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Preface

Landscape planning is generally described as a multi-disciplinary field that incorporates
several branches of knowledge, considering at the same time science, technology, and art. In
this scenario, each and every single landscape and planning specialist should be perceived
as someone who is able to promote the definition of land use, thus enabling landscape alter-
ations that should ensure sustainable development, while protecting the environment, pre-
serving natural and cultural assets, and improving people’s quality of life. Unfortunately,
sometimes this is not true.

In this regard, the transformation of landscapes worldwide has raised global concerns, in-
creasing the need to rethink landscape planning and protect the environment. This is especial-
ly true for previously developed areas that are now abandoned or underused. Instead of
consuming green lands, the brown and grey lands need to be redeveloped and given new life,
achieving a more sustainable urban setting. In this sense, although landscape reclamation
plays a very important role for societal development, the continuous use of green fields con-
tinues to have deep economic, social, and ecological impacts that require special attention.
The new environmental paradigms associated with globalization, progressive climate change,
and increasing food production needs will intensify the entropy and the instability in most of
the existing natural land. This reality creates the perfect momentum to assess these issues.

The present book aims to highlight the opportunities and challenges associated with the de-
velopment of new sustainable landscapes, considering current and future challenges related
to land use change, planning, and development, considering not only the different sustaina-
bility pillars, but also the impacts these changes might have in each one of them.

This book covers a wide range of research domains and issues associated with land use
change and redevelopment such as public involvement, landscape quality assessment, land
use resilience, land policies, urban planning, and landscape reclamation, among others. The
book covers a wide range of topics related to land use change and planning, assessing the
impact of contemporary needs and constraints and landscape management strategies both
on planning, ecosystem, and landscape design.

As a landscape architect and agronomic engineer with research interests deeply related to
the field of sustainability, landscape planning and design, my main investigation goals are
directly connected to fitting design to the needs and desires of contemporary life, addressing
in equal measure society, the natural landscape, heritage and culture, and economic issues. I
believe landscape planning is increasingly missing a vision towards future planning proc-
esses that differ from many contemporaries in its philosophical grounding in the social as
well as creative matrices, calling for a comprehensive view of the different components of
landscape design, acknowledging the need for an interrelated analysis of the ecological, cul-
tural and socioeconomic issues in planning and design processes.

Luis Carlos Loures
Polytechnic Institute of Portalegre, Portugal
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Chapter 1

Introductory Chapter: Land-Use Planning and Land-Use
Change as Catalysts of Sustainable Development

Luis Carlos Loures

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.84520

1. Land-use planning: paradigm changes and future perspectives—a
brief overview

Land-use change has often been one of the main drivers of economic growth, social change and
innovations of the government. For this reason, as mentioned by Magalhaes [1], the analysis
and comprehension of the processes, which throughout time, influenced landscape form and
patterns (and thus land use), constitute an essential feature for those aiming to work in and
with it. Thus, this subject has been widely addressed considering not only the historical role
of cities but also the problem that land-use change had caused throughout time ([2-6]). Still,
the analysis of land-use change is generally associated to the impacts of growth, and to the
implications it had on environmental, economic and social development dimensions ([7-12]).
In fact, the environmental movement marked somehow by the publication of the book Silent
Spring by Rachel Carson in 1962 may be considered a good example of this association, not
only because Carson’s book exposed the negative environmental impacts of land-use change
considering the unchecked impact of industrial development both on natural ecosystems and
human health, but also because the conversion of natural land into urbanized one started to
be viewed as a possible threat to future of the planet.

This movement, which had a great impact in terms of land-use planning, gained a special
momentum in 1969, the year of the first ‘Earth Day’, which revealed the environment to be a
powerful political issue. It was the year of the formation of the U.S. Environmental Protection
Agency (EPA), which enabled a wide range of laws to control existing and potential threats to
the environment, thus affecting land use; and it was the publication year of the book Design
with Nature by the landscape architect lan McHarg, which according to Andresen [13] intro-
duced the direct application of ecological principles in planning.

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN
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Since then, several steps were taken in order to mitigate land-use conflicts representing a
response to different environmental paradigms. Still, according to Saraiva [14], since the
beginning of the environmental movement, new concepts have emerged, including different
variables into the existing models, enabling the creation of new environmental paradigms
which may be divided in three phases (Figure 1): the first regarding Environmental Protection
during the 60s and 70s—in which the imposition of limits to economic growth and to pollu-
tion were the main concern; the second regarding Resource Management during the 1970s and
1980s —considering the unmeasured consumption of natural resources; and the third during
the 1980s and 1990s regarding Sustainable Development, and the need to consider social, eco-
nomic and environmental aspects in development policies, taking into account environmen-
tal preservation in a way human needs can be met not only in the present but also for future
generations.

These paradigms were and continue to be important steps in order to solve or reduce most of
the land-use problems created during the last century.

Commoner ([15], cited by Lyle [16]) argues that the main problem lies in our means of produc-
tion and that in order to solve environmental land-use problems, we need to change not only
the location of certain activities but also the ways of making things. As it has been expressed,
understanding this phenomenon is perhaps one of the most relevant consequences of assess-
ing the history of land-use development (especially since industrial revolution), given that it
becomes simpler not only to comprehend the current state of the art as it applies to us, but
also to envision possible solutions for present and future problems ([17-21]; Loures [22]). In
a period when cities have become places of diversity and contrast, of abundant wealth and
abject poverty [47], of opportunity and threat [48], places where beauty and ugliness lie in
close proximity and where the future collides with the past [23], it is increasingly necessary to
understand its processes and the problems inherent to them, which are now substantially dif-
ferent from what they were in the beginning, and which are directly dependent on land-use
change and evolution [24, 25], progressively moving from liner planning strategies to circular
planning strategies (Figure 2) in which land use is defined considering not only present solu-
tions but also landscape resilience, bearing in mind that imperatively, humanized landscapes
are all transitional places.

Sustainable
Development
Resource
Management
Ervironmental
Protection
605 To's B's 905

Figure 1. Evolution of the environmental paradigms. Source: Loures [10].



Introductory Chapter: Land-Use Planning and Land-Use Change as Catalysts of Sustainable...
http://dx.doi.org/10.5772/intechopen.84520

Mobilization of Release of
potential sites 1 nEw
- Postindustrial conItructian
sites PLANNING sitas in the
~Sites greenbelt
ungdergoing

planning

-Spaces

between Ij
buildingsin town
and city centers

-L.:hml . A tocio-cultural momentum
’ I

ﬂ;h! l==lgp # angd gcongmic constraints
sites

Legal and planning
framewnark

Design instrurments and
spproaches

Environmental

mpects Rejection of

sles which
sre unsuitabls
fiour mew uzes
ona long-
term basis

Figure 2. Circular land use management plan—Loures [10].

2. Sustainable land-use planning —from growth to development

Itis a given that land-use change provides constant new opportunities for those who have the
desire and the ability to seize landscape, regardless of their nature [21, 26-29]. In this regard,
land-use change and planning are considered to be a significant resource for achieving sus-
tainable development [30-33], contributing as well to improve life’s quality. Nonetheless, it
needs to be thought in terms of the town-nature reconnection, considering previously devel-
oped ecological and sustainability theories and principles. Indeed, future land-use planning
needs to be redeveloped in an integrated multifunctional way, emphasizing the fact that envi-
sioned planning alternatives should not only offer different multipurpose uses, in order to
be more attractive and viable, but also incorporate sustainability (considering socio-cultural,
economic and environmental and aesthetic dimensions) at various levels, from national and
regional planning to individual construction sites.

Land use needs 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 envi-
ronmental ‘dimensions’ [34], and putting nations to work together in the definition of new
principles and frameworks towards sustainable development (Figure 3).



6

Land Use - Assessing the Past, Envisioning the Future

1968 1872 1987 1952 1997 2002 2007
= UNESCD = Publication of the book "The Limits = Brundeand = LINC o = Signature - joharneshurg - Leiprig
Biosphare of Gresmth®™ by Dernis Mestdoas Report Erniromment and  of the Kyoto Workd Sormenit  Charber o
Conference, (Clubyod Rome): published by Developmen Protocol, & for Sustainable Sustsinable
Parks; tha LN {UNCED), Rlo de binding Development.  Furopean
- United Nations Corderents appotnted Jmneiro [Easth agreement Clries creating
Foundad {UNL) on the Human Ervirommant, Wenld SummB) bowards the o foundation
thei Clubs of Stockbolm. Commiuion on reduction of fior & P
Rovme. Emvdronmgnt -locel Agenda 21 COy wrban policy In
and Iz & document amizsions Eurcpe.
Development. sdopted by more
than 178
Governments at
the UNCED.

Figure 3 . Schematic overview of some conferences and publications regarding sustainable development issues. Source:
Loures [10].

In this regard, the application of sustainability principles to land-use change and land-use plan-
ning, the concept of sustainable development suggests that growth must occur, but that it must be
quality growth. Still, encouraging growth while reducing resource consumption, is according to
North [35] in fundamental opposition. This idea, though acceptable, is arguably not totally correct,
for example, under the scope of landscape redevelopment, is arguably not totally correct, once,
while fostering growth, greyscape redevelopment (considered here as an alternative to greenfield
development) reduces land consumption. Growth does not always have to mean ‘new or more’,
the problem is that the relatively vague construction of the concept, depending on the context or
purpose of its use, turned it into a kind of “catch-all’ term that now refers to almost anything [36].

Still, questions such as: How to achieve sustainability? How to measure it? And how does sus-
tainable development improve current design and planning practices and vice-versa? continue
to nourish the discussion around the concept of sustainability ([35, 37]; Manta-Conroy [38]),
indicating that there is still a poor understanding of what it means [39], and of its influence
in current landscape use and planning practices. This happens not only because sustainabil-
ity may be interpreted in two ways: the first refers to landscape conservation, regarding the
continuation of practices that maintain and organize it; the second, to the idea of perceiving
sustainability as a main principle for future land use, considering the potential landscapes
have to enhance sustainability [40], but also because the notion of a sustainable landscape
development may involve a contradiction based on the fact that landscapes evolve somehow
in a more or less chaotic way as a reflection of social and economic needs [40]. In this way, as
mentioned by Potschin and Young ([41], p. 157) landscapes may contribute to sustainability, but
they are not sustainable in themselves.

Considering this, at the planning level, the idea expressed by the Portuguese architect Nuno
Portas [42] may represent in some way a vision of what planners and designers might
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understand by sustainable land-use planning. According to Portas, in order to be sustain-
able, once we are living in a period of great uncertainties, planning and design decisions
should be flexible, leaving space for possible amendments. He goes further and states: for
example, I am not thankful to Le Corbusier, by determining, in the beginning of the twentieth century,
how modern cities should be. Today we know enough to say that the cities He envisioned were not
good. Sustainability land-use planning means in this way, the capacity to develop resilient
landscapes, that is, landscapes with the capacity to absorb disturbance and reorganize while
undergoing change so as to retain essentially the same function, structure, identity and feed-
backs ([43, 44]), including also the capacity to recover from management mistakes.

These ideas are in some regard connected with the vision highlighted by the Dutch architects
Rem Koolhaas and Adrian Geuze according to which planning and design should be faced as
an opportunity to sketch out a future development without entirely fixing it [45], creating land-
scapes with the potential to change and evolve in accordance to still unknown usages. In fact,
the integration of sustainability in planning and design processes represents a paradigm shift
to the extent that it reflects not only changes in the manner in which development is planned,
but also in the organization of the socio-cultural and economic mechanisms that control and
implement planning, and in the role of the community in those land-use planning processes.
This new reality enabled in part, by significant economic changes, led urban planning and
design to another level, in which places and people acquired an increasing significance in eco-
nomic redevelopment (Figure 4). Though, these efforts operate in contradiction to factors such
as an increasing population, and a growing use of resources, many of them non-renewable [46].

Even if throughout recent years several normative theories regarding sustainable land use,
considering both design and planning principles towards sustainable communities, were cre-
ated, defining not only the ways in which land-use planning should be envisioned but also
the ways in which new developments should be created, the answer to this question is far
from being achieved. From an overall viewpoint, sustainable land use represents a subject of
real sustainable dimensions, given that it tackles environmental, social and economic issues,
which are the main dimensions of sustainability.

( 1 !
Economic Growth key to ' . TR | [ Population Growth key to
| Population Growth . oLD Ecenomic Growth |
. AR ECONOMY p— —_—
Jobs attract people l l Great places are talent magnets
. - -
Old industrial complex are people Talented people (knowledge- !
magnets basad workers) create jobs
= V.S, | S——— =
Strategies focused on attracting Strategies focused on attracting
Industry talented people
= - / \
| Focus on cheap land, willing Focus on attractive tolerant
workers, raw materials, acomss to NEW |4 | places with great social, natural,
rivers and ports, transpartation, ECONOMY entreprensurial, creative and
low cost, low taxes, etc Intellectual capital

Figure 4 . Economic paradigm shift—old economy versus new economy. Source: Loures [10].
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The present book considers a set of subjects which highlight the diverse nature of the sci-
entific domains associated to land-use planning, emphasizing the need to acknowledge not
only that environmental land use is not sufficient, but also that the contribution of each sus-
tainability pillar is equally important, offering complementary development opportunities,
while enabling landscapes to fulfil multiple functions in an integrated way, underlining
the relevance of multifunctionality to promote sustainable land-use, planning strategies
and policies.
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Luis Carlos Loures
Address all correspondence to: Icloures@gmail.com
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Abstract

Considering the complex dynamics, patterns, and particularities that peripheral and
insular territories/regions present—e.g., as the fragility, they show to achieve a sustain-
able development and growth—a study that analyzes the land uses of this territories is
seen as pivotal to identify barriers and opportunities for a long-term sustained devel-
opment. Contextually, a general analysis was carried out through case study research
methods covering those territorial typologies of the insular territory of Madeira Island,
Portugal. The study, which was carried out through GIS mapping tools, enabled us to
identify the land use changes in the last decades over the territory —allowing to estab-
lish a relation and identification of the associated barriers and opportunities presented
by the territories to face the emerging sustainable development challenges. The study
reveals the evident limitations of “ultra-peripheral” territories not only by the physical
spatial dimensions but also by the difficulty to reconvert land uses. Thus, the main actors
and their policies over the territory are even more relevant and need to be conducted in
a more reasonable way—considering the fragility of this regions; such actions present
higher impact over the territory and over their inhabitants’ life’s quality standards and
finally on the long-term sustainability.

Keywords: insular territories, peripheral regions, land use changes, sustainability,
territorial dynamics
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1. Introduction

The need for knowledge and information on the state of our planet’s surface and its occu-
pation has boosted several initiatives to study land uses and cover and their patterns and
dynamics [1, 2]. Several sets of global or continental land cover data, most of them from the
Earth’s observation by satellite, were promoted and created, and there is a variety of different
mapping standards [2].

The quantity of available products reflects the wide scope of interests. It is important to
highlight the Global Land Cover (GLC2000) created for the year 2000 at a global level in
Europe, the Pan-European Land Cover Monitoring (PELCOM) based in 1996 images, and the
Coordination of Information on the Environment (CORINE) maps at regional and national
levels [1].

In Europe, many efforts to quantify a standardized way of the land cover have been done. In
this regard, the CORINE Land Cover (CLC) has been created and processed by the EEA based
on the guidelines for “land and ecosystems” of the System of Environmental and Economic
Accounting (SEEA), and it is used by many of the organizations [3].

Since 2006, in several countries, such as Germany, Austria, the United Kingdom, Sweden,
Switzerland, and others, the map is obtained from generalization techniques from national
maps with greater detail than the traditional photo satellite interpretation [4]. These different
methods conduct to heterogeneity in the land cover maps, which have been a discussion topic
[4]; nevertheless, the different ways of producing CORINE maps have been used to analyze
soil applications [1].

The land use and land cover maps can play an important role in the balance of the socioeco-
nomic, political, cultural, and environmental factors of a certain territory [5]. In fact, they
allow analyzing significant changes in the landscape, study cycles, and trends. Several studies
have been conducted in the European territories concerning land uses and their patterns and
dynamics; however, in relation to the case of peripheral and insular territories/regions as is
the case of the Autonomous Region of Madeira (RAM) (Portuguese Island), such typology of
studies has not been carried out—increasing the relevance of the work toward a better under-
standing of the territorial dynamics, barriers, and opportunities for a sustainable growth and
development.

Contextually, insular territories are affected by their geographic position, which gives them
a high degree of isolation and their small dimensions (spatial constraints), and so they repre-
sent a specific challenge and fragility in the face of changes [6]. This typology of territory is
affected directly and indirectly by the proximity to the sea and is considered a coastal territory.

In this sense, the territorial planning is a fundamental instrument to attribute conditions of
prosperity to its inhabitants and consequently to future generations, promoting the mitiga-
tion of social inequalities and spatial imbalances, as well as a catalyst tool for sustainable
development. In this context, the sustainable development allows not only to respond to the
problems discussed above but also to create opportunities and more competitive territories.
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Facing today’s society and its demands, territorial planning must inevitably consider its
future, and it should be constructed in an organized way to satisfy the public needs and
not be dictated by a casuistic and uncontrolled evolution from the point of political and/or
individual interests. Thus, sustainable development and growth are undoubtedly the main
concerns and objectives of the regional territories [7-10].

With the Brundtland report [11], the sustainability has become a worldwide concern, since
we are stakeholders in the process. Issues like the meaning or how to measure sustainability,
which strategies should be implemented, have been studied [12, 13]. Although there is a high
interrelation between the economic, social, and environmental dimensions, in practice they
are considered separately, which can lead to non-sustainable trends [12]. Limited land and
water resources make the insular territories a case, where the harmonization of the different
dimensions of sustainability is a challenging process since it can lead, for example, to the
degradation of the natural habitats [12, 14].

The overall objective of this study is to analyze and assess the land use changes in peripheral
or “ultra-peripheral” and insular territories—i.e., islands, through a practical approach to a
case study —the Madeira Island, Portugal. Moreover, through the understanding of the land
use changes and consequently the territorial dynamics and tendencies, barriers and opportu-
nities for a sustainable growth and development will be explored and addressed.

2. Material and methods

The present study is based essentially on CORINE Land Cover (CLC). The CLC is a vector
map with a scale of 1:100000, a minimum cartographic unit (MCU) of 25 ha, and a geometric
accuracy better than 100 m. It maps homogeneous landscape patterns, i.e., more than 75%
of the pattern has the characteristics of a given class from the nomenclature. This nomencla-
ture is a three-level hierarchical classification system and has 44 classes at the third and most
detailed level (Table 1). To deal with areas smaller than 25 ha, a set of generalization rules
were defined [15].

In this regard, the years of 1990, 2000, 2006, and 2012 were analyzed through direct and indi-
rect tools and methods. Thus, exploratory tools were used as is the case of GIS tools, CLC, or
the site analysis conducted by the authors. Moreover, a literature review has been performed
in order to properly describe, discuss, and understand the obtained results—the land use
change dynamics in Madeira Island.

Nevertheless, later in the present chapter, these methods will be exposed and further
developed.

2.1. Case study: the Madeira Island

The Madeira Archipelago is located in the North Atlantic Ocean. Covering an area of 802 km?,
the Madeira Archipelago is composed of the following islands: Madeira (742 km?) (Figure 1),
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Level 1 Level 2 Level 3
1 Artificial surfaces 11 Urban fabric 111 Continuous urban fabric

2 Agricultural areas

3 Forest and
seminatural areas

12 Industrial, commercial, and transport
units

13 Mine, dump, and construction sites

14 Artificially and nonagriculturally
vegetated areas

21 Arable land

22 Permanent crops

23 Pastures

24 Heterogeneous agricultural areas

31 Forests

32 Scrub and/or herbaceous vegetation
associations

33 Open spaces with little or no
vegetation

112 Discontinuous urban fabric

121 Industrial or commercial units
122 Road and rail networks and associated land
123 Port areas

124 Airports

131 Mineral extraction sites

132 Dump sites

133 Construction sites

141 Green urban areas

142 Sport and leisure facilities

211 Nonirrigated arable land

212 Permanently irrigated land

213 Rice fields

221 Vineyards

222 Fruit trees and berry plantations
223 Olive groves

231 Pastures

241 Annual crops associated with permanent
crops

242 Complex cultivation patterns

243 Land principally occupied by agriculture,
with significant areas of natural vegetation

244 Agroforestry areas

311 Broad-leaved forest

312 Coniferous forest

313 Mixed forest

321 Natural grasslands

322 Moors and heathland

323 Sclerophyllous vegetation
324 Transitional woodland shrub
331 Beaches, dunes, and sands
332 Bare rocks

333 Sparsely vegetated areas
334 Burned areas

335 Glaciers and perpetual snow
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Level 1 Level 2 Level 3
4 Wetlands 41 Inland wetlands 411 Inland marshes
412 Peat bogs
42 Maritime wetlands 421 Salt marshes
422 Salines
423 Intertidal flats
5 Water bodies 51 Inland waters 511 Water courses
512 Water bodies
52 Marine waters 521 Coastal lagoons
522 Estuaries

523 Sea and ocean

Source: http://www.igeo.pt/gdr/pdf/CLC2006_nomenclature_addendum.pdf

Table 1. CLC nomenclature.

=1

Figure 1. Madeira Archipelago—Madeira Island, Portugal.

Porto Santo (43 km?), Desertas (14 km?), and Selvagens (3 km?). The main features of Madeira
Island will be exposed in the following (Table 2).

Madeira Archipelago presents particular conditions for the occurrence of potential natural
disasters—i.e., wildfires; the high exposition of urban areas to natural disasters (rugged ter-
rain promotes vertical impulsion of maritime tropical air masses coming from the southwest);
free surface flow’s fast convergence into the river channels and the high drainage density lev-
els (floods); deeply changed volcanic geological substrate and consequently less permeable;
and embedded V-shaped valleys, enabling greater interaction between landslides and river
patterns, among many other extreme phenomena [19-21]. Also, the specific and rough geo-
morphology of Madeira Island occupies most of the land cover—i.e., 120 watersheds occupy-
ing almost the entire territory (741 km?) correspond to 40% of the total island surface [21, 23].
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Physical features

Average altitude 646 m

Highest peak Pico Ruivo (1862 m)
Average slope 56%

Perimeter 177.3 km

Area 742 km?
Predominant soils Andosols (42%)
Average daily temperature: 23 °C
Maximum (August) 54°C

Minimal (February)

Prevailing winds: N-NE
Direction 30 km/h (S-SW)

Maximum average velocity (and direction)
Weighted average annual precipitation 1628 mm

Population 256,424 (inhabitants)

Table 2. Main features of Madeira Island [16-22].

Moreover, the high human pressure under the territory should be also considered. In fact, in
these particular territories, human activities and densities are more critical for the success or
failure of a sustainable development and growth—considering the limitations presented by
these “ultra-peripheral” territories.

3. Results and discussion

The results come from the analysis of the land use changes for RAM in the years 1990, 2000,
2006, and 2012. The results will be exposed through the graphs and tables. This typology
of results exposed allows to extract the most relevant information and to characterize the
evolution of land use based on the 44 uses of the soil determined by CLC. The information is
organized as presented from Tables 3-7, in percentage.

At Table 3, it is possible to analyze the behavior of the artificial surfaces; by far the highest val-
ues have been found on the land use 112 (discontinuous urban fabric), which also increased
over the years (where the tendency is located). The second most representative land use, con-
sidering artificial surfaces, is for the uses 121, 124, and 142 (industrial or commercial units,
airports, and sport and leisure facilities) —presenting close values and oscillation patterns
among them. The policies of urban and infrastructural expansion carried out by the succes-
sive autonomic governments for the Madeira Island territory may explain these results. For
example, the case of the touristic boomn that the region as felt in the last few decades was lead



Dynamics of the Land Use Changes and the Associated Barriers and Opportunities...
http://dx.doi.org/10.5772/intechopen.80827

Code 111 112 121 122 123 124 131 132 133 141 142
Year 1990 0.21 9.16 0.10 0.00 0.06 0.22 0.00 0.00 0.06 0.05 0.00
2000 0.22 12.76 0.22 0.04 0.08 0.26 0.00 0.04 0.10 0.05 0.22
2006 0.31 13.16 0.32 0.04 0.08 0.26 0.15 0.08 0.09 0.01 0.33
2012 0.31 13.20 0.35 0.04 0.08 0.26 0.15 0.06 0.01 0.01 0.36
Bold identifies the higher value founded.
Table 3. Artificial surfaces.
Code 211 212 221 222 231 241 242 243 244
Year 1990 0.16 0.49 0.11 0.74 0.94 0.90 4.83 10.68 0.25
2000 0.16 0.49 0.11 0.46 0.91 0.90 3.02 9.47 0.47
2006 0.04 0.04 0.18 0.31 0.32 0.23 2.80 10.05 0.00
2012 0.04 0.04 0.21 0.31 0.32 0.23 2.77 10.08 0.00
Bold identifies the higher value founded.
Table 4. Agricultural areas.
Code 311 312 313 321 322 324 331 332 333 334
Year 1990 20.89 5.90 14.24 8.34 10.50 6.56 0.11 0.07 191 0.00
2000 20.67 5.74 13.99 8.22 10.41 6.33 0.11 0.07 191 0.06
2006 20.82 5.29 13.14 9.07 10.77 6.25 0.11 1.52 1.75 0.24
2012 19.27 4.72 11.98 8.70 9.06 5.58 0.11 1.52 1.75 6.23
Bold identifies the higher value founded.
Table 5. Forest and seminatural areas.
Code 523
Year 1990 2.55
2000 2.52
2006 2.25
2012 2.25

Bold identifies the higher value founded.

Table 6. Water bodies.

21
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Level Artificial surfaces ~ Agricultural areas Forest and seminatural areas Water bodies
Year 1990 9.86 19.10 68.52 2.55

2000 13.99 15.99 67.51 2.52

2006 14.83 13.97 68.96 225

2012 14.83 14.00 68.92 2.25

Bold identifies the higher value founded.

Table 7. Evolution of the occupied surfaces, according to levels (in the period 1990-2012).

to the actors to carry unsustainable politics of construction —jeopardizing, in many occasions,
the natural and unique heritage of the island. In fact, this phenomenon not only occurs in this
particular insular territory; the same scenario has been described in the Canary Islands [24,
25]—or even generalizing further, we can pick some high touristic demand territory, and,
unfortunately, similar results are easily found [26-30].

Through the analysis of Table 4, it is possible to verify the behavior of the agricultural areas;
once again the highest values have been clearly found in one single land use, the 243 —land
principally occupied by agriculture, with significant areas of natural vegetation—which as
decreased over the years (with an exception for the period of 2000 where it has decreased
and recovered back in 2006). The second most representative land uses, considering artificial
surfaces, is for the land use 242 (complex cultivation patterns), followed closely by the land
uses 231, 241, and 222 (pastures, annual crops associated with permanent crops, and fruit
trees and berry plantations). Those outcomes, as is the example of the decrease of the surface
occupied by agriculture with significant natural vegetation, are not unexpected. Once again
the territorial governance may play a key role in these results once the politics carried out
toward the preservation of natural vegetation and traditional agriculture are not so profitable
for the land owners, contrary to the reconversion of the land for a different use or agricultural
technique —tendency that seems to be dangerous not only for the local heritage preservation
as well as for a long-term sustainable development and growth.

In Table 5 the behavior of the forest and seminatural areas is shown, with the highest values found
in one land use, the 311 —broad-leaved forest—which decreased over the years (with some oscil-
lations in the 20002006 period). The second most representative land uses, considering artificial
surfaces, is for the land use 313 (beaches, dunes, sands), followed closely by the land uses 322
and 321 (moors and heathland and natural grasslands). Here, the change of positions—in the
period of 20062012 —of the land use 324 (transitional woodland-shrub) replaced by the land use
334 (burned areas) should be highlighted; this results may be explained by the natural events as
wildfires occur in the island—i.e., in fact, in 2016 wildfire events occurred once again in Madeira
Island consuming several hectares of natural vegetation, agricultural areas, and urban areas lead-
ing to numbers that are even getting worst in future studies related to land use changes in Madeira
Island. In this regard, the high values of the land use 313 (beaches, dunes, sands) are expected —
considering the territorial features (island). In fact, where could be identified a barrier—once this
use typology practically impossible to reconvert; nevertheless, and analyzed from another per-
spective, there is an opportunity to develop a touristic sustainable activity over this land use.
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Figure 2. Evolution of the land cover through the years.

Finally, the land uses regarding water bodies have decreased over the last decades; once again
expansionary and unsustainable politics may be at the core of the answer. In Figure 2, it is
possible to verify that in most of the cases there is stability in the land uses. However, the land
use 334 (burned areas), which has significantly increased, should be highlighted, within the
last decade, and consequently the land use 311 (broad-leaved forest) has decreased. Also, the
increases of the land uses 112 and 322 (discontinuous urban fabric and moors and heathland)
should be highlighted.

In Table 7, the land use changes over the last decades according tolevels 1, 2, 3, and 5 (artificial
surfaces, agricultural areas, forests and seminatural areas, and water bodies) are presented.
By far, the most representative level is the third (forests and seminatural areas), followed
by the artificial surfaces (1), which became more representative in the last years in Madeira
Island territory than the land use 2 (agricultural areas).

3.1. Barriers and opportunities

The changes in the land use could be understood as a direct manifestation of human activity over
natural environments [31, 32]. Therefore, the natural factors and features—i.e., geomorphology,
slope, relief, soil, and vegetation, among many others— are critical for the proper organization
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and distribution of the territory and their consequent land uses [31]. The lack of knowledge
aligned with an existence of planning conducts to the destruction of the natural resources caus-
ing relevant (negative) impact on the local communities [33]. Thus, the proper identification and
defining of risk areas —considering the planning and territorial management—are pivotal condi-
tions for the prevention and minimization of the damages resulting from the phenomena and
dangerous activities [34]. The uncontrolled growth (due to the lack of well-planning process) to
built-up areas contributes to increasing the soil vulnerability and increasing the risk of natural
disasters [35, 36], as is the case of erosion or landslides [37]—considering the local geomorphic
features. In this regard, the urban expansion toward topographically “more” inclined and geo-
logically unstable ground can cause problems and affect the population, the environment, and the
local economy. The slope is assumed to be fundamental for the occurrence of slope movements,
mainly due to the higher slope and the greater influence of gravity forces on the existing materials
in the slopes that, if they are fragile, easily will disintegrate and move along the slope —which is
their case in RAM [38]. Therefore, and considering the geomorphological risks, the slope assumes
the main role, since it interacts with and for the erosion increasing in a geomorphological context
and in the lithology allowing to define critical slopes for landslides—even in the vegetal cover
ground, eliminating natural resources of the island [39]. The definition of land uses consistent
with the risk degree that characterizes it and the prohibition or limitation to the urban expansion
in the unstable areas are some of the options pointed out by Zézere [37] to avoid such risks. In
fact, the crossing of the constraints to urban growth with risk areas leads to the determination
of land suitability for each category of use and respective infrastructure implementation. The
limitation groups lead to the analysis of the urban land use capacity at the level of the existing one
and at the level of areas of urban expansion (urbanizable land), consolidation, and reconversion
[39-41]. Contextually, it is important to define classes and levels for specific land uses, based
on urban and spatial planning criteria as well as in accordance with urban growth limitations,
including the possibility of occurrence of natural hazards and disasters in specific areas [39].

On the other hand, the relief could also influence the urban growth and development [42] —once
it forces the city to grow in a dispersed or apparently disorganized way, creating urban voids.
In this case, it works as a topographical barrier and constitutes a natural element of obstruction
to the urban expansion and as a barrier protecting (somehow) the fragmentation of the natural
habitats. Such phenomenon is more relevant in cities located in hilly areas where the variation
of altitude is large and there are steep slopes. Thus, the land uses of Madeira Island have been
assessed from different perspectives and methods at RAM according to the abovementioned; in
fact, the geomorphology of the territory strongly affects its development and growth.

Nevertheless, despite all the limitations inherent to the territorial relief, such topographic
barriers at RAM will value the environmental dimension—considering as fundamental in a
perspective of social and economic well-being, promoting the full exploitation of the values
and endogenous natural resources. For this, the relationship between the economic activities
and biodiversity and nature conservation is strongly influenced, namely, by the unique fauna and
flora of the island as well as their ecosystems, natural landscapes, and humanized landscapes;
in fact, these factors could also be seen as opportunities to promote sustainable development.

The valorization of the agricultural heritage of RAM (despite the stagnation of land use for
agriculture) should be preserved and protected in a sustainable way; once in Madeira Island,
there are several typical crops—i.e., banana, sugarcane, and vineyards, among many others.
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In this way, and if sustainable development policy will carry out all the involved actors and
depending population, it could be valued by the so-called barriers existing in this “ultra-
peripheral” territory.

4. Final remarks

Through the present study, it is possible to understand the impact of the land use changes and
their dynamics on the specific insular territory. Also, throughout the analyses of the land use
change patterns along with empirical knowledge of the territory, barriers and opportunities
for a sustainable development and growth have been identified. Moreover, the limitations of
such “ultra-peripheral” territories are evident, not only by the physical spatial dimensions
presented but also by the difficulty to proceed to the reconversion of the uses. Considering
such remarks and the particularity of these territories, the main actors/decision-makers and
their policies and action over the territory are even more relevant and need to be conducted
in a more reasonable way —considering the fragility of this region; such policies and actions
present higher impact on the territory as well as on their inhabitants’ life’s quality standards
and finally on the long-term sustainable development.

Therefore, the study of the land use change patterns is seen as pivotal to understand the
dynamics and tendencies of these territories as well as to provide clues for the main actors to
where the efforts toward a sustainable development and growth should be placed.

As the final remarks, the land uses could be understood as another tool for the knowledge of
the territory —assessing the past and envisioning the future.
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Abstract

Southern Europe has been experiencing an accelerated intensification of agricultural
systems in the last decades with consequent environmental effects. This study aimed
to evaluate the effects of agricultural land use in two small-medium river basins in
the South of Portugal, regarding: (i) water quality and stream habitat; (ii) fish fauna;
and (iii) soil. Sampling included fish captures, water, and soil sample collection.
Hydromorphological habitat features were also assessed. Land use was quantified at
the basin and local scales. Results showed that the most negative effects were associated
with intensive, heavily irrigated, fertilized, and pastured local systems, mostly repre-
sented at the basin scale by olive groves, irrigated crops, and pastures. Conversely,
local agricultural intensity did not prove to be a threat to the integrity and quality of the
soil, seeming to ensure the sustainability of the local uses and their systems. Negative
effects were observed on water quality and instream habitat and degradation of ripar-
ian vegetation, resulting in fish assemblages” impoverishment. This study contributes
to a comprehensive approach to the effects of agricultural land use, highlighting the
need to integrate the results of different natural resources to efficiently support policy
and decision makers toward a sustainable agriculture, water management, and land
use planning.

Keywords: agricultural intensity, agricultural systems, water quality, stream habitat,
fish assemblages, soil quality, sustainable agriculture, water management, land use
planning
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1. Introduction

Land use includes different landscape elements that are very dynamic, having low temporal
and structural stability [1, 2]. Land use/land cover changes (LULCC) are playing an important
role on the global and local change phenomena with major impacts on the environmental
and sociocultural sustainability. The European landscapes have been subject to rapid changes
in land use throughout the second half of the twentieth century arising from developments
in technology and management driven by socioeconomic and political forces [3]. Southern
Europe has been shaped by human activity and maintained by traditional farming practices
for centuries, but important changes in land use have occurred following the strong produc-
tion incentives launched by the European Common Agriculture Policy Framework. Under
this scenario, the South of Portugal has experienced a rather accelerated change in farming
systems in the last three decades, due to the perspective of a profitable intensive and irrigated
agriculture. Many of the agro-silvopastoral systems have been severely reduced due to inten-
sification trends, sometimes followed in other areas by extensification or even abandonment
[4-6]. Simultaneously, artificial water bodies have increased due to the construction of many
dams (e.g., Alqueva dam) mainly for irrigation purposes. As a result, the irrigated area has
increased considerably in the last decade and is currently about 30% of the cultivated land in
Portugal [7].

The intensification of agricultural land use has raised the question of the long-term sustain-
ability of agroecosystems [8]. The growing expansion of intensive agrosystems is expected
to promote environmental degradation, including soil erosion, water resources depletion,
risk of floods and landslides, water and soil contamination, and biodiversity loss [9, 10]. It is
urgent to reverse this trend by encouraging farmers to adopt more sustainable practices that
optimize the use of natural resources on which they depend, so that future generations will
be able to meet their needs, while maintaining biodiversity.

Intensive farming, such as irrigated arable crops, pastures, and orchards, can result in sev-
eral different types of stress, which alone or together affect the structure and functioning of
aquatic ecosystems and biodiversity [11, 12]. For instance, decreased river discharge due to
water overexploitation for irrigation purposes may change river hydrology (both groundwa-
ter and surface), increasing siltation and reducing habitat heterogeneity, with negative effects
on the aquatic biota [13-16]. Soil and water can be contaminated by the random uses and the
overdoses of synthetic fertilizers and other agrochemicals used to increase land productivity.
The downstream effects of runoff from these systems may result in the increase of nutrient
concentration in the water bodies leading to water eutrophication, dissolved oxygen deple-
tion, and the loss of fish fauna integrity [12]. This phenomenon is particularly aggravated
in Mediterranean climate regions, where floods alternate with long dry and hot periods,
promoting the conditions to increase soil erosion and nutrient leaching, particularly in water-
sheds with high LULCC.

Soil erosion is also one of the most serious environmental problems associated with farm-
ing intensification, as well as loss of soil structure and stability [17]. Changes in soil aggre-
gate stability may largely influence soil susceptibility to degradation [18, 19]. Soil structure
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stability has a key role in the functioning of soil, its capacity to support plant and animal life,
water availability, and therefore is a good indicator of land integrity [18, 19]. The conversion
of natural forest to other forms of land use can lead to a reduction in soil organic content,
loss of soil quantity, and modification of soil structure [20]. Soil characteristics negatively
affected by intensive agrosystems with tillage practices are soil organic matter, total poros-
ity, aggregate stability, and bulk density [21]. Land use change also may affect water reten-
tion at field capacity in the soil; lower water content at the field capacity would be expected
upon conversion of natural to cultivated lands [22]. Many examples of activities related
with agrosystems acting as sources of soil change can be referred: biomass burning, fertil-
izer application, species transfer, plowing, irrigation, drainage, livestock grazing, pasture
improvement [17], deforestation and site abandonment [23], breaking up of large tracts of
grassland, expansion of cultures which promote erosion (e.g., maize and sugar beet), and
farming of fields in the fall line [24]. The sustainability of cropping systems demands a
focused attention to monitor soil quality because of the growing concern about the decline
in soil productivity and the impoverishment of soil organic carbon caused by intensive agri-
culture practices [25].

Although considerable research has been conducted on the effects of land use on terres-
trial environments in Mediterranean regions, studies on aquatic habitats are more limited.
Furthermore, even though soil and aquatic degradation are widely recognized as major envi-
ronmental problems resulting from land use intensification, integrated and comprehensive
approaches considering the possible soil and water interconnections have received far less
research.

Therefore, this study aimed to assess the effects of agricultural land use on water quality,
stream habitat, structure and functionality of fish assemblages, and soil quality, based on
a case study developed in two small-medium Mediterranean river basins in the South of
Portugal.

2. Methods

2.1. Study area

The study was conducted in two small-medium river basins located in the South of Portugal
(Alentejo region): Azambuja (261.92 km?), a sub-basin of the Guadiana River, and Alcagovas
(429.64 km?), a sub-basin of the Sado River (Figure 1).

This region is influenced by the Mediterranean climate, presenting high susceptibility to
drought events [26]. The hydrological regime is very variable, with severe droughts and
floods. Flow is strongly dependent on the seasonal distribution of rain, mainly concentrated
in October-March. Small-medium river basins are particularly affected during the summer
dry season (June-September), when streams became completely dry or reduced to isolated
pools where fish fauna has to survive until the reestablishment of river continuity in the fol-
lowing rains [27]. Fish assemblages generally present low species richness and include many
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Figure 1. Location of the sampling sites in the Azambuja and Alcagovas river basins in the South of Portugal.

endemic species with high conservation status, particularly in the Guadiana basin [28]. The
most abundant and frequent species is roach (Squalius alburnoides Steindachner), followed by
different species of barbels and nase.

The geomorphology is characterized by large lowland extensions (a mean altitude of 200
meters) with some more prominent areas, but without mountainous characteristics. In gen-
eral, soils are incipient and slender with more aptitude for forest-pastoralism. The most repre-
sentative types are lithosols, litholic soils, Mediterranean brown soils, and podzols, primarily
derived from shale, clay, and limestone [29].

The Alentejo region is markedly rural, representing more than half of the agricultural area
used in the country [7]. This landscape is dominated by olive groves and montado, an agro-
forestry system that has evolved from the Mediterranean forest by the planting of large areas
of cork and holm oak, combined with low shrubs, and integrating livestock production.
Extensive rainfed systems are also a mark of the Alentejo landscape and are generally present
in large areas, combined with other productions [7].

The landscape has been changing with the intensification of the agricultural practices, cattle
production, and the introduction of new crops. The irrigated land has registered a significant
increase, mostly in permanent and temporary crops, olive groves, and vineyards, with the
possibility of expansion in the future [7, 30]. Livestock production maintained high important
in the agricultural activity, with an increase in cattle heads and a decrease in sheep and goats
[30]. Consequently, pastures are mainly used as grazing area for livestock production, and
this use has increased by about 42% in the last decade. Although livestock is mostly produced
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in extensive systems, there is often a high number of animals per farm (>300) [7]. The manage-
ment of livestock is based on the rotational grazing of cattle on partitioned pasture areas,
so that at each moment, a high stock rating may be observed. During the summer, when
pastures become dry, livestock is often found in paddocks with free access to streams.

2.2. Site selection and sampling
2.2.1. Stream habitat, water quality, and fish

Sampling was held during 2012 in two small-medium river basins located in the South of
Portugal: Azambuja (N = 5 sites) and Alcagovas (N = 4 sites) (Figure 1). Sampling sites were
selected based on a preliminary GIS analysis using ArcGIS software and considering a digital
elevation model, slope, and exposure maps as well as flow direction and accumulation.

Fish captures took place in early spring, following the protocol developed and adopted
for Portuguese rivers under the implementation of the Water Framework Directive [31].
Samplings were always carried out in flowing water conditions, immediately after the floods
and previously to the strong reduction of flow during the summer period, in order to ensure
high habitat diversity in the streams. Fishes were collected using backpack battery-powered
electrofishing equipment (IG 200/2B, PDC Hans-Grass] GmbH, Schonau am Konigssee,
Germany). All the necessary fishing permits were provided by the National Institute for the
Conservation of Nature and Forests (ICNF). Captured fishes were identified to the species
level and measured (total length, mm). Individuals of native species were returned alive to
the water, whereas individuals of non-native species were removed and euthanized by ther-
mal shock (freezing), in compliance with the Portuguese legislation and following the ethical
guidelines of the Directive 2010/63/EU on animal welfare [32].

The environmental characterization of sites was carried out during the sampling procedure
and included:

i. physicochemical parameters measured with a multiparameter probe—water tempera-
ture (°C), conductivity (us cm™), pH, and dissolved oxygen (mg L™);

ii. water nutrients evaluated through laboratory analyses according to the Standard Methods
for the Examination of Water and Wastewater [33], after water sample collection—5-day
biological oxygen demand—BOD, (mg L"), orthophosphate—PO*~ (mg L"), nitrite—
NO,” (mg L), nitrate—NO," (mg L™'), ammonia—NH," (mg L"), and total suspended
solids—TSS (mg L™); and

iii. anthropogenic disturbance variables reflecting hydromorphological alterations induced
by local land use practices —riparian vegetation, sediment load, hydrological regime, and
morphological condition. Each variable was scored from 1 (minimum disturbance) to 5
(maximum disturbance) following [12] and based on [34].

Physicochemical parameters and nutrient concentrations were used to classify the water
quality of the sampled sites into five classes, based on the water features for multiple uses,
according to the Portuguese Environmental Agency guidelines [35]: excellent, good, reason-
able, poor, and very poor.
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2.2.2. Soil

Soil samples were collected in the dominant soil types from the slopes that drain into the
stream section immediately upstream the stream sampling sites. The specific location of the
soil samples depended both on soil maps [36] and land use/land cover maps, in order to
achieve the highest number of possible combinations and replicates, in a total of 19 samples
(Azambuja = 10 samples; Alcacovas = 9 samples) (Figure 1).

Samples were collected at the root zones of 0-30 cm using a soil auger. This superficial soil
layer is the most sensitive to material entraining through runoff, to washing and leaching of
nutrients into deeper layers and groundwater, to the accumulation of nutrients from fertil-
ization, to the accumulation of organic matter, and to structure degradation that influences
infiltration and runoff, all these with potential consequences on the water quality of adjacent
streams.

Each soil sample was air dried and passed through a 2-mm screen, and the coarse frac-
tion (>2 mm) was separated. The fine soil fraction (<2 mm) was then subjected to laboratory
analysis using standard procedures, and a wide range of parameters was analyzed, giving
preference to the chemical characteristics, since it was intended to evaluate the relation-
ship between soil results and water quality: textural class (relative proportion of sand, silt,
and clay), pH (soil reaction), percentage of organic matter in the soil (OM), concentration
of exchange bases (cmol™kg™) (Ca* (calcium), Mg* (magnesium), Na" (sodium), and K*
(potassium)), S (sum of bases) (cmol*kg™), T (cation exchange capacity) (cmol*-Kg™), V (per-
centage of base saturation), P (available phosphorus) (mg-kg™), and H* (exchange acidity)
(cmol*kg™). Particle size distribution was determined by the hydrometer method [37]; soil
pH was determined using a pH meter in a soil/liquid suspension of 1:2.5 [38]; organic car-
bon was determined using a chromic wet oxidation method [39]; available phosphorus was
determined using the Bray II solution method [39]; exchangeable Mg and Ca* were deter-
mined using ethylenediaminetetraacetic acid (EDTA) [40], while exchangeable K* and Na*
were extracted using 1 N Neutral C,;H NO, and then determined using a flame photometer
[40]; exchangeable acidity was measured titrimetrically using 1 M KClI per 0.05 M of NaOH
[41], and effective cation exchange capacity was calculated from the sum of all exchangeable
bases and total exchangeable acidity; percentage base saturation was calculated by the sum
of the total exchangeable bases divided by the effective cation exchange capacity and then
multiplied by 100.

2.2.3. Land use

The land use was assessed both at the catchment and local scales. At the catchment scale,
the proportion of the most representative land use classes was calculated for the influence
area of each sampling site, based on the land cover map applying the CORINE Land Cover
Legend Level 5 at a scale of 1:10000 and aggregated to the level 3 [42]: irrigated arable land,
nonirrigated arable land, vineyards, olive groves (mostly irrigated), pastures, annual and
permanent crops, agroforestry (montado), hardwood forest, resin forest, mixed forests, and
water plains. At the local scale, the dominant local land use observed at the surrounding area
of each stream site was registered.
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As in most sites, different land uses were present with possible effects on streams, and the
overall level of agricultural intensity was also evaluated, based on the presence of irrigation,
fertilization, and animal grazing. For each site, these three variables were scored between 0 (null
impact) and 2 (high impact). The sum of these scores represented the total agricultural intensity,
and three classes were established to classify the sampled sites: low (0-1), moderate (2-3), and
high (>4). For soil samplings, the exact local land use of the sample site was registered.

2.3. Data analysis

Fish captures were quantified as density (the number of individuals-100 m~?) and fish assem-
blages were analyzed considering: (i) structural metrics (proportion of native and non-native
species); (ii) functional guilds related to habitat (relative abundance of limnophilic, eurytopic,
benthic, and water column species), breeding (relative abundance of lithophilic and phyto-
philic species), feeding (relative abundance of omnivorous and insectivorous species), and
tolerance to degradation (relative abundance of tolerant species). Captured species were
assigned to functional guilds according to the published literature [34, 43, 44] and expert
judgment based on the available knowledge.

Soil quality was assessed regarding the performance of three ecological functions related
to environmental regulation, biomass production, and reserves of water and biodiversity,
through the soil quality index (SQI) using five indicators: chemical fertility, drainage, reaction
(pH), organic matter (OM), and phosphorus (P). These five qualitative and quantitative indi-
cators were scored from 1 to 3, following [45], and the SQI was calculated using the formula.

SQI = X Ind/n @

where Ind represents the score of each indicator and n the number of indicators. The SQI
ranges between 0 (complete inability to perform the functions of environmental regulation,
production of biomass, and ensure biodiversity) and 1 (full ability to perform the functions of
environmental regulation, production of biomass, and ensure biodiversity).

Redundancy analysis (RDA) [46] was used to explore relationships between land use vari-
ables (both at local and basin scales) and: (i) water parameters and stream habitat features; (ii)
structure and functionality of fish assemblages. A linear ordination method was selected after
a preliminary detrended correspondence analysis that has shown a gradient length smaller
than 3 SD [47]. A stepwise forward selection of the variables was used, and the final model
was tested with Monte Carlo test under 999 permutations. Correlations higher than 10.4|
were used in gradient interpretation.

A bivariate approach was used to analyze the proportion of water quality classes along the
local agricultural intensity gradient, and the Friedman test was performed to search for
significant differences. This approach was also used to evaluate the pattern of chemical soil
parameters under different local land uses and along the local agricultural intensity gradient.

Prior to multivariate analyses, data were either log (x + 1) (linear measurements) or arcsin
[sqrt (x)] (percentages) transformed to improve normality [48]. Statistical analyses were per-
formed using the software Statistica 10 and Canoco 4.5.
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3. Results and discussion

3.1. Land use vs. stream habitat and water quality

Seven significant variables (p < 0.05) were selected for the ordination model, including both
local (N = 3) and basin scale (N = 4) land use variables (Figure 2). According to the canonical
coefficients and inter-set correlations, axis 1 was mainly defined by irrigated arable land per-
centage (r = —0.63), pastures percentage (r = —0.70), and agroforestry (montado) percentage
(r=0.56). Axis 2 was mostly related with olive grove percentage (r = 0.63) and local levels of
irrigation (r = 0.70), fertilization (r = 0.69), and animal grazing (r = —0.52) (Figure 2).

The ordination diagram (triplot) showed a good spatial segregation of sites along the first
two axes, revealing also a good association of land use types with different water param-
eters and stream habitat features (76.3%). The first axis evidenced a clear association of
extensive areas of irrigated olive groves and irrigated arable land in the drainage basin, as
well as high local levels of irrigation and fertilization, with the degradation of most of the
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Figure 2. Ordination diagram (triplot) of the redundancy analysis between land use variables (at the local and basin
scales) and aquatic habitat features in sampling sites located in the Azambuja and Alcagovas river basins (N =9). Sampling
sites were identified by the dominant local land use (red) and were coded according to the classes of the agricultural
intensification level: low (white dots), moderate (gray dots), and high (black dots). Abbreviations of land use variables:
irrigated arable land (Iral), olive groves (Oliv), agroforestry-montado (Mont), pastures (Past), local level of animal grazing
(Graz), local fertilization level (Fert), and local irrigation level (Irrig). Abbreviations of water parameters and stream
habitat features: ammonia (NH,), nitrate (NO,), nitrite (NO,), orthophosphate (PO,), dissolved oxygen (Od), conductivity
(Cond), water temperature (Temp), total suspended solids (TSS), biological oxygen demand (BOD), sediment load (Sed),
riparian vegetation (Rip), hydrological regime (Hyd), and morphological condition (Morf). Abbreviations of local land
uses: olive groves (Oliv), pastures (Past), grazed montado (GrazMont), and agroforestry-montado (Mont).
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water parameters and habitat features: increase in nutrient concentrations, high conductiv-
ity and water temperature, hydrological alterations, degradation of riparian vegetation,
and high sediment loads. These results are strongly related to soil erosion, high surface
runoff, and high levels of fertilization and irrigation commonly associated with intensive
agriculture practices, as the high amount of organic material produced represents a con-
siderable input of nitrates and phosphates leaching into superficial and groundwater very
easily [49, 50].

Soil erosion is cited as one of the principal environmental problems associated with olive
farming in Mediterranean regions [51]. In intensive olive plantations, farmers usually keep
the soil bare of vegetation throughout the year, such that severe erosion occurs during heavy
rains. Soil erosion and water runoff into nearby streams can be a major source of suspended
sediments, nutrients, and pesticides in watersheds dominated by agricultural land [52, 53].
Natural stream flow can also suffer alterations [54, 55], by exacerbating the effects of sea-
sonal or longer term droughts through water abstraction [56, 57], or by augmenting flows
through irrigation returns, in some cases maintaining flowing rivers which would normally
dry [58, 59].

The removal or degradation of riparian vegetation associated to the land use [60, 61] can
further aggravate all the problems mentioned. Due to its position at the interface between ter-
restrial and aquatic ecosystems, riparian vegetation has the ability to prevent sediment runoff
and to hold excess nutrients and modify their inputs to the stream [62], preventing negative
consequences in overall water quality [63], and the increase of water temperature [64].

Large upstream areas of pastures and high local levels of animal grazing (mostly cattle) were
mainly associated to higher pH values and instream morphological alterations. Livestock graz-
ing with unrestricted access to streams has negative impacts on aquatic ecosystems [65, 66].
This practice increases instream trampling, habitat disturbance, and erosion from overgrazed
stream banks, as well as reducing sediment trapping by riparian and instream vegetation and
decreasing bank stability [67, 68].

Sites located in drainage basins with large areas of agroforestry (montado) did not show
stream habitat alterations, although they were associated with the high values of BOD, TSS,
and water temperature. This was possibly due to the fact that this site is located near an urban
area and may be influenced by the drain treatment plant.

The water quality of the sampled sites ranged between moderate and very poor (Figure 3).
Moreover, the relative proportion of the water quality classes of sites showed significant dif-
ferences along the agricultural intensification gradient (p < 0.05), revealing a trend toward
a progressive degradation. Nevertheless, even in sites with a low agricultural intensity, the
water quality was predominantly moderate, with some percentage of poor quality. These
results are in accordance with the fact that both local and basin scale variables were selected
for the RDA (Figure 2), demonstrating that the effects of land use on water quality and
stream habitat depend not only on the degree of intensity of the main local culture but also
on cumulative multi-pressures acting at the basin scale. Scale is a particularly important issue
in analyses of land use impacts on ecosystems because different perturbations, processes, and
responses operate at different scales [69-72].
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Figure 3. Relative proportion of the water quality classes along the agricultural intensification gradient in the sites
sampled in the Azambuja and Alcagovas river basins (N = 9).

3.2. Land use vs. fish assemblages

A total of 10 fish species were captured, including six native and four non-native species.
On average, non-native species represented nearly 60% of the mean density per site. Native
species only dominated fish assemblages in three sampling sites and are all endemic to the
Iberian Peninsula, with high conservation status [28].

The RDA showed a reasonable segregation of the sites along the first two axes, which together
explained 44% of data variability (Figure 4). Nevertheless, these axes revealed a good associa-
tion between the relevant variables and fish metrics/guilds, explaining most of the species-
variable relation (80.8%), thus supporting the interpretation of the results. Five variables were
selected for the mode], all reflecting land use at the catchment scale. Axis 1 was mainly defined
by pasture percentage (r = —0.48), agroforestry (montado) percentage (r = 0.4), and olive grove
percentage (r = 0.55). Axis 2 was mostly related with olive grove percentage (r = —0.44), and
irrigated arable land (r = 0.42).

The ordination diagram (biplot) revealed different groups of fish metrics/guilds with which dif-
ferent land uses were particularly related. Sites under the upstream influence of large pasture
areas were dominated by non-native, tolerant, omnivorous, and limnophilic species. Eurytopic
and benthic species were associated with large areas of olive groves in upstream catchment
areas. These results showed a clear impoverishment of the fish assemblages with the increase
of the area occupied by more intensive agricultural uses in the drainage basin. Fish responds
to the changes in the water parameters resulting from land use alterations [73] through inter-
related impacts on water quality, hydrology, and habitat [54, 74], as seen in Figures 2 and 3.
These impacts have been shown to substantially change fish assemblages [75], decrease spe-
cies richness/diversity and sensitive species, while increasing tolerant and non-native species,
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Figure 4. Ordination diagram (biplot) of the redundancy analysis between the land use variables (at the local and
basin scales) and the fish metrics/guilds in sampling sites located in the Azambuja and Alcagovas river basins (N = 9).
Abbreviations of land use variables: irrigated arable land (Iral), nonirrigated arable land (Niral), olive groves (Oliv),
agroforestry-montado (Mont), and pastures (Past).

and ultimately influencing the integrity of fish assemblages [12, 76, 77]. Conversely, extensive
areas of agroforestry (montado) were related to high abundance of native, lithophilic, and
insectivorous species, evidencing a lower disturbance level and enabling the support of more
native specialist species [78].

Only basin scale variables were selected for the model, suggesting that the effects of land use
on fish assemblages’ structure and functionality operate at a larger spatial scale, as reported in
other studies [79]. In fact, most agricultural and urban land uses occur at the larger watershed
scale and their impacts cannot be fully understood by looking at adjacent riparian lands [80].

3.3. Land use vs. soil

Based on the most relevant soil variables, a consistent pattern was observed between the qual-
ity and chemical fertility of the soil and the local land uses (Figure 5), as well as regarding the
intensity of the agricultural practices associated with them (Figure 6).

The organic matter content (OM) increased gradually along the agricultural intensity gradient,
leading to an improvement in soil quality and health, since OM improves the soil structure
and consequently increases the total porosity and friability, thus enhancing the overall resil-
ience [81]. Similar results were obtained by Havaee et al. [82], even though different findings
were reported by several authors, who concluded that there is a degradation of the soil by
changing the uses for more intensive systems [83-88]. This was probably due to the inputs of
organic matter and water irrigation used in the local land uses studied, which resort to these
external factors in order to increase the land productivity. Simultaneously with the increase
in the OM in most intensive local land uses, high data dispersion was also observed, probably
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Figure 5. Box plots of the most significant results for soil characteristics along the agricultural intensity gradient. (=):
mean; box: +SE; and whisker: +SD.

due to the different sources of inputs in each of the local uses (Figure 5). The values of OM
were higher in olive groves and in irrigated arable crops, possibly due to the input of external
OM, whereas in pastures and in grazed olive groves, the origin of OM may be internal to the
system, resulting from the presence of cattle. On the other hand, maize crop, which is also
intensive, does not use OM supplementation.

The physical behavior of soil is controlled by the OM that is complexed with clay [89].
Although bulk density has not been evaluated in this study, this characteristic can be deduced
from the OM/Clay ratio [82]. So, since the textural classes of the studied soils were always
coarse, except in a single case in which it was median, it can be affirmed that the behavior of
the bulk density, in face of the different land uses and corresponding intensity of the agricul-
tural systems, was opposite to that of OM. Therefore, the higher the OM content, the higher
the OM/Clay ratio, the lower the bulk density and, consequently, the lower the compaction,
the higher the total porosity and the infiltration rate. In this way, the water that infiltrates the
soil is retained by the high retention power of the OM [90, 91].

