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Abstract

The task of understanding how human actions interact in a complex wayv to bring about
environmental degradation requires a holistic research approach. This thesis examines the
potential application of a GIS based participatory approach in the assessment of
environmental degradation in northern Ghana. It 1s a development of GIS in participatory
research earlier proposed by Abbot et al. (1998) and modified by Williams and Dunn (2003)
to assess the impacts of landmines in Cambodia. Using the DPSIR (Driving force-Pressure-
State-Impact-Response) framework of the European Environmental Agency as an assessment
framework, conventional GIS techniques were integrated with participatory research tools,
dubbed “community truthing”, to assess the state of the environment, evaluate the driving
forces, assess the impact, evaluate community coping strategies and their responses towards a
better environment. The developed assessment framework was tested for its robustness 1n the
Bolgatanga and Talensi-Nabdam districts of northern Ghana. While most of the study area
was a healthy environment in 1990, by 2004 about 600 km? ot the land area was degraded to
the point where it could not be used for any commercial purposes. Spatially, the problem was
more pronounced in the mid-north of Bolgatanga and northeast of Talensi-Nabdam as
tdentified from fieldwork and the interpretation of satellite images. It was observed that the
problem of environmental degradation is aggravated by socio-economic and cultural
processes that motivate individuals to engage in activities that exert many pressures on the
environment. Impacts were evaluated to include threats of desertification, food shortages,
cross-cultural tensions, health risk and reduction in living standards. Driving force reduction.
effective environmental management practices, environmental awareness programmes and
compensation to affected communities were responses participants perceived would help
realise a better future environment. Based on the research findings, the thesis concludes that

the developed assessment framework is an effective means of organising complex

environmental information for environmental decision making.
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Chapter 1

Philosophical Setting and Justification of Study

1.1 Introduction

Environmental degradation has now become a global phenomenon that needs to be researched
into and modified for better human wellbeing and development. This arises because of the
realisation that the environment holds fundamental but finite resources for economic and
social development and should therefore be used sustainably (WCED, 1987; Briassoulis,
2000; EU, 2003). The underlying logic 1s that by protecting it and maintaining its intrinsic
value, the environment will serve mankind’s needs for now and future generations (WCED,
1987; UNEP, 1998; Stern, 2006). According to Dregne et al. (1991) and Solbrig and Young
(1992), regions worldwide face unprecedented environmental degradation problems
particularly in savannah environments of developing countries where the natural environment

1s perceived to be under greatest threat.

Although natural processes such as adverse climatic conditions, earthquakes, drought.
tsunamis and hurricanes have been identified as major causes of environmental and resource
depletion, human activities such as indiscriminate grazing, large and small-scale mining. sand
and stone quarrying, periodic bush burning and firewood harvesting, have played an
increasingly important role in driving the environments of many developing countries far
beyond their carrying capacity, causing unprecedented degradation and depletion of natural

resources (WCED, 1987; William. 1998; EEA. 1999).



Assessment of environmental degradation and natural resource depletion has therefore
become a global issue for the long-term management of natural resources and the sustenance

of livelihoods that depend on them (William, 1998).

As proposed by Turner (1989), Pierce (1998), Reed et al. (2007) and Stringer and Reed
(2007) key steps should be taken in the assessment of human driven environmental problems
through research into the scientific and social determinants and the adoption of an appropriate
environmental assessment procedure. The concept of participatory GIS (PGIS) emerged from
such proposals as a potential tool for facilitating the integration of geo-spatial information
technologies and systems with community-centred initiatives for natural resource assessment
(Sheppard, 1993; Obermeyer, 1995; Pickles, 1995; Baar and Dixon, 1998; Abbot et a/., 1998;
Barndt, 1998; Leitner, et al.,, 1999; Pickles, 1999; Kingston ef al., 2000; Carver, 2001; Kyem,
2002a; Harris and Weiner, 2002; Craig ef al., 2002; Allen and Goers, 2002; Fox, et al., 2003;
Willham and Dunn, 2003; Bhattacharyya, 2006). PGIS have become an effective
methodological approach for integrating community local knowledge into complex spatial
decision-making processes in locations where infrastructure is in place and access to geo-

spatial technologies already exist (Craig et al., 2002).

