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Preface

As generally acknowledged, landscape architecture extends across numerous 
subject areas from heuristics, aesthetics, and sciences to statistical decision-making, 
technology, and arts. Landscape architecture ranges from small projects and details 
to global ecology and ecosystems. For this reason, the profession incorporates infor-
mation from the social sciences, natural science, natural history, ecology, and the 
medical sciences. Often a good landscape architect is someone who is interested in 
many subjects and is able to integrate them thoughtfully. In this regard, landscape 
architecture, generally described as a multi-disciplinary field that incorporates 
several branches of knowledge, is perceived as a discipline able to promote the 
definition of land uses, thus enabling landscape alterations that might promote 
sustainable development, protect the environment, preserve natural and cultural 
assets, and improve people’s quality of life.

In fact, crossing a wide range of research domains and issues associated with 
landscape planning, design, and redevelopment, this book covers a large number 
of topics related to landscape architecture, assessing the impact of contemporary 
needs and constraints and landscape management strategies on planning, ecosys-
tems, and landscape design. The book presents specific case studies representing a 
vast array of landscape planning and design projects that go beyond conventional 
practice, including not only a diverse amount of end uses but also multidisciplinary 
methodological approaches.

As a landscape architect who then became an agronomic engineer with research 
interests deeply rooted in the field of sustainability, landscape planning, and 
development, the main goals of most of my research are directly connected to fitting 
landscape architecture as a tool to promote and assure that planning and design 
processes meet the needs and desires of contemporary life. All this, bearing in mind 
the comprehensive view of the different components of landscape architecture, 
acknowledging the need for an interrelated analysis of the ecologic, cultural, and 
socioeconomic issues in each and every single planning and design process.

Luís Loures
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Chapter 1

Introductory Chapter: Landscape 
Architecture - The Gatekeeper of 
Sustainable Development
Luís Loures

1. Introduction

The connection between man and the natural world is no more that of a  
harmonious accord, but it is often a relation of contrast which has caused and which 
still causes two big problems that sometimes look not being solvable: the problem 
of the environment pollution and the problem of the progressive exhaustion of the 
resources, thus imposing to the community high social costs [1–3]. This results in a 
new attitude towards the environment, which is not a utopic return to the past but, 
instead, the attitude of identifying the meaning of a sustainable development as a 
process of change, in which resource utilization, investment, technological develop-
ment, and institutional changes are in a reciprocal harmony, increasing current and 
future potential of satisfying human needs and aspirations [4–6]. This repurposes 
a renewed connection man-nature, according to an ecosystem approach, meant 
to promote the identification, protection and enhancement of natural resources, 
in order to reinstate the necessary equilibrium between the built and the natural 
environment.

This necessary equilibrium, coupled with the impossibility of an unlimited 
growth in a world of limited resources and the extensive diffusion of sustainability 
as a crucial conceptual approach towards development, constitute a distinctive 
mark that led countries to operate sustainable development as one of the main 
planning paradigms of the last decades. Thus, landscape must be understood as a 
global entity, which have several components, that must be analyzed, managed and 
protected in order to achieve sustainable development though the application of 
specific planning and design strategies based on landscape architecture principles. 
Still, regardless of the conceptual approach used, the fact that the landscape consti-
tutes a dynamic structure in constant transformation, highlights the fact that any 
intervention aiming at its management, planning and/or alteration must be based 
on a deep knowledge of its characteristics, history, structure, and services.

This reality is increasingly acknowledged, in a society in which, production and 
consumption patterns have become completely unsustainable, accelerating the 
exhaustion of natural resources, fostering environmental pollution and promoting 
landscape loss, thus hastening problems that impose high social costs to citizens and 
communities all over the world. It is therefore necessary to take up a new attitude 
towards landscape and the environment, by using and implementing sustainable 
design principles and approaches, anchored in landscape architecture as gatekeeper 
of sustainable development, therefore promoting the coordinates for environmental 
management and protection, social equity and economic prosperity, as the base for 
landscape sustainability.
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Figure 2. 
Agricultural landscape – Elvas, Portugal. Photo credits – Luís Loures – All rights reserved.

Figure 3. 
Artificial lake – Polytechnic Institute of Portalegre – Campus, Portugal. Photo credits – Nuno Bilé – Used by 
permission, all rights reserved.

In this regard, considering that landscape is the visible expression of the physi-
cal and biological components and of human activities and settlements in a given 
territory, immediately reflecting changes in their occupation and use (Figures 1–3), 
and that, for this reason, it is continuously changing as a result of multifaceted and 
cooperating natural processes coupled with planned and unplanned actions by man 
[7, 8], global concerns raised by landscape transformation processes worldwide, 
highlight the need to rethink landscape while protecting the environment. This 
is evident in each and every single landscape, but, especially true for previously 
developed ones which are currently derelict and abandoned [9], posing different 
but complementary challenges not only to the society but also to landscape architec-
ture as discipline.

In fact, the relevance and popularity of landscape architecture approaches and 
projects in an increasingly changing environment are progressively recognized as 

Figure 1. 
Natural intermittent river – Caia, Portalegre. Photo credits – Luís Loures – All rights reserved.
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an adequate discipline to answer specific development questions such as: Which are 
the crucial ecological functions that any project should account for? What makes 
landscapes valuable and appealing? What constitutes good design? What is the 
contribution of landscape architecture to sustainability? What makes landscapes 
underutilized? What obstacles keep derelict and abandoned landscapes from being 
recovered or transformed? Who should be responsible for landscape planning and 
management both at local, regional and national levels? Still, new methodologies 
and frameworks are needed, in a period when “(…) that seemingly old-fashioned term 
landscape has curiously come back to vogue” [9–11], it is urgent to reinvent the way 
in which landscapes are planned, managed, recovered or transformed, considering 
sustainability as a basis for development in which environmental issues, historic 
and cultural values, economic opportunities, and social needs are considered at the 
same level.

2.  Landscape architecture – Integrating knowledge towards sustainable 
development

Considering that landscape architecture, landscape planning, landscape recla-
mation, landscape management and landscape preservation are part of the same 
process [1–3], existing knowledge on the biophysical character of a landscape, and 
on the way this character restricts or favors the implantation and the development 
of human activities, is essential to achieve its sustainability. This idea is also valid 
to the cultural and esthetic characters, because history, previous land use, people’s 
culture, and landscape scenic and biological values, constitute essential factors for 
the acceptance of new landscapes by the population.

This idea explains how important it is to integrate all the landscape compo-
nents, not only in planning and management activities, but in any kind of project 
concerned with the creation or change of the public space, because one may 
never forget that the main idea of any kind of project, must be “public space is 
for the public”, and that’s the reason why their needs, wishes and aspirations are 
one of the most important aspects in landscape architecture project and planning 
activities [12–14].

Anyway, landscape planning, design, management and/or redevelopment 
activities, provide constant new opportunities for those who have the desire and the 
ability to seize landscape, regardless of its nature [15–18], for this reason landscape 
architecture is considered to be, a significant resource for achieving sustainable 
development contributing as well to improve life’s quality. In this regard, landscape 
design processes need to be thought in terms of sustainability and/or sustainable 
development, “terms that get used a lot these days, and which since their appearance 
have been faced as new development paradigms introduced in land-use matters, merging 
social, economic and environmental dimensions” [9], pushing regions and nations to 
work together in the establishment of new principles, frameworks and methodolo-
gies towards sustainable development.

The present book addresses the importance of the environmental, cultural, 
esthetic and economic contributions in landscape analysis, planning and design, 
while creating the common ground for enabling a broad understanding of the 
relationship established between landscapes, territories and human occupation 
along time. Consequently, aiming at the total understanding of landscape archi-
tecture domains, the envisioned book adopts a holistic vision of landscape, inte-
grating its various components: the environmental, which includes both physical 
and biological parts of the ecosystems; the cultural, where both historical factors, 
genius loci, identity, sense of belonging, and the narrative qualities of the landscape 
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are considered; the socio-economic, referring not only to the social factors and 
economic activities determining the human action permanently constructing and 
changing the landscape, but also the regulations and legal instruments which affect 
these activities, approaching the contributions that the each component has in 
landscape design, planning, management and/or redevelopment.
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are considered; the socio-economic, referring not only to the social factors and 
economic activities determining the human action permanently constructing and 
changing the landscape, but also the regulations and legal instruments which affect 
these activities, approaching the contributions that the each component has in 
landscape design, planning, management and/or redevelopment.
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Chapter 2

Land Uses Allocation: The 
Execution of an Artificial 
Beach and Its Complementary 
Infrastructures – Madeira  
Island – Machico, Portugal
Sérgio Lousada, Luís Loures and Rui Alexandre Castanho

Abstract

The present study aims to propose the creation of an artificial beach in the 
municipality of Machico and its complementary infrastructures, located on the 
south-eastern coast of the Madeira Island (Portugal). Machico’s beach sand consists 
of a mixture of black volcanic sand and round basalt stones. Usually, it has clear 
waters and a quiet sea. This beach also has a mooring infrastructure, thus allowing 
access to the sea. In order to achieve this study’s main goals, it was initially carried 
out an extensive review and bibliographic research. Subsequently, a sand beach and 
its shelter groins were simulated and designed to hypothetically promote the reten-
tion of the sand and mitigate the tidal effects. In addition to model the beach dynam-
ics, an extensive characterization of the extreme maritime regime was performed. 
The model was developed based on topographic and hydrographic site surveys and 
the data using Wave Watch III model at 32.0°N, 17.0°W—obtained from SONEL web 
page, which gathers new data every 6 hours. Besides, the study also contemplated the 
analysis of the sea inundation quota for a return period of 100 and 500 years and its 
development along with the Master Plan of the City of Machico. Furthermore, some 
final remarks and conclusions will be shown; besides, some future projects should be 
developed to expand the knowledge of this thematic field.

Keywords: artificial beach, beach dynamics, coastal protection,  
extreme scalar wave height, GIS, maritime climate, maritime flood level,  
return period, sediment transport, waves

1. Introduction

Currently, there is enormous progress pressure in the coastal zone worldwide, 
which has resulted in the planning or construction of a large number of coastal 
developments. This situation requires more than protecting the existing coasts 
against natural risks, such as coastal erosion and coastal flooding. Typically, there 
is a need to rehabilitate many coastal areas under pressure from land development 
in the past and coastal erosion and degradation. However, in some regions, the high 
demand is not satisfied only with the rehabilitation of existing beaches [1].
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In RAM (Autonomous Region of Madeira), the large concentration of hotels 
along the south coast, resulted in the reduction of free access spaces for the popula-
tion to the sea, a situation that was compensated by the construction of several 
bathing complexes, cases of Ponta Gorda, Poças do Governador, Doca do Cavacas, 
Barreirinha, Ponta Delgada, among others [2].

From the rolled pebbles to the black sand, to the artificial and the various 
bathing complexes with natural pools, it is possible to find beaches for all tastes in 
Madeira; in fact, this created a competition with Porto Santo, until recently the only 
island in the archipelago with its nine-kilometer-long fine yellow sand beach [2].

In Madeira, initially, the beaches were all of rolled pebbles, with only one of black 
sand, the ‘Prainha’ in Caniçal (Figure 1), at the eastern end of the island, which is 
difficult to access, and some private and public bathing complexes in Funchal [2].

But about a decade ago the scenario started to change and one of the innovations 
was the import of sand from North Africa to build the artificial beach in Calheta 
(Figure 2) [2].

Calheta was the first beach in Madeira to import sand, having been inaugurated 
in 2004 and with two slope breakwaters as a form of protection. Praia da Calheta is 
a beach located in the parish of Calheta, on the island of Madeira, in Portugal, with 
a length of 100 meters. It is often sought after by canoeists and windsurfers [3]. 
This project was so successful that it was copied in the municipality of Machico, in 
the extreme east [2]. Located on the right bank of the mouth of Ribeira de Machico, 
Praia da Banda d’Além (Figure 3) is a beach that allows an immediate dive for those 
in the center of Machico [4].

With about 70 meters in length, the beach has locker rooms, changing rooms, 
showers, bathrooms, parking, and guarded during the bathing season [4]. This 
yellow sand beach is one of the few references of its kind on Madeira Island. It is 

Figure 2. 
Calheta artificial beach (source: https://www.madeiraallyear.com).

Figure 1. 
“Prainha”, Machico (source: https://www.madeiraallyear.com).
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framed in the emblematic Machico bay (Figure 4) inserted in a pleasant environ-
ment, making it, therefore, one of the favorite places regionally [4].

The introduction of sand from North Africa on the beaches of Madeira in recent 
years changed the appearance of the island but also extended the tourist offer for 
those seeking sun and sea [2].

The proposal presented is intended to create an artificial beach in the municipal-
ity of Machico and the necessary infrastructures, continuing the success of Praia 
da Banda d’Além, expanding the offer, and contributing to the economic and social 
development of the municipality and, consequently, RAM.

In addition to model the beach dynamics, an extensive characterization of the 
extreme maritime regime was performed in order to portray the analysis between 
the “MFL” maritime flood level, designates the sea level reached in exceptional situ-
ations and its iteration with the PDMM – essential instrument for spatial planning 
in the municipality of Machico. This part of the work has been previously devel-
oped, for example, in Colombia, where methodologies were proposed to estimate 
the long-term Maritime Flood Level (MFL) on a regional scale on the Caribbean 
coast and on the Pacific coast where a study was carried out in which a study was 
carried out. In fact, measures of vulnerability and adaptation to flooding in coastal 
and insular areas of Colombia were analyzed, depending on the characteristics of 
the population and its infrastructure [5].

Figure 3. 
Banda d’Além beach, Machico (source: https://www.madeiraallyear.com).

Figure 4. 
Machico Bay (source: Authors).
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2. Workflow: the used methods

In this study, a quantitative methodology is adopted, which is characterized 
by the use of quantification, data collection process, and treatment of these data 
through statistical techniques. It is often applied to sciences in descriptive studies 
that seek to discover and classify the relationship between variables, ideal for the 
physical–mathematical study.

Firstly, an essentially theoretical collection of information to be used in this 
study is carried out. So, it was established which support software is needed and 
which physical parameters contribute with greater significance in executing a 
project of this magnitude.

Based on the selected drawing and spreadsheet software and making use of the 
collected, organized, and treated data, a project consisting of a descriptive memory, 
a set of construction plans, a construction contract documents/special technical 
conditions, the respective health and safety budget and plan, were prepared and 
developed.

After elaborating on the project, observations and analyses are carried out on 
the set of written and drawn pieces and their importance during the design, execu-
tion, and exploration phases.

At the end of the study, the conclusions and intrinsic recommendations are 
presented, being this work based on the following organization chart (Figure 5).

3. Case study

The Madeira Archipelago, an integral part of Portuguese territory, is located 
in the Atlantic Ocean 978 km southwest of Lisbon. Of volcanic origin, it is formed 
by the islands of Madeira (736 km2), Porto Santo (43 km2), Desertas (14 km2) and 
Selvagens (4 km2). Only the first two islands are inhabited, making up the other 
natural reserves [6, 7].

The island of Madeira has a very rugged orography (Figure 6), with the high-
est points being Pico Ruivo (1,862 m) and Pico do Areeiro (1,818 m). The relief, as 
well as the exposure to the prevailing winds, means that there are several micro-
climates on the island, which, together with the exotic nature of the vegetation, 
constitutes an important factor of attraction for tourism, the main activity in the 
region [6, 7].

There are no major thermal variations throughout the year, keeping the  
climate mild with average temperatures around 22°C (maximum) and 16°C  
(minimum) [6, 7].

The sea water temperature, due to the influence of the hot Gulf current,  
remains at 22°C in the summer, gradually cooling until reaching 17°C at the end of  
winter [6, 7].

Figure 5. 
Organigram (source: Authors).
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The case study is located on the south-eastern coast, in the municipality of 
Machico (Madeira Island) with the following geographic coordinates: Latitude: 
32°42′58.15″N, Longitude: 16°45′51.90″W (Figures 7 and 8).

Figure 6. 
Geomorphology of Madeira Island and Porto Santo), main and bathymetric streams with the limits and 
official areas of the municipalities (Author: L. C. Antunes).

Figure 7. 
Proposal for a new beach and associated infrastructures (source: Authors).

Figure 8. 
Place to intervene (source: Authors).
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Machico beach (South) is a beach with a mixture of black sand and basalt stones 
(Figure 9). It has clear waters and a calm sea with a mooring (pontoon) structure 
that allows access to the sea or coast. The coast has several catering services and 
similar others.

The aim is to simulate the creation of a sand beach on the coast of Machico 
(South), simultaneously with the dimensioning of shelter groynes to promote sand 
retention and mitigate the undulation on the site (hypothetical project). One pos-
sibility for creating this beach is to use the dredged sand in the port of Funchal. For 
this, it is necessary to make a comparison between the profile of Garau and the real 
profile of the beach, measured in situ.

Additionally, there is a structural rehabilitation and expansion of the mooring 
structure (pontoon). Finally, the MFL is also calculated for a return period of 100 
and 500 years. In order to model and design this analysis, a characterization of the 
extreme maritime regime is needed [8, 9].

As starting data, the local topographic and hydrographic surveys is provided, 
as well as the wave data (Wave Watch III model at 32.0°N17.0°W, obtained at www.
sonel.org. – the historical series is wider (1952 to 2012), with data every 6 hours), as 
presented in Figure 10.

Figure 10. 
Location of the buoy in relation to the coast (source: Author).

Figure 9. 
Beach detail (source: Authors).
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4. The processes to assess the maritime climate

Prerequisites:

• Choose a point on the coast where it is assumed that the Maritime Work will be 
projected, for which the Maritime Climate in Deep Waters will be calculated;

• Choose the type of Maritime Work to be projected, in order to calculate the 
Lifetime (L) and the Risk (R) that represents the calculation time.

The seven steps indicated in Figure 11 were followed to obtain the Maritime 
Climate in Deep Waters at the chosen coast point.

The chosen coast point is located in the municipality of Machico – Machico 
Beach (South) with coordinates 32°42′59.23″N; 16°45′52.02″W. Figure 12 shows the 
area where the project will be developed (hypothetical maritime work), in this case, 
an artificial beach, on which the study will be carried out.

The information used in the development of the maritime climate was SONEL 
database (database GOW – IH Cantabria de Santander – www.sonel.org), “Waves” 
tab. The point on the coast is approximately 82.5 km from the selected buoy located 
in the south-west of the island of Madeira (32°00′00.00″N; −17°00′00.00″W).

Figure 11. 
Calculation methodology (source: Authors).

Figure 12. 
Proposal for a new beach and associated infrastructures (source: Authors).
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The aim is to simulate the creation of a sand beach on the coast of Machico 
(South), simultaneously with the dimensioning of shelter groynes to promote sand 
retention and mitigate the undulation on the site (hypothetical project). One pos-
sibility for creating this beach is to use the dredged sand in the port of Funchal. For 
this, it is necessary to make a comparison between the profile of Garau and the real 
profile of the beach, measured in situ.

Additionally, there is a structural rehabilitation and expansion of the mooring 
structure (pontoon). Finally, the MFL is also calculated for a return period of 100 
and 500 years. In order to model and design this analysis, a characterization of the 
extreme maritime regime is needed [8, 9].

As starting data, the local topographic and hydrographic surveys is provided, 
as well as the wave data (Wave Watch III model at 32.0°N17.0°W, obtained at www.
sonel.org. – the historical series is wider (1952 to 2012), with data every 6 hours), as 
presented in Figure 10.

Figure 10. 
Location of the buoy in relation to the coast (source: Author).

Figure 9. 
Beach detail (source: Authors).
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4. The processes to assess the maritime climate

Prerequisites:

• Choose a point on the coast where it is assumed that the Maritime Work will be 
projected, for which the Maritime Climate in Deep Waters will be calculated;

• Choose the type of Maritime Work to be projected, in order to calculate the 
Lifetime (L) and the Risk (R) that represents the calculation time.

The seven steps indicated in Figure 11 were followed to obtain the Maritime 
Climate in Deep Waters at the chosen coast point.

The chosen coast point is located in the municipality of Machico – Machico 
Beach (South) with coordinates 32°42′59.23″N; 16°45′52.02″W. Figure 12 shows the 
area where the project will be developed (hypothetical maritime work), in this case, 
an artificial beach, on which the study will be carried out.

The information used in the development of the maritime climate was SONEL 
database (database GOW – IH Cantabria de Santander – www.sonel.org), “Waves” 
tab. The point on the coast is approximately 82.5 km from the selected buoy located 
in the south-west of the island of Madeira (32°00′00.00″N; −17°00′00.00″W).

Figure 11. 
Calculation methodology (source: Authors).

Figure 12. 
Proposal for a new beach and associated infrastructures (source: Authors).
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Figure 14. 
Extreme scalar temporal regime adjusted by the C.D.F. Gumbel together with the confidence bands for the ± 
90% percentile (source: Authors).

In this specific case, and for the point on the coast chosen, the directions to 
be considered include the sectors SSW-S-SSE-SE-ESE of wind rose, as shown in 
Figure 13.

In order to obtain the Extreme Scalar Temporal Regime (ESTR), it is first neces-
sary to obtain the maximum annual directional significant wave height (hs, max) 
and the peak period (tp – seconds).

Figure 14 shows the graph on the Cartesian axes – Return Period Selection (Tr) 
vs. extreme scalar wave height (Hs) – for our 59-year-old sample (1952–2011) (chosen 
database, SONEL (www.sonel.org), “Waves” separator, namely the buoy located 
in the south-west of the island of Madeira (32°00′00.00″N; −17°00′00.00″W)), 
through the C.D.F. Gumbel together with the confidence bands for the ± 90% 
percentile.

Figure 13. 
Range of directions that affect the point on the coast chosen (source: Authors).
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After executing the previous task, we have the following:

• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the confidence 
band, percentile + 90% whose value is Hsee = 6.35 m, for Tr = 100 years;

• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the confidence 
band, percentile + 90% whose value is Hsee = 8.03 m, for Tr = 500 years.

Then focus on the calculation of the maritime flood level of the beach of 
Machico (South) – municipality of Machico, on the south coast of Madeira 
(Portugal). Along with that developed over the previous information, it is intended 
to obtain a comprehensive view of the local dynamics in order to schematize its 
performance.

The MFL, designates the sea level reached in exceptional situations. It depends 
on the following factors: characteristics of the swell or the incident storm (Hs, Tp), 
slope of the beach and the existence or not of coastal defenses.

It is possible to distinguish several levels of maritime floods depending 
on their origin: the simple maritime, the simple rainwater and the rain-sea 
combination.

A comparative analysis in two dimensions of the area and topographic levels 
covered by the MFL was carried out for the beach of Machico (South) – munici-
pality of Machico (Portugal), as well as its iteration with the Machico Master 
Plan – basic instrument for spatial planning in the municipality of Machico. That 
said, with the use of Microsoft Excel and AutoCad software, it was possible to 
develop this analysis. Thus, the order described below allows us a better under-
standing of the above-mentioned:

• Hsedir for the range of directions that affect the work, which multiplied by the 
directionality coefficient, Cd, of the respective direction, gives the maximum 
value of Hsee = 3.42 m;

• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the confidence 
band, percentile + 90% whose value is Hsee = 6.35 m, for Tr = 100 years;

• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the  
confidence band, percentile + 90% whose value is Hsee = 8.03 m, for  
Tr = 500 years.

Regarding to the Machico Master Plan and its resolution, we will be sent to:

• Article 29 – Identification of spaces – Depending on the existing or proposed 
dominant use, the following classes and subclasses of spaces are considered, 
identified in the planning plan:

a. Natural spaces – Natural spaces for recreational use (beaches);

• Article 31 – Identification of the operational planning and management units 
(UOPG) – Without prejudice to the elaboration of municipal plans of a lower 
hierarchy for the entire area of urban land production in the municipality, the 
UOPG identified in this Plan and which are considered a priority intervention 
are the following:
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• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the confidence 
band, percentile + 90% whose value is Hsee = 6.35 m, for Tr = 100 years;

• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the confidence 
band, percentile + 90% whose value is Hsee = 8.03 m, for Tr = 500 years.

Then focus on the calculation of the maritime flood level of the beach of 
Machico (South) – municipality of Machico, on the south coast of Madeira 
(Portugal). Along with that developed over the previous information, it is intended 
to obtain a comprehensive view of the local dynamics in order to schematize its 
performance.

The MFL, designates the sea level reached in exceptional situations. It depends 
on the following factors: characteristics of the swell or the incident storm (Hs, Tp), 
slope of the beach and the existence or not of coastal defenses.

It is possible to distinguish several levels of maritime floods depending 
on their origin: the simple maritime, the simple rainwater and the rain-sea 
combination.

A comparative analysis in two dimensions of the area and topographic levels 
covered by the MFL was carried out for the beach of Machico (South) – munici-
pality of Machico (Portugal), as well as its iteration with the Machico Master 
Plan – basic instrument for spatial planning in the municipality of Machico. That 
said, with the use of Microsoft Excel and AutoCad software, it was possible to 
develop this analysis. Thus, the order described below allows us a better under-
standing of the above-mentioned:

• Hsedir for the range of directions that affect the work, which multiplied by the 
directionality coefficient, Cd, of the respective direction, gives the maximum 
value of Hsee = 3.42 m;

• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the confidence 
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• C.D.F. Gumbel (asymptote I) we have an extreme scalar Hs for the  
confidence band, percentile + 90% whose value is Hsee = 8.03 m, for  
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Regarding to the Machico Master Plan and its resolution, we will be sent to:

• Article 29 – Identification of spaces – Depending on the existing or proposed 
dominant use, the following classes and subclasses of spaces are considered, 
identified in the planning plan:

a. Natural spaces – Natural spaces for recreational use (beaches);

• Article 31 – Identification of the operational planning and management units 
(UOPG) – Without prejudice to the elaboration of municipal plans of a lower 
hierarchy for the entire area of urban land production in the municipality, the 
UOPG identified in this Plan and which are considered a priority intervention 
are the following:
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a. U1 – Machico old/historic area;

b. U2 – Machico equipment area;

c. U13 – Machico sea front.

After analyzing the Machico Master Plan, and in view of the increase in the 
value of Hsee, the uses of soil and their categorization were identified, with an 
increase of these in relation to the value of Hsee, as shown in Figure 15.

5. Closing section

The main focus of this study is the “Execution of an Artificial Beach and 
Respective Complementary Infrastructures (Madeira Island – Machico).”

From the bibliographic analysis, knowledge is acquired at the level of the 
execution methodologies related to the different alternatives to develop a complete 
artificial beach project.

So, considering the broad scope of the theme of this study and the slowness 
associated with it, it was possible to achieve the purposes previously stated in a 
satisfactory manner, complementing the knowledge acquired throughout  
academic life with scientific information and experimental analysis (use of  
different software).

In the development of this study, a comparative analysis between the “MFL” 
maritime flood level was carried out for the beach of Machico (South) – munici-
pality of Machico (Portugal); as well as its iteration with the PDMM – essential 
instrument for spatial planning in the municipality of Machico, is processed, 
demonstrating that the creation of a project for a maritime work (artificial beach), 
is adequately connected with the territorial and urban planning, as well as the land 
uses described in the Machico Master Plan.

Two levels of risk of simple maritime flooding are distinguished:

1. The generated by the simultaneous performance of:

a. Meteorological + astronomical + extreme weather tide – Whether the SEA 
storm (generated by cyclones or storms) or the SWELL (generated by 
rainstorms) causing maritime flooding, or by impact;

Figure 15. 
Comparison of “MFL” maritime flood level – Hs (Real, Tr = 100 and Tr = 500) (source: Authors).
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b. Astronomical + meteorological tide + wide waves – In this case, the great-
est risk of flooding occurs when the astronomical and meteorological tides 
occur simultaneously.

2. The Flood is generated by extreme events at sea: tectonic, volcanic or impact 
tsunamis. These result from any combination of tides and are of such magni-
tude that it is not economically viable to design any infrastructure that mini-
mizes damage.

3. The process for calculating the MFL is slow and laborious. However, it shows 
that an increase in the value of Hsee corresponds to the largest affected area on 
land, so greater area relative to different uses of soil will be affected.

Contextually, we believe this research would be essential to develop and improve 
some aspects if it is intended to continue to develop a similar study, namely:

a. The main aspect of being mentioned is the continuation and optimization 
of the monitoring carried out along the coast in RAM, in order to obtain a 
more accurate characterization of it, at different levels, undulation, geology, 
bathymetry, topography, etc.;

b. Optimize the spreadsheets developed throughout this study;

c. Modeling and interaction between wave heights and port structures, in order to 
minimize errors made over these years (recent past);

d. Analysis of the influence of the tide level in the flow in artificial water chan-
nels, direct relationship with the risk of floods downstream, and its intercon-
nection with the analysis of the coastal dynamics (accounting of the effective 
solid transport).
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Chapter 3

Frequent Change of Land-Use 
Pattern and Its Effect on Ecology 
and Ecosystem in the South-West 
Coastal Area of Bangladesh
Krishna Rani Barai

Abstract

The ecosystem of the South-West coastal area of Bangladesh is resourceful and 
unique. Regrettably, this distinctive area is vulnerable to numerous climatic factors, 
for instance, sea water intrusion, temperature variation, unpredictable behavior of 
rainfall, and frequent occurrence of cyclones and drought. Undesirably, the effects  
of those climatic factors have been enhancing on account of human behavior, one of  
which is the frequent change of land-use pattern in this area. The land-use pattern 
of the coastal Bangladesh has been changed continuously over the last 60 years in 
order to increase the agricultural production for improvement of livelihood. The 
unrealistic improvement projects (coastal embankment project, increased unscien-
tific shrimp cultivation, and so on) brought the unforeseen disaster in the area. As 
a result, the salinity level of the area has been increased considerably, resulting in 
decreased production of different kind of crops and vegetables. Unstable economy 
and the emergence of calamities, leading to damage to ecology and ecosystem, made 
 livelihood insecure in the area.

Keywords: land-use change, salinity, shrimp farming, coastal area, ecology, 
ecosystem

1. Introduction

Land degradation is an urgent environmental issue in many countries. Frequent 
changes in land-use pattern and soil salinity have contributed to land degradation 
in the coastal area of Bangladesh. This chapter is intended to unfold the scenario 
of land-use pattern changed over a long period in the South-West coastal area of 
Bangladesh and how it influenced the soil salinity by practicing shrimp farming. In 
addition, this chapter describes the ecological and socioeconomic conditions of the 
area in response to those changes. Furthermore, it includes some policy recommen-
dations and management approaches to maintain productive agriculture in the area.