Several studies reported a reduction in the cation exchange capacity (T), which reflects a reduced
chemical soil fertility, as the greatest impact of land use intensification on soil [83, 87, 88].
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Figure 6. Box plots of the most significant results for soil characteristics in different local land use types. (=): mean; box:
+SE; and whisker: +SD.

However, in this study, the T, the bases of exchange (Ca*, Mg, K*, and Na"), as well as the
degree of saturation with bases (V), showed an increase along the gradient of agricultural inten-
sity. This was possibly a consequence of the influence of the OM, since the texture of most soil
samples was coarse, and therefore, in these cases, clay had little influence on soil properties. As
shown in Figure 6, the bases of exchange showed different increases, certainly due to the prac-
tices of liming, fertilization, and irrigation proper of the uses to which they were associated.

Regarding the available phosphorous (P), as for all the other chemical characteristics, it increased
in the soil in land uses with more intensive systems of exploitation (Figure 6). These results
contradict other studies registering a phosphorous decrease when a change in the land use for
more intensive systems occurs [84, 88, 92], due to the crop mining and the removal of waste and
erosion. This unexpected pattern was better understood when observing the results obtained
for each local land use (Figure 5), perceiving that they derived from the fertilization used in
systems associated with more intensive uses, where productivity and yield are important [93].

The SQI revealed a pattern similar to the other analyzed characteristics, increasing with the
agricultural intensity of the systems, despite showing high data dispersion (Figure 6), and
explained when analyzing the results obtained for each local land use (Figure 5). Although
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the SQI was evaluated based on the parameters presented here, to which information about
the drainage was added (considering the texture, the shape of the terrain, and the average
annual precipitation), this did not alter the trend of the results, and some conclusions can be
drawn about the consequences of different land uses on the quality of the soil and, in turn, on
the adjacent aquatic ecosystems.

The obtained results showed that the higher the OM, the higher the rate of infiltration and
the water retention in the soil, apparently with little influence of soil chemical constituents on
aquatic ecosystems, since the water that solubilizes or suspends them is mostly retained in
the soil. Only in situations where land use practices implies leaving the soil bare during the
beginning of the rainy season, it will be possible to verify this type of consequences through
the surface runoff [94].

4. Conclusions

Agricultural land use has shown to have strong negative effects on water quality, stream habi-
tat, and degradation of riparian vegetation, ultimately resulting in fish assemblages’ impover-
ishment and clearly benefiting non-native species, which thrive under altered conditions [95].
The most negative effects were associated with intensive, heavily irrigated, fertilized, and
pastured agricultural systems, mostly represented at the basin scale by olive groves, irrigated
crops, and pastures. Conversely, agroforestry (montado) results emphasize the potential con-
tribution of this stable production system to biodiversity conservation.

Since Mediterranean rivers exhibit high levels of fish fauna endemicity, human impacts on
these systems have the potential to extirpate native species and reduce local, regional, and
global native biodiversity [96]. It should be further highlighted that considering the forecasted
climate changes and their possible joint effects with land use changes, far reaching effects are
likely to occur on ecological communities in Mediterranean regions in the future [97, 98].

Regarding soil, local agricultural intensity did not prove to be a threat to the integrity and
quality of the soil, seeming to ensure the sustainability of the local uses and practices, con-
trary to what is usually found. The intensification of agricultural systems, by means of a high
consumption of water or energy, can be carefully planned, thus preventing soil degradation
through the known threats defined by Thematic Strategy for Soil Protection [99], namely,
decline in organic matter, compaction, floods, soil erosion, salinization, contamination, land-
slides, and sealing. The careful planning and execution of agricultural practices that intensify
the production systems (but not involving degradation) are the recommendations of several
authors [88, 100, 101].

These are preliminary findings based on a case study, and more detailed research is further
required to substantiate the results and assess the direct relationship between soil and the
aquatic ecosystem, namely, by considering more soil characteristics and diversity, covering
larger spatial and temporal scales, and considering climate data. This would allow a better
understanding of the complex pathways underpinning the interaction among the processes
and factors involved.
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Nevertheless, this study emphasizes the tight interaction between streams and the terres-
trial ecosystem and shows that both direct and indirect aspects of this linkage are relevant to
stream ecosystem functioning. Moreover, the effects of the agricultural practices do not have
the same spatial and temporal expression on the natural resources involved, namely, soil and
water. As such, river basin management must integrate a vision of compromise between the
intensification of agricultural systems and the conservation of different natural resources and
ecosystems. Planners and policy makers should bring stakeholders together, based on the
understanding of land-water relationships in a watershed, to plan for a sustainable agricul-
ture, targeting and balancing locally specific environmental and socioeconomic needs.
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Abstract

Agricultural zoning is a regulatory approach that redefines property rights. The tech-
nique has been used to preserve agricultural area and ensure food security of a country.
This chapter described a historically grounded approach to establish the agricultural
zoning of a country and its applications for Thailand, including the analysis of its per-
formance using the historical research method. Reviews of historical literatures, research
papers, agricultural acts, government office reports, and news have identified the most
crucial factor that causes agricultural zoning in Thailand to fail both at the farm level
and at the country level, as the agricultural commodity price. The findings suggest that
agricultural zoning in Thailand should undergo major revision by taking the agricultural
commodity price into account. The agricultural commodity price set based on its origin
was proposed to be appended in the existing agricultural zoning program. The method
will address the two critical issues that the agricultural zoning programs in Thailand try
to solve: the mismatch land-use problem and the crop price instability.

Keywords: property right, agricultural zoning, Thailand, agricultural transformation,
agricultural policy

1. Introduction

The tragedy of the commons is the ruin of a common-property resource by uncontrollable
use when each rational person pursuing his own best interest in a society that believes in
the common-property regimes. As individuals increase their use of the resource, they gain
the full benefits of the increased use but share only a proportion of cost. Since there is no
guarantee on the property right, there is no incentive to preserve or increase the production
of the resource for future use. One obvious example of the tragedy of the commons happens
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in Ethiopia where there is a huge increase in the demand of fuel wood. When the harvest of
fuel wood exceeds the rate of the wood production, farmers use straw and dung which are
used to maintain soil fertility for fuel resulting in dramatic soil erosion. At the end, all trees
are wiped out, and farmers abandon their land as there is a total collapse in soil fertility. The
country does not have sufficed food for its population and has to rely on the food aid from
international institution. As Hardin [1] stated “Freedom in a commons brings ruin to all.”

The establishment of property rights was seen as a tool to avoid the tragedy of the commons
especially in land resource. However, the full ownership land right establishment led us to
the same route in which all land resources are converted to nonagricultural use. Property
rights form the basis for all market exchange and lead to the efficiency in land-use allocation.
Unfortunately in the case of land use, most of the efficiency uses are in the nonagricultural
activities. As landholder weighs the value of land in different uses, the benefit from agricul-
tural use is typically a lot lower than other types of use even in extensive farming. Therefore,
the full ownership land right turns out to be another nightmare. We then fall into the same
situation that food security is in crisis due to dramatic reduction in agricultural land. Every
country tries to solve this problem by introducing different types of land right in between
the two extremes. Considering Figure 1, two extremes of property right are presented at the
end of the line. Common right is property that is owned by a group of individuals. Access,
use, and exclusion are controlled by the joint owners, while the full ownership right is the
property that is owned by private owner or a group of legal owners. Access, use, exclusion,
and management are controlled by the private owner or a group of legal owners.

In the middle of the line, it is the partial formal right such as preemptive right and usufruct
right. These types of right restrict transfer of holding to only by inheritance and prohibit the
transfer of ownership or rental. The restrictions aim to preserve agricultural area and ensure
that the landless farmers cannot sell their land for a conversion purpose. Therefore, its occu-
pancy level is in between the two extremes of land right type. However, the partial formal
land right gains limited successes as it reduces incentives to invest in agricultural land and
pose constraints to agricultural growth and natural resource management [2, 3]. Furthermore,
it is found that rich people grabbed these lands with partial formal right especially prime
plots with commercial prospect although the restriction is in place. Therefore, policy maker
tries to find other methods to preserve agricultural land. The list of regulatory method varies
which includes such things as purchase development right, purchase in fee, gifting to a trust,
use-value taxation, growth-management acts, agricultural protection zoning, and many oth-
ers. Among these long list methods, the agricultural protection zoning is the most persistent
method despite many criticisms of its shortcomings [4].

The agricultural protection zoning or agricultural zoning is a regulatory approach that rede-
fines property rights. It has been widely used since the publication of The Economics of Zoning

Common right Partial formal right Full ovwnership rights

Low high
Level of occupancy

Figure 1. Land right map.
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Figure 2. Agricultural zoning in land right map.

Laws [5]. The method was subtitled a property right approach to American land-use controls
[6]. Nelson [7] stated that zoning creates collective property rights that are held by the local
government. The entitlement itself is shared between the local government and the individual
owner, and by this the individual right declines. The method is intended for protecting agri-
cultural land and farming activities from incompatible nonfarm uses by specifying many fac-
tors, such as the uses allowed, minimum farm size, the number of nonfarm dwellings allowed,
or the size of a buffer separating farm and nonfarm properties. If we take a look at the land
right map again, the collective right or zoning should be located at the right-hand side of the
line next to the full ownership right as shown in Figure 2. The level of occupancy is prone to
the side of full ownership right as its restriction is weaker than that of the partial formal right.

Considering the location of zoning method on the land right map, zoning would appear to
effectively address the issue of agricultural land reduction and food scarcity as it removes
the decision to convert from the agricultural landowner, which is the shortcoming of the full
ownership right, as well as address the occupancy level issue of partial formal right which
creates uncertainty that leads to lower investment on agricultural land of farmer. There are
a number of attempts to evaluate the effectiveness of agricultural zoning method; therefore,
after discussing the methodological chapter in the next section, the review of agricultural zon-
ing performance literature will be explored followed by the application of agricultural zoning
in Thailand, its policy conflict, findings of the study, and a proposal to revise the agricultural
zoning used, respectively.

2. Methodological chapter

This chapter was motivated by three major objectives: to examine the general application
of the agricultural zoning to a country; to examine the adjusted application of agricultural
zoning to Thailand; and to analyze the historical tendency of agricultural zoning policy and
propose an additional tool that could bring success to the objectives of the agricultural zoning
program used in Thailand.

The method employed for this chapter is historical research method. The method examines
an account of what has happened in the past and presents events in the context of the present
condition. It helps to reflect and provide possible answers to current issues and problems.
The past events reveal the general and the particular in historical phenomena and give an
understanding of various development stages of the event. The method helps to capture the
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nuance and idea of the event and helps to answer the questions: where have we come from,
where are we now, and where are we going? [8].

The secondary sources which include historical literatures in agricultural zoning, research
papers, Thailand agricultural acts, government office reports, and online news were used as a
tool to gain an experiential sense of the past and provide policy design resource. In the previ-
ous section, the review of general application of agricultural zoning program reveals that the
method is actually one of the kinds of property rights, and the general objectives to apply the
agricultural zoning of a country are to preserve the agricultural area and ensure food security.
In the next section, the review of agricultural zoning performance paper in various countries
will be discussed. This step helped to establish a background of the historical analysis into the
policy design process.

3. Effectiveness of agricultural zoning

Researchers have developed several techniques and models to capture the impact of agricul-
tural zoning on land-use change. These techniques can be grouped into two main approaches
which are the pricing approach and the outcome approach. The pricing approach is the way
which researchers use market prices as a proxy for effects on land use as land price reflects
the conversion potential of the zoning policy that embodies in the parcel. While the outcome
approach focuses on observing the physical land-use change comparing to the use before the
implementation of the policy.

Pricing approach has several features. One popular feature of pricing approach is based on the
land rent theories of Von Thunen and Ricardo. Given respective attributes and location, any
parcel of land can be modeled for use in a way that would earn the highest rent. A number of
studies have attempted to estimate the extent to which support policies have increased farmland
prices, but I found only one that examines the effect of zoning policy on farmland price which
is the work of [9]. The work found that large lot zoning, total acreage, distance from a highway,
distance from a town, and the presence of a house on the parcel are the determinants of the
price per acre of farmland. In addition, weighted productivity index and greater soil value were
found to be negatively correlated with land prices. Another popular feature of pricing approach
is based on the concept of local government that tries to maximize profit through zoning policy.
Zoning is a function of land attributes and land price. Land prices are also a function of parcel
characteristics and the designed zoning. If zoning policy is effective, the method should produce
an effect on land price. Many works examine the effect of the zoning on land price based on this
concept. Vaillancourt and Monty [10] found that the land zoned for agriculture is 15-30% less
in price than unrestricted land. Wallace [11] also found that zoning policy decreases the price
of parcel zoned for large lots and the land price is found to be higher for other type of zoning.
Logan and Zhou [12] indicated that zoning has modest effect on the changes in land rent, local
population, family income, and the number of black population. The agricultural landowners
perceive that the limitations imposed on their permitted uses will decrease their land value, but
itis not always be the case. McMillen and McDonald [13] analyzed the correlation between zon-
ing policy and land use, finding policy to have a strong effect on land utilization. Henneberry
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and Barrows [14] indicated that the effect of agricultural zoning on land price depends on the
location and characteristics of the parcel. The agricultural zoned parcel that is located far from
the city center is found to have a higher price than the agricultural zoned parcels close to the
city. The result is in line with [15] who found that the land zoned for low-density development
has a significant decrease in value, while the land zoned for high density or for community has
a significant increase in value. More recent work of [16] also showed that agricultural zoning
can be an effective policy for protecting productive farmland, while in the evidence from Japan,
Nishihara [17] showed that agricultural land zoning policy has a great impact on land value
increase and discourages the landowner from cultivating the land. A small gap in the anticipa-
tion of land policy to convert agricultural zone to residential development zone prevents land-
owner from selling or leasing the land to a more efficient farmer. Some studies based on this
concept indicated that the zoning policy is not an effective tool for managing land use. Mark
and Goldberg [18] examined the relationship between rezoning and changes in property values
and the ability of zoning to mitigate externalities and found that rezoning does not necessarily
lead to changes in land use and value. In the evidence from the United States, Pogodzinski and
Sass [19] showed that zoning has no effect on house price but instead the minimum lot sizes,
minimum side yard restriction, and maximum height restrictions affect house price, suggesting
that the zoning method does not affect land use.

The other approach that uses to evaluate the effectiveness of zoning measure is the outcome
approach. The approach is a direct proxy on land-use change as it compares the real physical
change before and after the implementation of the policy. Not much research has been done on
this approach. In England, Coughlin [20] found that agricultural zoning significantly reduces
the sales of farmland to the conversion purpose, while in the evidence from the United States,
Kline and Alig [21] found that the zoning reduces the likelihood of development on the land
located within forest use, but the result for exclusive farm use zones is inconclusive. Levine
[22] examines the effect of the growth-control enactment between 1979 and 1988 on net hous-
ing construction between 1980 and 1990. The study showed that local growth-management
measures significantly displaced new construction such as rental housing and an expansion
of the metropolitan areas into the interiors of the state. The measures have strong impact on
low-income households and minorities, but not all growth-control measures were associ-
ated with this change, and the strong effect was found in the zoning measure. Cho and Wu
[23] also adopts this concept to evaluate the interactions between residential development,
land-use regulations, and public financial impacts in California, Idaho, Nevada, Oregon, and
Washington. The study found that the land-use regulation decreases land development, long-
run expenditure and property tax at the higher cost of housing prices, and property tax, while
land-use regulations, land development, public expenditure, and property tax are affected by
population, geographic location, land quality, housing prices, and the risks and costs of devel-
opment. Mayer and Somerville [24] found that land-use regulation lowers the steady-state level
of new construction. Metropolitan areas with more extensive regulations have up to 45% fewer
starts and price elasticities that are more than 20% lower than those in less regulated markets.
Kuminoff and Sumner [25] found that population growth and edge length of urban interface
are statistically significant and positively correlated with conversion. Zoning and development
restrictions were not significant explanatory variables for conversion. More strong result was
found in the work of [26]. They evaluated the efforts of Utah County to discourage the farmland
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conversion to other uses and found that zoning has not been successful in agricultural land
protection. Coxhead and Demeke [27] evaluated the determinants of land-use decisions made
by farmers in an upland area of the Philippines. According to the findings, the most important
predictors explaining substantial farmland allocations were crop prices and policy reform.

The past evidence and studies do not provide any conclusion, that is, if the agricultural zon-
ing policy is actually helpful to protect agricultural land and ensure the food sustainability.
The only best conclusion that can be drawn from these researches is that the performance of
zoning policy depends on the circumstance and the context of each government. One must
be tempted to think that the government that has similar context and circumstance will be
able to refer to the research result of each other as a guideline for managing their land use,
but in reality there is no absolute likeness in a context and circumstance of government. The
agricultural zoning formulation of a country is, in fact, a complex issue. Therefore, there is a
need for evaluating each government policy performance separately in order to improve and
solve an individual measure while the policy is on process.

4. Agricultural zoning in Thailand

In this section, the history and the implementation of agricultural zone in Thailand will be
discussed as a case study. Thailand has a unique circumstance and context which other coun-
tries cannot refer to its success or failure in agricultural zoning policy as their guideline for
formulating their own agricultural zoning. What happened in Thailand will be a supporting
evidence to the conclusion in the previous section that the effectiveness of agricultural zoning
cannot be judged by referring to the result of other area and the evaluation must be done
separately for each area. Again, the historically grounded approach was used by reviewing
relevant Thailand agricultural acts and policies, various government office reports, agricul-
tural economics crop zoning management manual, and online news.

Thailand is one of the Asian developing economies. As an agricultural country that is facing
dynamic change in all aspects especially land use and land market, Thailand has introduced
the Agricultural Economics Act which creates the agro-economic zone or in short “agrozon-
ing” since 1979.” The act defined an agro-zoning as “an area of agricultural production, to
be established according to the soil type, rainfall, temperature, economic crop, farm type and
main income of farmer by using the boundary line of the province as border zone.” The objec-
tive of the agro-zoning is to plan the long-term development in agriculture, promote land-use
type that match with its parcel suitability, control the agriculture data and statistic, and follow
up the agricultural program with low budget and timeframe. In 1987, the government has
divided the agro-zoning into 24 zones as shown in Table 1 based on the factors prescribed in
the act. Therefore, the provinces that have similar attribute and characteristics were included in
the same zone, and the specific crop type was set and encouraged for production in each zone.

In 2013, the government adjusted the agro-zoning to become agricultural economic zone or in
short “agricultural zoning” in order that it is possible to carry out in practice. The definition
of agricultural zoning has been adjusted to “an area of agricultural production, including
animal husbandry and reforestation to be established according to the market conditions and
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Zone Province Important commodities
number
1 Udon Thani, Nong Bua Lamphu, Nong Khai Cassava, rice, cow, buffalo
2 Sakon Nakhon, Nakhon Phanom, Mukdahan Cassava, rice, cow, buffalo
3 Yasothon, Ubon Ratchathani, Amnat Charoen Cassava, rice, cow, buffalo, jute
4 Khon Kaen, Kalasin, Maha Sarakham, Roi Et Cassava, rice, cow, buffalo
5 Surin, Buriram, Sisaket Rice, buffalo, corn
6 Nakhon Ratchasima, Chaiyaphum Cassava, rice, cow, buffalo, jute
7 Phetchabun, Lopburi, Saraburi Rice, corn, green beans, millet
8 Nakhon Sawan, Uthai Thani Rice, corn, millet, buffalo, cassava
9 Tak, Kamphaeng Phet, Sukhothai Rice, cow, soybean, peanut, fruit
10 Phichit, Phitsanulok Rice, green bean, buffalo, cow, tobacco, corn
11 Nan, Phrae, Uttaradit Rice, soybean, peanut, tobacco, buffalo
12 Chiang Rai, Phayao, Lampang Buffalo, rice, tobacco, vegetable
13 Chiang Mai, Lamphun, Mae Hong Son Vegetable, buffalo, cow, soybean
14 Chai Nat, Suphan Buri, Sing Buri, Ang Thong Rice, cow, sugarcane
15 Ayutthaya, Pathum Thani, Nonthaburi, Bangkok Rice, fruit, vegetable, flower
16 Kanchanaburi, Rajburi, Phetchaburi, Prachuap Khiri ~ Sugarcane, cow, rice, corn, fruit
Khan
17 Samut Songkhram, Samut Sakhon, Nakhon Pathom  Coconut, fruit, fisheries, flower
18 Prachinburi, Sa Kaeo, Chachoengsao, Nakhon Nayok Rice, buffalo, cassava
19 Samut Prakan, Chonburi, Rayong Cassava, fisheries, rice, sugarcane, coconut
20 Chanthaburi, Trat Fruit, cassava, rubber, corn, fisheries
21 Chumphon, Ranong, Surat Thani Rubber, coffee, cow, coconut, fisheries, oil palm
22 Nakhon Sri Thammarat, Phatthalung, Songkhla, Rubber, cow, rice, fisheries, coconut
Satun
23 Phang Nga, Krabi, Trang, Phuket Rubber, coffee, cow, cashew nut, fisheries, oil
palm
24 Pattani, Yala, Narathiwat Rubber, cow, coconut, fruit

Source: Office of Agricultural Economics, 2015 [28]

Table 1. Twenty-four agricultural economic zones in Thailand.

agricultural economy of the country by taking into consideration conditions similar to the
main factors such as climate, water resources, crop area, animal feed, types of farming and
income of farmers.” The main objective of the agricultural zone in this era is to promote the
land use that matches with its suitability; to balance the crop supply with the market demand,
in the hope that the balance quantity will solve the crop price instability issue; and to develop
a systematic control of the agricultural program at a provincial level. The government uses
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zoning to set specific area for specific crop production based on water, soil, rainfall level,
temperature, location, and farmers” income. It is also anticipated that the zone set will help
to increase the production productivity in each area as the crop set offers better suitability for
the farmers’ respective areas. Since farmers are not familiar with such crops, the government
provides training for farmers on the production of new crop. In addition, a guaranteed selling
price was implemented to help farmers who need to replace the crop type to comply with
the zone set. By these actions the crop production will be matched with the physical char-
acteristics of the area, and the farmers will have sufficed knowledge and experience for pro-
duction. The government also moves and expands the existing factories to the most suitable
agricultural areas, so that there will be markets to support such crops. Since the establishment
of the program in 1979, the program appears to have limited success. Therefore, the govern-
ment tries to catch the public attention by announcing the agricultural economics crop zoning
of 20 agricultural commodities in 2013. These commodities comprise thirteen agricultural
crops (rice, cassava, hevea, oil palm, sugarcane, maize, pineapple, longan, rambutan, durian,
mangosteen, coconut, and coffee), five livestock (beef cattle, dairy cattle, swine, chicken, and
hen), and two fisheries (sea prawn and freshwater animal). The Ministry of Agriculture and
Cooperatives (MOAC) then has scheduled a road map to speed the development of the zon-
ing in the period of 2013-2032 which is totally 20 years.

The crucial point here is that Thailand has established the agricultural zoning with different
sets of objectives from other countries. The measure does not intend to prevent the loss of
agricultural land or to control an expansion of urban area into agricultural area. The data
from the Office of Agricultural Economics (OAE) in Table 2 showed that Thailand has an
increasing trend of agricultural land area. There was a drastic increase in agricultural land
area between 1986 and 2015, and a quick surge of agricultural land area was found between
2001 and 2002. It was increased from 127,431,751 rai in 2001 to 146,768,298 rai in 2002 due to
a great number of agricultural price support schemes and huge demand of economic crop
in the global market. However, after 2002 its trend still appears to be increasing along the
horizon even in the top ten most urbanized city in Thailand, except for Bangkok, the capital
city, as shown in Tables 3 and 4.

The figures and facts indicated that Thailand uses zoning to address the issue of mismatching
between land use and land suitability and the issue of crop price instability. Therefore, the
agricultural zone has been adopted by adjusting it to be commodity-based format and not
use-based format as in other countries. As mentioned previously, we can see that agricul-
tural zoning in Thailand has been divided into two periods. In the beginning of the program
which is during 1979-2012, the area was first set followed by deciding the suitable crop to
be produced in each area, while the second period which is between 2013 and 2032, the crop
was first to be set (how much the country wants the specific crop in the market) and then fol-
lowed by matching the area with the announced crop. The MOAC has created the country’s
Agri-map which provides suitability information of land in each area, and the provincial
office needs to confirm if the map complied with the real physical land of the province. In this
period, the zoning program will be operated at a provincial level.



Agricultural Zoning and Policy Conflict: Thailand’s Experience 61
http://dx.doi.org/10.5772/intechopen.80262

Year Total land area (rai) Agricultural area (rai) (%)

1986 320,696,888 127,789,900 39.85
1987 320,696,888 128,062,343 39.93
1988 320,696,888 128,545,799 40.08
1989 320,696,888 128,546,022 40.08
1990 320,696,888 128,762,844 40.15
1991 320,696,888 129,621,724 40.42
1992 320,696,888 128,589,662 40.10
1993 320,696,888 127,794,556 39.85
1994 320,696,888 128,338,834 40.02
1995 320,696,888 128,959,887 40.21
1996 320,696,888 128,303,197 40.01
1997 320,696,888 127,602,084 39.79
1998 320,696,888 126,901,617 39.57
1999 320,696,888 127,762,512 39.84
2000 320,696,888 127,597,090 39.79
2001 320,696,888 127,431,751 39.74
2002 320,696,888 146,768,298 45.77
2003 320,696,888 146,541,409 45.69
2004 320,696,888 146,602,041 45.71
2005 320,696,888 146,673,114 45.74
2006 320,696,888 146,895,404 45.81
2007 320,696,888 147,119,966 45.88
2008 320,696,888 147,492,689 45.99
2009 320,696,888 147,588,846 46.02
2010 320,696,888 148,055,549 46.17
2011 320,696,888 148,067,113 46.17
2012 320,696,888 149,240,058 46.54
2013 320,696,888 149,236,233 46.53
2014 320,696,888 149,225,195 46.53
2015 320,696,888 149,242,393 46.54

Source: Office of Agricultural Economics, 2018 [29]

Table 2. Agricultural land area in Thailand from 1986 to 2015.
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Year Agricultural area (rai)
Bangkok Chonburi Songkhla Samut Nakhon
Prakan Ratchasima

1986 395,075 1,861,900 1,879,848 311,154 7,857,931
1987 355,211 1,724,904 1,878,161 266,853 7,780,447
1988 323,837 1,716,842 1,895,693 245,732 7,746,955
1989 306,574 1,621,656 1,863,396 217,131 7,716,845
1990 313,599 1,446,529 1,913,696 179,865 7,720,889
1991 288,292 1,492,668 1,933,158 239,123 7,833,264
1992 253,871 1,474,013 1,919,411 198,333 7,832,394
1993 237,315 1,466,989 1,924,027 187,608 7,807,216
1994 221,131 1,416,303 1,975,175 197,666 7,747,841
1995 206,822 1,367,404 2,040,258 201,977 7,680,030
1996 181,099 1,336,578 2,035,236 211,205 7,626,904
1997 159,288 1,303,320 2,034,943 213,217 7,615,387
1998 139,394 1,267,573 2,034,351 221,155 7,573,219
1999 125,359 1,271,462 2,062,808 206,558 7,659,630
2000 120,828 1,287,038 2,066,468 200,875 7,676,804
2001 119,623 1,305,153 2,071,358 194,711 7,661,896
2002 322,363 1,631,771 2,428,149 217,151 8,392,312
2003 323,070 1,627,028 2,439,855 216,859 8,299,745
2004 323,361 1,620,896 2,444,975 216,424 8,293,541
2005 323,779 1,620,333 2,450,061 216,666 8,291,510
2006 324,046 1,621,946 2,458,414 216,668 8,310,461
2007 323,269 1,834,552 2,459,470 214,764 8,336,850
2008 323,661 1,624,954 2,463,045 213,389 8,349,161
2009 325,012 1,620,023 2,470,831 212,981 8,336,476
2010 324,645 1,622,629 2,452,728 212,346 8,379,865
2011 326,573 1,621,671 2,451,857 212,248 8,378,455
2012 233,995 1,720,845 2,266,426 211,838 8,382,871
2013 233,911 1,720,137 2,266,511 211,449 8,383,120
2014 233,266 1,718,785 2,267,234 211,421 8,382,551
2015 233,186 1,719,457 2,269,009 211,704 8,385,473

Source: Office of Agricultural Economics, 2018 [29]

Table 3. Agricultural land area of the top ten most urbanized cities: Bangkok, Chonburi, Songkhla, Samut Prakan, and
Nakhon Ratchasima.
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Year Agricultural area (rai)
Nonthaburi Chiang Mai Udon Thani Pathum Khon Kaen
Thani

1986 198,698 1,401,397 4,829,053 763,674 4,068,582
1987 209,468 1,370,415 4,986,930 780,590 4,158,015
1988 201,581 1,381,934 5,062,530 707,577 3,979,004
1989 196,101 1,377,851 5,080,723 686,146 4,112,119
1990 194,967 1,269,312 5,097,243 695,483 4,157,993
1991 179,941 1,279,141 5,163,631 716,225 4,200,254
1992 166,071 1,247,978 5,184,504 670,599 4,100,790
1993 157,400 1,234,921 3,743,486 613,007 4,073,572
1994 153,632 1,250,985 3,737,699 607,271 4,099,446
1995 148,965 1,265,266 3,726,665 601,844 4,130,219
1996 160,802 1,259,494 3,706,577 577,502 4,089,495
1997 171,899 1,257,296 3,678,779 545,589 4,049,981
1998 184,525 1,248,918 3,638,467 521,029 4,000,177
1999 180,115 1,300,222 3,650,181 502,336 4,044,045
2000 170,652 1,300,530 3,645,349 491,555 4,054,090
2001 165,677 1,308,829 3,632,734 484,043 4,054,701
2002 227,610 1,724,473 4,385,100 572,478 4,502,696
2003 227,992 1,735,925 4,347,167 573,399 4,471,391
2004 228,184 1,742,904 4,346,415 573,884 4,472,107
2005 228,438 1,744,032 4,348,154 574,508 4,474,476
2006 228,596 1,749,532 4,356,468 574,889 4,480,981
2007 228,034 1,758,322 4,371,859 573,489 4,495,596
2008 228,172 1,769,898 4,382,422 573,796 4,507,209
2009 229,089 1,775,998 4,376,284 574,765 4,500,321
2010 228,568 1,790,597 4,397,072 573,062 4,520,704
2011 228,437 1,788,971 4,398,996 572,401 4,519,542
2012 219,259 1,830,686 3,868,581 510,265 4,219,317
2013 219,160 1,830,291 3,867,979 510,192 4,219,427
2014 219,012 1,830,078 3,868,003 509,752 4,219,573
2015 219,185 1,829,976 3,868,703 510,443 4,219,853

Source: Office of Agricultural Economics, 2018 [29]

Table 4. Agricultural land area of the top ten most urbanized cities in Thailand: Nonthaburi, Chiang Mai, Udon Thani,
Pathum Thani, Khon Kaen.
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After the implementation of the agricultural zoning, the agricultural sector in Thailand has
transformed in the dimensions of crop diversification. Using the formula of Gibbs and Martin
with the data from OAE, crop diversification index was calculated and presented in Figure 3.
The index showed that Thailand has moved from mono-cropping pattern to a more diversified
cropping pattern especially during the 1980s and 1990s which after the agricultural zoning was
implemented. In 1977 and 1978, before the implementation of the zone, the index was 0.51,
but in 2015, it was increased to 0.68. More farmers switch from rice to perennial crops such as
coffee, sugarcane, cassava, corn, oil palm, fruit, vegetables, and flowers, livestock, fisheries, etc.

Despite that agricultural zoning has caused a significant agricultural transformation in Thailand,
the level of success is considered to be limited considering that it has already been implemented
for over 35 years. Only my work [30] analyzes the root cause of failure of the agricultural zoning
in Thailand. The work found that the agricultural zone in Thailand was set based on physical
and environmental characteristics and failed to consider crop prices, input price, and property
right, which farmer prioritizes as their top priorities when allocating production to their agri-
cultural land. These missing factors except property rights are economic factors. The zoning
control results in land-use efficiency fail because variable factors that the government considers
are not in line with private demand. The government fails to adequately perceive the private
demands existing in land use of landowner and responds instead to the political pressure of
organizing land use at the country level. The analysis of the work is however limited to the
farm-level variable. The external factors at the country level such as the government policies
are not included in the analysis. In reality, such factors have tremendous effect on the zoning
program. Therefore, in the next section, we will go over some of the governments’ agricultural
policies that conflict with the zoning program and cause it to fall short of expectation.
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5. Policy conflict

Most of the agricultural policies in Thailand were found to be conflicted with each other espe-
cially the policy of agricultural zoning and crop subsidy schemes. Agricultural commodity
price in Thailand has been intervened by its government from time to time (more appropriate
phase is “all the time”). There were mortgage schemes for rice, cassava, longan, rubber, oil
palm, shallots, sunflower seed, and many more. On top of this, there are aid fund, act, strategic
plan, and programs for many agricultural commodities such as rubber aid fund, the Sugarcane
and Sugar Act of 1984, rubber price stability program, oil palm industry strategic plan, etc.

The most notorious program that ruins the agricultural zoning program is the rice mort-
gage scheme. Rice production is the largest portion of the Thai economy and labor force;
therefore, any policy on rice will produce a widespread effect in the country. In 2011, while
the agricultural zoning is functioning, the rice mortgage scheme was implemented with the
objective to increase the rice price, create stabilize Thai economy through increased domestic
consumption, increase Thai farmers’ well-being, and control the world market price of rice.
The attempt to replace rice paddy field with sugarcane field by agricultural zoning failed
because most farmers switch from other crops to rice in order to obtain the guaranteed price.
Likewise, this incident happens in the case of the mortgage scheme for cassava, longan, hevea,
oil palm, etc. While one of the main objectives of agricultural zoning is to control the supply
quantity of products, so that the product price is not fluctuated, the price is in fact the cause
of the change in the quantity supply. This happens because the agricultural commodities are
in fact in the perfectly competitive market. In microeconomics theory, equilibrium price in
the perfectly competitive market is determined through a process of interaction between the
market demand and market supply not the market supply alone. Therefore, by introducing
the series of mortgage scheme for each crop, the zoning policy has failed to function properly.

Another program to be discussed is the government’s strategic plans for palm oil year 2008-
2012 which aim to expand the plantation area of oil palm from 2.5 million rai in 2007 to 5
million rai in 2012, and the strategic plans for palm oil year 2015-2026 which aim to expand
the plantation area of oil palm from 5 million rai in 2017 to 7.5 million rai in 2026. The strate-
gic plan is part of the government’s alternative energy development plan for 2015-2036. Oil
palm is a primary raw material for biodiesel production which is an alternative energy of
the country with an increasing demand in recent year. In 2012, the Ministry of Energy has a
target of biodiesel production of 3100 million liters per year to increase the country’s’ energy
security. According to the Agri-map of the MOAC, the suitable area for oil palm production
is in the south of Thailand where there is the highest rainfall in the country. The rainfall in
the south of Thailand is regular and scattered throughout the region. Oil palm needs plenty
of water and 6 hours of sunlight each day with the plantation area lower than 300 meters
above sea level. Each tree needs 5-350 liters of water daily, monthly rainfall of 150 millime-
ters, and dry season not more than 60 days [31]. Therefore, the zone set for oil palm is in the
southern area of Thailand. However, the high demand of domestic palm oil and the oil palm
strategic plan creates an attractive economic incentive for farmer to switch the production
from other crop to oil palm. In 2015, the Ministry of Agriculture and Cooperatives (MOAC)
introduced the oil palm to northeast of Thailand through the pilot projects in Nong Khai
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province. Northeast of Thailand is not suitable for the production of oil palm as it has poor
soil, low rainfall, and a long dry season. However, the expansion of oil palm plantation area
has been promoted through various interventions, such as seedling, low-interest rate funding,
input, mills, and refineries. As a result, oil palm plantation area has rapidly increased in the
northeast of Thailand. The attempt to encourage land use according to its suitability of the
zoning program has again failed due to an attractive economic incentive created by the gov-
ernment. Besides, the other objective of zoning which is to stabilize the crop price also failed.
Consider Figure 4, it presented the price of oil palm during 1997-2018. The oil palm price has
been fluctuated even during the period of both oil palm strategic plans (2008-2012 plan and
2015-2026 plan). In 2017, only 2 years after the implementation of the second plan, oil palm
price starts a dramatic fall due to the excess supply of the crop. The government tries to solve
the low-price issue by exporting the residual quantity to global market, but the attempt has
not succeeded in solving the excess supply problem and low oil palm price in the country.
As of March 2018, the oil palm price is as low as 3.02 baht per kilogram. The government is
now considering an income compensation scheme for farmer as a short-term assistance and
a cut down oil palm tree program with compensation as a long-term measure to combat the
low-price issue.

The last instrument to discuss is the Sugarcane and Sugar Act of 1984. The act was enacted
after the implementation of agricultural zoning. Since the enactment of the Sugarcane and
Sugar Act of 1984, sugarcane production area has considerably expanded by almost 160%
from 1982 to 1996 [32]. According to the act, sugarcane farmers and sugar factories share the
profits from production at a rate of 70:30 under the condition that the sugarcane field must not
be located more than 80 km from the factory. The objective of the act is to stabilize the sugar-
cane price for farmer. After the enactment of the act, the sugar factory has been expanded to
53 factories in 2015 from 17 factories in 1984. The sugar price remains quite high as sugarcane
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farmers and factories try to push the domestic price up to share the set benefit. The country
exports approximately 70% of sugar product, and only 30% was distributed for domestic use.
The agricultural zoning again could not resist the expansion of land use in sugarcane produc-
tion because of the high economic incentive initiated by the act.

The government tends to implement the policy to tackle the issue at hand without consider-
ing the existing active policies. These actions make each agricultural issue more complicated
to be handled and result in a high government budget spending in each incident. After the
implementation of the agricultural zoning, the government should have a minimum interven-
tion in the market, so that the instrument will be able to function properly.

6. Findings of the study

The most crucial factor that causes failure on agricultural zoning in Thailand at the farm level
is the agricultural commodity price, while the governments’ latter crop subsidy scheme is the
most crucial factor that causes the failure of agricultural zoning at the country level.

Obviously, the finding reveals that the most crucial factor that causes agricultural zoning in
Thailand to fail at the farm level and at the country level is actually agricultural commodity
price. This suggests that agricultural zoning in Thailand should undergo major revision by
taking the agricultural commodity price into account. Therefore, a proposal to revise the agri-
cultural zoning used in Thailand based on this finding will be discussed in the next section.

7. A proposal for a revision of agricultural zoning in Thailand

The revision of agricultural zoning proposed here is based on the principles for dealing with
two critical issues that agricultural zoning program in Thailand tries to solve: the mismatch-
ing between land use and land suitability and the crop price instability.

The proposal is to set agricultural commodity price based on its production area or in other
words its origin. This zone pricing is to be included in the existing zoning program. The Land
Development Department (LDD) has completed the country soil survey and matched the
land quality with each crop growth requirement in order to help the government to determine
the crop zone. They have divided land suitability into four categories: highly suitable (S1),
moderately suitable (52), marginally suitable (S3), and not suitable (N) [33]. The government
will be able to set the crop price according to these criteria. The crop that is grown in the area
with highly suitable category will have the highest price followed by the crop that is grown
in the moderately suitable area, marginally suitable area, and not suitable area, respectively.
The proof of the commodity origin is the certificate of origin issued by the local government
office. By setting the agricultural commodity price based on its production area, an incentive
for farmer to allocate their land to the most suitable crop set by the government is initiated.
The method will eliminate the price risk for farmer and the mismatch land-use problem at
the same time. The factory and the mill are assured of the quality of the product as it was

67



68

Land Use - Assessing the Past, Envisioning the Future

produced on the most suitable area for such crop. To “set” the price is different from to “con-
trol” and to “fix” the price. The proposal here is not to control the market mechanism of
demand and supply. The price based on the commodity origin can be set in several ways
such as the percentage difference between the crop grown in highly suitable area and the crop
grown in moderately suitable area.

One concern of this method is that the agricultural commodities are in the perfectly compet-
itive market, so the country cannot prevent imported agricultural commodities especially
their price set. However, when the use of agricultural land is complied with its suitability,
it can be anticipated that the commodity produced can be competed with imported product
in terms of quality. The origin declaration will also be applied for imported agricultural
commodities. Typically, all types of the certificate of origin (Form D, CO, Form FTA, etc.)
are included in the import document set. The importer only needs to put the tag on their
commodity showing where the origin of their product is, and this practice has already been
done recently in Thailand for agricultural product sale in modern trade store. The consumer
will benefit from the information on the commodity origin as some imported product prices
are much lower than that of the domestic product but with great poor quality especially
in terms of safety. Consumer behavior is changing as there is a raised concern on safety
food; therefore, the product origin information is a crucial factor for making a purchase
decision instead of price. The agricultural commodities are price inelastic of demand as it is
a basic necessity product. In the short run, the quantity purchase is not very responsive to
price change. Therefore, the concern of the lower price of imported product is quite incon-
siderable. In the worst case, the impact from imported product can be dealt through price
protection scheme, but it is not suggested as Thailand has an obligation under the Doha
Round of WTO negotiations in November 2001 to reduce the domestic agricultural support
and protection. Therefore, the price protection will not be a sustainable way to deal with the
problem.

8. Conclusion

Agricultural zoning is a regulatory approach that redefines property rights. The technique
has been used to preserve agricultural area and ensure food security. Many empirical evalu-
ations of its effectiveness in several countries have been made, but they cannot be used as a
reference to other countries as each country has unique context and circumstance.

Thailand is one of the Asian developing countries, which has adopted the agricultural
zoning, but the method is adjusted to be the commodity-based format and not use-based
format. The main objectives of agricultural zoning in Thailand are to address the issue of
mismatching between land use and land suitability and the issue of crop price instability.
Agricultural zoning in Thailand has been established since 1979, but it showed limited suc-
cess mainly due to the variable factors that the government considers which are not in line
with private demand. In addition, the implementations of latter policies are contradicted
to the zoning policy. The program has caused an agricultural transformation in Thailand
in the dimension of crop diversification, but it needs a major revision in order to achieve
its goals.
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The revision proposed is to set agricultural commodity price based on its origin. There are two
strategies for meeting Thailand’s agricultural zoning objectives. First, after setting the price
based on its origin, the government should also play a small role as possible in intervening the
agricultural commodity market. Second, the government should integrate a crop production
information system with the Agri-map of the MOAC for farmer to check the production area
quantity of each crop in the country. This current production quantity information should be
updated at least monthly, so that farmer will have sufficient information to make a decision
on the quantity supply of the agricultural commodity apart from the price.
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Abstract

Increasing demand for food, feed, and fuels adds pressure on ecosystems through land
use and land use change (LULUC), with greenhouse gas emissions among the most
significant environmental impacts. Large regional variation in LULUC and indirect driv-
ing forces may not be adequately addressed by a one-size-fits-all approach that assigns
equal LULUC emissions per unit of area, and by a focus on direct d(LU) LUC impacts
only. Hence, our method integrates effects from international agricultural commodity
trade as indirect emissions (iILULUC) of the demand of food and feed. In most countries,
the majority of foods and feedstuffs (70% of global calories) are produced for the domestic
market and the rest is exported and contributes to a hypothetical global pool of iLULUC
emissions. Total LULUC emissions are calculated for individual countries, accounting for
LULUC from increased domestic agricultural production for domestic consumption and
for emissions imported from the global market’s iLULUC pool. Furthermore, we estimate
consumption-based emission factors for specific product groups per country. Results
show that vegetable oils, oil crops, and cereals account for the majority of global LULUC
emissions and iLULUC results derived with the presented method cannot be compared
directly to dLULUC results; however, their orders of magnitude are similar.

Keywords: land use, land use change, LULUC, CO,, greenhouse gas emissions, global
warming potential, carbon footprint, food, consumption-based accounting
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1. Introduction

Increased global demand for food energy and protein is a major driver for the growing environ-
mental impacts of food and feed production. Impacts include both land use (LU) emissions on
already cultivated agricultural areas through intensification and land use change (LUC) emis-
sions from newly converted areas such as primary and secondary forests, fallow land, and
savannahs [1, 2]. The increased demands for livestock products and bioenergy are major causes
of increases in agricultural LU [3]. This increased land use leads to LUC. Over the past 50 years,
livestock and bioenergy accounted for 65 and 36% of LUC, respectively [3]. Other socioeconomic
drivers of emissions from LULUC are population growth, economic development, and changing
consumption patterns [4-7]. An accurate accounting for LULUC impacts is critical for life cycle
assessment (LCA) frameworks and other assessment methods that quantify agricultural green-
house gas (GHG) emissions.

LU and LUC (LULUC) are major contributors to global CO, emissions, especially in the tropical
regions of South-America, Asia, and Africa. Emissions from LULUC contributed approximately
20% of total global CO, emissions during the last two decades of the twentieth century [8]. From
2000 to 2010, the proportion of CO, emissions originating from LUC substantially decreased, but
still contributed about 10-12% of global CO, emissions [9, 10]. Simulations of the development of
atmospheric CO, concentrations, which were used to determine the impact of LULUC since
preindustrial times (i.e., the last 250 years), showed that almost a quarter (23%) of the increase in
the CO, concentration originates from LULUC [11].

Emissions from the conversion of known and defined regions of origin are coined as “direct”
(dLUG; see [1]). dLUC emissions consider carbon released when a specific area is transformed,
e.g., from forest to cropland or builtup land (i.e., land for infrastructure, buildings). Although
region-specific dLUC emission accounts are useful, they fail to account for the effects of interna-
tional agricultural commodity trading. The concept of indirect LUC (iLUC) increasingly became
an issue in the life cycle analysis of biofuels that substitute fossil fuel and often were discussed as
climate-neutral alternatives [12]. Additionally, iLUC emissions have wide-ranging policy impli-
cations [13, 14]. Indirect effects not only apply to LUC, but also to LU emissions. Consequently,
market-induced or policy-driven incentives to transfer and expand land (i.e., forest clearance) to
meet increased market demands for bioenergy plants and biofuels, food and feed distant in
countries are related to and responsible of iLULUC. However, iLULUC emissions from shifts in
international agricultural commodity trading have, so far, been rarely estimated. The studies
found in the literature strongly focus on the iLUC debate in the context of bioenergy plant
cultivation [15].

In the globalized world, many countries are exporters of food, feedstuffs, and bioenergy fuels
actually, and cause domestic (i) LULUC emissions on behalf of the countries buying their
commodities on the global markets. We hypothesize that countries with increasing net agri-
cultural exports will tend to emit more CO, from LULUC as well, because they are forced to
increase production through conversion of previously unused land (i.e., LUC) and intensifica-
tion of cultivation on existing land (causing LU emissions due to soil carbon losses). These
developments are of course subject to other factors; for example, a growing domestic popula-
tion will exacerbate LULUC emissions.
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Consequently, the objective of this work is to provide a deterministic, top-down method which
accounts for the effects of iLULUC linked to international agricultural commodity trade on
country-specific LULUC emissions. The aim is to provide a consistent and scientifically robust
method that allows for the inclusion of consumption-based iLULUC emission factors into LCA
and carbon footprint of different agricultural commodities consumed in the different countries.

2. Methods

In this section, we describe the conceptual background used for the development of our
method, some of its key assumptions, and the computational steps involved as well as the
empirical analysis of country- and product-specific LULUC emissions.

2.1. The conceptual background of country-specific shares of agriculture-related LULUC
emissions

In general, agricultural commodities with increasing production volume exert stronger pres-
sure on (currently unused) land than products with decreasing production volumes when
accounting for environmental impacts of LULUC. Therefore, increasing production should be
assigned a larger share of impacts. In our approach, we assume that agricultural exports can be
linked to international iLULUC effects: if domestic production becomes more export-oriented,
domestic supply will decrease and the unmet domestic demand will lead to increased com-
modity imports if economically feasible. Within our approach, we assume the existence of a
(hypothetical) global pool for iLULUC emissions based on the commodities that are traded.

Aside from the global iLULUC emissions pool, the method presented takes a country-specific
approach, since trends in agricultural production, imports, and exports differ by region (as
well as by product type). A country-specific method allows a better consideration of large
regional LULUC variations than a one-size-fits-all approach. The latter would assign equal
LULUC emissions on an area basis (for every hectare used globally to produce food, feed,
fuels, or fibers; see, e.g., [16, 17]), regardless of regional differences. Moreover, if regional
LULUC data and regional agricultural statistics are available within a country, the approach
could easily be adapted to a higher spatial resolution as well.

Countries with increasing agricultural exports will feed a proportional share of their total
LULUC (i.e., LU-related as well as dLUC- and iLUC-) emissions into this pool, thereby reducing
their burden of LULUC emissions, and countries with increasing net imports will import a
proportional share of these global iLULUC pool emissions. It is important to note that this takes
a dynamic rather than a static view: the yearly changes in exports and imports determine the
flows of iLULUC emissions, and not the absolute export and import data (see Egs. (6) and (8)).

In order to allow an aggregation of the wide variety of agricultural commodities produced by a
given country and traded internationally, we convert commodity masses obtained from the
FAOQ statistics [18] to their energy equivalent, based on lower heating value (LHV) data from
[19, 20]. Furthermore, all calculations in this study include CO, emissions only and other
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GHGs such as methane and nitrous oxide are excluded, since they typically contribute little to
total LULUC emissions change [21].

2.2. Empirical analysis of country-specific shares of agriculture-related LULUC emissions

We calculated net LULUC emissions for 175 nations based on data reported in Refs. [18-21].
As a starting point, we use the CO, emissions Ly from Ref. [21] that are caused by LULUC for
each country.

Lglo = Z Lk (1)
k

where Ly, is the annual worldwide LULUC emissions (excluding those countries for which no

suitable data are available), Tg a~' and Ly is the annual LULUC emissions from country k, Tga™ .

Each country’s LULUC emissions have to be reduced by those LULUC emissions that are
caused by the expansion of infrastructure areas (including builtup areas based on [22]) in order
to allocate the remaining LULUC emissions to agricultural commodities that enter the econ-
omy of each country. Thus, we split the infrastructure LULUC emissions and the agricultural
LULUC emissions (based on 2013 areas in [18]) in proportion to their countrywide area.

AGy = L, — INF, 2

where AGy is the annual agriculture-related LULUC CO; emissions from country k, Tg a!
and INF, is the annual infrastructure-related LULUC CO, emissions from country k, Tg a .

In the model presented here, agriculture-related LULUC emissions are in principle allocated to
the emitting country, but we correct this number by accounting for iLULUC-causing increases
of net agricultural imports (imports minus exports) into each country, thus obtaining the
agriculture-related LULUC emissions due to the domestic consumption of agricultural com-
modities in a given country k:

NLy = AGy + NI 3)

where NLy is the net annual agriculture-related LULUC emissions due to domestic consump-
tion of agricultural commodities in country k, Tg a~' and NIy is the LULUC-related emissions
due to net agricultural import increases into country k, Tg a™".

The following equations illustrate how the net import emissions are calculated. We first calculate
the global iLULUC pool (Eq. (4)) and then distribute the iLULUC pool’s emissions to countries
proportional to their net import increases during the selected accounting period (Eq. (6)).

The global iLULUC pool is established by adding all export increase-related LULUC emissions
EXkZ

LULUCg, = Y EXi 4)
k
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EXk in turn are defined as the share of a country’s agriculture-LULUC emissions that is
proportional to a country’s export increases:

EXk = AGk X €k (5)

where EX| is the LULUC emissions due to agricultural commodity export increases of country
k, Tga " and e is the export-increase allocation factor (nondimensional, Eq. (6)).

The export-increase allocation factor ey relates a country’s agricultural export increases over
the selected time period to its domestic agricultural production increase, both converted to
annual energy equivalents based on the exports’ mass-weighted LHV:

AEy

ek:A—[)k

(6)

where AEy is the average annual export increases of agricultural commodities expressed as
annual energy equivalents, T] a—* and ADj is the average annual domestic production of
agricultural commodities expressed as annual energy equivalents, TJ a .

In our analysis, the increases AEy and ADy are both calculated as average annual differences
between a final (i.e., 2007-2009) and an initial 3-year period (i.e., 1998-2000).

Now that the global iLULUC emissions pool has been established, its emissions are distributed
among all countries in proportion to their individual net import increases niy:

NI = iLULUCg, X niy (7)
where niy is the net-import-increase allocation factor (nondimensional), based on energy
equivalents (Eq. (8)).

The net-import-increase allocation factor, niy, is defined as the difference between a country’s
share of global import increases and a country’s share of global export increases:

AL AE
SAL S AR

nik =

®)

where Aly is the average annual import increase of agricultural commodities expressed as
annual energy equivalents, T] a !, L Al is the global sum of average annual import increases,
TJ a~!, AE, is the average annual export increase of agricultural commodities expressed as
annual energy equivalents, TJ a ! and I AE, is the global sum of average annual export
increases, TJ a ™.

2.3. Empirical analysis of product group-specific shares of agriculture-related LULUC
emissions for a given country

In a next step, net LULUC emissions can also be calculated specifically for a product group p
that is consumed in a country k. The approach follows largely that for countries as described in
the previous section.
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For aggregating the various flows of agricultural commodities (i.e., imports, exports, domestic
production, and domestic demand), we again use the average energy content of each product
group, aggregated based on the mass-weighted single-commodity LHVs. The following prod-
uct groups in Ref. [18] are considered here: alcoholic beverages, cereals (excluding beer), fruits
(excluding wine), oil crops, pulses, spices, starchy roots, sugar and sweeteners, sugar crops,
tree nuts, vegetable oils, vegetables, animal fats, eggs, meat, milk (excluding butter), offal,
stimulants; no data are available for the groups “tobacco and rubber” and “miscellaneous.”

Each product group in a country is assigned a share of the countrywide agricultural LULUC
AGy in proportion to its energy-equivalent share of the total agricultural production:

AGk,p = AGk X ak,p (9)

where AGy , is the LULUC emissions of agricultural product group p in country k, Tga~" and
ak,p, is the production allocation factor (nondimensional, Eq. (10)).

The production allocation factor, ay ,,, relates a product group’s production increases in coun-
try k to that country’s total domestic agricultural production increase, both converted to
annual energy equivalents based on LHV:

APy p

> APy (19

ak,P =

where APy, is the average annual production increase of product group p in country k,

expressed as annual energy equivalents, TJ a~ .

As was done with countrywide emissions, product-specific LULUC emissions, AGy, are
adjusted with additional iLULUC emissions from the global iLULUC pool, NIy ;, in propor-
tion to their net import increases, niy . The expression for net LULUC emissions due to
domestic consumption of product p is similar to that for the respective country as a whole:

NLy,p = AGi p + Nl p (11)

where NL; ;, is the net annual agriculture-related LULUC emissions due to domestic consump-

tion of product p in country k, Tg a~' and NIy, is the net import emissions due to net import

increases of product group p into country k, Tga™ .

The net import emissions for product group p in country k are calculated as:

NI, , = iLULUCg," niy (12)
where niy ;, is the net-import-increase allocation factor for product group p in country k (LHV-
based and nondimensional).

The net-import-increase allocation factor, niy ,,, is defined as the difference between a country-
and product-specific share of global import increases and the share of global export increases:



Consequences from Land Use and Indirect/Direct Land Use Change for CO, Emissions Related...
http://dx.doi.org/10.5772/intechopen.80346

Al ~ AEy p
S (Tplp) T (X, AEp)

nigp = (13)

where Al , is the average annual import increase of product group p in country k, expressed
as annual energy equivalents, TJ a~', Li(ZpAly p) is the global sum of average annual import
increases of product group p, expressed as annual energy equivalents, T] a ', AEy,, is the
average annual export increase of product group p in country k, expressed as annual energy
equivalents, TJ a~', and Zi(Z,AEy ) is the global sum of average annual export increases of
product group p, expressed as annual energy equivalents, T] a~', which is equivalent to the
global sum of average annual import increases.

As a last optional step of the method, the net LULUC emissions due to domestic consumption
of product group p in country k can be converted from countrywide amounts to emissions per
unit mass consumed:

nlk,p = NLk,p/Ck,p (14)

where nly ,, is the average annual net agricultural LULUC emissions per unit mass of product
group p consumed in country k, Tg Tg ' (kg kg ') and Cyp is the average consumption
(average over the last 3 years of the period 2007-2009) of product group p in country k, Tga".

3. Results

3.1. LULUC-related emissions on a spatial basis

The average global iLULUC emissions pool was calculated at 1.2 Pg CO, per year. This is
equivalent to approximately 30of all LULUC-related CO, emissions from the 175 countries
analyzed in this study. Figure 1 shows the average annual net agriculture-related LULUC
emissions (NLy) per ha of agricultural land, which is a combination of a country’s agricultural
LULUC emissions (AGy) and the balance NIy of (a) imported (positive) iLUC emissions and (b)
exported (negative) dLUC emissions (see Eq. (3)).

In specific countries such as Australia and Japan, no net LULUC emissions were assigned
(value 0; see also Table 2) due to two reasons: (i) neither imports nor exports increased, i.e.,
no national LULUC emissions are exported to the global iLULUC pool, nor is iLULUC
imported from the pool, and (ii) national LULUC emissions are fully attributed to settlement
(infrastructure) area expansion while agricultural land areas declined (compare Eq. (2)).

Net exporting countries such as Argentina or the USA even show (theoretically) negative net
LULUC results per ha (Figure 1). This is a consequence of rapidly increasing (LHV-energy) net
export volumes and little or no LULUC import increases (resulting in a negative net import
increase balance NI,), combined with low national LULUC emissions (AGy).
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Figure 1. Average annual net agriculture-related LULUC emissions per ha of agricultural land (Mg ha™" year™)
corresponding to “NLy” in Eq. (3) divided by agricultural land area. Hatched areas designate countries where iLULUC
due to net import increases is more than half of total net agricultural LULUC emissions.

The highest average annual net agriculture-related LULUC emissions in Table 1 were com-
puted for Indonesia. Of the Indonesian LULUC-related CO, emissions, 53% are attributed to
peat fires, 20% to peat drainage/oxidation, 22% to deforestation, and only 5% to palm oil and
timber plantation establishment [23]. This illustrates that emissions may stem not only from
deforestation and agricultural activities but also from other LULUC effects.

Agricultural LULUC emissions AGy of 0 and 993 Tg a~ ' were calculated for the USA and Brazil,
respectively. These national LULUC emissions were corrected by —185 and — 110 Tg a~"
LULUC emission for the USA and Brazil, respectively, due to increased exports to the global

Product group Allocation factor niy;, (%) Product group Allocation factor niy;, (%)
Alcoholic beverages -1.1 Sugar crops 0.0
Cereals—excluding beer -19.6 Tobacco and rubber 0.0
Fruits—excluding wine +0.9 Tree nuts -0.1
Miscellaneous 0.0 Vegetable oils -3.6
QOil crops —42.7 Vegetables -0.1
Pulses 0.0 Animal fats -02
Spices 0.0 Eggs 0.0
Starchy roots +0.1 Meat —4.3
Stimulants -1.0 Milk—excluding butter -05
Sugar and sweeteners —27.3 Offals —0.4

Table 1. Allocation factors for specific product groups’ net import-increases for the example of Brazil.
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iLULUC pool. Dividing by the domestic agricultural area (414*10° ha for USA and 276*10° ha
for Brazil), we arrived at net LULUC emissions NLy per average ha of agricultural land of
about —0.3 and +3.0 Mg a~' ha™' for USA and Brazil, respectively.

