscape values, as well as the protection of population health [4]. 
Out of this reason, it is also necessary to dedicate great attention to the investigation of a 
character, as well as potential and real landfill impact on the environment. This enables the 
elaboration and implementation of measures to eliminate or minimize negative effects. 

Sanitary landfill planning and construction is only a part of a complex solid waste 
management process which encompasses the treatment of waste from its generation, 
through minimization of its amount, selection, recycling, collection, transport and disposal, 
to landfill recultivation and bringing of land to new use. However, although sanitary 
landfills are only a part of a wider waste management process, this activity is characterized 
by a very complex and long-term process which must take into account natural and 
anthropogenetic characteristics of space.  

Sanitary landfill is available land for solid waste disposal at which engineering methods 
of waste disposal are used in a manner in which threats to the environment are 
minimized. The landfill site selection and technology of devices and equipment for 
sanitary waste treatment and disposal should be in the function of the protection and 
rational use of space.  

Sanitary landfill development implies activities in several phases where certain sequence 
must be obeyed. The process is usually carried out in four phases: 

 landfill site selection (site investigation process), 
 identification of a landfill site (through the planning documentation) and elaboration of 

conditions for bringing it to the intended use, 
 elaboration of construction (technical) documentation, 
 landfill construction. 

3.1.1. Preconditions for sanitary landfill construction 

It is necessary to consider the following requirements and requirements for sanitary landfill 
construction: 

 Spatial and urban planning requirements 
 Spatial and regional requirements 
 Landfill site selection 
 Required land area 
 Transportation distances 
 Local site conditions 
 Topography 
 Climate conditions 
 Hydrogeological conditions 
 Geological conditions 
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 Geo-mechanical conditions 
 Environmental protection 

Landfill site selection.- In planning, landfill site selection occupies extremely important 
place. In the widest sense, the natural, social, political, economic and technical factors have 
an important role in landfill site selection, thus it follows that the selection is to be made by a 
multidisciplinary team of experts. Given that landfill construction is considered as a non-
economic activity, a special task is to select landfill site from the aspect of the use of 
buildable land and its price, as well as other natural or urban values which have an 
important role in relation to rationality and planned landfill remediation or its 
rehabilitation, i.e. reconstruction [5]. From technical and technological aspects, for the 
planning, design, construction and exploitation needs, it is necessary that on each landfill 
site the following is ensured: 

 Complete sanitary security for people living in the surrounding residential areas, as 
well as personnel working at landfills 

 Protection of land, air, ground and surface water from pollution 
 Rational use of land, as well as save land (increased levels of waste compaction using 

special machines, as well as a deposition height) 
 Maximum number of machines and equipment for all types of works 

3.2. Implementation of GIS tools in waste management  

Information system is an arranged set of information on things and facts in surroundings, 
with the aim to get acquainted with a system. Right decision making in planning and space 
organization depends to a great extent on knowledge, i.e. the quality and importance of 
information available to decision makers. 

The GIS is a powerful set of computer tools for collecting, storing, searching as necessary, 
transformation and display of real-world data for various purposes [6]. 

As one of the most complex information systems that cover all spatial problems, the GIS has 
many advantages out of which the most significant are: 

 It covers all elements of geo-space and ecological elements 
 It includes natural and social elements of space 

The use of GIS is appropriate for: 

 Spatial planning 
 Mapping for various purposes 
 Traffic planning 
 Waste management planning 
 Natural resource inventory and management 
 Computer mapping of population and entering of census data 
 Creating hazard maps and programs of procedures in such cases, etc. 
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Essentially, GIS contains data on: 

 Air 
 Earth’s surface 
 Water areas 
 Lithosphere 
 Soil 
 Biocenosis 
 Anthropogenetic spatial elements, etc. 

The GIS, as already mentioned, consists of spatial data and descriptive data. 

Spatial data refer to locations, i.e. spatial relationships between phenomena and objects. 
They are obtained based on literature, maps, aerial photos taken from aircrafts, etc., and 
they are useful only if they can be converted into maps.  

Descriptive data are linked to localities, polygon line or body and are the system 
accompanying content. 

The GIS key features are: 

 Possibility of spatial search of phenomena 
 Possibility of overlapping contents and combining individual contents into a new 

quality 
 Logical operations with spatial and descriptive data 

Geographic information systems are most frequently compatible with most of related 
systems (geodetic, agricultural, geologic, mining, water resources management, forestry, 
urban planning systems, etc.), but also with census databases, statistical information 
systems, technological databases, databases associated with health, education, science, etc. 
Using GIS mapped data, we carry out precisely what an information system should enable: 
solve a problem, make queries, reach answers, or examine possible solutions. Here, data are 
manipulated digitally, and not manually, because we manipulate the data on events and 
activities using digital cartographic objects. In other words, the points, lines and areas in this 
cartographic database are used for data management.  

Therefore, the GIS is a general tool for problem solving. It is created for making a certain 
project. A successful GIS is built, not bought, and indented for analysts to draw out relevant 
data for forecasting and planning, as well as various pieces of information associated with a 
specific space, as well as the problem area which is a subject of analysis. 

The role of GIS tools in waste management planning is dominant in landfill site selection 
process. In addition, GIS tools are also used for distribution and identification of locations 
for other elements of waste management system such as transfer station network, waste 
selection and processing centers, for defining transportation corridors, etc.  

The method of multicriteria analyses and evaluation is used for identifying locations of 
elements of a waste management system in the GIS. This approach is inevitable in locating 
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complex objects, such as, for example, regional municipal solid waste landfills. Its 
complexity is reflected both in the size and function of objects, as well as in relation to 
various possible spatial impacts, also in negative context.  

The use of GIS in defining strategies, analyses and visualization of solutions and alternatives 
helps us consider and clearly represent various scenarios, as well as select the most suitable 
solutions through a prism of different relevant criteria (spatial, ecological, hydro-geological 
criteria, etc.) [7]. 

Therefore, in using the GIS in the selection of the most suitable landfill sites, two things of 
key importance are [8].: 

1. Analysis of space, i.e. all of its physical-geographical and anthropogenetic 
characteristics. It is necessary to comprehensively consider the space on which the 
problem is to be solved or which can be useful for problem solving. In this process, 
because of social sensitivity associated with this issue, it is necessary to be impartial in 
considering a possible landfill site. This can only be achieved if the entire space is 
considered to the same level of detail and in the same manner; 

2. Visualization of space and its characteristics and impacts. This is necessary so that all 
participants in the project could have equal chance to perceive and understand the 
subject problem area. This enables active participation in searching for solutions to an 
acceptable compromise [9]. All participants must consider the space, as well as its 
advantages and disadvantages for landfill site selection. This is precisely one of the 
most important advantages of using GIS tools in landfill site selection, as well as of 
choosing other elements of a waste management system. 

Defining landfill site selection criteria is the main step in landfill site selection process. In the 
first phase, based on exclusiveness, the sites which do not satisfy these criteria are 
eliminated. Positive areas within which it is possible to search for the most suitable solutions 
are the result of this process. This phase represents an activity of microzoning. Using GIS 
tools, through overlapping cartographic presentations of a certain space carried out based 
on exclusion criteria, it is rather simple to eliminate unsuitable landfill sites. 

After eliminating the unsuitable landfill sites, the attention is dedicated to the nomination of 
landfill sites within the remaining ''conditionally suitable'' zones. In this process, local 
governments and professional institutions can and must be of great importance, but soil 
investigations and collecting relevant data on physical-geographical and anthropogenetic 
characteristic of space are indeed of utmost importance. 

Through nominating potential landfill sites, preconditions for the selection of the most 
suitable landfill site are created, which is followed by multicriteria analysis and evaluation 
of candidate sites. Site selection criteria are entered into tables and weighted for each 
candidate site based on the entered value scale. In this way, the evaluation process using 
GIS tools is carried out in an efficient manner and in a short period of time. 

The role of GIS tools in the landfill site selection process is in that it enables faster singling out 
and clearer presentation of suitable and unsuitable sites based on previously given criteria.  
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In this context, it is evident that selection criteria and value scale for evaluation of candidate 
landfill sites are of key importance in this process, while GIS tools represent a powerful 
means which to a great extent facilitate and speed up the process. This refers not only to the 
landfill site selection process, but also to defining the spatial organization of the entire waste 
management system, as well as defining the transfer station network. 

3.3. Landfill site selection criteria 

3.3.1. Landfill site selection criteria 

The most important step in this process is to define landfill site selection criteria.  

There are two groups of criteria. The first group includes the so-called exclusion criteria that 
are used in the first phase of the landfill site selection process. Exclusion criteria are defined 
relative to the specific situation and they represent restriction criteria.  

Some of exclusion criteria can be classified into a group of the following indicators: 

 Distance from natural elements of space (watercourses, water sources, protected natural 
resources, etc.) 

 Distance from anthropogenetic elements of space (infrastructure facilities, settlements, 
protected cultural structures, etc.) 

 Terrain morphology 
 Hydrological and geological characteristics of space 
 Degradation of space 
 Recommendations of local authorities in a form of intermunicipal corporation 

agreements, etc. 

According to exclusion criteria, areas which should not be further analyzed are discarded, 
i.e. areas that will be analyzed and evaluated in consecutive phases singled out. In the 
elimination phase, a single-criterion method is mainly used. 

After that, in cooperation with local institutions and experts, certain number of sites are 
nominated for which a multicriteria evaluation is carried out. In this context, criteria based 
on which each candidate site will be evaluated in the same way are defined. This is a second 
group of criteria.  

Site evaluation criteria are mainly classified into several basic groups. Commonly, there are 
three basic groups of criteria whose definition varies from author to author: 

 Ecological or environmental criteria,  
 Socio-economic or social or spatial criteria,  
 Technical and operational criteria (which usually also involve certain economic, spatial 

and ecological criteria). 

Any variation of groups of basic indicators is possible. Regardless of the formulation of 
basic groups of criteria, they include approximately either the same or almost the same 
number of indicators and criteria that are analyzed and compared in the process of selection 
of the most suitable site for a landfill.  
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Number of landfill site selection criteria ranges from 20 to over 40. They are classified (or not 
classified) into groups of criteria to which they belong, which are also similar, but can be 
differently formulated. 

A particularly sensitive and important step in landfill site selection that follows the choice of 
relevant criteria is to define value scales based on which each individual criteria is evaluated 
(valued, ranked). Each criteria is assigned its corresponding weight (value) which is 
determined based on expert’s evaluation and evaluation of participants in the process of 
sanitary landfill site selection. Here, quantitative evaluation is commonly used (e.g. scores 
from 1 to 10, or from 1 to 5).  

Qualitative/expert assessment can also be used, where criteria can be assessed as suitable, 
conditionally suitable or unsuitable. Qualitative assessment is today increasingly less used, 
because the use of new technologies enable more accurate and more sophisticated 
assessment under the principle of quantitative assessment. In this case, accurate and 
objective data are obtained that can be compared and used for making right decisions. 

When a potential site is assessed according to all given criteria, it is possible to carry out the 
following two steps: 

1. Adding up all obtained scores  
2. Multiplying the obtained scores by importance values (weights). 

The first step in evaluating candidate sites is the simplest one and will low requirements. 
The best score is obtained through adding up all obtained scores for each criterion. 
Evaluation of candidate site in this case does not have different scenarios that can be of great 
help to decision makers. 

The second step is more complex as different scenarios can be used. For example, if criteria 
for locating candidate landfill site are classified into several basic groups, then  the number 
of scenarios to be considered is consistent with the number of criteria groups. Criteria from 
one group are favored in the first scenario, the most important criteria in the second scenario 
are those from the second group, and so on. The final option is a situation when groups of 
criteria are multiplied by the same importance value, without favoring any of criteria group. 
By presenting the scenarios in synthesis Table, it is easy to identify which candidate sites are 
the most suitable in which scenarios. The PROMETHEE method [10] is an example of this 
approach. 

The basic advantage of this procedure is in that decision makers have a clear idea of 
which is candidate site is the most suitable if criteria from a certain group of criteria 
(ecological or economic or spatial, etc.) are assessed as the most worthwhile criteria, and if 
basic criteria groups are dealt with equally. This greatly facilitates decision making. 
Regardless of which of the many methods for evaluation of potential landfill sites are 
used, the question of objectivity of the procedure arises taking into account that the 
selection of evaluation elements (criteria, weights), but also the very decision-making 
process, is a matter of objectivity of experts and decision makers. This can be considered 
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as a common disadvantage of all methods for potential landfill site selection. Therefore, 
the subjectivity in this process must be minimized to the utmost limit, while objectivity 
must be maximized. 

4. Case study: Regional landfill site selection in the Kolubara region in 
Serbia 

4.1. Analysis of the present state in the Kolubara region 

We have chosen the area of the Kolubara Region comprising 11 municipalities with 382,000 
inhabitant as an example of theoretical knowledge presented in the first part of the present 
paper. 

The Study on the Selection of Micro-location for the Regional Landfill with Recycling Centre 
and Regional Center for Municipal Solid Waste Management, Regional Plan for Solid Waste 
Management, as well as Strategic Environmental Assessment (SEA) for the same Plan have 
been elaborated for the Kolubara Region.  

Municipal waste from the territory of 11 municipalities in the Region is disposed of to 10 
unarranged sanitary city landfills and a certain number of illegal dumps. All existing 
landfills should be closed or remediated and recultivated in the shortest possible time. It is 
recommended to prolong the life-time of the existing landfills through the mentioned 
remediation projects. Recognizing the need for the final, contemporary waste disposal and 
management, 11 municipalities of the Region have united together in forming the regions 
for the development of a waste management. The initiatives that have been launched in this 
context have resulted in the elaboration of the ''Study on the Selection of Micro-Location for 
the Regional Municipal Waste Landfill with Recycling Center for the Kolubara Region'', 
based on which the location for regional landfill has been selected.   

4.2. Locating the regional landfill site for Kolubara Region 

The sanitary landfill construction implies carrying out activities in several phases, whereby 
it is necessary to observe a specific sequence. The process is mainly carried out in four 
phases as follows: 

1. Identifying (selecting) the location 
2. Determining the location (through the planning and design documentation) and 

creating conditions for bringing land to intended use 
3. Elaborating the construction documents (technical documentation) 
4. Landfill construction 

The most sensitive and the most important step in making a concept of regional municipal 
solid waste management is a regional landfill site selection. Relative to the selected regional 
landfill site, other elements of a waste management system are also located and their spatial 
distribution carried out.  
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distribution carried out.  
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Once the selection of the most suitable landfill site is made, it is necessary to incorporate it in 
the planning solutions in order to create conditions for the elaboration of technical 
documentation, as well as for landfill construction. 

4.3. Regional landfill site selection criteria  

The elaboration of the Study on Landfill Site Selection represents the first step in making a 
concept of municipal solid waste management in the Kolubara Region.  

The first step in landfill site selection is to define exclusion criteria. 

Taking into account current legislation, Intermunicipal Agreement on Joint Waste 
Management, basic exclusion criteria used in practice, available data on the space, as well as 
relevant characteristics of a specific space, the following exclusion criteria have been 
defined, see [6]: 

 Seismic activity over 9 MCS 
 Distance of less than 500 meters from watercourses 
 Distance of less than 500 meters, or 1.5 km from settlements, if not sheltered 
 Distances of less than 500 meters from water supply sources 
 Collision with the existing planning documents 
 Distance of less than 500 meters from roads of the first category if the site is not 

sheltered 
 Terrains with an inclination of over 30%  
 Terrains of more than 300 meters above sea level 
 Alluvial plains and karst terrains 

Their corresponding areas have been identified using the GIS tools. Through overlapping 
the corresponding areas, the following is obtained: 

1. Potentially suitable areas for landfill  
2. Unsuitable areas within which it is not possible to locate the landfill. 

Once the potentially suitable areas within which its is possible to search for the regional 
landfill site are singled out, the regional plans for waste management for the Kolubara 
District and Belgrade administrative area  have been considered in which the area of the 
Kolubara lignite basin has been determined for a macro-location for the regional municipal 
waste landfill.  

Besides, in the Intermunicipal Agreement on the Joint Waste Management it has been 
agreed that the landfill site will be located in the territory of the Ub municipality since Ub 
has agreed to accept the waste generated in the newly formed region for municipal solid 
waste management in its territory.  

The location of Carić (within the territory of the Valjevo municipality) has been also 
considered taking into account that this location has been previously analyzed several times 
and assessed as a suitable site for a landfill. 
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In nominating the location, the following has been taken into account: 

 Preliminary analyses of the entire area and possible central position of potential sites in 
the region  

 Data collected during field visits  
 Consultations and recommendations of relevant local institution and experts  
 Guidelines set by the EU and  the Waste Management Strategy of the Republic of Serbia  
 Data and information from the existing planning documentation. 

Based on the above mentioned, the following three potential landfill site locations have been 
proposed (Figure 1). 

1. Location KALENIĆ, in the area of open pits in the Ub territory 
2. Location BOGDANOVICA , city landfill (dump) in Ub  
3. Location CARIĆ, for which certain investigations have already been carried out which 

have indicated certain advantages for landfilling. The location is within the territory of  
Valjevo municipality. 

 
Figure 1. Position of potential landfill sites in the Kolubara Region 

After the nomination of locations, the criteria for the evaluation and selection of the most 
suitable landfill site have been defined.  

New criteria have been defined based on investigation and analysis of previous experiences 
of other countries and the EU guidelines, as well as on available relevant data for their 
evaluation. In this context, the following criteria for the selection of micro-location for 
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regional landfill in the Kolubara Region for the municipal solid waste management have 
been defined: 

1. Hydrogeological characteristics 
a. Rock masses with fissure–cavernous porosity and a high water permeability (karstified 

rocks, limestones and dolostones) 
b. Rocks with intergranular porosity, coarser grained rocks (coarse-grained gravel) 
c. Rocks with low porosity (alluvial and glacial sediments) 
d. Materials with a low water permeability, mainly impermeable complexes of 10-6 k  

10-9m/s, or with a low water impermeability, but with small layer thickness of less than 
1.0 m; 

e. Water impermeable materials (clay, flysch) of k10-9m/s, the layer thickness 1.0 m. 