2. Land use and land cover (LULC)

Land-use refers to how people are using the land, for example, settlement, agri-
culture, mining, etc., whereas land cover refers to the surface cover on the ground, 
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1. Introduction

Land degradation is an urgent environmental issue in many countries. Frequent 
changes in land-use pattern and soil salinity have contributed to land degradation 
in the coastal area of Bangladesh. This chapter is intended to unfold the scenario 
of land-use pattern changed over a long period in the South-West coastal area of 
Bangladesh and how it influenced the soil salinity by practicing shrimp farming. In 
addition, this chapter describes the ecological and socioeconomic conditions of the 
area in response to those changes. Furthermore, it includes some policy recommen-
dations and management approaches to maintain productive agriculture in the area.

2. Land use and land cover (LULC)

Land-use refers to how people are using the land, for example, settlement, agri-
culture, mining, etc., whereas land cover refers to the surface cover on the ground, 
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such as forest, vegetation, open water, bare soil, etc. Land-use includes the manage-
ment and modification of natural environment or wilderness into manufactured 
environment, for example, settlements and seminatural habitats like productive 
fields, pastures, and managed woods.

3. LULC change (LULCC)

Land-use and land cover change (LULCC) is the conversion of different types of 
land-use and is the result of complex interactions between humans and the physical 
environment. LULCC might be a major driver of global alteration and has a consid-
erable impact on ecosystem processes, biological cycles, and biodiversity.

4. Importance of coastal Bangladesh

4.1 The coast of Bangladesh

Bangladesh coast consists of 19 districts which cover 32% of the total area of 
the country [1]. The population in the coastal area is expected to increase from 
36.8 million in 2001 to 60.8 million by 2050 [2]. This coastal belt has miscellaneous 
natural resources counting the largest mangrove forest in the world (Sundarbans), 
salt, coastal fisheries, and other minerals. Additionally, this part of the country 
has a high exploration prospective for both onshore and offshore natural gas [3]. 
The resourceful ecosystems of this coastal area maintain the livelihoods of the local 
communities. Moreover, this region has the potential for tourism, ports, and other 
developments [4]. But this region is highly exposed to various climatic factors, such 
as temperature fluctuation, erratic behavior of rainfall, increased frequency of 
cyclones, drought, and saltwater intrusion [5].

4.2 Agriculture in the coastal area of Bangladesh

Agriculture is the major sector in the economy of Bangladesh, and over 30% of 
the net cultivable land is in the coastal area [6]. In the past, people were interested 
to cultivate not only local varieties that are saline tolerant but also other varieties 
with greater plant height and comparatively low production cost and are tasty and 
above all easily manageable. The local rice varieties are categorized into two types, 
one for planting in the freshwater shrimp farms and another for other agricultural 
lands. Jotabalam and ghunshi varieties are selected to be cultivated in the shrimp 
farms. On the other hand, ashfall and benapol varieties are designed for planting in 
other agricultural lands.

5. Salinity issue

Soil salinity is one of the most common causes of soil degradation, which is 
getting worse day by day [7]. Usually soil salinity refers to surface or near-surface 
salt accumulation [8]. It is defined as the concentration of dissolved salts, mainly 
chlorides and sulfates, in soil or water [9]. It is practically expressed as practical 
salinity unit (PSU) which depends on the water temperature and conductivity [10]. 
It is also expressed as ppt (parts per thousand). The characterization of soil salinity 
is normally done by spectrometer through measuring the electric conductivity (EC) 
in a saturated soil paste or in aqueous extracts with different soil/water ratios [11].
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5.1 Soil salinity situation in the coast of Bangladesh

Out of 2.85 million hectares of the coastal and offshore lands, about 1.05 million 
hectares of arable lands are affected by varying degrees of salinity [6]. From another 
study, it is found that the salinity-affected area has increased from 8330 km2 in 1973 to 
10,560 km2 in 2009, of which about 4530 km2 is affected by a higher level of salinity 
(more than 8 dS/m), indicating 43% of the total salt-affected areas are facing challenges 
for agricultural practices even with salt-tolerant rice varieties [12]. Huge economic loss, 
damage to rice crops, and difficulties in drinking water supply systems in many villages 
of the coastal districts are the common problems caused by salinity [5].

Salinity is one of the most significant problems in the South-West coastal belt 
which is denoted as a food-deficit area of Bangladesh. Both the diversity of food 
and the net food production have declined significantly over the last decades [13]. 
It is reported that the worst salinity conditions are found in Khulna, Bagerhat, 
Satkhira, and Patuakhali districts [12]. Around 70% of the land in Barisal and 
Khulna divisions was affected by different degrees of salinity [14].

5.2 Major causes of salinity in the coastal area

Generally salinity can develop naturally (primary salinity), but human inter-
ference accelerated the movement of salts into rivers and onto land (secondary 
salinity). The spatial inconsistency of soil salinity over the landscape is highly 
sensitive and controlled by a variety of factors: soil factors (parent material, perme-
ability, depth of water table, groundwater quality, and topography), management 
factors (irrigation and drainage), and climatic factors (rainfall, temperature, and 
humidity) [15]. Hence it is difficult to assess human interference on land salinity 
separately as it is highly integrated with environmental complexity [16].

Secondary salinity is mostly related to inequitable exploitation of natural resources, 
global climate change, and land-use changes, such as overgrazing and excessive utiliza-
tion of land and water resources [17]. Land-use changes disturb hydrologic conditions 
which in turn alter the land salinity pattern of the area [18]. Thus poor land and water 
management system in irrigated farmlands leads to secondary salinity worldwide [19].

Bangladesh is one of the most vulnerable countries in salinity issue. The major 
causes of saline intrusion in water and soil include cyclone and storm surge, sea 
level rise, and shrimp farming practices [5]. Thus, shrimp farming is one of the 
major causes of secondary salinity in Bangladesh.

6.  How shrimp farming influences the economy and LULC in the coastal 
Bangladesh

Shrimp industry is mostly concentrated in tropical developing countries making 
shrimps as a major export item for the Western countries [20]. This industry has 
experienced amazing growth over the last decades [13]. In the Asia-Pacific region, it 
is one of the highest growing economic activities [21].

Shrimp farming plays an important tool for poverty reduction and livelihood 
improvement for some households, but it has an adverse impact on coastal environ-
ment [22, 23], particularly in Southeast Asia. Two major environmental impacts 
of shrimp culture are the consumption of resources and the subsequent release 
of wastes into the environment [24, 25]. Other impacts include reduced water 
flow, soil salinization, diminution and salinization of ground- and surface water, 
depletion of wild fish and shrimp populations, extinction of wild vegetation, and 
biological pollution of native shrimp stocks [20, 22, 23]. The topsoil (0–20 cm) of 
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chlorides and sulfates, in soil or water [9]. It is practically expressed as practical 
salinity unit (PSU) which depends on the water temperature and conductivity [10]. 
It is also expressed as ppt (parts per thousand). The characterization of soil salinity 
is normally done by spectrometer through measuring the electric conductivity (EC) 
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the shrimp ponds are mostly affected by salinity, and it is decreasing further inland 
[26]. In Asia, shrimp farming has been far away from success as the industry claims, 
especially when environmental costs are internalized [27].

Shrimp is denoted as the “golden price” in Bangladesh, because of its valuation in 
the international market. Shrimp production got the position as the second largest 
export business in Bangladesh by earning US$456 million in 2006 [28]. The fisheries’ 
part, together with shrimp, contributes about 6% of the GDP and 5% of the national 
export earnings, with shrimp alone contributing about 93% of the sectoral export 
earnings [29]. This enlighten why the coastal areas were declared as a “free zone” 
for shrimp cultivation in 1994 by the Bangladesh government [30]. Subsequently, 
shrimp cultivation extended noticeably. In favor of example, shrimp was cultivated 
on 39% of the land of the Shyamnagar Upazila (subdistrict) of Satkhira District in 
2002. It had enlarged to 57 and 62% by 2007 and 2011, respectively [13]. It is also 
reported in a recent analysis that 83% of the paddy field of 1988 was converted to 
different other land-use type in 2017, of which 23% is converted to water bodies [31].

7. LULC situation in the South-West coastal area of Bangladesh

7.1 Land and land-use pattern in Bangladesh

Land is the basic natural resource that provides not only the habitat and nour-
ishment for living organisms but also a major focus of economic and livelihood 
activities. With the increasing population, land is being converted from agricultural 
purposes to other uses (such as housing, roads, and urban development), and this 
trend is expected to continue. Around 220 ha of arable land are converted to indus-
trial establishment, house, road construction, etc. every day [32]. Between 1973 and 
2000, at least 86,000 ha of land were lost into river/estuarine erosion though this is 
compensated by land generated through accretion [33].

The Bangladesh Bureau of Statistics regularly publishes land-use pattern where 
importance is mainly focused on agriculture. Here, land-use system is usually deter-
mined by physiography, climate, and land height in relation to water level [34]. All 
these together make a highly complex environment characterized by five main land 
types: net cropped area, current fallow, current waste, forest, and area not avail-
able for cultivation. Besides this, the Soil Resources Development Institute (SRDI), 
Bangladesh, produces agricultural land-use maps for the country identifying many 
different types of agricultural land-use. An indicative land zoning consisting of the 
following eight zones was recommended by PDO-ICZMP [35]:

1. Agricultural zone

2. Shrimp (brackish-water) zone

3. Shrimp (sweet-water) zone

4. Salt-shrimp zone

5. Forest zone

6. Mangrove (including Sundarbans) zone

7. Urban and commercial zone (industrial, port, export-processing zones, and 
ship breaking yards)

8. Tourism zone
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7.2 How the LULC changes occurred in the coastal area of Bangladesh

Over the last 60 years, the land-use pattern of the coastal Bangladesh has 
changed repeatedly. In agricultural sector, rice was the main crop in the area, in the 
1950s, [6]. However, rice production decreased regularly, because of tidal flooding 
and rising salinity [36]. With the help of the World Bank and other funding bod-
ies, the Coastal Embankment Project was established between 1960 and 1980 to 
increase rice production in the coastal areas [37]. Regrettably, this project formed 
harmful impacts on the ecosystems of the area. Even though rice production 
increased immediately after the construction of embankments, the production 
had dropped another time by the 1990s. The major reason behind this decreased 
production was the congestion throughout the drainage system in the land area 
behind the embankments due to poor maintenance and inadequate management 
[38]. Consequently, the rice cultivators changed their livelihood to shrimp (black 
tiger) cultivation. This change of land-use again smashed the ecosystems of the 
area, as paddy fields and several parts of the mangrove forest were transformed to 
shrimp farm [39]. Therefore, the salinity of the area increased noticeably because of 
the enlarged shrimp cultivation. This change had an adverse effect on crop produc-
tion as well as local vegetation, fish, and plant diversity over the last decade in the 
area [13].

Moreover, 30-year satellite data demonstrates that paddy field was the foremost 
category (37%) in the 1980s, which is continuously decreased to 9% in 2017. On 
the contrary, water bodies were the least dominant category in the 1980s (17%), 
but they constantly enlarged to be a dominant category in 2017 (34%) (Figure 1). 
There is another interesting finding from that research, where each of the LULC 
categories of 2017 was again split to perceive the land-use type in the 1980s. Thirty 
four percent of the water bodies in 2017 were water bodies in 1988, 26% water bod-
ies of 2017 were directly transformed from paddy fields, and 40% were indirectly 
transformed through homestead gardens and settlements/bare land [31]. Therefore, 

Figure 1. 
LULC classification map of Khulna District in 1988 and 2017 (source: [31]).
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it is evident that the LULC is changed frequently in the coastal area of Bangladesh, 
which has a direct effect on the ecology and ecosystem.

7.3 Causes and effects of the LULC changes

There are many reasons of the frequent changes of LULC in the coastal 
Bangladesh. Two of those are:

1. Increasing salinity level: the reason behind increasing salinity level are:

• The presence of the Bay of Bengal.

• Lack of proper management of agricultural land and irrigation system

• Lack of proper management and dredging of river reduce the current of the 
river, which in turn increases seawater intrusion both in surface water and 
groundwater gradually. As a result, salinity covers more area progressively.

• Moreover, soil porosity is reducing in this area. Therefore, groundwater 
infiltration is lowering, which increases waterlogging in the area. As a result, 
both the soil and water salinity is increasing continuously. Three major reasons 
reducing soil porosity are:

i. The use of huge amount of polythene

ii. Shrimp cultivation: sometime shrimp cultivators are using salt in the 
shrimp cultivation pond to avoid some virus and other diseases. This 
salt creates an invisible layer in the soil.

iii. Some projects like tree plantation (eucalyptus tree, etc.). Leaves of 
those trees are not easily decomposable, which create a layer in the 
soil. Consequently, the porosity is reducing.

2. Decreasing agricultural production: agricultural production is decreasing 
because of two major reasons:

• Due to poor management of the embankment and sluice gate that was built 
in the 1960s to the 1980s.

• Some paddy fields were converted to shrimp cultivation ponds [31]. As 
a result, the salinity level of the surrounding paddy field of the shrimp 
cultivation pond increased, which lead to reduced agricultural production.

Frequent changes of LULC have a long-term effect on the paddy field and other 
vegetation, reducing productivity, biodiversity, and wild varieties.

7.4  How the ecological and socioeconomic condition of the area responded to 
those changes

LULC in the coastal area of Bangladesh had been changed frequently since 
the 1960s. The major agricultural conversions were rice to shrimp and shrimp 
to rice cultivation. Even though both rice and shrimp cultivation create vital 
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contributions to the GDP of Bangladesh, unregulated shrimp cultivation has had 
adverse ecological impacts in the area. Shrimp cultivated area like Tildanga Union 
of Dacope Upazila in Khulna District lost the ecological balance. Agricultural 
production along with trees and other vegetation had noticeably declined in the 
area. Furthermore, both the domestic and wild animals were reduced consider-
ably [31]. This ecological imbalance has a direct and indirect effect on the mass 
economy and community health of the area. The circumstances are getting worse 
day by day.

On the contrary, Kamarkhola is a union with a similar situation as Tildanga. 
Therefore, most of the shrimp farmers changed their major livelihood to rice 
cultivation as both the ecology and economy of the area were destroyed visibly. As 
a result of shifting occupation, the ecology and the economy of the area got bal-
anced within 10 years. Additionally, the sources of income are more diversified in 
Kamarkhola, at present, which may decrease the risk of livelihood [31].

8. Policy recommendation and management approaches

There are some recommendations:

1. Designing a proper and scientific coastal zoning system. This will be ecologi-
cally and economically feasible to get optimum production to meet the country 
needs.

2. Formulating a typology for each zone explaining its characteristics in detail.

3. Planning a cropping pattern of the area by analyzing the seasonal salinity situ-
ation for the betterment of the production, because soil salinity varies consid-
erably in each season.

4. Searching an appropriate land-use system in the coastal area through the tech-
nical support of RS-GIS.

9. Conclusions

Naturally, LULC will change over the time for the seek of development. If LULC 
is altered totally and frequently, it will damage the ecology and ecosystem of the 
area. Consequently, the nature will be imbalanced, causing disaster for the area. 
Therefore, we should use the technology to design the proper land-use pattern 
considering the natural value of that area rather than going against the nature. 
Accordingly, both the nature and human being will get benefited from this technol-
ogy-based planning, and thus, the development will be sustainable.
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to rice cultivation. Even though both rice and shrimp cultivation create vital 
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contributions to the GDP of Bangladesh, unregulated shrimp cultivation has had 
adverse ecological impacts in the area. Shrimp cultivated area like Tildanga Union 
of Dacope Upazila in Khulna District lost the ecological balance. Agricultural 
production along with trees and other vegetation had noticeably declined in the 
area. Furthermore, both the domestic and wild animals were reduced consider-
ably [31]. This ecological imbalance has a direct and indirect effect on the mass 
economy and community health of the area. The circumstances are getting worse 
day by day.

On the contrary, Kamarkhola is a union with a similar situation as Tildanga. 
Therefore, most of the shrimp farmers changed their major livelihood to rice 
cultivation as both the ecology and economy of the area were destroyed visibly. As 
a result of shifting occupation, the ecology and the economy of the area got bal-
anced within 10 years. Additionally, the sources of income are more diversified in 
Kamarkhola, at present, which may decrease the risk of livelihood [31].

8. Policy recommendation and management approaches

There are some recommendations:

1. Designing a proper and scientific coastal zoning system. This will be ecologi-
cally and economically feasible to get optimum production to meet the country 
needs.

2. Formulating a typology for each zone explaining its characteristics in detail.

3. Planning a cropping pattern of the area by analyzing the seasonal salinity situ-
ation for the betterment of the production, because soil salinity varies consid-
erably in each season.

4. Searching an appropriate land-use system in the coastal area through the tech-
nical support of RS-GIS.

9. Conclusions

Naturally, LULC will change over the time for the seek of development. If LULC 
is altered totally and frequently, it will damage the ecology and ecosystem of the 
area. Consequently, the nature will be imbalanced, causing disaster for the area. 
Therefore, we should use the technology to design the proper land-use pattern 
considering the natural value of that area rather than going against the nature. 
Accordingly, both the nature and human being will get benefited from this technol-
ogy-based planning, and thus, the development will be sustainable.
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Chapter 4

Using the Buffer Zone Method to 
Measure the Accessibility of the 
Green Areas in Tokat, Turkey
Mustafa Ergen

Abstract

This study measured the distance from its sample location to green areas in 
Tokat, Turkey, using the buffer zone method. This study evaluated the decisions of 
the Purposeful Tokat Conservation Framework Development Plan and the deci-
sions outside of the Historical Urban Protected Areas Development Plan together 
as whole. Creating green areas that are at an accessible distance in urban planning 
projects is important. Accordingly, the accessibility of green areas was measured 
using the buffer zone method. This study also proposes a method in regard to 
accessibility to green areas in Turkey. The analysis performed in Tokat found that 
the green areas were not planned considering accessibility criteria. The results of 
this study indicate that settlements with houses and green areas should be planned 
proportionally and at a more accessible distance to each other.

Keywords: Tokat, urban planning, buffer zone method, accessibility, green areas

1. Introduction

Increased population is an important factor in the formation of urban areas 
within the human settlements for a very long time [1]. During the development 
of urban areas, settlements maintained some of their rural qualities until the 
industrial revolution. After that, the formation of urban areas transformed rural 
areas into industrial zones [1]. Urban areas had many problems in this period of 
development, which were joined by more problems with higher priority. Planning 
green areas to make them accessible has been an important issue since the 
beginning of urbanization, and suggestions and practices have been introduced 
along with legal regulations to ensure that green areas are planned, healthy, and 
sustainable.

As access to urban green areas has become a priority for the modern urban areas, 
increasing quality of life and creating open areas with proper airflow have also 
become important. Morar et al. indicated the contributions of green areas to urban 
quality of life [2]. Comber et al. helped measure the accessibility of green areas for 
different ethnic groups [3].

The term, green areas, covers many fields and meanings. Green areas may 
indicate recreational areas, playgrounds, or sports fields. The term refers to loca-
tions that increase quality of life and help people breathe fresh air and have space 
for leisure time and fun.
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The term, green areas, covers many fields and meanings. Green areas may 
indicate recreational areas, playgrounds, or sports fields. The term refers to loca-
tions that increase quality of life and help people breathe fresh air and have space 
for leisure time and fun.
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Urban planning refers to the approaches needed to organize and create healthy 
urban areas. Ergen explained that urban planning means making arrangements 
that help people to establish orderly relationships with their environments [4]. 
Accordingly, efforts have been made to conduct sustainable and healthy urbaniza-
tion and green area arrangements through planned approaches.

Remarkable new approaches and arrangements have been performed within 
urban planning in accordance with the development of urban areas. Efforts have 
also been made to provide the best recommendations for resolving urban problems. 
With developments in dynamic urban structures, many predictable and unpredict-
able social issues have arisen. To create a more livable environment within the urban 
areas, 7 m2 of green space per person was allocated for green areas in Turkey, and this 
was later updated to 10 m2 per person. The new 2017 regulation on spatial planning 
raised this figure to 15 m2 for actively used green areas in districts and provinces.

These regulations provide little guidance for arranging green areas. The first 
regulation on spatial planning (2014) indicated that green areas should be designed 
within 500 m from residences to ensure spatial quality and meaningful planning. 
However, the regulation contains no recommendations or methods on how to 
measure the 500 m in question. This study used the buffer method, which has often 
been used in the international literature, to measure accessibility in Turkey.

This method was used in the English cities, e.g., Norfolk, to measure distances 
to green areas [5]. In 2017, Kolitos and Papadopoulou measured the accessibility 
of green areas using the buffer method [6]. The accessibility of green areas is an 
important topic for everyone. For instance, green areas that are not accessible to 
the young, elderly, or disabled people do not adequately fulfill their function and 
indicate poor design and planning.

Enabling people to implement the buffer method, ArcGIS is a significant instru-
ment. Many scientific studies are based on a scientific ground using ArcGIS. Its useful 
practices include land suitability maps and planning approaches and analyses [7–11].

The importance of understanding green areas’ accessibility is clear. The active 
use of green areas requires them to be accessible, and since unused green areas are 
not meaningful, the active use of green areas, including open areas, recreational 
areas, and parks, is important.

Tokat is a city which has historical infrastructure with a conservation develop-
ment plan. It is sure that the arrangements of green areas are difficult in conserva-
tion areas, because the land is valuable and the development is under control for 
keeping alive historical structures in the area. In this perspective, it is needed to 
construct green areas that should serve to the conservation areas within the entire 
city. It is sure that the buffer zone method appears as one of the most suitable 
techniques for the conservation areas in the cities.

The buffer zone method was used in this study to measure the accessibility of 
green areas in Tokat, considering the 500-m requirement in Turkey. This method is 
an important procedure for assessing the accessibility of green areas. This study’s 
results show the problems and advantages of green areas that were designed before 
the adoption of the 500-m rule, and what this rule will do for urban planning was 
demonstrated.

2. Methodology

2.1 Study area and settings

The province of Tokat has border with the provinces of Yozgat, Amasya, Samsun, 
Ordu, and Sivas. It is located in the Central Black Sea Region at northern latitude 39° 
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52′-40° 55′ and eastern longitude 35° 27′-37° 39′ [12]. According to data from the Turkish 
Statistical Institute (TSI), its address-based population is 166,136 [13] (Figure 1).

The development plans for Tokat were made using NetCAD and later trans-
formed into ArcGIS data. This study uses its 1/5000 development plan and shows 
how its urban development emerged over the suggested fields. The development 
plans for Tokat were also put into the WGS 1984 Universal Transverse Mercator 
(UTM) Zone 35 North in ArcGIS to use the maps more effectively. Buffer zones 
were drawn using ArcGIS, and the distance of city’s buildings to green areas was 
measured considering the 500-m rule.

The arrangements of green areas in the framework of Tokat conservation plan 
should bring to the fore structure of historical buildings. If this arrangement cannot 
be done, it is necessary to enrich green areas nearby to the conservation areas. It is 
important to reveal green areas with buffer zone in a way to provide integrity with 
conservation areas (Figure 2).

The data were classified. Housing zones and recommended housing zones were 
assessed together. The forest zones that were believed to host active green areas 
were grouped as parks, playgrounds, and woodlands (the recommended woodlands 
are also in these areas), and their accessibility was measured.

Although the term, buffer zone, has been used for a long time (occasionally for 
multiple use or transitional zones), its recent use as a concept date to the early 1970s 
[14]. Having been used to refer to the permitted vicinity of natural reserves, the 
term is now commonly used in many fields.

Buffer zones determine the limits of approaching and protecting natural 
reserves. The buffer zone method can be used to measure the usability and acces-
sibility of urban open green areas. The importance of locations in buffer zones 
becomes clear based on usage purposes. The impact of use by people on natural 
reserves is measured to protect nature. The buffer zone method is an analytical 
method for understanding how green areas in urban buffer zones should have bal-
anced usage and how deficiencies should be met (Figure 3).

The map of Tokat indicates that there are no housing zones on the west side of 
the city and that urban development has mainly occurred on the north, south, and 

Figure 1. 
The location of study area.
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Figure 2. 
Source: The map was obtained from Tokat municipality with ArcGIS program. The data is arranged by author 
for analyzing Tokat city.

Figure 3. 
Source: The map was obtained from Tokat municipality with NetCAD program. The map was converted to 
ArcGIS and prepared by the authors for description of analyzing areas in Tokat.
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east sides. A green area planning activity on the west side where other terrestrial 
uses are common draws attention. The fact that these green areas do not serve 
any housing zones requires a reconsideration of the Tokat’s planning decisions 
(Figure 4).

The map shows that the green areas have been arranged without considering 
accessibility. The green areas outside the distance contribute to the number of green 
areas per capita, but they do not mean anything in terms of accessibility. The fact 
that no recommended housing zones are in this zone indicates that its green areas 
were not formed with a planning-based approach for accessibility. In addition, 
green areas were found to have been designed and planned without forming a unity. 
The map also shows that the green areas were designed inconsistently without 
considering planning principles.

3. Result

Of all the entire green areas, 53% were in the buffer zone, including 44% of 
park areas, 61% of forests, and 54% of woodlands. Although the accessibility of the 
green areas seemed to be ensured in this zone, 56% of the parks were not designed 
for accessible distances in a planned manner. The green areas were proposed to the 
region of the centers of the city in the old development plan. This planning decision 
exposed insufficient green areas and increased to predict 15,200 m2 green areas in 
the solution approach [15] (Table 1).

The results indicate that the green areas in the city were distributed without 
planning criteria. The fact that most of the green areas are not within accessible dis-
tance indicates that Tokat’s planning decisions should be reconsidered. The presence 

Figure 4. 
Source: The map was obtained from Tokat municipality with NetCAD program. The map was converted to 
ArcGIS and prepared by the authors for description of analyzing areas in Tokat.
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of woodlands and forests also affected the city’s planning decisions. The important 
point here is how much of the forests and woodlands are in active use (Figure 5).

Considering the distance from the housing zones to green areas, the 500-m rule 
was generally implemented. However, the green areas in the city do not have any 
unity, and not all of them are within 500 m from housing, which shows a case of 
unpracticality for young, elderly, and disabled people and raises the problem of 
their accessibility. Although there are numerous green areas around the housing 
zones, most of them are more than 500 m from houses. Two approaches will help 
to make Tokat’s green areas more planned and sustainable. The first suggestion is 
that the recommended housing zones should be relocated outside the buffer zone of 
current green areas, and the second is that a balance can be achieved by providing 
more green areas for the recommended housing zones.

Another approach is that recommended green areas should also complement one 
another and be unified. Green areas will thus be sustainable and form a climate that 
will help the urban ecology more. This will lead to more sustainable planning that 
will better reflect the city’s urban structure.

Figure 5. 
Source: The map was obtained from Tokat municipality with NetCAD program. The map was converted to 
ArcGIS and prepared by the authors for description of analyzing areas in Tokat.

Unit of green spaces Percentage of areas in 500 m

Park areas 44%

Forest areas 61%

Woody areas 54%

Table 1. 
The percentage of green areas in buffer zone.
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4. Discussion

If green areas are not planned carefully in urban planning zones, they will have 
problems with accessibility and distribution. This problem of the planning means 
that the result of decision for increasing density of structure in the Tokat city 
center area is the reason of new additional structuring decisions made by changing 
relationship of the parcel and structure to attract and bring revenue to the area, 
which makes decreasing rate of open areas [16]. Plenty of green areas may not 
be an accurate reflection of realistic planning data. To plan green areas properly 
and healthily, it is clear that making decisions by considering the green areas 
will provide a great contribution to the planning approach. Green areas should 
be considered in planning not only from the necessity-based perspective but also 
from the perspective regarding the quality of providing ecological benefits, form-
ing healthy living conditions and serving as the places of gathering and sheltering 
during disasters.

The first priority of the conservation planning is to protect historical buildings, 
and the second priority is the green area arrangement. However, it is well-known 
that green areas are so important in both improving the quality of life and increas-
ing the visual quality. It is necessary to make mandatory planning arrangements 
for green areas with the regulations and laws. If it is not possible to do any planning 
action for green areas to serve conservation areas, at least the green areas should be 
created within 500-m distance rule as required by laws and regulation. This condi-
tion reveals the importance of green areas arrangements.

The analyses clearly showed that Tokat’s green areas lacked connections and that 
their ecological aspects were not considered. Regarding the urban distribution of 
green areas which could be regarded as planned zones, 56% were outside the buffer 
zone, indicating that they have planning-related problems. This study shows the 
necessity to approach to green areas with a more planned and usable method.

5. Conclusion

This paper serves as an analysis guiding the efforts to study the accessibility of 
green areas in Turkey. Its results, which should interest Turkey, indicate that the 
green areas were designed without considering their accessibility, as the new regu-
lation stipulates. Bringing green areas to within 500 m is important for the public 
and young, elderly, and disabled people, and this makes the ability to measure their 
accessibility important.

The results show that green areas are not designed in accessibility distance of 
500 m. In addition, the buffer zone method gives us the opportunity to measure the 
accessibility of green areas. Green areas per person were taken into account for the 
urban planning in Tokat city. Among the obtained results, buffer zone has forest 
areas (61%) and woody areas (51%) which compensates the planning of the amount 
of green areas for the residential areas.

This study is intended to guide papers about the accessibility of urban green 
areas in Turkey. It proposes a method for measuring accessibility. The planning 
approaches seen in Tokat indicate the need for housing zones and green areas to be 
proportional and accessible, which is also the case for many other cities in Turkey. 
This study proves that ArcGIS is an effective program and an important tool for 
buffer zone measurement. This method is important in order to guide many future 
studies and to be used in new studies, for example, in urban fringe to create green 
zones, the efforts to create zones of approaching conservation areas in urban 
development, etc.
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Chapter 5

Disparity in Peri-Urbanisation 
Process in Lagos, Nigeria
Funmilayo M. Adedire

Abstract

This chapter assessed the causes of disparity in the peri-urbanisation process in 
Lagos new towns and the accompanying effect on the characteristics of the transi-
tioning settlements. Data collection was primarily through administration of 384 
and 370 questionnaires to purposively selected housing units in Ikorodu and Ibeju-
Lekki, respectively. These two settlements represent the most rapidly urbanising 
peri-urban in Lagos State. Primary data collected included drivers of urban expan-
sion, residents’ demography, locational convenience and commuting frequency. 
To supplement the primary data, spatial images of 2006 and 2016 were acquired as 
satellite images from Google Earth archive for this study. Data analysis was carried 
out using descriptive statistics for the quantitative data and time series and satellite 
image analysis for the qualitative data. The results show a varying extent of transi-
tion primarily influenced by the residents’ demography, linkages to the urban areas, 
quality of life and stakeholders’ response to housing policy. The study concluded that 
urban policy should be used as a tool to ameliorate the disparity in infrastructure 
development, which is the major driver of changes, and also, government involve-
ment in housing provision should have a spread in all urban periphery settlements 
in Lagos State.