All country-specific emission factors for average hectares as well as product groups (see
Section 3.2) are presented in the supplementary material (https://www.fibl.org/de/oesterreich/
schwerpunkte-at/klimaschutz/klimaschutz-projekte/land-use-change.html).

3.2. Product group-specific LULUC emissions

In addition to countrywide net agricultural LULUC emissions, we calculated net LULUC
emissions specifically for 3150 commodity groups that are consumed within the 175 specific
countries of our analysis.

Figure 2 shows the global LULUC emissions of selected plant-based products, plotted over
their global consumption. All product groups above the diagonal line (vegetable oils, oil
crops, pulses, and tree nuts) are burdened with higher total LULUC emissions (a conse-
quence of high production increases) relative to the proportions of their global consump-
tion. Together, vegetable oils and oil crops account for 43% of all LULUC emissions, of
which the larger part is attributable to bioenergy and food oil production. The other prod-
uct groups in Figure 2 (starchy roots, fruits, spices, and vegetables) have comparably low
LULUC emissions per kg consumed. The highest absolute global average LULUC emissions
per kg of product were found for vegetable oils (7.78 kg CO, kg "), followed by tree nuts
(3.94 kg CO, kg’l), pulses (1.96 kg CO, kg’l), vegetables (1.42 kg CO, kg’l), and oil crops
(1.15kg CO, kg™1).

o % 10% 15% A% 5% 30

Proportion of total global LULUC emissions
@
ES

Proportion of global consumption (mass-based)
® Vegetable Gils — » il erops ® Cereals o Starchy Roots  » Pulses
# Fruits ® Tree nuts * Vegetables ® Spices

Figure 2. Proportions of global consumption and global LULUC emissions for selected plant-based products.
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Table 1 illustrates the allocation factors (ni p, Eq. (13)) for net-import increase-related iLULUC
emissions for the example of Brazil. Some of the allocation factors are negative, indicating net
export increases that shift emissions into the global iLULUC pool. The product groups with the
largest export increases and therefore with the largest negative allocation factors are oil crops
(mostly soy), sugars (from sugar cane), and cereals (mostly wheat and maize).

To complete the picture, the product-specific net LULUC emissions, nl ,, are shown in Table 2
for selected countries. Interestingly, for Brazil, the strong export growth of oil crops, sugar/
sweeteners, and cereals (negative contribution to net LULUC emissions) is masked by a larger
increase in domestic production AGy ;, (Egs. (9) and (10)) that causes high LULUC emissions of
3.66, 3.17, and 1.70 kg CO, per kg product consumed domestically. However, only for the
product group offals are the export increases large enough to result in negative overall LULUC
emissions. In contrast, for tree nuts, vegetable oils, spices, and oil crops, large net LULUC
emissions are assigned per kg of product, pointing to domestic production increases outwe-
ighing the effects of export increases, or even net import increases exacerbating the domestic
production increases.

Australia and Japan are not listed in Table 2, since they have no net agricultural LULUC
emissions for any product group—in these countries, agricultural land use is decreasing or
constant, and thus, all land expansion is assigned to infrastructure growth. In addition, both
agricultural exports and imports from Australia and Japan decreased during the accounting
period. In contrast, export-dominated countries such as Argentina, Canada, and the USA show

AR BR CA CN FR GER ID UK USA
Cereals -0.71 170  —0.05 0.03 0.22 0.41 4.55 055  —0.05
Oil crops -0.30 3.66  —249 1.77 0.50 0.47 870  -039  -095
Sugar and sweeteners —-0.67 3.17 0.36 0.11 1.03 1.43 1.16 0.93 0
Sugar crops 0.02 0.67 0.01 0.00 0 0.01 0.15 0.21 0
Pulses —0.42 097 341  -017 176  -0.75 1.44 009  -07
Tree nuts 5.97 4.19 1.89 0.18 0.03 1.41 28.43 229  -126
Vegetable oils —32.36 488 321 2.64 0.98 504 13177 1.09 0.95
Animal fats —4.00 192  -040 007 -008  -0.12 3.64 0.04 0.01
Eggs 0 0.44 0.04  —0.00 0.07 0.39 213 042  -0.12
Meat -0.19 072 -0.18 0.01 004  -0.18 3.99 013  —0.06
Milk—excluding butter —-0.10 0.35 0.02 0.08  —0.03 0.04 12.49 038  —0.08
Offals -029 032 088 1.03 -086 544 2.79 018  —0.04

*AR = Argentina, BR = Brazil, CA = Canada, CN = China, FR = France, GER = Germany, ID = Indonesia, UK = United
Kingdom, and USA = United States of America.

Table 2. Average net LULUC emissions for domestically consumed products in kg CO, per kg product for selected
countries’.
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mostly negative net LULUC emissions; in the case of the USA, this applies to fewer product
groups than for Argentina. Countries like France and the United Kingdom show positive net
agricultural LULUC emissions for most product groups, mainly due to import increases.
Emissions for Indonesia are much higher than for the other countries because of large domestic
LULUC emissions AGy, regardless of the product group, which are partially a consequence of
a rapidly growing population and an improved food supply [23].

Figures 3 and 4 show product groups associated with large positive or negative net LULUC
emissions for selected countries. Hatched bars indicate a majority from net import-related
LULUC emissions, while fully colored bars indicate the majority of emissions originating from
domestic agricultural LULUC.

Plant-based commodities with high net emissions include spices, stimulants, oil crops, vegeta-
ble oils, tree nuts, and cereals (Figure 3). With regard to vegetable oils, Argentina and China
are clearly increasing net exporters, and Brazil generally has large positive net LULUC emis-
sions due not to imports, but to large domestic production increases. This applies also to
production of Argentinean and Brazilian tree nuts.

Concerning livestock products, Figure 4 shows a general dominating export role for Argentina
and a specific role of animal fats, while most Brazilian livestock products are dominated by
domestic LULUC emissions. For instance, Chinese imports of offal increased and thus lead to
positive net LULUC (Table 2).
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Figure 3. Average net LULUC emissions of specific vegetable product groups with comparably high emissions per kg of
product (kg LULUC-CO, kg ' product). Hatched columns represent a dominating contribution of iLULUC emissions to
the net LULUC emissions per unit of product from different groups; solid columns indicate that net LULUC is dominated
by emissions assigned to domestic production increases.
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Figure 4. Average net LULUC emissions of specific livestock product groups with relatively high emissions per kg of
product (kg LULUC-CO, kg ' product).

4. Discussion

4.1. Novelty and limitations of the proposed method

Our method assumes that agricultural LULUC is a consequence of increasing demand for
agricultural products and thus for land. We derive robust and globally consistent emission
shares and emission factors based on the dynamic development of agricultural production,
expressed in increases of produced (and net-imported) energy equivalents rather than on
static, absolute shares of production (e.g., exported energy quantities as such). This focus on
dynamic developments has the advantage of capturing the trends triggering LULUC impacts,
but it also requires up-to-date information on rapidly changing global agricultural develop-
ments, making it difficult to extend the method to geographical entities smaller than countries
(i.e., the level at which statistics are usually available; see [18]).

On the one hand, the method illustrated here is predicated on the principle of assigning an
environmental burden (LULUC emissions) to an increase in commodity consumption, i.e., to
the importing country, whose increased demand for the commodity is seen as causing the
burden. On the other hand, one could also argue that it is the producer, not the consumer, who
decides to satisfy a perceived demand, and therefore, the LULUC emissions should be assigned
to the country of origin. Applied to LULUC, this shifted perspective would mean that export-
related LULUC emissions are still assigned to the producing country. Hence, no “iLULUC
emissions pool” would be necessary. A compromise approach would be to evenly divide the
LULUC emissions from imports and exports between producer and consumer. Mathematically,
this would correspond simply to cutting the size of the iLULUC emissions pool in half.
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In most countries, the larger part of increased food and feedstuff production is for domestic
purposes. Thus, most of a given country’s LULUC emissions (globally approximately 70%) are
assigned to the domestic territory. The remaining roughly 30% are exported or imported and
are thus assigned to a global iLULUC emissions pool. In many countries though, LULUC from
import increases accounts for more than half of the net LULUC (hatched areas in Figure 1).

For some countries, CO, emissions from LULUC could be overestimated because not all LULUC is
linked to infrastructure, settlements, and agriculture, but also to, e.g., mining. The relatively
undetailed allocation on the basis of the increase or decrease in areas for infrastructure, settlements,
and agriculture introduces uncertainty. So far, the model also ignores the role of intensification as a
cause of net export increases without causing LUC. Further studies could add such elements to the
model, which is crucial for a correct assessment and allocation of agricultural LULUC emissions.

As stated above, emission shares are allocated in proportion to the energy content of agricul-
tural product groups (based on their LHVs). As has long been debated (e.g., in LCA [24, 25]),
allocation could also be based on commodity prices, but for the purposes of this study, the
required data were not available. Such an economic aggregation would emphasize the role of
monetary drivers for cultivation and agricultural management decisions, but on the other
hand, it would be subject to confounding factors such as currency exchange rate fluctuations
and fluctuations of auxiliary material prices (fuels, fertilizers, and pesticides).

Uncertainties may be introduced by input data from [18] concerning areas, yields, national
consumption, or traded amounts. These data are reported by the national statistical authori-
ties. In addition, the aggregation of single commodities into product groups such as “cereals”
causes uncertainties, as different commodities within a group (e.g., types of cereal grains) will
have different LHVs, which even further vary under practical conditions. For example, for the
average LHV of the product group “cereals,” we used the LHV of the globally dominant cereal
commodity wheat as a default value. A comparison of the wheat LHV with the actual weighed
average of the US cereal grain production mix shows a difference of 1.9% between the default
value and the actual mix (US Department of Agriculture’s statistical data sets for the years
1998-2000 and 2007-2009; http://quickstats.nass.usda.gov/). Additional uncertainty originates
from the conversion of volume-based production information (bushels) to mass-based produc-
tion data, as well as from the variability of published LHV values for grains.

From a global perspective, livestock products seem not to lead to particularly high LULUC
emissions. However, the resulting numbers for nl, ;, (see Eq. (14) and Table 2) are to some extent
misleading, as they are based on production and net import increases. Those increases were
rather low for livestock products over the observed period (e.g., in Brazil in Table 1), but arable
land is increasingly used for livestock feed production, i.e., cereals or by-products from oil crops
(oil cakes or solvent-extracted meal). The real LULUC emissions from livestock products are
therefore likely to be higher than the numbers obtained with this method. Consequently, a part
of the emissions linked to, e.g., oil crops have actually to be allocated to livestock products.

A limitation of our approach is that it does not consider historically grown and established bilateral
trade connections between countries. For example, when the US corn is explicitly produced for the
Chinese market, then US LULUC emissions end up in the global pool and obliterate the fact that
China alone would be responsible for the LULUC change emissions. However, the focus of the
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study was the construction of a global iLULUC emissions pool in order to account for the changing
global interrelationships of the agricultural commodity marketplace.

4.2. Direct (LU)LUC emissions versus results of the proposed method

Some studies (e.g., [1, 26]) computed direct LU emissions and dLUC emissions for specific oil
crops from specific countries, e.g., Brazil and Argentina, and for the import mix of such crops
used, e.g., in Austria [26]. For the latter, our results are comparable to those for Germany, as most
oil crops imported into Austria are transported through Germany and they are influenced in
both countries by the European markets.

For the example of oil crops, i.e., the basis for vegetable oils and by-products (mainly feed), which
are consumed in Austria, the method proposed here assigns 1.99 kg CO, to 1 kg of product. Most
of the oil crops or their products are imported into Austria and, in addition, no dLUC emissions
are relevant for domestic oil crops. Thus, LULUC emissions are sourced exclusively from contri-
butions to the iLULUC pool. Based on market information (e.g., Refs. [27, 28]), 50% each of the oil
crops are estimated to come as soybeans from North America (no dLUC emissions) and South
America. The resulting level of 1.61 kg of dLULUC emissions is in line with the 1.99 kg CO,
stated above. The emissions are linked to imports from Brazil, which show 3.097 kg dLUC-CO,
per kg of soybeans and LU-related emissions of 0.019 kg LU-CO, per kg of soybeans [1].
Together, dLULUC accounts for 3.22 kg CO, per kg of Brazilian soybeans, which is comparable
to the 3.66 kg CO, derived with the method presented herein. It has to be noted that d(LU)LUC
emission factors cannot be directly compared to the iLULUC emission factors presented here.
While dLULUC estimates are close to the numbers from the presented method in specific cases
such as of Austria, dLUC emission factors alone are insufficient and should be replaced or
accompanied by emission factors which consider iLULUC effects in LCAs and carbon footprints.

5. Conclusion

We propose an integrated dynamic treatment of emissions from LULUC, caused by domestic
agricultural production, and from iLULUC that is linked to international agricultural com-
modity trade, which may be used in LCA frameworks and other assessment methods that
include GHG emissions accountings. iLULUC effects are accounted for which are induced by
countries with increasing demand for certain agricultural commodities. LULUC emissions are
not only caused by growing national agricultural land use, but also by the growth of builtup
areas. Indirect LULUC emissions related to an increase in net agricultural imports represent
the balance of (a) (positive) iLULUC emissions from import increases and (b) (negative) dLUC
emissions from exported commodities. Our model thus reflects a dynamic rather than a static
perspective of agricultural commodity production and trade—it uses the increases of produc-
tion, exports, and imports in place of their absolute values.

Indirect LULUC factors are derived by converting data on agricultural commodity production
and trade to the commodity’s corresponding energy content on an LHV basis. A (hypothetical)
global iLULUC pool reflects the global interconnectedness of agricultural commodity trade;
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national iLULUC emissions may be derived from it and represent the LULUC emissions
inherent in the traded products.

Our results account for the allocation of emissions to specific product groups consumed in a
country in proportion to their corresponding energy content on an LHV basis. This allows for
the aggregation of agricultural product group data on different spatial levels, and it provides a
more detailed focus compared to generic agricultural land-related emission estimates. With
this approach, 3150 new results from 175 countries are provided with the respective indirect
(LU)LUC effects. The results vary substantially between nations, with clear differences
between producing and exporting countries versus importing countries. A similar differentia-
tion applies to specific product groups within a country.

LUC-related GHG-accounting should rest on a well-documented computational basis as a prereq-
uisite for a fair differentiation of “LULUC-emitting/exporting nations” versus “LULUC-importing
nations” on the one hand and between (LU)LUC-driving product groups versus product groups
with little or no effects on LULUC emissions on the other. Further work should address the
validation and improvement of the model and its input data.
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Abstract

Land acquisition and use remain a critical issue of great policy relevance in developing
countries such as Nigeria. This study therefore examined land acquisition and use in
Nigeria within the context of food and livelihood security. The chapter used secondary
data obtained from the World Bank website, National Bureau of Statistics (NBS) and other
sources. It was found that there are gender, location and income-group considerations in
the allocation of land in Nigeria. While the urban land market is relatively more formal,
the rural land market is informal and the transactions were not documented in most cases.
The study found that bureaucratic bottlenecks, high cost of registering land and long
registration procedures, and inconsistent policy regimes impede the development of land
market in Nigeria. Based on the findings of the study, it was recommended that the
government should reduce and make the processes to be completed in registering lands
in Nigeria easier. The Land Use Act 1978 should be amended to capture the prevailing
realities around customary laws and informal markets. The government should reduce
the cost of land registration in Nigeria. Multilateral organisations and government should
co-create and co-finance innovative interventions to improve activities in the land market.

Keywords: conflict, food security, land acquisition, livelihood security, Nigeria, welfare

1. Introduction

Land acquisitions are broadly defined to include not only the purchase of ownership rights but
also the acquisition of user rights, for instance through leases or concessions, whether short or

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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long term [1]. Land tenure system can be defined as the rights and institution that governs
access to and use of land [2]. Tenure system of land involves a system of rights, duties and
responsibilities concerning the use, transfer, alienation and ownership security of land and its
resources. From the ongoing, it is clear that land acquisition and use cannot be discussed
extensively without incorporating land tenure system. This chapter therefore presents a com-
prehensive review of literature on the land acquisition and use in Nigeria and the implications
for sustainable food and livelihood security in the country.

Land is a veritable ingredient of development especially in the agricultural and tourism sector
of any economy. Nigeria has a total land mass of 924,768 sq.km with a population of 198
million and annual population growth rate of 2.8% [3]. Nigeria comprises over 250 ethnic
groups located within the 36 states and the Federal Capital Territory [4]. Land is an asset and
factor of production for households in Nigeria [5]. However, the level of access and title
ownership is determined by the state [6]. Therefore, the land system is characterised by
several actors including government, community leaders, families, lawyers, middle men and
estate agents among others. All activities of the different actors are regulated by the govern-
ment through policies and programmes. Generally, land systems thrive on clearly stated
property rights. Two types of proprietary rights have been defined in literature-absolute or
nonderivative interests and derivative interests [6]. The absolute or nonderivative interest is a
nonrestrictive access and use of land conferred on the holder. The absolute interest on land has
also been explained as inclusive of highest scope of proprietary decisions on the use and
management of land. Derivative interest derives from a larger estates or superior estates. The
derivative rights cover leaseholds, life interests, mortgage, rents and pledges among others.
The two types of property rights (absolute or nonderivative interest and derivative interest)
exist in Nigeria.

The Nigerian land system has evolved over the years as classified into precolonial, colonial and
postcolonial periods in literature [7]. The three periods are explained below:

a. Precolonial land ownership structure: Prior to the colonial era, lands were solely owned by
families and communities. The land was owned by the community and family heads who
then allocate based on the needs of their subordinates [8]. The legal estate or authority
existed at the community or family level. Thus, the leadership of communities and fami-
lies had absolute interests, while constituents had derivative interests.

b. Ownership structure during colonial rule: The ownership of land was regulated by the
colonial authorities before independence. The legislations included Treaty of Cession
(1861), Land Proclamation Ordinance (1900), Land and Native Rights Act (1916), Public
Lands Acquisition (1917), State Land Acts (1918) and Town and Country Planning Act
(1947). The colonial legislations were meant to take property rights out of the reach
community leaders. For instance, in 1900, the Land Proclamation Ordinance created by
Lord Lugard regarded the principles of native law and custom and stipulated that the title
of land can only be acquired through the high commissioner [6].



Land Acquisition and Use in Nigeria: Implications for Sustainable Food and Livelihood Security 93

http://dx.doi.org/10.5772/intechopen.79997

c. Postcolonial ownership structure: As depicted earlier, the land ownership structure in
Nigeria has evolved over the years. Two key legislations have been enacted since indepen-
dence: Land Tenure Law of Northern Nigeria of 1962 and Land Use Act of 1978. The land
tenure law of Northern Nigeria of 1962 stipulated that the minister responsible for land
matter controls, holds and allocates land (unoccupied or occupied native lands) to natives
of Northern Nigeria. This implies that non-natives except for the approval of the minister
could not land titles. The law granted the natives of Northern Nigeria the right to own
land for a limited number of years. The individual/native may sell, mortgage or transfer
the land subject to the minister’s approval. The Land Tenure Law of 1962 was repealed,
and land use decree of 1978 was implemented.

Land tenure issues are important components of developmental discourse [9]. This is because
unplanned or weak regulatory undermines development as informal settlements grow thereby
stressing already inadequate urban infrastructure [5]. Therefore, poor land management
affects security and growth as it induces, slums and suboptimal living conditions [10, 11]. The
Nigerian land use decree of 1978 stipulates that all land belong to the government holding
same in trust for the public [12]. This implies that the government allocates land to individuals
and corporate entities based on the objectives of interested parties [13].

Objectives of Land Use Act 1978

*  Make land accessible to all Nigerians

¢  Prevent speculative purchases of communal land

e Streamline and simplify the management and ownership of land
* Land available to governments at all levels for development

* Provide a system of government administration of rights towards improving tenure
security

The aftermath was political considerations in the allocation of land, corruption and rise in
lobbyist tendencies. The land use act avails the opportunities to own lands without recourse to
families and communal land holdings. The process of obtaining certificates of occupancy is
characterised by bureaucratic bottlenecks, high registration fees and perpetual payment of
levies and taxes [10]. Till date, land tenure is governed by customary laws, especially in rural
Nigeria. Therefore, tenure security is low as the transactions in the land market are largely
informal.

Nigeria trails other African countries in the ease of registering land indices (see Table 1) [14].
Nigeria ranks 179th in the ease of registering land compared to Botswana (81st position),
Morocco (86th position), South Africa (107th position) and Ghana (119th position). In terms of
the number of procedures required to complete land title registration, there are 11 procedures
in Nigeria compared to Botswana, Morocco, South Africa and Ghana with four procedures, six
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S/ Country Registering of Registering Procedures Time  Cost (% of Quality of land
N property (DTF) property index  (number) (days) property value) administration index
(0-30)

1  New 94.97 1 2 1 0.1 26
Zealand

2 United 76.80 37 44 15.2 2.5 17.6
States

3 China 76.15 41 4 19.5 3.4 18.3

4 United 74.51 47 6 21.5 4.8 24.5
Kingdom

5 DBotswana 65.45 81 4 27 5.1 10

6 Morocco  64.35 86 6 22 6.4 15.5

7 South 58.43 107 7 23 7.6 13.5
Africa

8 Cote 57.56 113 6 30 7.4 10.5
d’Ivoire

9 Ghana 55.5 119 6 52 6.7 8.0

10 Burkina  50.44 140 4 67 12 115
Faso

11 Algeria  43.83 163 10 55 7.1 7

12 Nigeria  34.08 179 11.3 68.9 10.5 74

Source: World Bank [14].

Table 1. Ease of registering land in selected countries (2017).

procedures, seven procedures and six procedures, respectively. This depicts low level of inno-
vation and inefficiency in the land registration process in Nigeria. As expected from a country
with one of the highest number of procedures for land title registration, it takes more days to
register land title in Nigeria than elsewhere (see Table 1).

2. State of land acquisition and land market in Nigeria

Generally, lands are small and fragmented which imparts significantly on the mechanisation
potentials of farming households. Similarly, fragmented nature of land systems inhibits the
creation of an effective land market, which consequently hinders the emergence and develop-
ment of an overall equitable distribution of wealth [15]. Land markets should be accessible to
all categories of people including women and minority groups.

According to Dale et al. [15], land markets should possess the following features:

¢  Guaranteed security of land rights

e  Low transaction cost for all users
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*  Access to credit

¢ Transparency, openness and ease of access to all

®  Protection of minorities

®  Support for social, economic and environmental sustainability

*  Public/private partnerships to provide value-for-money services

Small-scale farmers dominate rural landholdings with average farm size ranging from 0.5 ha
in the South to 4 ha in the North. About 50% of the Nigerian farms are less than 1 ha, while
15% are less than 5 ha [16]. There are three types of land markets in Nigeria. The types of
markets are:

¢  Formal markets where certificates of occupancy from the government are allocated.

¢  Combination of formal and informal markets where transfer of land rights are certificate
of occupancy.

e  Informal market where the bulk of the transactions are not documented as title owners do
not obtain certificate of occupancy [16].

The land can be used for different purposes including agricultural production, industrial
production, buildings for households and establishment of parks among others [5]. There are
location, gender, income-class considerations in the allocation and ownership of land in Nige-
ria [17]. In terms of ownership structure, men typically own more land compared to women in
Nigeria (see Table 2). Majority of the land owners inherited it from their family, while only 7
and 2.2% of male and female, respectively, reported purchase of land (National Bureau of
Statistics; World Bank and Federal Ministry of Agriculture and Rural Development, [18]).

In the study conducted by Eze et al. [19], they examined land tenure systems, farm sizes,
agricultural productivity and innovation by looking at the socio-economic characteristics of
farmers and identified the factors that affected agricultural productivity in the Imo State. Five
communities were chosen randomly, and from each of these communities, twenty farmers
were randomly chosen. Data were collected, collated and analysed using relevant techniques
such as means, percentages, frequency distribution and multiple regression analysis. The
results showed that 85% of the respondents practiced individual land tenure system alone. It
was also revealed that the laws of inheritance and increase in population led to the subdivision
and fragmentation of existing farmland in such a manner that the sizes of farm holdings

Outright purchase Rented Used free of charge  Allocated by Family inheritance
community

Male (%) Female (%) Male (%) Female (%) Male (%) Female (%) Male (%) Female (%) Male (%) Female (%)
7.0 2.2 6.8 11.8 79 11.8 7.1 5.9 71.2 68.4

Source: NBS et al. [18].

Table 2. Land ownership structure in Nigeria.
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discouraged agricultural commercialization. Also, the study revealed that fragmentation wid-
ened the distance between plots that led to increased waste of man-hour and energy. It was
also shown that mechanisation of agriculture was impracticable under land fragmentation and
adoption of modern innovation was reduced since just 35.0% of the respondents claimed to
have adopted other forms of innovation. From the analysis, it was found that lands were
severally fragmented during the acquisition and sharing of either family or community lands,
and this went a long way in discouraging adoption of laudable innovation like mechanised
farming as a result of reduced farm size of land. Also farmers were not at liberty to sell a
portion of land acquired through communal ownership and thus majority of them could not
acquire extensive land for considerable agricultural productivity. The econometric result
revealed those socioeconomic factors that significantly affected the farmers’ productivity in
the area to include planting materials, household size, farming experience, tenure system and
labour cost.

Alarima et al. [12] examined the land rights and rental systems followed by sawah rice farmers
in Nigeria. The study was conducted in six states in Nigeria that use sawah rice technology:
Kwara, Ondo, Niger, Ebonyi, Kaduna and Abuja. A total of 124 sawah farmers were selected
for participation based on their involvement in sawah-based rice production. Data used in this
study were collected from October 2009 to January 2011 in all the sawah sites in Nigeria. T-test
was used to determine significant differences in the yields and farm sizes of landlord and
tenant farmers. The land tenure system practiced in the lowlands is governed primarily by
inheritance (71.8%), with temporary arrangements made through rentals (37.1%). Tenants pay
012,000 ha' year ' in land-for-cash agreements and 5% of the total yield of rice in land-for-
paddy agreements. Generally, agreements between landlords and tenants were verbal, binding
and honoured by both parties. Land conflicts occurred when either party breaches the agree-
ment and always result in the landlords taking over the land. Significant differences in the
farm sizes and yields of landlord and tenant farmers were found. The findings of the study
indicate the importance of secured land tenure, which affects the practice of sawah and the
productivity of rice farming. Sustaining and improving sawah rice production in the study
area would require addressing the land tenure issues of both landlords and tenants. Access to
land for tenants will enhance their participation in sawah and increase their chances of increas-
ing their income and emerging from poverty. Investment in more durable inputs such as
power tillers, dykes and irrigation canals will decrease if the land is not secured. Therefore,
tenants and landless people need more secure access to land to provide them with opportuni-
ties to manage their sawah plots so that they will have higher yields. Farmers whose land
security was not guaranteed would be more inclined towards short-term investments in land,
and the sustainability of sawah would not be expected to be their priority.

Also, the study by Ojo [20] examined the effects of land acquisition for large-scale farming on
the performance, productivity and technical efficiency of small-scale farming in Nigeria. The
farmers were grouped into two groups: farmers whose families donated land for large-scale oil
palm project (A) and those who did not (B). Data collected were analysed using descriptive
statistics, gross margin and stochastic frontier production function analyses. The study
revealed that acquisition of land for large-scale farming in the study area had adverse effects
on small-scale farming. This could further worsen the food security crisis in Nigeria because
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about 80% of farmers in Nigeria practice small-scale farming [21] that constitutes over 90% of
food and agricultural production in the country [22]. It was revealed that group B farms were
more productive in the allocation of resources and overall production as measured by the
decreasing positive elasticity of production of most of the variables involved in the production
function analysis. The group B farms were also more technically efficient than the group A
farms.

The study therefore recommended that government in its drive to encourage large-scale
agricultural production should not acquire land near the towns and people’s settlements;
rather, land on the highways/expressways should be opened up and allocated to prospective
large-scale farmers.

Again, Twene [23] investigated the effects of the large-scale agricultural land grabbed for the
Bui Dam project on the livelihoods of the affected people. Both quantitative and qualitative
data were collected through the use of interviewer questionnaire administration, interview
guide, focus group discussions and observations. A total of 142 household heads were
interviewed, although some key informants such as chiefs and community development
officers of the district assemblies were also interviewed. The descriptive statistical tools and
the t-test were employed to analyse the quantitative data whilst content analysis was applied
to qualitative data with the result presented in the form of direct quotations. The study
revealed through the result of the t-test for difference in output within 2005/2006 and 2013/
2014 production seasons that local food crop production and the quantity of fish catch have
declined after the land grabs.

Equally, it was found that annual income levels of the local people had fallen after the Bui Dam
project due to reduction in their productivity of both crop production and the quantity of fish
caught. Thus, farming and fishing were the most affected occupations in the study area. These
were attributed to loss of farmland and low level of experience for fishing in the newly created
lake as well as the problem of proximity between the resettled communities and the river.

In addition, it was found that the land grabbing situation resulted in conflict between some
communities and the Bui Power Authority. The study showed that the local people initially
reacted by engaging in conflict with officials of the Bui Power Authority, particularly in
Dokokyina. Equally, it was found that the land-grabbing incident in the study area was not
accompanied by adequate compensation packages as promised which were the bases for the
conflict because assets lost were not in commensurate measure with compensation packages
received.

However, it was also revealed that the acquisition of the land for the Bui Dam project and its
associated relocation of the affected people have adversely affected the natural capital base of
the people (land, forest and water bodies). Thus, generally, the study discovered that the local
people’s access to the natural capital had worsened, while access to the physical capital had
improved.

Finally, with regard to interventions and coping strategies, the study revealed that the main
coping strategies adopted by both men and women in the study communities after the land
was taken for the Bui Dam project are casual work (by-day) and petty trading, respectively.
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The growing interest in petty trading was attributed to the view that the construction of the
dam has caused influx of people into the study area, thereby providing market for consumable
goods. Other coping strategies included farming, premixed fuel business, wood gathering and
pito brewing. The local people in the study communities were unaware of any alternative
livelihood interventions provided by the Bui Power Authority and the district assemblies to
ensure the sustainability of their livelihoods.

The study therefore recommended the introduction of a comprehensive livelihood enhance-
ment programme such as skill training for the youth and the landless group of people in the
study communities by the Bui Power Authority and the district assemblies. This would enable
them to promote their livelihood sustainability.

3. Land tenure, food security and livelihood security

Rural Nigeria is agricultural as 85% of the residents depend on agriculture for their livelihood.
However, access to land is limited as families and community heads still manage to control
land thereby determining access to land. Given the position of Land Use Act 1978, it implies
that the beneficiaries of the communal land allocation system are not formally recognised as
the legal holders of right to the land. Again, family and community heads rely on memory and
reference to natural and artificial features to define plots of land that is prone to uncertainty
regarding the location of boundaries [23]. This is because most communal land allocations are
not documented [23].

Availability of land determines food and livelihood security given the level of agricultural
development in Nigeria [17]. This is because farming operations will remain at subsistence
level due to inadequate access to land. In fact, an estimated 95% of agricultural lands in
Nigeria are not titled [24]. This undermines the capacity of farmers to present lands as collat-
eral to access formal loans from financial institutions [24]. Again, the lack of absolute or
nonderivative property interest constrains the ability of farming households to plant cash
crops consequently limiting their income generation potentials [17]. Therefore, food security
is difficult as the population continues to grow and agricultural land becomes scarce [25]. The
challenges of agricultural production and food security including inadequate access to land,
finance and technology, inconsistent policy regime, infrastructure deficit and adverse climate
change impacts have been documented in literature [26, 27].

4. Land acquisition and livelihood security in Africa

Moreover, Onoja and Achike [28] reviewed cases of land grabbing by foreign investors in West
Africa, identified the possible drivers of large-scale land acquisition by foreign investors in the
region and discussed the implications of the findings for agricultural and land policy reforms
in West Africa. Prior to the study, reports indicating that large portions of land (estimated 50-
80 m ha) have been bought by international investors in middle- and low-income countries,
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with roughly two-thirds of those purchases occurring in sub-Saharan Africa, called for a
cursory appraisal of the implications of the trend of land grabbing for West African food
security (Sahel West Africa Countries, SWAC/OECD, [29]). Land transactions involving for-
eign investors had increased in the area over the years. Over 100,000 ha have been documented
in Nigeria. Ghana and Mali have many significant transactions on land by foreign investors.
Several investors have more than 100,000 ha. Burkina Faso has one significant land transaction
(200,000 ha), while Niger and Senegal have relatively small land transactions. Most lands
grabbed in West Africa were profit driven (by biofuel investors) and were made under the
guise of using the lands acquired for agricultural investments. Land tenure and investment
in land have far-reaching economic and social implications and are therefore key issues for
small family—operated farms and their relations with agribusiness (Sahel West Africa Coun-
tries, SWAC/OECD, [29]). According to the Food and Agriculture Organisation [30], many
problems that are now being recognised in natural and agricultural land systems have arisen
out of the use of inadequate technologies for assessing and monitoring land resources,
preventing land pollution and rehabilitating contaminated lands. According to Cotula,
Vermeulen, Leonard, and Keeley, transactions labelled as “large-scale” involved between
1000 and 500,000 ha [31, 32]. Increasing evidence is emerging to affirm that the problem of
large-scale land acquisition by foreign investors in Africa is following a dangerous trend,
which needs to be monitored.

Global Development [33] reported that research findings have indicated that a million Chinese
farmers have joined the rush to Africa and that some of the world’s richest countries are
buying or leasing land in some of the world’s poorest to satisfy their insatiable appetites for
food and fuel. In the new scramble for Africa, the report added, 2.5 m ha (6.2 m acres) of
farmland in five sub-Saharan countries have been bought or rented in the past 5 years at a total
cost of $920 m (£563 m). Recent high-profile land purchases encompassing thousands of
hectares of prime agricultural land have raised concerns over equitable land access [30]. Sub-
Saharan Africa, especially Nigeria and other West African countries, is not exempt from this
development (see Cotula, Vermeulen, Leonard, and Keeley, [31, 32]). Such a trend is more
disturbing when considered alongside the future of food production from SSA land, where
FAO [34] put the estimated share of arable land in total agricultural land at only 15.6% as of
2000. Response indicators showed that the value of agricultural production per hectare of
agricultural land is highest in South Asia, at I$ 720.6, while Sub-Saharan Africa trailed behind,
globally ranking lowest with a value of I$ 71.8. Under this scenario, worrying over the growing
trend of large-scale land acquisition by foreign investors-who are, at best, interested in grow-
ing crops that can only contribute to food security and economic growth of countries outside
SSA-while the limited land available for African farmers is diminishing in the face of lingering
hunger and poverty is justified.

Food security is a current issue in Nigeria, as it is across Africa. According to the review, it was
noted that there are 307 million hungry people in Africa, most of whom live in Sub-Saharan
Africa (265 million). A FAO statistic indicated that at least 9.4 million Nigerians were under-
nourished and that out of Nigeria’s 147.7 million citizens, 6% were highly undernourished
(2011). Instead of dealing with food supply or food security problems at such a critical time,
the country is selling off arable lands to foreign investors prospecting in biofuels production to
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the extent of losing greater than 136,000 ha of land from only eight deals that could have been
used in producing food crops. The implication of this is that the drive for food security will still
be a far-fetched dream as long as attraction of foreign investment in agriculture only aims to
produce biofuels for profit. The auctioning of fertile farmlands for this purpose also portends
danger of losing job opportunities, increasing poverty in the country, and helping the growth
of foreign companies to the disadvantage of poor land owners in Nigeria. The overall implica-
tion of these trends is to increase poverty, unfavourable terms of trade against Nigeria, desert-
ification, increased global warming and the adverse consequences of climate change and the
disempowerment of indigenous citizens, who will now be left with few pieces of land that may
not reach even 1 ha. The study therefore recommended that a regional approach should be
applied by African countries, implementing land reforms that will involve the local communi-
ties who own the land, stopping long-term leasing beyond 50 years, building capacity and
creating awareness about land transactions of large magnitudes.

Furthermore, a report by Economic Commission for Africa [35] to show the linkages between
land tenure and food security in Africa confirms that land plays an important role in the
livelihoods of the majority of Africans. This asserts that food security and poverty reduction
cannot be achieved unless issues of access to land, security of tenure and the capacity to use
land productively and in a sustainable manner are addressed. This chapter suggests that land
is central in promoting rural livelihoods in Africa because access to land and security of tenure
are the main means through which food security and sustainable development can be realised
because the livelihoods of over 70% of the population in Africa are mainly linked to land and
natural resources exploitation.

This chapter studied the land policy generic model developed by Moyo [36], based upon Shivji
et al. [37], derived from five analytical constructs of land management, namely, land distribution,
land utilisation, land tenure security, land administration and land adjudication. It posits land
tenure as one of the central factors determining food security and sustainable development.

In terms of land distribution, the major problem relates to unequal access to land according to
race, gender, class and ethnic distinctions. The second analytical construct relates to land
utilisation and how this has been economically and socially constructed. There is a tendency
to view small farms as inefficient and large farms as highly efficient in terms of yields per unit
of land [38], especially in settler countries. But such a perception has long since been debunked
[39, 40] and multinational organisations (IMF and World Bank) have come to accept the
efficiency of smallholder land use. The main question of analysis is how the regulation of
land-use is consensual or coercive and whether it is free of discrimination. The third concep-
tual issue is how land tenure has been constructed and qualified in most African countries. The
main question relates to how secure the tenure systems are and whether there is equity or not.
It was argued that access to more productive land and control of natural resources by the poor
offers the most stable form of security for poor households. In this case, livelihood security
cannot be achieved without some form of redistribution of land held by wealthy classes
(constituted of individuals and multinational companies). The assumption tends to be that
enhancing access to land, security of tenure or sustainability of land resource use will ulti-
mately enhance welfare, including food security.



Land Acquisition and Use in Nigeria: Implications for Sustainable Food and Livelihood Security
http://dx.doi.org/10.5772/intechopen.79997

The fourth conceptual issue relates to how land is administered. The management regimes of
land and natural resources differ due to the nature of the historical experiences. The main
issues relate to the accessibility, transparency and accountability of the administrative systems.
There has been a tendency towards too much administration, due to the different layers of the
state, local and indigenous authority, particularly within customary tenure systems. The fifth
analytical construct relates to systems of adjudicating land disputes. There are key questions
with regard to how to resolve current and past land problems in situations where multiple
tenure regimes exist. In most countries, the legal framework has been biased towards the
market and the state.

The study also reviewed the model by Maxwell and Weibe [41] that illustrates a causal flow
relationship between resources, production, income, consumption and nutritional status.

5. Conventional conceptual links between land and food

Below is an example of a conventional conceptual nexus between land and food: Resources — Pro-
duction — Income — Consumption — Nutritional status (Source: Adopted from Maxwell and
Wiebe [41].

But it was suggested that a simple linear model does not adequately capture the inter-
relationships between consumption and investment decisions, household endowments, pro-
duction and exchange decisions, and household entitlements. A more comprehensive model
illustrates a circular relationship between these four factors, which are further impacted upon
by tenure institutions and asset markets and have outputs in terms of environmental impact,
generation and redistribution of wealth. The most apparent qualitative link that was suggested
was that increased security of tenure in productive resources enables more efficient and
profitable agricultural production and hence greater access to food via both own production
and trade.

Also, a report was given by the European Union on Development in 2011 that was driven
mainly by concerns about the scarcity of food, energy and arable land and linked to these
expectations of rising land values with issues relating to:

i.  How the land deals come about, the quality of the contracts, and who will benefit and
who will lose (i.e., governance and accountability issues with respect to decision-making
on transactions and terms of the contracts).

ii. Whether there is recognition of all local rights (including informal and secondary rights)
and adequate compensation.

iii. Whether the contracts override customary rights, resulting in smallholders, pastoralists
and forest dwellers being driven from the land.

iv. The implications for food security/sovereignty, rural development and the future of
smallholder farming.
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v.  Risks related to water availability, environmental degradation and loss of ecosystem
services.

The report explained that it was not only transnational investors but also migrants who use
their remittances to buy land in their country of origin [42] that were acquiring large areas of
farmland. Although not a new phenomenon, studies indicated that this form of land acquisi-
tion is accelerating [43].

Also, LSLAs (large-scale land acquisitions) were also taking place for purposes other than food
and biofuel or agricultural production [44, 45] that included nature conservation, parks and
new initiatives under the United Nations Collaborative Programme on Reducing Emissions
from Deforestation and Forest Degradation in Developing Countries (UN-REDD).

According to the report, the debate on global food security continues to stimulate the interest
in large-scale farming, which is perceived as more productive and efficient. The argument runs
as follows: given that by 2050, some 9 billion people will need to be fed and there is a need for a
significant increase in production and productivity, which can be achieved only by replacing
smallholder farming with industrial-type farming. Others contend, however, that smallholder
farming can be just as efficient (e.g., [46]).

Moreso, the direct contribution of LSLAs to national food sovereignty depends on the type of
crop grown and whether it is locally marketed at affordable prices. In Ethiopia, these large
farms sell grain to WFP (World Food Programme), which uses them to feed those who left the
famine areas and are now in camps. It is important to look at local as well as national food
security. As mentioned, the first effect of these large-scale farms is often that local smallholders
lose access to land and natural resources, which undermines their livelihoods, food security
and ability to accumulate resources. These losses may be partly compensated for if new jobs
are created that allow these people to earn sufficient to feed themselves and their families to a
comparable level in terms of quantity and quality and also to pay for other services.

Fombe et al. [47] studied security of land ownership by women in Anglophone Cameroon. In
most parts of Africa, land ownership is affected by traditional values, inheritance rights and
government influence. This study illustrates that land acquisition and development by women
constitute a problem because of traditional pressures and the law guiding the process of land
certification. Aluko and Amidu (2006) however argue that the complexity of land tenure in
Nigeria is the result of the co-existence of several systems; none of which is completely
dominant. This legal pluralism causes a degree of uncertainty about land rights, particularly
for vulnerable groups, like women. In most of Anglophone Cameroon, there are basically two
ways in which women can acquire land either through family bond (users’ rights) or through
transactions (purchase, lease and rent). In the current context of land scarcity, population
mobility, urbanisation and land reforms, the competitive demand for land has not only gener-
ated a diversity of struggles over land but has further complicated the prospects of women
accessing land in a predominantly patriarchal setting (Lotsmart et al., 2010). In Anglophone
Cameroon, the majority of women do not own land or have the right to inherit land and other
property where statutory laws and customary practices co-exist.
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The study’s major aim was to ascertain the effectiveness of government’s legal instrument (the
Land Consultative Board) that regulates the purchase and ownership of land; random inter-
views were conducted with traditional and local administrative authorities as well as men and
women landowners in five of six divisions in the North West and four of five in the South West
Region. These two English-speaking regions were considered as Anglophone Cameroon
because they were administered by British Cameroon during the colonial period.

A random but stratified survey method was adopted with 20% of the sampled population
comprised males based on their traditional and societal roles, while 80% was addressed to
rural and urban women in eight divisions.

Women's land rights can contribute to their empowerment and constitute a key to reducing
poverty and developing a community. With secured land rights, crop production will increase;
women will have better access to credit, develop self-esteem and will be able to develop their
own skills (Mantobang, 2011). According to Sengupta (2000), empowerment is inextricably
linked to rights language, whereby it constitutes the ability or opportunity of the poor to claim
and exercise their rights.

Sustainable development should be inextricably linked to tenure rights. This concept is not
mentioned in the Declaration of the Right to Development adopted by the UN General Assembly
in 1986 (Marks, 2008). In as much as women have a right to development, so do they have a right
to sustainable development, though this latter concept hinges more on rights and obligations of
humans towards nature. Taking an ethical perspective on the concept of sustainable develop-
ment, Marks (2008) looks at it as fairness at three levels; “intragenerational”, “intergenerational”
and “between humans and the environment”, by enhancing people’s moral consciousness and
environmental protection, altering traditional ideologies and behaviours and promoting sustain-
able survival.

Women'’s lack of ownership and access to land results from some traditional practices that
violate sustainable development. This is exemplified by those who uphold the values on the
one hand and the environment on the other, with the victims (women) being at the centre. It
follows therefore that depriving a woman of the right to inherit land for the simple fact that she
is a woman puts her in a disadvantaged socio-economic and political position vis-a-vis the
men. This only accentuates the feminization of poverty.

It was noted that there is need to exhume the barriers of government’s legal instrument (the
Land Consultative Board) that regulates the ownership of land and to revisit some traditional
practices as regards land ownership that impact negatively on women in a changing and
globalising world. A compromise approach was advocated for land acquisition that can tran-
scend traditional barriers as well as render the process of land registration more realistic
especially for women.

In the same vein, Odoemelam et al. [48] evaluated women access and rights to land and its
implication on rural household food security in Abia State, Nigeria. The study established that
it was not just the shortage of land that affects the output of agriculture but the structure of the
land tenure, lack of proper land ownership and rights.
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Multistage sampling procedure was used in the selection of the sample size with a total of 180
respondents. Data were generated through the use of Focus Group Discussion and participa-
tory observation. Data generated were analysed through the use of simple descriptive statistics
like frequency distribution and means.

Results showed that most of the women were in the economically active age and majority were
married with a very high percentage having only up to primary school level of education. The
level of income indicated that majority of the respondents 34% earned between (N160-
180,000), while 16% earned between (N200-220,000) per annum. Methods of land inheritance
showed that women acquired land for cultivation through majorly matrilineal ties and pur-
chases, while other forms of acquisition such as renting, borrowing and through inheritance
were minimal. In terms of access and use rights on lands, the study found about 30% of the
respondents were allowed to cultivate only annual crops, 15% perennial crops, 11% were not
allowed to harvest production from the trees, 13% were not allowed to retain land after long
fallow and 8% complained about limited access to inputs.

On effect of access and land use rights on food security, the 25% respondents stated that due to
the lack of access to land use right, their expertise on farming activities are underutilised
leading to food insecurity, 15% said they lack commitment, 26% complained about their
inability to get credit facilities from bank because they can not use their cultivating land to get
collateral, unfertile plots 13% leading to low yield and nonmechanised farms, 24% due to
scattered plots. The study concluded that ownership rights are critical to securing a sustainable
livelihood and income, and the lack of rights is one of the main sources of economic insecurity.
When men and women have equal access to land use rights, they have effective decision-
making power in the household and food production will be enhanced to its full capacity to
support the welfare of all family members and to promote food security in the society.

De Zoysa [1] examined the implications of large-scale land acquisition on small landholder’s
food security. This chapter analysed the implications of LSLA (large-scale land acquisition) on
local population’s food security and livelihoods using Ethiopia as a case study to measure the
progression of vulnerability created by land reform policies that encourages such investments.
Using the analytical framework of the Pressure and Release (PAR) model, this chapter argued
that Ethiopia’s land reform has systematically weakened small landholder’s access to food and
livelihood. The Pressure and Release (PAR) model was selected because the model allows one
to understand that food insecurity as defined as the availability, access and utilisation of food
does not occur due to a drought but more so a systematic breakdown of coping mechanisms
and the lack of consideration paid to rectify root causes of food insecurity. It was recognised
that all frameworks have limitations in analysing complex situations including the PAR, and it
was treated with caution to ensure there is no oversimplifications.

The PAR originally developed by Blaikie et al. in 1994 demonstrates that disasters were not
simply a random natural phenomenon but a result of development regression [49]. The PAR
identified three factors that exacerbate vulnerabilities that include: (1) root causes; (2) dynamic
pressures; (3) unsafe conditions.

The study was based on secondary data through the forms of both academic and grey literature.
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In order to capture the impact of LSLA on affected populations, the case study needs to narrow
the scope into a region of the country that faces the highest amount of LSLA such as the
Gambela Region of Ethiopia.

Root Causes: Power: There was a lack of knowledge about land deals because they were rarely
advised or consulted prior to the agreements. Even if they were consulted, their lack of
bargaining power stunts their ability to negotiate fare rates of compensation. Blaikie et al.
identified three causes that limit the access to power which are spatial, temporal and social.

Structures: Political and economic structures reproduce domination against the marginalised
in order to maintain the control of power. In the case of the Gambela Region, the lack of secure
land tenure was a structure that reinforced the deeper issue of an ethnic minority who had a
lack of political power. Resources: Pastoral communities were increasingly vulnerable because
they were denied access to grazing areas that provided access to livelihood resources. What
can occur through this process is that these communities shred their cultural way of livelihood
and become highly dependent on wages earned in farm labour to purchase food [50].

Dynamic Pressures: The notion of dynamic pressure exacerbates the root causes of tension
entailed in limited access to power and resources. This was evident in the study area because
of issues that dealt with the lack of press freedom and NGO advocacy. Blaikie et al. conveys
that the root causes channelled by the dynamic pressure of the absence of press freedoms and
limited scope of NGOs eventually force changes to the macro-economic and social conditions
(2005).

Unsafe Conditions: Blaikie et al. expressed that root causes and dynamic pressures manifest
into unsafe conditions in the physical and social environment making the affected populations
more vulnerable to risks [51]. The physical environment of the land leased to investors steadily
degraded through agricultural intensification because there is a lack of monitoring mecha-
nisms and enforcement from the authority.

The major lessons learned from the Ethiopian case study was that the ‘new phenomenon’ of
land acquisitions in the Gambela Region was actually a process that had historical roots dating
to Ethiopia’s imperial colonialism making it ‘an old wine in a new bottle.” The local conditions
of suppressing press freedoms and NGOs" operational space ensured that such oppressive
actions continued in the future without critical review. Another lesson from the case study is
that disasters are never a one-off event but manifests from embedded vulnerabilities. This
chapter does not argue with the fact that a high level of investment is needed in Ethiopia, but
the concern is that without rectifying the root causes of disasters that have plagued Ethiopia,
large-scale land acquisition only exacerbates the progression of vulnerability.

6. Conclusion and recommendations

This study examined the issues around land acquisition and the implications on livelihood and
food security. It was found that the land acquisition is bound by the Land Use Act 1978, which
stipulates that all lands belong to the government. However, the bulk of the land transactions
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are carried out in informal markets under customary laws with poor or lack of documentation,
especially in rural Nigeria. The land market in Nigeria has evolved over the years from the pre-
colonial era when land titles were in custody of family and community heads through colonial
era and post-colonial era. The current framework undermines food security as farmers typically
lack the access to land and as such cannot scale their subsistence farming or even present land as
collateral for formal loans. This study identified bureaucratic bottlenecks, high cost of registra-
tion of land title, weak land markets and policy inconsistency as the challenges of land acquisi-
tion and use in Nigeria. Based on the findings of the study, the following are recommended:

1. Government should reduce and make the processes to be completed easier in registering
lands in Nigeria.

2. The Land Use Act 1978 should be amended to capture prevailing realities around custom-
ary laws and informal markets.

3. Government should reduce the cost of land registration in Nigeria.

4. Multilateral organisations and government should co-create and co-finance innovative
interventions to improve activities in the land market.
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Abstract

For aleast the last half-century, scholars have been seeking methods to predict and assess
the visual and environmental quality of the landscape. In these investigations, some
scholars have been interested in applying predictors to create maps, representing visual
and environmental quality. In our study, we employed a reliable environmental quality
prediction equation that assesses environmental quality to create a validated visual qual-
ity map of Michigan containing a variance of 0.67, containing an overall p-value less than
0.0001, and p-values less than or equal to 0.05 for each predictor. Measures ranging in
the mid-40s and 50s indicate a moderate level of environmental quality, while scores in
the 80s through 110 indicate a very poor environmental quality. Through the Kendall’s
coefficient of concordance statistical test, we determined that the map is significantly reli-
able (p <0.005) and conclude that constructing such a large area (250,493 km?) is possible.
This type of map can be employed to evaluate progress and decline in measuring the
environmental quality/land-use change of extensive landscape areas.

Keywords: environmental psychology, landscape architecture, land-use planning,
landscape planning

1. Introduction

For almost 50 years, investigators have been seeking quantitative methods to predict and
assess the visual and environmental quality of the landscape. The literature on this subject
is vast and continues as illustrated through recent investigations and contributions by psy-
chologists, engineers, landscape architects, planners, and natural resource specialists [1-11].
One of the best summaries of the early efforts was described by Taylor et al. [12]. Despite the
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scientific advances, the application of equations and exploration of theories seemed somewhat
impractical for many practitioners. In attempts to translate the research, two of the best practi-
cal summaries of the ideas revealed by the research were found in The Experience of Nature:
a Psychological Perspective and in With People in Mind: Design and Management of Everyday
Nature [13, 14]. Along with developing predictive equations, investigators were interested in
constructing maps that predict visual quality. Brush and Shafer produced one of the earli-
est well known visual quality maps [15]. But this approach was not widely adopted. In the
United States, a heuristic approach (without strong statistical evidence for the variables and
coefficients but instead based upon normative theory) comprised of an index developed by
Jones and Jones, becoming widely employed and over time refined [16, 17]. The success of this
index may have hindered the development of more science-based equations, as stakehold-
ers adopted this relatively easily understandable methodology and were unwilling to seek
additional methods. The actual science supporting this normative theory approach has been
relatively weak and not aggressively challenged by the scientific community. But to landscape
architects not trained in the ways of statistical analysis, p-values, and variance explanations,
the index seemed to make good logical sense. In some respects, there seemed to be a lull at the
turn of the century concerning visual quality assessment, where a methodology to validate
maps was not self-evident, and the production of equations to explain increased levels of
the variance were at a standstill. The early attempts to predict visual quality were primarily
focused upon artistic composition normative values such as foreground, mid-ground, back-
ground, geometrical harmony, and natural/urban components. By pursuing this set of esthetic
and spatial variables, investigators were able to explain 30% to nearly 70% of the variance [18].

At the time, some scholars were frustrated with being unable to make much new headway.
Some more recent investigators entered the subject area and began to explore the importance of
other types of variables that were less esthetic in character, and more ecological, cultural, eco-
nomic, and functional [19]. At a conference in 2005 in Switzerland (Our Shared Landscape 2005,
Integrating ecological, socio-economic and esthetic aspects in landscape planning and manage-
ment” http://www.osl.group.shef.ac.uk, at Centro Stefano Franscini in Ascona, Switzerland),
scholars were coming to the realization that respondents evaluated the landscape with more
than just esthetic values. When these other potential predictors are added to the study, more
of the variance was explained collectively and statistically. Stronger and more reliable predic-
tive equations evaluating landscapes could be generated from respondents, explaining over
90% of the variance when esthetic, ecological, cultural, functional, and economic predictors are
combined [20-22]. Along with the equations a series of theories to explain the results evolved
[23]. Investigators noted that contents where humans infringed upon other humans (build-
ings, roads, people) were less preferred (even high quality architecture) —human disturbance
theory; the benign environment (plants, waters, sky) were neutral in preference—natural pref-
erence theory; and temporal features (wildlife, momentary views of mountains, and flowers)
were in preferred environments—temporal enhancement theory. Thus, theory and models
were advancing together concerning evaluating and assessing the quality of the environment.

During this period, some scholars were beginning to explore the potential for globally uni-
versal predictive equations. Mo et al. recently reviewed much of this pertinent literature and
discusses the perceptions of respondents in North America, France, Portugal, and PR China
[24]. One finding suggests that Europeans and North Americans may have broad similar
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perceptions about landscape. Asians may have a different sensibility concerning environ-
mental preference. Concurrently, on the digital visualization forefront Partin et al. studied
the response of participants to computer generated images and reported that the perception
of computer images was similar to the perception of photographs of landscapes [25]. In other
words, it was possible for investigators to present computer-generated images to respondents
and to obtain a similar response as if the respondents were examining photographs. He also
demonstrated how a small study could be folded into a larger and widely studied set of
images to obtain stable and reliable results. However, these equations and results are still
formative and require duplication by others to refute them or support them. In addition,
there are opportunities to explore the responses of various cultural groups and to refine these
equations. While the literature on this topic is vast, there seems to be many more instances to
add to the body of knowledge.

Also during this recent timeframe, attempts to explore mapping making potential were
renewed. Lu et al. examined the Lower Muskegon watershed, located on the west side of
the lower peninsula in Michigan [26]. He and his colleagues studied images of urban areas,
farmland, wetlands, and forests and attempted to construct an environmental quality map of
his study area. The results he obtained through statistical analysis revealed that the relation-
ship between his predictions in the map and the real photographs are in concordance and at a
reasonable (95%) confidence level. He concluded that visual/environmental quality could be
mapped and reliably predicted in the Lower Muskegon Watershed. There was a strong rela-
tionship between the perception of environmental quality and land cover. Following Lu, Jin
examined the southern portion of Michigan, an area much larger than the Lower Muskegon
Watershed [27]. She reported similar results to Lu. She had demonstrated that it was possible
to develop reliable maps for much larger areas, but still not at the scale of a province or state.

Wisconsin

Ontario

Michigan

Figure 1. The location of Michigan, the study area in North America.
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Lothian presents the fundamentals and an overview of various approaches to constructing
visual quality maps and is a substantia update to the work of Taylor et al. [12, 28]

These recent studies provide a setting for our investigation. As an extension of Lu’s et al. and
Jin’s research, we were interested in applying this approach to all of Michigan (Figure 1) [26, 27].
We wanted to make a validated map for all of Michigan.

2. Methodology

Michigan is located in the Great Lakes Region of the United States of America. It is the only
state to consist of two peninsulas with the longest shoreline of any state of the lower 48
states. These two peninsulas are linked by the Mackinaw Bridge. The Straights of Mackinac
separate the Upper Peninsula from the Lower Peninsula, whose shape looks like a mitten
(Figure 1). The study area spans abundant agricultural lands in the south, hardwood forests
in the middle portion, and mixed evergreen forests in the north. The study area also contains
a large urban landscape comprised of metropolitan Detroit, plus numerous industrial sites,
especially in the lower part of the state. The study area contains level glacial lake plains, hilly
moraines, and ancient eroded mountain chains. The population of the state is only 10 million
people (roughly the same population number as the Kingdom of Sweden but about half the
size in overall land area).

The methodology used for this study was similar to that utilized by Lu et al., where land cover
and visual/environmental quality covary [26]. A comprehensive explanation of this meth-
odology can be found in Lu et al. [26]. Adhering closely to this method, images of various
landscapes across the study area were collected and randomly sorted into two groups: one
group to assist in making a prediction and another group to validate or refute the prediction.
From the first group, scores for the images were generated by employing Eq. (1) developed by
Burley [19]. The information presented by Burley is the formative paper in this line of work
and investigators interested in understanding the fundamentals of this line of research are
urged to examine this paper. Once the scores were obtained, they were applied to similar
land-uses to form a map predicting environmental quality.