2. Ground water 
a. Aquifer is, over a brief period and at high water levels of greater frequency, above the  

bottom of the landfill in one part of its bottom area, while at other water levels, it is 
beneath the bottom; occasional flooding also occurs at the landfill site 

b. Aquifer, at high water levels of small frequency, rarely rises above the landfill bottom; 
wetting of the landfill bottom is possible 

c. Aquifer at water levels of  1 to 3 m is beneath the landfill bottom 
d. Aquifer at high water levels  3 m is beneath the landfill bottom 
e. Aquifer does not exist  

3. Distance from the boundaries of zones of sanitary protection of water supply sources  

Distance from the boundary of 

(a) narrower protection zone:(b) wider protection zone:  

a. 0 to 0.2 kmbelt along the protection zone contours 
b. 0.2 to 0.5  kmup to 0.5 km 
c. 0.5 to 1.0 km0.5 to 1.0 km   
d. 1.0 to 1.5 km1 to 2 km 
e. more than 1.5 km 2 km 

4. Geological-tectonic characteristics  
a. Pronounced fault zone 
b. Fault carbonate rock masses with numerous surface and underground karst shapes or 

flat terrain 
c. Flysch sediments, shales, marlsones, sandstones, etc.  
d. Glacial sediments 
e. Magmatic rocks 

5. Distance from the closest settlements with concentrated development or residential 
zones of urban settlements 

a. Distance 1.5 - 2 km, or 0.75 - 1 km if shelter 
b. 2 -3 km, or  1 – 1.5 km with shelter 
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c. up to 4 km, or  1.5 - 2.0 km with shelter 
d. up to 5 km, or  2.0 – 2.5 km with shelter 
e. more than 5  km, or more than 2.5 km with shelter 

6. Relief characteristics of the terrain 
a. Broken relief, very uneven terrain, particularly pronounced in karst landscapes, 

incompact (scattered) spatial entity encompassing several valleys 
b. Broken relief, uneven terrain, compact spatial entity 
c. Incompact (scattered) spatial entity encompassing several valleys, naturally shaped 

terrain suitable for formation of valleys 
d. compact waste entity, naturally shaped for locating a landfill site in a steep terrain or in 

natural depression 
e. Mildly inclined or flat terrain, naturally shaped for locating a landfill site or possibly a 

landfill in excavated depressions or on earth fills 

7. Available space for waste disposal and ancillary facilities  
a. up to  5 yrs 
b. up to 10 yrs 
c. up to 15 yrs 
d. up to 20 yrs  
e. 20 yrs 

8. Site acceptability 
a. General landfill site disagreement  
b. General agreement, but disagreement from local community  
c. General agreement, but disagreement from certain individuals form local community 
d. General agreement and somewhat moderate disagreement from local community  
e. General acceptance of a landfill site 

9. Engineering-geological characteristics 
a. Incoherent rock masses, unstable slopes, slides and falls, active landslides  
b. Complex of incoherent and semi—coherent rock masses (deluvial sediments), possible 

occurrence of landslides due to undercutting the foot of an existing slope 
c. Semi-coherent rocks, possible occurrence of landslides due heavy falls  
d. Coherent rocks, slightly stoned rock, stable slopes 
e. Solid rocks, stable slopes even those of greater inclinations 

10. Current land use 
a. Cultivated agricultural land (ploughland, orchards), individual houses and other 

residential buildings within holdings, sportsgrounds, etc. 
b. Quality tall forests; 
c. Meadows 
d. Pastures, shrub woods 
e. Uncultivated land, thickets, barren land, excavations, quarries 
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c. General agreement, but disagreement from certain individuals form local community 
d. General agreement and somewhat moderate disagreement from local community  
e. General acceptance of a landfill site 

9. Engineering-geological characteristics 
a. Incoherent rock masses, unstable slopes, slides and falls, active landslides  
b. Complex of incoherent and semi—coherent rock masses (deluvial sediments), possible 

occurrence of landslides due to undercutting the foot of an existing slope 
c. Semi-coherent rocks, possible occurrence of landslides due heavy falls  
d. Coherent rocks, slightly stoned rock, stable slopes 
e. Solid rocks, stable slopes even those of greater inclinations 

10. Current land use 
a. Cultivated agricultural land (ploughland, orchards), individual houses and other 

residential buildings within holdings, sportsgrounds, etc. 
b. Quality tall forests; 
c. Meadows 
d. Pastures, shrub woods 
e. Uncultivated land, thickets, barren land, excavations, quarries 
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11. Distance from  individual water supply (wells)   
a. 100 - 200 m, downstream of the landfill or approximately on landfill level  
b. up to 500 m, downstream of the landfill or on the same level as the landfill 
c. 500 to 1000 m, downstream or on the same level as the landfill 
d. downstream of the landfill at the distance up to 200 m, downstream of the landfill at the 

distance of 1-1.5km; 
e. downstream of the landfill at the distance of more than 200 m, downstream of the 

landfill at the distance of more than 1.5 km.  

12. Landscape characteristics  
a. Highly disturbed and completely changed natural ambience during landfill exploitation 

and after its closure 
b. Highly disturbed natural ambience during landfill exploitation, and partly after the 

landfill closure 
c. Natural ambience disturbed during landfill exploitation, and to a less extent after its 

closure 
d. Natural ambience slightly disturbed during landfill exploitation, and undisturbed after 

its closure 
e. Ambience not disturbed either during landfill exploitation or after its closure. 

13. Linear distance from roads and railroads  

more important roads |other roads 

  without shield| with shield |without shield |with shield 

a. 500 m|300 m|300 m|200 m 
b. 600 m|400 m|400 m|250 m 
c. 800 m|500 m|500 m|300 m 
d. 1000 m|600 m|600 m|400 m 
e. 1000 m|600 m|600 m|400 m 

14. Distance to sacral structures, monuments of culture or protected natural resources 
a. Distance 1.0 – 1.25 km, or 0.5 – 0.75 km where there is a shield  
b. 1.25 -1.50  km, or  0.75 - 1,0  km with shield; 
c. 1.5 – 2.0 km, or  1.0  - 1.25 km with shield; 
d. 2 – 2.5 km, or 1.25 – 1.5 km with shield;  
e. more than 2.5 km, or more than 1.5 km with shield 

15. Seismic Activity 
a. 9-8   MCS 
b.    7   MCS 
c.    6   MCS 
d.    5   MCS 
e.  5   MCS 
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16. Existing site infrastructure  
a. Absence of any infrastructure 
b. Poor infrastructure 
c. Only one infrastructure segment (access road, water supply line, electricity); 
d. Several infrastructure segments 
e. All or most of the infrastructure segments 

17. Distance from surface watercourses 
a. Permanent rivers or standing waters at the distance of 500 to 1000 m, there is a risk of 

flooding during high waters, defense measures against high waters required 
b. Small watercourses, permanent or periodic ones (brooks, torrents), there is a flood risk, 

it is necessary to displace or channel these waters 
c. Heavy inflow of rain waters from immediate catchments, defense against these waters 

requires more complex facilities; there is no flooding   
d. Permanent watercourses at the distance greater than 1 km, no risk from flooding; 

defense standard solutions applicable 
e. Great distance from watercourses, no risk from flooding, very low inflow of rain 

waters, simple protection against these waters possible  

18. Terrain preparation 
a. Very complex terrain leveling works, including intensive blasting on the greatest part of 

the site 
b. Complex terrain leveling works, blasting required only in some parts of the landfill site 
c. Terrain leveling works on the greatest part of the landfill site using machines 
d. Terrain leveling on the smaller part of landfill site  using machines 
e. Simple terrain leveling works on the smaller part of the landfill site 

19. Earth for covering the disposed waste – distance from the borrow site 
a. greater than 5 km,  
b. 2-5  km,   
c. 1-2  km,  
d. up to 1 km,  
e. on site. 

20. Position of the site in the Region 
a. Completely dislocated relative to the central position in the Region; at the edge of the 

Region 
b. Within the radius of 20 km relative to the central point in the Region, 
c. Within the radius of 10 km relative to the central point in the Region, 
d. Centrally positioned  relative to the Region, 
e. Within the radius of 10 km relative to the central point in the Region, but closer to the 

municipalities with the largest amounts of municipal solid waste. 

21. Ownership of land 
a. 100 % of land under private ownership, greater number of smaller plots 
b. 100 % of land under private ownership, greater plots 
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16. Existing site infrastructure  
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c. About 75 % of land under private ownership, about 25 % of land under state ownership  
d. About 50 % of land under private ownership and about the same amount of land under 

private ownership   
e. 100 % of land under state ownership 

22. Precipitations 
a. 1500 mm 
b. 1000 to 1500 mm 
c. 600 to 1000 mm 
d. 300 to 600 mm 
e. < 300 mm 

23. Air temperature  
a.   6 C      
b. 6-9 C     
c. 9-12 C     
d. 2-15 C    
e.  15 C  

24. Air flow 
a. Very frequent high intensity winds, with prevailing wind direction towards settlements 

and other localities where people stay and work  
b. Less frequent lower intensity winds with prevailing wind direction towards relevant 

facilities 
c. Prevailing winds of changeable direction towards relevant facilities 
d. Dominant winds blowing in the opposite direction, from settlements and other places 

where people stay and work, as well as low intensity winds blowing in direction 
towards the settlements 

e. Most of the winds blowing in opposite direction, from settlements and other places 
where people stay and work 

25. Distance to  individual houses outside settlements 
a.   250 m   
b.     500 m   
c.   1000 m  
d.   1500 m  
e.     500 m 

26. Site shelterness 
a. Visible from all distances and all angles 
b. Locality sheltered to a smaller extent 
c. Locality sheltered to a greater extent 
d. The glimpse of the locality can be caught in the great distance 
e. Not at all visible, except when you come in the locality itself 
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27. Access road – reconstruction, or construction of a new road 

New roadRoad reconstruction  

a.  1000 m,>1500 m  
b. 500-1000 m800 – 1500 m  
c. 200-500 m300 – 800 m 
d. <200 m< 300 m 
e. There is an access road of satisfactory characteristics 

28. Providing electricity supply via the distribution network at the distance of: 
a. > 2 km   
b. 1 - 2 km 
c. 0. 5 - 1 km 
d. 300 - 500 m 
e. < 300 m 

29. Water supply in the locality 
a. From the public water supply system via connection longer than 4 km, or from a local 

water supply via a connection longer than 3km 
b. From the public water supply system via connection 2 to 4 km long, or from a local 

water supply via a connection up to 3 km long  
c. From the public water supply system via connection from 1 to 2 km long, or from a 

local water supply via connection up to 1 km long 
d. From the public water supply system via connection from 0.5 to 1 km long, or from a 

local water supply via connection up to 500 m long 
e. From the public water supply system via connection up to 500 m long 

30. Distance to agricultural land 
a.  100  m 
b. 100 - 300 m 
c. 300 - 500 m 
d. 500 - 1000 m 
e.  1000 m 

31. Distance from the main transmission line, gas pipeline, crude oil pipeline, drinking 
water pipeline 

a. up to 100 m 
b. 100 - 200 m 
c. 200 - 300 m 
d. 300 - 500 m 
e. 500 m 

32. Possibility of construction in phases and extension 
a. No possibility of construction in phases or of extension 
b. Limited  possibility of construction in phases, but not of extension 
c. Possibility of construction in phases, but not ofextension  
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d. Possibility of construction in phases and of limited extension 
e. Possibility of construction in phases and of unlimited extension 

Criteria are presented under the principle of  exclusion criteria. More precisely, no detailed 
guidelines for evaluation have been given for criteria save for exclusion criteria which define 
requirements which a potential site MUST meet in locating the municipal solid waste 
landfill site.  

4.4. Implementation of multicriteria evaluation method in landfill site selection 

Potential micro-location for regional landfill in the Kolubara Region has been determined 
through multicriteria analysis and evaluation. Chosen criteria have been evaluated by 
assigning scores from 1 to 5 for each candidate site.  

At the same time, depending on their importance in evaluating the locality quality, criteria 
have been classified into 3 pondering categories (PC). Each weight category has its specific 
value – weight, which is multiplied by the score of corresponding criteria. In this way, a 
final score is obtained for each criterion. Values by pondering categories are: 

 PC1 = 1 
 PC2 = 1.5 
 PC3 = 3 

The relation between pondering categories (PC) is: Ki+1 = Ki/1.5  
 

PC 3 PC 2 PC 1
Landfill site selection criteria

1 - 8 9 - 20 21 - 32

Table 1. Grouping the criteria by pondering categories (PC) 

Table 2 indicates that after assigning a score to each criterion, the Kalenić location has been 
singled out as the most suitable one. The other two locations (Bogdanovica and Carić) have 
been assigned much poorer scores compared to the Kalenić location. However, in cases 
when the difference in ranks between candidate locations is extremely small at the end of 
evaluation process, it is difficult to make a final decision on which site is the most suitable. 
In this case, it necessary to carry out an additional evaluation which implies the evaluation 
of candidate sites by different scenarios. The chosen site selection criteria are then grouped 
into basic groups, while in the ''additional'' valuation process, the criteria from one of the 
basic groups are favored in each scenario, see [6].   

There are so many scenarios as groups, plus one for the scenario according to which each 
basic criteria group is evaluated equally (for the last scenario, the data taken from basic 
evaluation or criteria are multiplied by weight value). In this way, decision makers are given 
opportunity to choose the option based on their policy, and thus select the most suitable site. 

In regional landfill site selection for Kolubara Region, no ''additional'' evaluation has been 
required due to evident advantages of location Kalenić.  

 
Methodology for the Regional Landfill Site Selection 531 

Criteria PC Kalenić Bogdanovica Carić 
1. Hydrogeological characteristics PC 3 12 9 9 
2. Groundwater PC 3 15 6 12 
3. Distance from the boundaries of zones of sanitary 
protection of 
water supply sources 

PC 3 12 15 15 

4. Geological-tectonic  characteristics PC 3 12 9 9 
5. Distance from the nearest settlements with concentrated 
development  or residential zones of urban settlements 

PC 3 12 3 12 

6. Relief characteristics  of the terrain PC 3 15 15 12 
7. Available space for waste disposal and ancillary facilities PC 3 15 3 6 
8. Site acceptability PC 3 15 6 6 
9. Engineering-geological characteristics PC 2 3 3 3 
10. Current land use PC 2 7.5 7.5 1.5 
11. Distance from  individual water supply (wells) PC 2 7.5 7.5 7.5 
12. Landscape characteristics PC 2 7.5 4.5 1.5 
13. Linear distance from roads and railroads PC 2 7.5 1.5 7.5 
14. Distance to sacral structures, monuments of culture or 
protected natural resources 

PC 2 7.5 7.5 7.5 

15. Seismic Activity MCS PC 2 3 3 3 
16. Existing site infrastructure PC 2 7.5 3 1.5 
17. Distance from surface watercourses PC 2 6 1.5 7.5 
18. Terrain preparation PC 2 4.5 4.5 4.5 
19. Earth for covering the disposed waste –
distance from the borrow site PC 2 7.5 3 1.5 

20. Position of location in the Region PC 2 7.5 6 3 
21. Ownership of land PC 1 5 4 1 
22. Precipitation PC 1 3 3 3 
23. Air temperature PC 1 2 2 2 
24. Air flow PC 1 4 4 3 
25. Distance to individual houses outside the settlement PC 1 3 2 1 
26. Location shelterness PC 1 5 3 4 
27. Access road - reconstruction  or construction of new road PC 1 3 3 1 
28. Providing electricity supply via the distribution
network at the distance of PC 1 3 3 2 

29. Water supply in the locality PC 1 4 3 1 
30. Distance to agricultural land PC 1 5 4 1 
31. Distance from main transmission line, gas pipeline, crude 
oil pipeline, drinking water pipeline PC 1 5 2 5 

32. Possibility of construction in phases and extension PC 1 5 3 2 
Total sum of criteria scores 231.5 154.5 154 

Table 2. Evaluation of potential site by chosen criteria, see [2]. 

Had the final results of evaluation for all candidate locations been equal, the ''additional'' 
evaluation process would have been carried out in a manner as described in the text that 
follows. Namely, chosen criteria for additional evaluation would be classified into three 
basic groups (Table 3). 
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d. Possibility of construction in phases and of limited extension 
e. Possibility of construction in phases and of unlimited extension 
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singled out as the most suitable one. The other two locations (Bogdanovica and Carić) have 
been assigned much poorer scores compared to the Kalenić location. However, in cases 
when the difference in ranks between candidate locations is extremely small at the end of 
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of candidate sites by different scenarios. The chosen site selection criteria are then grouped 
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basic groups are favored in each scenario, see [6].   
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basic criteria group is evaluated equally (for the last scenario, the data taken from basic 
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opportunity to choose the option based on their policy, and thus select the most suitable site. 

In regional landfill site selection for Kolubara Region, no ''additional'' evaluation has been 
required due to evident advantages of location Kalenić.  
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2. Groundwater PC 3 15 6 12 
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Table 2. Evaluation of potential site by chosen criteria, see [2]. 

Had the final results of evaluation for all candidate locations been equal, the ''additional'' 
evaluation process would have been carried out in a manner as described in the text that 
follows. Namely, chosen criteria for additional evaluation would be classified into three 
basic groups (Table 3). 
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ECOLOGICAL SPATIAL SOCIO-ECONOMIC 
Landfill site selection criteria

1, 2, 3, 4, 6, 9, 10, 12,
15, 22, 23, 24, 26 

5, 7, 11, 13, 14, 17,
19, 20, 25, 30, 31 8, 16, 18, 21, 27, 28, 29, 32 

Table 3. Classification of chosen criteria into basic criteria groups 

The scores of each criteria obtained in the basic evaluation process would then be multiplied 
by weight values for criteria groups according to different scenarios (Table 3). Weight values 
would actually be the percentage values whose sum is 100%. 

Scores of each criteria from the basic evaluation process would be then multiplied by weight 
values for criteria groups according to different scenarios (Table 4).  

Weight values would actually be the percentage values whose sum is 100%. 

 
                                                    Scenario 
Basic criteria group 

SC 1 SC 2 SC 3 SC 4 

EKOLOGICAL 0.50 0.25 0.25 0.33 
SPATIAL 0.25 0.50 0.25 0.33 
SOCIO-ECONOMIC 0.25 0.25 0.50 0.33 

Table 4. Criteria weight values according to different scenarios 

After multiplying the criteria values from basic evaluation by weight criteria according to 
different scenarios and their sum for each candidate site, the ranking of candidate sites 
according to different scenarios would be obtained (Table 5). 

 

Scenario 
SC 1 SC 2 SC 3 SC 4 

Site ranks 

Candidate 
site 

Kalenić (83.12) Kalenić (77.50) Kalenić (73.32) Kalenić (76.23) 
Bogdanovica 

(63.12) 
Carić (53.25) 

Bogdanovica 
(47.40) 

Bogdanovica 
(50.98) 

Carić (58.62) 
Bogdanovica 

(48.87) 
Carić (45.07) Carić (50.82) 

Table 5. Ranking of candidate sites  according to different scenarios 

Through multicriteria evaluation according to different scenarios, several options and 
different arguments for the selection of the most suitable site are made available to decision 
makers. Implementation of different scenarios is based of the PROMETHEE method. 

In this case, it has been shown that the location Kalenić has the best values in all four 
scenarios, while it is evident that the remaining two locations differ depending on scenario. 
The location Carić is better valued for the scenario 2, while location Bogdanovica is better 
valued in other three scenarios.  
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4.5. Multicriteria analysis and evaluation using GIS tools 

In selecting the landfill site in the Kolubara Region for municipal solid waste management, 
the GIS tools have been implemented in singling out areas to be eliminated. The areas to be 
eliminated have been singled out based on defined exclusion criteria. Each of exclusion 
criteria has been presented graphically (cartographic presentation), and corresponding areas 
have been identified using GIS technology. Through overlapping maps of each exclusion 
criteria, negative areas have been singled out that should not be further analyzed in the 
landfill site selection process for the municipal solid waste management. Negative areas are 
shown in the synthesis map (Figure 2). 

 
Figure 2. Analsys of land use structure based on CORINE information system [11]. 

Figure 2. depicts the structure of land use in Kolubara Region based on the CORINE 
(Coordination of Information on the Environment). The CORINE program is the European 
information base as support to the sustainable development policy of the European Union. 
The database contains data on: urban areas, crop yield, meadows, forests and natural 
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ECOLOGICAL SPATIAL SOCIO-ECONOMIC 
Landfill site selection criteria

1, 2, 3, 4, 6, 9, 10, 12,
15, 22, 23, 24, 26 

5, 7, 11, 13, 14, 17,
19, 20, 25, 30, 31 8, 16, 18, 21, 27, 28, 29, 32 

Table 3. Classification of chosen criteria into basic criteria groups 

The scores of each criteria obtained in the basic evaluation process would then be multiplied 
by weight values for criteria groups according to different scenarios (Table 3). Weight values 
would actually be the percentage values whose sum is 100%. 

Scores of each criteria from the basic evaluation process would be then multiplied by weight 
values for criteria groups according to different scenarios (Table 4).  

Weight values would actually be the percentage values whose sum is 100%. 

 
                                                    Scenario 
Basic criteria group 

SC 1 SC 2 SC 3 SC 4 

EKOLOGICAL 0.50 0.25 0.25 0.33 
SPATIAL 0.25 0.50 0.25 0.33 
SOCIO-ECONOMIC 0.25 0.25 0.50 0.33 

Table 4. Criteria weight values according to different scenarios 

After multiplying the criteria values from basic evaluation by weight criteria according to 
different scenarios and their sum for each candidate site, the ranking of candidate sites 
according to different scenarios would be obtained (Table 5). 

 

Scenario 
SC 1 SC 2 SC 3 SC 4 

Site ranks 

Candidate 
site 

Kalenić (83.12) Kalenić (77.50) Kalenić (73.32) Kalenić (76.23) 
Bogdanovica 

(63.12) 
Carić (53.25) 

Bogdanovica 
(47.40) 

Bogdanovica 
(50.98) 

Carić (58.62) 
Bogdanovica 

(48.87) 
Carić (45.07) Carić (50.82) 

Table 5. Ranking of candidate sites  according to different scenarios 

Through multicriteria evaluation according to different scenarios, several options and 
different arguments for the selection of the most suitable site are made available to decision 
makers. Implementation of different scenarios is based of the PROMETHEE method. 