Since its inception in the last decade, there have been numerous adoptions of the PGIS
concept that specifically address the needs of communities in areas such as natural resource
management, conflict resolution, demarcations of traditional land boundaries, land and
agrarian reforms, watershed management, impacts of landmines, forest resource management
and environmental policy planning formulation through different forms of participation
(Kyem, 1998; Rambaldi and Callosa, 2000; Carver, 2001; Kingston et al., 2002; Craig et al.,

2002; Gonzalez, 2002; URISA, 2002; Harris and Weiner, 2003: Williams and Dunn. 2003;

alongside many others).



Though a concept of emerging interest, however, neither PGIS nor 1ts moditfied forms have
been utilised to assess the holistic and complex nature of environmental degradation (see

PGIS bibliography compiled by Sieber, 2006 at http://www.crssa.rutgers.edu/ppgis’). This is

especially true of peripheral regions in many developing countries, such as northern Ghana
where there are pronounced human-driven, input-related and accelerated environmental
degradation problems that need to be assessed holistically for environmental decision-making

processes.

The DPSIR (Driving forces-Pressures-State-Impact-Responses) assessment framework
formulated by the European Environmental Agency of the European Union allows for the
integration of various factors of environmental related problems, thus describing the
relationship between the underlying causes and impacts on the environment, identifying and
assessing current responses to mitigate or reduce the pressures and impacts. The DPSIR
framework 1s widely used to structure various factors of environmental degradation to allow

for a holistic and multi-dimensional view of causal relationships in human-environmental

systems (EEA, 1999).

The state of the environment can be assessed and evaluated through the design of an
appropriate assessment methodology which identifies alternative options and intervention for
a better environment (EEA, 1999). Despite the importance of the DPSIR framework iIn
assessing environmental degradation it failed in its formulation and implementation to
provide an appropriate methodological framework to measure the inclusive five indicators.
The PGIS methodological framework and the DPSIR assessment framework have never been

integrated, in any past related environmental studies, to assess environmental degradation.



1.2 Research aim

This research seeks to address the above intellectual gaps. The aim 1s to investigate the
potential for the integration of local ecological knowledge and GIS techniques to assess the
complex interplay of driving forces, pressures, the spatio-temporal state of the environment,
impacts, responses and coping strategies spelt out in the DPSIR framework and prompted by

the need to solve complex environmental problems in northern Ghana.

In this study, a GIS based participatory approach case study involving the Bolgatanga and
Talensi-Nabdam districts of the Upper East Region of northern Ghana i1s presented.
Environmental resources in the area are characterised by a dry savannah climate and
vegetation, poor soils, and irregular rainfall patterns leading to poor yields and levels of
production (see chapter 4 of this thesis). The area 1s one of the worst degraded regions in
Ghana with high illiteracy rate, poverty stricken, complicated land tenure system and high
population growth rate. It 1s percetved that socio-economic and cultural processes such as
poverty, migration and loose land tenure system have motivated certain individuals or group
of people in the study area to take on human activities such small-scale legal and 1llegal
mining that put pressures on the environment beyond its carrying capacity. The Bolgatanga
and Talensi-Nabdam districts of northern Ghana thus offer an interesting case study for the
utilisation of modified PGIS and DPSIR frameworks to conceptualise the underlying forces
that motivate individuals to take up activities that put more pressures on the environment

leading to environmental degradation.

It 1s argued here that the state of the environment in the study area is determined by the
Interactions among several factors, the most important of which are small-scale legal and
illegal mining and indiscriminate grazing which are driven by socio-economic and cultural
root causes such as poverty, high population growth, migration and loose tenure system.

Through the impacts on the state of the environment, the root and underlying causes push the

environment towards a state of unsustainability.



1.3 Research objectives
The objectives within this thesis are:
1. Design a methodological framework for assessing environmental degradation that

specifically addresses the five indicators of the DPSIR framework and an additional
variable of coping strategies;

2. Test the robustness of the designed assessment methodology in a case study area
(Bolgatanga and Talensi-Nabdam districts of northern Ghana) that 1s perceived to
have undergone spatio-temporal environmental degradation; and

3. Provide recommendations for the implementation of the proposed assessment
methodology 1n other similar environments in the light of its potential and constraints

confronted during the testing of its robustness.