Y =68.30-(1.878 * HEALTH) - (0.131 * X1) - (0.064 * X6) + (0.020 * X9)
+(0.036 * X10) +(0.129 * X15) - (0.129 * X19) - (0.006 * X32)
+ (0.00003 * X34) + (0.032* X52) + (0.0008 * X1 * X1) + (0.00006 * X6 * X6) 1)
- (0.0003 * X15 * X15) + (0.0002 * X19 * X19) — (0.0009 * X2 * X14)
—(0.00003 * X52 * X52) — (0.0000001 * X52 * X34)
where
HEALTH = environmental quality index (Table 1)
X1 = perimeter of immediate vegetation

X2 = perimeter of intermediate non-vegetation

X3 = perimeter of distant vegetation
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X4 = area of intermediate vegetation
X6 = area of distant non-vegetation
X7 = area of pavement
X8 = area of building
X9 = area of vehicle
X10 = area of humans
X11 = area of smoke
X14 = area of wildflowers in foreground
X15 = area of utilities
X16 = area of boats
X17 = area of dead foreground vegetation
X19 = area of wildlife
X30 = open landscapes = X2 + X4 + (2 x (X3 + X6))
X31 = closed landscapes = X2 + X4 + (2 x (X1 + X17))
X32 = openness = X30 - X31
X34 = mystery = X30 x X1 x X7/1140
X52 =noosphericness = X7 + X8 + X9 + X15 + X16

Next, the second group of images was compared to predictions made by the map through the
use of Kendall's Concordance, a statistical technique that examines and tests for significant
agreement/similarity [29, 30]. If the scores statistically agree, it is possible to create a reliable
visual quality prediction map. This step in the methodology used here is explained in great
detail by Jin [31]. Investigators interested in applying this methodology are advised to obtain
copies of Lu et al. and Jin for a complete explanation [26, 31].

The test statistics were determined by applying Eqs. (2) and (3) to the data. The results are
based upon rankings of treatment scores across rows. In this case, the rows are pairs of images
between two treatments: (1) the predicted score for a randomly chosen site in the study area
and (2) the actual score from a photograph taken at that location. There are 30 rows (pairs
of scores) for this study (n = 30). The treatments are the columns (m = 2). The rankings are
summed and squared, to compute Kendall’'s W value (Eq. 2). (Rj)? is the sum of the squares of
the rankings for a column in computing the Kendall’'s W value [29, 30].

W = 123 (Rj)*- Bm?n (+ D/[m?n(n? - 1)] @)
=1

Kendall’s W value is a number ranging between 0 and 1. When W is near 0, there is no strong
overall trend of agreement among the respondents. If W is near 1, then the responses could be
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Health index

Variable Score
A. Purifies Air +10-1
B. Purifies Water +10-1
C. Builds Soil Resources +10-1
D. Promotes Human Cultural Diversity +10-1
E. Preserves Natural Resources +10-1
F. Limits Use of Fossil Fuels +10-1
G. Minimizes Radioactive Contamination +10-1
H. Promotes Biological Diversity +10-1
I. Provides Food +10-1
J. Ameliorates Wind +10-1
K. Prevents Soil Erosion +10-1
L. Provides Shade +10-1
M. Presents Pleasant Smells +10-1
N. Presents Pleasant Sounds +10-1
O. Does not Contribute to Global Warming +10-1
P. Contributes to the World Economy +10-1
Q. Accommodates Recycling +10-1
R. Accommodates Multiple Use +10-1
S. Accommodates Low Maintenance +10-1
T. Visually Pleasing +10-1

Total score

Table 1. Variables for the environmental quality/health index in Eq. (1).

regarded as close to unanimous in their agreement. The W test statistic approximates a Chi-
square distribution with n—1 degrees of freedom (Eq. (3)). If computed values for Chi-square
(results of (Eq. (3)) are greater than significant values in a Chi-square table for n-1 degrees
of freedom (in this case 29 = 30-1), then there is a high level of agreement/concordance —the
predicted scores and the actual scores are in agreement.

X2 = m(n-DW 3)

3. Results

The sample of images gathered in the investigation includes forested lands (Figure 2), agri-
cultural lands (Figure 3), residential environments (Figure 4) (known as urban savanna),
downtown-like environments (Figure 5) (known as cliff detritus), industrial sites (Figure 6),
and open water (Figure 7) [32].
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Figure 3. Image of sample number 80 of a farmland landscape in north-east of the lower peninsula of Michigan (visual
score of 44.09).

Figure 4. An image of a residential landscape (urban savanna with visual quality score of 46.587), sample number 12 in
the northwest of the lower peninsula.



120 Land Use - Assessing the Past, Envisioning the Future

Figure 6. An image of sample number 77 of an industrial environmental (with a visual score of 78.778).

Figure 7. An image of sample number 46 of a primarily open water environment of Lake superior (with a visual score
of 41.498).
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Table 2 presents the rankings of the images from the study. The predicted ranks are scores
generated from the expected a land-use scores and applying the expected score to a land-use
map of the study area. The actual scores are values taken and measured from random sites
in the study area. Kendall’s Concordance analysis revealed a Chi-square score of 54.267. The

Property Predicted ranking Mean expected score Actual score Set 2 ranking
Residential 1 18 63.06312 73.69797 21
18 63.06312 55.94164 15
18 63.06312 46.58693 8
18 63.06312 70.73992 20
18 63.06312 68.34915 18
Downtown 23 81.56982 69.28333 19
23 81.56982 84.30117 24
23 81.56982 86.72108 27
23 81.56982 82.76631 23
23 81.56982 84.77721 25
Farmland 13 55.92384 59.12320 17
13 55.92384 57.74200 16
13 55.92384 45.25820 7
13 55.92384 44.09459 6
13 55.92384 53.27078 13
Industrial 28 90.91938 86.56068 26
28 90.91938 94.63968 28
28 90.91938 96.94017 29
28 90.91938 78.77838 22
28 90.91938 97.67801 30
Forested 3 42.67716 54.40120 14
3 42.67716 46.98920 9
3 42.67716 36.70580 2
3 42.67716 36.70580 2
3 42.67716 38.58380 4
Water 8 44.99797 52.89468 12
8 44.99797 47.78978 11
8 44.99797 35.62803 1
8 44.99797 47.27917 10
8 44.99797 41.39820 5

Table 2. Comparison of ranks between the average expected score and actual site photographs.
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410 61.0 820

Visual Quality Score

0 100 200
Fm o mem— Kilometres

Figure 8. A map of the predicted environmental/visual quality of the Michigan landscape. Green areas are environments
with good visual quality. Blue, magenta, red, and orange indicate successively less preferred environments. Yellow areas
are the least preferred.

number found in a standard table for such a Chi-square is 52.336 (a 99.5% confidence level
(p <0.005) for 29 degrees of freedom. Since 54.267 is larger than 52.336, the predicted scores
and the actual scores are in agreement at a 99.5% confidence level (p < 0.005). These results
suggest that it is possible to construct an environmental/visual quality map of Michigan that
is relatively statistically reliable (Figure 8). In other words it is possible to predict the visual
quality of any site in Michigan by knowing the land-use and to accurately predict the expected
visual quality correctly 199 times in 200 attempts for any one attempt.

4. Discussion

4.1. Understanding the map

To interpret the scores, Burley notes that scores in the 30s indicate highly preferred envi-
ronments [23]. From randomly selected sites across the study area, no landscape scored in



A Visual Quality Prediction Map for Michigan, USA: An Approach to Validate Spatial Content
http://dx.doi.org/10.5772/intechopen.79490

this category. The study revealed numerous landscapes with scores in the 40s and 50s. Such
landscapes are often modestly preferred environments. Scores in the 70s are less preferred
and scores near or above 100 are not preferred [23]. Across the state, least preferred environ-
ments were rarely encountered, primarily in the southeastern portion of the state. The 95%
confidence interval for any scores is +5 points [33]. Thus, it takes a separation of 10 points for
any pairs of images to be notably different as perceived by respondents.

4.2. Applications of the map

The average expected score (the sum of the products between the number of grid cells by their
expected score, divided by the total number of grid cells) for the whole state is approximately
47 4. This score suggests that collectively the whole state of Michigan may not be the most
beautiful of all environments; on the other hand, the environmental score is quite respectable
and viewed by respondents as at least somewhat scenic.

To understand the context of the average expected score in Michigan, it is useful to explore
the land-uses, published perceptions, recreational activities, and agriculture within the state.
In an article published on the 29th of June, 2015, the Detroit Free Press reported that Thrillist
who ranked all of the states in America, placed Michigan as the top state [34]. While the
results of the list do not definitively demonstrate that Michigan is at the top, it does indicate
that the environment of Michigan merits consideration as a noteworthy place in regard to
visual quality and may be similar in score to numerous rural mixed agrarian and woodland
environments around the world, such as in Poland, Romaina, or Hubei Province, PR China. It
may be reasonable to consider the extensive shorelines, vast expanse of national forest lands
(3 national forests), state forest lands, national parks, 99 state parks, a national lakeshore,
wildlife refuges, woodlots, and agrarian landscapes assist in maintaining a relatively pre-
ferred environment [35]. According to the map (Figure 8), the impact of the urban and indus-
trial development is not widespread in the state and has not yet affected the state with large
megalopolis expanses. Without attempting to be promotional, the state remains a big fishing
(salmon, trout, walleye, northern, pan-fish), hunting (black bear, elk, white-tailed deer, and
wild turkey), recreation state (camping, boating, hiking, cross country trails, snowshoeing
trails, biking trails, snowmobiling trails, and horseback-riding —actually thousands of miles
of trails) and in the Upper Peninsula there are 150 waterfalls. Michigan has also been rated
as one of the top places in the world for watching sunrises on earth [36]. Such features are
promoted in Michigan’s ‘Pure Michigan’ tourist campaign [37]. The state has the most diverse
agricultural economy after California [36]. Michigan produces cherries, apples, blueberries,
many vegetable crops, nursery plants, surgarbeets, a strong wine producing industry, pota-
toes, dairy, cattle, hogs, chickens, turkeys, timber, hardwoods for flooring and furniture, and
paper pulp, as well as the staple corn, soybeans, and winter wheat. While the state is associ-
ated with the famed mid-west rust-belt and the failures of Detroit, the overall impact upon the
state’s extensive forested lands and agrarian landscape is relatively minimal [38]. In addition,
visitors to the Detroit metropolitan area often are surprised with the activity and prosperous
nature of the Detroit metropolitan area. The Detroit metropolitan area is a distributed urban
environment with no dominant central district, the opposite of many other large cities which
are more concentrated in the core such as a city like Shanghai, P.R. of China. The state is a
major constituent of the third coast, the longest coastline associated with the United States
and Canada (excluding the Arctic) [39]. The results of this study reflect the impression that
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the state is still predominantly a rural environment and is modestly beautiful in a ‘low-key’
manner. In other words, the average expected score and the existing landscape condition are
mutually similar in expectations.

The map resulting for this study is an image representing the spatial perceptions of the
respondents concerning the quality of the landscape across the state. As the land is man-
aged and developed, the scores can be recomputed to estimate the perceived changes (both
improvements and degradation) for the state. With additional research, the map could be
considered a metric of the state’s general perceived environmental quality. Across the globe,
people are concerned about the impacts of human’s transforming the environment; yet, com-
paratively, the compiled total environmental quality has not appreciatively changed since
the arrival of Europeans, Africans, and Asians (a score predicted to be around 43 between the
years 1816 and 1858 to a score of 47.4 in the year 2001, which is not significantly different in
perceived quality) [40]. Figures 9-11 are images from the landscape with scores near the cur-
rent expected mean for much of the state. Notice none of the images are spectacular; however,
none of the images age dismal either.

Figure 10. An image of a typical agricultural landscape found in much of Michigan. This image produced a score of 44.1.
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Figure 11. An image of a great lakes coastline, generating a score of 47.8.

The results of this study and related studies indicate that land cover type is a strong predictor
of visual/environmental quality. In planning and design circles, the nuances of the built envi-
ronment are heavily debated with small details carefully examined by experts. Yet respon-
dents evaluate these cover types relatively uniformly. In other words the refined changes and
differences observed by experts and taught in planning and design schools are not necessar-
ily observed/detected by the public. For experts the differences between communities can
be quite distinct. As Charles Jencks indicated, there are at least two levels of cognition: the
expert’s and the public’s [41]. For example, architects debate the merits of buildings; however,
the research suggests that a poor building in a warehouse district or a noted piece of architec-
ture such as Frank Lloyd Wright’s Falling water house are perceived as simply structures and
the less of them comprising the view, the more the environment is preferred [23].

Similarly, landscape architects debate the merits of various plant material and landscape set-
tings; yet, the public sees a noble red pine tree (Pinus resinosa Sol. Ex Aiton.) or a weedy box-
elder tree (Acer negundo L.) as basically the same thing—a tree. It is only when the plant has
ornamental flowers, is there an increased appreciation during the period of flowering. Within
any cover type, there is variation (scores can range up or down), but the expected mean within
the cover type is quite consistent when measured repeatedly across time, across locations,
and among respondent groups in America and Europe. In other words, the most important
characteristic that the planner or designer makes concerning visual/environmental quality
may be in determining the cover type for a parcel of land, not the refined details of a design.
In the future, designers may develop improved techniques to mask human intrusions and
abundantly incorporate preferred features such as wildlife, flowers, and views of distant land-
scapes, creating strong variation in the range of scores possible for a given cover type. Then
the covariation of land cover type with visual/environmental quality may no longer hold true.

The relationships between the perception of environmental quality and cultural settings are
explored in the book From Eye to Heart: Exterior Spaces Explored and Explained [42]. This
book begins with discussing expectation values concerning the environment. Then the book
examines some of the many interpretations for planning and designing across the globe and
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through time. The book concludes with the relationship between environmental science and
the built/managed landscape. This book provides some greater and broader context to the
visual mapping study presented in this investigation.

4.3. Limitations

Additional research should be conducted to refute, validate, or refine the findings presented
here. However, it may be surprising that with only 60 images from across the state, the
selected images facilitate a significant statistical result and make a reliable map for a whole
state. In some studies, weakly developed experiments with large data sets and numerous
observations may produce unremarkable results. The results presented in this paper follow
a philosophy that relies upon methodologies that have yielded significant results (such as
employing Q-sort techniques as opposed to Likert scales), an exploration of reliable predic-
tors, and non-parametric statistical procedures. We would like to believe that well-grounded,
focused, simple experiments often yield results that some expensive and elaborate studies
fail to yield. The senior investigator in this study had spent over 30 years, carefully plot-
ting each step, conducting the next logical step/experiment before proceeding. So each study
is simple (for example the statistics were done on a spreadsheet), yet yielding meaningful
results. This philosophical approach has served the team well and we encourage others to
have this level of insight and commitment when formulating environmental quality studies.
Investigators sometimes believe that technology, huge sample sizes, and big money make
impressive research.

The results produced in the map are dependent upon the quality of the land cover type
map. Many cover maps concentrate upon the great variation of vegetation and naturalistic
cover types. Urban and suburban cover types are rarely produced with the same level of
sensitivity. Brady et al. at the University of Waterloo developed an excellent example con-
cerning the classification of human disturbed areas, based upon morphological and ecologi-
cal features [32]. Yet this level of description has not yet permeated many land cover maps.
We believe that classification systems that adopt ideas embedded in work by investigators
such as Brady et al. will produce higher quality maps in urban areas than the maps that are
currently produced [32].

In the landscape there are several types of cover types that exist in the landscape such as
large sand dunes, mud flats, and bare rock that may be beyond the predicative capabilities
of this study. These more rare landscape types were neither studied in the prediction models
nor in creating the map presented in this study. Cover types such as these would need to be
studied in detail to make a more comprehensive and complete map. This is computed to be a
substantial area of land, approximately 1700 km? Yet this area is only about 0.68% of the land
of Michigan.

The resolution of the map is relatively coarse (2.207 km? of land). Large maps with finer reso-
lution will yield more refined results. A grid cell of that size will certainly have variation in it.
The score represents the mean expected value within the cell.
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5. Conclusions

Predictive, respondent based models have been constructed to measure environmental and
visual quality. This work is based upon over 50 years of research by investigators in the social,
recreational, and planning and design disciplines/profession. The attributes of the landscape
can be measured to form reliable maps of environmental/visual quality, providing a metric
to assess landscapes, including urban landscapes. We were able to produce such a metric
map for Michigan. We believe our approach allows investigators to evaluate these visions
and assess, measure, and quantify environmental perceptions. Furthermore, we believe the
methods are reproducible, allowing investigators around the world to produce similar maps
of additional areas.
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Abstract

The need to understand what land use is has motivated the development of programmes
that aims to identify it and quantify it—CORINE Land Cover (CLC) in 1985. From this
official and open geodatabase—through the using of geographic information system
(GIS) tools—the amount of area established for each land use has been identified in all
the 28 member states of the EU. This mostly corresponds to agricultural and forestry
uses. Between 1990 and 2012, it was possible to determine countries with variable land
use models such as Finland, Latvia, Portugal and Spain—the rest of the states presenting
stable land use models. Additionally, some countries are characterized by the predomi-
nance of one or two land uses. Contextually, the proposal aims to develop a retrospective
study regarding the land-use changes in the EU territories from 1990 to 2012, through the
available tools such as CLC.

Keywords: land uses, CORINE Land Cover (CLC), European territories, geographic
information system (GIS) tools, planning

1. Introduction

The increasing need for comprehensive and reliable information about land cover, land uses
and their dynamics and patterns has catalysed the development of several sets of global land
cover data, derived from Earth observation by satellites [1]. Such development was motivated
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by different initiatives and programmes national and international. In fact, the variety of map-
ping standards reflects the wide scope of interests and programmes [2].

Precisely, the land use coverage maps are data extremely useful, as evidenced by its wide-
spread use and interdisciplinarity that they provide. These maps enable us to obtain informa-
tion on the occupation of the land —biophysics coverage on the surface of the Earth [3]. For
this reason, their use is essential for the study and modelling of territorial dynamics [4].

Among the available products Global Land Cover (GLC2000) should be highlighted; it had
a global coverage by the year 2000 [5]. Europe stresses on Pan-European Land Use and Land
Cover Monitoring (PELCOM), created from images of the year 1996, with a resolution of
1 km [4]. However, in Europe, at national and regional levels, it has included Coordination of
Information on the Environment (CORINE) maps [4].

In this regard, in Europe, a special effort to monitor the change of land cover in a standard-
ized manner has been carried out. The so-called inventory of CORINE Land Cover (CLC
or ‘Corine’) has been created from satellite images. This common database used by a large
number of organizations in Europe and co-funded by the European Commission and the
member states has been processed by the European Environment Agency (EEA) consider-
ing the different land use covers—through the guidelines of the System of Environmental
and Economic Accounts (SEEA) for ‘land and ecosystem’. Thus, the database is now the core
element for integration of the information system of the EEA [6]. In fact, the CORINE project
containing the use coverage of European Union (EU) is seen as a relevant complement for the
knowledge regarding major changes in land cover [7].

Although traditionally the CLC has been generated from the photo interpretation of satellite
images, nevertheless, in some countries, such as Germany, Austria, Finland, Ireland, Iceland,
Norway, United Kingdom, Sweden and Switzerland (mainly since 2006), the map is obtained
from generalization techniques of national maps with greater detail [8]. In other cases—
Slovakia, Hungary and Poland —CLC is used to obtain further details, scale 1:50000 maps,
with a minimum map unit (MMU) from 4 and a legend adapted to the specific geographic
features of the territory [8]. The same techniques have been used to obtain land use data prior
to 1990 CLC [7].

Therefore, there are different ways of producing CLC. Still, countries like Germany or Ireland
have changed its methodology in the production of CORINE land use maps—as for the photo
interpretation for the general use. A similar scenario occurred in the Netherlands, once the
government decided to produce the CLC independently [8, 9].

However, from CORINE, land use maps remain a tool of major relevance that enables one
to analyse soil applications—regardless of the problems arising at the administrative and
technical level. According to the directive INSPIRE 2007-2-EC [10], CLC is one of the most
outstanding harmonized European data sets and CLC even has achieved a semantic and
technical standardization, considering that the CLC is a set of reference data in common use
for European scale assessments since it uses a generic land cover class definition throughout
Europe [11, 12].
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Indeed, other sources of information, so far, have only compatibility and comparability enclosed
between different maps sources of land cover and its legends’ theme—since they exist as
independent datasets [1]. Usually, the heterogeneity in land cover maps result from different
methods and underlying patterns—several layouts, syntactic issues, schematic heterogeneity
and semantic aspects [13]. Different mapping methodologies are difficult to separate land use
changes, once those changes are the results of a different used approach in creating the map [1].

Nevertheless, land use data sets are crucial in exploring socio-economic, political, cultural
and environmental factors that influence land use decisions [14-16].

In this regard, the changing landscape of European territories is the subject of several studies
and researches—pointing to significant change [17-19]. However, despite the pace of change
of land uses in the European panorama, there is only a limited research that analyses the pat-
terns of change in the use of the land on a pan-European level. Most of the existing research
related to land-use change patterns have consisted of case studies from specific regions or
local areas [20-24].

The harmonized CLC data have been used for the analysis of multiple disciplines, such as
environmental [11] in social and economic analyses [25], transportation management [26] and
demographic studies [27].

On the one hand, local case studies provide evidence on change catalysts in land use in a more
detailed local context. Still, they are often verified in particular contexts, actors, processes,
resolutions or scales [28]. Also, European land use change studies can lead to a more global
view, whereas the analysis of the land use changes and the associated factors can be general-
ized and even their methodology can be transferred between different scenarios [29].

The European landscape has a wide variety of regional features and a well-defined dynamic
structure—where agriculture is one of the most dominant land uses [30]. The agricultural land
use covers more than 35% of the European territories—almost ten times more than the urban
land use [31, 32]. Nevertheless, this is not the only type of soil that is changing in Europe.

The overall objective of the present study is to perform a retrospective analysis of the European
land use changes. Contextually, it will determine the extension that EU state members dedi-
cated to land uses, according to CLC. So, specific objectives can be summarized: (a) identify
countries, where there is land use which is widespread and dominant over the remaining
land uses and (b) if the surface extension dedicated to land uses has been constant or variable
between 1990, 2000, 2006 and 2012.

2. Material and methods

To carry out the study, firstly, data have been collected such as official information that is
detailed with sufficient precision and accuracy to characterize each of the countries part of
the EU, according to their land use in 2018. It was decided to analyse the EU for its economic
relevance and also according to the significant expansion of territory on a global scale.
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Regarding information sources, the EEA provides the CLC, through the Copernicus Global
Land Service'. This inventory was initiated in 1985 although the first ‘visible’ results date from
1990, and updates have occurred in 2000, 2006 and 2012 (Table 1) [9]. Another two main goals,
of the CLC programme, are: (a) providing quantitative coverage of the soil—consistent and
comparable data across Europe for stakeholders in European environmental policy and (2)
developing a digital land cover database covering the EU Member States and other European
and North African sovereign states [1].

CLC1990 CLC2000 CLC2006 CLC2012
Satellite data Landsat-5 MSS/TM Landsat-7 ETM SPOT-4/5 and IRS  IRS P6 LISS III and
P6 LISS 111 rapid eye
Single date Single date Dual date Dual date
Time consistency 1986-1998 2000 +/-1 year 2006 +/- 1 year 2011-2012
Geometric accuracy, <50 m <25m <25m <25m
satellite data
Min. mapping unit/ 25 ha/ 100 m 25 ha/100 m 25 ha/100 m 25 ha/100 m
width
Geometric accuracy, 100 m Better than 100 m Better than 100 m  Better than 100 m
CLC
Thematic accuracy, > 85% >85% > 85% >85%
CLC .
(Probably not achieved) (Achieved) (Not checked)
Change mapping Not implemented Boundary displacement Boundary Boundary
(CLCC) min. 100 m; displacement displacement
min.100 m; min.100 m;
Change area for existing All changes>5ha  All changes 5 ha

polygons 25 ha; for
isolated changes >25 ha

are to be mapped

are to be mapped

Thematic accuracy, - Not checked >85% >85%
CLCC
(Achieved)
Production time 10 years 4 years 3 years 2 years
Documentation Incomplete metadata Standard metadata Standard Standard metadata
metadata

Access to the data

Unclear dissemination

Dissemination policy

Free access for all

Free access for all

(CLC, CLCC) policy agreed from the start users users
Number of countries 26 30 38 39
involved

(27 with late (35 with late

implementation) implementation)

Table 1. Evolution of Land Cover CORINE [33].

“The CORINE programme was established in 1985 by the European Commission at: http://land.copernicus.eu/global.
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Additionally, it has a spatial resolution of 100 m to linear phenomena. Also, different land
uses have been classified using three levels of details—from the first with a higher degree
of aggregation, the third party with the greatest degree of detail and therefore more disag-
gregated. The third comprises a total of 44 classes allowing one to characterize the land uses
of each country (Table 2).

Regarding the CLC spatial coverage, additionally to the 28 EU member states, it also covers
Albania, Bosnia and Herzegovina, Iceland, Kosovo, Liechtenstein, Macedonia, Monte Negro,
Norway, Serbia, Switzerland and Turkey. Nevertheless, for this large set of countries, infor-
mation only has been available in CLC 2000, 2006 and 2012 updates —and in the 1990 version
countries not belonging to the EU was not included.

Then, GIS tools (ArcGIS) along with management tools (Microsoft Access) have been used.
Considering that CLC updates generate a map of land use changes, only changes larger than 5
hectares, the first map corresponds to the changes between 1990 and 2000. With the first map,
and combining with other intersections features, it has been possible to generate two new
maps: (a) reference data and (b) a review of the previous map. According to [33]: “the study
of the territorial changes should be studied from the change maps and not from the intersection of the
CORINE maps for the years of reference, given that the cross-tabulation of various maps can produce
technical changes not real, arising from variations in production methodology’.

Regarding the methodological framework, the objective was to obtain the representative land
use through polygons and their corresponding alphanumeric information for Europe in 1990,
2000, 2006, and 2012.

The graphical information layer consists of polygonal graphics entities, each of 44 kinds of
reported soil applications. Also, the alphanumeric information contains information fields
associating an identifier - a code for the use of the soil for level 3 (Table 2); the area of the
polygon is measured in hectares as well as the length of the surface of each of the polygons
is also calculated.

Considering the aim of the study, it has been necessary to count the number of hectares of
land use classified by CLC for each of the countries—aiming to achieve that this was also
represented by polygonal entities of each of the EU countries and administrative boundaries.
This layer of information has a scale of 1: 1,000,000 being the graphic equivalent to 200 m, and
the coordinate reference system is European Terrestrial Reference System 1989 (ETRS89), the
same used for CLC for flooring applications. The origin is the centre of the mass of the Earth,
including oceans and atmosphere. In addition, the z-axis is parallel to the direction of the
pole Conventional International Origin (CIO). The x-axis intersects the Greenwich Meridian
origin, and the origin plane is perpendicular to the z-axis.

Using GIS tools, a file representing the administrative boundaries of each of the 28 EU Member
States has been generated throughout territorial polygons that have been processed.

After, have been overlapping polygons previously obtained for CLC land uses representing
all polygons with EU land uses. This new layer inherits the thematic attributes of the layer on
the CLC land uses.
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LEVEL1 Nomenclature LEVEL 2 Nomenclature

definition

definition

LEVEL 3

Nomenclature definition

1 Artificial 11
surfaces

12

13

14

Urban fabric

Industrial,
commercial and
transport units

Mine, dump and
construction sites

Artificial, non-
agricultural
vegetated areas

111

112

121

122

123

124

131

132

133

141

142

Continuous urban fabric: most of the
land is covered by buildings, roads and
artificially surfaced area cover almost
all the ground. Non-linear areas of
vegetation and bare soil are exceptional.

Discontinuous urban fabric: most of the
land is covered by structures, buildings,
roads and artificially surfaced areas
associated with vegetated areas and bare
soil, which occupy discontinuous but
significant surfaces

Industrial or commercial units: artificially
surfaced areas (with concrete, asphalt,
tarmacadam, or stabilized, e.g. beaten
earth) devoid of

vegetation, occupy most of the area in
question, which also contains buildings
and/or vegetated areas.

Road and rail networks associated
land: motorways, railways, including
associated installations (stations,
platforms, embankments). Minimum
width

to include: 1 m.

Port areas: infrastructure of port areas,
including quays, dockyards and marinas.

Airports: airport installations like
runways, buildings and associated land.

Mineral extraction sites: areas with
open-pit extraction of industrial minerals
(sandpits, quarries) or other minerals
(opencast mines). Includes flooded gravel
pits, except for river-bed extraction.

Dump sites: landfill or mine dump sites,
industrial or public.

Construction sites: spaces under
construction development, soil or
bedrock excavations, earthworks.

Green urban areas: areas with vegetation
within urban fabric. Includes parks and
cemeteries with vegetation.

Spot and leisure facilities: camping
grounds, sports grounds, leisure parks,
golf courses, racecourses, etc. Includes
formal parks not surrounded by urban
zones.
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LEVEL1 Nomenclature = LEVEL2 Nomenclature LEVEL3 Nomenclature definition
definition definition

2 Agricultural 21 Arable land 211 Non-irrigated arable land: cereals,
areas legumes, fodder crops, root crops and

fallow land. Includes flower and tree
(nurseries) cultivation and vegetables,
whether open field, under plastic or glass
(includes market gardening). Includes
aromatic, medicinal and culinary plants.
Excludes permanent pastures.

212 Permanently irrigated land: crops
irrigated permanently and periodically,
using a permanent infrastructure
(irrigation channels, drainage network).
Most of these crops could not be
cultivated without an artificial water
supply. Does not include sporadically
irrigated land.

213 Rice fields: land developed for rice
cultivation. Flat surfaces with irrigation
channels. Surfaces regularly flooded.

22 Permanent crops 221 Vineyards: areas planted with vines.

222 Fruit trees and berry plantations: parcels
planted with fruit trees or shrubs:
single or mixed fruit species, fruit trees
associated with permanently grassed
surfaces. Includes chestnut and walnut
groves.

223 Olive groves: areas planted with olive
trees, including mixed occurrence of olive
trees and vines on the same parcel.

23 Pastures 231 Pastures: dense, predominantly
graminoid grass cover, of floral
composition, not under a rotation system.
Mainly used for grazing, but the fodder
may be harvested mechanically. Includes
areas with hedges (bocage).

24 Heterogeneous 241 Annual crops associated with permanent
agricultural areas crops: non-permanent crops (arable lands
or pasture) associated with permanent
crops on the same parcel.

242 Complex cultivation: juxtaposition of
small parcels of diverse annual crops,
pasture and/or permanent crops.

243 Land principally occupied by agriculture:
areas principally occupied by agriculture,
interspersed with significant natural
areas.

244 Agro-forestry areas: annual crops or
grazing land under the wooded cover of
forestry species.
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LEVEL1 Nomenclature LEVEL2 Nomenclature
definition definition

LEVEL 3 Nomenclature definition

3 Forest and semi- 31 Forests
natural areas

32 Scrub and/
or herbaceous
vegetation
associations

33 Open spaces with
little or no vegetation

311

312

313

321

322

323

324

331

332

333

334

335

Broad-leaved forest: vegetation formation
composed principally of trees, including
shrub and bush understories, where
broadleaved species predominate.

Coniferous forest: vegetation formation
composed principally of trees, including
shrub and bush understories, where
coniferous species predominate.

Mixed forest: vegetation formation
composed principally of trees, including
shrub and bush understories, where
broadleaved and coniferous species
co-dominate.

Natural grassland: low productivity
grassland. Often situated in areas of
rough uneven ground. Frequently
includes rocky areas, briars, and
heathland.

Moors and heathland: vegetation with
low and closed cover, dominated by
bushes, shrubs and herbaceous plants
(heath, briars, broom, gorse, laburnum,
etc.).

Sclerophyllous vegetation: bushy
sclerophyllous vegetation. Includes
maquis and garrigue. Maquis: a dense
vegetation association composed of
numerous shrubs associated with
siliceous soils in the Mediterranean
environment. Garrigue: discontinuous
bushy associations of Mediterranean
calcareous plateaus. Generally composed
of kermes oak, arbutus, lavender, thyme,
cistus, etc. May include a few isolated
trees.

Transitional woodland-shrub: bushy or
herbaceous vegetation with scattered
trees. Can represent either woodland
degradation or forest regeneration/
colonization.

Beaches, dunes, and sand plains: beaches,
dunes and expanses of sand or pebbles in
coastal or continental, including beds of
stream channels with torrential regime.

Bare rock: scree, cliffs, rocks and
outcrops.

Sparsely vegetated areas: includes
steppes, tundra and badlands. Scattered
high-attitude vegetation.

Burnt areas: areas affected by recent fires,
still mainly black.

Glaciers and perpetual snow: land
covered by glaciers or permanent
snowfields.
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LEVEL1 Nomenclature LEVEL2 Nomenclature
definition definition

LEVEL 3 Nomenclature definition

4 Wetlands 41 Inland wetlands

42 Maritime wetlands

5 Water bodies 51 Inland waters

52 Marine waters

411

412

421

422

423

511

512

521

522

523

Inland marshes: low-lying land usually
flooded in winter, and more or less
saturated by water all year round.

Peat bogs: peatland consisting mainly of
decomposed moss and vegetable matter.
May or may not be exploited.

Salt marshes: vegetated low-lying areas,
above the high-tide line, susceptible

to flooding by sea water. Often in the
process of filling in, gradually being
colonized by halophilic plants.

Salines: salt-pans, active or in process of.
Sections of salt marsh exploited for the
production of salt by evaporation. They
are clearly distinguishable from the rest
of the marsh by their segmentation and
embankment systems.

Intertidal flats: generally unvegetated
expanses of mud, sand or rock lying
between high and low water-marks. On
contour on maps.

Water courses: natural or artificial
water-courses serving as water drainage
channels. Includes canals. Minimum
width to include: 100 m.

Water bodies: natural or artificial
stretches of water.

Coastal lagoons: unvegetated stretches of
salt or brackish waters separated from the
sea by a tongue of land or other similar
topography. These water bodies can be
connected with the sea at limited points,
either permanently or for parts of the
year only.

Estuaries: the mouth of a river within
which the tide ebbs and flows.

Sea and ocean: zone seaward of the
lowest tide limit.

Table 2. CLC nomenclature [33].

To avoid the appearance of slivers, in the layers overlapping, that is, a country’s boundary,
CLC flooring applications, a margin of tolerance (distance) between two lines was set in order
that two similar lines are considered as a single. In the present chapter, more graphic toler-
ances correspond to 200 meters of the layer corresponding to countries” boundaries.

Once geo-database was obtained for EU territories, and considering the CLC land uses for the
years 1990, 2000, 2006, and 2012, the overlay process was performed four times for each of the
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countries. Taking into account that four countries in the EU 28 Members had no registered
CLC land uses for the year 1990, 432 geodatabases were obtained in total.

Subsequently, all these geo-database alphanumeric information were analysed by country
and by year basis, using the Microsoft Access database. For each of these geo-databases there
was a table of alphanumeric information, applying a query that is based on the Standard
Query Language (SQL). In this regard, the surface of EU Member States has been summarized
through CLC land use (Table 2). Relating the number of hectares of each country allocated
to particular land use (Table 2), it was possible to characterize the EU countries according to
land uses and determine what changed according to hectares’ numbers dedicated to different
land uses in the years 1990, 2000, 2006 and 2012. Also, this synthetic methodology has been
based on actual and open-access EU data—possible to replicate in future years/periods.

3. Results and discussion

The results come from the analysis of the land uses for each of the European countries in the
years 1990, 2000, 2006 and 2012. The results will be exposed through the graphs, tables and
thematic cartography. This typology of results allows to extract the most relevant informa-
tion and to characterize each of the European countries on the basis of the 44 uses of the soil
determined by CLC —through an easy read.

According to the latitude, EU Member States have been classified into three groups: (i) fur-
ther to the North—'North EU group countries’; (ii) further to the South—’South EU group
countries’; (iii) countries that occupy an intermediate position—’Central EU group countries’
(Figure 1). Also, the obtained surfaces can be observed in Table 3.

Initially, the ‘North EU group countries’ have been analysed —Estonia, Finland, Latvia,
Lithuania and Sweden (Table 4 and Figure 2).

Estonia seems to be a country dominated by two land uses—mixed forest (313) and conifer-
ous forest (312), corresponding to the forest and semi-natural areas. The following higher
percentage of land use corresponds to non-irrigated arable land (211). Therefore, if there was
a greater exploitation of agricultural resources, there would be an increase in food produc-
tion. In fact, the abovementioned land uses present an expansion; however, it does not differ
significantly, considering the extension of the rest of the land uses—which are from 5-10%,
corresponding to transitional woodland-shrub, broad-leaved forest, pastures and land occu-
pied by agriculture (324, 311, 231, 243).

Finland is a predominantly forest country, characterized by two major land uses: coniferous
forest (312) and mixed forests (313). Surprisingly, between 2000 and 2006, the extension occu-
pied by those land uses was approximately similar; nevertheless, in 2012, coniferous forest
cover increased. Therefore, it seems that the use of the coniferous forest land has increased
in detriment of the mixed forest. The third land use with major relevance in Finland is transi-
tional woodland shrub (324). However, this land use has decreased in 2012, until reaching an
area similar to water bodies’ land use (512).
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Mamber country of the EU

Hl Noah

B ntermediate

B ot

Figure 1. EU Member States (authors).

Latvia does not seem to highlight by a specific land use as all the land uses in 2012 comprised
0-16%. The major land uses are vineyards (211), mixed forests (313), transitional woodland
shrub (324), coniferous forests (312) and pastures (231).

Countryt Area (hectares) Country Area (hectares)
Austria 8,728,000 Italy 31,300,000
Belgium 3,086,000 Latvia 6,914,000
Bulgaria 12,620,000 Lithuania 6,950,000
Croatia 5,977,000 Luxembourg 2,631,000
Cyprus 1,215,000 Malta 33,180
Czech Republic 8,228,000 Netherlands 3,766,000
Denmark 4,379,000 Poland 33,010,000
Estonia 4,834,000 Portugal 9,267,000
Finland 35,320,000 Romania 26,690,000
France 55,190,000 Slovakia 5,240,000
Germany 36,540,000 Slovenia 2,119,000
Greece 14,970,000 Spain 50,660,000
Hungary 9,969,000 Sweden 46,000,000
Ireland 7,013,000 United Kingdom 24,490,000

Table 3. Surface of EU Member States (authors).
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Figure 2. Trend of land uses higher than 5% for the North EU group countries (authors).

Lithuania stands out as an eminent agricultural country —once approximately one-third of the
land comprised vineyards (211). Additionally, the area designated for vineyards tends to be
fairly constant. Even this percentage is far superior to the second major land use, correspond-
ing to complex cultivation (242). The following land uses with the highest percentage cor-
respond to the forest and semi-natural areas, mixed forests (313) and coniferous forests (312).

Sweden stands out as a prominent agricultural country with approximately half of the ter-
ritory earmarked for annual crops associated with permanent crops (241). Additionally, this
trend over the analysed period seems to increase. Thus, it is possible that such values will
increase even further in future. However, the second major land use in Sweden should also
be considered, corresponding to forestry use, which is broad-leaved forest (331) (Tables 5-7
and Figure 3).

Through the analysis of the developed graphics for the Central EU countries, it is possible to
verify that the trend of variation of the land uses in countries such as Austria, Belgium, Czech
Republic, Denmark, Germany, Hungary, Ireland, Netherland, Poland, Romania and Slovakia
is low or very low. So, constant and stable land use models predominate in this area.
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Romania Slovakia United Kingdom

CODE 1990 2000 2006 2012 1990 2000 2006 2012 2000 2006 2012

111 0.05 0.05 0.04 0.04 0.02 0.02 0.02 0.02 0.12 0.13 0.13
112 5.39 5.40 4.59 4.59 4.54 4.43 4.68 4.72 4.95 5.28 5.31
121 0.57 0.58 0.43 0.43 0.56 0.56 0.61 0.63 0.57 0.79 0.82
122 0.03 0.03 0.02 0.02 0.03 0.05 0.05 0.09 0.03 0.05 0.05
123 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.04 0.05 0.05
124 0.01 0.01 0.02 0.02 0.05 0.05 0.04 0.04 0.18 0.20 0.20
131 0.09 0.10 0.11 0.11 0.07 0.06 0.07 0.08 0.22 0.28 0.29
132 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03
133 0.01 0.01 0.01 0.01 0.10 0.01 0.03 0.04 0.02 0.03 0.03
141 0.03 0.03 0.02 0.02 0.02 0.03 0.03 0.03 0.24 0.27 0.27
142 0.03 0.03 0.02 0.02 0.20 0.17 0.20 0.22 0.93 1.13 1.13
211 34.04 34.19 36.48 36.48 34.12 34.27 32.98 32.88 24.79 27.18 27.16
212 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
213 0.15 0.03 0.13 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00
221 1.78 1.72 1.32 1.32 0.57 0.49 0.47 0.46 0.00 0.00 0.00
222 1.60 1.56 1.52 1.52 0.27 0.23 0.25 0.24 0.07 0.04 0.04
223 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
231 10.63 10.59 10.39 10.39 6.51 5.58 5.31 527 27.34 28.43 28.40
241 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
242 3.50 3.55 3.32 3.32 0.50 1.24 1.25 1.25 3.79 0.13 0.13
243 4.96 4.98 4.00 4.00 8.17 6.60 7.32 7.31 224 0.44 0.44
244 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
311 20.20 20.40 20.65 20.65 21.26 21.97 22.14 22.10 2.70 2.15 2.16
312 4.85 4.72 541 541 10.97 10.81 10.52 9.81 517 5.45 5.13
313 419 421 422 422 7.26 8.09 8.80 8.92 0.21 1.11 1.10
321 1.46 1.46 2.48 2.48 0.66 0.59 0.57 0.57 7.96 5.78 5.79
322 0.31 0.31 0.31 0.31 0.28 0.29 0.31 0.31 11.83 7.37 7.38
323 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
324 2.64 2.55 1.36 1.36 2.99 3.50 3.36 4.02 0.78 1.08 1.34
331 0.10 0.10 0.05 0.05 0.00 0.00 0.00 0.00 0.08 0.14 0.14
332 0.03 0.03 0.03 0.03 0.13 0.12 0.12 0.12 0.25 0.08 0.08

333 0.08 0.08 0.02 0.02 0.12 0.11 0.10 0.10 1.39 1.05 1.05
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334 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
335 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
411 1.60 1.60 1.29 1.29 0.12 0.06 0.08 0.08 0.07 0.06 0.06
412 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.09 9.31 9.31
421 0.00 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.13 0.15 0.15
422 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
423 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.25 0.25
511 0.68 0.68 0.74 0.74 0.15 0.21 022 0.22 0.02 0.02 0.02
512 0.67 0.67 0.66 0.66 0.31 0.43 0.44 0.44 0.89 0.91 0.91
521 0.28 0.28 0.28 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
522 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.09 0.09
523 0.02 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.56 0.54 0.54

Table 7. Percentage of land use from 1990 to 2012 for Romania, Slovakia and the United Kingdom (authors).

Focusing on Austria, the country shows that the land use for the coniferous forest (312) pre-
dominates above others. In fact, it occupies more than one-quarter of the Austrian territory —so,
the country is considered forest. The following major land uses correspond to non-irrigated
arable land and mixed forests (211 and 313).

The most representative land use in Belgium corresponds to non-irrigated arable land (211). The
second most widespread use corresponds to complex cultivation (242). However, it practically occu-
pies the same extension to discontinuous urban fabric (111), equivalent to most of the land covered
by structures, buildings, roads and artificially surfaced areas associated with vegetated areas and
bare soil, occupying discontinuous but significant surfaces. Therefore, even though it can be said
that this country is eminent in agriculture, there is also the development of associated structures
indicating the degree of development of the country. Also, this model seems consolidated and not
variable in future years—once the lines that describe land uses are mostly horizontal and parallel.

Although the area destined to non-irrigated arable land (211) has been descending in Czech
Republic, its extension is far above other land uses, occupying more than one-third of the
country. The second relevant land use corresponds to the coniferous forest (312) occupying
almost one-fifth of Czech Republic surface. It also should be highlighted that the third major
land use corresponding to pastures (231) has increased significantly in 2000.

Denmark presents a surface of approximately 65% occupied by non-irrigated arable land
(211). The country’s agricultural character seems such that it will not change in the next few
years—once the line that determines the percentage of land use (211) remains horizontal.

Germany and Hungary have repeated the model of land uses with a high predominance of
non-irrigated arable land (211). Non-irrigated arable land in Germany occupies approximately



Assessing Land-Use Changes in European Territories: A Retrospective Study from 1990 to 2012

5% 50% T
N T ——— oy
1% 0%
?: N
i
H._'/_. " ]
i% HW'-—-—.—I
% 15 i
™ e =
% 1 1
1990 1000 2006 2012 iF90. 000 21006 1012
Anstria Belgium
N L]
PO, —— it
1 o
in
08
%
15N o8
mnﬁ %
N 13 e——

1990 IGO0 2006 2037

1990 1000 2006 2012

Dunenark Cermany
it 5%
233
e —
ey 200
™
5% 15
—
N, o el
1% 1% -
I i —————p
™=
—_— —_—
K
1990 2000 32006 2012 G 00 J00E 3042
treland Luxembonrg
55% 0%
'5‘—____ ﬂ-‘”.-'_
£
5% bt
[
5% i
15%
g ———tf———f————a
N 1r gy
e ﬁ:sen b1}
190 000 XOd 2011 i e
Pinland Homanla
£
uﬁ;-
0N
5%
L
1% | e
5%
00D 008 a1
United Kingdom

http://dx.doi.org/10.5772/intechopen.78258

e

1%

15%
e ——t——a

20%

15%
5%
1950 1000 2006 1011

Caech Republic

L1:0Y
15*-——-—?.—.-
a0
I5%
1%
I%8K
R e e ]
15%
10%
£3.1

1990 2000 1006 10132

e

Hungary

3%
" .--"‘“--—o
5%
0 ———
155 s
1%
i P
1990 2000 1006 2017

Metherlands

5% I—h-..._-
305

25%
it
s

15%
===
5%

15650 2000 006 01T

Slovaldla

g [ 1] g | |1 s 1B e [ i | 1] s | 3 s (] g | 1} s 1 s ] ] L g ) | i, '] ] s T s ANR

o Y g JIY) g 11 g | g 4] g $4 | . s g, || g W1 s QLY g J4 s AR

B e | ] g 108

s | L] . || s | 1] s | e | | g L] eGP ] e ] A0 UL s i 30 i ] i 1)

Figure 3. Trend of land uses higher than 5% for the Central EU group countries (authors).
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52% of the territory and in Hungary approximately 40% of the territory. In Germany, land
use stands out for coniferous forests (312) and pastures (231), which increased substantially
between 2006 and 2012. In 2012, some land uses clearly increase as is the case of broad-leaved
forests (311), discontinuous urban fabric (112) and others; on the contrary, mixed forests (313)
descend, some of them suddenly becoming almost non-existent complex cultivation (242), and
land principally is occupied by agriculture, with significant areas of natural vegetation (243).
Conversely, in Hungary, the model is very steady and is similar to what occurs in Denmark
due to the great dominance of single land use—non-irrigated arable land (211).

Regarding Ireland a clear dominance of single land use is also possible to verify —pastures
(231), occupying more than half of the territory surface. In fact, this land use is much higher
than the second most relevant land use in Ireland, peat bogs (412).

Luxembourg is a clear example of a country where the opposite happens, noting a very vari-
able land use model. Though there is a clear dominant land use, broad-leaved forests (311),
such use occupies about one-quarter of the country area. The second most relevant use is
complex cultivation (242), which has greatly declined since 2000. There are also other two
significant land use: pastures (231) and non-irrigated arable land (211). Therefore, it seems
that the agricultural production model is changing and as a result, the model of land use is
changing as a whole.

The Netherlands like Ireland has pastures (231) as the dominant land use, occupying approxi-
mately 27% of the territory. However, its dominance is not as clear as in other cases such as
Ireland —once the second major land use corresponding to non-irrigated arable land (211)—
and occupies approximately 20%, and the third land use complex cultivation (242) reaches
approximately 15% of territorial occupation. However, these three dominant land uses imply
that this country is predominantly agricultural.

Poland, Romania and Slovakia are other three examples of dominant land use and also the
remaining uses slightly vary. In these three countries, the dominant land use clearly corre-
sponds to non-irrigated arable land (211). This scenario is more visible in Poland where the
land use is above 40%, which is also clearly the dominant land use scenario in Romania and
Slovakia, both above 30%. Therefore, these countries are characterized by agricultural land
uses.

In the Polish case, the second major land use corresponds to coniferous forests (312). In
Romania and Slovakia, the second most relevant land use corresponds to broad-leaved forests
(311).

Interestingly, a country where there is not only one clearly dominant land use but two is the
United Kingdom. Although something similar happened in Finland, none of the two domi-
nant land uses— pastures (231) and non-irrigated arable land (211)—has descended to please
each other throughout the analysed years. Possibly, this effect would occur if natural resources
are explored, that is, pastures in the non-irrigated arable land. However, the tendency notes
great stability and uniformity. So, it is possible to say that the land use model varied between
2000 and 2006 and has been more stable in the 20062012 period. In fact, between 2000 and
2006, a tremendous increase of peat bogs (412) has occurred; as well as the significant decline
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in moors and heathland (322), complex cultivation (242) and natural grasslands (321) (Tables
8 and 9 and Figure 4).

Curiously, all South European countries with an exception for Portugal have shown a well-
defined land use model in which there is one or two dominant land uses that determine the
country’s land use pattern.

In the Bulgarian case, the land use is denominated by non-irrigated arable land (211) and
occupies approximately one-third of the country’s territory— which is clearly superior to
the second major land use in Bulgaria, broad-leaved forests (311). Thus, a consistent land use
model is identified in the Bulgarian territory and is possible that it will remain in the coming
years.

A similar scenario occurs in Croatia, where there is clearly a dominant land use, the broad-
leaved forest (311), prevailing over others and occupying approximately 30% of the country.
There is also a second land use with relevance, corresponding to complex cultivation (242)—
occupying approximately 17%. The situation is similar to Bulgaria but with some disparities
in the period from 1990 to 2000 where a significant variability in these land uses is observed;
the situation has stabilized from 2000 and in fact is similar to what occurred in the United
Kingdom.

Once, in the case of Cyprus, there was a dominance of non-irrigated land (211), which occu-
pied about one-quarter of the country. However, different from what occurs in Bulgaria and
Croatia, there is also a single secondary major land use, but Cyprus presents two land uses
side by side that virtually occupies the same surface extension: sclerophyllous vegetation (323)
and coniferous forests (312).

The same that has been seen in Cyprus is verified in France, where the dominant land use
is above the 25%, the non-irrigated arable land (211). Additionally, two land uses exist with
major relevance: broad-leaved forests (311) and pastures (231). The rest of the uses are in
percentages lower than 11% while remaining stable over the analysed years.

A considerable amount of land uses have been developed in Greece. Here, it should be high-
lighted that the predominant land use is sclerophyllous vegetation (323), occupying below 18%
of the territory. Thus, Greece presents a great diversity of land uses. Also, it’s possible to
notice that the land uses whose percentage of extension is between 3% and 12% have suffered
the vast majority of variability between the years 2000 and 2006. Such changes contrast with
the constancy shown in 1990 and then in 2012. Land use, where a decrease has been identified
between 2000 and 2006, corresponds to arable land (211)—land mostly occupied by agricul-
ture, with significant areas of natural vegetation (243) —transitional Woodland shrub (324)
and natural grassland (321). On the contrary, land uses that have increased are permanently
irrigated land (212), olive groves (223) and mixed forests (313).

Once again, in Italy, a predominant land use is also found —arable soil land (211), occupying
more than one-quarter of the Italian territory. A second predominant land use—but in much
lower amount, occupying approximately 18%—is the former broad-leaved forest (311) and
finally, the rest of the soils due to the supremacy of the first use of the soil is virtually stagnant.