In this case, it has been shown that the location Kalenić has the best values in all four 
scenarios, while it is evident that the remaining two locations differ depending on scenario. 
The location Carić is better valued for the scenario 2, while location Bogdanovica is better 
valued in other three scenarios.  
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4.5. Multicriteria analysis and evaluation using GIS tools 

In selecting the landfill site in the Kolubara Region for municipal solid waste management, 
the GIS tools have been implemented in singling out areas to be eliminated. The areas to be 
eliminated have been singled out based on defined exclusion criteria. Each of exclusion 
criteria has been presented graphically (cartographic presentation), and corresponding areas 
have been identified using GIS technology. Through overlapping maps of each exclusion 
criteria, negative areas have been singled out that should not be further analyzed in the 
landfill site selection process for the municipal solid waste management. Negative areas are 
shown in the synthesis map (Figure 2). 

 
Figure 2. Analsys of land use structure based on CORINE information system [11]. 
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(Coordination of Information on the Environment). The CORINE program is the European 
information base as support to the sustainable development policy of the European Union. 
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vegetation, waters,. as well as other dynamic processes in the environment. All mentioned 
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data are cartographically presented, which enables a more simple analysis of the subject area. 
The CORINE program was initiated in 1985. At the beginning, the program was developed 
and tested on 10 regions of the European Union by demonstrating the feasibility of the 
approach. Satellite photographs on which the CORINE database is based have been 
geometrically and radiometrically supplemented and with abundance of data which are in the 
CORINE Land Cover organized hierarchically in three levels classified in 44 classes 
(correspondingly presented spatial features and data). After showing positive results, in 1994 
the European Environment Agency based in Copenhagen undertook the maintenance and use 
of the CORINE Land Cover database. Since then, the CORINE Land Cover (CLC) has been 
affirmed which is reflected in the fact that an increasing number of European countries are 
involved in the CLC project which has provided them with an opportunity to more efficiently 
pursue their environmental protection and sustainable development policies, as well as to 
carry out analyses for various needs and development strategies. Today, 64 European 
countries are involved in the CORINE Land Cover 2000 Project, with clearly defined and 
synchronized methodology for collection, processing, as well as presentation of data, in the 
function of the elaboration of environmental management plans [12]. 

In the elaboration of the ''Study on the Selection of Micro-Location for the Regional 
Municipal Waste Landfill with Recycling Center for the Kolubara Region'', the CORINE 
information base has not been available for Serbia, thereby for the Kolubara Region either. 
However, once the information on the environment from the CORINE program have 
become available for users in Serbia, all results from the elimination phase of landfill site 
selection contained in the Study have been checked and, what is even more important, 
confirmed. By using the CORINE program in accordance with the defined eliminating 
criteria for Kolubara Region, the selection of “negative” areas has been much easier and 
faster. The CORINE Information base to a great extent meets the needs of elimination phase 
in landfill site selection, thus this phase should be used as much as possible. 

On the synthesis map (Figure 3), which is a final phase in the process of elimination of 
“negative” areas, the areas which do not satisfy basic conditions relative to the established 
exclusion criteria are denoted by red color. These are mainly corridors along watercourses, 
first category roads, distances to settlements, areas at over 300 meters above sea level, water 
supply sources, etc. Thus, it is the matter of exclusion criteria represented by minimum 
required distance of the future landfill site relative to them [13]. 

In the elimination phase, it is also possible to use some other criteria such as, for example, 
central position of a landfill relative to the Region. This means that, because of the cost-
effectiveness of the waste management system, i.e. transportation costs, it is necessary to 
position a landfill within the radius of 20 or 30 km relative to the central point of the Region. 
However, in such case, a great number of areas that merit further analysis by their 
characteristics can be excluded, while the problem of central positioning of a landfill can be 
overcome through a good organization of transfer station network in the Region. In this 
context, it is important to emphasize that it is not necessary to introduce a great number of 
exclusion criteria, but to limit the choice of exclusion criteria to the most relevant ones, as 
shown on the example of the Kolubara Region. 
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Figure 3. Suitability/elimination map 

Once the consultations with relevant entities have been carried out, as well as preliminary 
analysis of areas that have not been eliminated in the first phase of the landfill site selection 
process, three sites have been singled which have been included in the process of detailed 
analysis and multicriteria evaluation.  

The use of GIS information base in this phase of landfill site selection has considerably 
accelerated the process of evaluation according to 32 given criteria. Once the location 
Kalenić has been assessed as the most suitable one and singled out as the most acceptable 
one, the landfill site selection process has been completed. However, this is not where the 
use of GIS tools ends. Their role is also in implementation of a uniform information system 
for waste management which consolidates data on landfills, transfer stations, waste 
generation, waste flows, as well as other data important for an efficient waste management. 
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Once the consultations with relevant entities have been carried out, as well as preliminary 
analysis of areas that have not been eliminated in the first phase of the landfill site selection 
process, three sites have been singled which have been included in the process of detailed 
analysis and multicriteria evaluation.  

The use of GIS information base in this phase of landfill site selection has considerably 
accelerated the process of evaluation according to 32 given criteria. Once the location 
Kalenić has been assessed as the most suitable one and singled out as the most acceptable 
one, the landfill site selection process has been completed. However, this is not where the 
use of GIS tools ends. Their role is also in implementation of a uniform information system 
for waste management which consolidates data on landfills, transfer stations, waste 
generation, waste flows, as well as other data important for an efficient waste management. 
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In this sense, GIS tools represent an information support in the functioning of the waste 
management system.  

5. Conclusions 

Landfill site selection is the most sensitive task placed before the participants in the 
process of planning spatial organization of a waste management system, particularly in 
countries in which there is insufficient awareness and lack of information in the 
population, and, consequently, there is a resistance to plans to locate a landfill in their 
area, known as NIMBY (not in my backyard) syndrome. Out of these reasons, this 
problem is overcome through defining the elimination and basic criteria for landfill site 
selection based on which an multicriteria evaluation is carried out, along with mandatory 
inclusion of all relevant stakeholders in the process of selecting the most suitable landfill 
site. In the present paper, such exclusion criteria have been chosen that are appropriate to 
the specific space which has been the subject of our investigation, as well as according to 
available spatial data. In this context, the paper emphases the fact that the choice of 
exclusion criteria is conditioned by a specific physical properties of space. After the phase 
of elimination of ''negative'' areas, a multicriteria analysis of sites that have been 
nominated based on a set of basic criteria has been carried out. Altogether 32 criteria have 
been defined that are based on efficient functioning of a landfill, as well as on efficient 
environmental protection at specific landfill site and its surroundings. A multicriteria 
evaluation model has been offered and value scale for evaluation of each criteria defined. 
The multicriteria evaluation model has been also used for different scenarios. In this 
context, basic criteria for landfill site selection have been grouped into several basic 
groups, while in the evaluation process for each criteria only one of the basic groups has 
been evaluated. Such approach enables decision makers to choose the most suitable 
option and to make best decision according to their policy. 

Comprehensive consideration of the problem associated with landfill site selection for 
physical elements of waste management system implies the use of GIS tools, thus providing 
a more sophisticated process of spatial analysis and searching for better options, as well as 
accelerating and visually enriching the process. Advantage of using GIS tools is in that it 
enables faster singling out and clearer presentation of suitable and unsuitable landfill sites 
based of previously given criteria. The paper shows the example of advantages and 
disadvantages, as well as possibilities of implementing GIG in regional landfill site selection 
for municipal solid waste management in the Kolubara Region. The GIS applications are 
particularly suitable for elimination phase where, based on the given exclusion criteria and 
spatial data, the ''negative'' areas within which potential landfill sites are not be searched are 
very quickly and easily eliminated. The entire process is presented cartographically. The 
possibility of implementing the CORINE Program – a uniform European information base 
on the environment and space usage, which is particularly suitable for elimination phase in 
landfill site selection as it provides abundance of geospatial data, has been highlighted. 
Furthermore, the possibility of efficient waste management using database in the GIS is 
highlighted. The system supported by such data enables quality and fast waste 
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management, monitoring, waste data updating, as well as the best basis for planning waste 
management strategy at regional level. 
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management, monitoring, waste data updating, as well as the best basis for planning waste 
management strategy at regional level. 

Author details 

Boško Josimović and Igor Marić 
Institute of Architecture and Urban & Spatial Planning of Serbia, Serbia 

Acknowledgement 

This work has resulted from research within the scientific project: “Sustainable spatial 
development of Danube area in Serbia ” (TR 036036), which was financed within the 
program Technological development by the Ministry of Education and Science of the 
Republic of Rerbia from 2011 to 2014. 

6. References 

[1] Ilić M (2005) Waste Management in the Focus of Controversial Interests. In: Lechner P, 
editor. Waste Management. Vienna: Boku University. Pp. 95-96. 

[2] Boško Josimović, Marina Ilić, Dejan Filipović (2009) Planning of Municipal Waste 
Management. Belgrade: Institute of Architecture and Urban & Spatial Planning of 
Serbia. 157 p. 

[3] Waste Management Strategy of the Republic of Serbia 2010-2019. 
[4] Boško Josimović (2003) Implementation of Environmental Management System in spatial 

planning – master's thesis. Belgrade: Faculty of Geography. 146 p. 
[5] UK Department for the Environment (1995) Landfill Design, Construction and Operation 

Practice.  
[6] Josimović B, Marić I, Manić B (2011) Methodological approach to the determination of 

landfill location for municipal solid waste - Case study: Regional landfill in Kolubara 
region. Architecture and Urbanism. 32: 55-64. 

[7] Catalano A, Zhang M, Rice J (2006) The Use of GIS to Manage, Analyze, and Visualize 
Data Collected During an Investigation of a Proposed Landfill. Available: 
http://gis.esri.com/library/userconf/proc98/.  

[8] Margeta J, Prskalo G (2007) Sanitary Landfill Site Selection, Građevinar. 58. No. 12. 
[9] Higgs G (2006) Integrating multi-criteria techniques with geographical information 

systems in waste facility location to enhance public participation. Waste Management & 
Research: pp 105-117. 

[10] Brans J.P, Vincke Ph (1985) Preference Ranking Organisation Method for Enrichment 
Evaluations – The Promitee Method for Multiple Criteria Decision Making. 
Management Science. 31: 647-656. 

[11] Josimović B, Crnčević T (2010) Implementation of Strategic Environmental Assessment 
in Serbia with special reference to the Regional Plan of Waste Management. In: Santosh 
Kumar Sarkar, editor. Environmental Management. Rijeka: SCIYO. pp. 95-113. 



 
Sustainable Development – Authoritative and Leading Edge Content for Environmental Management 538 

[12] CORINE Land Cover 2000, http://terrestrial.eionet.europa.eu/CLC2000.  
[13] Josimović B, Krunić N (2008) Implementation of GIS in the selection of locations for 

regional landfill in the Kolubara Region. SPATIUM. 17: 72-77. 

Chapter 23 

 

 

 
 

© 2012 Kangalawe et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Land Degradation, Community  
Perceptions and Environmental Management 
Implications in the Drylands of Central Tanzania 

Richard Y.M. Kangalawe 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/45897 

1. Introduction 

Land degradation particularly through soil erosion is an important concern in many parts of 
the world including semiarid areas of central Tanzania. One of the issues that have gained 
importance is the concern on implications of local perceptions in resource management. The 
Irangi Hills (Figure 1) are severely affected by soil degradation; hence they provide a vivid 
example for studying environmental degradation, local perceptions, and land-management 
strategies that the local population use to cope with the degradation problems [1]. The 
Irangi Hills have been influenced by various land management interventions, for example, 
the implementation of various soil-conservation measures that have contributed to 
considerable changes in the spatial and temporal land-use patterns during the 20th century, 
and particularly over the last four decades. The Irangi Hills, located in Kondoa District in 
semiarid, central Tanzania (Figure 1), constitute about 10% (c. 1256 km2) of the District area 
that has been particularly affected by sheet and gully soil erosion [2, 3 ,4, 5, 6,7]. In many 
places soil erosion has reduced the agricultural potential of the land by the physical removal 
of topsoil, sand deposition on lower slopes and valley floors, and gullying and incipient 
badlands development [7]. The sub-humid, north-eastern parts of the Irangi Hills are more 
severely degraded than the semiarid south and south-west. 

A combination of factors makes soil erosion a particularly serious problem in these semiarid 
areas of Tanzania. The problem has often been associated with local mismanagement of the 
land resources through among others, overgrazing, over-cultivation, burning of grasslands 
and woodlands, resulting in over-exploitation and consequent soil erosion [8]. However, it 
has been shown in recent studies in the Irangi Hills that the problems and causes may be 
more complex than was earlier presumed, including factors such as tectonic activities and 
historical changes in climatic conditions [9, 10, 11, 12]. 
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In southern Africa, where many researchers are engaged in land management and 
conservation issues, many have included the aspect of perception and their influence on 
resource management by various groups of the society [13, 14, 15]. Local perceptions can be 
established by interviewing local people about how they viewed various resource 
conditions [16]. The importance of acknowledging the socio-economic environment of the 
various decision making groups involved is discussed in [17]. Also Dahlberg [18] accorded 
considerable importance on local views in the study of environmental change and 
degradation in Botswana. Understanding the local people’s perceptions on environmental 
issues is thus a prerequisite in making successful and sustainable resource management 
strategies. 

 
Figure 1. Map of the Irangi Hills showing the Kondoa Eroded Area and the surveyed villages of Mafai, 
Baura and Bolisa. The insert is a map of Tanzania showing the location of Kondoa. 
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Local people’s perceptions of environmental issues can be looked at from three 
perspectives. First, people will perceive land degradation on the basis of their socio-
economic interests. In this case, farmers will be more aware and concerned about 
environmental changes and damages that affect agricultural productivity such as soil 
erosion. Secondly, when these people understand that their physical environment is 
deteriorating they will attempt to control some of their activities leading to degradation 
[19], thereby be more willing to support land management programmes if they are aware 
that their actions are harmful to the environment [20]. Various social, economic, 
technological and ecological often exist, changing degrading practices especially where 
communities are aware of the negative impacts of current land management practices. 
Communities in the Irangi Hills have demonstrated their willingness to participate in 
conservation initiatives as indicated by their adoption of various conservation measures 
reported later in the chapter. 

The third perspective from attitude survey shows that a large majority of farmers are 
concerned about soil and/or land degradation as a general community problem, 
disregarding the fact that their own holdings are likely to be also at risk [21]. Under such 
circumstances then no actions may be taken although such people hold positive attitudes 
towards conservation. However, it is believed that when the landowners themselves have 
been involved in fact-finding on their own land they become instrumental in implementing 
planned courses of action [22]. Thus basing on the local people's perceptions of 
environmental resources and knowledge then it is possible to develop methods which can 
allow the people themselves to provide the solutions to their environmental problems [19, 
22, 23]. Generally, planning for and implementation of effective soil and water conservation 
measures in a site require, among other things, a detailed understanding of the extent, risk 
and spatial distribution of the problem [24, 25], including local concerns. 

While sustainable management of resources leads to sustainable development, the deep-
rooted poverty leads to overdependence on natural resources for livelihood which in some 
instances has undermined the capacity of the communities to manage their resources 
sustainably. This problem is more critical in developing countries where rapid population 
growth leads to the invasion of marginal lands and unsustainable land use practices that in 
turn encourage environmental degradation and perpetuate poverty. 

This chapter is based on a study undertaken in the Irangi Hills to examine the farming 
community perceptions and awareness on environmental degradation. The main objective 
was to examine on methods used in the area to improve agricultural productivity and control 
soil degradation. The specific objectives were: to assess farmers' awareness on soil degradation 
and conservation, and to study the farming system and resource use in the area. It also 
examined the mechanisms that are taken by the local communities to address land resource 
management issues, including approaches used in soil conservation and how such 
approaches help to improve agricultural productivity and local livelihoods in general. It 
further examined the factors limiting effective community involvement in land/soil 
conservation initiatives. 
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In southern Africa, where many researchers are engaged in land management and 
conservation issues, many have included the aspect of perception and their influence on 
resource management by various groups of the society [13, 14, 15]. Local perceptions can be 
established by interviewing local people about how they viewed various resource 
conditions [16]. The importance of acknowledging the socio-economic environment of the 
various decision making groups involved is discussed in [17]. Also Dahlberg [18] accorded 
considerable importance on local views in the study of environmental change and 
degradation in Botswana. Understanding the local people’s perceptions on environmental 
issues is thus a prerequisite in making successful and sustainable resource management 
strategies. 

 
Figure 1. Map of the Irangi Hills showing the Kondoa Eroded Area and the surveyed villages of Mafai, 
Baura and Bolisa. The insert is a map of Tanzania showing the location of Kondoa. 

Land Degradation, Community Perceptions  
and Environmental Management Implications in the Drylands of Central Tanzania 541 

Local people’s perceptions of environmental issues can be looked at from three 
perspectives. First, people will perceive land degradation on the basis of their socio-
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reported later in the chapter. 
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and conservation, and to study the farming system and resource use in the area. It also 
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approaches help to improve agricultural productivity and local livelihoods in general. It 
further examined the factors limiting effective community involvement in land/soil 
conservation initiatives. 
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2. The study area 

The Irangi Hills (Figure 1) are located in the severely eroded area of Kondoa District known 
as the Kondoa Eroded Area (KEA). Kondoa District is located in the northern part of 
Dodoma Region at latitudes 4º10' - 5º44' South and longitudes 34º54' - 36º28' East. The land 
area of the Kondoa District is approximately 13,210 km2, out of which the Kondoa Eroded 
Area covers 1256 km2. The Irangi Hills forms the largest part of KEA [5]. The altitude of the 
Irangi Hills ranges from 1200 to 2000m above sea level. The climate of Kondoa District is 
semiarid, characterised by an average annual rainfall of between 600 and 800 mm, with a 
long-term average of 640 mm per year [5]. However, in the more elevated parts of the Irangi 
Hills up to 900 mm of rain have been recorded [26]. The rainfall season is usually between 
November and April/May, with a dry spell in February. The period between May and 
October is usually dry. The rainfall pattern in this area is highly variable and most of the 
precipitation occurs in short duration storms. The district is characterised by high 
evapotranspiration rates that double the amount of precipitation [27]. 

The majority of soils in the semiarid areas of central Tanzania originate from granitic, 
gneissic and schistic parent material. These soils are of low fertility, base-exchange capacity, 
bulk density and water-retention capacity [6]. These soils also have low organic matter 
content, a condition that makes them extremely erodible [7]. The Irangi Hills are severely 
affected by soil erosion. Studies on soil erosion in the area indicate rates of between 27 and 
37t ha-1 yr-1 [28], in the sub-humid and semiarid parts of the hills respectively. The soils in 
Irangi Hills are generalised as coarse loamy to sandy loams in texture, being sandiest in the 
surface horizon. This implies the need for proper management in order to sustain 
agricultural productivity. Different strategies used by farmers in KEA, for instance, in 
coping with poor soil fertility have been described by Kangalawe [1, 29]. 

Soil conservation initiatives started in Kondoa district since the colonial administration in 
the 1930s. During the 1940s to 1950s soil conservation involved measures such as reduction 
of livestock numbers, ridge cultivation, contour bunding of uncultivated land, rotational 
grazing and gully erosion control [30]. Farmers were also required to plant sisal around 
farmlands to save the arable land from further destruction. 

Soil conservation measures during that period were associated with colonial force, where 
some of the activities were assigned to people as punishment for disobedience of local rulers 
and tax aversion. They were thus considered as an interference with local traditions and 
became quite unpopular [4]. In 1973 the government of Tanzania started a state-run soil 
conservation project in Dodoma region, popularly known as HADO (Hifadhi Ardhi 
Dodoma). This was a deliberate attempt to come to grips with the menace of soil erosion 
and degradation in the region [5]. Three kinds of approaches were undertaken to enhance 
soil conservation, including mechanical, biological and administrative measures [4]. 
Mechanical measures involved barriers such as terraces and earth banks across the slopes that 
were built to slow down surface runoff. Biological measures involved earth binding with 
plantations of different kinds, such as grass strips across the slope, planting grass in sandy 
rivers and in gully bottoms, rotation of crops, and the spread of residue on the fields. The 
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administrative measures encompassed tree planting demonstration plots, organising grazing 
and farming techniques such that the land is protected as much as possible. These measures 
were complemented by evacuation of all domestic animals in 1979 [5]. Expulsion of 
livestock from the Irangi Hills in 1979 as part of soil conservation approaches instituted in 
the KEA resulted in ecological transformation from the heavily browsed shrubs and 
scattered trees to impressive regeneration of herbaceous, woodland and woody shrubs, as 
well as grassland vegetation cover. Economically, however, this agro-pastoral society was 
no longer able to depend on livestock as a form of capital, or as a security against the harsh 
climatic conditions of the region. 