Keywords: commuting, land use, peri-urbanisation, periphery, rural-urban linkages, 
socio-demography

1. Introduction

Peri-urbanisation in Lagos State is spearheaded by many actors often with con-
flicting interest [1]. The pattern and rate of land conversion from agricultural land 
use to residential and other land uses at the peripheral does not have corresponding 
infrastructure. Imbalance in changes in the peri-urban interface of most developing 
countries poses several challenges to planning and ultimately leads to a distortion in 
urban policy [2]. Urban transition in Lagos peri-urban interface is traceable to many 
factors, some of which include socio-demography, linkages to the metropolises, 
availability of basic services, availability and affordability of housing for the low 
income migrants and the state government policy on land use.

While the conversion of land at the peripheral of cities can enhance the provi-
sion of housing and space for industrial expansion [3], interactions of many forces 
at the peri-urban interface determine the sustainability. Primarily, the hetero-
geneous population makes it difficult for an effective community participation 
in the development of basic services [4, 5]. Urban quality of life is a function of 
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participative planning and, this is greatly influenced by the socio-demography of 
the migrants which are mostly of the low income group in the periphery [6].

Urban form is a major determining factor in the extent and pattern of expan-
sion. The dispersed nature of peri-urban settlements in most developing countries 
encourages government’s disparity in infrastructure development. This is a major 
factor influencing the peri-urbanisation process in developing countries. Lack of 
urban compactness constitutes an economic burden in terms of providing basic 
services [7]. Isolated settlements from the urban core suffer from lack of infrastruc-
ture due to distance and the financial implications. Ease of commuting also encour-
ages rapid expansion in cities’ periphery [1]. Investigation by Adedire and Iweka 
[8] shows that effective linkages through different means of transportation are a 
catalyst in the development of metropolitan fringe. The expansion of settlements is 
in response to extent of linkages [9].

This study seeks to fill the gap in research on peri-urbanisation process in 
Lagos periphery. Some research works have been carried out on land use changes, 
rural-urban linkages and environmental quality in Nigerian peri-urban settle-
ments [1, 10–12]. But none of these researches had assessed the disparity in the 
transition trends and the implications on the urban quality of life in Lagos peri-
urban. Therefore, the aim of this study is to examine the causes of disparity in 
peri-urbanisation process in Lagos, Nigeria.

2. Literature review

One of the accompanying negative effects of urbanisation in developing countries 
is outward expansion of built up area and conversion of agricultural lands into resi-
dential and industrial uses [13]. The peri-urban expansion is part of a wider urbanisa-
tion process; it is the consequence of urbanisation [14]. Urbanisation in Lagos State, 
Nigeria has attached to it, peri-urbanisation which is an urban-driven transition in 
the territory outside the metropolitan regions or urban core [15].

The peri-urbanisation process is mostly in response to growth in population and 
spatial demand for industrial and economic activities. It is the gradual transforma-
tion of rural land to urban as a result of physical and human interactions [16]. The 
basic distinguishing factors between the rural, peri-urban and urban are popula-
tion, built up density, infrastructure, administration, boundaries and economies 
[17]. Spatial morphology of rural-urban region includes the urban core, urban inner 
area, the suburban area, urban periphery, and rural hinterland [18].

Notable transformations in the peri-urban include socio-demographic, mor-
phological, cultural, economic and functional changes [19]. The urban periphery 
in most developing countries, allows multi-dimensional development. It accom-
modates industrial activities due to the limited land area in the city centre and also 
provides a means of housing for the urban population [20]. In addition, peri-urban 
settlements also serve as a major provider of housing for urban population in highly 
populated cities in developing countries [7, 20, 21].

With high population growth rate and continuous rural-urban drift in most 
developing countries, housing deficit becomes a critical challenge [22]. This creates 
a seized opportunities in real estate development in creating well planned towns in 
the peri-urban. Therefore, peri-urban settlements in African nations are emerging 
with massive investment in housing development and infrastructure development 
because of the possibility of lower houses price of housing, large living space and a 
better environment. In addition, location of housing in the peri-urban is enhanced 
by transport, accessibility to employment and services. This is partially responsible 
for the growth of peri-urban settlements in Lagos [1, 8].
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Drivers of housing expansion in the peri-urban are perceived infrastructural devel-
opment, improved socio-economic activities and development of the tourism sector 
[23]. With improvement in transportation and the rising household incomes, which 
enhances more vehicle ownership, housing development in African peri-urban settle-
ments is also increased [19]. Also the decline in urban environmental quality influences 
residential development in cities’ periphery of developing countries [6]. Improved trans-
port infrastructure has aided the spread of most peri-urban radially in all directions. 
Transport and communications are key factors in addition to infrastructure in facilitating 
and encouraging urban-rural migration regarded as counter urbanisation [10, 24].

In addition, the relocation of economic activity to peri-urban zones of most 
developing nations gradually leads to pull factors in terms of opportunity to engage 
in small industry, property investment, and improved urban quality, cheaper land 
for housing and improved infrastructure. Locational benefits are enabled by close-
ness to places of work, which is made achievable by improved transportation and 
the presence of public and private institutions, also commercial ventures [25].

The roles of different actors also inform the type and extent of urban transition 
in the peri-urban. Notable actors are local farmers, peri-urban residents, entrepre-
neurs, property developers and government institutions [26]. Entrepreneurs repre-
sent the demand side of the land market due to the spatial demand for commercial 
and industrial activities. The supply and demand of land market is controlled by 
property developers having greater hold on monetary and political powers, and in 
return influencing changes in the interface. They fill in the gap created by laxity of 
government in terms of formal control [26].

3. Study areas

To compare and contrast the peri-urbanisation process in Lagos State, Ikorodu 
and Ibeju-Lekki are selected as case studies. Ikorodu represents the highly urbanised 
peri-urban in Lagos in terms of residential development and population growth 
while Ibeju-Lekki represents the least urbanised peri-urban in Lagos in term of 
population growth and housing development. Ikorodu is located in the North East of 
Lagos State along the Lagos lagoon and situated at a distance of approximately 36 km 
north of Lagos. It occupies a land area of about 345 km2. It is situated at approxi-
mately latitude 6°36′ North and longitude 3°30′ East. Ikorodu had an enumerated 
population of 535,619. The sample frame constitutes the existing buildings in the 
peri-urban. Ibeju-Lekki local government area is approximately 75 km long and 

Figure 1. 
Map of Lagos State showing the case studies. Source: Field work (2017).
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about 20 km wide and has a land area of about 646 km2, which equals one quarter 
of the total land mass of Lagos State. It is situated at approximately latitude 40°15′ 
North latitude 40°17′ North and longitude 13,015′ East and 13,020′ East. According 
to the National Population Commission [27] census, Ibeju-Lekki had a population 
of 117,481 out of Lagos State’s total of 9,113,605 (Figure 1).

4. Methodology

Primary and secondary data for this study were extracted from the responses in 
the questionnaire, analysis of observation chart and the analysis of the spatial data. 
Quantitative data include the drivers of urban expansion, residents’ demography, 
locational convenience and commuting frequency. Data analysis was carried out 
using descriptive method. Spatial data that is, satellite images were acquired from 
Google Earth while shape-files of the study areas were extracted from the state 
government’s archive. Analogue spatial data were converted to digital and brought 
into ArcGIS environment in to reference them geographically.

5. Results and discussion

5.1 Land use changes between 2006 and 2016

It can be observed in Figures 2a, b and 3a, b and that both Ikorodu and Ibeju-
Lekki have experienced noticeable spatial expansion in terms of residential devel-
opment between years 2006 and 2016. Ikorodu could be seen to have developed 
more in areal extent than Ibeju-Lekki as shown by Figure 3 that greater percentage 
of the latter is still undeveloped. Ikorodu has less undeveloped area of land mass 
having experienced a surge in housing development within the study timeline. 
Urban expansion in both locations is motivated by different factors. Analysis of 
agricultural and residential land use in the study areas is presented in Table 1.

5.2 Chronological change in land use in the study area

Prior to 1980, peripheral settlements in the study areas were predominantly 
green areas used mainly for agriculture, conservation, water catchment, forest 

Figure 2. 
(a) Extent of residential expansion in 2006. (b) Extent of residential expansion in 2016. Development trend in 
Ikorodu study area 2006–2016. Source: Field work (2017).
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and wild palm trees as shown by the analysis in Table 1. In Ikorodu, between years 
1980 and 2000, agriculture became the major player in land use with gradual land 
conversion for residential purpose taking 8799.78 and 4049.27 hectares in Ikorodu 
and Ibeju-Lekki respectively. Residential land use continued to rise exponentially 
from 622.23 hectares in the year preceding 1980 to 17,972.62 hectares in 2002. Till 
date, agriculture and residential land uses have been the major forces behind the 
peri-urbanisation process in Ikorodu. The increase in residential land use in Ikorodu 
peri-urban is as a result of housing deficit in the neighbouring metropolitan area 
like Ikeja (the capital of the host state, Lagos). A gradual push into the peri-urban 
settlements by the saturation of core metropolitan Lagos due to rapid population 
growth and as a result of rural-urban drift led to residential development in all 
Lagos peri-urban settlements from year 1980.

The growth pattern in Ibeju-Lekki differs in terms of land use from that of 
Ikorodu. It has less land conversion. Also, residential land use in Ibeju-Lekki is not 
pronounced until 1980 when usage increased to 4049.27 hectares, and subsequently 
6932.13 and 11,243.00 hectares in the year 2000 and year 2002 respectively. Peri-
urbanisation in Ibeju-Lekki is a response to the development of the highways. 
Pioneering towns like Awoyaya and Abijo developed as a result of their closeness 
to the metropolitan centre of Lagos Island. Linear settlements grew along the 

Figure 3. 
(a) Extent of residential expansion in 2006. (b) Extent of residential expansion in 2016. Development trend in 
Ibeju-Lekki study area 2006–2016. Source: Field work (2017).

Land use Pre-1980 1980–2000 2000 2002

Ikorodu

Agricultural — 18,236.94 17,268.72 21,084.94

Residential 622.23 8799.78 12,492.33 17, 972.62

Other land uses 36,321.19 9906.70 7182.36 7885.85

Ibeju-Lekki

Agricultural 54,774.96 20,804.16 46,109.26 —

Residential — 4049.27 6932.13 11,243.00

Other land uses 1830.06 31,751.60 3563.63 45,362.02

Source: Lagos State Ministry of Lands (2005).
*Other land uses: civic, commercial, business, conservation, water catchment, marshlands, fishing port, forest and 
wild palm trees, industrial, institutional, new ocean terminal, parks, open space, recreation and tourism, water 
body.

Table 1. 
Pre-2006 agricultural and residential land use analysis in the study area.
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Ibeju-Lekki

Agricultural 54,774.96 20,804.16 46,109.26 —

Residential — 4049.27 6932.13 11,243.00

Other land uses 1830.06 31,751.60 3563.63 45,362.02

Source: Lagos State Ministry of Lands (2005).
*Other land uses: civic, commercial, business, conservation, water catchment, marshlands, fishing port, forest and 
wild palm trees, industrial, institutional, new ocean terminal, parks, open space, recreation and tourism, water 
body.

Table 1. 
Pre-2006 agricultural and residential land use analysis in the study area.
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major highways while the growth of the inner periphery was in response to land 
speculation. With land reclassification and government acquisition of land for 
development, infrastructure limited was necessary thus aiding the opening of the 
inner periphery for mixed use development. Residential segregation and residents’ 
socio-demography influenced the settlement patterns. Various types of settlements 
also grew in response topography, culture and political reasons.

5.3 Residents’ perception of urban expansion in the study area

From the perception of the residents, different factors were driving urban 
expansion in Ikorodu and Ibeju-Lekki periphery as analysed in Table 2. The major 
factors driving urban expansion in Ikorodu are low cost of living 20.8%, land 
affordability 18.2%, employment 16.1%, improved urban quality 12.9%, workplace 
location, and property investment. Ikorodu is known to house various institutions 
both private and public thus creating a haven for employment. In terms of land 
affordability, in comparison to the excessive cost of land in Lagos urban centre, 
Ikorodu provide good workplace and residential location at affordable cost. Other 
less important drivers are road accessibility, secured land tenure, cost of transporta-
tion, education and closeness to kinsmen. Peri-urbanisation process is driven by 
different principal factors in Ibeju-Lekki. In this periphery, major causes of the 
expansion in the study area are land affordability 27.3%, workplace location 14.8%, 
improved urban quality 15% and property investment 14.2%. Also vital to the 
growth of Ibeju-Lekki are employment and closeness to kinsmen. Government-
led and private developer-led housing developments in the study area are on the 
increase because of the improved urban quality in Ibeju-Lekki.

5.4 Impact of residential land use on the study area

Data from the National Population Commission [27] census analysed in 
Table 3 shows a huge leap in housing development in both Ikorodu and Ibeju-
Lekki local government areas from the year 2006. Ikorodu local government 
has witnessed a more residential land conversion than Ibeju-Lekki. Housing 
developments in Ikorodu was 52,819 units in 2006, and 89,609 units in 2016 

Ikorodu Ibeju-Lekki

Drivers of expansion N = 379 % N = 366 %

Land affordability 69 18.2 100 27.3

Low cost of living 79 20.8 29 7.9

Workplace location 43 11.3 54 14.8

Improved urban quality 49 12.9 55 15

Employment 61 16.1 29 7.9

Study 7 1.8 3 0.8

Good and accessible road network 3 0.8 2 0.5

Low cost of transportation 10 2.6 1 0.3

Secured land tenure 14 3.7 15 4.1

Property investment 38 10 52 14.2

Closeness to kinsmen 16 4.2 26 7.1

Table 2. 
Drivers of expansion in the study areas.
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as obtained in the surface counting of selected 18 peri-urban settlements in 
Ikorodu. In Ibeju-Lekki local government, as noted by the National population 
Commission [27], a total of 7701 housing units were acknowledged in 2006 while 
during the surface counting of residential developments aided by aerial photo-
graphs during the field work in September, 2016, 11,746 units of housing were 
noted in the selected 16 peri-urban settlements in Ibeju-Lekki. In comparison 
to the urban core, individuals have access to affordable lands for housing and 
economic-related developments in the peri-urban and this is a major pull factor 
for peri-urbanisation in both cases.

5.5 Commuting patterns in the study areas

In the expansion of periphery settlements, linkages play a huge role. This comes 
in terms of interconnectivity between metropolises and the rural areas. Good com-
muting encourages a pull of urban population to the city periphery for residential 
and industrial development. The commuting patterns of the respondents in the case 
studies as presented in Table 4 shows 38.8% of Ikorodu residents commute daily 
to the city, 36.1% on a weekly basis and 25.1% as the need arises. This reflects good 
level of linkage between Ikorodu periphery and the surrounding urban areas. The 
commuting hour shows 31.1% of the residents spend less than 30 minutes for daily 
commuting to work, 30.6% spend about 1 hour, 13.5% show a commuting time of 
1 hour, 30 minutes, 16.6% spend between 1 and 2 hours, 5.8% spend 3 hours and 
other unspecified commuting time is about 1.6%. Residents’ purpose of commuting 
to the city shows 54.4% of the respondents’ population commute to the city for 
work, 23.2% for groceries, 20.3% for supply of their medium scale businesses and 
0.6% for other needs.

In Ibeju-Lekki, 34.2% of the respondents’ population travel to the urban centres 
daily, 33.3% commute to the city centre weekly and 31.4% travel as the needs arise. 
The highest commuting time to and from places of work daily in Ibeju-Lekki peri-
urban is 3 hours while the least commuting time is 30 minutes. 35.2% spends an 
average of 60 minutes (1 hour) daily commuting, 24.6% spend 90 minutes, 15.6% 
spends less than 30 minutes, 14.2% spends almost 180 minutes (3 hours) while 
10.4% spend an average of 120 minutes (2 hours) commuting daily. 42.6% of the 
respondents travel for work related purpose, 30.3% travel to either the city centre 
and neighbouring peri-urban for groceries while 27% travel to the city centre for 
supply of materials for their enterprises.

5.6 Impact of locational convenience on spatial expansion of the study area

Convenience is vital in the expansion of cities ‘periphery’. Factors like closeness 
to work, closeness to market or the central business district, and availability of 
public transport were considered in the study areas.

Ikorodu Ibeju-Lekki

Year Housing units Housing units

2006 *52,819 *7701

2016 **89,609 **11,749
*Source: National population Commission [27].
**Source: Field survey (2017).

Table 3. 
Residential land use in the study area between years 2006 and 2016.
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5.6.1 Availability of public transport

Good public transportation system exists in Ikorodu as shown in Table 5 and 
Figure 4. Among the respondents, 83.9% have access to good transport system 
while 15.6% do not. In Ibeju-Lekki, 22.1% of household heads lack good public 
transportation due to their residential location in the inner periphery. This is trans-
lated to high cost of transportation for residents without personal vehicles in such 
areas as shown by observation during the field survey. However, 77.6% indicated 
good public transportation at their disposal.

5.6.2 Closeness to work

In Ikorodu, good accessibility to work is enhanced by the strategic locations 
of most institutions and the efficient distribution of government organisations 
around both primary and secondary roads. 72.8% of the respondents’ popula-
tion were privileged to have good proximity to their works while 26.9% were not 
as presented in Table 5. In Ibeju-Lekki, a greater percentage of the respondents 
have good workplace location than in Ikorodu. 85.8% indicated locational 
benefits while 14.2% are were negatively affected by their residential location 
in relation to places of work. These findings gives strength to Alonso’s access 
trade off model which states that the choice of residential location in periphery 
settlements could offer an opportunity lost and opportunity cost. A trade-off 
exists between cheaper land in the peri-urban and the hours of commuting 
(Figure 5).

Ikorodu Ibeju-Lekki

N = 379 % N = 366 %

Frequency of commuting

Daily 147 39 125 34.2

Weekly 137 36 122 33.3

Others (specify) 95 25 116 31.7

Average time of commuting

Less than 30 minutes 118 31 57 15.6

31–60 minutes (1 hour) 116 31 129 35.2

61–90 minutes (1 and half hours) 51 14 90 24.6

91–120 minutes (2 hours) 63 17 38 10.4

121–180 minutes (3 hours) 22 5.8 51 13.9

Unknown 9 2.4 1 0.3

Purpose of commuting

Work 206 54 156 42.6

Groceries 88 23 111 30.3

Supply for business 77 20 99 27

Others 8 2.2 0 0

Source: Field survey (2017).

Table 4. 
Commuting patterns in the study areas.
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5.6.3 Closeness to the central business district

In Ikorodu periphery, 72.0%, a reasonable size of the respondents had residential 
location advantage by virtue of their proximity to the central business districts, 
but 27.4% were disadvantaged. 86.1% of respondents in Ibeju-Lekki periphery were 

Ikorodu Ibeju-Lekki

Variable N = 379 % N = 366 %

Availability of public transport

Yes 318 83.9 284 77.6

No 59 15.6 81 22.1

Unknown 2 0.5 1 0.3

Closeness to work

Yes 276 72.8 314 85.8

No 102 26.9 52 14.2

Unknown 1 0.3 0 0

Closeness to CBD

Yes 273 72 315 86.1

No 104 27.4 51 13.9

Unknown 2 0.5 0 0

Source: Field survey (2017).

Table 5. 
Analysis of locational convenience in the case studies.

Figure 4. 
Road networks and transportation system in Ikorodu periphery. Source: Field survey (2017).

Figure 5. 
Workplace locations in Ikorodu periphery. Source: Field survey (2017).
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close to the central business district while 13.9% were not close to the central busi-
ness district leading to increased commuting to the city.

6. Conclusion and recommendation

There have been phenomenal changes in land use and land cover of Nigerian 
peripheral interface. New towns outside the metropolises of developing countries 
undergo expansion due to population growth and housing deficits in the urban 
areas. The spatial transformation is mostly accompanied with encroachment into 
the surrounding agricultural land. The study areas in this study are experiencing 
conversion in land use but differ in pattern and extent. Findings show generally that 
the major factors influencing peri-urbanisation are land affordability, improved 
road network and the emergence of gated exclusive housing developments by 
private developers in the peri-urban areas.

There exist disparity in the peri-urbanisation process in the study areas and 
this could be attributed to many factors, among which are the level of the linkages, 
locational convenience (both for workplace and residential development), people’s 
socio-demography and the government housing policy. The degree of establishment 
of each of these variables in the study areas determines the rapidity of the peri-
urbanisation process. The wider land conversion experienced in Ikorodu is traceable 
to the presence of these variables in the periphery.

Availability of good transportation network is a motivation for living in the 
suburb. Locational benefit is a huge pull factor to the peripheral for residential 
developments. The commuting pattern shows the interdependencies between the 
periphery and urban centres, mostly for socio-economic purposes. This corrobo-
rates the findings of [1]. Most peri-urban residents work in the city centre while 
having residential location in the metropolitan fringe. Both locations however 
have good proximity to the Central Business District. Also the ability of housing 
providers to put locational convenience into consideration would promote balanced 
development.

Linkages show that the peri-urban cannot function in isolation. The first case 
study, Ikorodu has been subjected to rapid changes due to locational convenience 
and availability of public transportation. The frequency of commuting in Ikorodu 
is more than that of Ibeju-Lekki. Findings show work-related activities as the major 
reason for commuting to the urban centre in Ikorodu peri-urban. Commuting time 
from the peri-urban to the city centre for various activities is longer in Ibeju-Lekki 
than Ikorodu and this could be attributed to the nature of the settlements that are 
mostly dispersed.

Also improved infrastructure and concentrated development of institutions in 
Ikorodu are major contributors to the rapid expansion of the peri-urban interface. 
The peri-urbanisation process is usually slowed down where there is dearth of 
infrastructure and socio-economic institutions. It can be concluded that equality 
in infrastructure development will limit disparity in peri-urbanisation process. 
Prior studies by Binns et al. [11] and Lawanson et al. [1] have shown that Lagos as a 
rapidly urbanising region is not exempted from the peri-urbanisation phenomenon.
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Chapter 6

Landscape Hazards: Destructive 
Build Environment Zones and Safe 
Areas - An American Case Study
Yoichi Kunii, Paige O’Keefe, Jon Burley, Luis Loures  
and Marifaye Regina Villanueva

Abstract

Planners, designers, governmental organizations, and citizens are interested 
in creating enduring safe buildable environments. Landscape hazards such as 
earthquakes, wildfires, hurricanes, tornados, flooding, volcanoes, radon, air 
pollution, sinkholes, avalanche, landslides, and blizzards create a complex set of 
destructive forces that form disturbances obliterating life and structures. In our 
study, we examined these forces across the lower 48 states of the United States of 
America. We applied geographic information system (GIS) technology to identify 
areas of extreme hazard and areas of low risk. Our investigation indicated that 
most of our study area (approximately 83%) was exposed to highly reoccurring 
destructive forces and that only relatively small patches (Upper Midwest-portions 
of Michigan, Wisconsin, and Minnesota) and thin stretches (Rocky Mountain Front 
Range—eastern Montana, Wyoming, and eastern Colorado) of land were relatively 
secure from these forces. This means that in the long term, much of the study area is 
not safe from disturbances that will destroy much of the built environment, chal-
lenging notions of sustainability for numerous metropolitan areas, United Nations 
Educational, Scientific, and Cultural Organization (UNESCO) Biosphere Reserves, 
UNESCO World Heritage Sites, National Parks, other noted historic sites.

Keywords: environmental geology, environmental planning, landscape architecture, 
natural resources, physical geography

1. Introduction

Safe, enduring, sustainable built environments are of great interest to  
planners, designers, governmental organizations, and citizens. Yet yearly across 
the globe, built environments are destroyed by tsunamis, hurricanes, earthquakes, 
wildfires, tornadoes, volcanoes, flooding, landslides, avalanches, and other environ-
mental hazards. The loss of life and damage to property is extensive. As each event 
occurs, scholars study the cause of the event, the extent of the damage, and impact 
upon the environment. For example, Foxworthy and Hill describe the cataclysmic 
event of the Mount St. Helens volcanic eruption of 1980—this event was only a 
relatively small volcanic eruption [1]. Ekey recounts the extent and damage of the 
1988 Yellowstone fire; while Daniel and Ferguson edited a series of papers discussing 
the knowledge concerning wildfires and the urban interface [2, 3]. Stanley Changnon 
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edited a document describing the extensive flooding event in the Mississippi River 
Basin of 1993 [4]. Numerous authors describe earthquake events ranging from events 
in relative wilderness to urban areas [5–9]. Margot Keam Cleary describes many more 
events of the twentieth century, noting avalanches, hurricanes/typhoons/cyclones, 
tornados, and tsunami/tidal waves [10]. In addition, authors have described cata-
strophic events such a meteorite collisions and atmospheric poisoning leading to 
changes in the composition and structure of the biosphere [11]. Each event would 
raise public awareness, but for many in the planning and design community, envi-
ronmental hazards and the long term suitability of a building site were of minor 
importance when compared to issue of landscape conservation, design beauty, 
economics, and short term functionality [12, 13]. To illustrate this perspective, in the 
United States of America, Falling Water/Kaufman House, design by the acclaimed 
American architect of the twentieth century Frank Lloyd Wright in about 1935 is 
considered to be one of the great pieces of architecture for that century; yet in a 
100 year flood, the waters of the seemingly serene creek rise to the mid-level of the 
living room (Figure 1) [11].

By the 1960s, planners and designers in the United States of America explored 
approaches to place built environment facilities in safe zones compatible with the 
structural ecology of the area, as illustrated by the barrier islands study of Ian 
McHarg and placing structures outside the path of avalanche zones at Snowbird, 
Utah by Dan Kiley [14, 15]. Landscape architects had expanded their work to 
encompass landscape planning studies, something that had not been widely prac-
ticed since efforts earlier in the twentieth century by Warren Manning [11]. For 
example, the complete land area and some aquatic habitats of the state of Hawaii 
have been completely planned and zoned with assistance of the professional design 
firm EDAW, led by Garrett Eckbo (the “E” in EDAW). The landscape is divided into 
areas for housing, recreation, grazing, crop production, forestry, armed services 
usage, conservation, and for use by the native Hawaiian people. The plan included 
considerations for mitigating the effects of three natural hazards: earthquakes, 

Figure 1. 
The red line approximates the level of the 100 year floodplain at the Falling Water House in Pennsylvania, 
USA (copyright © 2007 Jon Bryan Burley, all rights reserved, used by permission). In flooding conditions, the 
structure even acts as an obstruction to water flow, something that is often now prohibited for many areas of the 
United States.
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tsunamis, and volcanoes [16, 17]. This general approach was applied by Burley and 
Burley to a study site in Colorado, to determine safe building environments against 
wildlife, avalanche, rock fall, and flooding. They determined that in their study 
area, there was no safe site [18]. This interest extended to other areas in the world, 
as Feng et al. examined building site safety in the Wenchuan are of China and in 
the central Philippines in post-earthquake settings developing an index to assess 
and determine the resiliency of the setting to save lives [19]. But in many respects, 
response to landscape hazards in planning and design had been practiced by some 
in other parts of the world, long before Americans began to study such topics. 
For example, in Tokyo, Japan, the Kiyosumi Garden, developed in 1878–1885 was 
created as a safe-haven in post-earthquake events and together with a nearby public 
park, remains as a post-earthquake safe-haven and was used as a safe haven during 
the allied/American bombings of Tokyo in 1945, Figure 2 [20]. Similar work con-
cerning safe haven open space has been recently studied in the Chinese province of 
Fujian [21–23]. These examples illustrate that at times investigators, public officials, 
and concerned citizens have occasionally/sporadically addressed hazards in the 
built environment; however, interest in this topic has increased.

Community resilience is an increasingly addressed issue worldwide, as it encom-
passes a widespread usage of resources by community members that allows them 
to thrive in a constant state of change and unpredictability [24]. As climate change 
develops into an increasingly more harmful and destructive force, communities 
need to be able to withstand and recover from these devastating effects. Presented 
as an opportunity to face vulnerability with resilience, climate change is the quint-
essential factor which immediately is threatening both our natural and human 
systems. The need to establish, enhance and promote tools for the overall health and 
safety of communities is increasing; thus, Community Resilience Assessment (CRA) 
tools have continued to evolve over the course of the twenty-first century [25]. 
Resilience, a term consisting of varying definitions, is composed of the same under-
lying concept of a mix of natural and mechanical systems with the ability to adapt 
to extreme shocks and uncertainty [26]. When creating and planning a design, 
policy makers, developers, landscape architects, and other professionals involved 
in the process, all play a vital role in the implementation of community resilience. 
Although many are currently aware of the effects and future possibilities environ-
mental change and landscape hazards, there are also many who are not thinking 
about the essential planning steps needed to be able to withstand these effects.

In an attempt to depict a dynamic system responding to hazards and change 
that is not necessarily in balance, Graham A. Tobin cohesively created a conceptual 
framework for analysis of sustainability and resilience that consists of three separate 

Figure 2. 
A view of the Kiyosumi Garden in Tokyo, Japan is an open space that remains as a refuge for post-earthquake 
events (copyright © 2019 Jon Bryan Burley, all rights reserved, used by permission).
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heuristic normative theories (meaning based upon expert opinion): a mitigation 
model, recovery model, and structural-cognitive model [27]. Collectively, these 
provide an in-depth look at the realities of implementing a sustainable and resilient 
framework that demonstrates the difficulties such as local context, social and 
political activities, and economic concerns. Tobin’s ideas have been adapted from 
the works of Waugh and Mazmanian and Sabatier [28, 29]. In order to prevent 
high levels of exposure and risk, acts of prevention are critical to a community’s 
success in the complete cycle hazard recovery and resilience. An example given are 
the mitigation policies that ensure specific conditions are met when implementing 
design standards of flood embankments and levee systems. Thus, a physical action is 
being taken towards the overall community resilience instead of the issue remaining 
theoretical which does not provide any measurable outcome. These conditions were 
then condensed into six major priorities for successful implementation: (1) sound 
theory with causal linkages to assure reasonable goals; (2) tasks and programs must 
be assigned to sympathetic agencies with adequate resources; (3) leaders must have 
managerial and political skills; (4) clear policy objectives with long term commit-
ments; (5) organized constituency support; (6) no undermining of the policy over 
time [27]. Overall, these conditions and goals must be clearly articulated in order to 
provide safety, resilience, and resources over time to a wide variety of communities.