153



Land Use - Assessing the Past, Envisioning the Future

154

000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 444
L¥'6 66 £L90T 9901 98'c 98¢ we 89C 10°S €0'g 6€Y  LS6 096 €T6 006 8¥'6 8¥'6 168 ¥6'8 €ve
8¢'¢g 099 149 vZe  O0vV0L SPO0L 1401 8201 ag’z 9L 9L eLLT TULLL 1641 90°'8T €eC €eC 6L'1 8’1 ri¢4
<00 00 w00 200 100 100 000 000 Sve e 9g'c 000 000 000 000 000 000 000 000 1¥e
S0 80 €90 6¢'0 STST  0¢ST 486Gl €091 010 01°0 €10 86F% 209 6€°S ¥e'8 qge 65°¢ e vLe 1€t
¥¥e Sv'g 8¢y  99% <00 <00 200 00 4LL0  LLO0 020 9¢0 9¢€0 €0 0€0 000 000 000 000 €T
960 960 160 160 ¥€0 ¥€0 [440] ¥eo L1 6L'1 [78 ¥1°0 PI0 410 410 e 40] 9%0 850 990 (444
290 290 <90 690 761 76'T 60C vee 191 191 [ p 670 Lv0 190 0s0 eIt <l (48 9¢'T 1¢c
8T°0 8T0 [44] 61°0 80°0 800  Z00 900 000 000 000 000 000 000 000 410 410 80°0 120 €1¢
16'S w6'S SLY  €9% 000 000 100 000 €LC €LT 90T 610 610 410  ZTO 000 000 000 000 [qxd
€L'6 646 89Tl 08Tl O0FZc ¥¥iCc 808C 164T 6FFC 8S¥C LLSC 89 089 €99 899 ¥9¥E 99FE 0TSE  86F¢ 11
010 600 S0°0 S0°0 120 0T0 61°0 910 990 950 60 1o 010 800 800 1o 010 800 800 44!
100 100 100 100 $0°0 $0°0 $00  ¥0°0 (N0 170 [4%0] €00 €00 €00 €00  $00 $0°0 ¥00  ¥0°0 548
800 800 600 S0°0 200 200 200 €00 S1°0 ¥T0 €10 €00 €00 100 100 100 100 000 000 €€l
000 000 000 000 100 100 100 w00 €00 €00 €00 100 100 100 100 €00 €00 ¥0°0 ¥0°0 [43)8
¥T0 €T0 00 €10 910 S1°0 ¥1°0 P10 420 8T°0 0€0 600 800 800 900 1€0 0€0  £T0 ferall] 1cT
600 600  £00 90°0 800 80°0 800 80°0 8T0 LT0  LT0 ¥0°0 $0°0 ¥00  ¥0°0 S0°0 <00 €00 €00 48
100 100 100 100 200 00 00 200 $0°0 ¥00  ¥0°0 100 100 100 100 100 100 100 100 €Cl
S1°0 <o Z00 100 600 600  Z00 S0°0  Z00  £00 €00 81°0 ¥1°0 200 00  ¥00 ¥0°0 $0°0 $0°0 ol
8¢0 9¢°0 920 120 690 ¥9°0 840 0s0 ag'l 09T 9¢'T ¥T0 120 020 61°0 690 89°0 69°0 690 1cl
651 LST 171 9Tl L0% 66'€ 0s¢€ 8¥'¢ sTs 90°S Wy 49T 99T 8¢€'C e 8¥e  8F¢ 89°¢ 89°¢ [418¢
810 810 (48] [440] 800 800 800 80°0 900 900 900 100 100 100 100 100 100 100 100 111
¢I0C  900C 000 066l  TIOC 900 000C 0661  CIOC 900C 000C CIOC 900C 000C 066l  CIOC 900 000C 0661 HAOD
EREE 65 dduerg snad£) eneor) eure3ng




155

Assessing Land-Use Changes in European Territories: A Retrospective Study from 1990 to 2012

http://dx.doi.org/10.5772/intechopen.78258

‘(szoyne) adaa1n) pue aduer] ‘snid£) ‘eneor)) “erre8ng 105 Z10Z PUe ‘9007 ‘000C ‘0661 UI 9sn pue| Jo 98ejuadis ] ‘g [qeL,

91 i Ly i €10 €10 900 90°0 671 6v'1 08T 160 160 160 160 $0°0 ¥00  ¥0°0 ¥0°0 €8
100 100 000 000 80°0 800 €00 €00 000 000 000 000 000 000 000 000 000 000 000 s
800 800  Z00  £00 [480] [480] €10 €10 000 000 000 000 000 000 000 100 100 000 000 jras
€0 690 590 990 60 80 6€0 9¢€0 €T0 o 410 S0 €50 €50 €90 650 660 4S04S0 45
LT°0 LT0  LT0 410 o TCo 120 120 000 000 000 70 0  ¥¥0 €70 1€0 1€0  ZT0  £LT0 A se
000 000 000 000 90°0 900  Z000  £00 000 000 000 000 000 000 000 000 000 000 000 47
€00 €00 $00  ¥0°0 200 200 200 S0°0 000 000 000 100 100 100 100 100 100 100 100 [447
120 120 [44] [440] €10 €10 €10 110 120 120 120 100 100 100 100 000 000 000 000 1%
000 000 000 000 100 100 100 100 000 000 000 000 000 000 000 100 100 100 100 [457
LT°0 ZT°0 81°0 810 ¥€0  ¥€0 P10 €10 <00 S0°0 900 ¥€0 €€0 €0 €0 800 800 600 800 1%
000 000 000 000 S0°0 S00  Z00  £00 000 000 000 000 000 000 000 000 000 000 000 gee
P10 £00 900 S0°0 000 00 200 S0°0 o 00 wl $0°0 000 900 €00 000 000 100 200 pee
08T 9T 6€1 8CT 840 840 840 9.0 0€'T €€ 0€'T 880  ¥80 10T 40T Se0 Se0 8¢€0 8¢€0 €€¢
o 120 11°0 o S0 S0 SL0 840 cro [4N0] ¥T0 900 900 61°0 120 110 11°0 010 010 [433
020 00 [44] 120 900 900 90°0 900 6¥°0 670 Sg0 000 000 000 100 00 w00 200 200 1ee
198 '8 1¢°6 08'8 ST 6£C €Te S6'T FION 2N 08 % 0Te 9¢Ir €Il 910l  9¢0L 99 €99 899 699 143
ac Ll 8¥VLT 9TLL  SYLL Q0’1 70T 70T 480 ¥P9L  C991 1041 081 a8l 1¥v'c 6C'C 100 10°0 100 000 €ce
8€0 8¢€0 o 070 €40 €20 00 T80 000 000 000 S0°0 S0°0  Z00 o ¥C0 ¥To 6C0 620 [44%
8L L8'L 18'8 06'8 €Ce €CC LT P 08¢ 08T 81'¢ Via% 6V 8CY €'l a9'c a9'¢ vae 649°¢ Tce
(0174 0Ty  80¢ ore  ¢se 19°¢ qge ¢¥'e  ¥00  ¥00 ¥0°0 SLY LY WY LY v8S 98¢ €99 6¥'s 989
°§s  eLs 6v'S 786 969 129 8%'9 949 8€9T THIL 6V91 [74% L1 641 SLT 8% 067  98F 68% [459
ee6 w6 ¥E6 8¢6 L0ZL L4691 09T 8191 4000 £00 800 SI'6c O0F6C L86C L86C 0L0T €40C LO0Tc 001c 11e
EREER 65 dduerg snad£D) ereor) erre3ng




Land Use - Assessing the Past, Envisioning the Future

156

88'¢ G981 ¥8T 681 000 000 000 000 8€C S6¢ IFE 6CF 000 000 000 000 ZS0 480 890 2T90 414
9LL TTS 9IS €S 968 G968 P68 868 €T TEL  6L'C  6€T 88Sh 88k 8I9F S€9F 0L €0Z 649 659 (%574
9LC a6'C 96'C 98'C PSEl TLEL TLEL 0L¢€T 099 69'9 909 609 9T’¢ 9C'¢ 9C’¢ 9T’c €L LTL LU'L 0¢’Z t474
806 194 /8L 86Z 000 000 000 000 Z£&9 199 ¥8L £98 000 000 000 000 890 890 9TT 0OCI 8174
$00T  6€Z 1SZ  L¥L 69 699 ¥LS €4S 9911 /80T 79Tl 68¢Cl 000 000 000 000 T CFL  THI 191 514
98¥% 067 ¥8F <Y 000 000 000 000 C89 989 989 69 000 000 000 000 66C 00F COF LIV €TC
08Cc 067 68% 06F% ZI'0 810 8I'0 80 068 168 618 O0F¥8 000 000 000 000 66T OFVI €T €T [444
99¢ 094 €94 T9L 940 940 940 ZL0 969 969 189 IIZ 8T0 80 8T0 80 16T 16T  SLT  LL1 1ce
900 820 80 620 000 000 000 000 ZS5€ Z8¢  IFF  98% 000 000 000 000 80 860 S60 T6O €1¢
9¢c ST /9T /ST 000 000 000 100 880 480 OL'T  ¥O'L 000 000 000 000 ¥I'O ¥ILO ¥IO FIO [4x4
8961l 606l 961 6F0Cc S9S 999 199 $SS  9¢6 086 9Tl €LTL 60 6€0 60 80 849CT T89C 889T ¥LIC 11¢
600 900 %00 <00 Z00 800 900 900 SI0 €0 0I0 SO0 690 690 690 690 600 800 00 SO0 44!
¥000 100 100 100 <00 CO0 <00 100 €00 €00 C00 CO0 8§50 850 850 850 OO ¥OO €00 €00 848
4T0  ¥1°0 900 €00 €00 €00 100 €00 S00 00 900 <0 000 000 000 ¥OO 100 CO0 COO CO0 €€l
€0 100 100 100 C00 TOO C00 COO Co0 100 OO 00O OCO €10 IT'0 SO0 100 100 100 100 [43)8
910 SI'0 €10 600 900 900 900 900 910 910 ¥I'0O L00 FYOT ¥OT ¥OT OL'T ZT'0 910 9T0 ¥I0 1€l
¥00 %00 €00 €00 ¥00 €00 €00 €00 900 900 900 SO0 6I'T 6I'T 6L 6I'T 800 00 Z00  Z00 ¥l
¢00 <¢0 100 100 100 100 IO0 100 C00 CO0 00 I00  Z90 Z90 Z90 €90 €00 €00 €00 €00 €Cl
800 ¥00 100 100 620 600 600 900 IT0 800 C00 000 000 000 000 000 SO0 SO0 ¥OO OO [448
870 620 ¥T0 <10 €0 €e0 €e0 €0 €70 0¥°0 €0 L1°0 ac’e aee ae’e (44 760 680 S0 790 1cL
460 £90 ¥S0 ¥¥O L0C L0CT S0OC S0T Z9C 99T ¥eT €Vl 9¢0C 9¢0T ¥E0C O010C ¥vee  I€€ Z0C 68T [48!
0 480 T§0 6¥0 100 100 100 100 €TI0 €r0 €10  €ro  0CT 0Tl 0CT  0CTT 90 9¥0  LFO0  8F0 It
¢I0C  900c 000C 0661 CIOC 900C 000C 0661 CIOC 900C 000C 0661 CIOC 900C 000C 0661 <CIOC 900C 000C 0661 HAOD
uredg BIUJAO[S [eSnyog ejeIAl Arear




157

Assessing Land-Use Changes in European Territories: A Retrospective Study from 1990 to 2012

http://dx.doi.org/10.5772/intechopen.78258

‘(szoyyne) uredg pue eruaao[g ‘TeSniIoJ “eyeIA ‘Arei] Z10Z PUe “900¢ ‘000T ‘0661 UI asn puef jo 93ejuadiad g 6 d[qeL

187 ey Ty 107 200 200 200 200 8¢C Sv'e 1¢¢ el 649 649 629 189 170 170 170 170 €Cs
8v'0 10 810 8I'0 000 000 000 000 1€O IO I€0 IO 000 000 000 000 000 000 000 000 [44°)
00 €00 <00 <Co0 000 000 000 000 600 600 600 600 000 000 000 000 ST0O SO STO  SIO 1cs
0 v00 <00 <Coo0 ¥I0O  ¥Io €10  ¥I'0O 600 600 600 600 000 000 000 000 850 480 950 990 [41e)
000 100 100 I00 SCO SCO STO 9C0 €00 €00 C00 100 000 000 000 000 STO STO  9T0 910 119
¥00 %00 ¥00 ¥00 000 000 000 000 Z00 Z000 Z00 800 000 00O 000 00O 00O 0O 000 000 €Ty
000 900 900 900 C00 CO0O C00 Co0 80 8IT0 6I'0 0CO 800 800 800 800 €00 €00 €00 €00 (444
g0 Iro ST0 910 100 100 TO0 000 ITO OFVO C€E0 6V0 000 000 000 000 800 800 Z00 800 X474
000 600 600 600 000 000 000 00O OO OI0 IO <I'0 000 000 000 000 000 000 000 000 [454
086 ST0OL %S0T <S80 C¢I'0 <CI'0 <¢I0 €ro 8¢ 8T SPc 8T 000 000 000 00O 900 900 SO0 SO0 Iy
<1 LT 8T 0€T 000 000 000 000 8T 0ST LT 0CL 000 000 000 000 FLO ¥IO STO  8I0 qee
¥y 99¢  ¥se  Ivye 000 000 000 CO0 8FEC Z0€ S8C Co€ 000 000 000 000 €00 I00 €00 100 yee
[4%4 79'1 €91 @'l S0 ¢80 290 €90 44 0T €v'e ace [t ca'l 'l €91 611 611 8¢l 09T €ee
LT0 8T0 90 0TO €80 €80 ¥80 ¥80 0S50 9¥0 650 090 000 000 000 000 €T €FT  LVI 891 (439
10 6¥0 80 0F0 €00 €00 €00 €00 890 990 6€0 €0 000 000 000 000 SCO SCTO SCO ZTO ree
600 00 600 600 06T 06T SI'c IIC 10 10 €0 €0 000 000 000 000 9%F€ Gve 99¢  &ge 449
000 000 000 000 000 000 000 000 900 900 900 900 *P¥6CI T10€L SLCL 98Tl I€E  Ige  8TE  PIE €Ce
600 10 Ir0 Iro <Zrr <Ur Zrr  <rr  ¢0 <o 100 100 000 000 000 000 0SO 0SS0 8F0 160 e
000 000 000 000 COT COL COT €0 000 000 000 00O 000 00O 000 000 8SF 8SFY 88F I8F 1ce
FT €81 8T T8L Pveglc Se€ec vIde 80T  S60 S0 ¥I'T 680 S¥0 S¥O0  S¥0  S¥0 99¢  99¢  €9¢  TFE €1e
960  Z¥0 I¥F0 I¥0 9TCL e6ICl Scel ¥l ¥00  ¥00  9¢0 8Y0 IC0 IC0 IT0 IC0 8C¥ 0y  LTY 8¢ [45
€0F 96  ¢88  ZL8 88TC 88IC <8Tc 981C 691 €991 PCITL 16 000 000 000 000 TIPSl P8l 0C8L 9ISl 11e
uredg BIUJAO[S [eSnyog BRIl Area



158 Land Use - Assessing the Past, Envisioning the Future

A% 0%
5%
0% —— —
259 2054
20% e 15%
15% = -
g — — — L ——
5% 5% i
1990 2000 2006 2012 1980 2000 2006 2012 2000 2006 ama
Bulgaria Croatia Cyprus
e ———" -
= == - - e et
25% 25%
0% 20%
————f——
15% . b 15%
10% o e 10%
= Pf——f
5% 5% -
1980 2000 2006 2012 1990 2000 2006 2012
France Ttaly
55% 19% 25%
17% — " —
e —
45% e 20%
5% 13%
15% {
25% 1% s - - 4
e gy T aq
1585 i 10% - = > -8
gy E——————% 5% - gy Sel——
19890 2000 2006 2012 1990 2000 2006 2012 1990 2000 2006 2012
Malta Portugal Slovenia
23%
1%
o gt
17%
15%
13%
11%
9%
7%
5%
1990 2000 2006 2012
Spain
e 11 i 110 s L] i 113 i 121 s .1 e 114 e 17 e 111 e 34 1 1.1 s 111 e 1 3 i 13 i 231
e T g 113 s 13 e 11, s 14 e 14 s 144 s 11 ] s 31 e 313 s B2 i W12 1) e A1 e B3]
i ] e | | i | ] e | 17 i ] i L) om0 S0 i S0 sl 50 ] il 527 i 510

Figure 4. Trend of the land uses of percentage higher than 5% for the South EU group countries (authors).
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Also, a low variability pattern of land use is seen in Malta. Nevertheless, the most relevant land
use is occupied by agriculture, with significant areas of natural vegetation (243) —representing
approximately half of the extension of the country. Additionally, the second major land use is
the discontinuous urban fabric (112).

A pattern of land use that breaks with the shown tendency of conservative models over the
analysed years is found in the Portuguese case. In Portugal, the extension of the different
uses of the soil has varied considerably. The increase in the broad-leaved forest (311) from
9.21% in 1990 to 16.29% in 2012 should be highlighted. It is also noteworthy that the land use
pastures (231) and non-irrigated arable land (211) have both decreased. In fact, this last one
(non-irrigated arable land) presents similar values to vineyards (221) in 2012. However, if
there is variability in the extent of the land uses, what occurred in other countries like Austria,
Luxembourg or the United Kingdom should be taken into account, between 2006 and 2012,
which seems to play a critical role in the decrease of data variability.

Slovenia is another example of highly stable and consolidated land use patterns, once all
tendency lines are horizontal. In this case, two land uses co-exist, mixed forests (313) and
broad-leaved forests (311), both over 20%. The combination of these two land uses—40% of
the territory —establishes a forest character for Slovenia. As an example, the fourth impor-
tant use of the land corresponds to the coniferous forest (312) and the third to the complex
cultivation (242).

In context, Spain does not escape from the predominance of a single land use pattern, the non-
irrigated arable land (211), which occupies approximately one-fifth of the Spanish mainland.
Additionally, the remaining land use covers an area below 11%. Regarding the surface exten-
sion variability for each land use, although there was a trend of low variability between 1990
and 2006, between 2006 and 2012, this trend broke with high variability. In this sense, increases
in the land use include pastures (231), annual crops associated with permanent crops (241),
land principally occupied by agriculture with significant areas of natural vegetation (243) and
burnt areas (334) and in a lower level of increase comes the land use agro-forestry areas (244),
permanently irrigated land (212), glaciers and perpetual snow (335), discontinuous urban
fabric (112); in terms of decreasing more dramatically, the land uses include broad-leaved for-
ests (311), vineyards (221), fruit and three berry plantations (222) and less-pronounced inland
marshes (411). Therefore, it seems that this model in the future can present great variability
and probably will need time to be able to stabilize.

After the analysis of the EU territories, the major land uses are represented on a map (Figure 5).
The map enables us to verify that most of the land use corresponds to agricultural and for-
estry, the two being the most predominant agricultural uses. Even within agricultural use, it
is possible to notice that the majority corresponds to non-irrigated land (211). Therefore, it
can be argued that EU territories are characterized by agricultural and forest uses—mostly
intended for agricultural-use non-irrigated land.

Also, in countries located in the North of Europe, their land uses are both agricultural and
forestry. In Central EU territories, under the use of agricultural land, the non-irrigated land
is the predominant one (211). This is similar to what happens in the EU South territories.
However, in this area, the predominance of agricultural use is not so dominant, alternating in
some countries the majority use to forestry use.
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Figure 5. Major land uses in EU territories (authors).

4, Final remarks

The synthetic methodology analysis shown to characterize each of the EU Member States
according to the area dedicated to different land uses—defining land use patterns, models
and dynamics. Also, this typology of study is possible to replicate using the official and open-
access tools mentioned above. In fact, through CLC and its available data, the analysis can be
expanded for 2012 and onwards.

In this regard, the performed analyses provide valuable results and knowledge for the deci-
sion-makers, in territorial governance and land use planning, which can influence directly
and indirectly the socio-economic aspects, such as the environmental paradigm.

Precisely, different trends regarding the presence of certain typologies of land uses in the EU
territories between the periods of 1990, 2000, 2006 and 2012 determine that the majority use in
Europe is the agrarian use, followed by the forest, in which the majority is the non-irrigated
land. Also, it is possible to verify the high variability in land use pattern of some countries—as
the case of Finland, Latvia, Portugal and Spain. The rest of the countries present are deeply
consolidated models determined by the scarce variation trend of land use.

It is also possible to verify as the land use in some countries is not very varied, since one
or more land uses very prominently predominate over others. This is the case of countries
like Finland, Lithuania, Sweden, Austria, Czech Republic, Denmark, Germany, Hungary,
Ireland, Netherlands, Poland, Romania, Slovakia, Bulgaria, Croatia, Cyprus, France, Greece,
Italy, Malta, Slovenia and Spain. Therefore, in these countries it is not easy to observe quick
changes on the land use model and pattern. As a result, if for some reason in some of the
abovementioned countries it is deemed appropriate to change the land use, it is necessary to
change major land uses, to achieve higher variability.
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Abstract

Landsat 7 Enhanced Thematic Mapper (ETM), Landsat 8 Operational Land Imager (OLI)
and Thermal Infrared Sensor (TIRS) images obtained in 1991, 2005 and 2014 with maps,
and field survey data were used to classify land use and land cover (LULC) changes over
23 years and predict soil erosion risk locations in the Khlong Kui watershed (73,700 ha),
Prachuap Khiri Khan province, Thailand. Classified images together with soil features,
slope and rainfall data were used to identify potential risk areas of soil erosion. Based on
field check data, the overall classification accuracy was accessed from random samples
that resulted as 80% for 1991, 83% for 2005 and 86% for 2014. The study discovered that
rice field and rangeland increased by 1.12 and 2.81%, respectively, deciduous forest, and
on the other hand, it decreased by 8.28%. GIS analysis identified the potential risk areas
of soil erosion as 46,431 ha (0.63%) at very high risk.

Keywords: landsat, DEM, land use land cover, watershed, remote sensing, GIS, soil
erosion

1. Introduction

Since the 1990s, global, regional and local studies of land use and land cover changes (LULCC)
have greatly developed, thanks to advances in earth observation and monitor methods includ-
ing remote sensing and GIS techniques. The matter of land use changes has been measured
in many international and interdisciplinary researches such as remote sensing, environment
and biogeography [1, 2].

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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In Southeast Asia, including Thailand, deforestation has been occurring during the last
15 years because of an increase in agricultural crops [3]. Land use land cover change in
Prachuap Khiri Khan province was reported by the Office of Agriculture Economics (OAE)
in 2014 that deforestation has been occurring 6.96% while agriculture and other land use
increase 34.97 and 45.44% respectively [4].

Recently, remote sensing is widely applied for monitoring changes and dynamics in land
use and land cover (LULC) observation and its impact to the environment. It offers a vari-
ety of benefits in LULC study and an opportunity to assess remote area such as tropical for-
est, high mountains, update land and terrain information and explore historical LULC. To
offer more efficiency in identifying land cover changes, remote sensing is often combined
with Geographic Information System (GIS) technique. GIS technology refers to for analyz-
ing and managing spatial and temporal data associated with their features [5]. Both tech-
nologies provide capability to collect land use characteristics and changes by integrating
existing remotely sensed data and relevant environments such as tropical forests, urban
areas and coastal zone and different land transformations such as deforestation, urban
development and desertification [2, 6-8]. This study shows environmental problems such
as deforestation and soil erosion in Thailand caused by human activities. The results of this
study could support local governments, local residents and farmers to focus on environ-
mental problems in their regions. The erosion risk map can be used as the potential disaster
information to establish field experiments plots for warning the risk area of soil erosion.

2. Data and methods

2.1. Study area

The Khlong Kui watershed is a large watershed in the Southwestern Thailand and is located
between 11° 58'16”N and 12°15'50”N and between 99°31'56"E and 99°58'30"E as mapped in
Figure 1. The entire area of the watershed covers approximately 73,700 ha (460,625 rai) in Kui
Buri district, Prachuap Khiri Khan province, Thailand. Khlong Kui watershed, with the main
river of the watershed, named the Kui Buri River, is surrounded by three main watersheds as
(1) Pran Buri; (2) Khlong Khao Daeng and (3) Khlong Saphan Yai of the Prachuap Khiri Khan
coast basin, the major river basin in Thailand.

Topography: Khlong Kui watershed includes high mountain range (max. 958 m) on the West,
hilly and rolling land, plain and floodplain to the cost on the East as presented in Figure 1.
High mountain ranges, the major landscape of the Khlong Kui watershed, are mostly in the
upper watershed and are mostly covered by forest. Forests in these areas are strictly con-
served as water sources. Plains, which cover a small part of the watershed, are used for crop,
orchard, and vegetable cultivations. Floodplains, the second large landscape, surround the
main rivers and are mostly located in the lower watershed. These areas are generally used
for rice cultivations. Deforestation and soil erosion are the major environmental problems in
the watershed. These problems are more prominent in the mountain ranges and hilly and
rolling lands.
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Figure 1. The study area in Khlong Kui watershed (ASTER GDEM is a product of METI and NASA).

Climate: The study area has a tropical savanna climate with drying season from January
to May and raining season from June to December. The annual rainfall 30-year average is
1153 mm as the highest in November and the annual average temperature is 31.4°C as the
highest in April [9]. Due to the highest rainfall in November, soil erosion and land slide might
be occurred in the area where nonvegetation and bared land with high slope are the types of
land use in Khlong Khui watershed.

2.2. Data use

In this study, Landsat 7 Enhanced Thematic Mapper (ETM) images in 1991, 2005 and Landsat
8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) image in 2014 were
used for land use and land cover (LULC) classification of the Khlong Kui watershed. A digital
form of the watershed boundary was utilized. Field survey, topographic maps and LULC the-
matic maps were used for classification accuracy assessment. Digital Elevation Model (DEM),
soil series digital maps and rainfall data were used as ancillary data to identify potential risk
areas of soil erosion.

Landsat 7 ETM acquired on 02 Dec. 1991 and 17 Feb. 2005 were provided Global Land Cover
Facility at Maryland University was available at http://glcf.umd.edu/data/landsat/

Landsat 8 OLI-TIRS image dated 02 Feb. 2014 was available at: http://earthexplorer.usgs.gov. The
study area was covered by Landsat images with path 129/row 52. The multispectral bands contain
spatial resolution at 30 x 30 m and the panchromatic band has spatial resolution at 15 x 15 m.

167



168

Land Use - Assessing the Past, Envisioning the Future

The Khlong Kui watershed boundary was GIS vector in ESRI Shape file that was derived
from the Forest and Watershed Management Project in 2005 of the Royal Forest Department.

Topographic maps were acquired in 1995 from the Land Development Department, Thailand
with a scale of 1:50,000.

LULC thematic maps were shape files for Prachuap Khiri Khan province that were created
by the Land Development Department, Thailand with a scale of 1:50,000 (surveyed between
2000 and 2002).

Digital Elevation Model was Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) Global Digital Elevation Model (GDEM) 30 x 30 m that was provided by
Japan Space Systems, Earth Remote Sensing Division, available at http://gdem.ersdac.jspace
systems.or.jp/.

Rainfall data were composed from The Tropical Rainfall Measuring Mission (TRMM) is a
joint mission between National Aeronautics and Space Administration (NASA) and the Japan
Aerospace Exploration Agency (JAXA) designed to monitor and study tropical rainfall. The
rainfall measuring instruments on the TRMM satellite include the Precipitation Radar (PR), an
electronic scanning radar operating at 13.8 GHz; TRMM Microwave Image (TMI), a nine-channel
passive microwave radiometer; and Visible and Infrared Scanner (VIRS), a five-channel visible/
infrared radiometer. The purpose updated algorithm is to produce the best-estimate precipita-
tion rate (in mm/h) and root-mean-square (RMS) precipitation-error estimates from TRMM and
other data sources [10]. Vertical hydrometeor profiles and surface rainfall means are computed
monthly with the grid size as 0.5°%0.5°. The amounts of annual rainfall in the study area and its
six categories with higher amount of rainfall were ranked with the higher scores (Table 1).

Factor Ranking scores
1 2 3 4 5 6
Slope (%) <2.0 2-5 5-10 10-15 15-30 >30
Land Water bodies, Deciduous  Evergreen forest Rice field Orchard Cropland
use/land  urban and forest
cover built-up land,

and wetland

Parent Very high High Moderate Slight low Low resistant to ~ Very low resistant

material  resistant to resistant resistant to water resistant to water erosion to water erosion
water erosion  to water erosion (various  water erosion (sedimentary (badland,
(water bodies, erosion rock and (combination of  rock formations, residuum and
rock land, (alluvial metamorphic metamorphic more shaleand  colluviums form
igneousrock  deposits of  formations, and sedimentary limestone) sandstone and old
formations, plains) quartzite, slate, rock formations, alluvium, rock
more diorite, phyllite, some quartzite, slate, mountainous and
andesite, and andesite, and phyllite, more eroded land)
basalt) some shale) sandstone and

shale)
Rainfall <1000 1000-1150  1150-1300 1300-1450 1450-1600 >1600
(mm)

Table 1. Factors ranking used in the model of risk assessment of soil erosion.
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Soil series maps of six provinces that were collected during field work between 1999 and
2002 were created by Land Development Department, Thailand in the shape file format. They
came with soil series’ soil materials properties in the Excel format. The attributes of soil series’
soil materials properties were in the Excel format which was standardized with type of lithol-
ogy prepared by FAO (in 2006). The soil materials were graded into six classes based on their
resistant to water as provided in Table 1.

Slope is shown as the percentage of slope gradient that was calculated from Triangulated
Irregular Networks (TIN) come from Digital Elevation Model (DEM) by using the Spatial
Analyst Surface. The slope gradient structures were classified into six classes in accordance
with the slope gradient classes [11] and the slope classes for water erosion [12]. The classes
were classified from 1 to 6 as presented in Table 1.

Land use/land cover in 2014 classified from Landsat 8 OLI-TIRS images that were reclas-
sified into six LULC types based on the crop management factor values provided by Land
Development Department, Thailand (in 2000). The ranking scores of LULC are described in
Table 1.

2.3. Methods

This study was accomplished using three major procedures: image classification and analysis,
modeling LULC changes in 23 years (during 1991-2014) and identification of potential risk
areas of soil erosion in the Khlong Kui watershed described as shown in Figure 2.

2.3.1. Satellite image geometric correction

The geometric correction process geometrically converts the image coordinates from (x, y)
into Universal Transverse Mercator (UTM) Zone 47P map projection coordinate by using eight
ground control points (GCPs). For the purpose of and use change and soil erosion analysis,
all the satellite image and maps must be registered in the same pixel size and map projection
with precise overlaying together. The second-order polynomial transformation and cubic con-
volution are used for image registration. In this study, the GCPs have been collected during
10-20 April, 2014 by using GPS-GLONASS L1 receiver brand ASTECH model Promark 100.

2.3.2. Satellite image enhancement

With respect original multispectral data set, the color distortion of pan-sharpening technique
is significant limitation as shown in Figure 3. The statistics analysis was used to evaluate
the digital value and characteristic of original data before pan-sharpening transform with
enhanced data after pan-sharpening transform.

2.3.3. Image classification and analysis

The Landsat satellite images described in the previous section were used to investigate LULC
in the Khlong Kui watershed, Thailand in 1991, 2005 and 2014. The images were analyzed
with the image processing software GEOMATICA Ver. 2013, a widely used image processing
software package, which is often used to perform LULC classification of remotely sensed data.
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Figure 2. Methods for land use land cover classification and soil erosion risk mapping.

2.3.4. Image classification for land use and land cover map

Digital image classification is the process of recognizing pixels, which are given in multispec-
tral bands of a satellite image. The process generates clusters of pixels with similar digital
values into the same informational categories [8]. The classification performed by automated
(unsupervised) or semiautomated (supervised) approaches are widely used in many LULC
studies [1, 6, 13-16].

In this study, supervised method was used to classify LULC in the Khlong Kui watershed.
Supervised classification employs samples of pixels that are already known informational
categories to classify unknown pixels on an image. The class names were assigned into 12
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Figure 3. (a) Multi-spectral, (b) panchromatic channel and (c) pan-sharpening combination band 4-5-3 in R-G-B (Landsat
imagery courtesy of NASA Goddard Space Flight Center and U.S. Geological Survey).

actual informational categories that are based on the 1976 USGS Land-Use and Land-Cover
Classification [17] as (1) Urban villages (U11); (2) Cropland (A21); (3) Orchards (A22); (4)
Rice field (A23); (5) Rangeland (R31); (6) Deciduous forest (F41); (7) Evergreen forest (F42);
(8) Coastal forest (F43); (9) Water and reservoirs (W51); (10) Wetland (W61); (11) Barren land
(B71) and (12) Beach (B72).

2.3.5. Ground truth and field checking for land use classification

Ground Truth and Field Checking for LULC classification was conducted during 10-20 April
2014 by identifying 100 locations as samples including main LULC as forest types, agricultural
crops, rangeland and village area. The NEXUS 7 (Acer Tablet) with Android 4.4 combined
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online Google map for navigating to the sample location by using 3G internet connection and
GPS-GLONASS L1 receiver brand ASTECH model Promark 100. These samples were then
applied for image classification accuracy assessment by generating classification confusion
matrices and accuracy report.

2.3.6. Accuracy assessment

Accuracy assessment is an essential requirement of image classification, and it can be
resulted by the confusion matrix. Confusion matrices quantitatively compare the relation-
ship between the classified images and the reference data which contains field survey, high
resolution digital map and/or thematic maps. After the confusion matrix is generated, overall
accuracy, producer’s and user’s accuracies, omission and commission errors, and Kappa sta-
tistics [1, 15-18] can be written as shown in Eq. 1.

r r
NZH Xi ™ Z,-=1(xf+ XX

K ;
N?- Z (xi+ x x+i)
=1

)

where N is the total number of sites in the matrix, r is the number of rows in the matrix, x, is
the number in row 7 and column i, and x,, is the total for column i, x _ is the total for row i, [1].

LULC change analysis was conducted in three temporal periods: 1991-2005 and 2005-2014.
Cross-tabulation table and cross-classification image were used for the change analysis. The
cross-tabulation table presents the unchanging and changing frequencies of each LULC type
by comparing pixels from the earlier classified image to the later one.

2.3.7. Identification of the potential risk areas of soil erosion

According to the literature, soil erosion of a land surface is caused by various factors. These
factors include topography (e.g., slope orientation, steep and length), soil cover (e.g., trees,
grasses, water, bare soil and paved surface), soil character (e.g., soil mass, soil components
and soil materials), and climate (e.g., rainfall amount and intensity, temperature and wind)
[7, 12, 19]. In this study, we chose four different factors based on data availability to identify
the potential risk areas of soil erosion in the Khlong Kui watershed. These factors are (1) slope,
(2) LULC, (3) soil parent material and (4) rainfall. To construct the model, we executed two
processes: (1) variable ranking and layer creation and (2) model development.

2.3.8. Variable ranking and layer creation

The factors were categorized into six thresholds based on a review of the literature. The
threshold categories were ranked from 1 as lower risk of soil erosion to 6 as higher risk of soil
erosion as shown in Table 1.

2.3.9. Model development

The model was constructed using Multi-Criteria Modeling (MCM). MCM is an influential effi-
cient technique for managing different types of ecological modeling for decision-making and
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Slope LULC Parent material Rainfall Weight calculation
Slope 1 7/5 7/3 7 0.3496
LULC 5/7 1 5/3 5 0.2496
Soil material 3/7 3/5 1 3 0.1496
Rainfall 1/7 1/5 1/3 1 0.0496

Table 2. A pairwise comparison matrix of the relative importance of erosion factors.

environmental planning [20, 21]. Weights for the erosion factors were derived from pairwise
comparison by ranking the importance of each factor and comparing them with another as
shown in Table 2.

Slope was ranked (as 7) as the most important factor because steep slope areas usually have
high potential for soil erosion. However, different types of vegetation cover can prevent ero-
sion; hence, LULC was ranked (as 5) as the second most important factor. Soil material and
rainfall were ranked (as 3 and 1) as the third and the fourth important factors. The Fuzzy
Logic method (IDRISI Software Ver.17) calculates the weights which were obtained by the
relative importance matrix as 0.3496 for slope; 0.2496 for LULC; 0.1496 for soil material and
0.0496 for rainfall as displayed in Table 2.

The weights were then used to create two equations using the attribute calculator tool from

software QGIS Ver. 2.6 as given in Eq. 2:

Risk scores of soil erosion = [Slope] x 0.3496 + [LULC] x 0.2496 + [Soil_Material] x 0.1496
+ [Rainfall] x 0.0496 (2)

The final risk scores of each model were standardized in percentage of potential risk by Eq. 3:
Yopotential risk of soil erosion = ]\i(m;—_]\/thm %100 3)

where X is the final risk score, Min is the least score and Max is the highest score [12]. Finally,
the percentages of potential risk of erosion were divided into five classes: very low (<20), low
(20-40), moderate (40-60), high (60-80) and very high (>80) potential risk of soil erosion.

3. Results and discussions

3.1. LULC classification

The water and reservoir, deciduous forest, evergreen forest, rice field, urban and village land
categories presented good classification performance during the study period. Based on the
ground truth and field check data of 100 samples for LULC types, the classification assess-
ment with the confusion matrices were generated for evaluating the overall, producer and
user accuracy of each LULC types. As we can see in the confusion matrix as shown in Table 3,
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Classified Reference data Classified Producer

data overall accuracy
Ull A21 A22 A23 R31 F41 F42 F43 W51 W6l B71 B72 (%)

U11 3 0 0 0 0 0 0 0 0 0 0 0 3 100.00
A21 0 11 0 1 0 0 0 0 0 0 0 0 12 91.67
A22 0 3 10 1 0 0 0 0 0 0 0 0 14 71.43
A23 0 1 2 8 0 0 0 0 0 0 0 0 11 72.73
R31 1 0 0 0 5 0 0 0 0 0 2 0 8 62.50
F41 0 0 0 0 0 28 1 0 0 0 0 0 29 96.55
F42 0 0 0 0 0 0 19 1 0 0 0 0 20 95.00
F43 0 0 0 0 0 0 0 0 0 0 0 0 0 No data
W51 0 0 0 0 0 0 0 0 2 0 0 0 2 100.00
Wel 0 0 0 0 0 0 0 0 0 0 0 0 0 No data
B71 1 0 0 0 0 0 0 0 0 0 0 0 1 0.00
B72 0 0 0 0 0 0 0 0 0 0 0 0 0 No data
True 5 15 12 10 5 28 20 1 2 0 2 0 100

overall

User 60.00 73.33 83.33 80.00 100.00 100.00 95.00 0.00 100.00 No 0.00 No

accuracy data data

(%)

Overall accuracy: 86%

Overall Kappa statistic:  0.831

Table 3. LULC classification 2014 Feb 02: confusion matrix.

water and reservoir archived 100% for both producer and user accuracy because the signature
of water is sufficient difference from vegetation and other land cover types. Deciduous forest
and evergreen forest are also classified with high accuracy as 96 and 95% for producer accu-
racy and 100 and 95% for user accuracy, respectively. The cropland (91.67% producer accu-
racy, 73.33% user accuracy) and orchard (71.43% producer accuracy and 83.333 user accuracy)
categories had moderate classification performance. Rangeland (62% producer accuracy) had
lower accuracy as it was mixed with barren land and urban village type. The wetland cat-
egory had poor classification performance except in the 2005 classified image where it had
high accuracy performance. The uncertainty of classification among forests, agricultural lands
and wetlands occurred due to similar spectral reflectance of green vegetation. This confu-
sion usually occurs when using moderate spatial resolution images such as Landsat satellite
images to classify areas that have heterogeneous LULC [22].

For the overall classification accuracy of the 1991, 2005 and 2014 images, a satisfactory accu-
racy of more than 80% was achieved with 100 reference samples. LULC classification resulted
in overall accuracy at 80% for 1991, 83% for 2005 and 86% for 2014 and Kappa Statistic at 8.83,
0.79 and 0.76 for 2014, 2005 and 1991, respectively as seen in the confusion matrix as shown
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Figure 4. Land use land cover classification in 1991, 2005 and 2014.

Code LULC types Area in percentage

1991 Dec. 02 2005 Feb. 17 2014 Feb. 02 Change 1991-2014

Ul Urban villages 0.65 0.64 1.66 1.003
A21 Cropland 7.63 12.39 10.64 3.015
A22 Orchards 19.09 20.53 9.69 -9.404
A23 Rice field 9.93 4.92 11.05 1.120
R31 Rangeland 2.79 2.83 5.60 2.811
F41 Deciduous forest 40.12 4142 31.84 -8.281
F42 Evergreen forest 16.64 11.66 22.96 6.327
F43 Coastal forest 0.04 0.02 0.02 -0.015
W51 Water and reservoirs 0.96 143 1.32 0.364
Wel Wetland 0.70 2.34 1.27 0.576
B71 Barren land 1.44 1.81 3.92 2.475
B72 Beach 0.01 0.01 0.02 0.009
Total 100.00 100.00 100.00

Table 4. Summary of land use land cover changes from 1991 Dec. to 2014 Feb. in Khlong Kui watershed.
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Figure 5. Khlong Kui watershed: Potential soil erosion risk map.

in Table 3. These overall accuracies are decreased for old dated data (1991 and 2005) due to
many changes in forest and agricultural land use in comparison with those identified during
ground truth period. The LULC types are presented in Figure 4, and the statistics of area is
calculated in Table 4.

3.2. LULC changes and analysis (1991-2014)

The gains and losses are shown in Figure 4, and the cross tabulation of the changes between 1991
and 2014 (Table 5) is reliable with the previous two periods (1991-2005 and 2005-2014). Although
there were gains in evergreen forests (6.32%) from croplands, orchards, barren land and decidu-
ous forests, the great loss of deciduous forests (-8.28%) occurred due to conversion to evergreen
forests, rangeland, barren land and croplands. Moreover, Table 5 shows that the increase of ever-
green forests, rice fields and croplands (3.01%) was mainly from deciduous forests. Most of the
orchard losses (-9.40%) were converted to evergreen forests, barren land and croplands.

The major loss of coastal forest (—0.01%) was due to conversion to deciduous forests. Although
the minor changes among LULC types could have followed by a result of agricultural activi-
ties such as shifting cultivation, crop rotation and infrastructure development and some of
these changes could be added to the error of classification caused by similar spectral reflec-
tance or mixed pixels from the various characteristic of LULC in the region.

3.3. Identification of the potential risk areas of soil erosion

Fuzzy Logic presented a major weighting factor in development of the model because moun-
tains are a major landscape of the watershed. The results from Fuzzy Logic seem to be more
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conventional based on the topography of the watershed with very high risk (0.63%), high
risk (32.00%), moderate risk (32.40%), low risk (31.21%) and very low risk (3.76%) as shown
in Figure 5. The clusters of very high risk were consistent with the northern, central, eastern
regions of the watershed as also presented in Figure 5. They were mainly located in moun-
tainsides or hillsides, which are usually steep slope and boundaries between forests and
highland crops.

In general, most areas of the Khlong Kui watershed had high potential risk of soil erosion due
to the combination of mountainous topography and agricultural activities. High rainfall in
high mountain area generated more areas of higher risk while low rainfall in low and flat area
generated areas of lower risk.

4. Conclusions

This study used remote sensing and GIS techniques to assess land use and land cover (LULC)
and its dynamics of change with identify the potential risk areas of soil erosion in the Khlong
Kui watershed in 1991, 2005 and 2014. The Khlong Kui watershed was selected as the study
area because this watershed has been experiencing deforestation and soil degradation due
to the development of agricultural lands and urban areas. Moreover, the topography of the
watershed, which includes mountains, hills and slopping lands, makes the Khlong Kui water-
shed an interesting region to examine potential risk areas of soil erosion. The key findings of
the research are as follows:

4.1. Image classification and analysis

The major LULC of the Khlong Kui watershed are forests and agricultural lands. The study
monitored an increase in orchards, croplands, evergreen forests, rice field and urban areas
while a decrease in deciduous forests and wetlands in the watershed in 1991, 2005 and 2014.
The overall accuracy assessment of the image classification was satisfactory in all three differ-
ent years of satellite data acquisition.

4.2. LULC changes and dynamics

Deciduous forest, evergreen forest and orchards types were major drivers of land use and land
cover changes. An increase of range land, croplands and evergreen forests were mainly derived
from deciduous forests. The development of range land, barren land and crop land was related
to an increase in infrastructure of the Khlong Kui watershed. There is a high probability of
change from deciduous forests, wetlands and orchards to rice fields and croplands in 2014.

4.3. Potential risk areas of soil erosion

High-risk areas of soil erosion were primarily located in the northern and eastern regions
of the watershed which are also with mountain ranges and hilly areas. High rainfall in high
mountain area generated more areas of very high risk at 0.63% of the watershed. The change
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from forests to agricultural lands in the northwestern and northeastern regions of the water-
shed led to higher risk areas of soil erosion in the last 9 years.

4.4. Recommendation for further research

Due to limitation of research, financial budget and time, land use change and soil erosion
model have lacked sample questionnaire for validation process. It is recommended for fur-
ther research works that develop an additional surveying method to improve the soil erosion
model to archive more accurate and creditable result.
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Abstract

Abstract For the last two decades, the Amazon development debate has been torn between
attempts to reconcile two rather opposing views of land use: on one hand, a vision of set-
ting aside large tracts of the Amazon forests for conservation purposes (referred hereafter
to as The First Way) and, on the other hand, seeking a ‘sustainable’ resource-intensive
development, mostly through agriculture/livestock, energy and mining (referred hereaf-
ter to as The Second Way). The decrease of Brazilian Amazon deforestation from 2005 to
2014 (about 75% decline) opens a window of opportunity to conceive a novel sustainable
development paradigm: The Amazonia Third Way initiative (A3W). It can represent a new
opportunity emerging to protect the Amazon ecosystems and the indigenous and tradi-
tional peoples who are their custodians and at the same time develop a vibrant, socially
inclusive biodiversity-driven ‘green economy’ in the Amazon by harnessing Nature’s
value through the physical, digital and biological technologies of the 4th Industrial
Revolution (4IR). 4IR technologies are increasingly harnessing these assets across many
industries from pharmaceutical to energy, food, cosmetics, materials and mobility, and
making profits. A3W addresses ways to channel to the Amazon the benefits of the 4IR for
the creation of bio-industries and local development as it protects the forests.

Keywords: Amazon, Fourth Industrial Revolution, Amazonia Third Way, Amazonia 4.0,
Amazon sustainable development, land use

1. Introduction

It is more urgent than ever to find alternative ways to develop the Amazon. This realiza-
tion comes with the science-based analysis that the Amazon may have come much closer to

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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a tipping point than previously thought. Recent analysis [1] lends support to the idea that
the whole Amazon system might flip to second stable climate-vegetation equilibrium, with
degraded savannas covering most of the central, southern and eastern portions of the basin.

The drivers of such change are deforestation, climate change and increased forest fires. Given
the simultaneous and synergistic impact of these drivers of change, total deforestation must
not exceed 20-25% to avoid transgressing a potentially irreversible tipping point.

Global climate considerations also matter: CO, emissions from forest burning may well be
the biggest unresolved global climate challenge. Without reductions in rainforest burning,
including in the Amazon, international goals called for in ratified international Conventions
for climate, biodiversity and water protection cannot be reached.

The heightened critical risk to the Amazon forests calls for intensifying the search for dis-
ruptive socioeconomic alternatives and transformations. For many decades, contradicting
strategies to develop the Amazon have been at work: conservation (we call it the ‘First Way")
versus resource-intensive development (which we call the ‘Second Way’). Considerable efforts
were made by successive governments and by NGOs to reconcile those two ways through
agricultural ‘sustainable intensification’, —albeit with meager results. The question therefore
remains how to unveil the potential of a forest-biodiversity economy in the Amazon.

We argue that a radically different “Third Way’ for sustainable development of the Amazon
is within reach. We propose to utilize modern technologies of the 4th Industrial Revolution
to harness the biological and biomimetic assets of the Amazon’s biodiversity. And we postu-
late that this Third Way can support a standing forest-flowing river bio-economy while being
socially inclusive [2].

2. Methodological framework

The methodological approach of this study starts with a perfunctory examination of land use
patterns in the Amazon. We examine two distinct models of land use pathways that in general
terms may direct and define the maintenance or not of the Amazon forest. The first model is
characterized by expansion of protected areas in the Amazon. It has been labeled ‘The First
Way’. In the other model, it is prevalent intensive natural resources exploitation. It has been
labeled ‘The Second Way'. In Section 3 of this chapter we briefly assess the overall results of
these models in land use (for a comprehensive review, see [2]). We present updated literature
data in support for current trends in land use changes, such as planned infrastructure, policies
and evidence of ongoing land use processes and change.

We pose two research questions to guide the next phase of the study: Overall, current and
planned patterns of land use are environmentally sustainable in the long run? If not, what
would be an alternative way? The answers are developed from the basic concepts proposed by
[2] for the so-called Amazonia Third Way (A3W), which is based upon anovel economic model.
This rests on an innovative, knowledge-based standing forest-flowing rivers bio-economy,
valuing the Amazon’s renewable natural resources, biological and biomimetic assets,
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environmental services and biodiverse molecules and materials. A conceptual model of the
A3W is proposed with the main drivers for its planning and implementation. Two of these
drivers, namely Technological Drivers and Capacity Development, were considered key to
the construction of A3W and are further developed in this work. The technologies of the
4th Industrial Revolution were coupled with core A3W guidelines, leading to the conceptual
definition of the Amazonia 4.0. Figure 1 shows a diagram of the methodological approach
used in this work.

Land use patterns in the Amazon Forest Region
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Figure 1. Methodological diagram for the conceptual development of the Amazonia Third Way.
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3. Land use trends and planning: evidences of future land use
change pathways

The Amazon forest biome has a total of 45.4% of its territory formed by protected areas and
indigenous territories [3] as depicted in Figure 2. This large area where the forest is predomi-
nantly protected or managed in a sustainable way [4, 5] is the ballast that makes the First Way
a possible model of land use for the Amazon. An effective example of the implementation of
conservation policies by Amazonian governments is given by Brazil. In the 1990-2013 period,
protected areas of the Amazon have grown from 11 to 125 million hectares and indigenous
land have grown from 33 to 125 million hectares [6]. Indigenous territories and protected
areas occupy 47.85% of the Brazilian Amazon [7].

On the other hand, the model of resource-intensive development (Second Way) rests mostly
on economic activities that lead to the elimination of the forest and had cycles of intense
growth for many decades. RAISG's ‘Deforestation in the Amazon (1970-2013)" (see Figure 3)
study indicates that up to 9.7% of the region have been deforested until the year 2000, and that
between that year and 2013 that rose to 13.3%, which represents 37% increase in 13 years [9].
Given that, by and large, Amazon deforestation rates increased in the last 5 years, it is likely
that total deforestation is close to reaching 16% of the whole basin by 2018.

Other studies show that protected areas and indigenous territories are not necessarily block-
ing deforestation completely. Although deforestation in indigenous territories in the Amazon
remains relatively small, rates have grown 32% between 2016 and 2017 [7]. That points out that

Map Legend
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Indigenous land
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Figure 2. Protect areas in the Amazon basin. Source: Conservation International [8].
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Figure 3. Mapping of deforestation of the Amazon forest biome for two distinct periods: the total accumulated up to 2000
(red color) and the increment from 2000 to 2013 (black color). Source: RAISG [9].

the barrier formed by indigenous land and other protected areas may vanish under the pres-
sure of environmental crime and expansion of the commodities frontier, if adequate protection
policies are not enforced. The increase of deforestation in some indigenous territories occurs at
a time when the total rate of destruction of the Amazon rainforest fell by 16%, from 7892 km?
in August 2015-July 2016 to 6624 km? in August 2016-July 2017. Notwithstanding the observed
decrease, the level is still extremely high in absolute terms [7]. For the same period, the Sisterna
de Alerta de Desmatamento (SAD) from Instituto do Homem e Meio Ambiente da Amazonia
(Imazon) detected an increase of 22% in the rate of deforestation in protected areas [10].

Besides the current evidences indicating that protected areas may not be a good proxy for per-
manent forest conservation because the prevalent model of intensive use of natural resources
is a permanent dynamic force toward disrupting it, there are evidences that the future can be
even more challenging for the First Way to ensure forest conservation. Official Amazonian
countries’ planned infrastructure developments indicate a huge increase in the construction
of dams, roads, railroads and ports [11] throughout the Amazon basin. These types of infra-
structure pose severe threats to the forestland through their construction and will almost
certainly induce new developments of high deforestation profile.

Land use change in the Amazon: sustainability or deforestation?

In the Brazilian Amazon, which comprises 65% of the whole biome, deforestation figures
from 2005 to 2017 show that a period of consistent decrease from 2004 to 2012 may be now
reversed (Figure 4).
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Figure 4. Annual deforestation rates in Brazilian Amazon (km?) from 2004 to 2017 and map of fraction of land cover
change for 2010 (left panel) based on PRODES data [14] and projections of two possible scenarios for the Amazon in
the future up to 2030 [13]: one of large deforestation (called ‘Fragmentation’) and one of declining deforestation (called
‘Sustainability”).

Future land use change in the Amazon has been modeled [12, 13] for two rather opposed
scenarios which lead to very different land cover changes (Figure 4). In one of them (the
so-called ‘Fragmentation’ scenario), there is a continuous weakening of strict deforestation
control policies successfully implemented from 2005 to 2012 in Brazilian Amazon and expan-
sion of resource-intensive activities leading to agricultural and livestock expansion, resulting
in over 50% of the Brazilian Amazon deforested by 2050. That is a scenario quite consistent
with a progression in time of the Second Way. The other scenario in Figure 4 (the so-called
‘Sustainability’ scenario) calls for continuation and strengthening of the environmental poli-
cies to bring deforestation rates close to zero in the near future. It is the land cover change
scenario compatible with the Third Way.

The economic rationale to protect the tropical forests (The First Way or the ‘Sustainability’
scenario of Figure 4) rests to some degree upon the assumed low costs of maintaining intact
forests as carbon storage and carbon sinks as a non-costly way to mitigate climate change in
comparison to more expensive alternatives such as switching energy systems to renewable
energy. Calculations for Brazil [15] estimate savings up to USD 100 billion/year to 2030 for
Brazil to fulfill its NDC commitments to the Paris Accord if deforestation of the Amazon and
Cerrado biomes can become smaller than 4000 km?/year and the bulk of its commitment to
reduce national emissions 43% relative to 2005 emissions by 2030 come from land use policy
and not from rapidly switching the energy matrix to renewable energy. However, it is clearly
short-sighted to view only the carbon pathways as justification to preserve tropical forests.
In fact, the Third Way Initiative raises various limitations of such approach (see [2]) and pro-
poses that, in addition to ecosystems services, the economic potential of tropical forests rests
on their biological and biomimetic assets to a larger extent.
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4. Identification of issues and opportunities for sustainable
socioeconomic development

In this chapter, we analyze the issues and circumstances that have impeded to date socioeco-
nomic development based on Amazon biodiversity assets to occur in large scale. We point
out the major failures in dimensions such as concepts (imagination challenges), knowledge
(research and information challenges) and implementation (governance and policy chal-
lenges & entrepreneurial capacity failures), and the lack of imagination of the potential of
an innovative green economy based on nature that goes beyond the Amazon regional insti-
tutions. In the opportunity side, we present a summary of a major review in the scientific
and technical literature, which identified more than 200 species of Amazonian plants with
known potential to provide raw for an initial low-end bio-economy in the Amazon. Many
biodiversity products of the Amazonian flora follow have established value chains. We did
qualitative analysis on a sample of it to identify its main characteristics, problems, virtues and
bottlenecks. This analysis included selected cases of innovative entrepreneurship leveraging
relatively low-end technologies and evaluation of 25 enterprises that markets non-timber
products of Amazonian biodiversity. The sample encompasses a range of segments, types,
sizes and bio-assets processed.

4.1. Conceptual failures for sustainable tropical development

The challenges to achieving sustainable development in the Amazon can be broadly catego-
rized in three categories, similarly to a conceptual framework laid out for planetary health
[16]:

* conceptual failures (imagination challenges), such as the vision of the Amazon as only a
source of commodities for the world and the lack of imagination to create alternative, less
socially and environmentally damaging development pathways based on the Amazon’s
renewable natural resources (e.g., its rich biodiversity), with value added via technologi-
cal innovations for an inclusive ‘bio-industrial’ model of development, generating higher
income jobs and sustainable development.

* knowledge failures (research and information challenges), such as reduced amount of
funding to research institutions in the Amazon, focus of research and monitoring systems
on land use transformations, insufficient R&D investments by the private sector, and lack
of innovative research, for instance, to unveil the hidden economic and societal value of
biological assets, that is, a “tropical model of development’.

* implementation failures (governance and policy challenges & entrepreneurial capacity
failures), such as the failure of Amazonian countries’ government to recognize the risks of
current and past development policies and the inefficient implementation of a diversified
economy by public and private actors and even the failure to share more equitably the
benefits of the current resource-intensive economy, reducing social and income inequities.
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The lack of imagination of the potential of an innovative green economy based on nature is not
restricted to the Amazon regional institutions. Economic viability studies for the Amazon of seri-
ous institutions such as the World Bank almost completely ignore such potential. For example,
recent studies [17] continue to see the value of forest products in an exclusively extractive way
and assume very low returns. For example, less than $10 per year per hectare for non-timber
products and just over $20 for sustainable selective logging. They ignore the concrete case of
market success of agroforestry systems such as ¢ai, with proven annual returns of between $200
and $1000 per hectare [18], adding more than $1 billion annually to the regional economy [19].

The intense resource-based agribusiness, mining and hydropower in the Amazon generate
wealth and little of that is reinvested to propel health and education improvements within the
Amazon beyond what is called for in the licensing process. That is in part due to the regressive
taxation system and in part due to historical inefficiencies in investments in public services.
For instance, the highest average per capita income region in Para—annual per capita income
of close to R$50,000—is the iron ore-rich Carajas area, with overall income higher than national
average. However, social indicators such as health and education services are no different than
other regions of the State of Para and much lower than national averages. In summary, very
little of the wealth remains in the region and improves the wellbeing of the population.

The discourse on sustainability has been allowed to proceed as a sign of the times and to be
aligned with global trends starting with the 1992 Earth Summit in Rio and to transmit an
international aura of adherence, but in fact the concrete development policies for the Amazon
never in fact deviated from the one devised by the military government out of geopoliti-
cal concerns: livestock and agricultural occupation to ensure sovereignty and exploitation of
minerals, hydropower and fossil fuels as drivers for economic development.

The intense and swift expansion of the Brazilian agriculture frontier in the Amazon resulted
not only in the growth of the country’s GDP since the 1960s, but also in the rates of tree fell-
ing and greenhouse gas emissions—a consequence of conversion of forest landscapes into
pasture for cattle raising and agricultural fields for grain production. Some numbers illustrate
this human-orchestrated metamorphosis. Since 1997, more than 20 billion trees have been cut
in the world’s largest rainforest. In 2016, more than half of the 8000 km? of Amazon deforesta-
tion was transformed into new pastures. Currently, beef and dairy farming and production
account for 45% of gross Brazilian GHG emissions.

The main public policies responsible for the sharp reduction in deforestation from 2005 to
2014 seem to have already reached their limit, so much so that deforestation has been growing
in 2015 and 2016, even in a period of historic economic recession, demonstrating once again
the decoupling of deforestation with economic growth, neither when GDP grows nor when
GDP shrinks. The underlying reasons for continued land cover change are more complex than
simply responding to global markets.

Unfortunately, we may not have a long window of time to change course with respect sus-
tainable pathways for the Amazon. Tipping points not to be transgressed for forest-climate
stability are in the horizon. The synergistic effects of land cover and climate changes, and with
increased forest fires due to a combination of forest degradation, use of fire in agriculture and
droughts, make the risks even greater. Earth system modeling [2] shows that the synergistic
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combinations of those drivers could lead to a relatively rapid transition to new forest-climate
equilibrium with loss 50-60% of the forest over eastern, southern and central Amazon,
replaced by degraded savannas and dry forests. The sense of urgency to avert a systemic risk
to the Amazon forests must be kept in mind in the search for solutions.

4.2. Potential of a biodiversity-based bio-economy

The knowledge of nature, accumulated over 3.5 billion years of evolutionary processes, that
finds in the Amazonian biodiversity one of its greatest showrooms, is a potentially very large
bio-economic asset. The number of molecular substances with specific and usable functions is
practically incalculable, since each existing species is itself a biochemical design laboratory. And
most species are yet unknown and every 3 days, on average, one new species is discovered [20].

Even though a single substance with a desired function discovered by the study of living things
in the Amazon could be biologically synthesized and produced industrially by laboratories to
reduce costs or to provide quantities demanded for world consumption, the intrinsic knowl-
edge that generated its form and function was stored in the forest and ready to be copied.

A review carried out in the scientific and technical literature as part of this work identified
more than 200 species of Amazonian plants with known potential to provide raw for an ini-
tial low-end bio-economy in the Amazon. A reduced listing of the 20 very promising species
that have been widely used, integrate local productive chains or show strong potential use
in food, cosmetics, perfumery, medicinal, advanced materials and biotechnology have their
distribution modeled. The listing includes rosewood (Aniba rosaeodora), Brazil nut (Bertholletia
excelsa), cumaru/tonka (Dipteryx odorata), agai (Euterpe oleracea) and rubber tree (Hevea brasil-
iensis) among other. A sample distribution for rosewood in the territory is shown in Figure 5.

Few of the biological assets of Amazonian biodiversity are known, others are being researched
for their nutritional, structural, biochemical and market properties, to become products of
future use.

A good example of this transition in the area of food is the acai fruit of the Euterpe oleracea
palm, widely and historically consumed only by local populations until the 1990s. From then
on, it gained the world for its nutritional and functional qualities and its flavor, even with the
operational difficulties of being a fresh, minimally processed fruit transported frozen from
the vicinity of the forest to consumer markets elsewhere in Brazil and abroad (e.g., to the US
and Japan) [18]. Its botanical genus (Euterpe) bears the name of one of the nine muses of Greek
mythology, daughter of Zeus, who represents pleasure and happiness, as many consumers of
acai pulp may well attest.

Like acai, many of the Amazonian biodiversity foods are traditionally consumed by the local
population, with marked flavors and excellent nutritional properties, as well as functional
foods and nutraceuticals in many cases. Camu-camu (Myrciaria dubia (HBK) McVaugh), for
example, has 4 times more vitamin C than acerola [22]; murici (Byrsonima crassifolia (L.) Rich.),
has excellent antioxidant properties [23], as well as agai, that reached global markets. In addi-
tion to antioxidant activity and being a source of five types of carotenes, tapereba (Spondias
mombin L.) is a rich source of vitamin A, at the rate of 100 g of fruit corresponding to more
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Figure 5. Geographic distribution for rosewood (Aniba rosaeodora) in the Brazilian Amazon [21].

than 37% of the daily needs of the vitamin [24]. Besides the well-known Brazil nut (Bertholletia
excelsa), which is already a nut consumed worldwide for along time, there are many other fruits
and seeds of the Amazon with potential to gain new markets, such as cumaru-ferro (Dipteryx
odorata); cupuacgu (Theobroma grandiflorum); uxi (Endopleura uchi (Huber) Cuatrecasas); gravi-
ola (Annona muricata L.); pataua (Oenocarpus bataua Mart.); guarana (Paullinia cupana); prip-
rioca (Cyperus articulatus L.); and bacuri (Platonia insignis), among many others.

The raw materials of Amazonian biodiversity are used in the industry of essences and oils to
make cosmetic and perfumery products. As an example, the cumaru-ferro (Dipteryx odorata)
fermented seeds produce an essential and industrial oil, while coumarin (coumarinic anhy-
dride), which is an aromatic essence used as a narcotic and stimulant [25]. This oil is also used
as a fixative in the perfumery industry [26]. Another example is andiroba (Carapa guianensis)
available in the market in the form of essential oil, with anti-inflammatory, moisturizing, heal-
ing properties [27], being also sold for especially sensitive skin care cosmetics [28].

Acai has also been studied and is used far beyond food: in the cosmetics sector its oil has
properties for skin nutrition, revitalization and hydration, it contains omega 6, it is an antioxi-
dant agent rich in polyphenols indicated for the formulation of anti-aging products [29, 30].
The anthocyanin present in large quantities in the acai pulp was used in an application as
a natural marker for teeth bacterial plaque [31] with large potential markets. In another
development, nanoparticles of acai oil are used to treat cancerous lesions [32]. Proving that
applications of biodiversity raw materials tend to be innumerable, especially when combined
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with modern technological tools and cutting-edge research, a natural plastic was developed
from agai, with polyurethane produced from the seeds [33]. Discarding the abundant acai
berry seeds is a potential environmental problem in the pulp for food production cycle. The
development of a plastic from the seeds also shows the possibilities of using by-products of
a production chain in other associated chains for an even more efficient bio-economy with
minimized externalities.

Other examples of uses of bio-composites are ucuuba (Virola surinamensis) from which a pat-
ented [34] butter is produced, which is capable of providing a matte effect in the skin. From
the leaves and branches of the pau-rosa (Aniba rosaeodora Duckei), the linalool compound is
extracted [35] which is one of the traditional components of the classic Channel No. 5 perfume.
Currently, the following products of the Amazonian biodiversity for diversified products are
on the market for cosmetics applications: Babagu (Orbignya oleifera) oil, Buriti (Mauritia flex-
uosa) oil, Brazil nut (Bertholletia excelsa) oil, Copaiba (Copaifera officinalis) oil, Passionflower
(Passiflora edulis) oil, Urucum (Bixa orellana) oil, Pataud (Oenocarpus bataua) oil, Pequi (Caryocar
brasiliense) oil, Bacuri (Platonia insignis) oil, Cupuagu (Theobroma grandiflorum) oil, Murumuru
(Astrocaryum murumuru) oil and Ucutba (Virola surinamensis) butter.