3. Methodology 

3.1. Sampling procedure 

The Kondoa Eroded Area (KEA) covers twenty-eight villages. A list of these villages was 
made and three of them were selected at random, namely Mafai, Baura and Bolisa. The 
selected villages had 370, 350, and 750 households respectively. The selected villages are 
subdivided into sub-villages for administrative purposes. To allow for adequate 
representation, 10% of households from each sub-village was randomly selected for 
inclusion in the sample. A total sample of 147 households was selected for interviews. A 
random sampling procedure was employed in selecting the sample households from lists of 
household heads that were made for each of these villages. Sampling is a common practice 
in research. The random sample of 10% of the villages and households selected for this 
study is considered to be representative enough for statistical analysis [31]. Under certain 
circumstances, such as resource constraints, even a smaller sample of 5% is regarded as 
being representative enough [32]. 

3.2. Data collection and analysis 

Household interviews, using a standard questionnaire, were the major means used to collect 
both qualitative and quantitative information. The questionnaire survey was complemented 
by informal surveys that involved discussions with key informants, including village 
leaders, extension workers, district agricultural officials and HADO staff. These informal 
surveys were conducted in order to get some general overview on soil degradation, 
community perceptions and agricultural performance in general. These surveys also 
provided a means and direction in crosschecking the responses from formal interviews. The 
key informants were found in the respective villages and/or at district level. Information 
from key informant interviews was analysed by triangulation with all other sources. To 
determine the level of awareness of soil degradation three exploratory questions were 
asked. Firstly, whether the study community perceived land/soil degradation as a problem 
in their villages. Secondly, what criteria are used by this community to determine the 
quality of land/soil in general. Thirdly, whether they associated land/soil degradation with 
crop cultivation or livestock management systems of the area. These aspects are addressed 
in the following sections. 
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administrative measures encompassed tree planting demonstration plots, organising grazing 
and farming techniques such that the land is protected as much as possible. These measures 
were complemented by evacuation of all domestic animals in 1979 [5]. Expulsion of 
livestock from the Irangi Hills in 1979 as part of soil conservation approaches instituted in 
the KEA resulted in ecological transformation from the heavily browsed shrubs and 
scattered trees to impressive regeneration of herbaceous, woodland and woody shrubs, as 
well as grassland vegetation cover. Economically, however, this agro-pastoral society was 
no longer able to depend on livestock as a form of capital, or as a security against the harsh 
climatic conditions of the region. 

3. Methodology 

3.1. Sampling procedure 

The Kondoa Eroded Area (KEA) covers twenty-eight villages. A list of these villages was 
made and three of them were selected at random, namely Mafai, Baura and Bolisa. The 
selected villages had 370, 350, and 750 households respectively. The selected villages are 
subdivided into sub-villages for administrative purposes. To allow for adequate 
representation, 10% of households from each sub-village was randomly selected for 
inclusion in the sample. A total sample of 147 households was selected for interviews. A 
random sampling procedure was employed in selecting the sample households from lists of 
household heads that were made for each of these villages. Sampling is a common practice 
in research. The random sample of 10% of the villages and households selected for this 
study is considered to be representative enough for statistical analysis [31]. Under certain 
circumstances, such as resource constraints, even a smaller sample of 5% is regarded as 
being representative enough [32]. 

3.2. Data collection and analysis 

Household interviews, using a standard questionnaire, were the major means used to collect 
both qualitative and quantitative information. The questionnaire survey was complemented 
by informal surveys that involved discussions with key informants, including village 
leaders, extension workers, district agricultural officials and HADO staff. These informal 
surveys were conducted in order to get some general overview on soil degradation, 
community perceptions and agricultural performance in general. These surveys also 
provided a means and direction in crosschecking the responses from formal interviews. The 
key informants were found in the respective villages and/or at district level. Information 
from key informant interviews was analysed by triangulation with all other sources. To 
determine the level of awareness of soil degradation three exploratory questions were 
asked. Firstly, whether the study community perceived land/soil degradation as a problem 
in their villages. Secondly, what criteria are used by this community to determine the 
quality of land/soil in general. Thirdly, whether they associated land/soil degradation with 
crop cultivation or livestock management systems of the area. These aspects are addressed 
in the following sections. 
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The surveys were complemented by field observations in farmers’ fields. Field visits 
involved observations of various land degradation features, such as soil erosion and 
sedimentation, surface runoff, sandiness of soils, crop vigour, presence of indicator-plant 
species; and agricultural practices, including among others, types of crops grown, cropping 
patterns and on-farm soil conservation measures. Field observations also included sampling 
soils from selected transects for subsequent laboratory analysis of soil nutrients. Three 
farmer-led transect walks were undertaken with small groups of farmers in each village and 
soil samples were collected from representative sites of major soil groups as identified by 
farmers. Soil profile pits were dug to a depth of one meter and samples taken at 20 cm 
intervals [33]. A total of eighty samples were collected for analysis. Nutrient content of the 
soil was determined to provide an estimate of the inherent soil fertility status and for soil 
nutrient balance assessment. The data was analysed using statistical measures of central 
tendency (means), and frequency distribution (percentages) [34, 35]. The frequency 
distribution data was cross-tabulated into contingency tables. 

4. Results and discussion 

4.1. Community’ perceptions on land/soil degradation 

4.1.1. Local perceptions of soil degradation 

Response to the inquiry on whether the study community perceived soil degradation as a 
problem in their villages have shown that 58% of the respondents considered soil 
degradation as being a serious problem in their vicinities. This perceptions may be 
influenced by differences in socio-economic characteristics inherent among the local people. 
Socio-economic characteristics such as endowment of livelihood assets by households 
determine the ability of a household to use, for example, agricultural inputs like fertilisers or 
manure as a way of improving soil productivity. In the Irangi hills, for instance, wealthy 
farmers who could afford using fertilisers and/or manure did not perceive soil fertility as a 
major issue. Those who perceived soil degradation as a problem mentioned the generally 
low but declining soil fertility of the Kondoa soils, soil erosion and runoff, sandiness of soils 
and sedimentation as key indicators of soil degradation in their villages. Figure 2 presents 
the proportions of responses on indicators of farmers' awareness of soil degradation 
processes. 

The small percentage of respondents mentioning soil erosion in Mafai village could be 
attributed to that this village is surrounded by a protected catchment forest and is generally 
less degraded compared to the other two villages. The presence of these indicators seem to 
show that rural people are aware of their environment and its related problems, and 
particularly so with those which affect the farm productivity and/or those that resulted into 
more visible landscape changes such as soil erosion. However, the fact that less than half of the 
respondents indicated that soils are inherently infertile suggests that productivity has declined 
significantly within living memory and that people were unaware that their yields were 
probably rather low from the outset. It is explained by Tosi et al. [36] that the low inherent soil  
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Figure 2. Percent responses on community awareness of soil degradation problems. 

fertility is attributed to parent material factors. Soils in this area are reported to have formed 
from metamorphic and igneous rocks which are poor in plant nutrients. The dry climatic 
condition of the study area also limits high productivity of organic matter, resulting in poor 
surface cover and low incorporation into the soil as binding agent and for fertility 
enhancement [37]. 

Declining soil fertility was perceived as the major indicator of soil degradation in the 
studied villages. A majority of the farmers (80%) attributed such decline to continuous 
cultivation without resting the fields, whereas 20% ascribed it to inadequate application of 
manure and/or fertilisers. One explanation to continuous cultivation was the increasing land 
shortage that has led to intensified crop cultivation and short or no fallow periods. Studies 
conducted in neighbouring villages and in other parts of the Irangi Hills also revealed that 
most farms are cultivated every season without fallow and are thus subjected to continuous 
loss of soil fertility [1, 38]. 

The general assessments of soil fertility in Kondoa District that soils in the area are of low 
fertility [1, 7, 39, 40]. Results from laboratory analyses for soil nutrients (Table 1) confirm the 
low levels of soil nutrients in all the three villages studied. These results also indicate that 
Mafai soils had more advantage in terms of nitrogen content than both Baura and Bolisa. 
These soils had about four times as much total nitrogen as Baura and Bolisa, whereas Baura 
had soils richer in available phosphorus than the other two villages. The variations in 
nutrient contents may be attributed to, among other factors, the severity of soil degradation 
that characterises the studied villages and different management practices of the farms. 
Many soil conservation structures like contour bunds and planted trees were also observed 
in Mafai compared to the other two villages. Soils in Mafia village are less eroded, hence 
have more nutrients in the sampled surface layer attributable to presence of higher organic 
matter content. A large part of the village is covered by a protected catchment forest and 
generally less severely degraded compared to Baura and Bolisa.  
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Soil characteristic Mafai Baura Bolisa 
pH (H2O) 4.80 5.20 5.40 
Total Nitrogen (%) 0.29 0.07 0.08 
Available P (ppm) 4.20 7.20 3.20 
CEC me/100g 17.12 3.84 13.89 
Exchangeable K (me/100g) 0.61 0.61 0.52 
Exchangeable Ca (me/100g) 4.39 1.83 2.74 
Exchangeable Mg (me/100g) 1.61 0.40 1.20 
Exchangeable Na (me/100g) 1.86 0.92 0.80 
Organic carbon (%) 2.62 0.31 0.54 
Particle size    
% Sand 54.83 80.27 69.20 
% Silt 14.57 10.60 17.63 
% Clay 30.60 9.13 13.17 

Table 1. Some characteristics of soils from the study area (measured at 0-20 cm depth) 

Soil erosion and surface runoff featured as indicators of soil degradation as indicated by 
about 44% of respondent farmers (Figure 2). Awareness of soil erosion as a soil degrading 
process featured more prominently among Baura and Bolisa respondents. Visual 
observation of the landscape in these villages confirms the local people’s response. Both 
Baura and Bolisa have landscapes dissected by more pronounced gullies (Figure 3) 
compared to Mafai village (Figure 4). Discussions with key informants in these villages 
indicated that historically the two villages had large numbers of livestock prior to 
destocking in 1979 that rendered many places devoid of vegetation because of overgrazing. 
This situation exposed the land surface to agents of soil erosion, such as runoff. The 
extensive gullies seen today in these and many other villages in the Irangi Hills are said to 
have formed along former cattle tracks aligned down the slope [6]. 

 
Figure 3. Gully erosion in the studied villages. This is a common feature of the landscape and in many 
parts of the Kondoa Eroded Area 
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Figure 4. An uneroded part of the landscape wihin the Kondoa Eroded Area. 

Sedimentation and sandiness of the soil was perceived as a problem by only a few farmers 
(see Figure 2). This response was particularly obtained from farmers whose fields laid in 
stabilising sandfans that have soils with very low organic matter levels, low moisture 
holding capacity and poor fertility status. Such soil characteristics are also common in other 
parts of the Irangi Hills, such as in Haubi and Mulua [1, 7]. Sedimentation was reported to 
take place in depositional footslopes and valley bottoms where the eroded materials from 
hillslopes accumulate. In many places sedimentation of sandy materials buried the former 
fertile clayey topsoil [1, 7]. One would expect this indicator to be mentioned by most 
respondents, however since farmers have had their settlements and fields in that kind of 
environment for generations they do not often mention it as a major concern. The 
explanation to this situation would be that soil erosion and sedimentation in this area dates 
long in history to the extent that very few benchmark areas remain that could show the 
earlier landforms not affected by sedimentation [7]. 

4.1.2. Assessing land and soil quality 

Findings from this study showed that there are several traditional ways communities use to 
evaluate and to explain the quality of the land and the soils they are cultivating. Three 
categories of responses appeared to be most prominent, namely crop vigour and crop yields, 
presence of indicator-plant species and density of vegetation under fallow [29]. 

A healthy and vigorous crop growth, reflected by a good crop stand in the field, was used as 
an important indicator that the soil is fertile enough, if moisture and other factors are not 
limiting [29]. Under such circumstances, even if the weather conditions worsen during the 
growing season such that final yields are poor, the farmer would have realised the potential 
fertility of a certain piece of land. A stunted crop with less vigorous growth in the field 
when other factors such as moisture are considered not limiting was locally perceived to 
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Soil characteristic Mafai Baura Bolisa 
pH (H2O) 4.80 5.20 5.40 
Total Nitrogen (%) 0.29 0.07 0.08 
Available P (ppm) 4.20 7.20 3.20 
CEC me/100g 17.12 3.84 13.89 
Exchangeable K (me/100g) 0.61 0.61 0.52 
Exchangeable Ca (me/100g) 4.39 1.83 2.74 
Exchangeable Mg (me/100g) 1.61 0.40 1.20 
Exchangeable Na (me/100g) 1.86 0.92 0.80 
Organic carbon (%) 2.62 0.31 0.54 
Particle size    
% Sand 54.83 80.27 69.20 
% Silt 14.57 10.60 17.63 
% Clay 30.60 9.13 13.17 

Table 1. Some characteristics of soils from the study area (measured at 0-20 cm depth) 

Soil erosion and surface runoff featured as indicators of soil degradation as indicated by 
about 44% of respondent farmers (Figure 2). Awareness of soil erosion as a soil degrading 
process featured more prominently among Baura and Bolisa respondents. Visual 
observation of the landscape in these villages confirms the local people’s response. Both 
Baura and Bolisa have landscapes dissected by more pronounced gullies (Figure 3) 
compared to Mafai village (Figure 4). Discussions with key informants in these villages 
indicated that historically the two villages had large numbers of livestock prior to 
destocking in 1979 that rendered many places devoid of vegetation because of overgrazing. 
This situation exposed the land surface to agents of soil erosion, such as runoff. The 
extensive gullies seen today in these and many other villages in the Irangi Hills are said to 
have formed along former cattle tracks aligned down the slope [6]. 

 
Figure 3. Gully erosion in the studied villages. This is a common feature of the landscape and in many 
parts of the Kondoa Eroded Area 
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Figure 4. An uneroded part of the landscape wihin the Kondoa Eroded Area. 

Sedimentation and sandiness of the soil was perceived as a problem by only a few farmers 
(see Figure 2). This response was particularly obtained from farmers whose fields laid in 
stabilising sandfans that have soils with very low organic matter levels, low moisture 
holding capacity and poor fertility status. Such soil characteristics are also common in other 
parts of the Irangi Hills, such as in Haubi and Mulua [1, 7]. Sedimentation was reported to 
take place in depositional footslopes and valley bottoms where the eroded materials from 
hillslopes accumulate. In many places sedimentation of sandy materials buried the former 
fertile clayey topsoil [1, 7]. One would expect this indicator to be mentioned by most 
respondents, however since farmers have had their settlements and fields in that kind of 
environment for generations they do not often mention it as a major concern. The 
explanation to this situation would be that soil erosion and sedimentation in this area dates 
long in history to the extent that very few benchmark areas remain that could show the 
earlier landforms not affected by sedimentation [7]. 

4.1.2. Assessing land and soil quality 

Findings from this study showed that there are several traditional ways communities use to 
evaluate and to explain the quality of the land and the soils they are cultivating. Three 
categories of responses appeared to be most prominent, namely crop vigour and crop yields, 
presence of indicator-plant species and density of vegetation under fallow [29]. 

A healthy and vigorous crop growth, reflected by a good crop stand in the field, was used as 
an important indicator that the soil is fertile enough, if moisture and other factors are not 
limiting [29]. Under such circumstances, even if the weather conditions worsen during the 
growing season such that final yields are poor, the farmer would have realised the potential 
fertility of a certain piece of land. A stunted crop with less vigorous growth in the field 
when other factors such as moisture are considered not limiting was locally perceived to 
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indicate a high probability that soils on which the crop is growing are of low quality and 
infertile.  

Majority of respondents (95%) considered crop yields as the best measure to comprehend 
land/soil quality. It was noted that low or declining crop productivity could be a clear 
indicator of declining soil fertility, and hence soil degradation. The use of this indicator by 
the local farmers in evaluating land/soil quality is also appreciated by experts in land 
degradation, where crop output decline is regarded as a proxy indicator of soil degradation 
in farmlands [1, 40, 41]. It is particularly important because it affects people directly in terms 
of food availability and security. However, this factor alone is not sufficient to establish that 
degradation is taking place since cropping conditions vary considerably between years and 
between individual farmers. The influence of other factors such as crop pests and diseases 
and climate variability may affect crop yields [42, 43]. In the Irangi Hills most of the 
respondents indicated also that low crop yields could be due to low and/or erratic rainfall. 
This aspect needs to be investigated further to establish detailed linkages between climatic 
patterns and crop yield trends in the area. Nevertheless crop yields are an important 
indicator of proximate soil conditions if other factors are not constraining. 

4.2. Locally perceived association between farming systems and soil degradation 

Table 2 presents the locally perceived relationships that were cited by the respondents as 
being the contribution of the farming practises to the observed land/soil degradation in the 
study areas. About 52% of the respondents associated soil degradation to continuous 
cropping while 23% considered inadequate manure application to be responsible for the 
diminishing soil quality. The overuse of the soil in continuous tillage without fertiliser 
supplementation, coupled by grazing on plant residues, weeds and crop stubble, has 
deprived the soils of both nutrients and organic matter [1, 29]. 
 

Perceived Relationship 
Mafai 
(n=28) 

Baura 
(n=26) 

Bolisa 
(n=42) 

Total 
(n=96) 

Continuous cropping 57.1 30.7 61.9 52.1 
Lack or inadequate availability of manure 10.7 53.8 11.9 22.9 
Overgrazing in the past decades 14.3 11.5 11.9 12.5 
Cultivation on steep slopes 14.3 4.0 4.8 7.3 
Lack of on-farm conservation measures 3.6 0 9.5 5.2 

Table 2. Perceived relationships between cropping/livestock management systems and soil 
degradation in the Irangi Hills (%) 

Overgrazing was pointed out to be one of the processes that facilitate degradation by 12.5% 
of respondents. The low figure is explained by the fact that to the Rangi community, which 
is traditionally agro-pastoralist, having big herds of livestock is just part of their culture thus 
locally overgrazing is rarely seen as a major problem. A similar explanation regarding 
perceptions on overgrazing has been reported recently among communities in the 
Sukumaland and in the Iramba area [42, 44]. Overgrazing of livestock had similar effects on 
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the soils of steep slopes and on shallow and stony soils, where continuous cultivation has 
not been practised [36]. Lack of on-farm conservation measures, especially before HADO 
started its activities, significantly contributed to the degradation features witnessed in the 
present days [1, 7]. Thus elaborate extension services are probably needed regarding various 
mechanisms that may contribute to sustainable farm production, such as on-farm erosion 
control, agroforestry practices and proper residue management. Proper farmer education 
would inculcate the culture of conservation among communities. Other associations 
presented in Table 2 did not feature as important concerns among farmers, but because of 
their role in soil degradation they are worth some attention. 

While incorporation of crop residue and manure were meant to improve organic matter 
content and replenish soil fertility in the farm, contour ridges were constructed to check 
runoff and control erosion, and as such prevent further loss of soil fertility through nutrients 
washed away in eroded soil material. Only limited quantities of manure were however 
applied per unit area, especially since 1979 when livestock were evicted from the KEA. The 
limited supplies of manure and the high fertiliser prices are responsible for their low usage 
as adaptive mechanisms in fighting against soil degradation at farm level [29]. The only 
reliable way of replenishing soil fertility has been through crop residue incorporation into 
the soil. However, during dry seasons the residue provides valuable feed for livestock, 
whereas considerable proportions are burnt when preparing the land for a succeeding crop 
hence not much residue is left for incorporation into the soil. This may have negative 
consequences on subsequent crop productivity. Similar experiences are reported for other 
parts of the Irangi Hills, for example in Haubi and Mulua villages [1]. 

4.3. Community involvement in land resource management 

4.3.1. Community participation in soil conservation 

The pressure on land has practically increased all over the country particularly during 
the 20th century as a result of population growth. This has, in many instances resulted in 
unsustainable cultivation techniques including shortened fallow periods [38, 45] that 
consequently impoverish the soil. Enhanced long-term productivity and sustainability 
of the land resource thus require sound soil conservation measures in the farming 
systems that enhance maintenance and/or improvement of soil and land quality in 
general. This is an important consideration as it influences agricultural productivity and 
local livelihoods. 