1.4 Research questions

The developed methodology would seek to address the following research questions:

1. To what extent have the environments of Bolgatanga and Talensi-Nabdam districts of
northern Ghana been degraded since 19907 How severe i1s the degradation in terms of
potential rate of recovery and which areas in the two districts are mostly affected?

2. What socio-economic and cultural forces usually motivate individuals to take up
activities that put pressures on the environment beyond its carrying capacities? How
are they interrelated, spatially distributed and ranked in terms of their relative
importance?

3. What are some of the negative outcomes of the observed environmental degradation
in the study area in terms of the physical, social and cultural impacts, how severe are
the impacts? How are they spatially distributed, ranked and which groups are mostly

aftected?

4. How are the affected communities coping with the observed changes on the

environment”



5. What are the possible responses to alter the impacts of stresses on the environment

and their relative importance?

1.5 Significance of study
This PhD thesis research is significant in two distinct ways:
. 1t demonstrates how a modified PGIS methodological framework can be utilised to
assess environmental degradation in an environmental degraded community; and
2. 1t will demonstrate to environmental decision makers, at the strategic level, the
importance of PGIS and how to apply it, within environmental planning processes, to
solve those rural and peri-urban environmental problems that are prevalent in many

savannah communities of Africa.

1.6 Justification

The research 1s timely as 1t was undertaken during the period in Ghana where:

. There is great concern among various stakeholders, state government, civil societies,
non-governmental organisations (NGOs), district assemblies and other related
environmental agencies as to the current threat of environmental degradation (EPA,
2003, p.13).

2. It 1s estimated that the annual cost of environmental degradation is $1.2 billion,
(equivalent of 11 trillion Ghanaian Cedis) and representing 10% of the total Gross
Domestic Product (GDP) of the country (EPA reported in GNA, 2007).

3. In northern Ghana, the estimated cost of environmental degradation 1s $128.3 million
(5 trillion Cedis), representing 4% of the total Gross Domestic Product (EPA reported
in GNA, 2007).

4. 1t 1s estimated that in the savannah woodland vegetative zone, 14.7 million hectares
of the original 15.6 million hectares are under serious threat of degradation (EPA
reported in GNA, 2007) (Appendix 1.1).

5. There 1s a general lack of scientific data for environmental assessment in Ghana

(Appendix 1..0) particular the three northern regions and all the leading institutions



responsible for data collection in the area of environmental degradation lack the very
basic facilities for efficient operation (EPA. 1991).
Thus, the incorporation of local knowledge and conventional GIS in this thesis may help
resolve the lack of scientific data for environmental assessment in Ghana and also facilitate
the involvement of local people and encourage local participation and bottom-up approaches

to environmental decision making.

1.7 Research focus

Taking into consideration that the economics of many developing countries that are land
resource dependent, this study is narrowed to spatio-temporal land-use changes associated
with environmental degradation. Natural causes of environmental degradation, even though
relevant, do not form a major part of this study. However, meteorological data (rainfali,
temperature and relative humidity) will be used to triangulate observations made by research

partictpants concerning the indirect causes ot environmental degradation.

The study 1s focussed on spatial and social 1ssues of environmental problems narrowed to the
Bolgatanga and Talensi-Nabdam districts as representative of all of northern Ghana.
Biological and chemical measurements of pollutants in air, water and sotls, and toxicology ot
human body resulting from the processes and operations of the various human activities in the
study area, even though relevant in the assessment of environmental degradation, were out of

scope of this thesis.

Three non-linear, historical and recent satellite images trom 1990, 2000 and 2004 were used
for spatial analysis to determine the current and recent state of the environment as made
available from the Centre for Remote Sensing and Geographical Information Services
(CERSGIS) of the University of Ghana, Legon. Detailed statistical analysis such as cellular
automation and vector change analysis. even though of relevance in land-cover change
detection analysis did not form part of this thesis. This thesis is rather based on the philosophy

of PGIS (Pickles. 1995, Abbot et al., 1998, Pickles, 1999; Carver. 2001: Harris and Weiner,



2002; Williams and Dunn, 2003) that advocates the empowerment of the public in spatial

analysis and decision-making processes.