Research in the medical field confirms the value of many indigenous traditional medicines and
goes beyond, with its own and advanced research methods [36]. As an example, we can men-
tion the chichud (Maytenus guianensis Klotzsch ex Reissek) that presents anti-leishmaniosis [37]
and anti-microbial [38] compounds; guarana (Paullinia cupana) with its properties for the treat-
ment of Alzheimer’s disease [39], priprioca (Cyperus articulatus L.) with anticonvulsant proper-
ties [40], babagu (Orbignya phalerata) with a cicatrizing compound [41], sacaca (Croton cajucara
Benth.) with hypoglycemic properties [42] and as ulcer healing [43], pracaxi (Pentaclethra
macroloba Willd.) with anti-hemorrhagic activity [44] and natural larvicide [45], in addition to
estoraque (Ocimum micranthum Willd.) with its antifungal [46] and antioxidant [47] properties.

Quercetin is a flavonoid that has the ability to suppress free radicals and thereby help preserve
the brain and heart, keep the immune system active, protect the body against cancer, and act
to prevent diseases, especially neurodegenerative diseases such as Alzheimer’s disease [48].
Quercetin, present in many foods but in low concentrations, is obtained from the natural
purification process of the fava d’anta (Dimorphandra mollis Benth) [49]. And the uncera (cat’s
claw) (Uncaria tomentosa and Uncaria guianensis) and is largely used in the pharmaceutical
industry [50]. Pilocarpine, an alkaloid with extensive use in ophthalmology [51], is extracted
from jaborandi (Pilocarpus microphyllus Stapf ex Holm). These are many other examples of
species already studied that integrate or can integrate local production chains in the produc-
tion of drugs and phytotherapeutics.

But the biological assets also have application in industry, with emphasis on endophytic fungi
(Coniochaeta lignaria, for example) with the capacity to degrade lignin in the cell walls of plant
cells, with great potential for the bioenergy industry [52].

Another study with phytosterols isolated from endophytic fungus (Colletotrichum gloeosporioi-
des), an Amazon fungus, offers potential sources of novel natural products for exploitation in
medicine, agriculture and the pharmaceutical industry [53]. Microorganisms are an attractive
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source of new therapeutic compounds, they serve the ultimate readily renewable, and inex-
haustible source of novel structures bearing pharmaceutical potential [54].

State-of-the-art research can unveil new and surprising uses even for forest assets that have been
exploited for a long time. For instance, that is the case for natural rubber (Hevea brasiliensis).
When combined with nanoclay composites using biomechanical technology, it results in an
advanced material to be utilized as artificial skin (Biocure) —a patented active material that induces
the formation of new blood vessels (angiogenesis) and new tissues (neoformation) on the surface
on which it is applied [55]. Latex and clay compounds have also been developed to manufacture
high-tech tire (run cooler, thus increasing tire durability and fuel economy), anti-rust coatings,
tennis balls, gloves and masks [55].

4.3. Summary of Amazon value chains

The biodiversity products of the Amazonian flora follow well-defined paths between the ori-
gins of the raw material, to its processed form for final consumption or to be reprocessed into
components for very high specialty products. The value-added paths of biodiversity products
involve multiple steps and social and business actors, varying according to the nature of the
raw material, the products to be processed and the location of the harvesting and processing
regions. As a general rule, the production of the raw material, which may be fruit, seed, sap,
or other part or component of the plants occurs in the rural environment. They may come
from primitive areas of natural forest or managed agroforestry systems (SAF), such as natural
forests with extensive extractive species and intercropped planted forests.

The rural area is home to communities where the first basic stages of preparation of the mate-
rial collected or harvested for subsequent supply occur, such as cleaning, threshing, drying
and other low-tech processes. Logistic processes such as the transport of the material from
the collection and production sites to the pre-processing sites, storage and shipment to the
processing centers also occur in the rural domain. In every aspect of this beginning of the
value chain, there are opportunities for individual, family, cooperative or business based on
local entrepreneurship.

After pre-processing, the materials are taken by boat or truck to companies or cooperative
facilities in the Amazon or in another region in Brazil or in other Amazonian countries (e.g.,
Bolivia) where most or the entire product’s actual processing takes place, in facilities with
varying degrees of automation. From there it is ready for consumption, locally or in markets
elsewhere in Brazil or abroad. Based on a comprehensive study we conducted with value
chains of five plant species, we developed a conceptual diagram that represents the main
places, environments and activities carried out throughout the whole transformation cycles,
from inputs origin to final consumption, as shown in Figure 6.

Not all paths shown in Figure 6 have fair remuneration in the value adding they represent.
A 2005 study for cumaru (Dipteryx odorata) value chain in the State of Para, Brazil, illustrates
the problem [56]. The markup was 75.0% for the intermediary, 166.7% for wholesale compa-
nies in towns nearer production areas, and 233.3% for the wholesale companies from Belém,
the State capital. The total markup from the beginning to the end of the market chain was
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approximately 500%. The price of the nut ranged from R$3.00 per kg for the collectors to
R$18.00 per kg for the wholesale companies. It was observed that the exporting companies,
which generated unequal gains within the chain, imposed the major additions to the product
price. There were approximately 2700 families involved in cumaru nuts collection, exported
mainly to Japan, France, Germany and China.

Another evidence of such imbalance in the value sharing was revealed by our study of five
value chains. While Brazil nut (Bertholletia excelsa) seeds, mostly from manual forest extraction,
come from dozens of places along the Amazon basin, the value aggregation of such yields
takes place only on just a few locations furnished with processing plants, as shown in Figure 7.

Recent corporate social responsibility efforts focused on purchasing biodiversity products
from communities or cooperatives have generated more balanced and fair-trade relations, as
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Figure 6. Conceptual diagram of the location of the basic stages of value chains of Amazonian biodiversity products.
Solid lines mean the last stage of a product in the value chain [21].
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Figure 7. Differences between the many places where Brazil nut (Bertholletia excelsa) is collect in the forest (left map) and
the few places where there is value aggregation of it (right map), in the Brazilian Amazon, found in a sample survey [21].
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with the operations of a range of forest products purchased by the Natura company and agai
purchased by the Sambazon company. However, the typical market distortions in the values
paid to the extractivist-producer by intermediaries still has to be resolved.

Agroforestry systems (SAF —Sistema Agroflorestal) are agricultural crops intercropped with
tree species, used to restore forests and recover degraded areas. The SAF technology over-
comes terrain limitations, minimizes degradation risks inherent in agricultural activity and
optimizes the achieved productivity. There is a reduction both in soil fertility losses and pest
attacks. The use of trees is fundamental for the recovery of ecological functions, since it allows
the reestablishment of much of the relationships between plants and animals. The tree com-
ponents are inserted as a strategy to combat erosion and the contribution of organic matter,
restoring soil fertility. Two successful tropical agroforestry projects illustrative of this system
in the Amazon are the CAMTA cooperative [57] in Tomé Agu, in the state of Para and the
RECA cooperative [58] in Abuna, in the state of Rondonia.

4.4. Innovative entrepreneurship leveraging relatively low-end technologies

With the advancement of consumer markets, technologies and business models, new busi-
ness development opportunities have emerged from the products of Amazon biodiversity.
Four examples of this innovative entrepreneurship model were selected to demonstrate the
combination of technology and corporate social responsibility for the generation and fair
distribution of benefits to all links and actors of value chains. Two of the examples illustrate
production companies and the other two examples show companies that developed digital
platforms to increase efficiency in transactions and traceability of biodiversity products.

The first example is the Tahuamanu company, a Bolivian producer of Brazil nut products,
which illustrates the case of an Amazonian company that innovated by applying relatively
low-end technologies, to all links of the Brazil nut productive chain, reflected in tremendous
increases in productivity and benefits also to collectors at the base of the value chain. The 2016
severe El Nifio-related drought in many parts of the Amazon may have wreaked havoc to the
Brazil nut production that supplies the company. It is reported a 70% drop in harvest in 2017,
responsible for laying off over 300 employees from his Cobija processing plants [59]. This
unprecedented fall in production raise the question of the potential impact of climate change
on the new development paradigm for the Amazon.

The second example is the NATURA cosmetics company and its bio-industrial operations.
It is probably the most successful case of exploration Amazon biodiversity assets within
the most desirable parameters of socio-environmental excellence. Natura has developed a
network of suppliers of raw materials from Amazon biodiversity that organizes production
of almost 3000 families across the region. It supports training programs and community
empowerment toward sustainability. The example of the ucuuba butter shows how the com-
bination of innovative R&D and training communities in sustainable exploitation can deliver
good results. Ucuuba trees were used as timber for broom sticks and that was accelerating
risks of tree extinction. Butter was developed out of the ucuuba seeds and that new product
found its way in cosmetics of high added-value. Floodplain communities of the Marajo Island
were trained to collect and pre-process the seeds for sale to Natura and to other companies
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which also process ucuuba butter. The net profit of those operations for those families is three
times larger per year as compared to the only once income for felling the tree. Natura is also
promoting the bio-industrialization in the Amazon itself. It opened the Ecopark, an industrial
complex in Benevides, near Belém, state of Para.

The third example is the FLORAUP digital platform that shows how information technology
can be used to foster direct connection between local producers, from their remote locations
in the forest, with potential buyers of their Amazon biodiversity products. After 1 year on air,
the platform has only 57 registries, perhaps due to the relatively low digital connectivity of
remote communities across the Amazon.

Finally, the fourth example is ORIGENS BRASIL, a production chain tracking digital platform.
The platform allows anybody to know instantly the origin of the product that contains assets
of Amazonian biodiversity since its raw material harvesting, its history and actors involved
in the production. This is done simply by pointing a smartphone to the product packaging,
which is equipped with a QR Code that accesses a remote live database. If one assumes that
responsible consumers are an accelerating trend, such traceability platforms are in dire need
for the Amazon.

4.5. Traditional bio-industries

Natural products developed on a sustainable basis have a long history in the Amazon since
the rubber boom years. An increasing demand for these products for traditional and innova-
tive uses in the food, cosmetics, perfumery and pharmaceutical industries has promoted new
business opportunities in the Brazilian Amazon. As part of this trend, advances in biotechnol-
ogy research have demonstrated a key role in expanding this potential, thus boosting the
value chains that have as one of the main attributes the bio-industries focused on the process-
ing of forest raw materials into biodiversity products.

This research evaluated 25 enterprises that markets non-timber products of Amazonian biodi-
versity. The sample encompasses a range of segments, types, sizes and bio-assets processed.
From international corporations with more than 100 years in the market of extracting the finest
Amazonian essences, to innovative indigenous entrepreneurship of collecting and selling forest’s
native species seeds in large amounts to support much needed reforestation efforts elsewhere.

These industries deliver a vast array of products: It ranges from an exfoliating agent of agai
seed (Beraca company) to a powder form of the same fruit for energy drinks (Yerbalatina
Phytoactives and 100% Amazonia companies). The Amazon-based bio-industry is also well-
defined and consolidated in the supplying chains of oils and essences. As early as 1921,
the essential oil extracted from the pau-rosa (Aniba rosaeodora) wood, a native tree from the
Amazon, which is rich in the aromatic compound linalool, was the main ingredient of the
famous French perfume Chanel n°5 [35]. From them on, the supplying of the finest and unique
ingredients from the Amazon biodiversity thrived, adopting, mostly, adequate standards
for social and environmental sustainability, which was not always the case with Pau-Rosa.
Today, extracts of cumaru are present in the most famous and popular fragrances (Givaudan
company) and the ingredients market for the cosmetics industry is supplied with essential
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oils of priprioca (Laszlo Aromaterapia & Aromatologia companies), pracaxi (Amazon Forest
Trading company); copaiba (IFF—International Flavors & Fragrances company) and andi-
roba (Amazonoil company), among many other.

Another sector that has shown significant growth is the food, functional food and nutraceuti-
cal industries (e.g., Sambazon, Tahuamanu companies). Companies in this sector tap in the
healthy food market and, by applying relatively low-end technologies, have put Amazon bio-
actives available worldwide at anyone’s table. As a rule of thumb, most sectors have benefited
from the adoption of newer and accessible technologies in their processing facilities. From
Brazil nuts micro-factories for peeling seeds (COOPERACRE cooperative) to agrosilviculture
producer’s cooperatives focused on traditional bio-industries (CAMTA, RECA cooperatives).

In our study, we analyzed many products offered by the Amazon traditional bio-industries
based on two defining axis: the amount of technology involved in the making of their prod-
ucts and the degree to which they are closer or further to their original state as furnished
by Nature. It was a qualitative analysis and it shows status classes for these products. The
diagram in Figure 8 shows the result of this qualitative analysis.

As it might be expected, values such as environmental sustainability, social development and
fair-trade are a matter of concern for virtually all operations, to a greater or lesser extent, from
small chestnut cooperatives to the giants of the essences and cosmetics sector. Nevertheless,
there are reports of large traditional bio-industry operations that required botanical resources
at large scales that have driven transformation in the supplying of natural asset, once com-
ing from extractivism or agroforestry systems, into an asset generated from monocultures
in the agroindustry’s usual patterns. It also disrupted traditional handmade extractive pro-
cesses [60]. Accommodating increasing demands for bio-products with limitations inherent
to Nature’s carrying capacity and traditional and local people culture, needs and potentials
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Figure 8. Diagram depicting status classes for Amazon bio-industry products based on the amount of technology
involved in their making and the degree to which they are closer or further to their original raw material state as
furnished by nature [21].
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for insertion into new economic development paradigm is an imperative challenge for a real
sustainable Amazon development strategy.

The industrial sector transforming biodiversity assets into available consumables act in the
interface between biodiversity, biotechnology and bio-industry, which involves a complex
system of partnerships between companies, universities, research institutes, official financial
agencies, organized communities and cooperatives inside and outside the Amazon region.

5. Amazonia Third Way as a disruptive alternative

The Amazonia Third Way initiative is conceived as a disruptive social and technological trans-
formation toward a sustainable Amazonian development path. It calls for ‘an Amazon-specific
Fourth Industrial Revolution innovation (4IR) “ecosystem”. This system must be able to rapidly pro-
totype and scale innovations that apply a combination of advanced digital, biological, and material
technologies to the Amazon’s renewable natural resources, biomimetic assets, environmental services,
and biodiverse molecules and materials’ [2].

In support of socioeconomic development, systemic innovations will also apply to enhancing
biodiversity-based value chains. Ideally, these would shape a unique ‘Amazon-brand” able to
conquer global markets [61-63].

The Amazonia Third Way Initiative promotes in-depth research on alternative pathways for
sustainably developing the Amazon territory, in harmony with the twenty-first century’s
Zeitgeist. Forests in the Amazon are the result of evolution over millions of years. Nature
has developed a wide variety of biological assets, which include metabolic pathways, and
genes of life on land, in aquatic ecosystems, and in their natural products—both, chemical
and material —in conjunction with biomimetic assets, that is, the functions and processes used
by nature.

4]R technologies increasingly harness these assets across many industries from pharmaceu-
tics to energy, food, cosmetics, materials and mobility. Indeed, they are making profits, but to
date these profits have not been channeled back to conserve the Amazon and to support the
custodians of nature—indigenous and traditional communities —and also urban population
in the region.

Within a proper legal and ethical framework, the Amazonia Third Way Initiative offers
unprecedented opportunities to local populations to develop a vibrant, socially inclusive
‘standing-forest, flowing-river’ green economy. By harnessing nature’s value through physi-
cal, digital and biological technologies of the 4th Industrial Revolution, we can simultane-
ously protect the Amazon ecosystems and their traditional custodians.

The region is still largely disconnected from the main centers of technological innovation
dealing with 4IR technologies and the advanced bio-economy. The Amazonia Third Way
Initiative is conceived as a multi-level path toward a new inclusive bio-economy, combining
a highly innovative, entrepreneurial and technological economy with the re-valuation of non-
timber forest products and industries with low-end technologies.
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5.1. Determinants of sustainable development pathways for the Amazon

The conceptual framework for the Third Way follows the overall structure of Figure 9 for the
determinants of sustainable pathways for the Amazon.

At the broader level, first we need to understand the nature of the socioeconomic and political
drivers accounting for the rapid transformation of the Amazon in the last 50 years and the
consequences of the resource-intensive development policies in action in contrast with the
view of forest preservation and setting aside large tracts for conservation.

As mentioned before, the Third Way Initiative is not one more attempt to reconcile resource-
intensive development with conservation. Instead, it will seek to implement the twenty-first
century paradigm of knowledge societies to Amazon realities through research and develop-
ment, entrepreneurship, twenty-first century skills and education, and fit for purpose sustain-
able development policies toward a standing forests-flowing rivers inclusive bio-economy.

Second, we deal with solution spaces, recognizing that an important effort has been done to
identify and diagnose the risks to the Amazon of the current development actions and poli-
cies, including their fragilities. We are in urgent need to find feasible solutions of a different
nature: driven by communities and by an entrepreneurial revolution powered by the Fourth
Industrial Revolution and not only by powerful legacies, assisted by altogether more sustain-
able policies based on knowledge, be it scientific/technological or traditional.

Third, we discuss in more detail the role of some key enablers and catalysts to jumpstart
sustainable pathways for the Amazon in two categories, those to enable a biodiversity-based

Figure 9. Determinants of sustainable pathways for the Amazon. The Amazonia third way initiative seeks ‘to add value
to the heart of the forest’ by promoting a novel sustainable development paradigm based upon harnessing biological and
biomimetic assets of Amazon biodiversity.
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development, namely research, development and innovation; harnessing the Fourth Industrial
Revolution technologies to unlock the economic value of nature; and conducive regulatory
framework; and those necessary to implement such novel paradigm, agroforestry systems;
innovative entrepreneurship; bio-industries; product-based and knowledge-based value chains.

5.2. Fourth Industrial Revolution and innovation ecosystems in the Amazon

Within the Amazonia Third Way initiative, an approach has been developed to operationalize
the principles and practices that will allow a proposed paradigm shift for Amazon sustainable
development. It defines seven interconnected realms: (1) the existing natural knowledge; (2)
the ability for learning from nature; (3) the capacity to applying biodiversity-based knowl-
edge to human needs; (4) the capacity to producing biodiversity-based goods and solutions;
(5) the insertion of biodiversity-originated products on a local-to-global bio-economy; (6) the
fair sharing of socioeconomic benefits and life quality improvement for all; and (7) the rising
of an Amazon Biome intrinsic valuing. With the advancements of 4th Industrial Revolution
(4IR) technologies and its wide accessibility, we identified ways it can interact and make fea-
sible a game-changing realization of such realms. We call “Amazonia 4.0" the prospects of
realization of these seven elements by means of technological accessibility and resources, and
market transformation made available by the 4IR.

The existing Natural knowledge is an initial condition of the system; it does not depend on
any human technology. It is a source of information we inherited from evolutionary pro-
cesses, occurring associated with 3.7 billion years old life on Earth. The A3W initiative targets
to keep it going its course, valorizing it in many ways.

Learning from Nature is inherent to humans ever since we became a species (Homo sapiens) as
a part of the Natural system. Ancient and traditional knowledge come greatly from observ-
ing and interacting with the natural elements. As we evolve, we became more apt to under-
stand Nature’s intrinsic knowledge with the building of science and its instruments. With 4IR
technologies, which include biotechnology, advanced computing, genomics, nanosciences,
materials science and advanced sensor platforms, we can learn from Nature in a depth and
such fast pace never imagined before.

Applying knowledge from Nature to human needs is the next natural consequence. This is
the realm of invention and innovation. 4IR technologies can boost invention and prototyping
of new products and solutions. More than just facilitating invention, it creates demand for
new solutions, advanced materials and innovative products.

Once a new biodiversity-based product or solution is developed, producing it in varying scales
is the next outcome. It may utilize biodiversity inputs directly on its making or can only be
sourced from biodiversity knowledge. To carryout industrial operation in the Amazon has been
always a challenging, if not impossible, operation. With the changes brought by 4IR technolo-
gies and market demands, industrial equipment became smarter, lighter and customizable. It
became possible to have plenty of electrical solar-powered energy in the forest, with equip-
ment connected with satellite internet and local crews trained with virtual and augmented
reality, for example. With 4IR technologies, including advanced sensors and Al it is possible
to control more precisely the use of natural resources to prevent possible negative impacts.
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Insertion of biodiversity-originated products on a local-to-global bio-economy is a key for
driving wide interest in conserving the bio-assets. Different than the traditional model of
supplying commodities for further processing and generating value away from its origins,
4IR technologies and new manufacturing paradigm eases and redefines the possibilities to
produce in close association with the local people on local environments, yet reaching global
markets. Complicated logistic typical of a vast forest territory can be easily offset using self-
flying cargo drones, for example.

Fair sharing of socioeconomic benefits and life quality improvement for all involved, includ-
ing forest stakeholders and final consumers can be levered by 4IR technologies and social
changes brought by the technological revolution. With distributed ledger technologies like
blockchain and holochain, we propose the creation of the Amazon BioBank. It is a frame-
work for attributing value to many instances of Amazon socio-biodiversity. Biological assets,
biomimetic insights and discoveries, traditional knowledge, local people forest skills and
other sources of resources will be registered in the Amazon BioBank digital platform through
holochain distributed ledger technology [64]. The Amazon BioBank share common principles
with the Earth Bank of Codes [65].

Aside from any specific technology, the ultimate, long-term result of these chain of events
and realizations would be the rising of a socially shared Amazon Biome intrinsic value. The
social valuing of Nature and its knowledge as an end in itself is an ideal state of relation-
ship between humans and other elements of the natural system. By becoming acquainted
and perceiving many times actual benefit from products and solution based on the Amazon
biodiversity, made available by the chain of events depicted above, one can realize the value
of the tropical forest. As a utilitarian value first, that over time may crystalize as core life,
intrinsic value, forming the personal and social foundations to hold attitudes and behaviors
that imply, support and demand conserving the Amazon Biome.

The ‘innovation ecosystems’ proposed in the Amazonia Third Way initiative are creative-pro-
ductive arrangements based on the Amazon 4.0 principles that synergistically align several
‘ignition powers” for a novel Amazon bio-economy. Major research laboratories and univer-
sities are knowledge centers on biodiversity. Processes, molecules and genetic information
with potential for diverse uses are discovered on daily basis. Start-ups are companies that
specialize in rapidly transforming knowledge into business that tends to transform traditional
consumer and service markets. Prospects for the industries with Internet of Things, or 4.0,
announce new products to be created with computational tools, to be ‘uploaded” and pro-
duced at any scale. Inventors and new businesses can idealize customized or niche-specific
products, which are done automatically, even overnight. A dynamically well-developed and
structured environment for locally rooted associations of (1) knowledge, (2) business and (3)
production form the ‘innovation ecosystems’. They are a way for transforming the biological
wealth of the Amazon into economic wealth, locally anchored, with social benefits for com-
munities and sustainable mechanisms for conservation of the forest.

5.3. Capacity development as a necessary condition for the Amazonia Third Way
initiative

To begin to walk down the Third Way we need, above all, capacity development.
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As results of the long-standing Program to Protect the Rainforests of Brazil (PPG-7) show, the
lack of entrepreneurial skills has stood in the way of developing a non-timber bio-economy
in the Amazon. Only with field-based knowledge and supporting academic curricula can tap
into the Amazon’s biological and biomimetic assets, and the mainstreaming of a standing
forest-flowing river, biodiversity-based bio-economy be achieved. To do that, we propose the
development of a capacity program “Amazon Creative Labs’ (ACL). The program is designed
to promote technical, technological and entrepreneurial capacity development focused on
non-timber products of the Amazon biodiversity, with training events carried out directly at
local communities and towns throughout Amazon region.

We propose the launching of Amazon Creative Labs (ACLs)—laboratories for innovative
experimentation set up throughout Amazonia. They will provide intensive training linked to
local potentials to generate a virtuous insertion on bio-economy-related new opportunities.
Typically, Creative Labs will be located in smaller communities, villages and towns, assem-
bled on tents or on floating platforms packed with state-of-the-art equipment and technology
for both, wide audience learning processes and core value chain local development.

Amazon Creative Labs will enable development of small-scale innovation ecosystems for co-
design, co-development and co-creation of solutions and applications, serving as an effective
interface with the knowledge and practices of the Amazon people.

The Amazon Creative Labs will operationalize sustainable ‘Solution Spaces’ (see Figure 1). It
is of critical importance that the Labs be community oriented, joining technology and tradi-
tional knowledge, and designed to contribute toward a strong local and regional economy.

The Labs will promote capacity development activities focused on a number of products of
Amazon biodiversity illustrative of an array of bio-economic and even bio-artistic applica-
tions, such as food, nutraceuticals, cosmetics, fragrances, pharmaceuticals, industrial oils,
art crafts, bio-art, biomimicry, etc. Training activities can enable local communities to gather
more information on the natural resources available to them, including the use of high-end
technologies such as, genome sequencing.

The exposure to 4IR technologies will allow innovative concepts to emerge. With the assis-
tance of technology experts on the one hand, and entrepreneurship specialists on the other,
groups of participants from Amazonian communities, villages and towns will be invited to
develop new applications and to prototype (at least digitally) such innovations. The Labs’
creative environment will bring 4IR concepts like mass customization, democratized inven-
tion and smart & autonomous factories, powered by Industrial IoT, to a meaningful level with
practical outcomes accessible at planned local and regional clusters of custom-sized process-
ing and manufacturing plants.

Alongside communities—forest people, riverine communities and agroforestry farmers—
young undergraduate or just graduated students interested in creating sustainable biodiver-
sity-based businesses in the Amazon will be engaged. The expectation is that such ‘on the
ground’ collaboration will give rise to new partnerships.

The Amazon Creative Labs design includes solar photovoltaic panels, convertors and bat-
teries, for steady power supplying, and connection to broadband satellite internet. These
features will allow digital, internet-connected equipment to work for prototyping potential
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applications of new products and processes. These infrastructures, operating in remote
regions of the Amazon, are also proof of concept of how the newest available and acces-
sible technologies can reach and benefit the whole spectrum of the social pyramid, from their
everyday life to new work opportunities.

ACLs also include a focus on the realm of biomimetic, that is, the functions, processes and
mechanisms of living organisms that, once learned, can provide insights and solutions for
engineering new technologies and innovative products. They also leverage applications,
including the high-end of genetic resources and genomics; prototype innovative processing
of materials through the diverse links of value chains—raw materials, intermediate products,
all the way to finished products.

To illustrate the potential of ACLs, we designed the three following conceptual examples of
applications, based on currently available technologies and equipment. A final design should
incorporate new technological solutions specifically tailored for solving implementation and
scaling challenges and include consultation with local communities for accessing their spe-
cific needs, priorities and potentials.

A line of Amazon Creative Labs will deal with value chains feed by inputs from local biodi-
versity and an example of that is themed after nutraceutical Cupulate, a chocolate made from
the seeds of Amazon fruit Cupuagu, instead of cacao. From forest picking to creating a final
product that combines basic Cupulate with other products of very high nutritional value, the
lab also includes utilizing a 3D food printer for unique chocolate designs and precise dos-
age of the added natural micronutrients. A by-product of Cupulate-making is cupuacgu pulp,
which is then freeze-dried in a value chain of its own. Heavy-lift electric-powered drones can
help overcome logistics challenges the region poses, by easily and quickly taking loads of
nutraceutical cupulate sculptures and bars to a nearby gateway.

Another example of ACLs focus is the Brazil Nuts value chain, known for the discrepan-
cies between its higher cost for consumers and the low remuneration local people who har-
vest it from the forest receive. To change this, in one end, the ACLs will target extractivism
issues, like processes precariousness that halts productivity and seeds’ price, with accessible
technological resources including GIS mapping, micro-controlled sensors arrays (for health
safety on seed’s harvesting and storing) and comprehensive traceability systems (origin and
processes). At the same time, ACLs will carry out further locally based nut processing, using
equipment that extracts oil and flour, by-products with greater trading value. With top tech-
nical education and processes precisely controlled with the aid of computers, sensors and
biotechnological checks for sanitary standards, it becomes possible to output export-grade
quality products strait from the forest vicinities. Those inputs also allow bringing to small
villages the manufacture of even more processed products targeted to the natural cosmetics
and nutraceuticals markets.

Another line of ACLs will tackle the potential of making Amazon local inhabitants aware
of the genetic value of biodiversity and to take part in genome sequencing projects. The lab
will take participants into a knowledge journey departing from the biodiversity that can be
seen all the way to the microscopic and nanoscopic structures of it, and to the grasping of the
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molecular coding of life. To achieve this, the Lab will make use of optical and portable elec-
tron scanning microscopes and virtual and augmented reality gear, furnished with contents
to experience and understand organic chemistry complex structures. At the end, participants
will carry out actual DNA sequencing through ultra-portable genome sequencers, allowing
for registering genomes of species and benefiting from the provisions of benefit sharing of the
Nagoya Protocol of Access and Benefit Sharing (ABS).

6. Discussion and conclusions: envisioning the future for the
Amazon

Systemic risks to the maintenance of the Amazon forest due to the synergistic combination of
the main human drivers of change—namely regional climate change due to both deforesta-
tion and global warming, and augmented forest vulnerability due to fires—poses an urgent
challenge to avoid an irreversible threshold being transgressed that would threaten to turn
over 50% of the forest in degraded savannas in the second half of this century [2].

The natural resource-intensive mode of development (the Second Way) is the dominant mode
of development and receives generous government subsidies for its continued advancement.
Investments in conservation, forest restoration and a sustainable economy in the global trop-
ics of about $20 billion annually receive less than 3% of total investments. The bulk of invest-
ments (around $770 billion annually) goes to the expansion of commodities frontier of cattle,
grains, oil palm [66] and also to road, energy and mining infrastructure, which are also key
drivers of deforestation [67]. One more detrimental effect of such path is the increasing rural
violence in the Amazon. Brazil has the highest number of assassinated rural and environmen-
tal leaders since 2015, with more than 140 killings, mostly in the Amazon [68].

It is becoming crystal clear that trying to reconcile resource-intensive development with con-
servation is not leading to lasting and permanent solutions. Deforestation rates are still very
high and do not show a tendency to go down near zero and rural violence is on the rise. Social
inequalities in the Amazon remain high and are not improving at a fast pace at least to bring
social indicators to the national averages of the Amazonian countries. Imposing strict conser-
vation to protect large swathes of the forest has had clear successes over the last decades in the
Amazon—about 50% of the Amazon forest is under some kind of protection. However, that in
itself does not guarantee protection forever for tropical forests and eventually may affect the
livelihoods of local population as is the case documented for Madagascar [69] who may bear
a high cost for forest conservation.

The Amazon Third Way Initiative seeks to demonstrate the urgent need for a conceptual,
educational and entrepreneurial revolution—a revolution based on knowledge, traditional
and scientific. The current economy of meat, grain and timber in the Brazilian Amazon is less
than $10 billion a year. The economy associated to biological assets of Amazon biodiversity
in a few industries (food, cosmetics, oils, etc.) is already worth 30% of that and distributes
income in fairer ways and benefits more of the local population. However, that is a tiny por-
tion of the potential of a sustainable economy hidden in the biological and biomimetic assets
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of Amazon biodiversity that the Amazon Third Way initiative attempts to address and give
visibility to. We will be estimating the real hidden economic value of these assets in a next
phase of the initiative.

The Amazon forest is not a void of human presence. Diverse communities live all over the
region. Even some communities of new settlers of the 1970s and 1980s have looked to find
ways of generating income in agroforestry systems. There is rich traditional knowledge in
many of indigenous and caboclo communities. Supporting the diversity of communities and
economic pathways for a standing forest-flowing rivers economy is mandatory.

From a more general standpoint, sustainable development pathways based on natural
resources exploitation should in principle put the local populations as priority. That is not
the case for the Amazon currently (low HDI and other social indicators). Therefore, the Third
Way Initiative also proposes that new sustainable paradigms have the development policy
as a central tenet. The sustainable economy should first and utmost be means of wellbeing
to the Amazonian people. That is not the case of the Second Way, where the Amazon is seen
important for intensive resource exploitation for the Amazonian countries as a whole and
taxation of the resource wealth should redistribute benefits as public services for all in the
Amazon. However, a regressing taxation system does not realize that.

The Amazon has a number of good examples of biology laboratories and a number of entre-
preneurship initiatives that beyond economic development target social responsibility and
deployment of sustainable biodiversity value chains. They are true pioneers into the new era
of sustainability. However, they are as yet a small minority. They may even accrue national
and international visibility and are role models, but in critically insufficient numbers to create
momentum economically and socially to give clout to the rupture needed to put Amazon on
a different track.

The new model must rely on these existing good examples, on the diversities of forest com-
munities across the Amazon, on state-of-the art knowledge generations laboratories and inno-
vative entrepreneurship and build up from there.

In due course, one has to build up momentum for enhancing the policies that are necessary to
uplift the Third Way; investment in zero-deforestation value chains; reducing the enormous
subsidies for commodities that drive deforestation; but as importantly invest in knowledge
generation through a network of advanced biology laboratories in the Amazon, in Amazonian
Countries and internationally in association with private R&D labs and science-based start-
ups and creation of innovation ecosystems throughout the regions. That is a pre-requisite to
the development of local next generation bio-industries in towns and cities of the future.

By attracting venture capital and productive investments both for R&D and for industries, the
political interest in the Third Way will rise in the eyes of governments to a tipping point in
which government investments and subsidies will start to flow to this other type of economy,
even on the absence of visionary governments that would see the potential of a new Amazon
bio-economy and would design the pathways to reach it.

The implications of harnessing the Fourth Industrial Revolution to unlock the economic value
of the Amazon’s biological and biomimetic assets for governments, start-ups, corporations
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and R&D centers are profound. Partnerships among public and private R&D innovation labs
to create a number of hubs of innovation throughout the region is necessary. This would
accelerate new research and development leading to new products and innovations relevant
for many industries locally and worldwide. Amazonian countries with immensely valuable
natural assets would have an additional source of income to help protect these resources and
support indigenous and traditional communities. These funds would create a new incentive
on the part of communities and governments to protect rather than destroy natural habitats.
The interest in understanding and sustainably using our biological and biomimetic assets
could propel a new era of scientific exploration of life on the planet. Large new markets for
sustainably sourced innovation could be created. Technology companies and start-ups seek-
ing to demonstrate compliance with the Nagoya Protocol could be certified, through the
transparency that distributed ledger technology offers.

In sum, development policy in the Amazon has historically taken two pathways. The first
embraces nature conservation and protects large swathes of territory from any human activ-
ity. The second approach has focused on conversion or degradation of forests for the produc-
tion of agricultural commodities like meat and soya or tropical timber at the forest frontier,
and also mineral commodities and the build-out of massive hydropower generation capacity.
These uses together have been historically responsible for the massive deforestation of the
Amazon.

There is, however, a Third Way within reach in which we aggressively embrace high-tech
innovation and look at the Amazon as a tremendous source of biological and biomimetic
assets that can provide new, innovative products and services for current and new markets.
System-level change in the Amazon as proposed cannot be executed single-handedly. On the
contrary, we are proposing collaboration with leading public, private, academic and phil-
anthropic actors for the journey ahead, engaging Indigenous and traditional communities
across Amazonian countries, uniting the best capabilities of regulators, R&D centers, univer-
sities, technology start-ups and visionary companies all over the world.

The Amazonia Third Way can be the most effective Land Use Change Planning policy for the
Amazon because it is fully based on a standing forest-flowing river bio-economy. If success-
ful, this new development model can be applied to all tropical regions helping to preserve
the Earth’s great biological diversity. We have an important choice to make. The future of the
Amazon and its impact on the planet lie so clearly in the balance. Time is not on our side, but
we can still choose the Third Way.
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Abstract

This chapter discusses theoretical reviews about urban space theory, the paradoxical roles
of spatial planning, and introduces a revolutionary definition for sustainability, namely,
the four-dimensional spatial sustainability (4DSS) model. Interestingly, the empirical
section in this chapter underlines the links that emerge when addressing spatial critical
transformations accorded by interconnected spatial relations when attached to conflict
areas, mainly: planning, power, and politics, the (3P) concept. Theories pertaining to spa-
tial planning and sustainable development have substantially evolved during the past
century. However, both of these themes still remain underestimated and require further
investigation when exploring conflict regions. Spatial planning in conflict zones requires
forming fast-changing spatial policies accompanying the creation of irreversibly altered
urban fabrics that generate in many cases drastic challenges for inhabitants, especially
for the indigenous residents when considered a minority group. Therefore, clarifying the
relationships between the 3P and 4DSS is a central issue in this chapter. Understanding
these relationships reveals the range of political influence upon the role of planning and its
objectives. In Jerusalem, the aforementioned interrelationships have generated a deeply
divided city, where dramatic spatial and demographic changes have adversely affected
the lives of Palestinians, threatening their presence and, by consequence, their identity.

Keywords: space, spatial planning, sustainability, four-dimensional spatial
sustainability (4DSS), planning, power, and politics (3P), regressive planning,
progressive planning, conflict area, Jerusalem

1. Introduction

The philosophy of understanding space in terms of the temporal dimension correlates with
the actions or activities within a space transforming them into places and moments. In that
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sense, relationships give rise to order. Hence, the temporal relations give rise to a tempo-
ral order and the spatial relations to a spatial order. What’s more, it is not easy to make a
plausible preliminary list of basic spatial relationships in terms of its designated entities [1].
Few concepts are more crucial to understand our world today than power, especially when
politics and planning emerge as key spatial determinants in conflict affected areas, thus the
spatial identifications shall ultimately be intensified.

Arguments concerning the theory of space under conflict have reappeared in the agenda of
many scholars and theorists in recent years. Conflict in its broad definition means a struggle
or clash between opposing forces, armed aggression, widespread violence, and widespread
human rights abuses. It represents a state of opposition between ideas and interests. Spatially,
“conflict areas” are zones where “conflict” is prevalent. The area may be a region, a country, an
area within a country, or an area that crosses one or more country boundaries. In the context
of conflict areas, urban fabricis in a continuous process of change. Immigrants cluster together
and mix with others; ethnic and racial groups are segregated in ghettos and slums, and the
nonmarginalized are able to displace to more habitable places; poor families are forced to look
for other quarters, because of rabid urban restructuring; and classy housings are developed
on the most attractive spaces, in order to attract the rich. Thus, spaces are divided. Likewise,
separated neighborhoods indicate the presence of different urban fabrics within a city. These
all have different features; they may be modern or undeveloped, secured or risky, deprived or
privileged, clean or dirty, old or new, or contrasted on countless other aspects. Remarkably,
there is a certain contrast in these spaces: between luxurious and marginalized zones and
between places where only those wealthy can afford to live and places where the deprived
are forced to live because of the lack of alternatives elsewhere [2]. These cities are described as
divided cities, dual cities, polarized cities, fragmented cities, and partitioned cities [3].

The relationship between division and planning is prominent, but questionable. In contested
spaces, deliberate and discriminatory actions against the weaker population occur. As such,
planning in many cases is inequitable, implicitly biased and reflects not what it promises to
be. It is used as a control tool over the marginal group, rather than a tool for positive change.
Hence, in conflict areas, urban planning has to be re-conceptualized to go beyond the narrow
framework of physical land use planning. Therefore, the 3P concept [planning, power, and
politics] can help to address this as it is a dynamic process that underpins the ambiguity
of the spatial modality created in conflict areas and correlates that concept with a pertinent
case study: Jerusalem. During the last decades, many conflict cities witnessed hypersegrega-
tion, ethnic separation, and persistent racial discrimination, as what has been seen in Belfast,
Nicosia, Beirut, and Mostar. However, the case of Jerusalem is more passionate, as it presents
the case of deeply divided city due to the intensity of the ethnic conflict it has faced for more
than 70 years, and eventually, its perception as a frontier city [4]. And so, the urgent need
to assess and reread the space in Jerusalem in the context of changing socio-political power
arises. Consequently, it is important to scrutinize such influence upon East Jerusalem’s (EJ)
urban space after the Israeli occupation of 1967 and to explore this interaction between plan-
ning and politics, where the latter has strongly and directly influenced the former.
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2. Space, a conflictual concept

Transformation of a given status is not, unquestionably, one of the core themes of philosophy.
The abstract character of the philosophical work in the past and present is rooted in the social
conditions of existence. Social struggles rage when various socio-political dimensions merge
together. Transformation of space produces tension between power and different social strata
forming what is known as the battle over performance space [5]. Presentations of space out-
line a complex set of variables and power and politics surface as important indicators. The
role of space in the producing cultural and political power has been largely ignored in cul-
tural theory and criticism. Focusing on power as a spatial presentation helps researchers to
precisely theorize the manifold social reproduction processes [6].

Space is classified into two main categories: mental space (experiential) and physical space (exis-
tential). Experiential space, in a merely metamorphic sense, refers to a mental image or nonphysi-
cal representation for time or duration, area or extension. Whereas, existential space has three
dimensions considered as a volume not an area. According to many, this is illusionary. Invoking
space as a metaphor rather than a physical “quantifiable” subject is problematic, because invoca-
tions of space habitually adopt space as known, specified, and unproblematic [7]. Space is expo-
nentially correlated to social relations and is the convenient medium of power that is socially
constituted through material relationships that enable an explicit political interaction. The his-
toric spatial relationship of powers defines history as pure reflection of spaces which evidently
would be the history of power [8]. The basic explanation of power represents influence, forte,
movement, and strength. In this regard, space can be expressed as an active, nonstatic or limited
object; it is rather a result of relations that are themselves dynamic and continuously changing [9].

Instability addresses, implicitly, a conflict of powers regardless of their form, be it physical,
natural, political, or social for example. Spatial configurations thus constitute unequal rela-
tions and, therefore, the emergence of differences and the quest for power. That “mess” of
relations is useful for theorizing the “unbalanced powers” and “unequal relations” of a space
in terms of social complexity (classes, races, segregation, etc.). Therefore, terms differentiating
strong and weak powers, such as dominant and marginal relations, respectively, arise. Hence,
the “differences” emerging out of spatial relationships are addressed in social and the cultural
theory [10]. The spatiality of powers (re)-constitutes our social references and identities. Space
and spatial relations should be considered as active components in the unequal and heteroge-
neous production and distribution of social references, politics, and powers, which altogether
highlight place configurations.

For a better interpretation of the socio-spatial relationships between space and place, it is
important to refuse considering the framework of social identities as the sole background
against which all other investigations of social or cultural relations occur. This is key as social
markers are constantly varying parameters, and they are also continually altered, disputed,
and reproduced. Space comprises an active and constantly changing site of power; however,
the theory of “politics of location” does not critically capture that phenomenon [6].
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Recalling the meaning of space highlights the necessity to underline the changing character-
istics of space in social and physical aspects. To exemplify this abstract concept, space rep-
resentation helps clarify this subject. Capturing a physical presentation of space, such as the
city, seamlessly outlines how space is a lively non-static mass, rather a dynamic organism.
The philosophical interpretation of the city concept asserts the need to understand the rela-
tionships carried out within this “closed container” before analyzing its components, and to
accept that “the city” is not merely a container. Another pertinent explanation introduces the
city as a place where there is still a recognizable concentrated, teeming, dynamic expression of
urbanism. It is a place that becomes very enjoyable for its inhabitants and lots of visitors every
year [11]. In theory, the fundamental meaning of space or place is a relative norm, which is
highly correlated to social and cultural concepts; it depends on the cognitive images of a place
conceived by the manifold experiences and backgrounds of people.

The interest in place and space has significantly grown during the last century; it is reflected
by the development of the so-called new regional geography [12]. In consequence, presenta-
tions of space and the development of place related themes became far sighted during the
1980s and repeated invocations about spatial perspectives within the geographical imagina-
tion. The dialectic mode of thinking facilitates understanding the paradoxical nature of space.
The corner stone of dialectics attempts to philosophize what the world is without detaching
its components for the purpose of analysis and presentation [13]. Dialectical reflections com-
monly address the question of change regarding various spatial questions: interrelationships,
interconnections and interactions, processes, activities, flows, relations, and eventually con-
tradiction. Accordingly, dialecticians often conceptualize “dynamism” as the basic frame-
work to all matter and thus “stability” is an irrelevant status that necessitates explanation.

Philosopher Sir Isaac Newton elaborated that space is absolute, proper to itself, and inde-
pendent of the objects it contains. According to the dialectical mode of argumentation, the
complex composition of space—notably spatial relations, power, politics, productions, and
phenomena—is conceived just as a single entity, that is to say with the quality of wholeness.
Wholeness (totality) could be demonstrated as “the way the whole is present through the internal
relations of each of its parts” [14]. Although it is not possible to comprehend multiple inter-
related elements of a whole without understanding how the elements relate to each other
within this whole, totality is signified in its wholeness as: “a need to look on the world as an
undivided whole” [15]. However, other philosophical approaches oppose dialectical thinking
and contrast obviously with the notions of wholeness, considering separate objects by split-
ting thoughts and problems into parts and in rearranging these in their rational order. This
mode of argumentation represents the Cartesian method, which is a scientific philosophy
that explores the reality via mechanical and mathematical representations, and also perceived
to be merely as the “method of doubt” [16]. From this regard, space could be perceived as
being autonomous or a passive empty container independent of physical characteristics [17].
Wholeness, as such, amounts to nothing more than the sum of the parts. Conversely, dialecti-
cians reject this approach of detaching the diverse features of reality. Instead, the dialectical
philosophy confirms the unity of knowledge and the total character of reality. Space, there-
fore, in this logic is a unity containing within itself different aspects.

Needless to say, the border line between the total and the part is undetectable. Not only is
the concrete character of space and place in terms of their real ontological status, therefore,
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debatable, but also their distinction depending on the comprehensive integration for grasping
the interconnected spatial relationships, social, power, politics, and processes among them.
Indeed, critical philosophy highlights politics, among the heterogeneous and conflictual
elements of space as an internal parameter and major player; thus the overall production
process of space and place is genuinely a political event [18]. This conclusion is coherent
with the concrete foundation of dialectics: the contradiction. Spatial contradictions of urban
spaces born of political conflicts are played out between social benefits, economic powers,
and political forces, which express themselves in place, an element of space. Yet, dialectically,
these elements are divergent components of the same unity; however, the significance of these
qualitative aspects of place and how they, in turn, shape space, cannot be downplayed.

3. Sustainability: a new revolutionary definition

Rethinking the traditional definition of sustainability, especially during the recurrent global
and regional challenges—notably massive immigration, urban shrinkage, dissolving heri-
tage, climate change, poverty, and injustice, etc. —has become more critical and progressively
urgent. Spatial development could be addressed as a normative, but challenging, response to
community and human needs. However, troubling debates have been gaining ground and
therefore bringing attention to the multidimensional consequences presented during histori-
cal development of modern society. The Industrial Revolution witnessed rapid transformation
in both the norms of knowledge and community urban growth patterns. Unfortunately, the
fast mode of production and unregulated urban growth resulted, in many cases, in social deg-
radation, poor living conditions, and environmental concerns [19]. Reconsidering the norms
of urban growth and the models of development thus became an urgent issue. Consequently,
the science of sustainability has shown up introducing significant challenges for planners and
policy makers as well. Sustainable development is, therefore, a major concern with reference
to the crucial need to protect the global environment while attaining a better life for people.
The concept of sustainability continues to attract more attention; thus, sustainable develop-
ment is presented in more than two hundred definitions, while featured on more than 8 mil-
lion web pages and the number keeps rising [20].

Sustainable development is thoroughly tied to the environmental concerns that continue to
introduce changes in knowledge and the sciences. The world has changed rapidly due to
the conception of sustainability; however, most of the challenges that gave impulse to the
introduction of the concept have not yet been solved. On contrary, the irreversible loss of
natural resources, rapid depletion of certain energy resources, troubling climate change, and
social injustices are observed. Originally, the interest about sustainability intensified in the
1980s. In 1987, the classical definition of sustainable development was drafted in “Brundtland
Report - Our Common Future” as the paths of human progress that meet the needs of the
present, without compromising the ability of future generations to meet their own needs.
The Brundtland Report incorporated components of sustainability within the economic and
political context of international development, as well as combining ethical norms of welfare,
democracy, and environment [21]. Sustainability science has revealed advanced develop-
ment over the last decade [22]. It explores long-term relationships and implications between
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large-scale socioeconomic and ecologic systems, the complex restructuring processes lead to
degradation of these systems, and probable associated risks to human well-being. Hence, sus-
tainability probes the natural and social systems, questioning their interactions, most notably
achieving needs’ balance of present and future generations while improving well fare and
preserving the planet life support systems.

The interdisciplinary mode of thinking has recently succeeded in linking the traditionally sep-
arate intellectual fields of critical social theory and environmental science. However, responses
to meet the increasing demands of a growing population in an interconnected but unequal
world have undermined the earth’s essential life-support systems. Sustainability is therefore a
concept that provides new visions for the national and international development and formu-
lates new solutions for the recurrent socioeconomic needs. Nevertheless, the world’s present
development path is not sustainable [20]. The ecological transformations accompanied by the
development processes are considered chief global challenge along with the intense altera-
tions underway in socioeconomic and cultural life. Key indications of such consequences are
global climate warming, urban sprawls, degradation of biological diversity, deprivation and
increase in poverty levels, and the excessive exploitation of resources with unmatched rates
of pollution [23]. In this context, the current concept of sustainability is vulnerable to the same
criticism of the vague idealism proffered against comprehensive planning [24].

The “classical” definition of sustainability, in that context, could be conceived as a guiding
tool that connects the “present” of a spatially referenced activity into a “future” projected and
thus desired, status. Still, classical sustainability does not cover the past, in particular, within its
temporal analysis. Moreover, it could be debated that the aforementioned classical definitions
for sustainability in both, be it theory-driven or action-driven directions, neither integrate nor
incorporate the cultural and historical aspects of space and place within the framework of the
development process. Thus, it is also arguable that adopting the “classical” norms of sustain-
ability disregard the cultural identity and historical aspects and could, therefore, lead toward
a critical cultural transformation, degradation, or even evanescence and disappearance.

To overcome the existing challenge and to recover that gap in the classical conception of sus-
tainability, it is necessary to put forward a revolutionary model for spatial sustainability that
not only conceives sustainability as a guidance tool aiming at steering the development wheel
toward environmental protection, economic growth, and social equity but also at integrating
the cultural-historical factors in a more holistic temporal analysis as well. In other words,
this requires shifting the “classical sustainability” concept into a more comprehensive model,
namely, the “four-dimensional” spatial sustainability (4DSS) presented in Figure 1. This adds
a new comprehensive time-based dimension allowing the integration of the past of a refer-
enced space by evaluating its cultural and historical identity and to assess the consequential
cause-effect impacts of the projected, future development. Furthermore, considering the
cultural-historic dimension within the development process enhances the integration toward
a well-balanced time scale focusing on understanding a past-present trajectory before linking
it into the future. Hence, the 4DSS considers the following four substantial dimensions for
investigation and integration —social, environmental, economic, and cultural-historic—form-
ing together the SEEC orbit of sustainability, centered by gravity zone of tension. In practice,
considering the dynamic interactions while integrating these four-dimensional perspectives
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Figure 1. The four-dimensional spatial sustainability (4DSS) model presenting the critical orbit of sustainability (SEEC)
where tension zone located at center [author].

to ensure balanced spatial sustainability creates a “critical conflictual zone” centered in the
core of the orbit of sustainability, the SEEC. The proposed 4DSS model aspires to offer a
fascinating, holistic way of evading these conflicts highlighting the time-factor and the gravity
scale, but they cannot be resolved so simply.

4. Spatial planning

In order to understand the notion of spatial planning, it would be useful to begin by under-
standing a definition of this term. A brief review of the literature pertaining to “planning”
in terms of physical development would immediately reveal that the word has a wide
variety of meanings. Gradually, the terms “urban and regional planning” or “town and
country planning” and “city planning” as they are called in the UK and North America,
respectively, are ideally represented by the term spatial planning. Spatial planning is not a
static notion that presents a single concept, procedure, or tool; it is rather a well-structured
mix of all that must be comprehensively functioned if desirable outcomes are to be achieved
[25]. From this regard, the perception of spatial planning indicates the necessity for inte-
grating several spatial sectorial policies in order to create positive synergies. The emerg-
ing compound nouns of planning have attracted academics to explore the meanings and
semantics of those flexible names. For instance, the terms “land use planning,” “regional
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planning,” “town planning,” and “urban planning” are often used interchangeably, and in
many cases will depend on the reference country, but do not always have the same mean-
ing. In the United Kingdom, Australia, and New Zealand, the term “town planning” is
common. Meanwhile, in the United States and Canada, the term “urban planning” is more
familiar. However, in Europe, the preferred term is increasingly “spatial planning.” Spatial
planning is perceived as going beyond traditional land use planning to bring together and
integrate policies for the development and use of land with other policies and programs
which influence the nature of places and how they function [20].

It could be argued that the definition of spatial planning depends on the basic historical and
institutional differences between the various settings where planning is practiced. Hence,
there are variances for the perception of planning according to the spatial reference that origi-
nates the definition [26]. Italian intellectuals, for instance, perceived “planning” as an element
of the city seen as a work of art. Alternatively, the British have regularly concentrated on the
regulation in different scales of physical development. Meanwhile, American researchers have
often referred to planning as a loose concept, dealing essentially with public and private policy
efforts. Generally, there are two major, but contradictory, definitions for planning, depending
upon the aims and tools of planning, or in other words, based upon the “role” of planning. The
concepts pertaining to the power of planning to act either as a progressive or as a regressive
agent of change and the probability of using planning as a “control tool” instead of “reforming
tool” principally upon ethnic minorities are briefly presented in the following sections.

4.1. Progressive planning

Planning, in its conventional sense, simply refers to the process of setting goals, developing
strategies, and outlining activities and schedules to accomplish desired objectives [27]. The
term progressive planning refers to that sort of planning that acts as a means of positive
change to achieve more urban justice, economic growth, equity, and stability. Achieving
these goals has proven very demanding. Specifically, after the early start of the Industrial
Revolution, the world went through rapid transformation processes, moving from simple
agricultural communities into massively urbanized ones. This quick transformation resulted,
in many cases, in the emergence of unhealthy living conditions, social dilemmas, and envi-
ronmental hazards. Accordingly, planning was born as a way to heal the ills of urbanization
and then evolved into an organized field of human activity; thus it was normative reaction
to the exigent of ameliorating the deteriorated living conditions [28]. This fundamental
explanation of planning inspired urban planners to introduce “ideal” concepts such as uto-
pianism, liberty and equity, economic reform, and improvement of living conditions. These
basic thoughts formed the foundation of planning theories. Therefore, progressive planning
has been conceived as a problem-solving activity that relates knowledge to action in differ-
ent ways, and thus is optimally characterized as reformative norm [29]. Spatial planning
represents the interrelationship between the concepts of space and place. It explores how
such concepts reflect the shift in geographical thought to a dynamic, discontiguous, rela-
tional conceptualization of spatiality [30]. It is a multidisciplinary, hermeneutic discipline,
which integrates the integration of many other disciplines in order to explain spaces and
eventually to optimize strategic mechanisms in developing spaces toward a more sustainable
and equitable living conditions [25].
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4.2. Regressive planning

Regressive planning is a concept used for the cases in which planning is oriented to function as
a “control tool” in order to achieve oppressive objectives. More specifically, regressive planning
is utilized to serve a specific social stratum and neglect or even restrain the other strata. This
sort of planning is critically practiced at places where there is conflict, political instability, or
racial disputes. It presents a considerable degree of uncertainty and vagueness, therefore affect-
ing its legitimacy, ability to create consensus, and sustainability in real contexts. Consequently,
this widespread uncertainty of planning concepts continues to raise doubts regarding a pre-
sumed disciplinary status and even professional conception for planning and its expected, and
in many cases, unpredictable roles.

From the viewpoint of physical development in conflict areas, the interactive power relation-
ships clearly exist between contingent styles of planning and their institutional and cultural
contexts which illustrate, to some extent, the differentiation in planning tools and the variety
of outcomes [31]. Examining the theoretical and empirical studies regarding planning prac-
tices in different contexts could help clarifying a solid core of common trends and problems
constituting a series of challenges, dilemmas, and limitations that are valid in different insti-
tutional, government, economic and administrative frameworks [32].

Understanding the context in which planning is transformed into what can be understood as
“imperfect planning,” addresses substantial exploration of particular scopes that reveal how
planning is used as a socio-graphical control tool. These scopes are four-fold [20]:

* Territorial scope: It is also known as the spatial context and it reflects upon space, geography,
time and people. It presents the territorial policies and ordinances utilized as a power-
ful tool of control over minorities, particularly in deeply divided societies, where ethnic
groups often reside in their own regions.

* Power relations and decision-making scope: This is also known as the methodological scope
and it includes the statutory aspects that determine the formal relationship between the
regime and the public. It is employed in order to marginalize specific groups, thus enhanc-
ing segregation and exclusion of ethnical or minority groups from the active and real par-
ticipation in the process of decision-making.

* Socioeconomic scope: This focuses on serving the economic interests of the dominant party
and thereby contributes to create weaker groups of people who become more dependent on
the dominant party, who in turn manipulates the regime to increase its influence and power.

* Cultural scope: It deals with the influence and effect of planning on the multiple cultures
and identities within a space. It is critically utilized through the planning strategies that are
practiced by the dominant ethnic group who often aims to minimize and alienate the other
ethnic cultures.

5. Conflict city of Jerusalem

Few cities evoke such a sharp and expressive response from so many people all over the world as
does Jerusalem. Sacred to atleast three major faiths — Judaism, Christianity, and Islam —Jerusalem
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has been a source of inspiration to adherents of these religions for thousands of years [33].
Jerusalem has therefore been a focal point for world powers during many different eras as shown
in Figure 2.

Thus far, Jerusalem is considered a contested, frontier, polarized, and deeply divided city
[4]. Until 1917, Jerusalem was an “Ottoman Province”. After WWI and in particular after
the Battle of Jerusalem in December 1917, the British military captured Jerusalem city and
considered it to be the capital of their Mandate in Palestine. The League of Nations, through
its 1922 ratification of the Balfour Declaration, designated the United Kingdom to administer
the Mandate for Palestine and help establish a Jewish state in Palestine [34]. During the suc-
cessive three decades of the British Mandate (1917-1948), many areas in Jerusalem looked
into the construction of new garden suburbs mainly in the northern-western direction. Then,
at the end of the 1948 Arab-Israeli War, Jerusalem was divided for the first time in its his-
tory. The first spatial division of Jerusalem was set out by the Armistice Agreement of 1949
between Israel and Jordan cut through the center of the city creating the western and eastern
parts from 1949 until 1967. During that time, West Jerusalem (W]) was controlled by Israel,
while EJ was controlled by Trans-Jordan. In 1949, Israel declared W] as its capital.