In many instances environmental degradation has stimulated a variety of responses and 
adaptation mechanisms by local communities. This study made an enquiry on whether 
farmers had undertaken any deliberate efforts to protect their land holdings from soil 
degradation. Majority of respondents (95%) indicated to have used one or more 
conservation techniques in their farms as a means of adjusting and adapting to soil 
degradation processes. Table 3 presents the various soil conservation approaches as 
mentioned by the interviewed farmers. The first three combinations of approaches, that is, 
contour ridges; tree, sisal and grass planting; manure application and incorporation of crop 
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indicate a high probability that soils on which the crop is growing are of low quality and 
infertile.  

Majority of respondents (95%) considered crop yields as the best measure to comprehend 
land/soil quality. It was noted that low or declining crop productivity could be a clear 
indicator of declining soil fertility, and hence soil degradation. The use of this indicator by 
the local farmers in evaluating land/soil quality is also appreciated by experts in land 
degradation, where crop output decline is regarded as a proxy indicator of soil degradation 
in farmlands [1, 40, 41]. It is particularly important because it affects people directly in terms 
of food availability and security. However, this factor alone is not sufficient to establish that 
degradation is taking place since cropping conditions vary considerably between years and 
between individual farmers. The influence of other factors such as crop pests and diseases 
and climate variability may affect crop yields [42, 43]. In the Irangi Hills most of the 
respondents indicated also that low crop yields could be due to low and/or erratic rainfall. 
This aspect needs to be investigated further to establish detailed linkages between climatic 
patterns and crop yield trends in the area. Nevertheless crop yields are an important 
indicator of proximate soil conditions if other factors are not constraining. 

4.2. Locally perceived association between farming systems and soil degradation 

Table 2 presents the locally perceived relationships that were cited by the respondents as 
being the contribution of the farming practises to the observed land/soil degradation in the 
study areas. About 52% of the respondents associated soil degradation to continuous 
cropping while 23% considered inadequate manure application to be responsible for the 
diminishing soil quality. The overuse of the soil in continuous tillage without fertiliser 
supplementation, coupled by grazing on plant residues, weeds and crop stubble, has 
deprived the soils of both nutrients and organic matter [1, 29]. 
 

Perceived Relationship 
Mafai 
(n=28) 

Baura 
(n=26) 

Bolisa 
(n=42) 

Total 
(n=96) 

Continuous cropping 57.1 30.7 61.9 52.1 
Lack or inadequate availability of manure 10.7 53.8 11.9 22.9 
Overgrazing in the past decades 14.3 11.5 11.9 12.5 
Cultivation on steep slopes 14.3 4.0 4.8 7.3 
Lack of on-farm conservation measures 3.6 0 9.5 5.2 

Table 2. Perceived relationships between cropping/livestock management systems and soil 
degradation in the Irangi Hills (%) 

Overgrazing was pointed out to be one of the processes that facilitate degradation by 12.5% 
of respondents. The low figure is explained by the fact that to the Rangi community, which 
is traditionally agro-pastoralist, having big herds of livestock is just part of their culture thus 
locally overgrazing is rarely seen as a major problem. A similar explanation regarding 
perceptions on overgrazing has been reported recently among communities in the 
Sukumaland and in the Iramba area [42, 44]. Overgrazing of livestock had similar effects on 
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the soils of steep slopes and on shallow and stony soils, where continuous cultivation has 
not been practised [36]. Lack of on-farm conservation measures, especially before HADO 
started its activities, significantly contributed to the degradation features witnessed in the 
present days [1, 7]. Thus elaborate extension services are probably needed regarding various 
mechanisms that may contribute to sustainable farm production, such as on-farm erosion 
control, agroforestry practices and proper residue management. Proper farmer education 
would inculcate the culture of conservation among communities. Other associations 
presented in Table 2 did not feature as important concerns among farmers, but because of 
their role in soil degradation they are worth some attention. 

While incorporation of crop residue and manure were meant to improve organic matter 
content and replenish soil fertility in the farm, contour ridges were constructed to check 
runoff and control erosion, and as such prevent further loss of soil fertility through nutrients 
washed away in eroded soil material. Only limited quantities of manure were however 
applied per unit area, especially since 1979 when livestock were evicted from the KEA. The 
limited supplies of manure and the high fertiliser prices are responsible for their low usage 
as adaptive mechanisms in fighting against soil degradation at farm level [29]. The only 
reliable way of replenishing soil fertility has been through crop residue incorporation into 
the soil. However, during dry seasons the residue provides valuable feed for livestock, 
whereas considerable proportions are burnt when preparing the land for a succeeding crop 
hence not much residue is left for incorporation into the soil. This may have negative 
consequences on subsequent crop productivity. Similar experiences are reported for other 
parts of the Irangi Hills, for example in Haubi and Mulua villages [1]. 

4.3. Community involvement in land resource management 

4.3.1. Community participation in soil conservation 

The pressure on land has practically increased all over the country particularly during 
the 20th century as a result of population growth. This has, in many instances resulted in 
unsustainable cultivation techniques including shortened fallow periods [38, 45] that 
consequently impoverish the soil. Enhanced long-term productivity and sustainability 
of the land resource thus require sound soil conservation measures in the farming 
systems that enhance maintenance and/or improvement of soil and land quality in 
general. This is an important consideration as it influences agricultural productivity and 
local livelihoods. 

In many instances environmental degradation has stimulated a variety of responses and 
adaptation mechanisms by local communities. This study made an enquiry on whether 
farmers had undertaken any deliberate efforts to protect their land holdings from soil 
degradation. Majority of respondents (95%) indicated to have used one or more 
conservation techniques in their farms as a means of adjusting and adapting to soil 
degradation processes. Table 3 presents the various soil conservation approaches as 
mentioned by the interviewed farmers. The first three combinations of approaches, that is, 
contour ridges; tree, sisal and grass planting; manure application and incorporation of crop 
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residue in soils, appeared to be the most prominent conservation strategies adopted by 
majority of farmers who were practising conservation, accounting for 97% of farmers in 
Mafai, 85% in Baura and 81% in Bolisa village. The generally sloping terrain in Mafai village 
partly explains the reported increase in the use of contour ridges, trees, sisal and grass 
planting to protect the soil from erosion.  
 

Measures taken 
Mafai 

(n = 35)
Baura 

(n = 34)
Bolisa 

(n = 70) 
Total 

(N = 139) 
Contour ridges; tree, sisal and grass planting; Manure 
application and Incorporation of crop residues in soils

80 55.9 68.5 68.1 

Contour ridges and tree planting 17.1 29.4 12.9 19.8 
Tree planting only 0 5.9 12.9 6.3 
Stall-feeding cattle 2.9 5.9 4.3 4.4 
Crop rotation 0 2.9 1.4 1.4 
Total 100 100 100 100 

Table 3. Soil conservation measures undertaken by respondent farmers (in %) 

A majority of farmers have also planted trees as one of the soil conservation practices 
advocated by HADO. Table 4 presents a list of tree species that are planted in the study area 
and associated uses. As for crop rotation, the low response reported in Table 3 was mainly 
attributed to the small farm holdings that necessitate farmers to practice continuous 
cultivation of same fields. 
 

Name Scientific name Purpose1 
Mafai 

(n = 31)
Baura 

(n = 31)
Bolisa 

(n = 67) 
Total 

(N = 129) 
Silk oak Grevillea robusta Ct, Fw, Fi 87.1 90.3 95.5 91.0 
Guava Psidium guajava Fr 51.6 51.6 49.3 50.8 
Pawpaw Carica papaya Fr 29.0 29.0 76.1 44.7 
Lemon Citrus limon Fr 19.4 22.6 17.9 20.0 
Orange Citrus sinensis Fr 25.8 0 26.9 17.6 
Eucalyptus Eucalyptus sp. Fw, Ct 35.5 3.2 1.5 13.4 
Mango Mangifera indica Fr, Sh 0 16.1 14.9 10.3 
Pomegranate Punicum granatum Fr 3.2 3.2 11.9 6.1 
Leucaena Leucaena leucocephala Fd, Fi 3.2 3.2 1.5 2.6 
Cypress Cuppressus sp. Fi, Ct 3.2 3.2 0 2.1 
Iron wood Senna siamea Ct, Fw 0 3.2 1.5 1.6 

1Ct = construction material/timber, Fr = fruits, Fd = fodder, Fi = soil fertility improvement, Fw = fuelwood, Sh = shade. 

Table 4. Tree species planted in the study area, ranked according to preferences and percent of 
respondent farmers that have planted them 

Findings from this study are in agreement with studies elsewhere that farmers often attempt 
to adjust to environmental degradation by using various measures and strategies [19, 46]. 
The measures taken may be different depending on the natural environment and socio-
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cultural backgrounds of the area concerned. According to Nsiah-Gyabaah [19], farmers’ 
adjustment to their environment can generally be effective when they are able to predict the 
short term inter-annual variability patterns (e.g. in soils and weather). Under such situation 
they may be able to successfully use available innovations and local expertise to maximise 
the benefits of both soils and weather. However, where changes are unpredictable farmers 
may face difficulties in establishing adaptation mechanisms. 

4.3.2. Challenges to community participation in soil conservation practices 

Community participation in conservation practices is of great importance as it seeks to 
guarantee access and control over resources by the communities living in them, but who 
depend on these resources to satisfy their various needs (ecological, economic, social, 
cultural and spiritual needs). Community participation ensures more commitment in 
ensuring that resources are more sustainably managed, where apart from communities 
depending on these resources for a living and conserving them, they at the same time 
become their guardians [47, 48]. The active participation of various stakeholders in decision-
making is crucial for ensuring the long term sustainability of community-based resource 
management initiatives. In several occasions however, soil conservation has not received the 
expected involvement of local communities. Some of the reasons that have influenced the 
local people’s attitudes towards land/soil conservation efforts in the Irangi Hills are 
discussed here. 

One of the reasons put forward was the tendency to underestimate the seriousness of the 
soil erosion problems by many people in the area. Where the tenure system is not elaborate 
individual farmers may not be concerned with problems of land degradation regardless of 
their holdings being at risk as such land degradation is considered as a general community 
problem. Such attitudes may result in no action being taken against land degradation even 
when there are no clear hindrances. The implication of the foregoing is that effective 
conservation is likely to be achieved when land tenure systems are properly articulated [1]. 
Thus efforts are needed to ensure integrated community-level planning that could promote 
individual farmers efforts without undermining community interests. Recent experiences 
from studies in Kishapu and Kahama Districts in Shinyanga Region, and in Nyarugusu area 
in Geita District Mwanza region indicated that many people practice soil and water 
conservation mainly in their own lands/farms [42], including setting aside private 
conservation areas such as Ngitili [49]. Adoption and/or practicing certain conservation 
measures are much influenced by the farmer’s economic situation, including resource 
endowments. For instance, farmers with sufficient land holdings can afford to conserve 
some of it under the Ngitiri system, while land constrained farmers may not. Similar 
experiences would be the case for other conservation measures that require heavy 
investment by the farmer, for example making of soil erosion control structures that may 
need additional labour, and using fertilisers and/or manure. 

Apart from the underestimation of the land degradation problem and inarticulate tenure 
system, it is also evident that the Rangi people themselves are traditionally not 
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residue in soils, appeared to be the most prominent conservation strategies adopted by 
majority of farmers who were practising conservation, accounting for 97% of farmers in 
Mafai, 85% in Baura and 81% in Bolisa village. The generally sloping terrain in Mafai village 
partly explains the reported increase in the use of contour ridges, trees, sisal and grass 
planting to protect the soil from erosion.  
 

Measures taken 
Mafai 

(n = 35)
Baura 

(n = 34)
Bolisa 

(n = 70) 
Total 

(N = 139) 
Contour ridges; tree, sisal and grass planting; Manure 
application and Incorporation of crop residues in soils

80 55.9 68.5 68.1 

Contour ridges and tree planting 17.1 29.4 12.9 19.8 
Tree planting only 0 5.9 12.9 6.3 
Stall-feeding cattle 2.9 5.9 4.3 4.4 
Crop rotation 0 2.9 1.4 1.4 
Total 100 100 100 100 

Table 3. Soil conservation measures undertaken by respondent farmers (in %) 

A majority of farmers have also planted trees as one of the soil conservation practices 
advocated by HADO. Table 4 presents a list of tree species that are planted in the study area 
and associated uses. As for crop rotation, the low response reported in Table 3 was mainly 
attributed to the small farm holdings that necessitate farmers to practice continuous 
cultivation of same fields. 
 

Name Scientific name Purpose1 
Mafai 

(n = 31)
Baura 

(n = 31)
Bolisa 

(n = 67) 
Total 

(N = 129) 
Silk oak Grevillea robusta Ct, Fw, Fi 87.1 90.3 95.5 91.0 
Guava Psidium guajava Fr 51.6 51.6 49.3 50.8 
Pawpaw Carica papaya Fr 29.0 29.0 76.1 44.7 
Lemon Citrus limon Fr 19.4 22.6 17.9 20.0 
Orange Citrus sinensis Fr 25.8 0 26.9 17.6 
Eucalyptus Eucalyptus sp. Fw, Ct 35.5 3.2 1.5 13.4 
Mango Mangifera indica Fr, Sh 0 16.1 14.9 10.3 
Pomegranate Punicum granatum Fr 3.2 3.2 11.9 6.1 
Leucaena Leucaena leucocephala Fd, Fi 3.2 3.2 1.5 2.6 
Cypress Cuppressus sp. Fi, Ct 3.2 3.2 0 2.1 
Iron wood Senna siamea Ct, Fw 0 3.2 1.5 1.6 

1Ct = construction material/timber, Fr = fruits, Fd = fodder, Fi = soil fertility improvement, Fw = fuelwood, Sh = shade. 

Table 4. Tree species planted in the study area, ranked according to preferences and percent of 
respondent farmers that have planted them 

Findings from this study are in agreement with studies elsewhere that farmers often attempt 
to adjust to environmental degradation by using various measures and strategies [19, 46]. 
The measures taken may be different depending on the natural environment and socio-
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cultural backgrounds of the area concerned. According to Nsiah-Gyabaah [19], farmers’ 
adjustment to their environment can generally be effective when they are able to predict the 
short term inter-annual variability patterns (e.g. in soils and weather). Under such situation 
they may be able to successfully use available innovations and local expertise to maximise 
the benefits of both soils and weather. However, where changes are unpredictable farmers 
may face difficulties in establishing adaptation mechanisms. 

4.3.2. Challenges to community participation in soil conservation practices 

Community participation in conservation practices is of great importance as it seeks to 
guarantee access and control over resources by the communities living in them, but who 
depend on these resources to satisfy their various needs (ecological, economic, social, 
cultural and spiritual needs). Community participation ensures more commitment in 
ensuring that resources are more sustainably managed, where apart from communities 
depending on these resources for a living and conserving them, they at the same time 
become their guardians [47, 48]. The active participation of various stakeholders in decision-
making is crucial for ensuring the long term sustainability of community-based resource 
management initiatives. In several occasions however, soil conservation has not received the 
expected involvement of local communities. Some of the reasons that have influenced the 
local people’s attitudes towards land/soil conservation efforts in the Irangi Hills are 
discussed here. 

One of the reasons put forward was the tendency to underestimate the seriousness of the 
soil erosion problems by many people in the area. Where the tenure system is not elaborate 
individual farmers may not be concerned with problems of land degradation regardless of 
their holdings being at risk as such land degradation is considered as a general community 
problem. Such attitudes may result in no action being taken against land degradation even 
when there are no clear hindrances. The implication of the foregoing is that effective 
conservation is likely to be achieved when land tenure systems are properly articulated [1]. 
Thus efforts are needed to ensure integrated community-level planning that could promote 
individual farmers efforts without undermining community interests. Recent experiences 
from studies in Kishapu and Kahama Districts in Shinyanga Region, and in Nyarugusu area 
in Geita District Mwanza region indicated that many people practice soil and water 
conservation mainly in their own lands/farms [42], including setting aside private 
conservation areas such as Ngitili [49]. Adoption and/or practicing certain conservation 
measures are much influenced by the farmer’s economic situation, including resource 
endowments. For instance, farmers with sufficient land holdings can afford to conserve 
some of it under the Ngitiri system, while land constrained farmers may not. Similar 
experiences would be the case for other conservation measures that require heavy 
investment by the farmer, for example making of soil erosion control structures that may 
need additional labour, and using fertilisers and/or manure. 

Apart from the underestimation of the land degradation problem and inarticulate tenure 
system, it is also evident that the Rangi people themselves are traditionally not 
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conservationists. When the pressure on land increases and harvests dwindle, some villagers 
will leave to take up new land elsewhere while others remain. The Rangi as a group can be 
said to practice an expansionist permanent agriculture [2]. Their principal solution to 
problems of soil erosion, for example, has thus been to move temporarily or permanently to 
areas with better conditions, while also retaining a foot in the Rangi core areas [2, 50, 51]. 

Experiences from the Irangi Hills and elsewhere in East Africa indicate that resource 
management is closely influenced by the prevailing socio-political environment [52]. It was 
reported, for instance, that some people in the Irangi Hills were of the opinion that the low 
adoption of soil conservation measures was based on negative attitudes that were 
inculcated among people during the colonial era, when such activities were basically 
coercive [1, 29]. During the colonial period soil conservation was seen as a form of 
oppression [50, 53]. In Kenya, for example, soil conservation was made compulsory under 
colonial administration and forced labour was used for community conservation 
programmes [22]. Although some of the soil conservation techniques employed were 
effective (e.g. in Machakos district), the coercive methods used were very unpopular [4, 22, 
53] resulting into some local communities withholding their own conservation initiatives. 
This was also experienced in the Irangi Hills and among other communities in Kondoa 
District [50]. 

In the Kondoa case, the opposition to conservation during the 1940s was closely linked to a 
wide discontent within the Rangi community with the way the colonial government 
appointed local leaders. Thus a more explicit political discourse (struggle against 
colonialism) became linked to soil conservation policies [50]. Consequently, during the 
nationalist struggle in the late 1950s it was no longer possible to enforce communal turnout 
and most conservation work came to a halt [54]. The Kondoa Chief of the time came to side 
with the Rangi underground opposition against regulations on land-use. It is not surprising 
then that even independent governments found it difficult to reverse the previous 
nationalist attitudes and support conservation measures [22, 53]. Land degradation was thus 
left to continue. These experiences reflect to the need for local community participation in 
developing and implementing resource management strategies. 

4.4. Land-use dynamics and environmental degradation 

4.4.1. Land availability over time 

In general, there have been changes in land-use use types in the study area due to several 
factors. Such changes can be considered to be adaptive mechanisms to population growth, 
economic development and to changing climate. Population growth is usually associated 
with increased exploitation of natural resources. According to local knowledge in the study 
area, prior to Tanzania’s independency in 1961, arable land for agriculture and livestock was 
relatively plenty and used for different purposes, including cultivation and livestock 
grazing. The increase in population has led to expansion of agricultural and livestock 
activities. This has contributed significantly to changes in land-use intensity and cover 
types. 
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An assessment was made on perceptions regarding land availability over three time 
periods, from post independence, villagisation and current period. Experiences from the 
selected villages indicated that during post independence and villagisation period 
agricultural land was fairly easily available at the areas close to homesteads. It was reported 
that, land availability is currently very difficult than ever before, the main cause being 
increase in population pressure, which has led to increased demand for land by villagers. 
Eventually this has created land shortage in most of the villages. The pattern of land 
availability over years is also experienced in other parts of Kondoa District [55]. Farmers 
reported that currently the places with easily available land are those located far from 
homesteads, which was considered to be a major limitation for people who are not able to 
manage distant farms. 

4.4.2. Decreasing farm sizes 

For arable land use, there has been a general decline in the farm sizes. The local people 
attributed the decline in the farm sizes to several other factors (see Table 5). Thus there is a 
concern that land is increasingly being insufficient. The big proportion of the people 
reporting to experience land shortage reflects to that the problem of land shortage is much 
bigger than currently envisaged, and may worsen particularly with the fast growing 
population. 
 