The state-of-the art concerning landscape hazards suggests that there is a 
wider concern across the public and professional ability and interest in assessing 
and implementing plans and design related to this issue. Still, the effort is case 
by case, city by city, and region by region. Rarely has there been an examina-
tion of a broad set of hazards for a substantially large area. Reporting of hazard 
events is often in the national and international news cycle. As this article is being 
completed, the wildfires of Australia are in the news [30]. In some respects there 
is no comprehensive study because no governmental agency is fully/completely 

Figure 3. 
A page from Warren Manning’s National Plan, with a reorganization of the American states based upon 
physical/watershed boundaries (copyright © expired, obtained from the Iowa State University Library Special 
Collections and University Archives) [31].
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responsible to address planning and design for all types of hazards (the most 
comprehensive agency responds to hazards in the United States, the Federal 
Emergency Management Agency (FEMA) advising the public concern advanced 
preparation for some types of hazards such as earthquakes, wildfires, tornados, and 
hurricanes). Unfortunately no investigatory team has been funded to examine this 
issue in the same manner as Warren Manning, who lived from 1860 to 1838, who 
prepared a national comprehensive conservation management plan for the United 
States (Figures 3 and 4) [31]. He did not examine landscape hazards. But if he was 
living today, maybe it would be an issue that he might address.

We wondered if it was possible to address the lower 48 states concerning a 
multiplicity of landscape hazards to gain a more comprehensive understanding of 
the issues facing the built environment and long-term sustainability of building 
sites? In our investigation we were curious about: are there only small areas that 
merit hazard planning and design?; are there numerous and extensive areas that are 
relatively safe zones?; and what is the situation in the lower 48 states?

Figure 4. 
A page from Warren Manning’s National Plan, illustrating how the new states of Michigan and Minnesota are 
divided into management regions for agriculture, forestry, and conservation (copyright © expired, obtained 
from the Iowa State University Library Special Collections and University Archives) [31].
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and implementing plans and design related to this issue. Still, the effort is case 
by case, city by city, and region by region. Rarely has there been an examina-
tion of a broad set of hazards for a substantially large area. Reporting of hazard 
events is often in the national and international news cycle. As this article is being 
completed, the wildfires of Australia are in the news [30]. In some respects there 
is no comprehensive study because no governmental agency is fully/completely 

Figure 3. 
A page from Warren Manning’s National Plan, with a reorganization of the American states based upon 
physical/watershed boundaries (copyright © expired, obtained from the Iowa State University Library Special 
Collections and University Archives) [31].
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responsible to address planning and design for all types of hazards (the most 
comprehensive agency responds to hazards in the United States, the Federal 
Emergency Management Agency (FEMA) advising the public concern advanced 
preparation for some types of hazards such as earthquakes, wildfires, tornados, and 
hurricanes). Unfortunately no investigatory team has been funded to examine this 
issue in the same manner as Warren Manning, who lived from 1860 to 1838, who 
prepared a national comprehensive conservation management plan for the United 
States (Figures 3 and 4) [31]. He did not examine landscape hazards. But if he was 
living today, maybe it would be an issue that he might address.

We wondered if it was possible to address the lower 48 states concerning a 
multiplicity of landscape hazards to gain a more comprehensive understanding of 
the issues facing the built environment and long-term sustainability of building 
sites? In our investigation we were curious about: are there only small areas that 
merit hazard planning and design?; are there numerous and extensive areas that are 
relatively safe zones?; and what is the situation in the lower 48 states?

Figure 4. 
A page from Warren Manning’s National Plan, illustrating how the new states of Michigan and Minnesota are 
divided into management regions for agriculture, forestry, and conservation (copyright © expired, obtained 
from the Iowa State University Library Special Collections and University Archives) [31].
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2. Methodology

To conduct the study, the team examined the same basic setting as Warren 
Manning [31]. The investigatory team gathered public data concerning a set of 
landscape hazards across the lower 48 of the United States, including: earthquakes, 
wildfires, hurricanes, tornados, flooding, volcanoes, radon, air pollution, avalanche, 
landslides, sinkholes, and blizzards [32–40]. The maps were drawn in layers with 
three values: high risk (medium gray with a 10–200 year time frame), moderate risk 
(light gray 500 year time frame), and low risk (white great than 500 year time frame), 
similar to Burley and Burley [18]and McHarg [14]. The model to compile the maps 
in a series of overlays was similar to Johnson and Burley, where the most hazardous 
value (a medium gray) across the overlays determined the hazard risk for a location 
[41]. Only locations with no high (medium gray) or moderate hazard rating (light 
gray) would receive a low (near white) hazard rating [41]. Locations with no value in 
the hazardous rating and with a maximum of a moderate rating would appear in the 
results map a moderate rating. For example, a site with a moderate earthquake score 
and all other scores being low, would be rated as a moderate (light gray) hazardous 
area. No effort was made to derive weighted maps or maps with linear combinations. 
As of yet, no investigator has demonstrated that the hazard layers should be combine 
in some latent dimension or equation. Although in the future, investigators might 
explore statistical relationships amongst the variables, as other investigators had done 
in visual quality and soil reclamation studies [42, 43]. The late Phil Lewis did discover 
that wetlands, slopes that require protection, and recreational lands covaried forming 
corridors, suggesting a latent dimension in environmental conservation and recreation 
to for greenways [44]. But so far, no such work has been accomplished with hazard 
data. In this hazard study the resulting map in this investigation may appear with 
many levels of gray (darker indicate many hazards and white indicating no hazards).

3. Results

The resultant map (Figure 5) contained approximately 83% of the study area 
with high and moderate hazard ratings. The locations with a fair expanse of low 
ratings occurred in the rain shadow (east) of the Rocky Mountains on the western 

Figure 5. 
A map of the hazard areas in the lower 48 of the United States when all the hazard maps are combined 
together (copyright © 2018 Yoichi Kunii and Jon Bryan Burley, all rights reserved, used by permission).
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edge of the Northern Great Plains from west Texas to Montana and a smaller swath 
of land in the upper Midwest (Michigan, Wisconsin, northern Minnesota). A 
patchwork of lighter gray also occurs on the west side of the Appalachian Mountain 
in the Tennessee and Ohio River valleys north towards Pennsylvania and New York. 
However, there is no truly completely safe site. Smaller, county sized patches of 
relatively low hazard areas occur in the mountain west.

4. Discussion

When the environmental hazards are combined together, it become clear that 
much of the landscape will encounter some sort of hazard that may affect the built 
environment. The map suggests that over a 200 year period (10 generations), most 
sites will encounter some sort of hazard. While for any one generation, a group of 
individuals or community may experience no hazard event, in the higher hazard 
areas, events may be frequent across generations. The map in Figure 5 indicates 
that much of the country will face repeated events and that there are relatively few 
refuges. This may be a surprise to some citizens and public officials who may expect 
their environments to remain stable and safe long term. The map suggests that 
building sites may be disturbed, even destroyed at a frequent rate, meaning within 
10 generations. The disturbance probability is much greater than for just some 
unlucky locations such as in the San Francisco area, the gulf coast in the south east, 
or in and near Yellowstone National Park.

What does this mean for the built environment? For long term sustainability, 
care and thought may have to be given to mitigating the expected forthcoming 
event. Building codes and site design may have to reflect minimizing damage and 
sustaining life.

Figure 6 presents a map containing United Nations Educational, Scientific 
and Cultural Organization (UNESCO) Biosphere and Cultural Heritage areas, 
plus National Parks, and other historic landscape architectural sites described by 
Newton, Tobey, and Burley and Machemer [11–13].

The map illustrated in Figure 6 suggests that many valued natural environ-
ments, cultural sites and other valued landscapes are in zones that will be exposed 

Figure 6. 
A map illustrating the locations of valued landscapes across the landscape hazards composite map are 
combined together (copyright © 2019 Yoichi Kunii and Jon Bryan Burley, all rights reserved, used by 
permission).



Landscape Architecture - Processes and Practices Towards Sustainable Development

68

2. Methodology

To conduct the study, the team examined the same basic setting as Warren 
Manning [31]. The investigatory team gathered public data concerning a set of 
landscape hazards across the lower 48 of the United States, including: earthquakes, 
wildfires, hurricanes, tornados, flooding, volcanoes, radon, air pollution, avalanche, 
landslides, sinkholes, and blizzards [32–40]. The maps were drawn in layers with 
three values: high risk (medium gray with a 10–200 year time frame), moderate risk 
(light gray 500 year time frame), and low risk (white great than 500 year time frame), 
similar to Burley and Burley [18]and McHarg [14]. The model to compile the maps 
in a series of overlays was similar to Johnson and Burley, where the most hazardous 
value (a medium gray) across the overlays determined the hazard risk for a location 
[41]. Only locations with no high (medium gray) or moderate hazard rating (light 
gray) would receive a low (near white) hazard rating [41]. Locations with no value in 
the hazardous rating and with a maximum of a moderate rating would appear in the 
results map a moderate rating. For example, a site with a moderate earthquake score 
and all other scores being low, would be rated as a moderate (light gray) hazardous 
area. No effort was made to derive weighted maps or maps with linear combinations. 
As of yet, no investigator has demonstrated that the hazard layers should be combine 
in some latent dimension or equation. Although in the future, investigators might 
explore statistical relationships amongst the variables, as other investigators had done 
in visual quality and soil reclamation studies [42, 43]. The late Phil Lewis did discover 
that wetlands, slopes that require protection, and recreational lands covaried forming 
corridors, suggesting a latent dimension in environmental conservation and recreation 
to for greenways [44]. But so far, no such work has been accomplished with hazard 
data. In this hazard study the resulting map in this investigation may appear with 
many levels of gray (darker indicate many hazards and white indicating no hazards).

3. Results

The resultant map (Figure 5) contained approximately 83% of the study area 
with high and moderate hazard ratings. The locations with a fair expanse of low 
ratings occurred in the rain shadow (east) of the Rocky Mountains on the western 

Figure 5. 
A map of the hazard areas in the lower 48 of the United States when all the hazard maps are combined 
together (copyright © 2018 Yoichi Kunii and Jon Bryan Burley, all rights reserved, used by permission).

69

Landscape Hazards: Destructive Build Environment Zones and Safe Areas - An American Case…
DOI: http://dx.doi.org/10.5772/intechopen.91228

edge of the Northern Great Plains from west Texas to Montana and a smaller swath 
of land in the upper Midwest (Michigan, Wisconsin, northern Minnesota). A 
patchwork of lighter gray also occurs on the west side of the Appalachian Mountain 
in the Tennessee and Ohio River valleys north towards Pennsylvania and New York. 
However, there is no truly completely safe site. Smaller, county sized patches of 
relatively low hazard areas occur in the mountain west.

4. Discussion

When the environmental hazards are combined together, it become clear that 
much of the landscape will encounter some sort of hazard that may affect the built 
environment. The map suggests that over a 200 year period (10 generations), most 
sites will encounter some sort of hazard. While for any one generation, a group of 
individuals or community may experience no hazard event, in the higher hazard 
areas, events may be frequent across generations. The map in Figure 5 indicates 
that much of the country will face repeated events and that there are relatively few 
refuges. This may be a surprise to some citizens and public officials who may expect 
their environments to remain stable and safe long term. The map suggests that 
building sites may be disturbed, even destroyed at a frequent rate, meaning within 
10 generations. The disturbance probability is much greater than for just some 
unlucky locations such as in the San Francisco area, the gulf coast in the south east, 
or in and near Yellowstone National Park.

What does this mean for the built environment? For long term sustainability, 
care and thought may have to be given to mitigating the expected forthcoming 
event. Building codes and site design may have to reflect minimizing damage and 
sustaining life.

Figure 6 presents a map containing United Nations Educational, Scientific 
and Cultural Organization (UNESCO) Biosphere and Cultural Heritage areas, 
plus National Parks, and other historic landscape architectural sites described by 
Newton, Tobey, and Burley and Machemer [11–13].

The map illustrated in Figure 6 suggests that many valued natural environ-
ments, cultural sites and other valued landscapes are in zones that will be exposed 

Figure 6. 
A map illustrating the locations of valued landscapes across the landscape hazards composite map are 
combined together (copyright © 2019 Yoichi Kunii and Jon Bryan Burley, all rights reserved, used by 
permission).



Landscape Architecture - Processes and Practices Towards Sustainable Development

70

to disturbance. Only a few sites on the Great Plains or in northern Michigan and 
Minnesota may be in areas with little change from hazards. Change is coming. Often 
individuals may assume that these sites may remain undisturbed and unaffected 
for many centuries. But the truth may be that many of these sites will encounter 
events much sooner than expected. Very few sites may have the longevity that the 
Pyramids of Giza in Egypt have endured. After all, the other six wonders of the 
world are in ruins [11]. Even places like central Michigan exposed to few events, 
over the last 12,000 years endured mile high glaciers, large fluctuations in the 
level of the Great Lakes, the extinctions of mammoths (Mammuthus primigenius 
(Blumenbach, 1799 [originally Elephas])) and mastodons (Mammut americanum 
Kerr 1792), the migration of vegetation from the south, the clearing for forests, the 
coming of urbanization, the automobile, and the invasion of exotic species [11].

In this study, there are more variables that could be included, such as water or 
soil pollution, or the impacts of various climate change scenarios. In addition, it 
could be debated about how the variables were classified and combined, or possibly 
a different base map for a certain variable could be used. Other investigators could 
generate variations on the results. This study is not definitive.

The environmental dangers to building sites are real and extend to nations 
around the world (Figure 7). The recent eruption of the Taal volcano in the 
Philippines illustrates the dangers to the built environment as it is an earthquake 
zone and volcano hazard area [45]. This is the same area that was hit by Typhoon 
Phanfone (Ursula) in late December 2019 [46].

Figure 7. 
An image of the Taal Volcano erupting in January 2020 as seen from Los Baños, Philippines. The volcano 
is erupting tens of kilometers away, beyond the mountain/hills in the back of the image (copyright © 2020 
Marifaye Regina Villanueva, all rights reserved, used by permission).
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5. Conclusion

Planners and designers are engaging issues related to examining larger land-
scapes. This engagement facilitates understanding factors, forces, and influences 
upon the built environment. In this investigation, it was discovered that much of 
the study area will experience hazards events that will perturb the built environ-
ment, sooner than some might expect. To be sustainable or resilient may mean that 
these disturbances may require thoughtful adjustment by citizens, government 
officials, the construction industry, and planning/design professionals. Landscape 
architecture has become a profession engaged in examining broader environmental 
concerns beyond site planning and detailed design.
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Abstract

The abandonment and decline of rural regions are conveying huge challenges 
to their planning and management. The extraordinary natural and cultural values 
the landscapes of these regions usually display, coupled with the growing need 
for urban populations to reconnect with nature, have led to an increased demand 
for these territories for tourism activities. However, the high sensibility of most of 
these landscapes requires that the promotion of tourism activities be well thought 
out and regulated. Therefore, it is necessary to devise strategies to implement a 
sustainable tourism that can boost the economy and secure the population and, 
simultaneously, protect the values in presence. In this chapter, a methodology is 
proposed that approaches the landscape planning from a multiscale perspective, 
based on (1) a macroanalysis grounded on green and blue infrastructures, (2) the 
delimitation of areas with distinct landscape character, (3) the identification and 
requalification of strategic microsites and links following a rural acupuncture 
concept, and (4) the implementation of a local sustainable tourism network that 
is expected to have a broad impact in the whole region. The applicability of the 
proposed methodology was tested in a case study in the north of Portugal, specifi-
cally in the Olo river basin.

Keywords: landscape planning, landscape management, depopulation, key 
landscape points, rural acupuncture, connectivity, sustainable tourism network, 
institutional cooperation

1. Introduction

Across Europe there is a growing trend of depopulation and landscape degrada-
tion in remote rural areas, especially in mountain areas [1]. These regions are then 
in need for special attention from government entities, and it is urgent to define and 
implement strategies for their planning and management.

Different management models have been debated over the years, with rewild-
ing gaining momentum. Rewilding proposes a landscape management concept for 
rural depopulated regions in which active management is reduced and nature is 
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allowed to manage itself [2]. However, many of these landscapes are sought after 
and appreciated due to the judicious balance between the marks of human presence 
such as villages, terraced fields, shelters, footpaths, etc. and the patches of wild 
forests and other natural habitats. Thus, it is foremost important to ensure that local 
populations remain in the region and actively manage the green infrastructure and 
the mosaic as they are primarily responsible for the special atmosphere that these 
landscapes emanate.

One of the reasons that lead people to abandon these regions is that traditional 
agriculture, with low productivity and demanding a great work effort, scarcely 
guarantees a sufficient income for a comfortable modern life [3]. Therefore, it is 
up to government entities to support measures that allow the implementation and 
growth of complementary economic activities to obtain income.

In recent years there has been a growing demand for these regions by urbanites 
who seek relief from everyday stress in connection with nature [4]. These regions, 
full of tradition, history, and natural values, can offer, if properly prepared, 
a diverse range of activities and recreational opportunities for these tourists. 
However, it is important to note that the high sensitivity of these landscapes is 
incompatible with the construction of infrastructures of great visual impact such as 
those usually built up to accommodate mass tourism [5–7].

Sustainable tourism, or ecotourism, has therefore been indicated as an adequate 
strategy for the revitalization of these regions insofar, as it focuses on the sustain-
able use of environmental resources, respecting the sociocultural authenticity of 
the host communities and ensuring sustainable economic operations in the long 
term. In this model the benefits are provided to all stakeholders, and opportunities, 
such as the possibility for stable income and employment for the host communities, 
are appropriately distributed [8–11].

The work presented in this chapter assumes that the implementation of sustain-
able tourism network must be based on the local green and blue infrastructure, as 
these already offer a connected network of values, requiring only the identifica-
tion of the elements (and the links between them), in need of intervention. These 
interventions are expected to be small scale and low investment, taking place at 
key components of the metabolism of the landscape. In this way, surgical actions in 
these components will have a significant and comprehensive impact, far beyond the 
place where it was operated, influencing the economic and social dynamics of the 
entire region. That is why we call this assumption—rural acupuncture.

The objectives of this chapter are to propose a methodology for the identification 
of these landscape components, following a multiscale approach to the landscape, 
and point out guidelines for their recovery. In the end it should be possible to design 
a sustainable tourism network, integrating all the cultural and natural values.

The applicability of the proposed methodology was tested in a rural region in 
northern Portugal, the Olo river basin.

1.1 Sustainable tourism: definition, development, and strategies

Sustainable tourism is a viable sustainable development strategy based on the 
relationship between man and nature. At the heart of this relationship, there is 
the correlation between wild and protected areas, with a strong human presence. 
Specifically, ecotourism can be defined as “Responsible travel to natural areas that 
conserves the environment and sustains the well-being of local people” [12] and is 
the fastest-growing sector in the global tourism industry [13]. This growth is pri-
marily due to recognition of the many benefits that this type of tourism can bring to 
the environment, especially with the renewed concern for climate change and the 
exploitation of natural resources.
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Still, the benefits for local communities, and to tourists actively involved, are 
gaining relevance [14]. For the environment, sustainable tourism allows a targeted 
control and protection of natural resources and, at the same time, provides an 
economic incentive for the implementation of land conservation plans. For local 
communities, there will be benefits in all territorial levels. For the residents, on a 
local scale, the advantages will be the development of local trade and the creation 
of new job positions, encouraging residents not to move to large cities. In addition, 
investments will be made to protect the environment, which will contribute to the 
maintenance of biodiversity. At the regional level, local products will enter the 
market on a wider scale. At the national level, exchange with foreign markets will be 
crucial, and the capital invested will be retained instead of exported [15].

For tourists, there will certainly be social and psychological benefits. The recon-
nection with nature, education, and personal growth will lead to greater sensitivity 
for visitors. Volunteering and financial contribution will also lead to satisfactory 
activities and may lead to social interactions, which will enable new knowledge and 
a sustainable lifestyle to be acquired.

However, consideration must be given to the possibility that even sustainable 
tourism can also adversely affect the environment. First of all, services have to be 
well managed in order to limit carbon emissions. Moreover, it is possible that local 
communities, instead of improving and growing economically, are denaturalized; 
thus it is rather important to preserve their local traditions. Also, profits may not 
always be used for land conservation funds [14]. For all of these reasons, it is advis-
able to set up a committee and a plan to regulate sustainable tourism and prevent it 
from degenerating and damaging instead of protecting.

1.2  Green and blue infrastructure: definition and application in rural land 
management

Green infrastructure can be defined as a natural or seminatural network of 
green (soil covered or vegetated like forests, riparian galleries) and blue (water 
covered by rivers, streams, lakes, oceans) spaces and corridors that maintain and 
enhance ecosystem services [16, 17]. Its ultimate goal is to support and maintain a 
healthy ecosystem and the physical and psychological well-being of humans.

This strategy is based on the identification of areas providing ecosystem 
services, with reference to multiple benefits people can derive from nature [18], 
creating a network that accumulates and distributes these services throughout the 
territory [19]. For the implementation of the green infrastructure to be success-
ful, there needs to be collaboration between local communities, landowners, and 
organizations, to identify, design, and maintain a system, locally, but not only [20].

The importance of green infrastructure is its ability to act on different scales, 
ranging from local projects to transnational ecological networks. This difference in 
scale is also reflected in the approach of this strategy, which is based on principles 
applicable to each type of territory. The basic principles of green infrastructure 
planning are divided into approaches based on green structures and approaches 
based on government policies [19].

As for the former, first of all, the integration is important with all the structures 
and infrastructures present in the territory (e.g., gray structure); the second essen-
tial element is the multifunctionality of the strategy, which has an ecological, social, 
economic, and cultural function.

As far as government policies are concerned, the approach must be long term, 
with benefits for every single actor involved (local community, landowners, organi-
zations, and government). In addition, social inclusion must be envisaged, enabling 
the community to participate actively in the various design processes. This will 
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allow a collaboration that will lead to an integrated solution, based on a multidisci-
plinary approach, allowing it to bring benefits throughout the network.

These benefits may include pollution mitigation, boost in economic value, 
improvement of built structures, and increase in the scenic value of the landscape.

2.  A multiscale methodology to implement a sustainable tourism 
network

The methodology proposed in this chapter is based on four steps, where the 
landscape is approached from a multiscale perspective starting from a broader 
overview; the focus is narrowed down to the identification of strategic microsites, 
in which surgical interventions will help to revitalize the territory in its entirety. The 
methodology is graphically represented in Figure 1.

2.1 Macroanalysis grounded on green and blue infrastructures

In a first step, a macro and thorough analysis should be conducted in order to 
gain an in-depth knowledge of the territory, allowing the understanding of all the 
landscape features.

Biophysical variables, such as geology, slopes, altitudes, the network of natural 
and man-made waterways, and flora and fauna biodiversity, and socioeconomic 
variables, such as demography, settlements, and the road network, should be 
comprehensively analyzed and correlated.

Other features can also help to identify distinct characteristics of the territory 
under analysis, for example, the prevalence of some tree and shrub species over 
others and the location and shape of production areas, both natural and man-made, 
throughout the territory. The state of conservation of the natural and cultural 
heritage also plays a key role in this landscape characterization.

Moreover, grounded on green infrastructure as a strategy for the recovery and 
protection of the natural and cultural heritage, it is possible to draw up guidelines 
for the application of specific measures that help transform tourism into ecotour-
ism. So, first it is important to recognize if there are areas already included in 
this network and to check if legislation and specific management are required. 
Furthermore, this structure helps to understand which green corridors exist and 
which are the waterways with the greatest impact in the territory.

2.2 Delimitation of areas with distinct landscape character

By overlapping the maps produced in previous step, it is possible to identify and 
classify areas where singular features produce unique landscape characteristics, that 
is, areas with distinct landscape character. These areas as proposed by [21] “display 
recognisable and consistent pattern of elements that makes one landscape different 
from another, rather than better or worse.” All of the identified areas, from now 
on called landscape units, have to be assessed for their qualities and fragilities; this 
should allow to understand which approach is best to follow for their revitalization.

For instance, a more “humanized” character will lead to major attention to the 
repair and valorization of man-made structures, while areas with the prevalence 
of natural character will shift the focus on the preservation of the native habitats 
and biodiversity. Usually, in depopulated remote rural areas, a mixed approach is 
required, demanding attention for both the cultural and the natural heritage.

An important output of this step is, therefore, the deeper knowledge it allows 
regarding the landmarks (natural or cultural components of the landscape, with 
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high scenic value) of the region, as they will be instrumental for the next step of the 
methodology.

The definition and mapping of distinct landscape units will also help to identify 
priority areas for intervention, which, in an ever-present context of scarcity of 
financial resources for the implementation of these projects, can be important. 
Another advantage is that by reducing the scale of intervention, it will be easier to 
plan and implement the needed requalification actions.

Figure 1. 
Schematic diagram of the methodology. Note: The image scales are merely indicative.
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high scenic value) of the region, as they will be instrumental for the next step of the 
methodology.

The definition and mapping of distinct landscape units will also help to identify 
priority areas for intervention, which, in an ever-present context of scarcity of 
financial resources for the implementation of these projects, can be important. 
Another advantage is that by reducing the scale of intervention, it will be easier to 
plan and implement the needed requalification actions.
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Schematic diagram of the methodology. Note: The image scales are merely indicative.
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2.3  Identification of key landscape points (KLP) and requalification of strategic 
microsites and links

After having located and characterized each landscape unit, it is now possible to 
identify key landscape points. These are places with a high concentration of land-
marks, or where landmarks of extreme importance and rarity are positioned. Also 
important is to identify and evaluate the state of preservation of these landmarks 
and the preexisting connections (links) between them and the green infrastructure. 
These landmarks can be both man-made structures (e.g., bridges, mills, religious 
structures) and natural components, such as native forests, rocky outcrops, and 
waterfalls. Furthermore, the road network, as well as trekking and hiking trails, 
must also be taken into consideration. We call the landmarks in need for any type 
of requalification actions as microsites. Understanding which of these microsites 
are instrumental for the metabolism and dynamics of the territory, and providing 
them targeted recovery actions, is the basis of the implementation of a sustainable 
tourism network. We can, at this point, establish a metaphor with acupuncture, as 
by intervening in a very small-scale site, we expect to have profound and holistic 
impact on the whole region.

Considering the high visual sensitivity these landscapes usually display, 
interventions must be discreet and carefully thought out, in order to preserve the 
identity and character, both of the landscape unit and of the region. Examples can 
be taken from recovery of abandoned residential buildings following traditional 
technics and materials, cleaning of trekking paths, and introduction of informa-
tion boards.

2.4 Implementation of a local sustainable tourism network

The requalification of microsites and links leads to the creation of a structured 
grid from which institutions devoted to regional planning and development can 
cooperate to plan a sustainable tourism network. However, as abovementioned, the 
implementation of this strategy has also, and primarily, to be based on the green 
and blue infrastructure (existing green corridors, waterways, forests).

It is expected that the addition of new important tourism services and facilities, 
further to the improvement and creation of a usable and recognizable pedestrian 
network, will increase visitation and the development of tourist activities. New 
activities will bring new jobs, leading to the flourishment of local businesses. This 
will allow the resident population to continue living in traditional villages, counter-
ing the rural exodus. Finally, a sustainable tourism network can also bring benefits 
to the natural environment. Responsible tourism will not damage the local habitats, 
flora, and fauna, but, instead, it will create opportunities to increase the knowledge 
of these values and, thus, the willingness to protect them.

In the next chapter, we will exemplify how the described methodology can be 
applied in practice.

3. Application of the proposed methodology to Olo river basin

The Olo river basin is located in the north region of Portugal. It covers an area of 
13,500 hectares, including the municipalities of Amarante, Mondim de Basto, and 
Vila Real. The Olo River has approximately 36 km, from its source in Lamas de Olo, 
Vila Real, to its mouth in the Tâmega River, in Amarante (Figure 2).

Approximately 85% of the Olo river basin is part of the Natura 2000 network, 
namely, the “Alvão-Marão” Community Importance Site (PTCON0003). Moreover, 
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the East section is within a protected area, in the Alvão Natural Park, corresponding 
to 42% of the river basin.

Most of the population is settled in small remote villages, which have a built 
heritage that still retains part of its authenticity. However, with the growing depop-
ulation of the inner area of the Olo river basin, most of the villages already exhibit 
several abandoned buildings, reflecting a progressive degradation of the inhabited 
centers. Still, even with the progressive abandonment of these settlements, the 
agroforestry mosaics continue to persist, with traditional systems such as meadows, 
agricultural terraces, and highland pastures.

Understanding the dynamics of a complex landscape such as the Olo river basin 
calls for an integrated methodology that encompasses the study of the factors that 
intervened in its genesis, as well as an analysis of the factors that are responsible for 
its current situation and its further development. Starting from this, the previously 
described methodology was then applied to this region.

3.1 Macroanalysis grounded on green and blue infrastructure

This analysis revealed a diverse territory, with a mostly wild and mountainous 
character, marked by steep topography and relevant waterlines (Figure 3).

The hydrography of the Olo river basin is characterized by its high branching, 
with the most important tributaries being the Ribeira da Fervença and the Rio Sião. 
These waterlines are vital due to the significant flow, extension, ecological, envi-
ronmental, and landscape value and also to its importance in the supply of water for 
villages like Ermelo and Fervença.

Different geological formations are observed. In the central area, the schist pre-
dominates, which also abounds in the west, alternating with phyllites. The East Area 
is dominated by granite, and it is also the area with the highest altitude (>1200 m), 
sparser vegetation, and where water courses become less frequent.

The valley of the Olo River is then characterized by a rugged relief, dramatic 
geographical features, and waterfalls of a high landscape, geological, and scien-
tific interest. However, the orography is clearly diluted from East to West, where 
most of the agricultural activity occurs, predominantly on terraces supported by 
schist walls.

In the forest cover, mature and expressive riparian forests stand out dominated 
by Quercus robur, Fraxinus angustifolia, Betula alba, Salix atrocinerea, Corylus 
avellana, and Laurus nobilis, among other species. Native hardwood and softwood 

Figure 2. 
Left, location of Portugal in Europe; right, location of Olo river basin in the north of Portugal.
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dominates, which also abounds in the west, alternating with phyllites. The East Area 
is dominated by granite, and it is also the area with the highest altitude (>1200 m), 
sparser vegetation, and where water courses become less frequent.
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tific interest. However, the orography is clearly diluted from East to West, where 
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In the forest cover, mature and expressive riparian forests stand out dominated 
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Figure 2. 
Left, location of Portugal in Europe; right, location of Olo river basin in the north of Portugal.
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forests dominated by Quercus and Pinus species are also frequent. Some spots of 
exotic species (Eucalyptus globulus) suitable to produce timber also occur, especially 
in the northwest area. In higher altitude areas, there is, of course, a dominance of 
Quercus pyrenaica and Betula alba. In valley areas with good sun exposure, we also 
find cork oaks and arbutus trees associated.