1.8 Research methodology

The main stages of the assessment methodology are shown 1n Figure 3.1 of chapter 3. The
process commences with an overview of literature (chapter 2) of central themes that form the
core of the study and lead to the development of the assessment methodology. Taking into
consideration the nature of the research topic, the proposed assessment framework is
composed of two distinctive but complementary phases which 1s an example of the
contemporary discourses procedure ot applied planning research (Cardoso, 2005). The first
phase 1s the use of conventional GIS techniques to evaluate and assess the spatio-temporal
state of the environment of the study area in terms of land-cover changes from 1990 to 2004.
This 1s achieved through raw 1mage data processing, post-classification change detection

analysis and ground truthing.

The second phase is the adoption of a participatory research, dubbed “community truthing”, to
critically review the first phase, verify the GIS statistical results, examine the driving forces,
pressures and impacts of the observed environmental changes and what ought to be done to
realise a healthier environment. The assessment methodology i1s based on the argument that
neither a conventional GIS nor a participatory research approach can successfully be utilised
singly as a stand-alone technique to assess complex environmental problems without their
possible integration. The designed assessment methodology is further tested for its rigour in
the Bolgatanga and Talensi-Nabdam districts of northern Ghana where the natural

environment is perceived to be under serious threat of degradation.



1.9 Research structure and interrelationships

To achieve the aim and objectives of the study the thesis is organized into eight chapters
containing:
e Synopsis of the aims, context and relevance of the chapter (introduction).
 Presentations and analysis of the various findings (analysis).

e Final observations on the chapter’s outcome (conclusion).

Chapter 1 provides the philosophical setting and justification of the study. It involves a brief
synthesis of relevant information on environmental degradation and participatory GIS and
identifies major gaps in current knowledge of the research topic. In addition, the chapter

highlights the research aim, objectives, justification, case study area and scope of study.

Chapter 2 discusses several major themes central to the derivation of an assessment
methodology for environmental degradation assessment. The chapter 1s 1n two parts. The first
part 1s a comprehensive review of options of assessment frameworks such as stress-response
framework, pressure-state-response (PSR) and the driving force-state-response (DSR). The
five indicators of the DPSIR framework together with a coping strategies indicator are
reviewed comprehensively to justity its adoption in this thesis. The later part of the chapter
reviews the GIS and Society concept through which PGIS emerged. The choice of a GIS-
based participatory research approach developed by Abbot er al. (1998) and modified by

Williams and Dunn (2003) 1s justified in this chapter.

Chapter 3 1s central to this research and devoted to the design of the proposed assessment
methodology for environmental degradation assessment. Here. three selected case studies are
reviewed, in detail, to identify potential gaps and common themes that are later used to
structure the assessment design. Theories of systems approach and analvtical tools that form
the component parts of the structured assessment methodology are reviewed in this chapter to

justify their adoption.
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Chapter 4 present the detailed account of the pre, actual and post-tield work in the Bolgatanga
and Talensi-Nabdam districts of northern Ghana. It is in two parts. The first part justifies the
choice of Bolgatanga, Talensi-Nabdam districts of northern Ghana to test the robustness of
the proposed assessment methodology. The changing physical and social processes of the area
that can be related to the threat of environmental degradation are presented in this part of the
chapter. The second part of the chapter 1s devoted to methods of data sourcing and analysis to

meet the research questions.

The analysis of the GIS based participatory results is the subject of chapters 5, 6 and 7.
Chapter 5 1s the first presentation of the analysis of GIS based participatory assessment
methodology results. Results of the extent, magnitude and trend of land-cover changes are
presented and analysed in this chapter. The chapter tries to justify how conventional GIS can
be integrated with participatory research tools to assess the state of the environment and
pressure indicators of the five indicators of the DPSIR framework. Subsections of the chapter
include participants’ observations of the spatial distribution of land-cover types, spatio-
temporal replacement of savannah trees and grasses, trends and patterns of land-cover types
and land-uses, their relative importance, and their complex interplay to effect changes on the

natural environment.