The next dramatic moment, the 1967 Six-Day War, had dramatic consequences for what fol-
lowed. Israel had, unilaterally, annexed 70.5 square kilometers of the occupied Palestinian ter-
ritory (oPt) including EJ, which presents 6.5 square kilometers of the total. Israel’'s domestic
jurisdiction was extended to EJ through Amendment No. 11 of the 1967 Law and Administration
Ordinance. The city’s illegal unification and its controversial status as the eternal capital of
Israel were declared through the Basic Law in 1980. However, the status of United Jerusalem
as Israel’s eternal capital has not been officially recognized by most of the international com-
munity, and nearly all countries maintain their embassies in Tel Aviv. However, in December
2017, the president of the US violated the UN resolutions and announced his controversial deci-
sion to recognize Jerusalem as Israel’s capital a political discourse that intensifies the tension
rather enhances the peace process. Consequently, the UN General Assembly has decisively
backed a resolution effectively calling on the US to withdraw its recognition of Jerusalem as the
capital of Israel and voted overwhelmingly to ask nations not to establish diplomatic missions
in the historic city of Jerusalem. Consequently, the Assembly adopted the resolution “Status
of Jerusalem,” by which it declared “null and void” any actions intended to alter Jerusalem’s
character, status or demographic composition; and stated that any decisions and actions which
purport to have altered the character, status or demographic composition of the Holy City of
Jerusalem have no legal effect and must be rescinded in compliance with relevant resolutions of
the Security Council [35]. These acts are contrary to international law. Israel, therefore, contin-
ues to violate international law, going against United Nations resolutions and agreements with
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Figure 2. Historical powers that controlled Jerusalem before Ottomans [author].
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Palestinians. Nonetheless, the Palestinians consider E]J as the capital of a future Palestinian state.
Palestinians also refer to the UN Security Council’s Resolution 252, which considers as illegal
the confiscation of land and other actions that tend to alter the legal status of Jerusalem. The
status of Jerusalem and of its holy places remains contended up to date.

The wall encircling the Old City of Jerusalem, spatially defined the city during a long period.
The geographical location of Jerusalem gives the city high geo-political and logistical values
for its proximity to other regional capitals such as Amman (85 km), Damascus (290 km), Beirut
(388 km), Cairo (528 km), and Baghdad (865 km). This centrality of that position accords
Jerusalem with a unique logistical characteristic and is one of its distinguishing geo-political
features. The present city of Jerusalem has grown beyond the Old City. After 1948, the city
expanded toward the north and west where the Israeli government established modern and
massive Jewish neighborhoods, whereas since the year 1967, Israel has concentrated its settle-
ment construction works in the eastern part of the city, imposing therefore a new Jewish
demography inside the Arabic Palestinian neighborhoods. The Israeli-Palestinian conflict
over Jerusalem has been dramatically intensified since Israel occupied EJ in 1967. Jerusalem
has been described as a deeply divided city due to the intensity and persistence of the eth-
nic conflict it has faced for decades [36]. Furthermore, the future perspectives of Jerusalem'’s
status are unpredictable due to the competition between the Palestinian and Jewish ethno-
national identities [37]. Additionally, Jerusalem has also been characterized as a frontier city.
Frontier cities are not only polarized along ethnic and ideological lines, but also are disputed
foremost because of their location on fault lines between ethnic, religious or ideological enti-
ties [38]. Accordingly, given its spiritual, cultural, and historical values, Jerusalem outlines the
core of the Palestinian-Israeli conflict.

6. The planning context in Jerusalem

Jerusalem is a unique case study in terms of its historical development, especially during
the last century when administrative control of the city changed several times. Within five
decades (1917-1967), Jerusalem was controlled by four distinctive regimes, namely, Ottoman,
British, Jordanian, and Israeli. During these radical administrative transformations, Jerusalem
experienced rapid and varying development modes, which together have produced different
challenges for its spatial characteristics, most particularly, in terms of the fast changing com-
position of the city population and urban fabric. Hence, the overall experience in the field of
physical planning in Jerusalem offers unique and special aspects of profound interest for any
scholar in urban planning, spatial socio-political relations, history, and human geography.

Today Jerusalem reflects two divergent images. The first is the timeless of one of the most
historic cities in the world, while the other is that of one of the most modern cities in the world.
These two contradictory images of the city are accompanied with by the heterogeneousness
of the population, arriving mainly during the last century. The successive administrations in
Jerusalem have created an extensive maze of rules and regulations, making the planning system
complex and in many ways inefficient. The historical powers that had characterized the official
planning system in Jerusalem since the Ottoman period are listed chronologically in Figure 3.
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Figure 3. Historical administrative development in Jerusalem since Ottoman rule [author].

The previous figure reflects the quick and dynamic transformations of the administrative
authorities in Jerusalem. During the rule of each authority, Jerusalem was “spatially” defined
in a completely unique and different way. The smallest delimitation was certainly during
the Ottoman rule, in which Jerusalem was mainly developing within the boundaries of the
Old City, which is accurately defined by its inspiring encircling wall. The Old City’s internal
narrow roadway system that forms a maze of alleys and stairways hide a treasure of histori-
cal, cultural and spiritual heritage that reflects 5000 years of passionate history condensed in
barely 1 square kilometer. The Old City greatly outlines the features of the fortified cities
built during the reign of the Ottoman Sultan Suleiman, the Magnificent in the early sixteenth
century. The political borders of the city then changed following the succession of the admin-
istrations, successive control power. The spatial frontier was first set outside of the walled
area during the British Mandate and it continued to expand until the Israeli occupation, today
encompassing three times more than its mandatory perimeter. Today the spatial appearance
of the city reflects divided communities and segregated neighborhoods as shown in Figure 4.

Israel occupied W] after the termination of the British Mandate in 1948. In 1967, after the
Six-Day War, Israel unlawfully annexed E]J to its territory. Since then, Jerusalem has been sub-
jected to extensive Israeli planning policies aiming at expropriating more of the Palestinian
lands and expelling native Palestinians from E]J. Hence, spatial planning in Jerusalem consists
of two contradictory approaches based upon the ethnic and cultural identity of the residents:

® The “Progressive planning paradigm” practiced in W] and in the Jewish Settlements (JS)
spread to EJ, which aims to improve the welfare of the Jewish people, who are now the
dominant group, and their neighborhoods by creating more convenient, equitable, health-
ful, efficient, and attractive places for the existing and future Israeli Jewish generations.
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* The “Regressive planning paradigm” applied in the Palestinian Arab Neighborhoods in EJ
limits the current and constrains the future development of the Palestinian residents who
are now the minority group.

The dynamic interactions between planning, power, and politics (3P) have produced para-
doxical spatial development patterns in Jerusalem as conceptualized in Figure 5. Accordingly,
urban spaces in Jerusalem are produced in two contradictory modes of production. These
unequal planning progressive/regressive modes reflect two-sided planning paradigms of the
current Israeli policies. Although Israel declared the city of Jerusalem as a “unified” city in
its political boundaries, it is still “separated” in terms of its spatial context and urban fabric.
W] presents an “active and dynamic” space for the Jewish residents, whereas the opposite is
represented in EJ, namely, an “inactive and fragmented” space for the Palestinian residents.
This contradiction in the city atmosphere is guided by the Israeli central government and thus
maintained deliberately by the political power of the state.

Gmw B Paestinan 0 e Compisted
Somduy JOWIN SOEEONG  sassses Under Constnucion
Dmm -mﬁnﬂkn

i |00 e Approved
[ cosenLinw MK agricusunl Gates & Tunes
7] e Zorm B Chackpoints

Figure 4. The appearance of the divided city of Jerusalem, 2014 [3].
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Figure 5. Spatial reflection of the 3P concept in Jerusalem [author].

The 3P concept demonstrates how the paradoxical Israeli spatial planning policies in
Jerusalem formulate two contrasting societies within the same spatial governorate, namely,
the Palestinian Arab community, and the Israeli Jewish society. However, the earlier deprived
community suffers from fragmentation of its social and geographical contexts in contrast to
the later society, which is well connected and integrated by spatial continuity and physical
infrastructure. The Israeli Municipality of Jerusalem has intensified the complexity between
the Palestinian urbanized neighborhoods in EJ, via a complex set of planning tools and regu-
lations. Spatial regressive planning, besides mismanaged land use policies, is the chief chal-
lenge in that sense, as outlined in Figure 6, which presents the systematic unjust Palestinian
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Figure 6. Analytical diagram of the Israeli regressive land use planning in EJ [author].
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land cut-off in the Israeli planning system. It is noteworthy mentioning that only 40% of the
total area of E] has valid approved plans. However, due to regressive Israeli sophisticated
planning regulations, Palestinians in E]J are neither able to develop most of the planned areas
for their critical needs nor the other unplanned zones. Approximately 34% of E]J is confis-
cated for Jewish settlements, while 26% is still unplanned zones. Accordingly, Palestinians
living in EJ face serious challenges in finding enough room for their future development and
expansion. Thus, more than 74% of the total area of EJ is part of the “static sphere” where
vacant Palestinians’ lands are prevented from any kind of development by the regressive
Israeli planning policies and transferred into the future for the purpose of establishing Jewish
settlements, see Table 1.

The Israeli planning policies treated the Palestinian residents of the city as unwanted immi-
grants and worked systematically to drive them out of the area. Hence, the Israeli government
created systematic mechanisms for expropriating the vacant Palestinian lands and limit their
future development. One of these is the regressive land use planning policy by which huge
areas are designated as green spaces in the Palestinian local town plans. Approximately 35%
of the total planned area of EJ is zoned for this purpose. As such, construction is completely
forbidden in open landscape areas, where the permitted usage only includes forestry, groves,
agriculture, and the use of pre-existing roads.

Unlike open public land, open green spaces are not expropriated from their owners and
remain private property unless the Israeli government decides to confiscate these green lands
for the purpose of either expanding the boundaries of existing Jewish settlements. This is
what happened in Shufat Arab Town, which is surrounded by lands designated as green
lands from which lands were expropriated to expand Reches Shufat’s Jewish-only settlement
shown in Figure 7. They can also be used for constructing new Jewish settlements as what
happened in the Har Homa Jewish Settlement shown in Figure 8.

The adopted Israeli planning policies in Jerusalem have aimed at constraining the future devel-
opment of the Palestinian residents. Demographically, during more than 70 years of Israeli
colonization in Palestine, the Jewish community has grown up amounting today nearly 800%
of its original size in 1922 as per the British Mandate Census for that year Palestine’s popula-
tion was characterized as 88% Muslim and Christian Arabs and 12% Jewish. Immigration

Space Planning and urban management % according to % of planned
EJ total area area
East Jerusalem Expropriated Palestinian lands 34 —
Remained after Unplanned areas 26
expropriation )
Planned areas Housing 12 30
Roads and public 14 35
buildings
Green areas 14 35
Total 100 100

Table 1. Regressive land use planning in EJ [author].
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Figure 7. (Above)—Reches Shufat Jewish-only settlement established over expropriated Palestinian green lands,
(below)—Shufat Plan #3456A in Jerusalem General Outline 3000B shows the Palestinian built-up area of Shufat town
surrounded by green areas and Jewish settlements in all directions [author].

accounts for most of the increase in the Jewish population at that time, while the increase
in the non-Jewish population was due to birth rates [39]. By the end of the British Mandate,
immigration influxes saw the Jewish population increase to more than six times more than
it was before the Mandate period [40] as presented in Figure 9. Hence, the regressive biased

Israeli planning policies targeted the Palestinian presence in critical life aspects as presented
in Tables 2 and 3.
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Figure 8. Palestinian green spaces in EJ are expropriated by Israel and used illegally to construct Jewish settlements.
Above: Abu-Ghneim Green Mountain transformed into Har Homa Jewish Settlement [author].
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Figure 9. Massive Jewish immigration to Palestine between 1948 and 1991 [20].

The dark side of Israeli planning is evident in E] where Palestinians live with substandard
living conditions. The dual planning criteria clearly manifest the discriminatory treatment of
the Palestinians. Israel has closed many Palestinian service-providing organizations in E] aim-
ing at eliminating the Palestinian identity. It guarantees for Israel the socio-economical and
institutional subordination of the Palestinians’ life aspects. Israel has used land use planning

Unequal Israeli housing planning policies in Jerusalem

Construction densities in 1968 (units ~ Average housing density (person

per dunum) per room)
Jewish Palestinian Jewish Palestinian
6.1 22 1.1 22

Population living in densities >3 Population density (person per

(person per room) dunum)
Jewish Palestinian Jewish Palestinian
2.4% 27.8% 21.7 14.6

Housing policies
for Palestinian
Arabs in EJ'

One housing
unit was
added for each
additional 9.7
Palestinian
residents

thus 10,473
units during
1967-1997

5354 housing
units were
added between
2000 and 2011
(21.9% of total)

Housing policies for
Israeli Jewish in EJ
settlements

One housing
unit was added
for each addi-
tional 3 Jewish
residents thus
70,692 units dur-
ing 19671997

19,068 housing
units were
added between
2000 and 2011
(78.1% of total)

‘Israel adopts aggressive house demolition policy against Palestinians. In EJ, Israel demolished 759 Palestinian housing

units and left 4151 Palestinians homeless during 2001-2018 [20, 41].

Table 2. The discriminant Israeli planning policies in Jerusalem —East and West [author].
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Service EJ (service for Palestinians) W] (service for Israelis)
Status of sewage network (km) 67 650

Number of buildings not linked to sewage network 2620 70

Status of roads (km) 87 680

Status of pavements (km) 73 700

Number of social care centers 3 20

Area/number of public parks 324 (dunums)/45 5216 (dunums)/1087
Average number of persons per public park 7362 477

Number of family health centers 5 32

Average number of children per center 68,882 1821

Table 3. Comparison of municipal services in EJ and W] [18].

as a control tool to direct the Palestinian development in an “unsustainable” manner, since
all the approved plans in E]J are designed to make the land, as much as possible, unavailable
for Palestinian future growth. Thus, Israel has utilized political engineering through urban
planning that fragments Palestinian neighborhoods in EJ. Israel continues fostering this politi-
cal engineering, which intensifies ethnic separation between Palestinian and Israeli by adopt-
ing sophisticated physical segregation policies on the ground: flying checkpoint, permanent
checkpoints and, eventually, the Separation Wall. This Wall was constructed illegally and in
direct violation of the International Law. The wall ethnically divides two communities living
in one city. It forms segregated clusters and discrete spaces. Further social disintegration, dis-
placement and fragmentation of Palestinian families have taken place due to the construction
of the Separation Wall, shown in Figure 10. The Separation Wall disconnects the Palestinian in
the oPt from what used to be their economic hub, and in turn, disrupts the entire Palestinian
economy by constricting the flow of income. All these policies have created a uniquely political
architecture in Jerusalem that delineates aggressive military and security morphologies.

Figure 10. Divided Palestinian communities surrounded by the Israeli Separation Wall in E]J [author].
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7. Conclusion

The growing impact of the 3P concept in Jerusalem has created shocking realities on the
ground. It has generated severe adverse impacts on Palestinian life. Since the illegal annexation
of EJ in 1967, the Israeli regressive planning policies in EJ have been targeting the Palestinian
presence via imposing complex spatial planning policies aiming largely at marginalizing the
Palestinian communities, forming deprived spaces for the Arabs, and minimizing Palestinian
demographic and cultural identities. Israel has effectively frozen most of the Palestinian
vacant lands in EJ preventing therefore Palestinians from any kind of development there.
Instead, these vacant lands are systematically, and illegally, confiscated for the purpose of
constructing Jewish settlements, thus changing the physical Palestinian landscape, as well as
altering the cultural identity of space and the demographic character of the city. According
to the current Israeli regressive spatial planning policies, 74% of the total area of E] is zones
where Palestinians are not allowed to utilize for their basic or urgent development; of which
34% is expropriated lands thus deducted from Palestinian EJ lands and annexed, illegally,
for the advantage of the Jewish population; 26% is unplanned, and therefore undeveloped
areas, and 14% is green areas systematically subjected into future Israeli expropriation for the
purpose of illegal construction of additional Jewish settlements.

It is evident how the Israeli regressive planning has forced Palestinians in E]J to suffer in
satisfying their essential daily needs. The illegal expansion of Jewish settlements and the con-
tinuous spreading of inspection checkpoints (Figure 11) have damaged the social and urban
profiles and shrunk the space available for Palestinians to live and work, and therefore has
deepened a general feeling of insecurity. On contrary to international law, Israel constructed
the Separation Wall to isolate Jerusalem from the rest of the occupied Palestinian territories
severing therefore the city from its socio-economic support base. Thus, Palestinian neighbor-
hoods in EJ have collectively faced sudden rupture of their social, environmental, cultural,
and economic life aspects, that is, all the 4DSS dimensions are adversely impacted. Hence,
Palestinians in EJ face definitively unsustainable mode of development. The role of politics
in shaping architectural space in the Palestinian areas in E]J is underestimated relative to the
significant effects it has over life aspects. The examination of the analytical spatial context
reveals the extent to which politics and power were evident in producing divided urban
forms, in the conflict areas. Indeed, “politics” has played a significant role in defining the

|

Figure 11. Israeli check point at E] northern entrance in Qalandia [author].
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lifestyles of the Palestinians by forcing them to meet regular challenges. The regressive Israeli
planning policies with all their inevitable consequences against the Palestinians continue and
include: land expropriation, Palestinian neighborhood fragmentation, massive construction
of Jewish settlements, restrictions concerning Palestinian building, destruction and confis-
cation of homes, lack of adequate public infrastructure, prejudicial land and zoning laws,
changing residency rights and permits, and construction of the Separation Wall. These are
concrete and sorrowful facts indeed. Palestinians suffer in consequence.
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Abstract

Land use and land cover change (LULCC) can be defined as a socio-ecological system
(SES): social, economic, and political processes in interaction with ecological processes
result in a given land use trend. Instead of forest recovery, Chile has been identified
as a case of a forest transition dominated by commercial plantations. This chapter
aims to examine the process LULCC in Chile from a socio-ecological perspective.
Drawing upon frameworks of SES by Scheffer et al., this chapter analyzes the adap-
tive capacity of LULCC in Chile. First, SES concepts are presented. The next section
is a summary of the political and economic process that underpinned the plantation
transition in Chile and its consequences on the landscape. In light of SES theory, the
518,174 hectares wildfire observed in 2017 is a consequence of the lack of adaptive
capacity. Nevertheless, Chile’s LULCC is unlikely to change due to abovementioned
dynamics. Finally, this chapter discusses the implications for policy making and the
global forest transition discussion. In summary, using the case of Chile, this chapter
aims to contribute to SES theory and forest policy, seeking sustainable futures based
on a systemic view.

Keywords: socio-ecological, forest transitions, global south, tree farms, policy

1. Introduction

Adaptive capacity can be defined as the ability of a system to adapt to changing internal
demands and external circumstances [1]. Social and ecological systems are interlinked sys-
tems where outcomes result from the interaction between social and ecological dynamics.
Dynamics among social and ecological systems can result in a socio-ecological system that has
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high adaptive capacity —this is a system able to respond to changing condition—or a system
that, despite the intensity of the stimuli, does not respond. Whether the stimulus is climate
change, a natural disaster, a new societal preference, a new invasive species, an adaptive SES
would respond to the new demands and stresses.

Land use and land cover change (LULCC) can be defined as a socio-ecological system (SES).
LULCC is the result of the interaction between natural and human systems [2]. Social, eco-
nomic and political processes in interaction with ecological processes result in a given land
use trend [3]. Forest transitions describe a systemic land use trend change, where a geo-
graphic region switches from deforestation toward forest gains [4]. Chile has been identified
as a case where, instead of forest recovery, the transition has been dominated by tree farms
[5]. Despite the social demand for native forest protection that was raised after the fall of
Pinochet’s dictatorship, the native forest law, meant to foster and protect native vegetation,
had no significant effect [6]. Moreover, in 2017 nearly 518,174 ha were burnt in a massive
wildfire that lasted for at least 15 days, affecting three administrative regions. Nearly half of
the area burned was fast-growing plantation [7]. Despite this disaster the Chilean State has
created a new fund for tree farms. This chapter presents an analysis of the adaptive capacity
of the land use trend observed in Chile from a socio-ecological perspective. Through this
assessment, it is expected to draw lessons for other countries that are following the Chilean
example, while providing deeper insights regarding theoretical questions of land use transi-
tions in the Global South [8].

1.1. Afforestation in Chile

Similar to many developing countries, Chile had serious deforestation and related erosion
problems in the twentieth century [9]. However, from 1973 to 2012, Chile expanded the
extent of forestry plantations from 330,000 to nearly 2 million hectares (Figure 1) [9]. Chile
has not only increased its afforested area during this 30-year period but also developed one
of the most vigorous forestry sectors worldwide by increasing forestry exports more than a
thousandfold in nominal terms, from US $36.4 million in 1976 to US $5.271 million in 2016
[10]. These policies have resulted in successful increases in tree cover, but not in native forest
cover [11, 12]. Afforestation in Chile resulted from planting fast-growing trees under inten-
sive management. These plantations use non-native of single species stands, such as Pinus
and Eucalyptus. Tree farms in Chile can reach up to 1250 seedlings per hectare and require
the intensive application of fertilizers and herbicides, while clear cuts are conducted every
18-20 years [9].

Compared to non-native species, native species have rarely been planted in Chile. The
national statistics show that the rate of native species afforestation has been orders of mag-
nitude smaller than tree farm afforestation. Moreover, in Chile the proportion of land area
covered with native forest has diminished relative to tree farm areas. Between 1997 and 2011,
the total covered by native forests increased by 169,008 ha but diminished by roughly 4% in
its representation among total national forestry resources [13]. Although native forests still
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Figure 1. Tree farm national statistics for Chile. Solid area indicates the national stock for each year. Dashed line indicates
the area planted with subsidy each year (DL 701), and the solid gray line indicates the area planted per year. (Sources:
[7,9,74,75]).

represent the majority of the national forestry resources, native forest are concentrated on the
southernmost area of Chile where there is no overlap with biodiversity hotspots [14-16]. A
closer look to the native forest subcategories shows that the most valuable native forest types
are still diminishing. From an economic perspective, the most valuable woods (Nothofagus
spp.) have not increased in area [13].

From an ecological perspective, valuable forest has also been lost. For example, mature
forest that provides habitat for endemic and endangered forest specialist species, such
as the families Rhinocryptidae and Berberidopsidaceae [17-19], has also diminished
[13]. By differentiating between forest types and tree cover, comparisons indicate that
Chile’s afforestation policy has only increased the total area planted with non-native
species, which has important consequences for ecosystem functions, such as water pro-
vision [20-22].

Even though afforestation came to solve serious erosion problem on the twentieth century
(Table 1), today there are economic and political dynamics that limit SES adaptation to the
new socio-economic conditions. The problem is not widespread erosion but water provision
and regulation and resilience against climate change. Chile is already experiencing a mega-
drought [23], and it is expected that the frequency of such events will increase [24]. The fol-
lowing section is an introduction, based on the work of Holling, Scheffer, and others, to some
of the basic SES concepts.
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Table 1. Key milestones in the Chilean land use socio-ecological system.
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2. Socio-ecological framework

The socio-ecological system (SES) is an approach to understand the outcomes that emerge
from the interaction between both social and ecological dynamics [25]. Historically, social
and natural sciences have developed independently of each other, thus generating valuable
but separated knowledge [25]. Therefore, policy is often based on a single discipline and fails
to address the complexity of the socio-ecological systems. Neglecting complexity can eas-
ily result in unintended consequences, surprises, pathologies, or traps [26, 27]. In rigidity
traps, institutions become highly connected, self-reinforcing, and inflexible so that “forces of
power, politics, and profit are reinforced one another” [1, 26]. At the same time, rigidity traps
are “accidents” waiting to happen. In rigidity traps interconnectedness is so high that any
random event, such a as a fire or disease, can cause a system ripple [26]. By analyzing natural
resource policy as a SES, it is possible to see those broader dynamics.

The adaptive change theory developed by Gunderson and Holling [26] was originated in
ecological studies on population dynamics. The original ecological studies sought to explain
why there could be multiple stable dynamics among two populations, as well as cycles of
rapid change, including outbreaks and population decline [28]. The populations’ studies
found that changes in slow-changing variables, as well as stochastic events, can explain out-
breaks and population decline and even new stable states [28-30]. Based on these studies,
Holling and others elaborated on the idea of multiple alternate state in SES, focusing on the
relationships between “slow” and “fast” variables [26]. Gunderson and Holling [26] have
proposed that social variables are slow-changing variables that control change in SES. More
specifically, Scheffer et al. [31] argue that large-scale cultural variables function as the slow
variables in SES.

Scheffer et al. [31], hereafter SSEF (Scheffer’s socio-ecological framework), proposed an expla-
nation of how a SES might depart from an adaptive behavior by drawing on sociology, neo-
classical economics, and systems ecology. Briefly summarized, SSEF starts by focusing on a
hypothetical ecosystem where the relationship between the ecosystem integrity and the stress
are noncontinuous and nonlinear.

The classical example is water turbidity and nutrient addition to a shallow lake. Low levels
of nutrients result in low water turbidity. As more nutrients are added to the lake, turbidity
increases up to a threshold where light levels are insufficient to support aquatic vegetation,
and it disappears. After this point, turbidity continues to increase, but reducing nutrient con-
centrations does not result in more transparent water. SSEF works under the assumption
that ecosystems do not have linear dynamics and restoration is much more than doing the
opposite that damaged the system [31]. Because SSEF is a socio-ecological framework, it is
important to consider how changes in the ecosystem affect total welfare of people. Total wel-
fare is the third variable of the SES. In the SSEF, a hypothetical rational manager “knows” the
optimal combination between ecosystem stress, ecosystem integrity, and maximum realizable
welfare [31]. The realizable maximum welfare is different from the theoretical welfare because
of the nonlinear relationship between stress and ecosystems integrity.

A more realistic account of SSEF includes the effects of politics. Different groups of people
have different power, and, in some cases, political pressure from powerful groups influences
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the rational manager. The rational manager allows more stress over the ecosystems than what
is optimal, resulting in a maladaptive behavior. In reality, this hypothetical rational manager,
rather than a superhuman entity, is the outcome of the political struggle itself [31]. This means
that, even in an ideal democracy, the regulating entity or rational manager will be elected in
some political process.

SSEF elaborates further on this framework by incorporating ideas from discourse analysis
and political ecology. Powerful parties not only influence the regulator but also can shape
the meaning of the problem itself through signification, legitimization, and domination [31].
Literature on environmental discourse and policy has shown that power dynamics affects the
way the environment and policy are constructed; this is how the environment and people
are treated [32-34]. Power dynamics are evident at the international governance level [33], at
the national level in countries with strong postcolonial legacies [35], in segmented societies
[34], and in countries with recent dictatorships, such as Chile [36]. The main argument of
this chapter is that the political-economic context, sustained by specific discourses (legiti-
mization), works as the “slow variables,” explaining the current lack of adaptive capacity
of LULCC in Chile. The following section summarizes the political and economic changes
that fostered timber plantations in Chile; this means 45 years of land use change through the
lenses of the SSEF.

2.1. Soil degradation and the state-led national program of reforestation

By the beginning of the twentieth century, erosion and deforestation, partially inherited from
the Spanish colonization, were important problem in Chile (Table 1). Since 1890, wealthy
families started planting Radiata pine [37]. Studies done by one the first naturalists, named
Albert, suggested that Radiata pine could be an appropriate species for reforestation due to
its capacity of reaching harvesting size in just 15 years. In 1931 the first Forest Law, provided
some tax breaks to forest owners. Nevertheless, the 1931 law did not have a large effect in
terms of native forest conservation but did provide some incentive for non-native species.
Between 1925 and 1936, 2.580 hectares were planted with non-native species [9]. By 1942,
Elgueta [38] estimated that 4,000,000 ha were eroded and claimed that erosion was a national
tragedy (Figure 2). As shown in Figure 2, the area is indicated as a continuous area of severe
erosion. However, studies have shown that by 1955 and 1975, there were several large patches
of native forest in the area, such as the land near Constitucion or near Maule [5, 39]. It is
unclear why this map was drawn in such a coarse resolution, but it is clear that the map shows
erosive processes that covered a vast, continuous area, reinforcing the idea of an “environ-
mental disaster.”

The 1929 economic crisis inaugurated a period of imports substitution in several countries
in Latin America, including Chile [40]. The import substitution model aimed to foster indus-
tries that would complement the agricultural and natural resource sectors [40]. The Chilean
Development Corporation, CORFO, was created to foster the industrial sector. The CORFO,
through loans and public-private investments, provided access to capital to extend tree plan-
tation and develop the first forest industries [37]. Radiata pine was the chosen species due to
its capacity of providing large returns in a short time. Between 1939 and 1942, nearly 5.492
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Figure 2. Map depicting the area under severe erosion in 1942 based on Elgueta and Jirkal. Notice the continuity of the
eroded areas for over 12 provinces, accounting for 4,000,000 hectares (Reproduced with author’s permissions).

hectares were planted. In 1950, the nascent pulp industry needed to secure the future supply
of raw material [37]. The forestry industry requires long-term planning since it is dependent
on tree’s growth cycle. By 1952, several forestry entrepreneurs, including state-owned for-
estry companies, formed a single trade association called the National Wood Corporation
(CORMA). The CORMA was created to advocate for the interest of the forestry companies [9].
In the next decade, a series of private and public-private forestry conglomerates were created,
such as the Celulosa Arauco [37].
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In the same period, the colonization of the frontier forest in southern and more isolated areas
was a strategy to exert territorial presence and control. Colonization implied a new frontier
for deforestation where this phenomenon wasn’t already happening, implying further reduc-
tion of the area covered by native forest [9].

In the 1960s, the Frei Montalva administration led the agrarian reform. The CORMA man-
aged to declare that the forested lands could not be legally expropriated under the reform.
To protect their property, several landowners declared their land as forest land [9]. In paral-
lel, the Frei Montalva administration created a national program of reforestation, the forest
service (COREEF, later called CONAF) and a national research institute of natural resources
(IREN) [9]. Later, the democratically elected socialist president Salvador Allende took office
in November 1970 and continued the afforestation program alongside the agrarian reform
initiated in the previous administration. In September 1973, the president was overthrown by
a military-led coup d’état. By 1973, at the national level, 330,000 hectares were planted with
non-native plantations (Table 1). Although these LULCC figures are not negligible, the largest
land use transformation was still ahead.

2.2. Renovation through shock therapy: 1973-1990

Between 1973 and 1990, Chile was ruled by a military dictatorship. The military took over in
September 1973, shutting down the judicial and the legislative powers, destroying all opposi-
tion media, and executing or exiling political opponents. After the first years of the coup
d’état, the objective of the military-led government was to restructure the economic system.
The timber sector was seen as an important niche where Chile could develop a robust export
market [37]. Following this logic, a series of policy changes were made. Land property rights
were secured by a new constitution, and common land tenure was abolished. In 1974, the
government passed the Decree Law 701 (DL 701) which states that the government would pay
private owners between 75 and 90% of the costs of any tree plantation or forest improvement,
regardless of the tree species planted, including both native and non-native species [41]. In
terms of area, DL 701 came to subsidize large portions of the planted area at the national
level. For example, in 1982 up to 88% of the planted area at the national level was subsidized
through this law (Figure 1). The annual rate of afforestation passed from nearly 30,000 per
year in 1972 to 85,772 ha in 1985. For the next 14 years, the average rate was 57,591 hectares
per year (1976 to 1990, Figure 1). Until 1999, 94.2% of the subsidies were allocated to large and
medium landowners (i.e., up to 200 ha or 800 ha in remote locations) [42].

CORMA’s influence on the drafting of this decree was celebrated, as this trade association
publication consigns:

It was in 1974 when the conditions were appropriate to enact a law that will actually encourage affor-
estation and really put the forest policies forward. Indeed, the Minister of Economy Mr. Fernando
Leniz Cerda, who had served as president of the Chilean Wood Corporation (CORMA) for professional
reasons, knew the forestry sector perfectly. [In addition] at that moment the Executive Director of the
National Forestry Corporation was a forester with familial affinity [kinship] with the President of the
Republic [Pinochet]. The DL 701 was developed and drafted exclusively by the Ministry of Economy,
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without external interference, taking advantage of some ideas and suggestions from the National Forest
and the Chilean Wood Corporation, [and from] the Association of Foresters and the Universities.

(“Temas de Fondo” Section p 127, CORMA vol 241, Nov-Dec emphasis added)

In other words, The CORMA had a monopoly in the design of DL 701 in 1974. Moreover,
CORMA’s connection with the military government was not only ideological but also
involved kinship ties between President Pinochet and the CONAF executive director Julio
Ponce Lerou, recently charged with corruption [43]. In the same venue, two more laws ben-
efiting CORMA's interests were passed in this period: a decree allowing the exportation of
wood products at any processing stage and Decree 600, which allowed foreign companies
to buy Chilean external debt in exchange for state-owned companies [44]. During the 1981
economic crisis, the national currency was devalued relative to the US dollar as a means to
reduce the external debt, which resulted in the bankruptcy of many forestry companies [9].
While small companies went bankrupt, large and medium forestry companies were taken
over by the government and resold to holdings that could bring dollars to the country [9].
The removal of wheat price bands, as well as the removal of bans on logs export, also added
to the profitability of tree farms [45]. The complete set of economic measures restructured the
forestry sector and resulted in a massive rearrangement of land, companies, and facilities,
which became concentrated in a few hands. As of 1997, 57% of forested land was owned by
eight big companies [46].

Seven million hectares of native forest were lost in 30 years. Several studies indicate that at the
national level in 1965, the nation had nearly 20 million hectares of native forest; meanwhile,
in 1996 the national land cover assessment estimated a total of 13 million hectares [9]. A study
including nine areas in south central Chile [39] estimated an average native forest loss of
31% for this period with an annual rate of deforestation of 2.9%. However, in the area where
most of the processing facilities operate, nearly 72% of the area covered by native forest was
then converted toward tree farms [39], which is the same area that harbors most of the plant
diversity at the species level [16]. On average 20% of native forest loss was converted toward
tree farms [39].

In summary, forestry plantations were seen as the best way to foster a competitive economic
sector and recover the 4 million hectares eroded in south central Chile [47]. The tragedy of
erosion, claimed in 1940, was skillfully used to extend tree farms, despite the erosion status of
a particular area, as many of them were actually covered by native forest.

Looking through the lenses of adaptive theory, since 1973 the economic reforms conducted
by the military-led government implied deeper systemic changes that generated an excep-
tionally stable land use trend. Yet the Chilean afforestation policy took place in the context of
a dictatorship and resulted in a deep legacy of inequality and environmental risk sustained
by very resilient political dynamics [48]. A single trade union (CORMA) was able to influence
policy making without much counter balance during the dictatorship and afterward [36, 49].
This policy reform faced no political opposition, as was characteristic during the Pinochet
dictatorship. Since economic reforms happened under a dictatorship, where political
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opposition was repressed, it would be expected that once the democracy had returned to
Chile a more “balanced” policy would be in place in terms of native forest conservation.

2.3. Rigidity trap: 1990 and on

Rather than a change in the land use trend, due to the new social context and social demands,
in this period the expansion of tree farms intensified, while the legal regulation for native
forest exploitation came only after 16 years of congressional discussion. In this period the
average area planted with tree farms per year was 43.663 hectares, reaching a maximum of
95.933 ha in 1992 (Figure 1). Meanwhile, the deforestation rate for the period 1990-2000 was
1.6% per year, then increasing to 2.4% per year between 2000 and 2010. Compared to the
1970-2000 period, the figures on hectares converted from native forest to tree farms on aver-
age were reduced by a third but still accounted for a 35% of the forest loss [39].

Firstly, tree farm expansion and native forest loss continued due to the open economy policies
fostered by the left coalition La Concertacion, the maintenance of the subsidy for tree farms
and the delay and reduction of the regulatory power of the Native Forest Law. Free trade
agreements were the key to access new markets for timber products. La Concertacién political
project was based on the continuation of the open market economy [50]. Therefore, between
1990 and 2010, 17 trade agreements were signed, such as the MERCOSUR (Common Southern
Market in 1996), Canada (1997), Mexico (1999), Caribbean nations (2005), the European Union
(2003), the USA (signed by Chile in 2001, ratified 2004), China (2006), India (2007), and Japan
(2007), to name a few. This implied that Chile had access to a much larger market were both
timber farm products and native forest chips could be sold'. Trade opening also fostered tree
farms by making other land uses less competitive, such as wheat [45]. The economic reforms
that started during the dictatorship were then intensified in the democratic governments.

Secondly, the subsidy for tree farms was maintained even though several studies indicated
that tree farms were profitable enough without a subsidy [52, 53]. After the expiration of the
subsidy in 1996, the political discourse turned to the “social” side of planting. In the previous
period (1974-1996), the subsidy was concentrated in large landowners [54], so now a more
social focus was needed. This discursive turn sought the promotion of tree farms among small
and medium landowners: a frontier that could not be reached in the previous period. Thus,
the DL 701, meant to last until 1995, was then replaced by another law [18, 55] to maintain the
subsidy but reorienting it to small and medium landowners until 2008 [48]. Peasant’s asso-
ciations played a large role in the subsidy extension. The discourse uttered by peasant orga-
nizations, which have the closest contact with native forest, presented significant tensions
of identities. On one hand, peasant’s organizations understand themselves as a collective
that has a historic relationship with land and forest, but those collective constructions were
neglected in favor of a discourse of individual ownership. Given the political constitution of
Chile, which only acknowledges individuals’ rights, the farmers and peasants” organizations
only get to claim political power when they articulate themselves as individual owners. In this

‘For example, in 2016, Chile exported $2.8 billion dollars in wood pulp, and 66.7% went to Asia, where 45% went just
to China. In contrast, 11 years before, in 1995 wood pulp exports were just a half, $1.4 billion dollars, and 45.6% went to
Europe, while none of the countries concentrated more than 18% [52].
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way, legacies from the dictatorship are legitimizing today’s construction of forest policy [36].
The tree farm subsidy expired again in 2010, but the massive earthquake (8.8 Mw) in this same
year was used to maintain the subsidy for another 2 years. The presidential message, asking
the congress for an extension, was addressed as follows:

The extension of this initiative is even more important, considering the current situation in the country,
marked dramatically by the earthquake and tsunami of last February 27 of the current year. This initia-
tive will create jobs in forest areas strongly affected by the catastrophe that hit our country [54].

The argument in 2010 implied that if the DL 701 was a job creation policy, then it could not
be denied to the already vulnerable people. This new extension meant to last until 2014.
Finally, the subsidy was not renovated in 2015 due to a large corruption case that involved
the main forestry conglomerates, who are the natural buyer monopsony of forestry products
[55]. Apparently, around 2010, tree farm expansion had reached a saturation point (Figure 1).
Since 2006 the rate of plantations had diminished, while the stock of tree farms is constant.
However, this statistical trend does not indicate a systemic direction change in terms of
LULCC but the maintenance of the status quo. Since 2010 the total national stock has remained
around 2.5 million hectares.

Thirdly, the Native Forest Law (NFL), created to respond to the social demand for native forest
conservation, took 16 years to become a law and does not have an effect in promoting signifi-
cant forest cover. In 1992, the Aylwin administration, the first democratic government after
the dictatorship, decided to promote native forest conservation through the NFL, as a means
to preserve the remaining forest (Table 1). The original version of the NFL included strict
regulations for forest cuttings, subsidies for plantations, and a ban on native forest replace-
ment by non-native species [54]. At the House of Representatives, the right-wing congressmen
questioned the lawfulness of the bill, arguing that banning native forest replacement was a
restriction over property rights, rights otherwise protected by Pinochet’s constitution [56].
If a bill affected property rights, it would require 2/3 of the votes to pass through congress,
which was very challenging, given Chile’s bipartisan political system [57]. The law passed
16 years later, in 2008, called for minor regulations and promoted conservation only through
a competitive fund for native species management (Table 1).

Despite the already mentioned effects of tree farm expansion on biodiversity, several eco-
system services, and the increasing demand for better forest conservation policies, there was
no policy change. Rigid systems become “tragedies waiting to happen” [26]; these tragedies
might be any random process, such as a drought or an insect outbreak. The rigidity means
that the socio-ecological system becomes less able to deal with chance, reducing its own
capacity for sustaining people.

The tragedy happened in January 2017. A rare combination of high temperatures and long
drought fueled a large wildfire. The fire of January 15, 2017 was the first of a series of aggres-
sive wildfires that lasted for at least 15 days. These fires affected 467,537 ha at the national level
(Figure 3). Of the area burned, 248,204 ha were tree farms; this is nearly 12% of the national
stock of timber farms. This wildfire affected 4,696 farmers, implying the loss of human lives,
850 houses, and the loss of the whole productive capacity of the farmers of the area: herd ani-
mals, fodder, crops, and beehives. This fire also affected 77,131 ha of native forest, 76,551 ha
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of pastures and shrubs, and 512 ha of wetlands [58]. Nearly 76% of the natural ecosystems
affected are in a precarious conservation status (danger or critical danger) [7].

In June 2017, the CORFO presented a 13-million-dollar plan to reactivate the economy in
the area affected by the wildfire. This plan included direct planting and restoration. The
ecological restoration would receive 31% of the funds, while the rest of the money would
be used to clean, take out the burned barks, sell them, and plant the same species that were
burnt in the large wildfire. In this case, the planting would not be done through DL 701 but
as direct contracting through the CONAF. The goal is to replant 40,000 hectares of tree farms
in 3 years [58].
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Figure 3. Area burnt in 2017 wildfire in Central Chile. The land use cover burn is indicted with solid bright colors, while
vegetational formations (floors) are indicated with softer colors (Sources: [76, 77]).
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Since the DL 701 will not be renewed in congress due to the corruption cases associated to
the timber industry, the funds would need to come in another way. In September 2017 a new
bylaw allowed the CORFO to create a new risk investment fund, called the risk investment
funds for forestry and wood promotion. This fund was approved by CORFO's capital risk com-
mittee and the general comptroller of the republic [59]. In March 2018, the CORFO launched
a platform for the forestry and wood sector [59]. This platform would be based in private and
public investments, where the Chilean State, through CORFO, would add up to two-thirds of
the fund for 30 years. This fund is meant to “achieve normal progress in the activities of the
affected areas” [60]. As it happened in the 1960s, the CORFO articulated the capital needed
to continue the tree farm planting, so the state of Chile backed the public- private ventures of
tree farms expansion.

3. The adaptive capacity lenses

Using the idea of the rational manager from Scheffer et al. [31], this section will explore the
questions: what is affecting the “behavior” of the rational manager? What is delaying adapta-
tion in the Chilean SES despite the long-announced tragedy?

As stated at the beginning of this chapter, the political-economic context, which is sustained
by specific discourses, works as the “slow variables” explaining the current lack of adaptive
capacity of LULCC in Chile. The economic aspects of the timber plantations are clear. On one
hand, the economic structure and the adaptation of specific tree species have configured a
very profitable industry that would not have transformed the landscape without the strong
support of the state. Now we see that even after the 2017 wildfire, state commitment for sup-
porting these activities has been renewed by securing funds for the next 30 years, despite the
change in the climate, vulnerability, and societal preferences. It remains to be seen whether
this new fund would imply a second wave of forestry expansion, as it happened in 1975.

As proposed in the SSEF, the political articulation and the social construction of the envi-
ronment is shaped by political dynamics and discourses. Given the political constitution of
Chile, which only acknowledges individuals’ rights, the farmers and peasants” organizations
only get to claim political power when they articulate themselves as individual owners. The
political constitution was utilized by opponents of the NFL to avoid any strong regulation for
the conservation of the native forest. In this way, legacies from the dictatorship are legitimiz-
ing today’s construction of forest policy. Historically, throughout the several policies that
fostered timber farms, there was always a discourse that pivoted between the environmental
tragedy, such as the erosion in the 1940s, the 2010 earthquake, or the need for fast recovery
after the 2017 wildfire, as well as the social benefits of maintaining the DL 701 subsidy for
small farmers. In summary, the political-economic variables legitimized, through a combi-
nation of strategies, the sustenance of a maladaptive behavior that has fostered landscape
transformation for more than 40 years.

Few studies have simultaneously embraced both the social and ecological processes related
to adaptive capacity and land use change. Allison and Hobbs found that ecological processes
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can be the slow variables leading to rigidity traps. In Australia, soil salt increase has led to
decreased production, which now resulted in a rigidity trap [61]. In Alaska, regulation and
economic cycles also played a central role. The Alaskan timber industry enjoyed 15 years of
a policy monopoly until production decreased, the material interest of small contractors was
affected, and federal environmental regulations came into place [62]. Both studies highlight
the importance of spatial and temporal scales and processes. The influence of economic cycles
on land use change goes beyond the scope of this work, nevertheless in the future should be
addressed.

3.1. Alternative land use trends? Implications for forest transition theory

As mentioned before, tree farms in Chile are very profitable, and even a large subsidy for
native plantations and no subsidy for tree farms would not have implied a large change in
the land area demanded for native forest in the late 1990s [52, 63, 64]. Furthermore, in Chile,
it is more difficult to plant native species than to plant tree farms. This is due to the techni-
cal difficulties of planting native species, which include summer drought, lack of affordable
seedlings, non-native wild herbivores, lack of lay knowledge, and the fact that most of the
research funding is focused in the development of research and management techniques for
non-native species [65]. This suggests that tree farms are a very “resilient” land use, due to
the economic, political, and technological context. Nevertheless, forest’s natural regeneration
can be a much more effective way of recovering the forest [66, 67]. Even though it is unlikely
that a one-time payment for native forest management and conservation would initiate the
reversal of a resilient land use trend —such as tree farms—forest can recover where tree farms
are not planted [64]. Several studies show that if a land plot is not planted with three farms,
the native forest recovers [64, 66, 67]. Thus the evidence suggests that tree farms are hindering
actual forest recovery. These results can have interesting implications for broader questions
regarding forest transition theory.

Forest transition theory seeks to explain why and when a country switches from forest loss to
recovery. The theory initially developed by Mather [4] argues that countries recover their for-
ests when they reach some level of economic development. Mather’s explanation has guided
much of the academic and policy-making discussion but has also obscured some relevant
concepts, such as the difference between forest cover and tree cover. Although afforestation
does provide some environmental benefits, tree farms do not necessarily provide the same
benefits as native forest [68, 69]. Drawing from ecology, Putz and Romero [68] call for a critical
assessment of forest recovery in the Global South. They call for more attention to the structure,
function, and composition of forested ecosystems, rather than an oversimplified assessment
of forest transition based solely on tree cover [68, 69]. Differentiating between forest cover and
tree cover for assessing forest transitions becomes even more critical if trees are used mainly
for industrial production, where inputs of energy and matter are inherently different from
those of a natural system [20, 70-72].

Ecological theory combined with political ecology affords more insight on forest transition
theory. Mansfield et al. [8] argue that forest transition theories “assume that the experience
of the North reflects a general, desirable process that should be encouraged to ‘diffuse’ to
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developing economies” [8]. Instead, political ecology calls for a recognition of the place-
specific factor that led to uneven patterns of development, production, and consumption
[8]. Although Chile is often celebrated as a case of forest recovery [73], it is a case of tree
cover increase, and this fact should not be ignored when designing policy recommendations
for other countries, as it might shape the future of land use and its governance [73]. As men-
tioned above, the “success” of the afforestation policy was mainly the result of the larger
changes rooted in specific events of the political and social history of Chile. Moreover, given
the current situation, tree farming seems irreversible, highlighting the nonreversible nature
of socio-ecological systems (Section 2). Forest recovery assessments must differentiate tree
cover from forest cover, while also considering forest transitions as context dependent.

4. Conclusion, policy recommendations, and research significance

This chapter describes some of the mechanisms that have hindered adaptive capacity in Chile
regarding forest policy and land use. Overall, Chile’s case exemplifies how a land use trend
can become resilient due to political, social, and economic processes. In the case of Chile, eco-
nomic and political processes interact in a way that results in a rigidity trap across the social
and ecological system. Current political and economic processes act as the “slow” variable
and explain the current lack of adaptive capacity of LULCC in Chile.

To prevent rigidity traps, it is key to develop institutional mechanisms that break reinforcing
dynamics between politics, power, and profits and foster change, diversity, adaptation, and
learning [26]. More specifically for the case of Chile, it is difficult to claim that native forests
would become a viable land use, without prior structural changes or some unimaginable
surprise. Rather than providing panaceas for afforestation, Chile’s afforestation case provides
insights about the socio-ecological underpinnings of a short-term increase in tree cover and
the implications of its success on adaptive capacity in the long term.

Through a transdisciplinary approach, this research has contributed to the literature on adap-
tive capacity, socio-ecological systems, and land use transition, providing useful insights for
policy makers and for scientific and humanities scholars who want to address current envi-
ronmental issues without hindering future capacity for adaptation.
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Abstract

Environmental scientists, natural resources agencies, planners, landscape architects, engi-
neers, and concerned citizens are interested in the impacts that land uses within water-
sheds have upon lake water quality and water runoff volume. For the past 40 years, much
has been discovered and many North American water bodies from small to large can be
reliably modeled and studied, employing phosphorus as the identifier of water quality.
We present an overview of the key features in this multi-disciplinary effort and illustrate
how to apply the general method to Rainbow Lake, in Gratiot County, Michigan, the
USA. In addition, we illustrate how these fundamental ideas are being employed at the
Haizhu wetland park, a large wetland setting in Guangzhou, the People’s Republic of
China, and present Chinese planning and design efforts termed “sponge city” to address
new ideas to reduce runoff and improve water quality.

Keywords: environmental design, landscape architecture, site hydrology, watershed
studies, landscape research

1. Introduction

In the USA, watershed and site hydrology water quality modeling and runoff volume predic-
tions made rapid advances in the 1960s and 1970s. By the 1980s, investigators could reliably
predict both the volume and the quality of water runoff. However, this ability and technology
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has only slowly been adapted in other parts of the world. Nevertheless, such concerns have
been of interest by humans for many millennia. Luo et al. describes concerns in managing
the Yellow River in China, 5000 years ago, and more recent concerns in Japan [1]. The natural
landscape was reconfigured with massive hill removals and topographic changes thought to
reduce the impacts of flooding.

In Western Anatolia (Western Turkey), American environmental interest was invigorated by
George Perkins Marsh (1805-1882). He wrote Man and Nature: of Physical Geography as Modified
by Human Action [2]. He was stationed as an Ambassador to the Ottoman Empire. During his
travels, he learned about the Meander River, a winding river in Western Turkey. Especially
during the Greek and Roman eras, he learned about the deforestation of the surrounding hills
and the ensuing erosion that expanded the Meander River’s delta into the Mediterranean
Sea (Figure 1) [3]. Along with his other observations in Europe, he developed his ideas about
landscape stewardship. There was great concern that such adverse environmental impacts
should not occur in North America. Individuals such as Gifford Pinchot developed a land
management ethic and worked with Frederick Law Olmsted at Biltmore where Olmsted
established the bass ponds to control soil erosion from the large construction site [3]. Today
erosions control and detention ponds are commonplace.

French, English, German, Russian, and American engineers were engaged in developing
methods and mathematical models to predict water flow in pipes, culverts, sewers, swales,
creeks, and rivers culminating in such books as Design Data Book for Civil Engineers [4]. In

Figure 1. An image of the Meander River valley between the ancient Greek cities of Priene and Melitus. Both cities were
Mediterranean ports during Greek Ionian times. Today the Mediterranean Sea in the figure is many miles to the right of
the image (copyright 2006 Jon Bryan Burley, all rights reserved, used by Permission).
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many respects by the end of World War II, the fundamentals of site hydrology and erosion
control had been established for American landscapes. The effort was made possible because
of the national rainfall data collected by the US Department of Agriculture across the country
and various investigators had studied runoff percentages for numerous soils and cover types.
Civil engineers now could predict estimated water flow for various types of storm events.

The understanding concerning the impacts to changes in watersheds was investigated. In the
American West, the Mono Lake Basin illustrated the impacts of water removal to southern
California [5]. Watershed hydrology was considered at the ecosystem level. The Colorado
River was a case study in watershed ecosystems, as most of the water is harvested and very
little flows out of the delta through Mexico [6]. Other investigators discovered large cataclys-
mic events, such as the massive great floods across western Washington during the end of the
last ice age [7]. Ice dams blocked rivers, releasing water at an estimated 9.46 cubic miles per
hour traveling at 58 miles per hour. The flow of water was over 10 times the flow of water in
the world and 60 times great than the flow of water in the Amazon. It is estimated that this
event may have occurred at least 40 times. Knowledge built concerning low- and high-water
events and activities.

Refinements and modifications in planning and design continued. Albe Munson, a Professor at
Michigan State University, both a landscape architect and a civil engineer, wrote the first noted
American landscape construction book integrating site hydrology and landscape development
[8]. Yet the book contained only simple estimates for yearly runoff. However, others later pre-
sented more usable equations to estimate pond sizing, pipe sizing, and swale sizing [9, 10].
Eventually extensive and quite comprehensive publications featured a wide array of knowl-
edge in planning and design concerning water for landscape architects and engineers [11-13].

Soil scientists and hydrologists continued refinements in hydrological calculations. They con-
sidered models that were more reflective of field conditions such as saturated soil and frozen
soil. Today, site hydrology calculations are more complicated than in the past with several
methods and choices [14].

The integration of land use, human activities, and the forces of nature are being examined in a
more integrated manner. The recent publication of a book titled Third Coast Atlas: Prelude to a
Plan, illustrates this integration [15] The third coast is the coastline of the Great Lakes system
and St. Lawrence seaway. It is longer than either the Atlantic Coast or Pacific Coast. Humans
are attempting to integrate both large-scale issues and small-site detailed features in a more
comprehensive manner.

One topic that has taken some time to develop was the prediction of water quality. By the
late 1970s and early 1980s progress was made as investigators understood that the nutrients
of phosphorus and nitrogen at excessive levels in the water reduced water quality. Wang
(et al.) recently published an overview of this prediction approach where investigators are
now attempting to develop treatments to intercede upon water quality [16]. The essential
feature concerning improving water quality is to have the water come in contact with the sub-
strate that removes the nutrient (phosphorus or nitrogen) from the liquid. Large volumes of
standing water not in contact with the substrate will only be marginally treated. In addition,
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measures to limit the nutrients from entering free-flowing water in the hydrological system
are also very effective and reduce the need for water treatment basins.

Two important seminal developments occurred in search to predict non-toxic water qual-
ity. Much of this work was conducted in Minnesota and Wisconsin, the USA, where there
are thousands of lakes to study and manage. The first development was the recognition that
nitrogen ions and suspended phosphorus in the water were key limiting nutrients influencing
water quality. Investigators could approximate the amount of these nutrients in the water by
simply placing a Secchi disk in the water and determining the depth at which the disk disap-
peared. The quicker it disappeared under the water, the more nutrient rich was the water
and the poorer was the water quality [17]. The second development was the ability to assign
phosphorus contributions to free-moving water by the land area and land cover type. By
combining these contributions from the land to the hydrological calculations of water flowing
through a watershed, the concentration of phosphorus in the water on a yearly basis could
be estimated [18]. It was a long series of equations to estimate water quality, with each vari-
able having a fair amount of variance. The reliability of such a series of equations to predict
water quality was at first suspect because it was believed that the accuracy of each section of
the equations could lead to a highly inaccurate prediction. However, as we introduce in the
methodology and results sections, the set of equations produced a relatively accurate estima-
tion of water quality for a water body.

Our intent in this investigation is to illustrate how this environmental prediction methodology
is applied to management watershed in the states of Michigan (Rainbow Lake and Minnesota
(Sauk River Watershed), the USA. In addition, the chapter discusses how the quest to man-
age water in rural and urban environments continues in parts of the world, employing two
examples from the People’s Republic of China (PRC). The chapter also includes statements and
comments from an interview (May 2017) of Dr. Jon Bryan Burley, FASLA, a landscape architect
who has been engaged in teaching and writing academic papers concerning landscape for over
40 years. He has witnessed the evolving changes in this technology over this time period.

“When I was a young professor at age 27 in 1982, modeling watershed quality in Minnesota
was just becoming possible,” recalls Dr. Burley. “Iused to have students in my landscape plan-
ning classes model land-use development within watersheds for selected lakes and prepare
land-use plans to prevent a change in the perceived water quality of that lake. The Minnesota
Department of Natural Resources provided publically available information concerning land
cover and water quality in the state. Combined with information about rainfall and evapo-
transpiration, it was possible to estimate potential water quality changes due to changes in
the landscape,” describes Dr. Burley. “In 1990, when I went to the University of Michigan to
work on my PhD this type of watershed modeling was considered as a possible topic for my
dissertation. But in discussions with faculty at the School of Natural Resources, such a topic
seemed far too ecologically complex to produce a meaningful dissertation. They seemed to
be weary of such a long series of equations to predict water quality. I certainly understand
their caution. Their concern was that if a series of 10 equations each could only explain 80%
of the variance, then by the 10 equation (80% of 80% repeated ten times), the results maybe
explaining less than 10% of the variance,” expressed Dr. Burley. “So I pursued another topic,
addressing surface mine reclamation and in the meantime, I attempted to communicate the
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findings of various studies undertaken by my students and myself over the past decade.
The one that was published is a little known article published by the American Society of
Landscape Architects, describing a study concerning how much development could occur
within the Lake Itasca watershed (the headwaters of the Mississippi River) to protect the
lake’s water quality,” added Dr. Burley [19]. The article presents a graph of water quality
based upon various land cover environments: 100% forested watershed, a catastrophic fire
event, unchecked development and, limited development. The development was limited to
keep the lake a meso-trophic lake. “Students could develop land-use plans containing various
levels of forested land, agricultural land, low density rural housing, and urban land. I thought
this was an excellent landscape planning exercise for students to relate development, land
management, and natural resource protection,” reflected Dr. Burley.

“During this time, I submitted a research article to a journal about the Sauk River water-
shed in Minnesota, where I had conducted a 1983 study statistically validating the prediction
modeling process (originally using hand drawn overlays and a planimeter, but updated in
the mid-1980s and replicated with a micro-computer geographical information systems (GIS)
application), illustrating the concordance of actual water quality measures with predicted
estimates by dividing the watershed into sub-watersheds and comparing measured and pre-
dicted scores. And while the results were publishable (no reviewer disputed the findings) and
no investigator had ever done this before, by the time I had submitted the manuscript, the GIS
technology had radically changed (from mostly hand drawn overlay maps measured with
a planimeter, to crude computer maps with over-printing of alpha- numeric characters, to
digital colored GIS maps—and the GIS world had changed). The manuscript was rejected for
its dated technology, with the reviewers stating that there were better and newer landscape
planning tools. They were correct, but I had not interest in updating the research with newer
technology that did not change the fundamental results,” recalled Dr. Burley. “Reviewers can
find numerous reasons to reject an abundance of submitted articles. Journals have reputations
to maintain and that may mean not presenting dated technology. Still the fundamentals of
that study remain true,” confided Dr. Burley. This study of the Sauk River Watershed illus-
trates the methodology for this investigation. “I am pleased that the Sauk River watershed
study conducted in 1983 still has some value and portions of the study can be employed in
some useful fashion,” added Dr. Burley. “I also want people to recognize the great value and
contributions that people like Carlson, Garn, and Parrott made; otherwise it would have been
impossible to model the watershed and make any prediction,” suggested Dr. Burley [17, 18].