Perceived cause declining farm sizes Percent 
High population growth/increase 80.3 
Expansion of settlements 6.9 
Soil erosion and gullies 4.0 
Expanding livestock keeping (more livestock) 2.9 
Expansion of family sizes  2.0 
Low soil fertility - land is tired/exhausted  2.0 
Tree conservation 0.9 
Intensive rainstorms (more erosion) 0.9 
Total 100 

Table 5. Different factors considered by the local community to cause declining farm sizes 

The decreasing farm size is one of the causes of household food insecurity in the area. The 
small farm sizes limit the possibilities to practice fallow rotation. Consequently continuous 
cultivation culminates into declining soil fertility and reduced crop productivity. The 
problem may as well be aggravated by loss of land as a result of soil erosion, particularly 
gully erosion. 

4.4.3. Chancing land use patterns and local adaptive mechanisms 

Experiences on land use and the way rural land users interact with environmental resources 
show that communities have increasingly interacted with their local environment by 
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conservationists. When the pressure on land increases and harvests dwindle, some villagers 
will leave to take up new land elsewhere while others remain. The Rangi as a group can be 
said to practice an expansionist permanent agriculture [2]. Their principal solution to 
problems of soil erosion, for example, has thus been to move temporarily or permanently to 
areas with better conditions, while also retaining a foot in the Rangi core areas [2, 50, 51]. 

Experiences from the Irangi Hills and elsewhere in East Africa indicate that resource 
management is closely influenced by the prevailing socio-political environment [52]. It was 
reported, for instance, that some people in the Irangi Hills were of the opinion that the low 
adoption of soil conservation measures was based on negative attitudes that were 
inculcated among people during the colonial era, when such activities were basically 
coercive [1, 29]. During the colonial period soil conservation was seen as a form of 
oppression [50, 53]. In Kenya, for example, soil conservation was made compulsory under 
colonial administration and forced labour was used for community conservation 
programmes [22]. Although some of the soil conservation techniques employed were 
effective (e.g. in Machakos district), the coercive methods used were very unpopular [4, 22, 
53] resulting into some local communities withholding their own conservation initiatives. 
This was also experienced in the Irangi Hills and among other communities in Kondoa 
District [50]. 

In the Kondoa case, the opposition to conservation during the 1940s was closely linked to a 
wide discontent within the Rangi community with the way the colonial government 
appointed local leaders. Thus a more explicit political discourse (struggle against 
colonialism) became linked to soil conservation policies [50]. Consequently, during the 
nationalist struggle in the late 1950s it was no longer possible to enforce communal turnout 
and most conservation work came to a halt [54]. The Kondoa Chief of the time came to side 
with the Rangi underground opposition against regulations on land-use. It is not surprising 
then that even independent governments found it difficult to reverse the previous 
nationalist attitudes and support conservation measures [22, 53]. Land degradation was thus 
left to continue. These experiences reflect to the need for local community participation in 
developing and implementing resource management strategies. 

4.4. Land-use dynamics and environmental degradation 

4.4.1. Land availability over time 

In general, there have been changes in land-use use types in the study area due to several 
factors. Such changes can be considered to be adaptive mechanisms to population growth, 
economic development and to changing climate. Population growth is usually associated 
with increased exploitation of natural resources. According to local knowledge in the study 
area, prior to Tanzania’s independency in 1961, arable land for agriculture and livestock was 
relatively plenty and used for different purposes, including cultivation and livestock 
grazing. The increase in population has led to expansion of agricultural and livestock 
activities. This has contributed significantly to changes in land-use intensity and cover 
types. 
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cultivation culminates into declining soil fertility and reduced crop productivity. The 
problem may as well be aggravated by loss of land as a result of soil erosion, particularly 
gully erosion. 

4.4.3. Chancing land use patterns and local adaptive mechanisms 

Experiences on land use and the way rural land users interact with environmental resources 
show that communities have increasingly interacted with their local environment by 
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faltering land use practices. However, continued land degradation has had severe 
environmental and social-economic consequences resulting in poor agricultural 
productivity, perpetuating food insecurity and poverty among the concerned communities. 
This necessitates the analysis of land-use dynamics, land degradation and their inter-
linkages with livelihoods and poverty alleviation strategies adopted by the respective 
communities. Generally, there have been changes in land use patterns, which in many 
instances has involved increasing land use intensity as adaptive mechanisms to increased 
population growth, economic development and to changing climate [25]. Increase in 
population has led to expansion of agricultural and livestock activities, contributing 
significantly to changes in land use intensity, decline in farm sizes, land fragmentation and 
land degradation. Sustainable management of natural resources can thus be achieved by 
having integrated land use practices, including developing elaborate village land use plans. 

Livelihood diversification into non-agricultural enterprises was also reported to have been a 
means of adapting to the changing environments and for poverty alleviation. Diversification 
as applied in the rural context is a process whereby rural households construct an 
increasingly diverse portfolio of activities and assets in order to survive [56]. Diversification 
can be viewed from different angles. It may imply a matter of survival associated with harsh 
local environmental conditions, or alternatively, it may be considered a matter of 
opportunity involving pro-active household strategies employed to improve living 
standards [57]. Generally, however, a diversity of livelihood sources is considered to be one 
of the ways through which households may develop security against agrarian 
environments, particularly in semiarid areas. 

5. Conclusions 

This chapter has examined how perceptions and knowledge facilitate and/or act as barriers 
to sustainable land management. It has been realised that farmers in the Irangi Hills are 
aware of land/soil degradation and its various processes, with levels of perception varying 
between villages and among respondents depending on the severity of the land degradation 
problem. Declining soil fertility and soil erosion, demonstrated by existence of spectacular 
gullies and extensive depositional sand fans, have been found to contribute significantly to 
the general understanding of land/soil degradation problems. 

Awareness of land degradation was also reflected by the various criteria that the local 
people use in assessing the potentials and constraints that farmlands and the landscape in 
general are facing. Low crop productivity has been identified as one of the important 
constraints; attributed mainly to declining soil fertility, unreliable rainfall, and to a lesser 
extent, soil erosion. Farmers seemed to be quite aware of the association between cropping 
and/or livestock management systems and land/soil degradation. An extension service 
focusing on the various mechanisms that may contribute to sustainable farm production, 
such as on-farm erosion control, agroforestry practices and proper residue management is 
necessary. This is particularly important in a situation where continuous cultivation has 
become the norm because of increasing land shortage. Thus the various adaptations that 
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farmers are already exposed to with regard to improving agricultural productivity in the 
erosion-stricken farmlands need to be promoted and developed further. 

Limiting factors to local participation in soil conservation initiatives would probably be 
successfully corrected through proper farmer education that inculcates the culture of 
conservation among communities. It is important therefore that steps are taken to address 
the diversity of the intricate attitudes and socio-political environments among rural 
communities. It is recommended that further comparative studies be conducted so as to 
come up with sound strategies that will motivate the local people to participate more in 
issues related to sustainable land resource management. Where relevant such strategies and 
approaches to extension work need to be tailored to individual communities rather than 
using large homogenous programmes. 

Increase in population has led to expansion of agricultural and livestock activities, 
contributing significantly to changes in land use intensity, decline in farm sizes, land 
fragmentation and land degradation. Since agricultural production (crops and livestock) is 
the major means of poverty alleviation in these semiarid areas, it calls for enhanced 
environmental conservation so that agricultural productivity can be sustained for the 
betterment of the community livelihoods. This is particularly important now given the 
additional factor of climate change. Thus, sustainable management of land and other natural 
resources can only be achieved by having integrated land use practices, including 
developing elaborate land use plans. Poverty alleviation strategies and other policies also 
need to ensure sustainable development with minimal impacts on the environment. The 
diversification of livelihood activities (farm and non-farm) recorded in the area indicates 
that local communities are struggling towards poverty alleviation and as a way of 
adaptation and coping to environmental degradation. 
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as applied in the rural context is a process whereby rural households construct an 
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aware of land/soil degradation and its various processes, with levels of perception varying 
between villages and among respondents depending on the severity of the land degradation 
problem. Declining soil fertility and soil erosion, demonstrated by existence of spectacular 
gullies and extensive depositional sand fans, have been found to contribute significantly to 
the general understanding of land/soil degradation problems. 

Awareness of land degradation was also reflected by the various criteria that the local 
people use in assessing the potentials and constraints that farmlands and the landscape in 
general are facing. Low crop productivity has been identified as one of the important 
constraints; attributed mainly to declining soil fertility, unreliable rainfall, and to a lesser 
extent, soil erosion. Farmers seemed to be quite aware of the association between cropping 
and/or livestock management systems and land/soil degradation. An extension service 
focusing on the various mechanisms that may contribute to sustainable farm production, 
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necessary. This is particularly important in a situation where continuous cultivation has 
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farmers are already exposed to with regard to improving agricultural productivity in the 
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Limiting factors to local participation in soil conservation initiatives would probably be 
successfully corrected through proper farmer education that inculcates the culture of 
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the major means of poverty alleviation in these semiarid areas, it calls for enhanced 
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1. Introduction 

Many studies have been undertaken with regard to eco-neighbourhoods in Europe. However, 
most of the projects that have been completed and are being analysed in relevant studies are 
located in Northern Europe, i.e. the BedZed in England, Hammarby (Stockholm) and BO01 
(Malmö) in Sweden, Kronsberg (Hannover) in Germany, Vesterbro (Copenhagen) and 
Kolding in Denmark, Vauban in Freiburg and others. Findings from these projects permit 
nowadays to speak about a Northern European eco-neighborhood model (Souami, 2009). 
However, it would be interesting to investigate eco-neighborhood projects in Southern Europe 
that are either already realised or still in the design phase. The questions that rise are on one 
hand the sustainability approach that was followed for these projects and on the other hand 
the specific criteria involved in each case. To this end, an investigation is undertaken regarding 
the tools that are being used in terms of the environmental principles-criteria which are taken 
into account by each of them and how easy these tools are to use. Finally, a comparative 
analysis follows regarding the different Southern European projects and the environmental 
criteria involved in their implementation.  

The present chapter can be summarised in three fundamental objectives: a) the investigation of 
contemporary tools and methods of planning and assessment of eco-neighborhoods aiming at 
identifying similarities and differences but also issues that can lead to an efficient 
Mediterranean methodology, b) the study of examples of Mediterranean eco-neighborhoods in 
order to create a good and bad practice guide and g) the proposal of a new assessment tool for 
the Mediterranean eco-neighborhood, based on the concept of territorial capital (OECD, 2001).  

The methodology that was followed regarding the first objective focuses in the parametric 
analysis of basic criteria of existing tools seeking common ground and differences. As for 
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the second objective the environmental criteria of examples under consideration are 
investigated with the use of the One Planet Living framework, while the new “SDMed eco-
neighborhood tool” was based on:  

1. the research and parametric analysis among the tools that concern the development of 
eco neighborhoods; 

2. the SDMed building performance assessment tool  (Sinou & Kyvelou, 2006);   
3. the concept of territorial capital ( OECD, 2001) and its expoitation at local level and the 

approach of territorial cohesion (both internal and external) that should govern an 
agglomeration or urban development, even at the scale of a neighborhood.  

2. Definition of eco-neighbourhoods  
Different approaches and perspectives can be identified regarding the definition of the term 
“neighborhood” and therefore “eco-neighborhood”. One of the most common is to do with 
density and population. The link between the levels of density and land take in a typical 
neighborhood of 7500 people. The message is clear: the lower the density, the larger the 
amount of area that is occupied by buildings, roads and open space. Density per se is not an 
indicator of urban quality. An interesting definition of eco-neighborhood is given by Barton 
where he categorises according to different spatial scales. The smallest scale is the building 
scale; the next one is the home place scale, then the neighborhood scale, the small town scale 
and finally the city scale. The key sustainability and health issues identified by Barton are: 
plan for local facilities with attractive walking routes, local hubs to support healthy lifestyles 
and development of local food, waste, water and energy capture systems (Barton, 2010). 

Neighborhood is defined as a residential or mixed use area around which people can 
conveniently walk. Its scale is geared to pedestrian access and it is essentially a spatial 
construct, a place. It may or not have clear edges. It is not necessarily centred on local 
facilities, but it does have an identity, which local people recognize and value (Barton, 2000). 
Moreover, it is interesting to note the three different facets of neighborhood that Barton 
distinguishes. Firstly, the neighborhood perceived as the base for home life, education, 
leisure and employment activities. Secondly, seen as a place, as an aesthetic experience and 
thirdly as the locus for community (Barton, 2000). All these three facets can be identified in 
the tools that will be presented in section three; however each tool seems to have a slightly 
different orientation according to whether it will be used from town planners, or urban 
designers, or even at an earlier stage from stakeholders during decision making. Moreover, 
it is significant to note at this point that the most coherent and complete approach is the one 
that takes into consideration in planning not only issues of energy, transport and resources 
but also social and economic parameters.  

About the model of eco-neighborhood or eco-district, we should mention that a meaningful 
typology has been drafted by Souami ( Souami,2009). He distinguishes three phases of eco 
neighborhoods’ creation, in less than two decades. According to Souami, each phase is 
corresponding to one of the three different types of eco-neighborhood and it is the second 
type that permits more performances compared with the other two types, thus representing 
in a certain way ‘the very model of the so-called ‘eco-neighbourhood’. 
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2.1. The initial eco-neighbourhood type of the ‘80s 

According to Souami, the initial eco-neighborhood type was most often a small pool of 
buildings located in the periphery of cities or in rural areas. The initiators of such projects 
were usually professionals and experts, politically active, enrolled in so-called alternative 
movements. Convinced about the importance of ‘green’ development and construction, the 
founders of eco-neighborhoods adapted both the idea and the process before choosing the 
site to accommodate and implement their ideas which was chosen later on. During the 
1980s, we meet neighborhoods of this type in Austria, in the Netherlands and in Germany. 
They are, in fact, eco-villages transformed into neighborhoods and the organisation in a 
community or associative form of development is often used to group the inhabitants, in 
order to organise the public areas and implement the project. 

2.2. The ‘prototype’ of eco-neighbourhood of the ‘90s 

In this case, some communities have taken advantage of exceptional urban events to initiate 
sustainable districts on their territory: World’s Fair in Hanover, B01 exhibition in Malmö, 
London Olympics, Olympic Games bid in Paris, Zaragoza’s candidature for EXPO 2008 that 
initiated the ‘Ecociudad Valdespartera’ etc. These events have been all opportunities to 
initiate positive processes that go beyond conventional practices, showing ambitious 
environmental goals.  

The projects are accompanied by an important work of communication, especially 
internationally. They are developed as exemplary neighborhoods, particularly successful 
demonstration projects addressing both to technicians and local politicians. Nevertheless, 
some of them constitute events by themselves. As far as governance and investment 
schemes are concerned, we should note that:  

 partnerships involve communities, private and public developers, social housing 
agencies, several operators of urban services and facilities (energy, water, etc.),groups 
of experts and many contractors 

 funds are cumulative and come from various sources: local (municipalities, public and 
private developers), national (sectoral programmes, exceptional ministerial grants or 
subsidies) and international (various European programmes). 

Leaders of local projects show innovative and mainly broadly applied technical solutions 
(systematic recycling of rainwater, deployment of extended solar panels, photovoltaic 
panels, etc.) and technicians and policy-makers have the opportunity to test, validate and 
correct certain choices. These projects are also considered as places that promote a learning 
procedure for stakeholders and citizens (Kyvelou, 2010). 

2.3. From the mid-90s a new type of eco-neighbourhood appears based on 
environmental quality criteria 

In the third category, eco-neighborhood projects are initiated in a conventional manner 
since they mobilise ordinary tools of development and construction but they integrate 
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environmental quality objectives. In other words, these districts adopt common and 
unexceptional production methods in order to integrate sustainable development 
perspectives. Some of them clearly refer to the achievements of the ‘prototype’ sustainable 
neighborhoods (the so-called European ‘vedettes’). These projects, often  modest in size, 
are being planned in a long-term period and they are sometimes considered as resulting 
from the dissemination procedure of the proto-neighborhoods and the ‘prototype’ ones. 
Nevertheless, Souami argues that, according to his investigations and research, there is no 
systematic genealogy and explicit influences between these neighborhoods (Souami, 
2009). 

Furthermore, history shows that eco-neighborhood projects concern issues arising from 
territorial, urban, social and economic aspirations that go beyond environmental 
considerations. These socioeconomic and urban contexts are different in each case: economic 
prosperity for some of them, acute socioeconomic crisis for others, reshaping of political and 
institutional context, poverty, etc. This diversity proves that there is no common profile to 
serve as a basis for the creation of an eco-neighborhood. In all cases, eco-neighborhoods are 
implemented in order to enhance image of the city and local identity. The objective is to 
protect the sites concerned and therefore the cities where they belong, from their prior 
image. This image is part of the elaboration of public policies across the whole city. The 
classification of a district based on its environmental performance depends on a long-term 
work on the construction of place identity and the deepening of the feeling of belonging to 
this neighborhood. The place would no longer be identified by its history, its people, its 
animation or attendance. It would initially live through the image of environmental 
performance that circulates outside. The existence of prior approaches and actions on 
environmental issues is not always an asset for the development of operational projects 
aimed at sustainable development. In some cases, certain environmental policies have 
applications in connection with sustainable urban projects. In other cases, affected 
communities have not been able to mobilise their achievements of past policies to initiate 
and carry out operational projects of environmental quality. Sometimes, sustainable 
neighbourhoods are not preceded by pre-existing environmental policies. Summing up, we 
should note that: 

 there is not a prerequisite for environmental policy or a prerequisite for sustainable 
development to achieve eco-neighbourhoods; 

 eco-neighborhoods are often conducted in parallel with the establishment of local 
policies for sustainable development and these projects may contribute to developing 
local sustainable development policies; 

 eco-neighborhoods are not the operational implementation of existing policies for 
sustainable development which prove and demonstrate their effectiveness. 

3. Eco-neighborhood tools 

There are numerous tools developed so far, to assess performance of eco-neighborhoods and 
provide guidance for their planning and design. The following are the most popular ones.  
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3.1. Το BioRegional one planet living framework 

This framework consists of ten principles which should govern sustainable communities, 
namely, zero carbon, zero waste, sustainable transport, sustainable materials, local and 
sustainable food, sustainable water, land use and wildlife, culture and heritage, equity and 
local economy and lastly health and happiness. This approach is a very simple one and can 
be easily used to help individuals and local stakeholders to examine the sustainability 
challenges and develop appropriate solutions (Table 1).  
 

Zero carbon 
Making buildings more energy efficient and delivering all 
energy with renewable technologies. 

Zero waste 
Reducing waste, reusing where possible, and ultimately 
sending zero waste to landfill. 

Sustainable 
transport 

Encouraging low carbon modes of transport to reduce 
emissions, reducing the need to travel. 

Sustainable 
materials  

Using sustainable healthy products, with low embodied 
energy, sourced locally, made from renewable or waste 
resources. 

Local and 
sustainable 
food  

Choosing low impact, local, seasonal and organic diets and 
reducing food waste. 

Sustainable 
water  

Using water more efficiently in buildings and in the 
products we buy; tackling local flooding and water course 
pollution. 

Land use and 
wildlife  

Protecting and restoring biodiversity and natural habitats 
through appropriate land use and integration into the built 
environment. 

Culture and 
heritage 

Reviving local identity and wisdom; supporting and 
participating in the arts. 

Equity and 
local economy  

Creating bioregional economies that support fair 
employment, inclusive communities and international fair 
trade. 

Health and 
happiness 

Encouraging active, sociable, meaningful lives to promote 
good health and well being. 

Table 1. Principles of BioRegional One Planet Living framework 
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The One Planet Communities programme uses a set of Common International Targets 
against each of the 10 One Planet principles to ensure that international partners’ projects 
are guided towards a shared end-point by 2020 and to determine what level of performance 
is required for a development to be endorsed. Behind the One Planet initiative there are 
three overarching environmental drivers: 

 sustainable ecological footprint; 
 sustainable carbon footprint; and 
 clean (non-polluting) activities. 

3.2. Τhe Eco Town framework by the Cambridge quality charter of growth 

The Eco-Town framework focuses on state of the art green building, energy and transport 
technologies and materials to be used in an urban development context. The task is to 
ensure zero-carbon housing and that energy efficiencies are achieved through waste 
reduction, energy conservation technologies and use of more sustainable sources of energy. 

The Eco Town approach refers to new settlements with a minimum of 5000 homes where 
the developments should reach zero carbon standards, should provide good range of 
facilities and affordable housing. The framework consists of four fields, the four Cs, namely, 
climate, connectivity, community and character. Each one of the four is subdivided in 
several criteria (Table 2). 
 