Figure 3. 
Map analysis. From bottom left to lowest right: hydrography, geology, hypsometry, slopes, forest cover, and 
landmarks.
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Apart from a national road that crosses the majority of the territory, the regional 
and municipal road networks are poorly maintained and badly distributed, leaving 
many villages insufficiently served and almost unreachable.

The presence of man is conspicuous but, at the same time, well harmonized with 
the landscape. Natural and built heritage is abundant, translating the strong rela-
tionship between man and nature. The center of this relationship is the Olo River, 
a forceful natural element that strongly influenced the way man interacted with 
the territory. Unfortunately, the current degradation of many of these landmarks 
unveils that this symbiotic relationship is failing.

The built heritage is of “high value,” marked by the use of local materials (gran-
ite and schist) in the constructions. The houses, granaries, bridges, and the religious 
heritage are some of the high-value built elements that make up these villages. In 
the middle of Parque do Alvão, the village of Lamas de Olo, for example, still retains 
various houses with thatched roofs.

3.2 Delimitation of areas with distinct landscape character: landscape units

The previous analysis exposed evident variations in the landscape character 
throughout the hydrographic basin of the Olo River. This led to the demarcation of 
three clearly distinct landscape units, as we can see in Figure 4.

These three regions will henceforth be called West Unit, located in the southwest 
of the river basin; Central Unit, located in the center; and East Unit, located in 

Figure 4. 
Synthesis map displaying the landscape units identified in Olo river basin.
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Figure 5. 
Photographs of East landscape unit (a) and (b); Central landscape unit (c) and (d); and West landscape unit 
(e) and (f) (photo credit: Victor Esteves—OH!Land Studio).

the far northeast. The West Unit is mainly characterized by the dominance of flat 
zones; only along the river, the terrain becomes steeper but always with relatively 
gentle slopes. We are at low altitudes, an ideal condition for agriculture and timber 
production. Along the Olo River, riparian galleries with native tree species domi-
nate. It is an area where human settlements have been easier and have had more 
regular and continuous development over time.

The Central Unit is an area full of slopes and peaks, dominated by watercourses 
and by an agroforestry mosaic, developed in the surrounding villages. Human 
intervention is clearly visible in the widespread use of terraces with cultivated fields. 
Villages always have strategic locations, on top of a hill or in a valley, and are dif-
ficult to reach. Thanks to the presence of these differences in altitude, the Central 
Unit is rich in panoramic viewpoints, which gives it an added importance in terms of 
its potential for landscape appreciation. As in the West Unit, there are also abundant 
hardwood forests and riparian galleries, which give the place a special atmosphere.

The East Area is substantially different from the other two. We are at the highest 
altitudes and the territory is flat. Apart from the Olo River, there are no other predom-
inant waterlines, and the lush vegetation of the open forests allows the development 
of a shrubbier vegetation adapted to the altitude. Most of this area is part of the Alvão 
Natural Park. In Figure 5 two photographs of each landscape unit are presented.
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The number and quality of landmarks were chosen to help select one of the 
landscape units for a downsized scale of analysis, in order to progress with the 
multiscale methodology. Following this approach, it was found that the Central 
Unit, with 145 landmarks, revealed the highest number, against 60 of the West Unit 
and 42 of the East Area. Central Landscape Unit was therefore chosen for a detailed 
assessment of the landmarks.

This unit, with 6832 ha, includes some of the foremost villages of the Olo river 
basin like Ermelo and Fervença. Fervença village developed close to one of the most 
important waterlines in this territory, Ribeira da Fervença, along which is possible 
to appreciate a remarkable forest of autochthonous species and a well-preserved 
terraced agricultural field. So, in this work, and to better explain the application of 
the methodology, this subunit Ribeira da Fervença was chosen to be studied in more 
detail in the next step.

3.3  Identification of key landscape points and requalification of strategic 
microsites and links

Zooming in Ribeira da Fervença subunit, it was possible to identify six key 
landscape points that represent places with a high concentration of landmarks 
needing requalification actions, that is, microsites (Figure 6). These landmarks 

Figure 6. 
Location of the six key landscape points in the Ribeira da Fervença subunit.
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Figure 7. 
Location of the microsites in the key landscape points of Ribeira da Fervença and associated objectives and 
measures for their requalification.

are prominent elements of the territory’s natural and cultural heritage, very well 
known by the local community, and located along the existing route network.

Each key landscape point reveals a distinct combination of microsites. KLP 1 is 
rich in natural hydrological elements and in viewpoints; in KLP 2 it abounds water 
intake, conductions, and utilization structures as well as religious architectural 
heritage elements; in KLP 3 and KLP 6, it is located in a Ranger’s House; in KLP 4 it’s 
possible to observe vernacular heritage and traditional bridges; and KLP 5 includes 
recreational and leisure areas as well as the important village of Ermelo.

Summarizing, a total of nine different microsites, both natural and cultural, 
are foreseen for recovery actions. And for each of them, generic goals and specific 
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measures to guide the interventions were produced (Figure 7). Specific measures 
can refer to operative improvements, for example, the restoration of the Ranger’s 
House, or to strategic guidelines like those targeting to sensitize the population 
towards the impacts of field abandonment. Some photomontages were produced 
to better illustrate the tourist potential of these microsites after requalification 
(Figure 8).

3.4 Implementation of a local sustainable tourism network

Based on the green and blue infrastructure of the Olo river basin, and on the 
requalified microsites and links, it was possible to design a sustainable tourism net-
work (Figure 9). It was confirmed the enormous potential of the Olo river basin for 
sustainable tourism: It is rich in crystal clear waterlines, and it has impressive water-
falls, a distinct native flora and fauna, very well-preserved habitats, and a long history 
and rooted traditions. There are plenty of natural blue and green corridors struc-
tured on a highly branched hydrographic network and full with riparian galleries. 

Figure 8. 
Photomontages illustrating the microsites after requalification actions. (a) Ranger’s House adapted to landscape 
interpretation center; (b) refurbishment of a leisure area; (c) viewpoint with security guards and information 
boards; (d) houses rehabilitated with local materials and technics; (e) rehabilitation of bridges and paths 
improving walking routes; (f) secure enjoyment near nature and water courses.
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Sustainable tourism is a new way of exploring destinations around the world, 
without damaging the balance of the planet’s habitats and traditional ways of life 
of local populations. In this chapter it is also argued that sustainable tourism can 
revitalize depopulated rural landscapes and counter rural exodus by boosting local 
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A multiscale methodology is here proposed as a strategy to acquire a deep 
knowledge on the natural and cultural values of rural regions towards the design 
of a sustainable tourism network. Green and blue infrastructures are assumed 
as the structuring matrix to which a network of rehabilitated cultural values and 
improved connections between them is added.
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Abstract

As a result of environmental changes, assessment indexes for the agricultural 
landscape have been changing dramatically. Being at the interface of human activity 
and the natural environment, hunting is particularly sensitive to environmental 
changes, such as increasing deforestation or large-scale farming. The classical cat-
egorisation of hunting grounds takes into account the area, forest cover, number of 
forest complexes, fertility of forest habitats, lack of continuity of areas potentially 
favourable to wild animals. Landscape assessment methods used in architecture 
often better reflect the actual breeding and hunting value of a given area, especially 
in relation to fields and forests. The forest-field mosaic, large spatial fragmentation 
as well as interweaving of natural environment elements with buildings do not 
have to be the factors that limit the numbers of small game. Identification of the 
constituents of architectural-landscape interiors: content and significance assess-
ment, determination of the functional role or assessment based on the general 
environmental values being represented take into account factors important for the 
existence of game, in particular small game.

Keywords: landscape valorization, assessment indexes for the agricultural landscape, 
hunting, categorisation of hunting grounds, deforestation, large-scale farming

1. Introduction

Dominant over other species, man has subdued the earth’s resources. His 
expansive economy and, as we know today, often wasteful exploitation of natural 

“When you reap the harvest of your land,
you shall not be so thorough that you reap
the field to its very edge,
nor shall you glean the stray ears of grain.
Likewise, you shall not pick your vineyard bare,
nor gather up the grapes that have fallen.
These things you shall leave for the poor and the alien”

(Lev. 19: 9, 10)
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resources has been proceeding with varying intensity for several thousand years, 
practically since the transition from the hunter-gatherer economy to agriculture. 
Problems of destruction of the natural environment have long been noticed. In 
Poland, common yew was the first tree legally protected by King Władysław II 
Jagiełło’s decree issued in 1423, which stated: “If a man enters the forest and cuts any 
trees that are of great value, such as common yew or the like, he may be captured by 
the lord or squire (...)”. The oldest Polish legal regulation regarding the protection 
of animals was a species protection act issued in the 11th century by King Bolesław 
the Brave, which prohibited beaver hunting. An office of lord of beavers (dominus 
castorum) was specially created, with beaver guardians (venatores castorum) subject 
to him. They took care of beaver lodges on behalf of the king [1]. Therefore, the 
protection of natural habitats or similar ones is not characteristic of our times only 
although it must be admitted that only now, in the era of instant and global infor-
mation, is it gaining proper significance.

Hunting, which has always operated at the interface between human activity and 
the natural environment, is particularly sensitive to changes increasingly occurring 
in the latter: deforestation or the development of large-scale farms.

In Poland, habitat protection is probably most fully implemented in forest areas. 
This is probably due to the fact that the vast majority of our forests (almost 9.1 
million ha in total) are managed by the State Forests National Forest Holding, which 
manages almost 84% of the country’s forest area. Within one entity, it is easier to 
have a consistent legal framework and uniformity of activities. In accordance with 
the Forest Act [2], Art. 7.1., the leading goals of forest management are defined by 
foresters as the conducting of “permanently sustainable forest management (...) 
taking into account in particular the following objectives: forest conservation, forest 
protection including the preservation of natural diversity, (...) landscape values 
(...)”. Apparently, the protection should most often apply to wooded areas, but in 
practice the agricultural landscape brings with it more problems, especially on sites 
that have not yet been significantly transformed.

Classical landscape valorization methods applied in architecture could be useful 
in the practice of evaluation of field hunting grounds. “Architecture is the art and 
the ability to shape and organize space in real forms aimed at satisfying the material 
and spiritual needs of man” [3]. What functions in space are natural environment 
systems (ecosystems) and cultural environment ones (human life systems), and 
landscape is their expression [4]. “As an external expression of the environment 
constituting a system in space, the landscape will therefore be the most widely 
understood object of architecture” [4]. The landscape constantly changes under the 
influence of natural (biotic and abiotic) and anthropogenic factors. There is a vast 
range of landscape measure systems and many ways of classifying these measures, 
essentially covering the features of landscape elements: surface area and propor-
tions of classes on the map, number of classes, landscape diversity, shape variation, 
central zones, isolation, boundary and contrast, landscape fragmentation and 
analysis of connectivity between landscape elements [5]. Some of these features are 
already being applied, while others could potentially be used in assessing the quality 
of habitats in terms of chase game living there.

2. Materials

The analyzes presented in the article were carried out for the hunting model 
functioning in Poland. The classification of hunting districts used in Poland 
includes forest hunting areas (where forest land accounts for at least 40% of the 
cadastral area) and open field hunting areas (where forest land accounts for less 
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than 40% of the cadastral area) (the Act of 13th October 1995: The Hunting Law) 
[6]. The latter are the overwhelming majority. For example, in the Małopolska 
Voivodeship there are about 256 hunting districts (as of 2016) with a total area of 
1,473,659 ha, where as much as 66% of the usable area is agricultural land. The 
problems of habitat protection and proper management of such hunting areas 
should therefore be one of the main objectives of game management. In view of 
the constant striving to make field areas “productive”, what is gaining particular 
significance are shrubs, small ponds, permanent and periodic wetlands, natural 
wildlife shelters in fields, roadside tree groups and small meadows, so important for 
the agricultural landscape. These elements have hydrological as well as protective 
and feeding values for birds or small game.

Assessment of game habitats could, in a broader perspective, be carried out in 
two directions: based on methods of valorization of natural environment factors 
and on assessment of landscape preservation.

3. Methods of landscape valorization

The valorization based on the general natural environment values according to 
[7] is based on a point system, which assesses, among others: (1) the area occupied 
by: forests (1 point for every 100 ha), meadows and peat bogs (1 point for every 
150 ha), (2) the landscape value: terrain variety: 1–10 points, area of water res-
ervoirs: 1–10 points, river network density: 1–10 points, tree cover density: 1–10 
points. Another method of assessment of natural environment values is the method 
of valorization of ecological usable land in the agricultural landscape, developed 
by Ilnicki [8]. It is based on the ecological assessment of landscape elements such 
as ponds and watercourses (surface area, shape, water quality, hydrogeographic 
conditions, neighbouring vegetation), tree cover density (the occupied part of 
the water reservoir perimeter, average tree size) and the type of land adjacent to a 
watercourse. This method can be used to determine the suitability of an area for 
agrotourism and hunting as well as the effectiveness of the direction of forest and 
water reclamation and management of degraded areas.

Landscape can be identified based on its selected features, which also leads to its 
valorization, i.e. assessment and comparison of the values of landscape elements. 
There are various methods of landscape identification leading to the determination 
of homogeneous fragments, or units, and their specific landscape. One of the best 
known methods, developed by Bogdanowski [9], leads to the designation of archi-
tectural landscape units and interiors (pl.: JARK-WAK). An architectural-landscape 
unit is “an area of uniform or very similar shape expressed in units of shape and 
units of cover, e.g. flat terrain (unit of shape) covered with a chessboard pattern of 
units filled with gardens (unit of cover),” and consists of architectural and land-
scape interiors [10]. Valorization consists in the valuation of architectural-land-
scape unit elements, their division into those of great landscape importance (or 
lack thereof), “protective” ones, or those subject to degradation. Another method, 
an impression curve proposed by Wejchert [11], is based on subjective assessment 
of landscape and urban values on a scale from 1 to 10. Area valorization in terms 
of ecological values, developed by Chmielewski [12], takes into account, among 
others, the size of ecosystems and the stability of their functions, biodiversity or 
scarcity of species occurrence. Another assessment was proposed by Kistowski 
[13] based on the state of preservation, variety and expressiveness of a given unit, 
concerning its visual and aesthetic value. Criteria developed by Myga-Piątek and 
Solon [14] for the purpose of valorization of the cultural landscape in the process 
of spatial planning include, among others, historicity and uniqueness as well as 
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aesthetic, emotional and functional values. Raszeja [15] uses integrated assessment 
of the landscape structure, based on landscape indicators proposed by various 
authors, where the criteria are e.g. complexity, coherence, development level or 
visual scale [16]. A landscape can also be understood as a mosaic of homogeneous 
areas (patches), which in the Polish scientific literature have been called “spreads”  
(pl. płaty) by Richling and Solon [17].

For at least a decade, landscape research directions have been described that 
apply the so-called landscape indexes (metrics) or are based on the concept of 
ecosystem services. Landscape metrics, calculated on the basis of algorithms 
implemented in GIS (Geographic Information Systems) software, are based on 
spatial information in the form of vectorized topographic maps, thematic maps 
or other criteria in the field of land use and land cover (LULC) mapping. They 
express, in an objectified manner, various features of the landscape, above all its 
composition and spatial configuration, as well as allow, based on multi-temporal 
geodata series, for determination of the dynamics of changes (e.g. the appearance 
of new patches in the landscape by its fragmentation or total disappearance of its 
elements) occurring in the analysed landscape [18].

Another approach to the delineation and classification of landscape units can 
be applied by using a hybrid solution based on an analysis of multi-source and 
multi-scale spatial data, i.e. vector layers (polygonal, points) and raster layers 
- using automatic object-oriented image analysis, i.e. the OBIA method (Object 
Based Image Analysis; [19]). This approach mainly uses satellite imagery (e.g. 
SENTINEL-2, ESA) or aerial digital photographs derived from both optical sen-
sors, e.g. multispectral (MS) aerial and hyperspectral (HS) imaging, as well as 
microwave (radar) or so-called LiDAR data (3D point clouds). The latter data 
provide indispensable, valuable information about the height structure of vegeta-
tion, including e.g. occurrence of the shrub layer and saplings as well as stands of 
complex structure. The application of artificial neural networks for simultaneous 
segmentation of input images with a negligible role of the operator (who, however, 
must have extensive substantive knowledge) allows for repeatability and objectivity 
in the classification of images representing the analysed landscapes with the use of 
the OBIA (or GEOBIA) approach. The operator controls the segmentation process by 
determining the rank of the shape and the colour (brightness in individual spectral 
channels) of the homogeneous pixel groups sought. In addition, the operator sets the 
maximum size of segments generated by the algorithm, which in the next classifica-
tion step are combined into appropriate class hierarchies based on e.g. standard 
deviation of height or NDVI and other variables.

One of the variables that can be used to segment landscape units are the 
so-called geomorphometric indexes (primary and secondary), generated in GIS 
software based on precision Digital Terrain Model (DTM). These are available 
for the entire area of Poland with very high accuracy reaching 10-15 cm (RMSE 
elevation) both in the form of developed rasters and 3D point clouds (ALS 
LiDAR) obtainable from the ISOK and CAPAP projects [20]. Dynamic landscape 
changes are mainly the result of linear investments (e.g. roads, railways) as well 
as processes related to socio-economic changes occurring in areas mainly used for 
agriculture. On the one hand, there is a sharp increase in large-scale farms; on the 
other, what can be observed in areas with poor soil quality is the abandonment of 
their use and the phenomenon of so-called secondary succession of forest com-
munities [21]. This phenomenon is extremely interesting from the point of view of 
increasing (in the areas of so-called “agrarian deserts”) or decreasing biodiversity 
(e.g. overgrowing of unused pastures, such as forest glades and mountain meadows, 
which leads to the disappearance of some plant species and accompanying insects 
and birds).
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The recent decade has been characterised by a dynamic increase in the number 
of sources and the scope of spatial information regarding the area of Poland, and 
available especially in the digital form, which can be applied using GIS software 
[13]. In the context of valorization, the available data sources are in the analogue 
and raster forms. Particularly helpful are archival and current aerial orthophoto-
maps, high resolution satellite (HRS) images as well as the Airborne Laser Scanning 
(ALS) point clouds, which require processing for the purpose of inference and land-
scape assessment. Laser scanning (LiDAR) is a revolutionary and innovative tech-
nology in various fields of science and economy related to monitoring, management 
and visualisation of the natural environment [20]. Currently, the entire surface of 
Poland is covered with ALS point clouds, obtained in Standard I (4 points/m2) for 
most of Poland or in Standard II, which includes cities (12 points/m2). What is often 
applied in current landscape valorization are GIS visibility analyses [22], which 
allow for the simulation of a view from a selected place based on the Digital Terrain 
Model (DTM) or Digital Surface Model (DSM). Digital height models enable 
identification of the variability of field forms along with forests and trees growing 
there. The use of GIS visibility analyses conducted on 3D data in the assessment of 
landscape interiors is extremely valuable. 3D models of vegetation and land relief 
can also be used in the analysis of observation fields (hunting blind platforms) as 
well as the safety of shooting from hunting weapons (Figures 1–3).

Figure 1. 
An RGB aerial orthophotomap.

Figure 2. 
A digital surface model (DSM).
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Another landscape classification method developed in recent years is based on 
the concept of ecosystem services (ES) or so-called landscape benefits. Its main 
categories [23] include:

• supply, e.g. food production, water supply, production of organic raw 
materials;

• regulatory services (water and air purification, decomposition and detoxifica-
tion, climate regulation);

• supportive services (nutrient circulation, primary production);

• cultural benefits (spiritual, aesthetic and recreational benefits, scientific 
discoveries).

4. Hunting in the context of landscape valorization

According to the above classifications, the key problem in Central Europe is a 
decrease of areas covered by trees and resources of surface, flowing and standing 
water. For example, the current assessments place Poland among the countries 
in which the water deficit is going to get worse. It is especially bad for ponds and 
wetlands. Land drainage works carried out in Poland on a massive scale, especially 
in the 1960s, have significantly reduced the level of groundwater. The recent dry 
years and the lack of any work aimed at water retention (deepening overgrown 
ponds, repairing weirs) have aggravated the long-unfavourable tendencies. In 
Sweden, eco melioration solutions were introduced in design practice as early 
as in the years 1980–1990. Straight-line courses of drainage ditches were aban-
doned in favour of ones which, by meandering, slow down the outflow of water. 
Adaptation of straight-line ditches to their new functions consisted in creating, in 
each ditch crown, at 50-meter intervals, 2.5–3-meter-wide enclaves covered with 
rush vegetation, bushes and low trees. Similar solutions were also proposed for 
water outlets from drainage system collectors. Such solutions not only improve 
water conditions in agricultural areas but also significantly valorize the landscape. 
The most important functions of wetlands still visible in a given area are water 
retention, water supply to adjacent areas, maintenance of high quality habitats 
(plant and animal communities), aestheticisation of the agricultural landscape, 
education and recreation. Despite the currently unfavourable situation, the water 

Figure 3. 
A digital terrain model (DTM).

99

Methods of Landscape Valorization and Possibilities of Its Application in Hunting Area…
DOI: http://dx.doi.org/10.5772/intechopen.94048

retention capabilities of agricultural areas in Poland are still considerable. In an 
average hunting district with an area of about 4 thousand ha located in an agricul-
tural area in southern Poland, there are about 12 wetlands with a total area of over 
27,000 m2. They retain approx. 40 thousand m3 of water (Figure 4).

In 2006, the vast majority of hunting grounds located in southern Poland still 
had moderate natural values (valorization class III: 6.5 site index points). Currently, 
the number of site index points has dropped to 4 (valorization class IV), which 
indicates low values of the natural environment. By limiting the range of the tree 
cover and removing the oldest trees, mid-field stretches of land covered by trees 
and such areas extending along watercourses are degraded to a large extent and 
fall into valorization class II. This condition is recorded within field hunting areas 
throughout the region. Such a clear decrease in area quality should be worrying 
(Figures 5 and 6).

If the above division of ecosystem services (landscapes) was used in the aspect 
of game management in larger areas, individual homogeneous areas should be 
assigned a specific function or even many functions. Only such a matrix would 
allow for hunting district valorization in terms of the selected species or a given 
activity profile.

Many contemporary research issues focus on modelling animal migration routes 
and species mobility intensity, the occurrence of natural or artificial barriers on 
a migration route, and the so-called landscape permeability. Identification of 
land cover patches or plant communities or ecosystems as components of routes 
(corridors) is helpful in spatial planning at various levels of detail [24], including 
the construction of animal crossings (“footbridges”) over highways and express-
ways, or as a consequence of rational hunting economy. From the point of view of 
hunting area categorisation, guidelines for landscape valorization and formulation 
of recommendations and conclusions regarding landscaping and landscape protec-
tion can help in assessing the breeding and hunting value of a given area. Assessed 
are natural, cultural, historical and architectural, urban, rural complexes, 

Figure 4. 
Water enclaves with rush vegetation, bushes and low trees.
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including built-up areas distinguished by their local architectural form, as well 
as aesthetic-visual values, in particular elements of terrain exposure, such as the 
exposure foreground, view axes and viewpoints. In relation to field and forest 
areas, cultural features are of some importance; however, the most important are 
the natural environment features and indicators, e.g. compositional features of 
plant clusters important for maintaining the diversity of field habitats:

• double or triple clusters - are a transitional form between a lonely tree and a 
larger cluster of trees;

• gates, frames, wings - these forms are created by trees growing at such a 
distance that only the edges of their crowns touch. Such a cluster forms 
view windows which direct the viewing axes; such forms connect landscape 
interiors;

Figure 6. 
Intensive large-scale agriculture.

Figure 5. 
Destroyed roadside trees.
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• clumps - form compact clusters consisting of many trees;

• avenues - are arranger in a linear way in so-called bands forming the walls of a 
landscape interior; these forms are strongly geometrized and extend along the 
transport axes;

• lines - types of clusters formed along a line, dividing landscape interiors;

• streaks - they run freely along watercourses or terrain irregularities.

Recognition of the above components of architectural and landscape interiors 
creates opportunities for content and meaning assessment and for determination of 
their functional role [9]. Below are some selected examples of assessment:

• a mature linear form that follows natural terrain intersections is more favour-
able than that which cuts through uniform terrain or opposes its original shape. 

Figure 7. 
Natural tree group along watercourse.

Figure 8. 
Cultural landscape 1.
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Cultural landscape 1.
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A classic example are natural tree groups along watercourses. i.e. streaks. Such 
conditions are extremely favourable for game (Figure 7);

• a system of clumps separated by arable fields and rural buildings creates a 
cultural landscape that is extremely beneficial for small animals and roe deer. 

Figure 9. 
Cultural landscape 2.

Figure 10. 
Linear tree clusters 1.
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Relatively small, varied acreages constitute their food base, and tree groups 
create ecological corridors. Large-field crops, which have become frequent 
in recent years, are a particular threat to such an environment. They radically 
change the food base to one that is beneficial for wild boars, and definitely too 
poor for e.g. partridges (Figures 8 and 9);

• landscape interiors are divided by linear tree clusters, but - assuming the diver-
sification of crops – they determine the separation of homogeneous fragments 
in terms of form. This way of farming gives animals the ability to move along 
shelters and reduces the pressure of predators (Figures 10 and 11).

5. Discussion and conclusions

In recent years, dynamically progressing changes in the use of field and forest space 
have been visible throughout Poland. Areas intensively developed with buildings, 
road infrastructure, power networks, GSM poles and wind farms are growing. They 
all affect the landscape, changing it irreversibly and leaving their mark. These are 
certainly factors adversely affecting the existence of game, especially small animals. 
Changing the landscape from purely agricultural to one enriched with natural succes-
sion areas may contribute to an increase in the population of selected animal species, 
important for hunting.

A varied cultural field-forest landscape is certainly the most beneficial for 
maintaining the stability of small game populations. The above short presentation 
of methods of its valorization can be helpful in assessing the quality of hunting 
districts. Related to the growth of intensive farming economy, there is a visible 
process of gradual degradation of the environmental valorization class of a given 
area and a decrease in the value of landscape interiors that determine the liv-
ing capabilities of game. The cultural landscape shaped over the centuries has 
quickly managed to reach, in many places, an environmentally and architecturally 
degenerated landscape.

The Polish Forest Act (1991) rightly points out the close relationship between 
classic pro-environmental conservation measures and the preservation of land-
scape values. Therefore, the link between the above activities is landscape ecology, 

Figure 11. 
Linear tree clusters 2.
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understood as the identification and quantification of relationships occurring 
between the spatial structure of the landscape (e.g. the number of forest patches) 
and processes occurring within and between ecosystems [24]. What is particularly 
important is quantitative assessment of the impact of spatial heterogeneity of the 
landscape on such phenomena as distribution and movement of animals, which is 
crucial for conducting sustainable game management as well as active protection of 
valuable habitats.

Due to the growing human impact on the landscape, in 2000 the Council of 
Europe adopted the European Landscape Convention, which Poland ratified on 27th 
September 2004, thus recognising the landscape as an important part of people’s 
quality of life and a key element of the well-being of society. For the needs of the 
landscape audit, a special typology of landscapes has been developed [14] as well as 
a classification based in particular on criteria such as: the nature of the factors domi-
nant in the landscape, land relief and land cover. The inventorying of landscape 
values consists in an analysis and assessment of the values of individual landscapes, 
taking into consideration the following resources: abiotic, biotic and anthropogenic, 
i.e. historical, cultural and aesthetic ones [25]. The goal of landscape audits is identi-
fication of landscapes which occur within a given voivodeship (province), determi-
nation of their characteristics, conducting their valorization and distinguishing the 
priority landscapes, i.e. those regarded as the most valuable and requiring special 
protection [26]. An important task is a detailed assessment and presentation of 
recommendations and conclusions regarding formation and landscape protection, 
which can be used in many other studies, e.g. in the categorisation of areas managed 
by hunting clubs. Conducting a landscape audit requires the use of multi-source 
data, environmental information and field inspections. The detailed results of 
an audit are to enable its practical application in spatial planning processes at the 
communal level, or in local strategic-planning documents, including those related 
to the valorization of landscapes at a microscale. Characteristics of landscapes are 
prepared by determination of the following analytical features:

1. natural environmental (protected areas and species protection; valuable 
natural objects; forest and stand site types; boundaries with sea water; eco-
logical corridors; linear bush and tree covers; area fragmentation; land cover; 
a single field; an agricultural plot; spatial structure);

2. cultural (archaeological sites, rural systems, rural and suburban building 
objects, objects related to former borders and relict ownership forms, objects 
connected with fortifications, mining, metallurgy, power industry, craft and 
industry, religious building complexes and places of worship, places of martyr-
dom and commemoration; objects of town and palace architecture; historical 
objects of architecture connected with transport, spa, tourism and recreation, 
leisure, sports, observation and navigation infrastructure; protected objects; 
communication objects);

3. synthetic (tradition, identity, familiarity, basic and supplementary functions 
of a landscape).

Visible in recent years across Europe, a decline in small game has attracted the 
attention of practitioners and scientists to the causes of this regression. An indica-
tion of the reasons for this phenomenon constitutes the starting point for possible 
corrective actions; the next task should be to assess (valorise) adverse effects. This 
assessment is extremely important, because by ranking threats, it sets a schedule for 
corrective actions. Research methods that could be used in the situation described 
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are different than in the case of standard assessments used at the stage of categori-
sation of hunting districts: area, forest cover, number of forest complexes, fertility 
of forest habitats, lack of continuity of a given district. The factors included in it 
do not necessarily have to reflect the actual value of a field area. In relation to small 
game, the field-forest mosaic, large spatial fragmentation and interweaving of 
natural environment elements with buildings do not have to be the factors limiting 
its number. Hunters, obviously interested in maintaining such game numbers that 
are appropriate for the capacity of hunting areas, should be particularly sensitive to 
the landscape values of the area in which they hunt. Contrary to appearances, this 
factor creates an inseparable whole with environmental components.
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Abstract

In the last decades, there was a significant population growth in urban areas. 
In this regard, the European major cities are not an exception; in fact, they are 
even still more affected by that populational exodus and consequently for an 
urban growth. Therefore, and considering that the urban parks in the cities are 
not growing at the same pace, a question is raised: “Are the public green spaces in 
the European major cities still able to provide the needed ecosystem services to 
their populations?” Based on the above-mentioned question, the present chapter 
aims to provide the first insights and answers to this question. Contextually, the 
study uses a case study research (CSR) method over several European major cities. 
Besides, GIS tools crossing statistical data are also used to analyze the data and 
consequently understood and establish a state of the art regarding this relevant 
issue.