2. Methodology

2.1. Sauk River Watershed, Minnesota

An overview of fundamental methodology is illustrated by a study on the Sauk River,
Minnesota, conducted in the 1980s. The Sauk River is in central Minnesota on the border
between the Western prairie lands and the Eastern woodlands. Before emptying into the
Mississippi River, the water passes through Cedar Island Lake. This lake has experienced
algae blooms and diminished water quality. Recreational housing along the lake was blamed
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for poor water quality. Employing the GIS technology of the time, maps of the watershed’s
land cover types and soils were generated (Figures 2 and 3) [20]. Predicted phosphorus con-
centrations for each sub-watershed in the study area were statistically compared to measure
levels, employing Kendall’s Coefficient of Concordance, a nonparametric statistical method
to search for significant agreement (note that most statistical tests examine significant dif-
ference) [21]. It was discovered that the scores significantly agreed. Therefore, the modeling
approach had some degree of validation. This can be surprising, as one might expect the
error and increasing amount of variance to be passed from one equation to the next. Yet, at
the end of the computations, the process approximates reality. Being able to estimate real
conditions, the next step in the process was to examine pre-settlement conditions of the lake
with current conditions. The results of the study indicated that the predicted water quality
from pre-settlement times should be no different than existing land uses with agriculture
and housing in the watershed. Yet, the measured phosphorus levels were higher in the lake
than the model predicted. Upstream along the main course of the river, a point source of
phosphorus was discovered. The water was not toxic and the effluent met discharge require-
ments, but the level of suspended phosphorus in the discharged water was enough to influ-
ence the water quality downstream. Removing the point-source discharge of phosphorus
improved the water quality of the lake and matched predictions. “I believe the interest-
ing part of this study was that farmers (many dairy farms) and recreational home owners
were blamed for the problems. But they were not at fault and were unfairly blamed,” states
Dr. Burley. “A very simple fix at the food processing plant upstream would solve much of
the problem. I thought this study was a very practical example concerning how ecological
modeling and landscape planning could work together. But sometimes investigators believe
their discoveries are much more important than the rest of the academic and professional
communities believe. I am afraid I too was susceptible to that disease of over estimating the
importance of my study,” recalled Dr. Burley.

Back in 1983, BASIC programming was a mathematical tool to make calculations, especially
repeated calculations. “In 1974, I had taken a Fortran IV programming class and found Basic
programming quite easy [22]. In an afternoon, I could put together the foundation of a com-
puter program to calculate phosphorus concentration for a lake. In a 90 minute lecture in
1985, I gave a detailed explanation of the program to a graduate level landscape architecture
class. I thought I was going to be brilliant; instead I was preposterously boring. Unless one
wanted to use the model, what I had to say was of little interest,” reflected Dr. Burley. “My
lecture did not match the interests of the audience.”

Today, all this calculation work can be accomplished on a spreadsheet. “Spreadsheets were
just being invented and applied back then in the early 1980s,” recalled Dr. Burley. “In addi-
tion, land cover data, graphic presentation, and area tabulation are much more convenient
in this era. Back then it took hundreds of hours just to code and typing to make one map,”
observed Dr. Burley. The handbooks and machines that could engage the old BASIC com-
puter programming have been discarded for 25 years. “Towards the end of these studies with
my students, I was using EPPL 7, a GIS program that could be facilitated with map digitiza-
tion and color map, making the process must faster to obtain results,” notes Dr. Burley [23].

“At Michigan State University, in the early 1990s I imagined that I might pursue such water
quality studies for nearby lakes or even for lakes such as Lake Erie. ARC-GIS and other
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Figure 2. A map of the Sauk River, Minnesota pre-settlement vegetation. Back in the mid-1980s, black and white alpha-
numeric GIS maps were often the standard. The technology had been transferred down from mainframe computers to
the recently developed micro-computers (copyright 1983 Jon Bryan Burley, all rights reserved, used by Permission).

more-friendly GIS software was available to be incorporated into the study. But when I
inquired about conducting such studies, the university’s hydrology research institute was
interested in other kinds of investigations and I met the same kind of skepticism at my school
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as I had encountered at the University of Michigan. So I did not pursue the topic. Yet I am
pleased that somebody persevered, and have applied such activities to pursue what I had also
envisioned,” exclaimed Dr. Burley.
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Figure 3. A map of the Sauk River, Minnesota study area comprised of land-uses with soil type. Based upon this
information the amount of water runoff and phosphorus contribution can be estimated (copyright 1983 Jon Bryan
Burley, all rights reserved, used by Permission).
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“It takes a special kind of landscape student to be interested in landscape planning studies. At
Michigan State University, I found most landscape students were interested in site design,”
observed Dr. Burley. “Most students expect to make their professional careers from site devel-
opment. In the landscape planning classes, students who are interested in landscape planning
are interested in the shapes and patterns of land cover types (traditional landscape ecology
applications) for greenways, plant preservation, wildlife habitat, and to find land that is opti-
mal for development. No one seemed interested in lake and hydrological modeling,” proposed
Dr. Burley. “But in the past decade something changed. Nations such as P.R. of China, have a
renewed interest in managing water, greenways, and water quality. This is a nation with a long
history concerning the management of water. International landscape graduate students envi-
sion opportunities to model the environment and prepare regional land use plans. They come
to study with me at Michigan State University and to learn about how to model site hydrology
and water quality. However, I will retire soon. This article is an opportunity to ‘pass-along’
the present state of knowledge concerning predicting non-toxic water quality to an interested
international readership from around the world,” replied Dr. Burley.

2.2. Rainbow Lake, Michigan

Rainbow Lake is a small private artificial lake (a lake created by placing a dam across a creek)
for housing development in Gratiot County, Michigan (Figure 4). The valley that was formed
by Pine Creek was produced when the nearby Maple River was the outlet for Glacial Lake
Saginaw, sending massive amounts of glacial melt-water down the Maple River, into the Grand
River, into post-glacial Lake Michigan (Lake Chicago), eventually reaching the Mississippi
River. The valley that was cut by glacial melt-waters also meant that the nearby Pine Creek
would also cut a small valley into the landscape to meet the Maple River. This valley was suit-
able for the creation of a dam and a lake. The surrounding landscape is mostly agricultural as
Gratiot County has the largest percentage of agricultural land for any of Michigan’s county

Figure 4. An image of Rainbow Lake in Gratiot Country, Michigan looking from east to west. The lake is a long winding
water body through a post-glacial valley (copyright 2017 Jon Bryan Burley, all rights reserved, used by Permission).
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growing corn, soybeans, winter wheat, dairy herds, beef cattle, horse farms, apple orchards,
and hardwood lumber. Surrounding the lake is a residential development, enclosed by the
rural environmental agricultural matrix. The lake is used for recreational boating, summer

fishing, and winter ice fishing.

Ultra-oligotrophic
Oligo-mesotrophic
Meso-eutrophic
Eu-polytrophic
Polytrophic

Table 1. Trophic state lake classification and the associated Carlson Index Score.

C1 = terrestrial and other water body phosphorus supply in kg/ yr.
C2 = Carlson Index score

E1 = evaporation in meters

F = flushing rate

L2 = maximum lake depth in meters

L4 = nutrient supply

M2 = mean lake depth in meters

P1 = prescription in meters

P2 = present phosphorus level in mg/1

P3 = predicted phosphorus level in mg/l

O1 = areal water load in meters/year

R = retention coefficient

R1 = volume of watershed runoff to lake in cubic meters
S1 = surface area of lake in square meters

T1 = point source phosphorus pollution input

V1 = lake volume in cubic meters

W6, W7, W8 = woodland in square meters

P6, P7, P8 = grassland area in square meters

U6, U7, U8 = urban savanna in square meters

16, 17, I8 = industrial in square meters

B6, B7, B8 = agriculture in square meters

6 = clayey soils, 7 = loamy soils, 8 = sandy soils.

Table 2. The list of variables employed to calculate non-toxic water quality.
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To predict the water quality of the lake, one must know the soil types for the watershed, the
land cover types, the amount of yearly rainfall, the evapotranspiration rate, the volume of
water in the lake, and the existing phosphorus concentration in the lake. The yearly expected
phosphorus concentration can be calculated by the series of equations presented in the results
section of this chapter. Table 1 illustrates the relationship of the final calculated Carlson Index
Score with lake quality. The Carlson Index Score can be calculated from either phosphorus
concentrations, nitrogen concentrations, or Secchi disk readings. Phosphorus estimations
can be used for landscape modeling applications. Table 2 presents the series of variables
employed in calculating the Carlson Index Number.

The trophic state of the lake is associated with the life forms and levels of nutrients found in
the water body. Ultra-oligotrophic lakes are very nutrient poor and contain relatively little
aquatic life in them. Oligo-mesotrophic lakes are suitable for cold-water fish species such as
trout and salmon (Salmonidae G. Cuvier). Meso-eutrophic lake contains fish species like wall-
eye (Sander vitreus; Michill, 1818). Eu-polytrophic lakes often are suitable for large-mouth bass
(Micropterus salmoides Lacepede) and bluegill (Lepomis macrochirus Rafinesque). Polytrophic
lakes often contain no fish.

3. Results

Figure 5 illustrates the land cover types within the study area; while Figure 6 presents the soil
types for the study area. A series of 11 equations (Eq. (1)-(11)) resulted in the final calculated
Carlson Index Score, which was 92.52, placing the lake at the high end of a eu-polytrophic
lake. The predicted results match the classification results for the lake.

Lake volume in meter cube

V1 = ((1.047) % S1/3.14) % (L2) 1)

V1 = 1760827.261 m?

where S1=1,320,200 m? (derived from CAD and public maps); L2 =4 m.

Mean lake depth in meters

M2 = V1/S1 2)

M2 = 1.33 m (calculate).

where V1 =1760827.261 m?; S1 = 1320200.00 m?.

Runoff calculations

R1 = ((U6*0.8) + (U7*0.6) + (U8* 0.7) + (B6* 0.5) + (B7* 0.1) + (B8*0.3) + (P
6*0.4) +(P7+0.2) + (P8*0.225) + (W6* 0.2) + (W7*0.3) + (W8*(0.125)
+(1670.9) + (I7*0.85) + (187 0.8) + O1)) = P1 (3)
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R1 = 38229613.000.

where Yearly P1=33.22 inches = 0.844 m and Table 3.

Phosphorus contribution in calculations

C1 = (((U6+ U7 +U8) % 4) + ((B6 + B7 + B8) x 0.35) + ((P6 + P7 + P8) x 0.25) +
(W6 +W7+W8) % 0.1) + (16 + 17 + 18) x 4) + (O1* 0.46)) /10* (4)

C1 = 10753.8.
Further calculations

02 = R1+(S1+(P1-ED) (5)

02 = 6144742.000 + (1,320,200%(0.844-0.635)).

02 = 6,420,664.

where R1 = 6144742.000; S1 = 1,320,200 m? (CAD and map); P1 = 0.844 m/year; E1 = 25
inches = 0.635 m/year.

Q1 = 02/S1 (6)

Q1 = 6,420, 664/1320200.

Ql = 4.86.

R = 13/(13+Ql) @)

R = 13/(13 +4.86).

R = 0.73.

F = O2/V1 (8)

F = 6,420, 664/1760827.261.

F = 3.65.
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Total present nutrient supply

L4 = (((S1*0.467(10) + C1) % 10°) + (P2* V1*(102))/S1 )

L4 = 8244.93 mg/m?year.

where S1=1,320,200 m? (CAD and map); C1 = 10753.8; P2 = 40 mg/m? V1 = 1760827.261 m>.

Predicted phosphorus level

P3 = L4*(1-R)/(M2*F) (10)
P3 = L4*0.6/1.33* 14.54.

P3 = 458.57 mg/m?>.

where L4 =8244.93; R=0.73; M2 =1.33 m; F = 3.65.

Carlson index = 14.42*Ln(P3) +4.15 = 92.52 (11)
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Figure 5. This map presents the land cover types in the study area, with Rainbow Lake in the lower right. Beneath the
lake is the Maple River and the Maple River Game Management area. This convergence was the general location of
outlet of Glacial Lake Saginaw with flowage from right to left (copyright 2017 Zhen Wu, all rights reserved, used by
Permission).
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Figure 6. A map of the soil types in the study area (copyright 2017 Zhen Wu, all rights reserved, used by Permission).

Classification Soil Area (km?) Percentage in each land use Percentage in total research area
Woodland 29.48 1.00 0.12
Sand (W8) 11.20 0.38 0.046
Loam (W7) 18.28 0.62 0.074
Clay (W6) 0.00 0.00 0.000
Grassland 8.52 1.00 0.03
Sand (P8) 1.11 0.13 0.004
Loam (P7) 7.50 0.88 0.026
Clay (P6) 0.00 0.00 0.000
Urban savanna 4 1.00 0.02
Sand (U8) 1.64 0.41 0.008
Loam (U7) 2.36 0.59 0.012

Clay (U6) 0 0.00 0.000
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Classification Soil Area (km?) Percentage in each land use Percentage in total research area
Industrial 3.52 1.00 0.01
Sand (I8) 148 0.42 0.004
Loam (I7) 2.04 0.58 0.006
Clay (I6) 0.00 0.00 0.000
Agriculture 203.12 1.00 0.81
Sand (B8) 40.62 0.20 0.162
Loam (B7) 162.50 0.80 0.648
Clay (B6) 0.00 0.00 0
Water (O1) 2.80 1.00 0.01
Sand 1.37 0.49 0.005
Loam 1.43 0.51 0.005
Clay 0.00 0.00 0.000

Table 3. The area of land in square meters for various land-cover types by soil types.

4, Discussion and conclusion

4.1. Rainbow Lake, Michigan

“The student who conducted the study of Rainbow Lake was surprised how available informa-
tion was to make the prediction and conduct the modeling,” stated Dr. Burley. “He stated that
such information is not as freely available in other parts of the world,” commented Dr. Burley.
“It is true that information can equate to power. But in the United States and Canada, such
information is supported by the public and the public has the right to access such information.
Farmers, citizens, and researchers are free to access the information to make calculations to
refute or support the findings of others. It is expected if not demanded,” said Dr. Burley. “In
many respects it is comforting that there are checks and balances in the use and application of
information. If there are disputes, they can be openly addressed in public forums,” mentioned
Dr. Burley. “Especially at the township, county and state level, public employees responsible
for natural resource management work together with citizens and comparatively, there is a
fair amount of respect and trust amongst everyone.,” reports Dr. Burley.

“The largest disputes that I have witnessed have been amongst hydrological experts who may
debate methods of sampling or the accuracy of equations to predict hydrological variables.
These academics often have varying opinions. But any equation is simply an approximation
and estimation of physical phenomena. In the engineering field, if the approximation generally
works, then it is accepted with no theoretical explanation or search for a better equation. This
was true of the Manning formula of confined water flow in swales and pipes. This equation is
over 140 years old and is unquestioned by many, but it is simply a mathematical approximation
of water flow,” observes Dr. Burley. “I am sure that today investigators could develop improved
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equations and even supply a set of theories to explain the improved equation. For example, the
equation assumes laminar flow, however, it has been observed the flow may be at times helical/
spiral with undercurrents. Nevertheless, researchers are often not interested in discovering a
new finding to something that by society’s measure is considered ‘not broken,” adds Dr. Burley.

“The greatest difficulty by the student was actually determining the watershed boundary by
topographical maps,” noted Dr. Burley. “If one has had surveying in college or physical geog-
raphy, reading topographical maps and determining ridge lines can be easily accomplished.
I know I could do this by the time I was 12 or thirteen years of age and I am not necessarily
the smartest person, even in a very small group,” assessed Dr. Burley. “But I understand this
is not always easy for some to accomplish and learning how to read topographic maps is an
important skill in landscape planning and hydrological studies” added Dr. Burley. “The PhD
student was very capable in creating map overlays with the appropriate data to estimate
cover types on various soil types. This was very reassuring. I suspect that landscape students
around the world could conduct such a study providing the information is available,” con-
firmed Dr. Burley. “It took him about 2 months working full time (40 hours a week) to com-
plete the study. There is much to read, intellectually digest, and apply,” Dr. Burley reported.

“Rainbow Lake is near the upper boundary for being a eu-polytrophic lake,” advises Dr.
Burley. “That means additional inputs of phosphorus into the lake could temperately change
the perceived water quality. During large rare storm events, of which I have only witnessed
a couple in a 25 year period, massive amounts of suspended soil particles enter the lake. You
can see the lake change to temporarily a polytrophic lake. A Secchi disk disappears imme-
diately when placed in the water. The lake may even rise six of more feet above the normal
lake level. Before I lived in Michigan, the dam was even ‘washed-out” and had to be re-built.
For many years the water quality in the lake is quite stable. But in these large storm events,
enormous soil erosion takes place at key places along Pine Creek. After the storm, these key
spots are radically altered with new gullies and small valleys where many cubic meters of
soil had completely disappeared and been removed. Natural resource managers and soil ero-
sion specialists are focusing upon preparing for these large rainfall events by working with
land owners to create detention areas to control the outfall during these substantial but rare
storms,” adds Dr. Burley.

“In addition, over the last two decades, one has witnessed the development of rain gardens
and more thoughtful management of shorelines,” describes Dr. Burley. “Land owners actually
think globally and act locally. There is great pride in many land owners for managing their
land independently and thoughtfully, by eliminating the need for mowing their landscape to
the water’s edge, developing naturalized areas, being respectful for the needs of amphibians,
turtles, shorebirds, and wildflowers. Rain gardens convey water through naturalized swales
and ravines to the lake. There is a very different attitude by many towards the treatment of the
landscape when compared to behavior 40 years ago,” observed Dr. Burley.

4.2. Guangzhou wetland parks

In the P.R. of China, it is recognized that wetland open-space/greenway systems are essential
to properly manage water. For a time, spaces to hold and retain water were occasionally
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developed for housing, reducing the ability of the land to hold water and avoid flooding
conditions. Initial open-space land-use plans were revised to convert green space to develop-
ment. Eventually the green space disappeared. However, it was recognized that such con-
version could not always continue. In Guangzhou, the P.R. of China, wetland parks were
created to store water and improve water quality (Figures 7-9). During low water periods
the green space can be used as a stroll park. The park is part of a connected system to accom-
modate high water, being linked to Shiliugang He (Pomegranate Hillock River) and Da Wei
Yong (Big Surrounded Water-surge), Da Tang Yong (Big Pond Water-surge), Shang Chong
Yong (Out to Rush Water-surge), Yang Wan Yong (Poplar Cove Water-surge), and Xi Lu Yong
(West Busy Water-surge). The water in the lake can also supply fresh-water requirements
for the city. The Haizhu (sea bead) district contains an exterior ring drainage system and an
embankment system circling an internal lake for water storage that is controlled by flood
gates. There is an island in the center of the lake, designated as a bird habitat. By the lake,
a structure with a night-light beam (like a lighthouse) provides identity and gives meaning
to the term “Haizhu.” Such symbolism and affiliated meaning can be important in Chinese
culture. Numerous floating-leaved aquatic plants and emergent plants are employed in the
design to aid in improving water quality.

The design is very park like There are many trails, bridges, leisure boating, buildings, open
spaces for group gatherings, cultural exhibits, and concessions. The number of people who
can visit the park is limited each day to 3000 people. There are parking facilities, police, and

Figure 7. An image of a wetland park in the Haizhu District of Guangzhou. The lake is 53 hectares in size and the
embankment land in the wetland is 41.8 hectares, with additional 55 parkland hectares. Notice the large towers in the
distance and the proximity of urban development to the park. (copyright 2015 Jon Bryan Burley, all rights reserved, used
by Permission).
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Figure 8. A view of the same park in Guangzhou from one of the large towers. Guangzhou experiences torrential rains
and typhoons. The proportion of land dedicated with hydrological management network, while substantial, may still be
minimal for catastrophic storms. Other parks and improvements are planned and may be implemented (copyright 2015
Jon Bryan Burley, all rights reserved, used by Permission).

Figure 9. A view of the large gate in a Guangzhou Haizhu wetland park. “Other than the many lighthouses in numerous
Michigan state parks, I am not familiar with any such substantial features in Michigan natural areas. Nevertheless, the
Chinese gates provide a strong sense of entry and identity.” stated Dr. Burley. People learn about the value of wetlands,
exercise in the park, and socialize (copyright 2015 Jon Bryan Burley, all rights reserved, used by Permission).
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medical assistance. The main entrance is connected to the city highway system. Portions of the
facility educate visitors about recycling water and reuse.

“An interesting feature of these parks is how much intervention (paths, ornamental plantings,
seating, and small structures) occur in the parks,” observed Dr. Burley. “The Chinese enjoy
water-side stroll parks [3]. Guangzhou has a population greater than the entirety of the state
of Michigan. So it is not surprising that these parks would be more developed than many
Michigan naturalized settings,” commented Dr. Burley. “In Michigan it would be considered
a waste of money to expend funds for walkways and ornamental plantings in areas such as
the Maple River Game Management area which is adjacent to Rainbow Lake in Michigan.
But in China with such a large population, it makes good sense to allow the public access to
enjoy these wetland areas,” advised Dr. Burley. “I greatly appreciate the approaches of both
cultures in the management of use of their wetlands. In Michigan, the goal is to management
hydrological resources, provide recreation, facilitate wildlife, and provide green space. In
China the role is also to manage hydrological resources, provide stroll gardens, and educate
people about the importance of wetlands. I could imagine in just one wetland park, the expen-
ditures for planting is greater than the yearly budget for the state of Michigan in planting
vegetation,” compared Dr. Burley.

4.3. Sponge city concept

While environments such as Michigan may have a remaining substantial space to accommo-
date hydrological functions, large urban expanses such as in the P.R. of China may not have
the luxury of designating the required amount of space to accommodate hydrological needs.
The Chinese have embarked on the “sponge city” concept, where hydrological water storage
and water cleansing are accomplished as much as possible at the site level before ever getting
to a greenway or water basin.

Recently the Chinese held a competition to explore ideas to accomplish the sponge-city con-
cept. A team at the Michigan State University entered the competition (Figures 10-12). In
many respects the design incorporates and blends water storage and water-cleansing func-
tions with the aesthetic functions of a soft-scape pocket garden. The figures illustrate the
process the team employed to create the design. “What I like about the documentation of
this project, is that it demonstrates how a design evolves and is created,” notes Dr. Burley.
“Experienced professionals understand this process, but novices sometimes believe that a
design is just drawn, rendered, and finished. The figures show how hand drawing is often
important in initiating a design and as the design emerges, computing technology may be
employed to envision the project. The project is drawn, redrawn, and redrawn. During each
version, the design is critiqued and assessed,” observes Dr. Burley.

“When I teach design to beginning students, it is difficult to get them to evolve the design,”
describes Dr. Burley. “For the beginning student, being able to create just one version of a
design is a milestone. But in truth, this is just the beginning of the process,” suggests Dr.
Burley. “It takes time for students to be objective about their design and be open to improve-
ments and refinements. In design, there is not ‘the answer’ there are only ‘answers.” Design is
not a math problem with a discrete answer. And even in mathematics there are systems and
examples where a discrete answer is not possible to discern, such as with irrational numbers
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Pavement

Figure 10. A series of drawings exploring ground plane patterns for the sponge city design. (copyright 2016 Na Li and
Yiwen Xu).

SketchUp

Figure 11. A series of 3-D models exploring the three dimensional properties and possibilities in the sponge city design
(copyright 2016 Na Li and Yiwen Xu).

or mathematical universes that fade in, fade out, and change in volume across time,” advises
Dr. Burley. “Creating the design can be a process whereby the dots to be connected may not
be apparent and the sequence to connect the dots is not apparent either. Some people are
not comfortable with such puzzles and others enjoy the challenge,” states Dr. Burley. “The
sponge city competition typifies such a challenge. It is creating a new set of relationships and
standards previously unexplored and untested,” reveals Dr. Burley.
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Perspective

Figure 12. Two perspectives of the sponge city design under different climatological events (copyright 2016 Na Li and
Yiwen Xu).

“The sponge city competition illustrates what is occurring and evolving in the use and appli-
cation of hydrological issues in the management and development of the environment. Needs
change, opportunities emerge, and ideas evolve,” states Dr. Burley. For example, members of
this same sponge city team, name, and date conducted and reported a case study in Grand
Rapids, Michigan, where equations and methods were employed to measure and predict
water use by vegetation for a developed site [24]. “This is new and evolving knowledge with
direct applications to landscape planning and design,” concludes Dr. Burley.

“It has been that way for a long time. I remember as a young professor in the 1980s studying
shoreline treatments for landscape stabilization for a small lake in eastern North Dakota or
developing shoreline treatments along the shores of Lake Superior, or designing for wildlife
habitat in reclaimed surface mine lakes near St. Paul, Minnesota or the gallery forest Red
River of the North, and advising citizens how to design with plants along the riverine land-
scape [25-29]. Most projects involve water in some form or manner. There is still much to be
learned and discovered,” concluded Dr. Burley.

5. Conclusion

Knowledge about water, its management, and use continues to grow and evolve. An ana-
lytical approach developed and employed in one part of the world may eventually become
important in other parts of the world. This has been the case in the development of non-toxic
water-quality estimation methods developed in the USA and being considered elsewhere. In
addition, the special needs of selected societies and cultures may necessitate the evolution of
new functions and design standards in planning and design. Applications of these standards
will continue to evolve and be applied in different manners across the world. In future, some
of these relatively newer equations and applications may be included in textbooks and stud-
ied by most landscape and civil engineering students.
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Abstract

This chapter, drawing on empirical work in New South Wales, discusses the unlikely alli-
ances forming between environmentalists and farmers against the State which seeks to
prioritise extractive development over other alternate futures. In response to a rise in land
use conflicts, the State government has recently sought to silence criticism by tightening the
laws which for decades have allowed citizens to seek merit and judicial review of govern-
ment decision-making around development and planning issues. This move, made in con-
junction with amendments to the State Environmental Planning Policy (Mining, Petroleum
Production and Extractive Industries) 2007, has been met with anger and dismay by farm-
ers, environmentalists and concerned citizens alike. Many places that have traditionally
been agricultural strongholds now face an uncertain future as strategic planning moves
to increase its focus on enabling energy production. Adopting a qualitative case study
approach, this chapter highlights the implications of such decision-making by focusing on
one rural region where a vastly different discourse and vision of the future is emerging.

Keywords: strategic planning, energy development, risk, place, water and land security

1. Introduction

Changes to traditional land uses can be contentious, increasingly so when paired with the
ongoing challenges of climate change and energy security. In Australia, land use change has
a long history as management of landscapes has occupied a central position in our politics
ever since re-settlement of the continent over 230 years ago ([1], p. 1). Historically, the agricul-
tural, manufacturing, service and mining sectors have long operated alongside one another to

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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underpin the economic diversity of the nation with rural regions more specifically playing a
vital part [2]. Over time, however, as power has devolved from the Federal government to the
States, management of the biophysical environment—Iland, soils and water in particular have
taken on greater significance as increased ‘scarcity’ created by human induced pressures,
has become more widely recognised and communities have begun to demand more active
responses from government to address these challenges.

In an attempt to ‘balance” strong economic growth with protection of agricultural lands, the
New South Wales (NSW) State government in 2012 introduced strategic land use plans for the
Upper Hunter and New England regions [3, 4]. While these were designed to promote ‘co-
existence’ of diverse land uses, they also set in place long-term strategic goals which focused
heavily on increasing the spatial dimensions and needs of energy industries.

For example, in the Upper Hunter and New England regions alone, 11 Petroleum Exploration
Licences (PELS) mainly for coal seam gas (CSG, referred to elsewhere ‘as coal-bed methane’)
have been issued, covering a total of 461,000 ha of prime agricultural land [5] (Figure 1). This
total does not include the minerals titles that also exist in these regions and elsewhere which
cover approximately two-thirds of the State.

The increased emphasis on extractive land uses (other than those agricultural in nature) has
been met with widespread opposition from farmers, local communities, environmentalists
and concerned others, who over the past 5 years in particular have responded with resistance
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Figure 1. Upper hunter and New England region PEL zones.
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in the form of civil disobedience campaigns and blockades. While these campaigns have
been mostly against the placement of extractive projects in areas considered to be culturally,
ecologically and agriculturally important, they also speak to a larger debate currently being
waged throughout Australia [6]. This debate, seeks unproblematically to frame the future of
rural places as essential nodes in an ever-expanding fossil fuelled pipeline where economic
imperatives drive and surpass all other values that are not seen as being in the ‘common’ or
‘economic good’ of the nation [7, 8]. As Peck and Tickell ([9], p. 383) suggest, key to this argu-
ment is an all “pervasive metalogic” that draws on appropriate policies to justify its reasoning
and effectively silence or marginalise other alternate voices.

This chapter focuses on one rural region in NSW. It reports on the emergence of an
unlikely alliance forming between farmers, environmentalists and concerned others in
the fight to protect productive land, soil and water from unwanted land use change.
Framed by de Rijke ([10], p. 41) as the advent of “agri-gas fields”, the chapter considers
how the socio-economic and cultural boundaries between place and matter are being con-
tested within the different visions that exist for the region’s long-term future. Beginning
with an overview of strategic planning in NSW and recent changes to appeal rights, the
chapter also contemplates how space is instrumentalised by government for political pur-
poses [11] and how it can also be used by others to challenge and reframe the arena of
decision-making.

2. Strategic land use planning and change

When the NSW State government first released its Strategic Regional Land Use Plans, they
were heralded as a suite of law reforms which would address what the government itself
saw as flaws in the planning process [12]. These plans were to represent the ‘government’s
proposed framework to support growth, protect the environment and respond to compet-
ing land uses, while [also] preserving key regional values over the next 20 years “ ([3], p. 8).
Framed as a way to ensure that land identified as ‘Strategic Agricultural Land’ —i.e. — highly
productive land requiring extra protection mechanisms, the government put in place what it
called a ‘Gateway Assessment process’ [3, 4]. It also appointed a Gateway Assessment Panel
of experts (GAP), who would assess the merits of ‘State Significant’ mining and coal seam gas
proposals on strategic agricultural land and then issue a certificate of approval [13].

While the Gateway Assessment process was to mark a significant improvement on previ-
ous planning efforts in regional NSW, it did not, however, redress the imbalance between
the State’s perceived economic ‘needs’ and the social and environmental needs of specific
rural regions [12]. In fact, the Strategic Regional Land Use Plans (which were later to become
policy) further entrenched this imbalance by rendering it impossible for the GAP to refuse an
application for a Gateway Certificate no matter how questionable the project [12, 14].

Under the Gateway process, the GAP is required to make an upfront assessment of the impacts
of a mining/CSG proposal on agricultural activities and water sources. On what basis, how-
ever, can this assessment be undertaken if the impacts are cumulative or as of yet unknown
[12, 14, 15]? Since CSG mining is still a relatively new industry in Australia, it is possible that
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the impacts from mining and fracking activities may not only be site specific, but could also
potentially affect a greater proportion of a region than initially considered ([16], p. 12).

In an attempt to further assuage these concerns, the NSW government introduced an ‘Aquifer
Interference Policy’ in 2013 [17]. This was seen as ‘a key plank’ to the Strategic Regional Land
Use Policy (SRLUP), but it was essentially left to the Minister for Planning to provide appro-
priate advice to the GAP on the potential impacts on aquifers from mining, CSG extraction,
exploration and other activities based on the minimal impact considerations set out by the
Aquifer Interference Policy [17]. There was nothing put in place, however, to either ensure
the quality of aquifers and groundwater after CSG activities had occurred, nor penalties or
fines for operators if damage was deemed to have been committed. This was seen by many to
be a major flaw in the policy suite and did little to quell community disquiet. Other methods
employed by government to try to reduce community objections are discussed below in the
other sub-sections of this chapter.

2.1. Property law, ‘co-existence’ and citizen rights

In NSW (like the rest of Australia, and in the UK), all land or “property’ is assumed to be
owned by or leased from the crown (or the State) [18]. This control of land tenure also extends
to ‘free-hold’ titles where private ownership is not absolute, with the crown’s representatives
empowered to withhold certain rights, such as the right to any mineral or petroleum source
found on or under the land [19]. It is the prevalence of this ancient paradigm of property
rights transcribed onto modern law, that thus allows all land to be viewed as a commodity,
as something “fungible, [and] infinitely tradeable” ([8], p. 6). This regime by its very nature
is designed to separate people from place and to valorise the material or physical realm as
something separate and ‘other” to human subjectivity. It is this legacy that provides modern
governments with the power not only to licence State intervention in land use practices such
as establishing energy infrastructure, but also to determine the path this intervention will take.

As suggested at the start of Section 2, the NSW government through the SRLUP sought to bal-
ance land use and promote what it refers to as ‘co-existence’. It suggests that: ‘agriculture and
mining are both vital industries in NSW and share many common beliefs and interests” [20]. It
does not attempt to state what these are, only to suggest further that “the successful coexistence
of these industries has enormous benefits for the state, particularly in regional areas” [20]. It
also makes it very clear, that “although landholders may own the land, most mineral resources
in NSW are owned by the state. This means that the royalties and economic benefits from the
mining of these resources contribute to the provision of services for the people of NSW” [20].
To ensure the unimpeded continuity of what it calls “the orderly search for minerals”’, the
government has also recently altered how it approves the development of these resources [20].

Under the 2018 amendments to NSW Environmental Planning and Assessment Act 1979, all
mining and gas operations are to be classified as ‘State Significant Development’ (SSD).
Under this classification, an Independent Planning Commission (IPC) becomes the consent
authority instead of the Minister for Planning, especially when there is significant community
opposition. Under this guise, once there have been 25 or more public objections to a project

“The NSW government includes gas (tight, shale, coal seam, off-shore) and petroleum under its definition of ‘minerals’
on this site.
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application, the IPC can call a public hearing [21]. This is seen by government as a way to
build the community’s confidence and trust in the Commission’s independence by ensuring
that assessment and land use planning processes are open and transparent, even though it is
the Minister who chooses the make-up of the Commission [21].

While this is considered by some as a way to depoliticise the planning system, in effect it can
actually further reduce the rights of the citizen public by closing off avenues to test the legiti-
macy of decision-making. For example, once a public hearing has been called, this effectively
rules out any further questioning of the process or outcome in the Land and Environment Court
of NSW where previously, merit and judicial review of planning decisions could be taken for
further scrutiny. This essentially means that any matters raised at the public hearing that citi-
zens feel are not dealt with satisfactorily or fairly, can no longer be responded to by the courts;
thus removing the only external review mechanism for State government decision-making.

2.2. Exclusion zones, protection and ongoing contestation

While the SRLUP has been heavily critiqued by many, one large alteration made to it in
2013/2014 to try to address community concerns was the introduction of ‘exclusion zones’.
These zones effectively made areas of the State ‘off-limits’ to CSG exploration and mining.
This was considered to be a much needed addition to the policy to provide certainty for CSG
operators and communities alike.

When the list of exclusion zones was announced, however, it was met with mixed emotions.
In urban areas of the State where existing residential suburbs were present, as well as in the
North West and South West ‘Growth Centres’ of the State’s capital — Sydney, protection from
CSG exploration was guaranteed by the government [22]. In the rural regions of the State,
however, it was a vastly different story. While the government introduced CSG exclusion
zones for seven rural villages across NSW, and the equine and viticulture critical industry
clusters of the Upper Hunter region, it did not choose to protect the agricultural areas of the
New England region (and other similar regions throughout the state) [22]. This is despite it
identifying in its own ‘New England North West Regional Plan’ that ‘the New England North
West is one of Australia’s most productive agricultural areas” and that the “gross value of
agricultural commodities produced in the region for 2016 was worth $2.1 billion” ([23], p. 4).

For many, this lack of protection was seen as continued evidence of an urban/rural (policy) divide
where decisions are made at a distance by city-centric government officials who often have little
comprehension of their impact locally [2]. In the New England region where the case study (to
follow) is located, this and the idea of the urban/rural divide is reinforced through the concept
of ‘the Sandstone Curtain’ [2]. This metaphor is used by many to describe the physical barrier of
the Great Dividing (mountain) Range which splits NSW in two with many rural regions located
over the range to the west and the urban areas located on the coast and surrounds to the east.

Overall, it is no exaggeration to suggest that changing land uses and increased govern-
ment support of the extractives sector has been largely responsible for the rising discontent
that can be found in many communities throughout rural NSW today. This in conjunction
with changes to planning legislation and withdrawal of the right to seek merit and judicial
review of most government planning decisions, has essentially been behind the rise in activ-
ism over the past few years and the appearance of new mergers between traditionally old
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foes—farmers and environmentalists. More than this though, the government’s framing of its
decision-making as in the “public’s economic interest’ has led many to question its wisdom
and to turn the debate into one about protectionism versus globalised trade. As influential
Australian commentator Alan Jones has noted:

“This is not just a battle about mining prime farm land or destroying fresh water or covering our land
with salt or risking public health. This is about something far more damaging and dangerous: the loss
of our rights as Australian citizens, the loss of basic freedoms we have always taken for granted. State
and federal governments have conspired to remove our rights over the ownership of our land. They have
deliberately conspired to bully, to abuse, and to force Australians into court if they don’t comply with
the demands of foreign-owned multinational mining companies” [24].

Jones’s comments echo the concerns of many, not just local communities, as they speak to
larger issues such as loss of place, the demise of rural landscapes, environments being eroded
and overall, rural places beginning to represent what Murton has referred to as ‘the coun-
tryside under construction” ([25], p. 1). With extractive industries and their associated infra-
structure playing a large role in this transformation, it is worth acknowledging that ‘there are
deeply emotional ramifications [associated with] resource extraction” ([26], p. 1).

As Urry ([27], p. 77) notes further, whether we wish to acknowledge it or not, ‘emotions are
intimately tied to place “and as such, places are prompts for often intense feelings, spring-
boards for memories and motivators for action. Acknowledging this, is essential if serious
attempts are to be made to resolve some of the more contentious issues surrounding changing
land uses today. As regional planners such as Godschalk ([28], p. 5) suggest:

Twenty-first century land use planning faces both an opportunity and a threat. On the one hand, it is
widely counted on and expected to deliver both sustainable development and livable communities. On
the other hand, it must cope with serious conflicts in the values related to these two beguiling visions,
which represent the big visionary ideas of contemporary... planning. The future of land use planning
may well depend on how it resolves these conflicts and creates settlement patterns that are both livable
and sustainable. [Italics in original].

In Narrabri Shire, where the focus of this chapter now shifts (Figure 1), government, industry
and civil society have all been drawn into a conversation around land use change and the
differing visions for the region’s long-term future. Why and how this manifests itself on the
ground is discussed further in Section 3.

3. Introducing—Narrabri Shire

Narrabri Shire, in the New England North West region is one of many local government areas
undergoing land use change as parts of the region re-orientate towards extractive activities [2].
Traditionally, Narrabri has been a ‘dryland farming® region but its history has not been a static

*Dryland farming systems in Australia combine a rotation of crops, pastures and often livestock. Fallow periods are
used to allow soil recovery and account for limited water supply. Australian farmers frequently have to contend with
the effects of drought. In Narrabri Shire, wheat, sun flowers, canola and cotton are the dominant crops. In response to
ongoing water and soil quality concerns and an increased need for sustainability, much of the cotton industry in the
2000s moved to dryland GM cotton which has greater drought tolerance.
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one. Over the past 50 years, it has experienced significant land use change including the introduc-
tion of the cotton industry and then later, the advent of genetically modified (GM) cotton. Whilst
these developments generated considerable concern in the community at the time, it is the more
recent expansion of coal mining and CSG development in the Shire that has engendered the most
conflict [2, 6]. Disputes have emerged between those who ultimately see extractive industries
facilitating economic growth and diversity, and those who see these activities as a threat to the
core agricultural functions upon which Narrabri Shire was founded back in 1848 [2, 6].

The research this chapter discusses, is a sample of the findings from a collaborative study car-
ried out in Narrabri shire in 2015-2016. Narrabri shire consists of 8 towns (including Boggabri,
Narrabri, Pilliga and Wee Waa—Figure 1), with a total —population of approximately 14,000
residents. The research used qualitative methods that set out to explore the lived experiences
of individuals and community in regards to changing land use patterns. It included volun-
tary, face-to-face interviews with a mix of rural, village and Narrabri town residents [30].
Figure 2 outlines the methods used for sampling and recruitment of participants.

Ultimately, Narrabri shire was chosen for this study due to its history of significant land use
change, the intensification of coal mining and the emergence of CSG interests that are seen to
currently challenge the traditional agricultural base of the community ([6], p. 103). Narrabri
also presented an opportunity to explore the changing nature of land use contestation and the
formation of new allegiances due to the fact that recent civil disobedience campaigns against
energy company ‘Santos’ were situated there ([6], p. 103). These campaigns garnered nation-
wide attention as environmentalists from across Australia joined local farmers and commu-
nity groups to protest against what they perceived as an unsustainable and undesirable land
use change. Consequently, Narrabri shire presented a unique lens through which to explore
the intricacies and complexities that exist around land use change today [2, 6, 31].

This chapter highlights several themes to emerge from this research. These are represented
below under Sections 3 and 4. Overall, these articulations represent the values, perceptions,
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aspirations and anxieties that form part of understanding what it is to live in rural places in
NSW today.

3.1. Competing for water

In all parts of Australia, access to water is problematic as the continent is one of the most arid
on Earth and as such, the availability of its water sources places a fundamental limit on how
and where the population can live and work. Likewise, how water is used and thought about
is key to our understanding of issues intimately connected with it, such as: access, manage-
ment and ongoing protection of this limited resource. This is particularly important when
considering fresh water sources, ‘because the continent has so little of [them], particularly sur-
face flows, and the small amount [Australia does have are] poorly distributed to meet human
needs, both spatially and temporally” ([29], p. 422). As such, ‘matching supply to demand,
geographically and temporally, is a major problem in Australia’ ([29], p. 432).

Most participants in this study recognised the value of water in all its forms and the desire
to avoid contamination of fresh water sources was thought to be paramount. As a region,
Narrabri has had a long history of debilitating droughts, the most recent, having only bro-
ken in late 2015 ([6], p. 108). As such, people have long memories and their experiences of
continuous drought cycles have clearly influenced their concerns about availability of water
and their fear of its loss. As Michael, a local manager in Narrabri shire poignantly noted:
‘the water issue is really the touchstone here’ ([6], p. 108). This is particularly apparent when
participants spoke of the region’s relationship with the Great Artesian Basin.

3.2. The great Artesian Basin and continued ecological health

The Great Artesian Basin (GAB) is one of the largest underground water reservoirs in the
world. Occupying more than 1.7 million square kilometres beneath the arid and semi-arid
parts of Queensland, New South Wales, South Australia and the Northern Territory, it is an
essential fresh water source for many inland communities and ecosystems throughout the
continent [31]. In Narrabri shire, water is considered a ‘life-giving’ force but it is also recog-
nised as fragile and easily diminished through over-use, increased competition and the ongo-
ing effects of climate change. It is also considered an integral part of what Narrabri is, and so
is strongly linked with issues around identity and place ([6], pp. 107-108); [31].

In Narrabri, the GAB is particularly valued and many participants in this study expressed great
concern that governments appeared to be putting this essential resource at risk. According to
the National Water Commission [32], planned CSG development in eastern Australia will at
full operation, withdraw more than 300 gigalitres of groundwater annually from the GAB,
i.e. more than 60% of total allowable withdrawals including those of locals in Narrabri shire.
Expressing her concerns about this, Anne Kennedy [2, 6], a sixth-generation farmer in the
Shire, sums up the vital role of the GAB by stating that:

the Great Artesian Basin is our lifeblood, and if we lose our groundwater, we simply cannot exist here.
Not just the farmers, but communities, towns, vast areas of inland Australia will be uninhabitable. It is
our only permanent water supply.
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Confirming this further, Dylan, a local farmer also suggested that:

no other place has got a big pool of water, millions of gigalitres of water underneath the ground. And...
that’s been the backbone of the grazing industry for decades. Now if that gets depleted... the worst case
scenario is that it will be the death of the grazing industry in Australia.

The continued health of the GAB was also linked with ideas about continued agricultural
and human health more broadly. Many participants in this study, like Dylan above expressed
a fear that the potential impacts from new hydro-carbon activities, such as those associated
with CSG, might pollute shared water resources and if this were to occur, as local consultant
Richard succinctly noted; ‘without water, you've got nothing’ [2].

3.3. Risk

In Narrabri shire, the perceptions of risk and uncertainty were particularly heightened when
these issues were associated with questions about the region’s long-term viability. As John
from the cotton industry suggested ([6], p. 109):

...access to ground water is what drives the economy here. It provides a baseline or a foundation for the
agricultural economy. A lot of the water is taken from other systems but the ground water is the backup,
it’s the foundation. If anything goes wrong...

The possibility of ‘things going wrong” was ever present in the minds of many participants
in this study ([6], p. 109). Often referring to the idea of long-term ‘sustainability’, participants
suggested that the “precautionary principle® should be being applied by governments much
more readily than it was. This sense is described by authors such as Beck as the “materiality of
risk’, where doubts and concerns are connected with the ‘sweeping influence of science and
technological change “particularly that associated in new and/or historical industries such
as mining, energy production and so on ([33], pp. 4-5). He claims that perceptions of risk
associated with these industries, also ‘draw attention to the limited controllability “and uncer-
tainty associated with any new or untested techniques or developments utilised ([33], p. 6).
In Narrabri shire, the idea of risk and uncertainty may be visualised most clearly through the
anxiety expressed about potential fracking operations and toxic by-products that may arise
from CSG operations. As Oliver, a local councillor and farm owner noted:

So [what happens] if any water ponds ...become toxic? Drilling can sometimes flip it back into our
aquifer system and that’s very dangerous. I think we haven’t got enough scientific evidence to prove
that what I'm suggesting won't happen. That's how it is with this industry, the worst case scenario is
that it will destroy the agricultural industry and put the grazing industry at risk.

This lack of certainty around the integrity of infrastructure, would appear to also be strongly
connected with the idea of how water (both fresh and discharged) is currently being managed
and how it is to be managed to avoid potential contamination into the future and in rela-
tion to possible flood or high rainfall events. Both government [34] and academic literature
also support this finding with authors such as Mercer, de Rijke and Dressler suggesting that

The ‘Precautionary Principle’ is a key component of Sustainable Development and environmental legislation through-
out Australia. All users of land, are required to assess risk and carefully “evaluate to avoid, wherever practicable, serious
or irreversible damage to the environment” [38].
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‘the impact on water supplies from the mass dewatering of coal seams and the subsequent
disposal of saline water are among the strongest concerns people have about unconventional
gas extraction’ ([7], p. 280).

Echoing this finding, Michael, a local manager suggests:

...there’s the Leewood or the holding ponds, you know...they're developing out there on [the] flood
plain, [but] if there’s a major flood during production and the ponds are full, ...then what? You know
there’s quite a lot of risk. And I'm actually not opposed to gas out in the middle of the desert, or natural
gas or mining per se, but this is just something we do not want in this area. There’s too much value...
it’s like this is our irrigation water, our stock water, our drinking water.

This concern was also linked more generally to scepticism about the burgeoning industry
and the feeling of not being told the truth as expressed by Malcolm, a local farmer, who
notes:

If there was no risk (and we know there’s a risk), the companies would guarantee it [but] it’s never
going to happen. I've asked them; they won't do it. If it was all good, we wouldn't have this dissent. The

dissent is enormous; and not just in Narrabri.

3.4. Food and soil security

At the heart of the debates occurring in Narrabri, is also the recognition of how resource “scar-
cities’, and water, energy, food and fibre are all interconnected in a web of complex relations
[2, 6]. As climate change and other pressures increase, continuing to meet food production and
consumption is going to become increasingly challenging. Many farmers and the community
in Narrabri acknowledged this and it should not be surprising that the idea of protecting
healthy soils not only in this region but Australia-wide was seen as a critical and enduring
task.

The ongoing notion of the need to protect soil security in the face of land use change and
increasing climate variability has also been expressed federally in the Australian National Soil
Research, Development and Extension Strategy [34]. It is noted in this strategy and by Koch
et al. [35] that: ‘securing soil as a contribution to the current and future competitiveness of
Australian agriculture “is essential because ‘it is estimated that water erosion is now outstrip-
ping soil formation rates across Australia by a factor of several hundred and in some areas,
several thousand “and as a result, soil quality is reducing significantly.

This concern is echoed by Murray an inland farmer who commented in regards to mining:

“You know [we're] dealing with some of the best soils in the country [here], like these black soil plains
[which] don’t make up very much of Australia... less than 1% probably. If they could prove to me that
it wasn’t going to affect anything in the future, I wouldn’t worry about it too much. But my biggest
worry is you know, once they dig it up, it’s gone...’

Likewise Bryce, another farmer suggested that:

The type of country [we're] talking about, it's genuine, high-production, high-value country... There
might be something underneath it, but God forbid we ever start digging up that sort of country.
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As Caitlin, another large producer notes:

...this is about those things that are priceless. It's about clean air, clean water, and land to grow clean
healthy food. I can't impress upon you enough the importance to the State and the nation as a whole of
our food producing lands. We have them here, they 're clean and green and we produce [a] great product,
and to put that at risk...

For some members of the community, there was little differentiation made between the poten-
tial effects of coal mining or CSG as land use types, and while some community members
were not against either, the caveat was always that both could proceed as long as they did not
have an impact on soil quality or its future security [2, 6]. As Michael, a local manager notes
when asked about his perceptions of people’s main concerns:

Well there are...people [making a] living from that land, but it’s such fertile soil and it will be produc-
tive forever if it’s well looked after. But if that land gets ruined by mines, how can we grow food there?

As Tania, a local sheep farmer notes:

I"ve never been opposed to coal seam gas...[or] to coal mining, I've always said, and it’s on record that
"You can go ahead with your mining, provided it’s done with respect. And there’s respect to the envi-
ronment, respect to the laws of the land and respect of the people in the area where you're operating’.

It is this perceived lack of respect, however, that has some in the community like William, an
agricultural supplier, ready to protest:

You start digging up the Liverpool plains, I'll be the first bloke standing there with a placard. Because
it's just unbelievable that we would even think about doing that... In a hundred years’ time, people are
still going to need to eat some form of sustenance, and at this point in time I can't see that sustenance
coming from anything other than the dirt. And weve got some of the best dirt in the world within 200
kilometres of Narrabri. It's that simple.

Carl, a retired farmer sums up the general feeling of many by suggesting that: ‘it's the farm-
ers; it's always the little people that get hurt. I am not doing [this] for my benefit. This is for
the next generations”. Likewise, as Bryce, another farmer suggests:

...for a lot of people, this is the first time in their life they [have felt] passionate about something, and
[want to] stand up... theyve never had to do this before. Theyve never felt threatened or have never
gone through this process.

Opverall, what these comments signify is that the nexus between water, soil and food security is
widely recognised within the community, as is the connection between stewardship (offered by
farmers) and decision-making around land use. The ongoing health of water and soils is stressed
as something that is non-negotiable [2, 6]. This is made more apparent when one considers how
these land use changes have been met with resistance often from unexpected quarters.

4. Activism and the rise of unlikely alliances

Becoming “politicised” as Bryce suggests above, is for some an entirely new position in which
they find themselves. Many have never protested before, nor felt compelled to stand up and
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resist the actions of government, until now. In Narrabri shire, unlikely alliances between
farmers, environmentalists and concerned others have formed to respond against what peo-
ple see as undesirable and unsustainable land use practices being imposed upon them. Many
perceive that actions taken by industry and inaction by government has allowed social and
environmental injustices to be imposed by the State upon communities [6].

Responding to the perceived absence of protection by government, farmers and environmen-
tal groups have been drawn together through their experience of what has been framed as ‘an
antagonistic other’, that is, an external force embedded in extractive activities that threatens
their individual and collective well-being [2, 6]. On one side of the argument, farmers are
concerned that minerals and gas extraction may adversely affect their agricultural pursuits
through negative impacts on the environment and, subsequently, impact the lifestyles and
well-being of their local communities, local amenity and sense of place ([6], p. 112). On the
other side, environmental groups and concerned others are anxious to promote sustainable
development, to reduce the human footprint on nature, and to promote alternative and clean
energy sources [6]. While traditionally, these values have been quite divergent, in the face of
a common antagonist, a sense of collective identity has emerged underpinned by an evolved
notion of stewardship, of caring for the land and conserving the environment for future gen-
erations [2, 6, 31]. Thus, an interplay between the informal and formal political spaces has
emerged. Exemplifying the growing relationship between farmers and those they see as ‘like-
minded others’, Dana a farmer’s wife, explains how farming activists, through their associa-
tion with “greenies” have acquired a sense of support and legitimisation in their opposition
to CSG operators seeking access to their land:

Right now, all [farmers] perceive is that: “you're going to take away my life, full stop. So, I don’t want
to hear what you ve got to say. You're going to destroy everything I've worked for. I've got every greenie
up a tree who’s going to back me up, so whatever you ve got to say, I don’t care”.

Comments like these, help explain how shared common values have become a springboard for
collaboration and under this banner, how historical differences have been able to be set aside.

4.1. Temporality and alternate visions of the future

The idea of temporality was referred to many times throughout this research particularly in
regard to extractive industries. This issue is important because it is connected with changing
social relationships with the material world and as such, it is also reflects ongoing power
struggles. Mines and extractive industries are being understood as more than spatial fea-
tures of the landscape and as such, are intertwined with and against past memories, present
experiences and future visions. It is only when these temporal factors are compared, how-
ever, against different land use visions such as those we find in Narrabri shire, that we begin
to acknowledge how perceptions and understandings of temporal dimensions can become
grounds for contestation and dispute.

Recent research conducted by Chen and Randall ([36], p. 17) suggests that while the short-
term economic benefits of extractive industries are generally orders of magnitude greater
than those of agriculture, in regards to the long-term economic net benefits from agricul-
ture, these tend to exceed those of CSG extraction and/or mixed use (i.e. agriculture and CSG
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coexistence). This recognition seemed to figure in many conversations with local people who
suggested that land use change had been forced upon them and the long-term economic ben-
efits of this was not immediately apparent. For example, as Carl, a retired famer suggests:

If the farming industry kind of grows, it evolves slowly over the years... but these industries that weve
got coming in now, have been forced upon us. It's not something that the community really has had
any input into at all.

In terms of the influence of CSG on farming land, what many farmers expressed concern
about was the footprint of operations. As Malcolm, a large farmer in the Shire notes:

As far as the coal seam gas is concerned, there’s no doubt regardless of what the mining companies
or gas companies say, you've got fields and you"ve got gas bores in them and they've got roads and
pipes and everything. It completely changes the farming programme. Of course, it's a ‘no-no’ as far as
irrigated land [is] concerned.

In relation to the exporting of coal from the region, Olivier, a local councillor noted that there
also seemed to be competition for rail infrastructure occurring and that this was also causing
disputes locally:

...That’s another thing, coal has taken precedence over wheat being moved, and in the middle of a
harvest, shifting wheat in a hurry is a big thing. [It's] on a single line track; you can only get x amount
of cartage on some trains. So, it’s a big thing. The shipping of coal is competing against the shipping of
wheat or grain out here.

In terms of the sustainability of this situation and the changes the community has had to
weather, comments from Caitlin, a large producer, re-echo the idea of the urban/rural divide:

[I have to ask] - Are we the guinea pigs? Are our families second class citizens? I have heard that the
NSW government has bought back CSG licences in the Sydney Basin citing protection of community
and protection of water resources as the reason behind this. Why are the residents of Sydney’s health
protected but we out here in the Narrabri shire neglected? Aren’t we deserving of the same protections?

In terms of visions for the future, almost all of the visions discussed by participants remained
firmly situated in agriculture. This was connected with the fact that farmers today, as men-
tioned above, see themselves very much as stewards caring for the land. In their mind there-
fore, in terms of temporality, agriculture has proved it is a stalwart that can be maintained
long into the future [2, 6]. As Caitlin, notes further:

The bottom line is, agriculture will be here in a hundred years’ time. Mining won’t be, but agriculture
will only be here if we do it sustainably. Weve got to be very careful; we can't just keep raping and
pillaging and plundering the country from an agricultural perspective. Weve got to stop using chemi-
cal fertilisers, and we've got to genuinely start to look at the biological renewal of our soil. 90% of the
growers I deal with agree with that sentiment... We're very fortunate in this region, we're one of the
few regions in the country... [where] we’re blessed with a beautiful mix of an ideal climate, soils and
clean water resources, and we can grow two crops a year here. Very, very few places in the country can
do that.

The guiding principle that we run our business by, [is] that we are effectively borrowing this land from
our children, whether that be our own children or just future generations, and we're very mindful of
that. With any borrowing, comes interest, and in terms of the interest in this particular case, whilst we
own that land in a legal sense, were borrowing it, and the interest we have to pay is to return that land,
or pass that on to the next generation, in a better way than we found it.
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Echoing this and the future of agriculture, Keith, a local farmer notes:

The thing is we ve been in agriculture for six generations. The last thing I'm ever going to do is to be
turned onto another industry that has no future. Even if it had a 30-year future here, that's not the sort
of future that you can then hand over to your grandchildren and their children.

As researchers Langridge et al. ([37], p. 4) suggest overall though, while there is public sup-
port nationally for agriculture, it is science and technology that will assist farmers in chang-
ing the face of farming and ensuring its long term sustainability. In their opinion ([37], p. 1),
‘agriculture today is a very sophisticated and highly technical industry, and in Australia it has
been one of our most innovative and efficient industries “which has allowed us to meet ‘our
moral commitment to food security in the region”. To ensure that this continues to happen,
they suggest that a combination of old knowledge and new is needed and that modern farm-
ers, will need for example:

the traditional knowledge of cropping systems, fertiliser regimes, field pathology and so on but will also
need to know techniques for assessing crop health based on analysis of the light reflected from crops and
captured on images generated from drones or satellites. In the future, farmers will also be capturing
data from even more diverse sources, linking this to genetic information and predictive climate models
and using the result to help them decide when to sow their crops, when to apply fertilisers, how to
protect crops from disease and when to harvest ([37], p. 4).

Preparing for this brave new world, is deemed essential as ‘food security is inextricably linked
to the political stability of our region “and that of others globally ([37], p. 2).

5. Conclusion

As this chapter has shown, changes to traditional land uses can be contentious, none more so,
than when differing visions exist for a region’s future. In the NSW shire of Narrabri, land use
change has been occurring for some time, although garnering the most attention has been the
more recent arrival of coal seam gas development. This, in conjunction with the approval of
large coal mines in an area which prides itself on its agricultural heritage, State forests, and
National parks, has been met by many with anger and disbelief. These emotions have trans-
lated into ongoing acts of resistance including blockades and civil disobedience campaigns
by farmers, environmentalists and concerned citizens, who traditionally have been the most
unlikely of allies. Much of this conflict could have been avoided, however, if the State had
moved to protect vital water sources and productive lands through the creation of exclusion
zones in the New England North West as it did elsewhere. Likewise, if its” policy ‘reforms’
had not effectively disempowered local communities, by disallowing those affected by its
strategic planning decisions to seek merit or judicial review, it might not have found itself in
the position it does today. Instead, by promoting the economic imperative as the only mea-
sure of ‘worth’, the State has effectively signalled that it considers ‘the rural” as merely a geo-
graphic location; a ubiquitous space ripe for development of energy’s spatial project. Given
this, confrontation by those articulating a different vision for the future, is as inevitable as it is
predictable for land use change forced upon people, is rarely welcome or sought. Therefore,
if the State wishes its citizens to be receptive to change, it needs to find an appropriate way
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to engage with their concerns and to offer them a valuable stake in the decisions made. Only
then, might there be a real chance for “co-existence’.
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