UK Eco-Towns  
Climate Energy 

Water 
Environment 
Planning for low carbon 
Low-environmental 

Character Place-making 
New design and High Design Standards 
Attractiveness and desirability 
Investment 
Locally-based facilities 

Connectivity Employment opportunities 
Transport 
Services 

Community Social mix 
Sustainable community principles 
Governance 
Delivery organisation 

Table 2. Principles of Eco-Town framework 
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3.3. The DPL approach 

DPL is an approach for sustainable urban planning that attempts to quantify and measure 
sustainability of urban areas (districts) based on 25 environmental, social and economic 
indicators (Planet, People, Profit) (Table 3). Planet indicators are subdivided into two 
categories, namely, stocks and local environment. People indicators are subdivided into four 
categories namely, safety, services, green space water and quality. Profit indicators are 
subdivided into three categories namely, economic vitality, sustainable businesses and 
capacity change. DPL was developed by IVAM in cooperation with TNO Environment and 
Geosciences and with financial support from the Dutch Ministry of Housing Spatial 
Planning and the Environment (VROM). 
 

DPL – sustainability profile of a district
PLANET PEOPLE PROFIT
stocks  safety economic vitality 
1. Material use 10. Social safety 20. Local employment 
2. Energy use 11. Traffic safety 21. Local economic 

activity 
3. Land use 12. External safety sustainable businesses 
local environment services 22. sustainable 

businesses 
4. Water 
management 

13. Quality of services capacity to change 

5. Soil 
contamination 

14. Access to services capacity to change 23. Flexibility 

6. Waste 
management 

green space and water 24. Mixed use 

7. Air pollution 
green space and 
water 

15. Local green space 25. ICT infrastructure 

8. Noise 16. Local water  
9.Smells quality  
 17. Quality of the district  
 18. Quality of the dwellings  
 19. Social cohesion  

Table 3. The indicators of sustainability assessment according to DPL 

3.4. The Med Eco-Quartier approach 

The objective of the Med Eco-Quartiers Project was to define precisely the criteria and tools 
for creating eco-neighborhoods in the Mediterranean region, by studying different cultures, 
procedural approaches and environments. As part of the project four working tools were 
developed. They range from the phase of project design to the final realisation phase. The 
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four tools are Med Eco-urbanisme, Med Eco-constructibilité, Med Eco-gouvernance and Med Eco-
sensibilisation (Tables 4 & 5)  
 

Criteria of ΜΕD ECO-urbanism
1. Government and organisation 
2. Economic and social growth 
3. Natural and cultural/archaeological heritage 
4. Restriction of urban sprawl 
5. Local services 
6. Mediterranean natural and climatic characteristics 

Table 4. The six criteria for the development of Mediterranean eco-neighborhoods by the MED Eco-
urbanism 

 

Preoccupations for the Mediterranean eco-neighborhoods
Preserving resources 
Reducing pollution 
Reducing waste 
Managing natural and technological risks  
Improving comfort 
Preserving health 
Culture and heritage 
Integration of the public into the project 
Maintenance evolutions 
mastering cost excess 
Local networks 
Low nuisances building sites 

Table 5. Preoccupations for the Mediterranean eco-neighborhoods, source : “MED-Ecoquartiers” 

The Med Eco-planning tool consists of a grid of decision support and audience piloting 
development project. The overall approach, crossing the various themes of sustainable 
urban design leads to the fundamental objectives of the project. The study of the Med Eco-
planning tool recommendations allows the specification of the characteristics of the new 
district. Even if the Med Eco-planning tool provides a framework for reflection and action, it 
remains a deliverable that has not proved its replication value since it has not been linked 
with implementation of eco-neighborhoods in the Mediterranean (Kyvelou & 
Papadopoulos, 2011). 

3.5. The LEED for Neighborhood development project scorecard 

The tool is subdivided into five categories. Each of them has several analysis criteria, which 
are either prerequisite or are being given a score (Table 6). The main categories are Smart 
Location and Linkage, Neighbourhood pattern and Design, Green Infrastructure and 
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Buildings, Innovation and Design Process and Regional Priority Credit. The tool similarly to 
LEED for buildings calculates a certification estimate and gives five total scores, namely 
certified, silver, gold and platinum. 
 

LEED for Neighborhood Development
Smart Location and Linkage 27 points 
Neighborhood Pattern and Design 44 points 
Green Infrastructure and Buildings 29 points 
Innovation and Design Process 6 points 
Regional Priority Credit 4 points 

Table 6. The basic categories of LEED for Neighborhood tool 

3.6. The HQE aménagement 

Formalised in March 2010, the “HQE aménagement” has been subject of a Guide issued 
under the auspices of the HQE Association. It is, primarily, a pragmatic and ambitious 
methodology, mostly based on the feedback from concrete operational projects of 
development. It is based on business and professional logic, which is the one of the 
developers. The “HQE aménagement” also aims at equipping every stakeholder involved in 
the development with a reference framework and a common vocabulary for conducting eco-
districts and improving professional practices. 
 

HQE Aménagement
Objectives Themes
Ensure integration and cohesion 
in relation to the urban tissue 
and other territorial scales 

1. Wider territorial unity and local frame 
2. Density 
3. Mobility and accessibility 
4. Cultural heritage, landscape and identity 
5. Adaptability and evolutivity 

Preserve   natural resources and 
promote environmental and 
health quality 

6. Water 
7. Energy and Climate 
8. Materials and equipment 
9. Waste 
10. Ecosystem and biodiversity 
11. Natural and technological risks 
12. Health 

Promote social life and support  
dynamics of local economy 

13. Economy of the project 
14. Mixture of uses and land uses 
15. Atmosphere and public spaces 
16. Integration and training 
17. Local economy dynamics 

Table 7. The basic topics of HQE Aménagement 
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It is a thematic approach that describes the objectives that are sought within the sustainable 
operation of development. Organised in 17 themes, it allows the direct choice of sustainable 
actions for the implementation of the following characteristics and subjects of interest (Table 
7). The 17 themes are divided into three major sets: territorial analysis - technical and 
environmental analysis - socio-economic analysis. 

 Territorial Analysis: Ensure integration and consistency of the eco-district with the 
urban area and other territorial levels. 

 Technical and Environmental Analysis: Preserve natural resources and promote 
environmental quality and health.  

 Socio-Economic analysis: Promote social life and strengthen the dynamics of local 
economy.  

4. Is there a South-European model of eco-neighbourhood? 
The north-european eco-neighborhood model is mainly described by its technical and 
environmental performance in terms of energy, saving water or recycling materials. They 
seem to be the main mechanism to move from principles to the effective implementation of 
sustainable urban development. The urban planning and design and the implementation of 
networks are resulting from this approach. This model governed by the environmental 
approach and its performance is mainly used by communities as a powerful tool of 
communication, promoting the region and even as leverage to reverse social and economic 
depreciation. However, these social and economic aspects are not sufficiently highlighted 
and are not explicitly included within the agreed content of the model. On the contrary, 
Southern European countries and especially the Mediterranean seem to prefix social, 
economic and governance issues and less attention is paid to environmental performances at 
least from the point of view of their initial definition and specification.  

4.1. The case of France: Relative delay, centrally directed movement, focus on 
societal issues    

In France, despite a relative delay, many cities have been engaged recently in the process of 
sustainable neighborhoods. Most of the projects are being actually studied and 
implemented, so their status does not allow to fully evaluate the results and present a 
meaningful analysis. In addition, the famous "Grenelle de  l’ Environnement" has proposed 
to initiate a plan of voluntary eco-neighborhoods driven by local governments: at least one 
eco-neighborhood in every municipality that intends to realise programmes of housing 
development until  2012 (in continuity with the existing  urban texture and integrated in the 
city master plans) as well as fifteen large-scale projects of energy, architectural and social 
innovation, while the release of growth is planned to occur by 2012 through the creation of 
ten “Ecopolises”, that is cities of at least 50,000 inhabitants integrating environmental quality 
and new information and communication technologies (“Attali” commission).  

What is important in France is the strong political will and the consequent centrally directed 
generalisation: the “Sustainable City Plan” (Plan Ville Durable), presented to the Council of 
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Ministers on 22 October 2008, aimed at fostering the emergence of a new way to design, 
build, develop and manage the city. As defined by the Ministry of Ecology, Sustainable 
Development, Transport and Housing (MEDDTL), the eco-neighborhood is a sustainable 
operation of high demonstrative and exemplary value. Considered as key measure of the 
Sustainable City Plan of MEDDTL, it contributes to improving quality of life, while adapting 
to tomorrow's challenges: “preserving resources and landscapes, while preparing the 
conditions for the creation of a suitable housing supply”. A first call for projects for the 
competition entitled “EcoQuartier” was launched in October 2008 with local communities to 
bring together stakeholders of quality operations within an operational Club, enhance their 
actions and allow the dissemination of good practices. 160 projects have been submitted by 
communities, coming from all French regions. In 2009, the following cross-cutting issues 
have enabled to distinguish the winning communities through a ranking of 28 projects: 

 Relevance of the urban project, governance, management and structuring of the project, 
mixt uses and environmental aspects of the development. 

 Water, waste, biodiversity, mobility, energy efficiency and renewable energy, density 
and urban forms, sustainable construction.  

The National Award was delivered to the ZAC of Bonne in Grenoble (38). The second call 
for eco-neighborhood projects was launched in January 2011. A new eco-neighborhood grid 
was set up in order to serve the project analysis by experts but also to provide a “framework 
for thought” by any community seeking to implement an eco-neighborhood. In 2011, 393 
applications were submitted. A double Grand National Award was delivered to: 

- Nancy, and Laxou Maxéville (54 - Urban Community of Greater Nancy) - The Hague 
Plateau 

- Roubaix, Tourcoing and Wattrelos (59 - Urban Community of Lille) - The Union. 

The success of the two calls for proposals (2009 and 2011) demonstrated the enthusiasm of 
local communities to develop sustainable operations, whether in cities, towns or rural 
communities. A committee charged to form a proposal for an “écoquartier label” was 
formed. This committee issued, late 2011, recommendations addressing to the Minister of 
Housing and Urban Development for the establishment of a national eco-district label.  

These centrally directed processes in cooperation with local authorities highlight already 
major projects and underline the fact that the phenomenon of eco-neighborhoods is 
widespread in France and building resilience is ongoing for these innovative projects of 
urban development.  

Moreover, the HQE Association, a public character platform of stakeholders dealing with 
sustainable building and sustainable urban development, in collaboration with SNAL 
(Syndicat National des Aménageurs Lotisseurs) which is a federation of over 300 private 
developers who contribute to the production of more than 25,000 houses annually, have 
produced a guide on how to integrate the HQE process for buildings in urban projects. This 
was the concept that led to the creation of a new HQE process entitled “HQE 
Aménagement” which has been subject of experimentation since 2006 in 10 pilot community 
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The success of the two calls for proposals (2009 and 2011) demonstrated the enthusiasm of 
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These centrally directed processes in cooperation with local authorities highlight already 
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urban development.  
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projects. This approach aims at ensuring that all environmental, social and economic 
concerns are handled by developers and should allow private or public developers to 
monitor the project so that it incorporates a variety of concerns and all stakeholders likely to 
be involved: professionals, residents, technical services of the community. The “HQE 
Aménagement” is fully compatible with the future label “écoquartier” planned by the 
Ministry of Ecology, Sustainable Development, Transport and Housing (MEDDTL) as far as 
both piloting, management system and process of the development project are concerned. 

To note that the design of eco-neighborhoods in France gives emphasis on the social 
dimension of the outputs (Lefèvre & Sabard, 2009) even by means of the rebirth of the 
cooperative movement, which is evident since the beginning of 2000 in France. 

4.2. A mediterranean eco-neighborhood model elaborated in the framework of 
an interregional cooperation programme   

The overall objective of the MED-Ecoquartiers project, carried out in the frame of the 
Medocc-INTERREG IIB and based on a European regional partnership, was to produce a 
common methodology in order to serve as a set of principles for the creation of new 
neighborhoods that are consistent with the principles of sustainability (planning, building, 
energy, mobility, quality of life, activities, natural resources, historic buildings and 
landscape) in the countries of the Western Mediterranean. It grouped the cities of Pezenas 
(eco-neighborhood of Saint-Christol, 29 ha for 1700 inhabitants), Dos Hermanas (Spain, eco-
neighborhood Montequinto for 12,000 inhabitants), Faenza (Italy, eco-district of San Rocco, 
350 dwellings for 1,000 inhabitants), Elefsis (Greece, eco-neighborhood of 88 apartments on 
3 hectares).  

4.3. Strategic spatial planning prevailing in an Italian eco-district project    

Under the hypothesis that “there is no a unique Mediterranean city,  but only many 
different Mediterranean cities” and looking for describing as much as possible the 
Mediterranean diversity, the Italian partners of the Med-Ecoquartiers Project have 
elaborated one of the most significant examples in St Rocco neighborhood in the City of 
Faenza. The San Rocco neighborhood project in Faenza addressed the two fundamental 
issues for the construction of new neighborhoods; the first one related to land use and 
consequently town planning, while the second one related to experimental aspects, 
implementation techniques, the use of materials and innovative technology that can 
improve the overall quality of the ecosystem. The San Rocco neighborhood seems to be 
totally oriented towards the “relationship style of planning”, even though a great deal of 
attention has been paid to the physical product, if only to ensure environmental 
sustainability. The experimental planning and building of the San Rocco neighborhood 
bridges the gap between product focused and relationship focused planning and is strongly 
Mediterranean in culture. Residents’ involvement was also enhanced. Another useful 
conclusion deriving from the Italian Project is that a Mediterranean eco-neighborhood 
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results from strategic planning (Nonni, Laghi, 2008). The project is a strategic planning one 
with people and their relationships at the centre. 

4.4. Greek eco-neighborhood projects linked with workers’ housing projects  

Eco district ideas are still in their infancy in Greece, despite a boost in green development 
initiated recently by the government. There is no real “eco-neighborhood” implemented in 
Greece and many questions need to be answered on the way to implement eco-
neighborhood projects in the country. Nevertheless, Greece has participated in the Med-
Ecoquartiers through a project to construct 88 housing units in the city of Elefsis. The project 
was carried out by the Workers' Housing Organization, a public institution that since its 
inception in 1954, is responsible for the construction of social or workers housing dwellings, 
but the Elefsis project was already in construction phase which is a fact that has hampered 
the implementation of the Med-Ecoquartiers tools. They only contributed to a partial 
modification of the original design and improved the environmental performance of the 
project in some areas. However, the involvement of the Organization in the Project has 
contributed to a broader learning process to the extent that achieved awareness and 
knowledge around the question of eco-neighborhoods has  had a  replication effect through 
the adoption of the criteria introduced by the programme to other projects managed by the 
same organisation : a new settlement in Iasmos (Rodopi) has been designed as a pilot village 
for implementing as much as possible the methodological tools produced by Med-
Ecoquartiers and major part of the sustainable planning was the consultation between the 
various stakeholders, the local government and the residents in order to build the necessary 
resilience (Kyvelou & Papadopoulos,2011). Moreover, the Organisation has announced a 
European architectural competition in collaboration to the Greek Institute of Architecture 
(EIA) regarding the environmental design of a new social housing settlement and is 
currently expanding its ecological action, by participating in the ELIH-MED Project dealing 
with energy refurbishment of low-income housing in the Mediterranean. 

4.4.1. “Green neighborhood” projects in depreciated areas of western Athens 

The most recent attempts to develop eco-neighborhood projects in Athens is the one led by 
the Ministry of Environment, Energy and Climate change and the Centre for Renewable 
Energy Sources (CRES) in the depreciated and low-income area of western Athens, namely 
the municipalities of Aigaleon and Aghia Varvara. Nevertheless the scale of the projects is 
too small and no real sustainable approach can be implemented. In fact, a block of 4 social 
housing buildings has been chosen to serve for the pilot implementation of both zero energy 
buildings and an interior urban oasis as well, to improve microclimate conditions. The 
ministry is also attempting to implement a particular public-private partnership scheme, 
through voluntary agreements with small construction enterprises which can provide 
construction materials and building products to affordable prices. The success of this 
scheme is crucial for accomplishing a major objective of the project, that is to stimulate local 
economy dynamics. Another remark that has to be made concerns the failure of a firstly 
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monitor the project so that it incorporates a variety of concerns and all stakeholders likely to 
be involved: professionals, residents, technical services of the community. The “HQE 
Aménagement” is fully compatible with the future label “écoquartier” planned by the 
Ministry of Ecology, Sustainable Development, Transport and Housing (MEDDTL) as far as 
both piloting, management system and process of the development project are concerned. 

To note that the design of eco-neighborhoods in France gives emphasis on the social 
dimension of the outputs (Lefèvre & Sabard, 2009) even by means of the rebirth of the 
cooperative movement, which is evident since the beginning of 2000 in France. 
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totally oriented towards the “relationship style of planning”, even though a great deal of 
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sustainability. The experimental planning and building of the San Rocco neighborhood 
bridges the gap between product focused and relationship focused planning and is strongly 
Mediterranean in culture. Residents’ involvement was also enhanced. Another useful 
conclusion deriving from the Italian Project is that a Mediterranean eco-neighborhood 

Developing a South-European Eco-Quarter Design and  
Assessment Tool Based on the Concept of Territorial Capital 573 

results from strategic planning (Nonni, Laghi, 2008). The project is a strategic planning one 
with people and their relationships at the centre. 

4.4. Greek eco-neighborhood projects linked with workers’ housing projects  

Eco district ideas are still in their infancy in Greece, despite a boost in green development 
initiated recently by the government. There is no real “eco-neighborhood” implemented in 
Greece and many questions need to be answered on the way to implement eco-
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project in some areas. However, the involvement of the Organization in the Project has 
contributed to a broader learning process to the extent that achieved awareness and 
knowledge around the question of eco-neighborhoods has  had a  replication effect through 
the adoption of the criteria introduced by the programme to other projects managed by the 
same organisation : a new settlement in Iasmos (Rodopi) has been designed as a pilot village 
for implementing as much as possible the methodological tools produced by Med-
Ecoquartiers and major part of the sustainable planning was the consultation between the 
various stakeholders, the local government and the residents in order to build the necessary 
resilience (Kyvelou & Papadopoulos,2011). Moreover, the Organisation has announced a 
European architectural competition in collaboration to the Greek Institute of Architecture 
(EIA) regarding the environmental design of a new social housing settlement and is 
currently expanding its ecological action, by participating in the ELIH-MED Project dealing 
with energy refurbishment of low-income housing in the Mediterranean. 

4.4.1. “Green neighborhood” projects in depreciated areas of western Athens 

The most recent attempts to develop eco-neighborhood projects in Athens is the one led by 
the Ministry of Environment, Energy and Climate change and the Centre for Renewable 
Energy Sources (CRES) in the depreciated and low-income area of western Athens, namely 
the municipalities of Aigaleon and Aghia Varvara. Nevertheless the scale of the projects is 
too small and no real sustainable approach can be implemented. In fact, a block of 4 social 
housing buildings has been chosen to serve for the pilot implementation of both zero energy 
buildings and an interior urban oasis as well, to improve microclimate conditions. The 
ministry is also attempting to implement a particular public-private partnership scheme, 
through voluntary agreements with small construction enterprises which can provide 
construction materials and building products to affordable prices. The success of this 
scheme is crucial for accomplishing a major objective of the project, that is to stimulate local 
economy dynamics. Another remark that has to be made concerns the failure of a firstly 
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launched project in Aigaleo due to the non capacity of the local authority to fully 
understand the project and find the necessary institutional tools to cope with the land and 
buildings ownership related constraints.  

As fas as the Aghia Varvara project is concerned, both on-site visits, use of interactive 
questionnaires and data collection from the Public Power Corporation confirmed the need 
for interventions in buildings in three key areas: The first one concerns exterior insulation of 
the building shell, replacement of old simple glazed window frames with double glazing, 
replacement of old blinds and use of cold paintings. The second axis is to replace the various 
heating and cooling systems with an energy efficient central heating and cooling system. 
Finally, ensuring hot water through a central solar system is the third axis of the operation. 

The programme is aiming at maximising energy efficiency of the neighborhood, achieving 
thermal comfort for residents and improving significantly their quality of life and at the 
same time minimise environmental impacts. 

 
Figure 1.  Social housing apartment buildings and the urban tissue of the Aghia Varvara (Western 
Athens) green neighborhood project.  