Keywords: ecosystem services, landscape planning, sustainability, urban green 
spaces

1. Introduction

The original landscapes of our planet have been undergoing transformations 
by human activities. In Europe, a large part of the original forests existing during 
the human hunter-gatherer stage has been replaced by agricultural territories and 
large cities. At the same time, there is remarkably an uneven distribution of the 
population that results in very low densities in some territories, rural, and very high 
in urban areas, where significant percentage of inhabitants has been concentrated, 
throughout a process that has gone developing in the last 150 years [1]. The city was 
the focus of growth of the states, due, in large part, to the industrialization that led 
to an increase in the economy, which in turn led to a very rapid expansion and a 
first concentration of the industries and then of the services. But this great growth 
caused a disorganized and chaotic development.
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Urban planning techniques try to eliminate and prevent urban chaos. In this 
context, when comparing the pre- and post-industrial revolution growth of the 
cities, a key difference appears “(…) compared to the old cities with clear boundar-
ies enclosed by walls, post-industrial revolution growth leads to the invasion of 
the surrounding landscape [2].” The exterior goes from being a threat to the city to 
being an element threatened by it. The city has evolved in recent centuries toward 
the need to develop an urban planning concept in which the existence of green 
spaces became more important. The Industrial Revolution caused the exodus from 
the countryside to the city and the emergence of epidemics related to lack of health; 
together with the growing demand for leisure and free time by the population, the 
need for public green spaces increased.

The Urban Parks Movement (eighteenth century) appears, whose objective was 
to recreate the presence of nature in the urban environment, in order to improve 
the quality of life of its citizens [3, 4]. This concept resulted in the creation of the 
main parks, the first of them in the United Kingdom: “Victoria Park” in London and 
“Birckenhead Park” in Liverpool; a little later, also in London, “Hyde Park” and “St. 
James Park”; while in Paris the “Bois de Boulogne” and “Bois de Vincennes” were 
built and in Madrid “El Retiro.” Urban green spaces are urban areas in which natural 
or seminatural ecosystems became urban spaces by human influence [4]. They 
provide a connection between the urban and nature [5]. Green spaces include street 
trees, green roads, green roof walls, urban parks, and even abandoned unbuilt land. 
In fact, its creation can be from scratch, modified from existing vegetation, gener-
ated by colonization or existing as a natural enclave [6]. Vegetation in cities has 
multiple benefits that have been the subject of vindication and study throughout 
the evolution of current urbanism and that have been enriched and concretized by 
the contribution of research from related fields such as ecology.

The presence of abundant vegetation in cities is ideal with a universal appeal, 
which goes beyond temporal, spatial, and cultural divisions, associating itself with 
the concept of environmental quality, which leads to a better quality of life. In 
recent years there is an important interest in the environmental benefits of green 
spaces. Thus, a significant number of studies attempt to demonstrate, quantify, 
and incorporate them into planning. However, they still coexist with the marginal-
ity which they are treated in practice [7]. The presence of natural elements and 
values in the city is today a fundamental condition for the environmental recovery 
of urban territory. The natural and urban systems are part of the same space, and 
their integrated management is a requirement of the regional space and a condition 
of sustainability of the territories and cities. In addition, the agroforestry existence 
in the peripheries of cities and green spaces within the urban fabric represents an 
increase in environmental quality, which urban planning must strengthen and 
improve [3, 8–11].

The visual approach of the green areas constitutes a powerful tool to activate 
and inspire the daily life of citizens. Besides, a deeper understanding of the ecologi-
cal processes that occurs in nature, along with the economic and socio-cultural, 
can help city managers to better integrate all the above-mentioned aspects. This 
approach must go beyond the superficial, appreciating the stories that landscapes 
tell and helping to understand the place of humans in nature [12].

Studies on the valuation of ecosystem services (ES) focused on urban areas 
represent a small percentage in relation to the total number of articles devoted to 
the subject. Furthermore, Delgado and Marín [13] analyzed the growth of publica-
tions in a 24-year interval (from 1990 to 2013), demonstrating their exponential 
growth, which increased from 1 article in 1991 to less than 250 in 2007 and 1500 in 
2013. Of these, only 6% focused on the direct services of the ecosystems associated 
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with urban areas. According to Ibes [14], the valuation of the ES was originally 
designed for non-urban systems, so that new models are necessary for a correct 
assimilation of the services provided by the urbanized environments. In addition, 
it reflects on the difficulty of finding a balance between geographical, conceptual, 
and spatial considerations when the ES valuation paradigm applies to urban parks. 
Therefore, bearing in mind that urban parks cannot generate all the possible ES, 
excluding the necessary compensation, it will lead more often in losses rather than 
benefits.

The key components that contribute to the total economic value of ES can be 
divided into three main blocks [15–16]. The first is related to the direct use and 
includes both (a) the provision of services (e.g., the production of plant and/or 
animal biomass) and (b) social and cultural services (e.g., recreational activities, 
sports, family). The benefits associated with urban parks are mainly framed in the 
second group, presenting the contributions to the first residual character in general. 
The second block refers to indirect services (indirect use) that involve (c) regulat-
ing (such as the control of air, water or soil quality) and (d) supporting services 
that are necessary for the production of the rest of services of the ecosystem (e.g., 
nutrient cycles, soil formation, or water cycle).

The parks contribute to a greater extent in the section of regulating services, 
with benefits that include the improvement of the air quality or the decrease of the 
load of nutrients that reach the water courses and are potential causes of eutro-
phication. The third block is dedicated to other aspects not contemplated in the 
previous ones. It comprises two sections: (e) option services, referring to the pos-
sibility of using a service in the future and maintaining resilience (ability to reverse 
changes in the ecosystem) and (f) nonuse/exploitation of resources of ecosystem 
resources for cultural reasons and of preservation for future generations or their 
intrinsic values. The ES of urban parks contribute more to the aspects related to the 
second section.

Several authors have evaluated the benefits of the parks valuing some specific 
ES. Also, Breuste et al. [17] analyzed in three megalopolis the importance from 
the recreational point of view (Buenos Aires and Shanghai) and climate regula-
tion (Karachi). They demonstrated that urban parks play an extremely important 
role by offering ES related to recreation and contact with nature. With regard to 
Karachi, they highlighted the importance of parks in the regulation of extreme 
weather conditions. Residential areas located near parks had a considerable 
higher degree of thermal comfort. Setälä et al. [18] assessed the retention of 
heavy metals and nutrients in the soil, highlighting the role of parks especially in 
cities with high levels of pollution. Regarding the contribution of the ES in urban 
parks, Gratani et al. [19] studied and quantified four parks located in Rome to 
carbon sequestration. Mediterranean-type parks, such as the Romans, seques-
tered CO2 throughout the year highlighting the results in those in which the 
native species of the Mediterranean basin were dominant. The annual economic 
value of the CO2 elimination would be equivalent to $23,537 ha−1. Moreover, 
Giedych and Maksymiuk [20] studied the Warsaw parks, concluding that the ES 
contributed by each of them depend on the local conditions and specific charac-
teristics of each of them, the surface being one of the key variables in the regulat-
ing services.

Less abundant are the works that analyze and value the set of ES that generate 
concrete parks. An example would be the holistic valuation of the ES generated 
by Central Park (New York, USA), estimated at $ 70 million/hectare/year [21]. 
Contextually, the present chapter through a case study research method aims to 
analyze the green urban areas surfaces evolution in seven European major cities.
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2. Materials and methods

Initially, land use data monitored by Land Cover Corine (CLC) were obtained 
(https://land.copernicus.eu/pan-european/corine-land-cover) [22] on a scale of 
1:100,000, with a minimum mapping unit (MCU) of 25 Ha and using polygonal 
graphics features that evoke land uses in Europe. Some of the used CLC nomencla-
ture/codes used are shown in Table 1.

In addition, the urban boundaries of the cities analyzed were obtained from 
ESRI-free data, using a layer called Europe Shapefiles. In this case, polygon features 
were also used.

In this regard, the authors have analyzed these two layers of information – which 
represent two variables in the same georeferenced position. For this reason, the two 
layers were transformed into the same reference system, using ETRS1989 Lambert 
azimuthal equal area, because this projection preserves the areas and is better suited 
to the different cities to be analyzed.

From the two polygonal cartographic layers, an intersection was made 
between the two. Thus, polygons corresponding to land uses that are completely 
included in the boundaries of cities become part of the resulting layer. Also, the 
parts of the polygons corresponding to the land uses that are partially included 
and clipped by the boundaries of the cities are also part of this resulting layer. 
Thus, it was possible to obtain a layer with the land-use polygons within 
each city.

Once this layer was obtained, we proceed to measure the surface of each of 
these polygons obtained evocative of the land uses, but in the projection used. In 
order to do this the ArcGIS 10.3 software was used. Subsequently, using Microsoft 
Access 2016, selection queries were made. Thus, only polygons whose use was 1.4.1 
corresponding to Green urban areas were chosen, that is to say, areas with vegeta-
tion urban fabric which includes parks and cemeteries with vegetation. Later, a 
query was carried out so that the total area dedicated to green urban areas was 
obtained.

Therefore, seven case studies of European major cities were selected (Figure 1). 
After the case study selection, an analysis for the years 1990, 2000, 2006, 2012, 

Level 1 Level 2 Level 3

1 Artificial 
surfaces

11 Urban fabric 111 Continuous urban fabric

112 Discontinuous urban fabric

12 Industrial, commercial, and transport 
units

121 Industrial or commercial units

122 Road and rail networks and 
associated land

123 Port areas

124 Airports

13 Mine, dump, and construction sites 131 Mineral extraction sites

132 Dump sites

133 Construction sites

14 Artificial, nonagricultural vegetated 
areas

141 Green urban areas

142 Sport and leisure facilities

Table 1. 
CLC nomenclature [22].
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and 2018 was carried out. Nevertheless, for the cities of London and Stockholm for 
1990, there was no data.

Finally, thematic maps representative of land uses were obtained for each of the 
years and cities, highlighting the green urban areas.

3. Results and discussion

From the 11 classes of the CLC, the study only analyzes Level 3 (land use code 
141)—regarding green urban areas (Table 1). Those results were presented in acres 
and were assessed for each year of the studied period (1990, 2000, 2006, 2008, 
2012, and 2018) (Table 2). Contextually, the results presented in Table 2 enabled 
to create a graph (Figure 2). This graph shows the cities being grouped into three 
levels. In the first level, we have London with the largest surface of green areas over 
the studied years—around 12,000 acres. On a second level, we have Stockholm, 
Madrid, and Paris that slightly have a surface of green urban areas superior to 
4000 acres; however, any of those reach the 8000 acres. In this regard, it should be 
highlighted that in the first studied year (1990), Madrid was one of the cities with 
lowest values regarding green urban areas surfaces, and in the last studied year 
(2018) the Spanish capital reaches the third position—as one of the studied cities 
with the highest value of CLC 141. And in a third level, we have the studied  
cities with the lowest values of green urban areas, which are Berlin, Lisbon, and 
Roma, with less than 4000 acres of the land use 141—in fact, with a CLC 141 
surface lower than 2000 acres.

Moreover, through the creation of individual graphics for each of the 
selected cities, it was possible to analyze in detail how the green urban area 
surfaces evolved over the 5 years studied (Figure 3). Through this analysis, 
it is possible to verify that two cities (Rome and Stockholm) are losing green 

Figure 1. 
Selected case studies. (A) Lisbon, (B) Madrid, (C) Paris, (D) London, (E) Rome, (F) Berlin, (G) Stockholm.
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and 2018 was carried out. Nevertheless, for the cities of London and Stockholm for 
1990, there was no data.

Finally, thematic maps representative of land uses were obtained for each of the 
years and cities, highlighting the green urban areas.

3. Results and discussion

From the 11 classes of the CLC, the study only analyzes Level 3 (land use code 
141)—regarding green urban areas (Table 1). Those results were presented in acres 
and were assessed for each year of the studied period (1990, 2000, 2006, 2008, 
2012, and 2018) (Table 2). Contextually, the results presented in Table 2 enabled 
to create a graph (Figure 2). This graph shows the cities being grouped into three 
levels. In the first level, we have London with the largest surface of green areas over 
the studied years—around 12,000 acres. On a second level, we have Stockholm, 
Madrid, and Paris that slightly have a surface of green urban areas superior to 
4000 acres; however, any of those reach the 8000 acres. In this regard, it should be 
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lowest values regarding green urban areas surfaces, and in the last studied year 
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Figure 1. 
Selected case studies. (A) Lisbon, (B) Madrid, (C) Paris, (D) London, (E) Rome, (F) Berlin, (G) Stockholm.
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urban areas in comparison with the first year analyzed (1990). On the other 
hand, all the other cities are gaining more green urban areas along the years. 
From all those cities that show an increase in the land use 141 over the years, it 
should be highlighted that Madrid and Lisbon show constant growth. In fact, 
this tendency was also identified in Berlin; however, it only starts in the year 
2012 onwards—once the German capital presented a period of growth stagna-
tion (of the land use 141) in the previous years. Besides, in Paris and London, 
we have been identified the opposite scenario. In Stockholm, the city was lost 
Green Urban Areas surface when compared to the 1990 reality; however, it was 
also started a similar growth process (regarding the land uses 141) in the year of 
2012 – which is verified in the year of 2018; in an opposite tendency, we have the 
city of London. The city of London, even it has been passed through an increase 
of Green urban Areas in the first year studied (1990), is now facing a tendency 
of decrease in these green surfaces—which started in the year 2006.

Regarding the results in percentage (Table 2), Roma and Stockholm have 
lost 12.03 and less than 1,22% of their green urban area surfaces, respectively. In 
contrast, the cities that gained more green urban areas have been Madrid, with 
174,99%, and followed by Lisbon, Berlin, and Paris (between 60,29, 15,19, and 
13,65%). Furthermore, London increases its land use 141 in less than 5%, neverthe-
less, with a negative tendency (Table 3).

Figure 2. 
Evolution of the urban green spaces through the years in the studied European major cities (authors).

City 1990 2000 2006 2012 2018 Dif. %

Berlin 2896.32 2868,46 2873,66 3102,04 3336,18 439,87 15,19

Lisbon 1204,02 1465,01 1827,66 1783,96 1929,92 725,91 60,29

London n.d. 11,429,73 12,380,38 12,195,22 12,224,16 794,43 6,95

Madrid 2337,87 3246,07 5798,95 6457,62 6428,88 4091,01 174,99

Paris 4564,59 5183,53 5212,09 5239,16 5187,85 623,26 13,65

Rome 1654,96 1532,34 1456,55 1456,55 1455,86 −199,09 −12,03

Stockholm n.d. 6954,17 6907,24 6901,44 6869,19 −84,98 −1,22

Table 2. 
Outcomes of the analyzed parameters of the green urban areas in European major cities (source: Authors). n.d., 
no data available; dif., difference between first and last year; %, percentage.
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Figure 3. 
Evolution of the urban green spaces in European major cities (authors).
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urban areas in comparison with the first year analyzed (1990). On the other 
hand, all the other cities are gaining more green urban areas along the years. 
From all those cities that show an increase in the land use 141 over the years, it 
should be highlighted that Madrid and Lisbon show constant growth. In fact, 
this tendency was also identified in Berlin; however, it only starts in the year 
2012 onwards—once the German capital presented a period of growth stagna-
tion (of the land use 141) in the previous years. Besides, in Paris and London, 
we have been identified the opposite scenario. In Stockholm, the city was lost 
Green Urban Areas surface when compared to the 1990 reality; however, it was 
also started a similar growth process (regarding the land uses 141) in the year of 
2012 – which is verified in the year of 2018; in an opposite tendency, we have the 
city of London. The city of London, even it has been passed through an increase 
of Green urban Areas in the first year studied (1990), is now facing a tendency 
of decrease in these green surfaces—which started in the year 2006.

Regarding the results in percentage (Table 2), Roma and Stockholm have 
lost 12.03 and less than 1,22% of their green urban area surfaces, respectively. In 
contrast, the cities that gained more green urban areas have been Madrid, with 
174,99%, and followed by Lisbon, Berlin, and Paris (between 60,29, 15,19, and 
13,65%). Furthermore, London increases its land use 141 in less than 5%, neverthe-
less, with a negative tendency (Table 3).

Figure 2. 
Evolution of the urban green spaces through the years in the studied European major cities (authors).

City 1990 2000 2006 2012 2018 Dif. %

Berlin 2896.32 2868,46 2873,66 3102,04 3336,18 439,87 15,19

Lisbon 1204,02 1465,01 1827,66 1783,96 1929,92 725,91 60,29

London n.d. 11,429,73 12,380,38 12,195,22 12,224,16 794,43 6,95

Madrid 2337,87 3246,07 5798,95 6457,62 6428,88 4091,01 174,99

Paris 4564,59 5183,53 5212,09 5239,16 5187,85 623,26 13,65

Rome 1654,96 1532,34 1456,55 1456,55 1455,86 −199,09 −12,03

Stockholm n.d. 6954,17 6907,24 6901,44 6869,19 −84,98 −1,22

Table 2. 
Outcomes of the analyzed parameters of the green urban areas in European major cities (source: Authors). n.d., 
no data available; dif., difference between first and last year; %, percentage.
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4. Final remarks

Through the present study, it is possible to understand how the green urban 
areas have evolved within the studied European major cities. Besides, throughout 
the analysis of patterns of the land use change (CLC 141) along with empirical 
knowledge of those cities’ territories, it was allowed us to assess the value of those 
Green Urban Areas within the cities. Therefore, it is possible to say that those green 
urban areas are not growing in the same pace as the demographic values as well as 
other land uses in development within these cities [24].

In this regard, and considering the relevance of the ES performed in the urban 
environments, we believe that in all the analyzed cities, the existing green urban 
areas are not able to provide the environmental needs for their inhabitants. In fact, 
even if those environmental needs could differ among the studied cities – once, 
some presents a higher number of Green Urban Areas than others as well as differ-
ent demographic growth rates; all the analyzed European Major Cities shows a need 
for more Green Urban Areas.

Additionally, the performed study enabled us to put forward some noteworthy 
ideas, related to the relevance of green space infrastructure in urban areas, regard-
less of their urban nature and of their major land use, which corroborate with the 
conclusions of previous studies that crossed the relevance of urban green spaces to 
urban sustainability and development [4, 9–10, 25–32].

In this regard, the creation of more green urban areas in these cities as well as 
in their metropolitan influential territories is seen as pivotal. Furthermore, guide-
lines should be provided for the main actors and decision-makers of the planning 
process to where the efforts toward a sustainable development and growth should 
be placed—for example to address green strategies and land use reconversion and 
redevelopment of urban areas.

Case studies Population (thousands)

1990 2000 2010 2015

Stockholm 1030 1210 1360 2615

Madrid 4940 5320 6380 6586

Rome 3750 3710 3960 4468

Paris 2150 2130 2240 12,524

London 6800 7240 8600 14,855

Berlin 3200 3500 3450 4314

Lisbon 2540 2690 2790 2810

Table 3. 
Demographic dynamics of the studied cities [23].
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Chapter 10

Sustainable Utilization of the 
Lake Kinneret and Its Watershed 
Ecosystems: A Review
Moshe Gophen

Abstract

Lake Kinneret and its watershed have undergone significant structural 
modifications. Some of them are anthropogenic, and others are natural. Among 
natural modifications, the climate change is prominent. Among man-made 
changes, the drainage of the Hula Valley, construction of the National Water 
Carrier designating Lake Kinneret as a national resource of drinking water, 
construction of the Dam on the lake south outlet, agricultural developments in 
the Hula Valley, and others are included. Additional factors that recently have a 
significant impact on the management of the lake ecosystem are the development 
of ocean water desalinization capabilities. Nevertheless, these two ecosystems 
were carefully studied directed by limnological and wetland-agricultural sci-
entific trait. One parameter was not yet accounted intensively, the assurance 
of long-term sustainability. This paper provides an overviewed insight into the 
conducted principles of management toward sustainable management after the 
establishment of the modifications as an attempt of predictive development 
outline.

Keywords: Kinneret, watershed, land use, climate change, sustainability

1. Introduction

The Lake Kinneret and its Drainage Basin had been widely investigated [1–6] 
aimed at enhancing basic scientific knowledge as well as ensuring submission of 
management recommendation to responsible national authorities. Vast majority of 
the studies were aimed at ad-hoc tracking ecological and anthropogenic changes. 
Insufficient attention was given to predictive design of systems sustainability. 
Anthropogenic management interventions are aimed at both, protection, and 
sustainable maintenance of the ecological structure and services. Nevertheless, 
ecosystem structures highly depend on the utilization trait. If a natural structure 
of an ecosystem is not threatened by anthropogenic intervention and/or by natural 
constrains, protection is smoothly implemented. Global climate change, increase of 
human population density, and consequently increasing demands for food produc-
tion while tackling acute water scarcity became critical over larger global zones. 
Global promotion of desertification (decline of soil fertility) and afforestation 
amplified human intervention in natural ecological structure. Therefore, ecological 
management became a critical parameter which has a significant impact on human 
society. The ecosystems of Lake Kinneret and its watershed are subject for national 
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1. Introduction
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the studies were aimed at ad-hoc tracking ecological and anthropogenic changes. 
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Anthropogenic management interventions are aimed at both, protection, and 
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ecosystem structures highly depend on the utilization trait. If a natural structure 
of an ecosystem is not threatened by anthropogenic intervention and/or by natural 
constrains, protection is smoothly implemented. Global climate change, increase of 
human population density, and consequently increasing demands for food produc-
tion while tackling acute water scarcity became critical over larger global zones. 
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and international concerns as sources for water supply, agricultural development, 
commercial fishery and aquaculture, territorial land for living (population dispersal), 
and more. During the last 80 years, natural and anthropogenic modification were 
accurately carried out over these ecosystems and consequent management operations 
were implemented aimed at efficient utilization of the natural resources of land and 
water while ecosystems sustainability will be preserved. A survey of the history and 
implementation of achievements which accompanied the ecological modifications 
in lake Kinneret and its watershed to ensure undamaged and sustainable ecosystem 
functionality is presented in this paper.

2. Background

2.1 The Lake Kinneret watershed

Lake Kinneret watershed is part of the Northern segment of the Syrian-African 
great rift Valley. The Lake Kinneret Watershed area (2730 km2, of which 73% is an 
Israeli territory), from Kinarot Valley in the south to Upper Galilee (northeastern 
Israel) and southern Anti-Lebanon in Lebanon is 110 km long [1–4]. The Total area 
of the Kinneret drainage basin is 2730 km2. It is divided into sub- units: (1) Northern: 
The River Jordan drainage; (2) Eastern: The southern part of the Golan Heights; 
(3) Western: The drainage area of Tzalmon and Amud rivers; (4) South-Eastern and 
South-Western minor sections. Versatile vegetations cover, soil and geological forma-
tions characterized the Kinneret watershed. Surface mean slope of the Kinneret 
Watershed is 2.8%. The following major events during the Anthropocene period 
were: The Lake Kinneret South Dam construction; The drainage of Old Lake Hula 
and swamps resulted a change of the regional Hydrological conditions; Regional 
population emigration and immigration; Governmental resolution of Lake Kinneret 
as major source for water supply and the construction of the National Water Carrier 
(NWC). These achievements established the long-term national policy of land use 
and water supply and geo-political boundary [3].

2.2 Regional hydrology

Three major headwater rivers (Hatzbani, Banyas and Dan) flow southerly 
downstream from the Hermon mountain region [2, 3, 5–11]. The Hula drainage 
changed the hydrological conditions: Jordan river crossing the Hula Valley splitting 
into two canals which joint at the south end of the Hula Valley flowing southerly 
downstream into Lake Kinneret maintains its Water Level (WL). Long-term 
(1926-present) record of WL daily monitor indicates maximal amplitude of 6.67 m 
(208.20–214.87 MBSL). The upper limited legislation of WL (208.8 mbvsl) was 
aimed at prevention of damage to previously constructed housing. The lower limit 
is flexibly affected by the location of the intake of the NWC (215 mbsl) and precau-
tion of water quality impact. Since 1972 the hydrological management of the entire 
headwater resources was achieved by precipitation range, national water demands 
and NWC capacities and obviously by the south dam operation. [3]. Maximal lake 
water storage was achieved by close Dam limited by WL altitude. These were the 
management rules when 60% of national domestic water supply were originated 
from the Kinneret. Nevertheless, ecosystem sustainability aimed at water quality, 
mainly salinity, might be threatened if dam is closed and major withdraw is done 
through NWC [1–3, 5, 12]. Before Dam construction nutrient rich winter inflows 
crossed the lake through the upper water layers due to their higher temperature than 
that of the Epilimnion and naturally flew out through an open outlet. After Dam 
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construction (1933) the outflow became human controlled aimed at water storing, 
and enhancement of salt and pollutants removal [1–3, 5, 12]. The final decision 
was a combination of actual conditions: precipitation-discharge range, desalinized 
water volume availabilities and lake water quality.

2.3 Land use

The territorial part of Israel within the Kinneret watershed is 2000 km2 which is 
73% of the total of 2730 km2. The agricultural land use in the Kinneret watershed 
area is given in Table 1 [3, 7, 13–15].

2.4 Water consumption

The total legislated water consumption for agriculture and domestic usage 
(source: National water authority) indicates the following: Until late 1990’s it was 
ranged between 100 and 120 mcm (106 m3) per year of which 99% for agricultural 
irrigation: 42% -grooves’ 48% - field crops, 7% -fish ponds, and 1% - human 
domestic supply. Later on, restriction was instructed to 85 mcm/y and further to 68 
mcm/y were implemented with additional supply from Lake Kinneret to the Golan 
Heights of 19 mcm/y [8, 9] (Tables 2 and 3).

How does agricultural management accept such constraints of natural drought 
and the followed legislation of water supply restriction? The answer was given in 
[15]: During 20 years (1990–2010) the efficiency of water utilization aimed at the 
beneficial revenue of agricultural production increased from 41,100 to 81,420 US$ 
per ha. It was the result of improvement of agricultural technology.

2.5 Land use land cover modifications in the Hula Valley

Before Hula Drainage the Valley was mostly (6500 ha) covered by natural 
wetlands (Peat soil) and old Lake Hula (1300 ha), Hula drainage, converted 
natural wetland into agricultural land [7, 15, 17, 19]. It was an infrastructure 
development for an agricultural income source for the local immigrated residents. 
Between 1960 and 1990 the Peat-Land area cultivation has yielded economically 
sufficient products. Nevertheless, contributed nutrient to Lake Kinneret threat-
ened its water quality. It was resulted by inappropriate irrigation methods. The 
outcome was peat soil destruction and subsidence, dust storms which blocked the 
drainage canals, underground fires and rodent population outbreaks. Agricultural 
crops were damaged and Kineret water quality became threatened. A reclamation 

Type of land cover Area (km2)

Field Crops 180

Orchards 197

Fishponds, reservoirs, Agmon, Lake Kinneret 171

Natural Forest and Grove 266

Not Cultivated land 1067

Other 111

Total 1992

Table 1. 
Israeli agricultural land use (km2) in the Kinneret watershed as documented in 2004.
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domestic supply. Later on, restriction was instructed to 85 mcm/y and further to 68 
mcm/y were implemented with additional supply from Lake Kinneret to the Golan 
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How does agricultural management accept such constraints of natural drought 
and the followed legislation of water supply restriction? The answer was given in 
[15]: During 20 years (1990–2010) the efficiency of water utilization aimed at the 
beneficial revenue of agricultural production increased from 41,100 to 81,420 US$ 
per ha. It was the result of improvement of agricultural technology.
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Before Hula Drainage the Valley was mostly (6500 ha) covered by natural 
wetlands (Peat soil) and old Lake Hula (1300 ha), Hula drainage, converted 
natural wetland into agricultural land [7, 15, 17, 19]. It was an infrastructure 
development for an agricultural income source for the local immigrated residents. 
Between 1960 and 1990 the Peat-Land area cultivation has yielded economically 
sufficient products. Nevertheless, contributed nutrient to Lake Kinneret threat-
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project (Hula Reclamation Project, HRP) was consequently discussed and imple-
mented. A shift of 500 ha Peat-Land from agriculture to eco-tourism usage was 
achieved. The HRP concept was aimed at ecosystem sustainability and therefore 
based on anthropogenic intervention combined with the introduction of natural 
plants. Reconstruction of the hydrological drainage system of the entire valley 
was renovated. The critical need for soil structure protection by maintenance of 
its moisture was achieved by implementation of irrigation method of moveable 
sprinkle line [14, 17].

2.6 The peat soil convention: Sustainable achievement

The major significant variable of regional water balance is obviously rainfall 
contribution. Although a major part of the regional rainy waters input is trans-
formed into runoff, flowing downstream into Lake Kinneret, significant volume of 
is migrated into unknown underground spaces in the Hula Valley. When climate is 
changed, and therefore, water consumption and possibly land use policy reduces, 
it will have an impact on lake water level. The second level of water consumption 
is due to Evapo-transpiration (ET). This variable of the regional water balance is 
strongly affected by climate conditions, land plant cover, water availability and soil 
properties. Dryness conditions enhance soil moisture reduction, which is affected 

Used-cover type 1949 1958 1976 1986 2010

Water 24% 0 0 2% 2%

Swamps 54% 7% 7% 3% 7%

Flooded 22% 0 0 0 0

Field Crops 0 59% 79% 58% 68%

Uncultivated 0 17% — 14% 5%

Other 0 8.5% 3% 10% 7%

Orchards 0 0 3% 8% 9%

Fish ponds 0 8.5% 8% 5% 2%

Table 3. 
The history of land use/land cover included in the peat soil convention (PSC) in the Hula Valley (59 km2; 
5900 ha). Numbers are % of the total area. Historical events: 1952–1957 drainage and conversion to agricultural 
management; 1989–1995—Hula reclamation project (HRP) implementation [18, 19].

Geographical region Surface area 
(km2)

Annual rainfall 
(mm/y)

Annual rain volume 
(mcm/y)

Eastern-Northern Galilee 542 800 434

Jordan-Hermon 788 900 709

Hula Valley 200 450 90

Golan Height 580 900 522

Western Basin 450 450 202

Small Southern Basins 170 450 77

Total 2730 (Mean: 658) 2034

Table 2. 
Precipitation Regime: Geographical sub-units of the Lake Kinneret drainage basin, their surface area (Km2), 
annual precipitation gauge (mm/y) and calculated total rainfall volume (mcm/y) are given [8, 9, 13, 14, 16, 17].
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by land use policy of slow down crops cultivation (plant coverage restriction) and, 
therefore, reduce regional evaporation capacity. The management of the Kinneret 
watershed is a good example of protection of sustainability of an ecological ecosystem 
where natural and anthropogenic interests are together combating dryness in the hula 
Valley (Figure 1) [7, 13–15, 17].

As a result of enhanced dryness and water supply limitations, the national policy 
of water pricing was reordered. Consequently, cost account of water consumption 
in the Hula Valley became more expensive. Nevertheless, as part of the National 
Water Authority recognition of ecosystem sustainable management, a formal 
confirmation was carried out of the special status of the Hula valley. Followed by 
legislated water price reduction accompanied by stakeholders’ commitment to 
irrigate fields despite being bare in summer. Nonprofitable expenses were compen-
sated by the lowering of water pricing. The difference between the National and the 
reduced tariff was dedicated to a stakeholder’s managerial foundation to cover those 
irrigation expenses.

Results in Table 4 indicate a reduction of Water-Swampy-Flooded area from 
100% to less than 5% surface cover. As a result of enhanced dryness (water scarcity) 

Figure 1. 
Annual Total Hula Valley region average of ground water table (GWT) (m below surface).

WL range (mbsl) Number of months (%)

Below 214 32 (6)

214–213 65 (11)

213–212 89 (15)

212–211 104 (18)

211–210 144 (24)

210–209 125 (21)

Above 209 30 (5)

Table 4. 
Number of months with monthly means of WL with respect to 1 m WL interval in Lake Kinneret (1970–2018).
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driven by climate change during the recent 15 years field crops area in the watershed 
was restricted by 35% and Fishponds by 43%. Although agricultural land-use in the 
Watershed was reduced as well as water availability (from 110 mcm/y to 68 mcm/y) 
crops and revenue per areal unit were improved simultaneously. This was resulted 
by technological improvements and land beneficial significance. In other words, 
natural constrains of water scarcity were achieved by water and land utilization 
efficiency aimed at sustainability maintenance.

3. Climate change

3.1 Precipitation and discharges

Since mid-1980’s precipitation decline in the Kinneret Drainage Basin was 
documented (Figures 2–6). During 2013/14 and 2015/16 seasons rainfall was 47% 
and 68% respectively below the multiannual mean. Major contributors to the Jordan 
discharge are Dan and Banias rivers. The discharge of Dan and Banias during 2014 
(2.67 and 0.16 m3/s respectively) were the lowest since recent 22 years in comparison 
with the maximum discharges of 12.8 and 7.4 m3/s respectively [8, 9]. The annual 
discharges of those rivers declined by 63 and 14 mcm/y respectively. As a result, 
annual availability of lake water (inflow minus evaporation) during 1985–2016 indi-
cates a decline from 470 to 225 mcm/y. As the result of promoted trend of dryness, 
the hydrological dynamics of the Lake Kinneret ecosystem was modified. The Input 
reduction accompanied by water level decline and elimination of pumping together 
with close Dam policy eliminated exchange level and prolongation of RT from 5 
to 7 to a range of 15–>20 years. Evaluation of SPI (Standard Precipitation Index) 
values from 87 years precipitation record has indicated 11 and 17 negative indexes 
(aridity level) during1927–1970 and 1970–2014 respectively, which is an indication 
of climate change toward dryness. River discharge reduction initiated also changes 
of the phytoplankton community structure in Lake Kinneret. The Nitrogen supply 
was diminished resulted Peridinium decline which was replaced by Cyanobacteria 
dominance.

3.2 Rain and headwater discharges

Decline of rainfall and Jordan River discharges during the last 40 years and 
historical deficiency of aquifers storage in the Israeli Northern Basin for 100 years 
were documented by the Israel Hydrological Service [1, 5, 8, 9]. During 2013/14 and 
2015/16 rainfall was 47 and 68% respectively below the multiannual average. The 
Rivers Dan and Banias discharge during 2014 (2.67 and 0.16 m3/s respectively) were 
the lowest since recent 22 years. Major contributors to the Jordan flow are Dan and 
Banias rivers. The annual discharges in those rivers declined by 63 and 14 mcm/y, 
respectively. A decline from 470 to 225 mcm/y of availability of Kinneret waters 
(mcm/y) was indicated during 1985–2016.

3.3 Air temperature

The records of daily Maximum and Minimum of air temperatures measured at 
the Meteorological Station Dafna (northern part of the Hula Valley) indicates an 
increase since mid-1980s. The air temperature record indicates [13, 14, 17, 19] an 
annual maximum and minimum elevation by 2.7 and 1.5°C, respectively. Studies 
on regional water balances confirmed enhancement of water loss not only as 
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precipitation and runoffs but also in the underground preferential cavities in the 
peat soil. Dryness processes of the Hula Valley soil confirm the potential loss of 
water during dryness periods. Therefore, it was recommended to prevent decline 
level of soil moisture by suitable irrigation method. Recommended Optimal 
management is, therefore, moisture enhancement especially during summer time. 
Climate change and consequent dryness constrains initiated a special legislation, 
the Peat Soil Convention, which ensured summer water supply for irrigation.

Figure 2. 
Groups of decade (10 years) averages of monthly means of water level in Lake Kinneret. Trend of changes, 
periodical means, and anthropogenic events are indicated.

Figure 3. 
Fractional polynomial regression between annual (1940–2018) precipitation and years.
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periodical means, and anthropogenic events are indicated.

Figure 3. 
Fractional polynomial regression between annual (1940–2018) precipitation and years.
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4. Lake Kinneret ecosystem

4.1 Water level fluctuations in Lake Kinneret

The obvious direct relation between Kinneret WL and precipitation regime in 
the watershed was documented widely in previous studies. Historical (9000 years 
before present) data of the Kinneret WL was investigated by two different methods 
[20, 21] and indicated an amplitude of 20 m (197–217 mbsl) WL fluctuations. 

Figure 6. 
Fractional polynomial regressions between annual means of daily maximum (left panel) and minimum (right 
panel) air temperature measured in Dafna Station and years during 1940-2020.

Figure 4. 
Fractional polynomial regression between annual Jordan discharge (mcm/y) (left panel) and rainfall (mm/y) 
(Dafna Station, right panel) during 1969–2018.

Figure 5. 
Fractional polynomial regressions between rainfall (left panel, Dafna Station), and annual means of WL 
(mbsl) (right panel), and years.
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Monthly means of daily WL measurements has indicated that during 48 years 
only 97 months (17%) WL was lower than the legislated bottom line of 213 mbsl 
occurred mostly during recent 18 years (Table 4) [1, 3, 10, 16, 18–23] .

Results in Table 4 and Figure 2 indicate that during most of the time (83%) the 
Kinneret WL was not lower than 213 mbsl and, before 2000th, WL was higher than the 
minimal legislated altitude. The decline of WL below the instructed WL bottom- line 
(213 mbsl) was recorded during years of exceptional decline of rainfall: 2000–2002, 
2008–2011, and 2016–2018, which consequently resulted in significant restriction of 
agricultural water allocation by the National Water Authority.

4.2 Nutrient dynamics

The discussion about dependence relations between phytoplankton and nutri-
ents presented here emphasize the paradigm of an everlasting dilemma: Between 
phytoplankton composition and nutrient concentrations, who is the boss? 
(Figures 7 and 8) Algal community structure responds to the concentration of the 
nutrients or the contrary: does the nutrient concentrations is primary or second-
ary result of the algal density [6, 11, 23–33]? Nitrogen input is defined as predictor 
of algal domination in Lake Kinneret: Peridinium or Cyanobacteria. A decline of 
epilimnetic TN standing stock was documented during 1969 to 2001 accompanied 
by decline of Peridinium biomass while the biomass of Cyanobacteria increased. 
TN decline initiated Nitrogen deficiency, which is favored by Cyanobacteria 
[32] due to their ability of maintain the fixation of atmospheric Nitrogen by the 
enzyme of Nitrogenase. Earlier studies suggested two elements as key factors for 
the Peridinium bloom formation: Copper (Cu) and Selenium (Se) [6, 23, 29–33]. 
The study of the Cu impact was not thoroughly developed but that of Se did it 
thoroughly. It was confirmed that Se is a limiting factor of Peridinium growth. 
Before Hula drainage, the chemical conditions of the peat soil were mostly reduc-
tive but presently more oxidative and, therefore, limitation of Se is not impos-
sible. Earlier Studies [29, 30], suggested that precipitation and runoff discharges 
are an important source of bioavailable Se (Selenites and Organic Se) and high 
availability of Se in surface waters of Kinneret watershed might be a significant 
supporter of the Peridinium heavy blooms. Therefore, it is suggested that in addi-
tion to Nitrogen deficiency, Se input decline affected the decline of Peridinium 
biomass. Conclusively, the replacement of Peridinium by Cyanobacteria is mostly 
due to change of nutrients dynamic resulted by climate change. The depletion of 
Nitrogen supply is based on a long-term record and the recorded data about Se 
dynamics is partial.

Figure 7. 
Fractional polynomial regressions between annual averages of Epilimnetic loads (ton) of Total nitrogen (TN) 
(left), Total phosphorus (TP) (right) inputs through Jordan inflow and years.
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4.3 Dam management: to open or not to open?

Open or Not to Open (ONO) the South Dam when WL is high? That is the 
question for Sustainability by hydrological managers [23, 34, 35]. Regional trends 
of climate change and dryness process were recorded: Standard Precipitation Index 
(SPI) enhancement precipitation decline, air and lake water temperature increase, 
river discharges and restriction of lake input volumes and consequent decline of 
WL, elongation of RT duration. The decline of water availability for domestic and 
agricultural supply created a national concern accompanied by increase of Lake 
water salinity, epilimnetic Nitrogen deficiency and Phosphorus sufficiency which 
enhanced biomass replacement of Peridinium by Cyanobacteria [28]. These natural 
ecological modifications were accompanied since 2010 by replacement of the lake as 
principle supplier of drinking water by desalinization of mediterranean waters. The 
following additional parameters made the ONO dilemma more significant. Multi-
annual (1933–2020) daily record of WL indicates an average annual increase of 
1.6 m. Nevertheless several annual exceptions of higher and/or lower of it are com-
mon. These exceptions are critical for decision makers with regard to the dynamics 
and management policy of water supply which was dependent of pumping rate and 
Dam management: high WL indicate pumping potential enhancement and low WL 
dictate withdraw restrictions. Several cases which represent not common condi-
tions are: During fall 2001 WL was lowered to the lowest altitude ever recorded 
since 1933–214.87 mbsl and pumping was exceptionally restricted; during winter 
1969 WL increased up to 208.2 mbsl and the dam was maximally opened; Five 
hydrological years (October–September next year) 2013/2014–2017/2018 were a 
drought sequence in a row when the annual increase of the WL varied between 0.35 
and 1.58 m. At the end of this drought period the epilimnetic salinity was 325 ppm 
Chloride which was even predicted to increase higher if dryness trend would be 
continued. Three years earlier (2011–2013) the WL annual elevation varied between 
1.75 and 2.58 m. After five drought seasons (2014–2018) heavy rain winters came 
and WL elevation was 3.41 in 2019 and 3.0 m in 2020. In December 2019 when 
WL was 211.89 mbsl, salinity was measured as 325 ppm. chloride. Later on in 
winter 2019 the heavy input discharges during January – mid-March when dam 
was closed dilution effect resulted salinity decline to 273 ppm chloride, (52 ppm 
decline). It is likely that enhanced water exchange (RT shortening) by open dam 
might cause higher decline of salt concentration. Moreover, it is also predicted to 
enhance nutrients and Microcystis biomass removal which enhance improvement 
of water quality. Since late 1990’s the phytoplankton assemblages are dominated by 
Cyanobacteria, mostly due to the toxic Microcystis spp. The recent lake situation is 

Figure 8. 
Fractional polynomial regressions between annual averages of phytoplankton biomass (g/m2) (Peridinium, 
Cyanophyta) and years.

131

Sustainable Utilization of the Lake Kinneret and Its Watershed Ecosystems: A Review
DOI: http://dx.doi.org/10.5772/intechopen.93727

therefore creating a dilemma for future management of sustainability: Water supply 
is done by desalinization, while salinity and Microcystis are enhanced supported 
by close dam and RT elongation water quality is therefore deteriorated. It is likely 
that, within future design for sustainability other than hydrological factors must 
be included. For example, salinity, nutrients and toxic Cyanobacteria biomass 
Consequently, during rainy winter a partial open of the dam is recommended aimed 
at quality improvement.

4.4 Salinity

The salinity of Lake Kinneret water was a critical parameter when supply for 
agricultural utilization was actually required. The major supply of salt to the lake 
are fluxed through the lake bottom through two major process: surface infiltra-
tion (superficial) and welling up. Salts’ contribution through rivers and tributary 
inflows are much lower in comparison the sub-lacustrine sources. The salinity of 
River Jordan (65% of total inflows) is more than 10 times lower than that of the 
lake. Nevertheless, until late 1950’s about 25% (total about 160000 tons annu-
ally) of salt input came through the runoff of two hot-salty springs located close 
to the north-western lake shoreline. Those two springs were diverted (1967) and 
about 40,000 tons of salt were eliminated from the lake budget. As a result of this 
anthropogenic implementation accompanied by the heavy floods during the winter 
of 1968–1969 (25% of lake water were exchanged) lake water salinity declined from 
400 to 210 ppm Chloride. Historical information indicates Chloride concentration 
range before the 1950’s between 290 and 325 ppm. A critical question is therefore 
arise: why salinity was increased during 1948–1968 from 280 to 400 ppm Chloride 
when negligible consumption of lake water was supplied for domestic and agri-
cultural usage and the only one management tool, Dam operation (NWC was not 
in use yet) was available? The WL record indicates an increase of more than 2 m 
during 20 years (1948–1968). It is therefore suggested that Dam operation policy 
was aimed at long-term water accumulation causing WL elevation accompanied 
by Salt accumulation which resulted significant concentration increase of Chloride 
by more than 100 ppm. It has to be noted that during 1948–1968 there was also a 
sequence of several drought seasons in a row. Conclusively, for 20 years, the water 
exchange was low resulting elongation of Residence Time duration. The 1948–1968 
event is a case study example for future consideration of sustainability design. The 
case study of 1948–1968 was not the only one for future consideration. Two other 
closely related cases which continued only one winter each are relevant: During two 
winters with heavy rain, in 1968/69 and 1991/92 similar inputs of 1 × 109 m3 were 
fluxed into the lake during 2 months. The difference between the two winters was 
the Dam operation [23, 34]: During the first winter the Dam was maximal open 
and during the second winter completely closed. It has to be considered that the 
input of low salinity river waters into the much higher salt concentration of lake 
water create a dilution effect in winter and salt concentration in the lake decline but 
the level of the decline is dependent on two parameters: input volume and water 
replacement dynamic and the level of replacement is the dependent of open Dam 
policy. Results indicated that open Dam operation enhanced water replacement 
(exchange) which is in fact Residence Time shortening. Therefore during the winter 
of 1968/69 the Chloride concentration declined by 64 ppm while in the winter of 
1991/92 the decline was smaller – 39 ppm. It is therefore recommended to enhance 
water exchange (shorter Residence Time) through open Dam or pumping regime 
to remove salt and other pollutants (including biomass of Cyanobacteria) if water 
storage for supply is not critical resulted by desalinization supply.
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River Jordan (65% of total inflows) is more than 10 times lower than that of the 
lake. Nevertheless, until late 1950’s about 25% (total about 160000 tons annu-
ally) of salt input came through the runoff of two hot-salty springs located close 
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when negligible consumption of lake water was supplied for domestic and agri-
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during 20 years (1948–1968). It is therefore suggested that Dam operation policy 
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winters with heavy rain, in 1968/69 and 1991/92 similar inputs of 1 × 109 m3 were 
fluxed into the lake during 2 months. The difference between the two winters was 
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1991/92 the decline was smaller – 39 ppm. It is therefore recommended to enhance 
water exchange (shorter Residence Time) through open Dam or pumping regime 
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storage for supply is not critical resulted by desalinization supply.
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4.5 Residence time (RT) prolongation

Residence Time prolongation (Water exchange reduction) affected also Nitrogen 
and Phosphorus dynamics (Figures 9–11). The process of Peridinium decline and 
Cyanobacteria enhancement was also supported by RT prolongation. The climate 
change initiated a linkage of chain events. Discharge decline and water scarcity 
(dryness) resulted WL decrease, RT prolongation and nutrient supply reduction 
accompanied by the modification of algal community structure. Normally, the 
higher the discharge is the faster is the increase of the WL and the shorter is the 
RT. and vice versa. The decline of discharge and Nitrogen input was accompanied 
by decline of epilimnetic TN stock and decrease of TN/TP mass ratio. Optimal 
Ecosystem management is aimed at protecting sustainability and the operation 
tool is through hydrological control: desirable ranges of pumping, WL fluctuations, 
nutrient dynamics preventing water quality deterioration resulting adequate water 
quality. Before 2010 the majority of domestic water supply originated from Lake 
Kinneret but essential climate change condition constrains created the need for the 
construction of alternative water source - Desalinization. The decline of discharge 
and insufficient Nitrogen input caused the phytoplankton community change. The 
newly created ecosystem structure enforced management adaptation for sustain-
ability protection. When water budget is positive accompanied by appropriate with-
draw (pumping and/or open Dam options) RT become shorter and water exchange 
is high. Decline of Nitrogen availability accompanied by Phosphorus enhancement 
caused the decline of TN/TP mass ratio [23, 35]. Hydrological management of Lake 
Kinneret is creating a dilemma for future implementation: Water supply is done by 
desalinization, salinity and Microcystis are enhanced as supported by close dams 
that enhance RT prolongation and water quality deterioration. It is therefore likely 
that recently, WL regime is not the management key factors and other parameters 
should step forward on the scale of priorities such as: salinity, nutrients and toxic 
Cyanobacteria biomass. For example, during heavy rain a partial open of the Dam is 
recommended to remove salt, phosphorus and Cyanobacteria biomass while water 
supply is not critical.

4.6 The impact of residence time on nutrients and phytoplankton dynamics

Monthly changes of epilimnetic TN stock were found to be related to the length 
of Residence Time (RT; the ratio between inflows rate and Lake Volume): higher 
TN stock accompanied longer RT [23, 27, 28]. Lake Volume increase and shorter RT 
are correlated with the epilimnetic load decline of TN an increase of epilimnetic 
TP loads during January–April and gradual decline later on until December was 
correlated with the Hydrological parameters: RT elongation during January–
September, became shorter later; The decline of TN/TP Mass ratio is respective to 
RT prolongation: The higher the RT value is, the lower is the Epilimnetic TN/TP 
mass ratio [24, 26, 27]. The biomass of Peridinium contributes Phosphorus and the 
headwater input are carriers of Nitrogen. The shortest RTs were recorded during the 
Peridinium bloom onset and later when RT length declines, P-mediated Peridinium 
dissipates, and Epilimnetic stock diminishes. Shortest RT’s were recorded during 
winter, and later in the year RT becomes longer. Conclusively, external hydrology 
(water discharge) contribute Nitrogen and Peridinium bloom in addition to dust 
deposition, external inputs, and bottom sediments by microbial activity contribute 
Phosphorus. When Nitrogen supply was declined Peridinium bloom was deleted 
and Phosphorus fluxes were shortened and TN/TP mass ratio was lowered. The 
final result was enhancement of Peridinium replacement by Cyanobacteria [28].
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Figure 10. 
Fractional polynomial regression between RT length (years) and algal (Peridinium, Cyanophyta) biomass (g/m2).

Figure 11. 
Fractional polynomial regression between RT length (years) and monthly changes of water level (m).

Figure 9. 
Fractional polynomial regression between annual means of monthly residence time (RT in years) and years.
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Figure 10. 
Fractional polynomial regression between RT length (years) and algal (Peridinium, Cyanophyta) biomass (g/m2).

Figure 11. 
Fractional polynomial regression between RT length (years) and monthly changes of water level (m).

Figure 9. 
Fractional polynomial regression between annual means of monthly residence time (RT in years) and years.
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4.6.1 Peridinium

Elongation of RT corresponds to the reduction of the Peridinium biomass. The 
RT elongation is a signal of Nitrogen availability deficiency. A slight increase of 
Peridinium biomass documented during the longest RT, is probably attributed to 
Nitrogen input by fixation carried out by Cyanobacteria.

4.6.2 Cyanobacteria

A prominent increase of the Cyanophyta Biomass (from 1.9 to 6.3 g/m2) was 
documented in response to RT elongation of 1 to 15 years accompanied by decline 
of Nitrogen availability. It is likely that the Nitrogen deficiency in lake water was 
compensated by Nitrogen fixation maintained by Cyanobacteria. It is assumed that 
the minor decline of Cyanobacteria biomass observed during the longest RT is due 
to the lack of Phosphorus when Peridinium is absent.

5. Fishery

The Fishery management in Lake Kinneret is aimed at both, commercial income 
and water quality protection and ecosystem sustainability [34]. As a result, stock-
ing of exotic fish species was confirmed just of those which cannot reproduce 
in the lake, their feeding habit improve water quality and their contribution to 
commercial fishery is essential. Final confirmation was given after a thorough 
investigation which confirm the implementation of those three objectives. The 
Tilapia Sarotherodon galilaeus was indicated as an optimal species target: the species 
is native, feed intensively on the bloom forming Peridinium and have a high com-
mercial value. Therefore, fishing efforts are mostly aimed at this fish and the lake 
population is enhanced by commercial fingerlings production. Results in Table 5 
summarized annual landings of S. galilaeus [36–40].

Respective data of other stocked species indicates the followings: The stocking 
of Oreochromis aureus which is not pure native species in the lake was eliminated 
due to food competition with preferred S. galilaeus; Until the mid-1990s, stock-
ing of Silver Carp (Hypophthalmichthys molitrix) was not recommended aimed at 
enhancement of zooplanktonic algal grazers whereas later on when Microcystis 
replaced Peridinium its stocking was recommended due to its efficient consump-
tion of this algae. Three Gray mullet species (Marine origin) are successfully 
stocked because of ecological adaptation to improve water quality, not able to 
reproduce in Lake Kinneret and has high commercial value. Another 7 other spe-
cies of exotic species were totally deleted from stocking program. Conclusively, 
stocking resources are invested toward fish species that has positive impact on water 
quality, fishermen income, and the exotics are unable to reproduce in the lake. The 
fishery (landing and stocking) management policy contribute strengthening of 

Period Trend of change Periodical averaged landing (t/year) (SD)

1959–1970 Stable 175 (28)

1970–1990 Increase 248 (112)

1990–2010 Decline 231 (154)

2011–2016 Increase 184 (99)

Table 5. 
Periodical means (SD) of Sarotherodon galilaeus landings (t/year) and indication of trend of changes [36, 37].
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ecosystem sustainability. Peridinium was the major food source for Sarotherodon 
galilaeus. Several other constraints created additional pressures on the fish popu-
lation: Increased population of the migratory fish predator, Great Cormorant 
(Phalacrocorax carbo), reduction of stocked S. galilaeus fingerlings, usage of illegal 
fishing gill-nets mesh size, the elimination of Bleaks (Sardine: Mirograx terraesanc-
tae terraesanctae, Acanthobrama lissneri) fishing, enhanced piscivory of S. galilaeus 
by Clarias gariepinus and outburst of Viral diseases, which infected mostly Tilapias. 
Ecological structure with complicated interactions require informative record 
long enough to ensure appropriate management decision in response to actual and 
unusual developed changes. Inappropriate alerted conclusions were followed a fish-
ery crisis in Lake Kinneret when annual landings of S. galilaeus in 2007–2008 were 
less than 10 tons while normally its varied between 100 and 300. Simultaneously, 
documentation of the total number of fish (>90% Bleaks) was gradually increasing 
between 1987 and 2005. A recommendation of a three-year total fishing ban in Lake 
Kinneret was concluded. This decision was alternatively replaced by a recommenda-
tion of normal continuation of fishing. The fishing ban decision was canceled, and 
fishing continuation was confirmed formally. During 2010–2016, the population of 
S. galilaeus and consequently their landings were recovered and came to its normal 
level. During 2007–2008, Tilapia fishery in Lake Kinneret collapsed [18, 19]. A 
governmental decision of 3 years total commercial fishing ban was undertaken. 
Nevertheless, as part of ecological sustainability clarification of potential reasons 
the resolution was canceled and within 3 years the T. galilaeus population recovered. 
[36, 39]. The changes of the Phytoplankton composition were also accompanied by 
a modification of the fish feeding habits. During its dominance, Peridinium spp. was 
the major food component of the most valued native fish (Sarotherodon galilaeus) in 
the lake. Zooplankton was the major food constituent of the endemic Bleak cypri-
nids (Acanthobrama terraesanctae terraesanctae, Acanthobrama lissneri). To ensure 
water quality, it is important to maintain high grazing pressure of zooplankton 
on nano-phytoplankton. Removal of the unwanted Bleaks by intensified fishery 
management and the introduction of the exotic Silver Carp (Hyphophthalmichthis 
molitrix), an efficient consumer of Microcystis, is therefore beneficial. Zooplankton 
biomass in Lake Kinneret declined from 1970 to the early 1990s but increased 
thereafter. Both, the biomass and size frequency of cladocerans were affected by 
fish predation. Under the modified food web structure, Tilapia became a competitor 
with Bleaks on Zooplankton consumption. Information given in previous studies 
including the long-term record of the Kinneret zooplankton [1–3, 6] distribution, 
population dynamics and physiological trait was re-evaluated in the present paper.

5.1 Zooplankton dynamics

The Zooplankton compartment within the Kinneret ecosystem exemplify 
the necessity for multi targeted maintenance evaluation [1, 2, 5, 6]. The complex 
interaction relationships require a comprehensive implementation. Long term 
(1969–2001) averages of zooplankton biomass (WW) density in Lake Kinneret is 
given in Table 6 as averages and ranges (Max-Min) of annual means.

A deeper insight into the Zooplankton temporal distribution indicates long 
term decline since mid-1980s accompanied enhancement of Bleak populations. The 
Bleaks population increase was resulted by decline of fishing pressure. Therefore, 
a recommendation was submitted and accepted to subsidize Bleak fishing. The 
concept of sustainability included reduction of cascaded top-down pressure on 
algal grazers to improve water quality. Nevertheless, ecosystem sustainability pro-
tection requires a comprehensive approach of which only fishery was accounted. To 
achieve water quality improvement by algal biomass reduction in oligotrophic deep 
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4.6.1 Peridinium
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is native, feed intensively on the bloom forming Peridinium and have a high com-
mercial value. Therefore, fishing efforts are mostly aimed at this fish and the lake 
population is enhanced by commercial fingerlings production. Results in Table 5 
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ing of Silver Carp (Hypophthalmichthys molitrix) was not recommended aimed at 
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tion of this algae. Three Gray mullet species (Marine origin) are successfully 
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ecosystem sustainability. Peridinium was the major food source for Sarotherodon 
galilaeus. Several other constraints created additional pressures on the fish popu-
lation: Increased population of the migratory fish predator, Great Cormorant 
(Phalacrocorax carbo), reduction of stocked S. galilaeus fingerlings, usage of illegal 
fishing gill-nets mesh size, the elimination of Bleaks (Sardine: Mirograx terraesanc-
tae terraesanctae, Acanthobrama lissneri) fishing, enhanced piscivory of S. galilaeus 
by Clarias gariepinus and outburst of Viral diseases, which infected mostly Tilapias. 
Ecological structure with complicated interactions require informative record 
long enough to ensure appropriate management decision in response to actual and 
unusual developed changes. Inappropriate alerted conclusions were followed a fish-
ery crisis in Lake Kinneret when annual landings of S. galilaeus in 2007–2008 were 
less than 10 tons while normally its varied between 100 and 300. Simultaneously, 
documentation of the total number of fish (>90% Bleaks) was gradually increasing 
between 1987 and 2005. A recommendation of a three-year total fishing ban in Lake 
Kinneret was concluded. This decision was alternatively replaced by a recommenda-
tion of normal continuation of fishing. The fishing ban decision was canceled, and 
fishing continuation was confirmed formally. During 2010–2016, the population of 
S. galilaeus and consequently their landings were recovered and came to its normal 
level. During 2007–2008, Tilapia fishery in Lake Kinneret collapsed [18, 19]. A 
governmental decision of 3 years total commercial fishing ban was undertaken. 
Nevertheless, as part of ecological sustainability clarification of potential reasons 
the resolution was canceled and within 3 years the T. galilaeus population recovered. 
[36, 39]. The changes of the Phytoplankton composition were also accompanied by 
a modification of the fish feeding habits. During its dominance, Peridinium spp. was 
the major food component of the most valued native fish (Sarotherodon galilaeus) in 
the lake. Zooplankton was the major food constituent of the endemic Bleak cypri-
nids (Acanthobrama terraesanctae terraesanctae, Acanthobrama lissneri). To ensure 
water quality, it is important to maintain high grazing pressure of zooplankton 
on nano-phytoplankton. Removal of the unwanted Bleaks by intensified fishery 
management and the introduction of the exotic Silver Carp (Hyphophthalmichthis 
molitrix), an efficient consumer of Microcystis, is therefore beneficial. Zooplankton 
biomass in Lake Kinneret declined from 1970 to the early 1990s but increased 
thereafter. Both, the biomass and size frequency of cladocerans were affected by 
fish predation. Under the modified food web structure, Tilapia became a competitor 
with Bleaks on Zooplankton consumption. Information given in previous studies 
including the long-term record of the Kinneret zooplankton [1–3, 6] distribution, 
population dynamics and physiological trait was re-evaluated in the present paper.

5.1 Zooplankton dynamics

The Zooplankton compartment within the Kinneret ecosystem exemplify 
the necessity for multi targeted maintenance evaluation [1, 2, 5, 6]. The complex 
interaction relationships require a comprehensive implementation. Long term 
(1969–2001) averages of zooplankton biomass (WW) density in Lake Kinneret is 
given in Table 6 as averages and ranges (Max-Min) of annual means.