4.4.2. Private eco-developments in high-income suburbs, focusing on marketing   

Private projects can be often met in the Mediterranean area as they concern the creation of 
eco-villages either of secondary residences and touristic complexes or high income level 
housing in prestigious suburbs. In these projects, innovation and marketing for commercial 
reasons are usually prevailing. An example of such a development is the "Designer Village" 
developed by a private construction company in Dionysos, on the foothill of the Pendeli 
mountain. The project concerns the development of 85 plots in which 240 dwellings are being 
erected. Each plot has approx. an area of 1500m2. In an attempt to use green marketing tools, 
nine Greek architectural cabinets of different architectural perceptions and tendencies have 
been invited by the construction company, to put down their inspirations. "Designer Village" is 
already referred to as a kind of park of exemplary Mediterranean architecture, characterized as 
an "excellent project" by an EC programme competition. It focuses on energy efficient 
techniques and improvement of thermal and visual comfort and indoor air quality. Although 
the environmental objectives and targets associated with the rational use of resources (energy, 
water etc) are ambitious, the complex is far from being characterised as eco-neighborhood 
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since it doesn’t promote neither social mixing, nor economic efficiency, accessibility and 
affordability or cooperation among inhabitants. In conclusion we would say that an eco-
neighborhood may be regarded as such only if it is the result of social dynamics and not a 
simple consumer product (Kyvelou & Papadopoulos, 2011). 

5. Findings of the comparative study of the existing assessment tools 

The investigation with regard to the existing tools showed that they address different 
parameters and have different focus. It is not easy to select the most appropriate tool, since 
there is none of them addressing all the issues and remaining, at the same time, easy to use. 
It was shown that most of the environmental, social and economic parameters are being 
implemented in different ways for each project.  

However, in many of the cases, there are parameters that were neglected. Two of them is 
good design and place-making. It is strongly believed by the authors that the latter should 
be included to an eco-neighborhood approach and addressed at an earlier stage. The aspect 
of good design is not only related to environmental design and its many criteria but also to 
issues such as attractiveness and high design standards which are addressed by the 
Cambridge Quality Charter of Growth. Place-making, that is making of a real coherent 
neighborhood with social and territorial cohesion is also often neglected.  

On the other hand, since current economic and financial crisis lead to fragmentation of 
society, special attention has to be paid, in these projects, on social equity issues as one of 
the aims of sustainable territorial development. The principle of social equity focuses on the 
right to work and housing but also on the access to services and public goods and on the 
fight against poverty and social exclusion. Each citizen must have access to a job and decent 
housing, but also to the essential public goods. The access to housing, medical care, 
education and information should lead to a more stable society capable of solidarity, 
tolerance and generating participation. It can develop its traditions while promoting a 
sustainable lifestyle. Finally, ‘social equity’ can be defined as the addition of the merit 
principle of equality. This aim can be divided into four targets: ensuring everyone an 
adequate housing, ensuring access to efficient public services, promoting access to 
employment, fighting against occupational and social exclusion. To achieve the first target, 
the issues in a territorial project are: 

 promote the social mix 
 promote diversity of housing supply 
 promote affordable housing policy 
 integrate urban projects in a social housing policy consistent with the entire city. 

Apart from social equity principles, an eco-neighbourhood initiative should be based on 
adaptive and flexible governance schemes (Chouvet, 2007), that is bring together 
community stakeholders, property developers, utilities, and the city to solidify a shared 
sense of purpose and partnership through the following actions: 
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neighborhood may be regarded as such only if it is the result of social dynamics and not a 
simple consumer product (Kyvelou & Papadopoulos, 2011). 

5. Findings of the comparative study of the existing assessment tools 

The investigation with regard to the existing tools showed that they address different 
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there is none of them addressing all the issues and remaining, at the same time, easy to use. 
It was shown that most of the environmental, social and economic parameters are being 
implemented in different ways for each project.  

However, in many of the cases, there are parameters that were neglected. Two of them is 
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be included to an eco-neighborhood approach and addressed at an earlier stage. The aspect 
of good design is not only related to environmental design and its many criteria but also to 
issues such as attractiveness and high design standards which are addressed by the 
Cambridge Quality Charter of Growth. Place-making, that is making of a real coherent 
neighborhood with social and territorial cohesion is also often neglected.  

On the other hand, since current economic and financial crisis lead to fragmentation of 
society, special attention has to be paid, in these projects, on social equity issues as one of 
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fight against poverty and social exclusion. Each citizen must have access to a job and decent 
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principle of equality. This aim can be divided into four targets: ensuring everyone an 
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employment, fighting against occupational and social exclusion. To achieve the first target, 
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community stakeholders, property developers, utilities, and the city to solidify a shared 
sense of purpose and partnership through the following actions: 
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 establish municipal policy and organisational structures to support the eco-district 
development; 

 create an engagement and governance strategy to build community support, set 
priorities and actions; 

 develop an assessment and management to guide project development and track 
ongoing performance; 

 identify commercialisation opportunities for the private sector to test promising 
products and practices; 

 implement sustainability projects through technical and economic feasibility analysis, 
assembly of project financing, and establishment of public-private partnerships 
(Kyvelou & Karaiskou, 2007). 

6. Comparing Mediterranean eco-neighbourhoods 

This part of the research has identified examples of eco-neighborhoods in Southern Europe, 
either completed or in the design phase. These neighborhoods have various scales and cover 
regions approximately from 10 to 250 hectares (Table 8). This is an ongoing investigation 
aiming to identify and classify examples, which can be used as models in future eco-
neighborhood design.  

Amongst the 16 presented cases, one of them is located in Portugal, three in Spain, three in 
France and nine in Italy. In Table 8 some general characteristics are presented for each 
example while in Table 9 an analysis of the different environmental, economic and social 
parameters that were implemented in each project is undertaken. For methodological 
reasons, a single tool was selected for the purposes of this classification,  the “One Planet 
Living framework” initiated by Bioregional. The 10 principles of the tool form the corpus of 
the analysis which will follow. 

We shoud note here that the North-European model is mainly described by its technical and 
environmental components. The performance in terms of energy, saving water or recycling 
materials are particularly highlighted. They seem to be the main mechanism to move from 
principles to the effective implementation of sustainable urban development. The urban 
planning and design and the implementation of networks are resulting from this approach. 
This ‘model governed by the environmental approach and its performance’ is mainly used 
by communities as a powerful tool of communication, promoting the region and even as 
leverage to reverse social and economic depreciation. However, these social and economic 
aspects are not sufficiently highlighted and are not explicitly included within the agreed 
content of the model of sustainable urban development.  

On the contrary, Southern European countries and especially as far as the examples 
examined in the Mediterranean, are concerned, seem to prefix social, economic and 
governance issues and less attention is paid to environmental performances at least from the 
point of view of their initial definition and specification. In Table 8, it is also clear that 
sustainable transport is also a field of Mediterranean interest together with health and 
hapiness issues. 
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6.1. What would be the model of a Southern European eco-neighborhood?  

The study of a series of eco-neighborhoods in Southern European countries led us to the 
conclusion that a Southern European eco-neighborhood model is certainly emerging. 
Specifically, the experience of Southern Europe shows that eco-neighborhoods are nether 
merely expressions of integration of sustainable development in city planning nor only 
products integrating new technologies and alternative energies. 

The eco-neighborhoods, as developed in Europe are, in our view, important local aspects of 
strategic spatial planning, as this is reborn and reshaped today in Europe, thus being 
products of a dynamic political and social process. Eco-neighborhoods are manifestations of 
the change of regulatory planning (based on physical planning) to a territorial management 
process where "territorial marketing" has a predominant role (Kyvelou, 2010).They reaffirm, 
moreover, that sustainable development is an exceptional unifying element and point of 
recasting spatial policies. Sustainable neighborhoods are also emphasizing the issue of scale   
which is nowadays one of the most important theoretical discussions in spatial and urban 
planning. Another important conclusion is that an eco-neighborhood mainly depends on the 
extent to which there is a tradition of strategic spatial planning, on the cultural tradition and 
level of collective   and community involvement (Chiotinis, 2006) and on the presence of 
catalytic investments and the possibility of implementing public - private partnerships 
towards a process of stimulating local economy dynamics (Kyvelou & Karaiskou, 2006).  

The Mediterranean countries usually lagging behind as far as the above conditions are 
concerned, present a spontaneity and a delay of implementation. Constraints of 
implementation show that an eco-neighborhood initiative should be based on adaptive and 
flexible governance schemes, and on engagement strategies that would bring together 
community stakeholders, property developers, utilities, and the city to solidify a shared 
sense of purpose and partnership through the following actions :  

a. Establish municipal policy and  organisational structures to support the eco-
neighborhood development;  

b. Create an engagement and governance strategy to build community support, set 
priorities and actions; 

c. Develop an assessment and management toolkit to guide project development and 
track ongoing performance;  

d. Identify commercialization opportunities for the private sector to test promising 
products and practices; and 

e. Implement sustainability projects through technical and economic feasibility analysis, 
assembly of project financing, and establishment of public-private partnerships 
(Kyvelou, Marava & Kokkoni, 2011).  

Both lessons from the North-European examples of eco-neighborhoods and observation from 
different types of eco-districts in Southern Europe, either public or private projects,   can 
provide helpful criticism and a good framework to discuss issues of efficient implementation in 
the near future. This framework could help to modeling work that is both to the construction of 
a model that can predict future trends and to the affirmation of the model, meaning that it can 
be used in the reproduction and replication of certain practices and related projects. 
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concerned, present a spontaneity and a delay of implementation. Constraints of 
implementation show that an eco-neighborhood initiative should be based on adaptive and 
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Both lessons from the North-European examples of eco-neighborhoods and observation from 
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provide helpful criticism and a good framework to discuss issues of efficient implementation in 
the near future. This framework could help to modeling work that is both to the construction of 
a model that can predict future trends and to the affirmation of the model, meaning that it can 
be used in the reproduction and replication of certain practices and related projects. 
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6.2. What would be an efficient sustainability assessment tool for Southern 
European eco-neighborhoods?  

The short analysis of the eco-neighbourhood design tools has shown that they have different 
orientations in terms of their focus on environmental, social or economic strategy. Some of 
the tools seem to be more design oriented while others have a social resilience focus. The 
Eco-Neighborhood is more than a mere buzzword or local marketing tagline. The 
neighborhoods have ambitious targets that go well beyond load reduction. They draw upon 
new and often complex practices, from urban project design to construction, use and 
assessment and it is often complicated for the local authorities to implement these practices 
as new methodologies need to be addressed and many of them recoil at doing so, from the 
very start of the project.  

The above described experiences in Southern Europe show that an assessment tool for eco-
neighborhoods cannot be efficient if nor directly linked with the valorisation of the 
territorial potential and the territorial capital (OECD, 2001), at local level. We have therefore 
proceeded to the formation of a new tool, largely inspired by the territorial capital and the 
territorial cohesion concepts, which gives emphasis to the holistic approach of the city, its 
neighborhoods and its relationship and interdependence with its region. The so-called 
“SDMed eco-neighborhood” tool is structured around the main determinants of the 
territorial capital (geographical, cultural, political, material, social and intellectual capitals) 
and is analysed in a series of criteria capable to manage the complexity and diversity of the 
Mediterranean urban phenomenon (Sinou &Kyvelou, 2006)  

The concept of territorial capital was first proposed in a regional policy context by the 
OECD in its Territorial Outlook (OECD, 2001), and it has been later on reiterated by DG 
Regio of the European Commission: “Each Region has a specific ‘territorial capital’ that is 
distinct from that of other areas and generates a higher return for specific kinds of 
investments than for others, since these are better suited to the area and use its assets and 
potential more effectively. Territorial development policies (policies with a territorial 
approach to development) should first and foremost help areas to develop their territorial 
capital” (European Commission, 2005).Territorial capital is referring to the following 
elements: a/ a system of localised externalities, both pecuniary  and technological; b/ a 
system of localised production activities, traditions, skills and know-how; c/ a system of 
localised proximity relationships which constitute a ‘capital’ – of a social psychological and 
political nature – in that they enhance the static and dynamic productivity of local factors, d/ 
a system of cultural elements and values which attribute sense and meaning to local 
practices and structures and define local identities; they acquire an economic value 
whenever they can be transformed into marketable products – goods, services and assets – 
or they boost the internal capacity to exploit local potentials; e/ a system of rules and 
practices defining a local governance model. Accordingly, the OECD has rightly drawn up a 
long list of factors acting as the determinants of territorial capital, and which range from 
traditional material assets to more recent immaterial ones. All the above have been used to 
draft the SDMed Eco-neighborhood tool. 
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Territorial capital Territorial cohesion components 

Geographic Εmmissions 

 Landscape resources 

Cultural Cultural heritage 

Political Governance 

Material Economic growth-wealth 

 Resources 

 Sustainable transports-mobility 

Social Health and safety 

 Εxternal accessibility 

 Internal connectivity 

Intellectual Creativity 

Table 10. The conceptual elements behind the SDMed Eco-neighborhood tool. 

7. The SDMed Eco-Neighborhood tool 

As it was mentioned in the introduction the SDMed Eco-Neighbourhood tool was based on:  

1. the research and parametric analysis between the existing eco neighborhood tools;   
2. the SDMed building performance assessment tool (Sinou & Kyvelou, 2006);   
3. the concept of territorial capital (OECD, 2001); 
4. The current economic and financial crisis and the consequent limitation of public funds. 

By its definition, the concept of territorial capital can be divided in geographic, cultural, 
political, material, social and intellectual capital, while approaching territorial cohesion we 
can categorise actions in emissions, local resources, cultural heritage, governance economic 
growth, resources, sustainable transport-mobility, health and safety, external accessibility, 
internal connectivity and creativity (Kyvelou, 2010). 

Thus, the structure of the new tool is constituted by the main subdivisions of territorial 
capital, eleven objectives-targets linked to territorial cohesion and in 39 accordingly sub-
targets (Table 11). These sub-targets are further divided in more criteria in order to include 
all the parameters that can influence sustainable neighborhood. The final depiction of the 
tool is under study; however a first attempt is presented in the diagram of Table 10. 
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SDMed ECO NEIGHBORHOOD tool 
Territorial 

capital 
11 Targets 
territorial 
cohesion 

39 
Sub-Targets 

 

Geographic Emissions 
 

1.1 Emissions  (CO2)   Reduction of CO2 emissions 
1.2 Water waste Management of water waste 
1.3 Production of solid 

waste 
Management of domestic 
waste 
Management of construction 
waste  
Management of solid waste 
infrastructure   

1.4 Management of 
litter and waste 

Network of sewage 

1.5 Urban heat island 
effect 

Measures to reduce heat 
island effect 

1.6 Night-time light 
pollution 

Reduction of light pollution 

Landscape 
resources 

2.1  Natural and 
technological risks

Local management of natural 
risks (Earthquake, heat wave, 
tsunami)  
Local management of 
technological risks 

2.2 Influence to the 
urban form 

Optimisation of land use 
 Compact growth – Density 
 Intelligent planning  
Integration of environmental 
issues in urban planning 

2.3 Adaptive 
opportunity 

 

2.4 Quality of public 
spaces 

Tree-lined and shaded streets 
Cohesion and linkage among 
urban spaces 
Design with bioclimatic 
criteria 

2.5 Comfort (thermal, 
visual, acoustic ) 

Nuisance linked to the 
neighborhood  
Noise pollution in the 
neighborhood from vehicles 
or activities  
Minimisation of construction 
nuisance 
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Visual quality of natural 
environment - view  
Visual quality of built 
environment 
Preferred locations  
Water efficient landscape 
Steep slope protection  

2.6 Air quality Interior air quality 
Exterior air quality 

2.7 Spatial comfort 
and comfort of 
activity 

Quality of building  
Quality of housing  
Variety in housing 
Satisfaction of users and 
residents 
Support of architectural 
quality  
Innovation and exemplary 
performance 

Cultural 
 

Cultural 
heritage 

3.1 Maintenance of 
natural heritage - 
biodiversity 

Maintenance of wetlands 
and natural beauty 
landscapes 
Protection of rural land  
Extinction species and 
ecological communities 

3.2 Maintenance of 
cultural heritage 

Conservation and re-use of 
cultural heritage 

3.3 Maintenance of 
built environment 

Use of existing buildings  
Preservation of historical 
resources and adaptive reuse  
Brownfield redevelopment 

Political Governance 4.1 Functionality and 
possibility of 
services control 

 

4.2 Adaptability and 
flexibility of 
services 

 

4.3 Robustness and 
maintenance of 
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services 
4.4 Community 

involvement 
 

4.5 Ownership of land 
and buildings 

  

4.6 Public Private 
Partnerships 

 

Material Economic 
growth-wealth

5.1 Cost of land and 
construction cost 

Local economic dynamic  
Creation of social economy 

5.2 Cost of of life cycle 
(€/year) 
(maintenance, 
exploitation et 
deconstruction) 

 

5.3 Cost of waste 
management and 
cost of emissions 
(€/year) 

  

5.4 Support of local 
economy 

Presence economic activities  
Presence of retail trade  
Local food production 
Mixed use neighborhood 
centers  

Resources 6.1 Effect in the energy 
resources 

Improvement of energy 
efficiency for heating, cooling 
and electricity (buildings and 
infrastructures)  
Use of renewable energy 
(locally) 
Orientation 
Heating and cooling of 
district  
Certified green buildings 

6.2 Exhaustion of raw 
material 

Integration of recycled and 
reused materials, 
constructions and process of 
demolition in buildings and 
the public spaces 
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7.1 Transportation 
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8.1 Health and 
productivity 

Improvement of cleanliness 
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communal spaces  
Right and acess to care and 
health 

8.2 Safety of users   Improvement of safety of 
people and goods 
Improvement of road safety 

External 
accessibility 

9.1 Accessibility for 
people with special 
needs 

Accessibility   

9.2 Accessibility in 
open spaces 

Access in public spaces  
Access in recreation facilities 

Internal 
connectivity 

10.1 Involvement of 
users 

Involvement of residents and 
users in the process of 
sustainable urban 
development  
Participation of residents in 
decision making and projects 
related to the community  
Strengthening of community  
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10.2 Creation of work 
places  

 

10.3 Social diversity  
Intellectual Creativity 11.1 Support of 

education - Levels 
of education and 
professional skills 

Diversity in age distribution 
Mixed income communities 
Connected and open 
community  
Collaborations  
Promotion of academic 
success Reinforcement of the 
role of school in the 
community 
International cultural 
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Table 11. The new SDMed ECO-NEIGHBOURHOOD tool 

 
Figure 2. Draft illustration of the SDMed Eco-neighbourhood tool. 

8. Conclusions 

The climatic, social, cultural, governance and spatial planning related specificities of the 
Mediterranean region and the delay of eco-neighborhood development in the 
Mediterranean countries combined with current need of economic and social regeneration 
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lead to the necessity to develop a tool adapted in these specific needs and particularities. 
The comparative research showed that the assessment tools for eco-neighborhoods have 
been structured around different principles and ideas. There is an abundance of tools and 
their evaluation constituted an aid for the creation of a new proposal. The parametric 
analysis of tools that were selected created a base for the creation of the new tool that has to 
be enriched in order to face the particular needs of the Mediterranean region, with 
sensitivity and taking into account current ecomonic and financial crisis.  

Furthermore, the investigation of existing Mediterranean examples gives important 
information with regard to the sustainability criteria that are used in most of the cases.  

Finally, the concept of place-based development and  contemporary planning criteria like 
the one of territorial capital have been explored  in order to form a proposal for a new 
methodological tool  based on the need of place-making and urban regeneration under 
economic crisis and lack of public funds. Sustainability in the scale of a neighborhood 
cannot be a static process, has to do with innovation and has to ensure the creation of wealth 
at local level and the stimulation of local economy dynamics. Planning a contemporary eco-
neighborhood is a complex procedure and addresses both economic, social, environmental 
and governance related challenges. Achieving an eco-neighborhood assumes the 
development and implementation of a process of project management and an action plan 
involving local actors at the different phases of a project. Furthermore, it involves setting 
objectives and implementing actions to achieve environmental, economic and social 
performances.  
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and governance related challenges. Achieving an eco-neighborhood assumes the 
development and implementation of a process of project management and an action plan 
involving local actors at the different phases of a project. Furthermore, it involves setting 
objectives and implementing actions to achieve environmental, economic and social 
performances.  
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