A deeper insight into the Zooplankton temporal distribution indicates long 
term decline since mid-1980s accompanied enhancement of Bleak populations. The 
Bleaks population increase was resulted by decline of fishing pressure. Therefore, 
a recommendation was submitted and accepted to subsidize Bleak fishing. The 
concept of sustainability included reduction of cascaded top-down pressure on 
algal grazers to improve water quality. Nevertheless, ecosystem sustainability pro-
tection requires a comprehensive approach of which only fishery was accounted. To 
achieve water quality improvement by algal biomass reduction in oligotrophic deep 
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lakes Phosphorus removal is ultimately required. Because Phosphorus removal was 
excluded Sustainability protection was only a partial success: zooplankton biomass 
was recovered but algal biomass was not reduced [36–39]. The suppression of the 
enhanced population winter migratory fish consumer Cormorants in Lake Kinneret 
became essential as a protector of ecosystem sustainability [36–39]. The deporta-
tion of Cormorant from Lake Kinneret is a useful implementation of water quality 
protection. The number of Great Cormorant (Phalcocorax carbo) wintering (from 
the end of October through March) in the Lake Kinneret Region is approximated as 
6000 (5000–7000). The predation rate of the Cormorants indicates a daily ration 
varying between 300 and 1000 grams per bird with the more common value of 
700 grams per bird [37, 38]. Six thousand Great Cormorants preying daily at 500 g 
fish per bird during 100 days removed 300 tons of sub-commercial-sized Tilapia 
(Mostly S. galilaeus) from the lake. However, we have to take into account that the 
fishes preyed on are below the commercial size of 100 g per fish, that is to say that 
the potential damage is bigger (legal size >200 g/fish). Individual Tilapia preyed on 
weighted 50-70 g; if not preyed on they might grow up to commercial size within 
5–6 months to be marketed. Consequently, the commercial value of such losses is 
between 1.5 and 3.0 million US$. Such a damage to fishermen’s income and ecologi-
cally to the system can be reduced by aggressive deportation of the Cormorants 
from Lake Kinneret and simultaneously from their night station site. The ecological 
contribution of Tilapia to the ecosystem aimed at water quality protection is done 
through the consumption of Peridinium biomass gradually reappeared recently. 
The recommended accompanied operation is Bleaks removal aimed at releasing 
zooplankton food biomass to S. galilaeus. Predictive recommendations include, 
among others, is a practical design which is presently under consideration aimed 
at achieving reduction of fish predation by Cormorant without violating accepted 
legislations. In other words to protect nature items together with improvement of 
fishery and water quality in Lake Kinneret.

6. Shallows: beach vegetation interface

The lake shallows/beach interface is a contradiction between public and 
eco-limnological services. The surface area of the inundation zone is about 
11 km2 according to: Annual WL fluctuates between 209 with lake bottom area is 
168.9 km2, and 213 mbsl with lake bottom area of 161.4 km2, lake shoreline length 
is 55 km and adjacent beach belt width is 50 m. This nearby water beach area is 
potentially open for recreation service entitled “Aquatic Recreation Belt” (ARB) 
[41]. Nevertheless, under temporal long-term inundation regime the ARB allocation 
is not precisely predictive. During heavy precipitation season WL is high and major 
part of the ABR area is shrunk while after low rainfall season ABR area is wider 

Group Average (g(ww)/m2) (%) Max-min range (g(ww)/m2)

Copepoda 9.0 (33) 2.3–17.7

Cladoceraa 15.9 (59) 8.8–25.1

Rotifera 2.1 (8) 0.9–5.2

Total 27.0 12–48

Table 6. 
Averages of annual (1969–2001) means and max-min ranges of zooplankton groups (Copepoda, Cladocera, 
Rotifera, Total) WW-biomass (g(ww)/m2).

137

Sustainable Utilization of the Lake Kinneret and Its Watershed Ecosystems: A Review
DOI: http://dx.doi.org/10.5772/intechopen.93727

and immediately covered by beach aquatic vegetation. The fast grower aquatic 
plants create a nuisance for aquatic recreational activities such as water access and 
favored environmental conditions for unwanted animals like Venomous Snakes. 
Fox, Mongoose, Jackal, etc. Moreover, next year the aquatic plants would be flooded 
and decomposed forming optimal conditions for Mosquitoes reproduction accom-
panied by accumulation of rotten bad smell organic matters. Reasonable solution 
might be mowing of those plants which on the other hand probably create shortage 
of spawning ground for S. galilaeus [10]. The Kinneret shoreline length is 55 km 
of which only 12.7 km (23%) are legal open public beaches. So far, prognosis of 
damage is practically negligible while enhancing S. galilaeus population biomass is 
possible by commercial production of fingerlings. Conclusively, partial mowing of 
beach vegetation and S. galilaeus reproduction would not be interfered. These objec-
tives are due to the high (212–213 mbsl) WL regime. A recent computation of lake 
water surface area in respect to WL obviously indicates close positive significant 
linear regression when WL was below 210 mbsl. Under higher WL the relation was 
insignificant. It is because WL came the Bethsaida lagoons altitude. Resulting lower 
elevation of WL with respect to wide flooding area. The Beteicha lagoons densely 
covered by aquatic plants (Tamarix spp., Typha spp., and Phragmites spp.) are known 
as an optimal spawning ground, YOY care treatment for S. galilaeus. Conclusively 
[10], beach vegetation mowing as a compromise between fish reproduction inter-
ference and human recreation is relevant when WL altitude is lower than 212 mbsl.

7. Hula valley farmers and Kinneret limnologists should be friends

Since 1993 flocks of migratory Cranes (Grus grus) stay during 4 winter months 
in the Hula Valley. The Crane wintering provided the most attractive target for 
Eco-tourism [42]. The winter migrating of app. 50,000 Cranes in the Hula Valley 
during 4 months are very attractive, and the touristic visits were enhanced signifi-
cantly from about 50,000 during the early 1990’s to almost half a million presently. 
The Crane wintering flocks created severe difficulties, including damage of agri-
cultural crop and nutrient (excretions) sources in Lake Agmon-Hula and further 
downstream into Lake Kinneret. It might be risky for the stability of the Kinneret 
Sustainable trait: 50 × 103 Cranes excrete 5.24 gP/Ind./day during 170 days produce 
approximately 44.5 tons of TP [42] beside other TP sources in the Hula Peat soil, 
agricultural fertilization and ecological processes in Lake Agmon.

Protection of aquatic Ecosystem sustainability require anthropogenic control 
throughout the entire watershed. The social, agricultural, hydrological and ecological 
activities of development in the Hula Valley justify a careful approach., The Crane 
case, among others, require a significant consideration. The Hula Valley contribute 
above 50% of the external nutrient inputs into Lake Kinneret and the agricultural 
management has an impact on nutrients merit to the lake. Ecotouristic manage-
ment including Crane wintering as visitors’ attraction is part of reasonable entire 
Valley management and Kinneret water quality protection. Therefore collaborative 
management by the farmers and tourism managers is vital. A collaborative solution 
between farmers, nature authorities, water managers, land owners, and regional 
municipalities was budgeted and implemented. Money was allocated for the renting 
of a 40 ha field block in the valley dedicated as “Feeding Station” where purchased 
Corn seeds are given to the cranes twice a day. Feeding start in late December and 
continue until early March when the Cranes fly back to Europe for breeding. Cranes 
which land prior to Mid-December are deported aimed at reducing number of 
potential feeders, prevention damage and reduction of the cost of Corn seeds. This 
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lakes Phosphorus removal is ultimately required. Because Phosphorus removal was 
excluded Sustainability protection was only a partial success: zooplankton biomass 
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and immediately covered by beach aquatic vegetation. The fast grower aquatic 
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favored environmental conditions for unwanted animals like Venomous Snakes. 
Fox, Mongoose, Jackal, etc. Moreover, next year the aquatic plants would be flooded 
and decomposed forming optimal conditions for Mosquitoes reproduction accom-
panied by accumulation of rotten bad smell organic matters. Reasonable solution 
might be mowing of those plants which on the other hand probably create shortage 
of spawning ground for S. galilaeus [10]. The Kinneret shoreline length is 55 km 
of which only 12.7 km (23%) are legal open public beaches. So far, prognosis of 
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insignificant. It is because WL came the Bethsaida lagoons altitude. Resulting lower 
elevation of WL with respect to wide flooding area. The Beteicha lagoons densely 
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as an optimal spawning ground, YOY care treatment for S. galilaeus. Conclusively 
[10], beach vegetation mowing as a compromise between fish reproduction inter-
ference and human recreation is relevant when WL altitude is lower than 212 mbsl.
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Sustainable trait: 50 × 103 Cranes excrete 5.24 gP/Ind./day during 170 days produce 
approximately 44.5 tons of TP [42] beside other TP sources in the Hula Peat soil, 
agricultural fertilization and ecological processes in Lake Agmon.
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case, among others, require a significant consideration. The Hula Valley contribute 
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municipalities was budgeted and implemented. Money was allocated for the renting 
of a 40 ha field block in the valley dedicated as “Feeding Station” where purchased 
Corn seeds are given to the cranes twice a day. Feeding start in late December and 
continue until early March when the Cranes fly back to Europe for breeding. Cranes 
which land prior to Mid-December are deported aimed at reducing number of 
potential feeders, prevention damage and reduction of the cost of Corn seeds. This 
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achievement initiated benefits for both the landowner farmers by income resource as 
half a million bird visiting watchers (priced entrance) while the Hula Valley effluents 
were not significantly deteriorated.

It is suggested that Cranes do not contribute a significant addition of TP to lake 
Kinneret and the Epilimnion increase is the result of internal sources. Moreover, 
positive regressions were indicated between River Jordan discharge and nutrient 
inflow loads which is r2 = 0.596, (p < 0.0001) for TP. Independently, the discharges 
in the Jordan River were declined since the mid-1980’s from 15 to <10 m3/s caused 
by precipitation decline.

The reconstruction of the old Hula native Flora and Fauna indicated approxi-
mately 300 bird species 12 fish species, 40 plant species observed in the Hula Valley.

The Eco-Touristic Crane Project was designed to be a part of a comprehensive 
objective aimed at establishment of watershed and lake Kinneret ecosystems 
sustainability.

The Hula Reclamation Project was aimed at ensuring sustainability of modified 
eco-systems by bridging over the conflict between agriculture development, Kinneret 
water quality protection and nature conservation. The tension between farmers, 
water managers, nature preservation was reduced, and collaboration came instead. 
The outcome of the HP was renewal of an ecosystem, which has become a tourist 
attraction including enriching the biological diversity.

8. Conclusive summary

The management of Lake Kinneret and its watershed require a national attempt 
to ensure their sustainability. These ecosystems are crucial for the nation and their 
protection is the national concern. Their functional efficiency can be achieved 
by long term managerial operation conducted by principles of sustainability. 
The outcome of this paper evaluations are the following recommendations: Lake 
Management: (1) Shorter length of residence time to enhance water exchange and 
input of desalinized waters and together with pumped withdraw for supply and 
Dam open policy and lowering of WL are accepted options; (2) Recommended 
WL range between 208.8 and 213 mbsl with annual fluctuated amplitude of 1.5 m; 
(3) Enhance nitrogen supply to the epilimnion to encourage Peridinium bloom 
renovation; (4) Stocking of Sarotherodon galilaeus and Hypophthalmichthys molitrix 
and implementation and enforcement of fishery regulations; (5): Renewal bleaks 
fishery; (6): Mowing of aquatic vegetation in public beaches; Management of the 
Watershed: Enhance peat soil moisture through continuation of the “Peat Soil 
Convention”; agricultural maintenance accompanied by eco-tourism with reason-
able population size of cranes and regulated number of visitors.
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by precipitation decline.

The reconstruction of the old Hula native Flora and Fauna indicated approxi-
mately 300 bird species 12 fish species, 40 plant species observed in the Hula Valley.

The Eco-Touristic Crane Project was designed to be a part of a comprehensive 
objective aimed at establishment of watershed and lake Kinneret ecosystems 
sustainability.

The Hula Reclamation Project was aimed at ensuring sustainability of modified 
eco-systems by bridging over the conflict between agriculture development, Kinneret 
water quality protection and nature conservation. The tension between farmers, 
water managers, nature preservation was reduced, and collaboration came instead. 
The outcome of the HP was renewal of an ecosystem, which has become a tourist 
attraction including enriching the biological diversity.

8. Conclusive summary

The management of Lake Kinneret and its watershed require a national attempt 
to ensure their sustainability. These ecosystems are crucial for the nation and their 
protection is the national concern. Their functional efficiency can be achieved 
by long term managerial operation conducted by principles of sustainability. 
The outcome of this paper evaluations are the following recommendations: Lake 
Management: (1) Shorter length of residence time to enhance water exchange and 
input of desalinized waters and together with pumped withdraw for supply and 
Dam open policy and lowering of WL are accepted options; (2) Recommended 
WL range between 208.8 and 213 mbsl with annual fluctuated amplitude of 1.5 m; 
(3) Enhance nitrogen supply to the epilimnion to encourage Peridinium bloom 
renovation; (4) Stocking of Sarotherodon galilaeus and Hypophthalmichthys molitrix 
and implementation and enforcement of fishery regulations; (5): Renewal bleaks 
fishery; (6): Mowing of aquatic vegetation in public beaches; Management of the 
Watershed: Enhance peat soil moisture through continuation of the “Peat Soil 
Convention”; agricultural maintenance accompanied by eco-tourism with reason-
able population size of cranes and regulated number of visitors.
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Chapter 11

Promising Water Management 
Strategies for Arid and Semiarid 
Environments
Adel Zeggaf Tahiri, G. Carmi and M. Ünlü

Abstract

Water is the most limiting factor for crop production in arid and semiarid areas. 
The search of promising water management strategies is foremost for achieving 
highly productive and sustainable agriculture. Irrigation water management, water 
conservation, and nonconventional water use for agriculture are key issues to be 
considered by the National Agricultural Research Systems (NARS) in these areas. 
According to climate change scenarios and population growth predictions, these 
countries will undergo even severe water scarcity levels. Failure of resolving food 
production challenge will exacerbate tensions between countries, wars, and illegal 
immigration and compromise human, social, economic, and sustainable develop-
ment in these areas. However, the search for innovative solutions to water scarcity 
must comply with societal values, environmental sustainability, and market 
growth.

Keywords: aridity, water management, irrigation water management,  
water conservation, nonconventional water use, crop production, sustainability, 
environment

1. Introduction

Most of the Earth’s water resources comprise of saline water (97.5%) covering 
70% of the Earth’s surface. Only 1.2% of the remaining 2.5%, which is called fresh-
water, is surface water and other freshwater, and it is this water which can be used 
for all living organisms. Therefore, renewable freshwater resources are finite and 
unequally distributed geographically [1]. On the other hand, the world population 
is growing at a rate of ~73 million per year [2], while the freshwater withdrawal, 
which has already tripled since 1965, is increasing at a rate of 64 km3 year−1 [3]. 
Moreover, aridity is a major economic, social, and environmental concern to the 
international community. It is seriously constraining the global food security, 
ecosecurity, socioeconomic stability, as well as sustainable development.

These will be undoubtedly the major challenges for humanity in the twenty-
first century and beyond. While aridity is a natural phenomenon, humans also 
impact indirectly water through land use change and alterations in climate through 
fossil fuel combustion [4]. The desiccation of the Aral Sea which started back to 
the period of the Soviet Union is one of the documented examples. Severe and 
widespread ecological, economic, and social consequences that are progressively 
worsening have resulted from the Aral’s recession [5].
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To our understanding, a production model prioritizing only economic indicators 
such as market shares and huge benefits is one human action that exacerbates aridity, 
which has to be thoroughly considered. Such models could be profitable at short and 
medium terms but turn to the opposite at the long term since resources are under-
mined. In agriculture, they imply an intensive use of input resources: water, land, and 
plant material. This process causes water pollution, aquifer depletion, land salinization, 
forest clearance, etc. which leads ultimately to the habitat degradation of the Earth.

Instead, we propose the following framework as basis for any human activity 
(Figure 1). Only businesses following this pyramidal network will comply with 
societal values, environmental sustainability, and market growth.

In the following, promising strategies will be discussed which aim to a better 
resource management and hence sustainable development with the objective to 
reduce the negative impact of aridity on humanity future.

2. Irrigation management

Globally, water withdrawal for agriculture is estimated to 70%, 11% for domes-
tic, and 19% for industrial uses [3]. Although there is a slight variation among 
North and South Mediterranean countries (Figure 2), depending on whether a 
country is heavily industrialized or not, the agricultural sector remains the largest 
water user for the majority. Globally, the production of irrigated crops is a predomi-
nant water “consumer” given that ~70% (~3 trillion m3) of totally abstracted fresh 
hydro-resources is exploited by the agricultural sector [7]. It is obvious that any 
economy on agricultural water will benefit largely to other sectors.

At a global scale, agricultural water losses are enormous (Figure 3) reaching 55% 
of available irrigation water. They are caused by irrigation system, farm distribu-
tion, and field water application mismanagement. Only 45% of irrigation water is 
effectively used by crops. There is an urgent need to address these deficiencies and 
to improve water use efficiency at crop field level.

Studies showed that localized irrigation of crops is better than continuous 
irrigation [8, 9]. A comparison between frequent and moderate irrigation regimes 
for maize crop was carried by [9]. Figure 4 shows a summary of the typical patterns 
of energy balances over maize field, soil surface, and maize canopy by the double 
layer Bowen ratio energy balance (DOLBOREB) system during both water regimes. 
Globally, no major differences were observed for energy balance patterns between 
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the two water regimes since evapotranspiration at maize field level remained high 
during both regimes. In fact, maize field energy balance measurements alone 
provide virtually no information on how soil surface and canopy energy balances  
are partitioned. This shows clearly the limitations of considering crop field evapo-
transpiration as a whole, especially when addressing such important issues as would 
be water use efficiency improvement in arid areas. A number of factors have con-
tributed to this situation. The high cost of the equipment involved in such experi-
ments and the inherent errors associated with the use of different measurement 
devices and measurement scales tremendously hinted the large-scale adoption of 
such techniques either by research scientists and/or by irrigation practitioners [9].  

Figure 2. 
Water sector allocation for North Mediterranean (A) and South Mediterranean countries (B) [6].

Figure 3. 
Water usage by crop and losses in irrigation system [6].
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The DOLBOREB system indicated that soil had a major impact on maize canopy 
energy balance. It also showed that a frequent irrigation regime is not necessarily a 
synonym of maximum plant transpiration (Figure 4). Ham et al. [8] also concluded 
that a wet soil appears to reduce crop transpiration (λEc) by acting as a sink for 
advective energy while reducing the radiation load on the canopy.

Future studies for other crops and under different climatic conditions are 
needed to improve our knowledge of water relations at crop field level. Examining 
the effect of factors such canopy size, crop type, plant water stress, etc. on soil 
surface and canopy energy balances is of considerable importance. Energy flux data 
generated by the DOLBOREB system would be useful for building evapotranspira-
tion and crop growth models. This irrigation management system would save about 
30–35% of the water used at crop field level [10].

With (Rn) net radiation; (λE) latent heat flux, (H) sensible heat flux, and (G) 
soil heat flux at maize field level. (Rns) net radiation reaching the soil surface; (λEs) 
soil surface latent heat flux, and (Hs) sensible heat flux from the soil surface.  
(Rnc) net radiation absorbed by the canopy; (λEc) latent heat flux, and (Hc) sensible 
heat flux from the maize canopy.

3. Water conservation

Dryland regions occupy about 41% of the Earth’s terrestrial surface and are home to 
more than a third of the world’s population (e.g., [11]). Water is a primary limiting fac-
tor to agricultural development in these regions where the local population is suffering 
from food shortage. Runoff generated as a result of rainfall occurrence infiltrates to the 
shallow soil depth and is mostly being lost to after-rain evaporation, and the rest of the 

Figure 4. 
A summary of the typical patterns of energy balances over maize field, soil surface, and maize canopy by the 
DOLBOREB system during frequent and moderate irrigation regimes.
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runoff is lost by strong flows to seas. Intensive agricultural practices and civil project 
development result in large impermeable areas, soil compaction, and crust generation 
that cause more runoff to be lost. Increasing runoff velocities lead to intensive erosion 
processes and land degradation and eventually make the region more arid. Over 17.5% 
of the global land area is exposed to wind and/or water erosion processes [12].

More efficient management of runoff known as runoff harvesting or runoff farming 
may be used for food and energy production, flood and erosion control, and landscape 
development [13–15]. In terms of combating desertification and land degradation, 
water harvesting appears to be a viable solution [13]. Runoff farming allows agricultural 
activity in areas that normally do not receive enough rainfall [16, 17]. This is achieved by 
concentrating rainfall from a collecting area (catchment) into a smaller and lower lying 
receiving area, where the water is stored in the soil profile, allowing its cultivation.

Hydrological aspects of these systems, especially with respect to runoff genera-
tion, have been reviewed [14, 18].

However, the use of the collected water for agricultural purposes and pre-
venting land degradation has received little attention. The salient feature of this 
technique is that large amounts of water are collected a few times during the short 
rainy season. The collected water is ponded in walled fields and percolates to con-
siderable depths. During the dry season, no water is added. These conditions affect 
plant production. To use stored water as efficiently as possible, soil evaporation 
and deep percolation should be minimized, and transpiration regulated to allow 
plants to produce biomass throughout the dry season [19].

Evaporation can be controlled by increasing tree density or mulching the soil, 
thus reducing the radiation that reaches the soil surface [20]. Alternatively, a similar 
effect may be achieved by introducing an annual intercrop. Such a crop is likely to 
consume water from the upper layers, part of which would otherwise evaporate 
directly from the soil surface. Deep-percolating water can be exploited by plant spe-
cies with deep-root systems, without necessarily competing with the annual crop. 
The combined cultivation of shallow rooting annuals and deep-rooting perennials is 
proposed as a system that uses the stored water efficiently.

There are macro-catchment systems (Figure 5) designed to collect runoff from 
relatively large catchment areas used for water storage in the root zone for a group 
of trees or plants and micro-catchment systems designed to collect runoff from 
relatively small catchment areas, used for enhancing soil moisture storage in the 
crop rooting zone for individual crop planted in a shallow pit or micro-basin [21].

Micro-catchments for water harvesting have been tested in the Negev Desert, 
Israel, for decades [14]. The idea was to use runoff water for growing trees in such 

Figure 5. 
Flooded macro-catchment.
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receiving area, where the water is stored in the soil profile, allowing its cultivation.

Hydrological aspects of these systems, especially with respect to runoff genera-
tion, have been reviewed [14, 18].

However, the use of the collected water for agricultural purposes and pre-
venting land degradation has received little attention. The salient feature of this 
technique is that large amounts of water are collected a few times during the short 
rainy season. The collected water is ponded in walled fields and percolates to con-
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a way that each tree had its own small catchment area, typically less than 100 m, 
and store it in the root zone of an adjacent infiltration basin where a tree or bush 
or an annual crop is grown [14, 22–24]. The system can be built on almost any 
slope, enabling the farmer to use large flat areas [13] that might be a significant 
advantage for application in the areas where collecting large amounts of runoff is 
not possible.

The infiltration basin is usually a shallow depression located at the low end in 
the immediate vicinity of the runoff generating area (Figure 6).

Runoff generation at micro-catchments is affected both by the total rain 
amounts and average rainfall intensity [18], while the relatively absolute amount 
of water collected at micro-catchments is low anyway. In such circumstances, the 
central idea behind any micro-catchment design should be enhancing infiltra-
tion and reducing evaporation of already collected water and thus improving soil 
moisture storage in the crop rooting zone through the dry season. The second 
component of the system is the water conservation efficiency at the collection 
plots, i.e., in the soil profile and its further availability to trees/shrubs. The deeper 
the harvested water moves in the soil profile, the less part of it is exposed to 
evaporation [15].

The size of the runoff production area directly determines the total amount of 
runoff water that can be stored in the pit together with soil and rainfall character-
istics, topography, etc. [25]. Reported sizes of a single plot are 100–250 m2 in Israel, 
250–400 m2 in India, and 1000 m2 in Mali [16].

Runoff generation at micro-catchments is also affected by the rainfall charac-
teristics. It was shown that there is a clear relationship between runoff yields and 
average rainfall intensity and the degree of correlation between them improves with 
a decrease in the length of the gap between the rainstorms [18].

The rate of water losses by evaporation is mainly affected by radiation, 
climate, soil texture, soil structure, soil hydraulic properties, etc. [15]. Because 
of relatively low absolute amount of water collected at micro-catchments, 
special attention should be paid to the prevention of the stored soil water from 
evaporation.

Long-term micro-catchment experiments carried out at Mashash runoff har-
vesting experimental farm of Ben Gurion University of the Negev showed that the 
change of collection plot design from a flat surface to a deeper and narrower pit 
makes the system much more effective. Being collected in the pits, water may infil-
trate deeper due to repetitive concentration of relative large water amounts at the 
limited area and the increased waterhead. Most trees planted inside the pits showed 
the much higher surviving ability comparing with trees planted at the flat plots.

Figure 6. 
Traditionally designed micro-catchment system: (a) schematic of the system and (b) flooded micro-catchment.
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Infiltration and evaporation have a different pattern in the case of water collec-
tion in the pits. Soil water infiltrates through the pit bottom and the walls, where 
also the surface evaporation occurs through. Additionally water is lost to evapora-
tion through the soil surface around the pit.

Deeper pits enable water to be stored in deeper soil layers around the pit, 
increase the distance between the stored water and soil surface, and therefore 
conserve more water in soil for further use by plants.

4. Seawater agriculture

The increasing deficiency of freshwater combined with the ever expand-
ing world population will exacerbate water use pressure between the different 
water user sectors (urban, industrial, and agricultural). Solving this problem 
will undoubtedly be the twenty-first century challenge and is necessitating that 
marginal quality waters including saltwater and/or seawater are strategically used 
to meet the water shortage without any detriment to the environment and natural 
resources for increasing crop production worldwide.

According to the Food and Agriculture Organization (FAO) of the United 
Nations [26] and World Resources Institute (WRI) in collaboration with the 
United Nations Development Programme (UNDP), United Nations Environment 
Programme (UNEP), and World Bank (WB) [27], most of the West Asia and 
North Africa countries are expected to fall below the water scarcity level (1.000 m3 
capita−1 year−1) by the year 2030. The most affected countries are Kuwait, United 
Arab Emirates, Saudi Arabia, Yemen, and Libya where renewable water resources 
(RWR) per capita will fall well below 100 m3 capita−1 year−1 [26–28]. Of course, 
reverse osmosis factories are blooming in the Middle East and North Africa, 
producing almost half of the 95 million m3 day−1 of desalinated water for human 
use worldwide [29], but will not be able to meet not in the present nor in the future 
the growing agricultural water demand. Undoubtedly, nonconventional water use 
will contribute to partially alleviate water scarcity in regions where renewable water 
resources are extremely scarce [28].

Halophytes have demonstrated their capability to thrive under extremely 
saline conditions and thus are considered as one of the best germplasms for saline 
agriculture [30]. Few researchers have examined halophytes under special topics 
as sustainable cultivation, saline agriculture, and integrative anatomy [31–34]. 
Much practical work remains to be done, as well as developing the basic science of 
halophytology [35]. Apart from the cultural and sometimes the political constraints 
related to it, we think that there is still a big deal of scientific and technical knowl-
edge to be studied and discovered for a better development of seawater agriculture 
in desert areas.

Novel approaches to mangrove planting in desert countries have been pub-
lished [36, 37]. They prove establishing mangrove trees in salty coastal lands is 
possible providing an appropriate mineral nutrition, i.e., nitrogen, phosphorus, 
and iron. Based on this finding, they devised a planting method (Figure 7) and 
used mangrove nurseries. This discovery has permitted plantation of about 
1 million mangrove trees, chiefly Avicennia marina, in the intertidal zone of 
the Red Sea coast of Eritrea [36]. However, this assumption has not made the 
unanimity among the scientific community and is contested by some other 
scientists [38]. Nevertheless, such forests can provide feedstuffs and serve as 
nurseries for fish reproduction. These important findings deserve to be con-
sidered for future mangrove plantings and/or mangrove restoration projects in 
Africa’s desert countries.
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Also, other projects confirmed that even with low fertilization amounts, some 
plant species like Avicennia germinans, Nitraria retusa, and Sesuvium portulacas-
trum can grow in extremely salty areas as well [39]. As a result, tens of thousands 
of mangrove trees were planted in the Mauritanian side of the Senegal River 
Delta and Nouakchott seaport [39]. Two years after planting, the mangrove trees 
reached a height of about 2 m and constitute already a source of forage foodstuff 
(Figure 8).

Thus, certain parts of the Earth’s great deserts and other water-stressed areas 
might be converted to mangrove forests with seawater irrigation, which might be 
one of the possible and relatively cost-effective approaches to mitigate desertifica-
tion under global warming.

5. Conclusion

Water is the most limiting factor for crop production in arid and semiarid areas. 
Appropriate water resource management will undoubtedly enhance crop produc-
tion and accomplish sustainable development. These objectives could be achieved 
by adopting the following water management strategies:

• Enhancing agricultural water use efficiency by avoiding water losses at all 
scales, adopting efficient irrigation scheduling, and using environment 
adapted crops and varieties, etc.

Figure 7. 
Forestation of desert area by mangrove transplants.

Figure 8. 
Two-year-old mangrove forest (El Gahra, Mauritania).
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• Water conservation for better crop production

• The use of nonconventional water resources, i.e., wastewater, brackish water, 
and seawater along with the corresponding resistant or tolerant species to 
produce forage and food

Certainly, no single strategy is currently able to thrive by itself in arid environ-
ments. Each one is adapted to a physical and social environment, as well as aridity 
intensity. Sometimes combined water management strategies could improve crop 
production in water-scarce areas. Nevertheless, in these environments, the search 
for better water management strategies and water use habits should be a priority for 
both research institutions and society.

As the world population grows and climate change consequences worsen, water 
scarcity will intensively affect some regions more than others. North Africa and West 
Asia countries, among others, will be dramatically affected, as seen above. It is the 
responsibility of these countries to make the bulk of research in the field for no one 
undergoes their level of water scarcity. In this review, we showed a set of strategies, 
in which combination and application greatly improve plantation and water manage-
ment in arid and/or desert areas. Some strategies are still not widely implemented, 
and others are under investigation. However, for a particular water management 
strategy to be successful, it should be economically viable, respectful of social values, 
and environmentally sustainable. The search of innovative solutions aiming for better 
integrated water resource management is a big challenge for National Agricultural 
Research Systems (NARS), the private sector, and the society as a whole.
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Also, other projects confirmed that even with low fertilization amounts, some 
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5. Conclusion

Water is the most limiting factor for crop production in arid and semiarid areas. 
Appropriate water resource management will undoubtedly enhance crop produc-
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scales, adopting efficient irrigation scheduling, and using environment 
adapted crops and varieties, etc.

Figure 7. 
Forestation of desert area by mangrove transplants.

Figure 8. 
Two-year-old mangrove forest (El Gahra, Mauritania).
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and others are under investigation. However, for a particular water management 
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