Chapter 6 focuses on the assessment of the driving forces, impacts and coping strategies of
the spatio-temporal environmental changes, presented and analysed in chapter 5. The relative
importance and interrelationships of the driving forces and impacts, deduced from research
participants’ views and comments that collectively influence the spatio-temporal state of the

environment are also examined and discussed 1n this chapter.

Chapter 7 examines how the proposed assessment methodology could be utilised to solicit
participants’ responses on what ought to be done to realise a quality environment. As part of

the chapter, deductions are made concerning the possibility of merging traditional
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environmental management practices and the National Environmental Action Plan (EPA Act

490) for an effective environmental policy formulation.

Chapter 8 is a reflective and concluding chapter. The overall picture in terms of the scope of
the thesis, research findings and their relevance in policy formulation, reflection of the
proposed assessment methodology in terms of their merits and shortcomings, lessons learnt
through the adoption of the assessment methodology in assessing environmental degradation

and the recommendations for future research are evaluated in this final chapter.

1.10 Expectations
It 1s expected, at the end of the thesis, that the proposed assessment methodology, through its
utilisation 1n a critical realistic manner, could be used to answer all the research questions as

stated in section 1.4.
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Chapter 2

Environmental Degradation and Assessment: Theoretical

Positions and Conceptual Frameworks

2.1 Introduction

Having established the philosophical setting and justification of the research study in chapter
[, this chapter moves to establish the theoretical background and conceptual frameworks for
this thesis. The chapter 1s in two parts. The first part reviews the complexities associated with
global environmental problems and the numerous assessment frameworks put in place to
address the sensitivity and resilience of environmental degradation worldwide. The second
part places the research thesis within a broader GIS and Society conceptual framework and
highlights the main objectives of Participatory Geographic Information Systems that forms

the basis of this research.

2.2 Environmental degradation and assessment: Conceptual framework

Environmental degradation is the deterioration of the natural environmental through human
activities and processes and natural disasters that ultimately affect the physical and social
environment (UN, 1997). According to the International Strategy for Disaster Reduction
(ISDR) (2004), environmental degradation 1s the reduction of the environment to meet social
and ecological objectives and needs and include issues such as land degradation,
deforestation, desertification. loss of biodiversity, land, water and air pollution, climate

change. sea level rise and ozone depletion.

Fnvironmental degradation has recently become a matter of global concern. There is now
widespread recogmuon that human development is a holistic concept that involves not only

on economic and social aspects but also through the wise use of the natural capital stock



(Essam and Manzur, 1987). The landmark report of the World Commission on Environment
and Development warned that unless mankind changes many of 1ts present lifestyle, the world
would face severe and unprecedented environmental degradation (WCED 1987). The growing
realisation of the importance of environmental degradation has emerged repeatedly in many

international conferences on human and his environment.

The United Nations Conference on Human Environment convened in Stockholm in 1972 and
the first of its kind on the issue on the environment brought into focus the realisation that the
environment has limited assimilative and carrying capacity and that control measures should

be instituted to safeguard the environment for quality of human life.

The earth Summit in 1992 (20 years after the Stockholm 1972) had environmental
degradation as one of its major themes and one of the main functions assigned to the
Governing Council of the United Nations Environmental Programme by the General
Assembly is to keep under review the world environmental situation in order to ensure that

emerging environmental problems receive appropriate and adequate attention by governments

((Essam and Manzur, 1987).

The World Summit in 2004 that took place in Johannesburg, South Africa was purposed to
assess the outcome of the declarations of the Earth Summit and the possible implementation
of the Agenda 21 by member states. Despite these efforts to safeguard the natural
environment and prevent further environmental degradation and the depletion of natural

resources there 1s still unprecedented global increase in environmental and related problems

as evidence 1n the report of WCED (1987).
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2.3 Concept of sustainability

The popularisation of the concepts of sustainability has continued since the publication of the
Brundtland Report (WCED, 1987). Sustainability is neither about the integration of
ecological, social and economic issues, nor about improving quality of life. It i1s a socio-
ecological process characterised by the fulfilment of human needs while maintaining the
quality of the natural environment indefinitely (Shutton, 2000). The linkage between the
environment and development was globally recognized in 1980 when the International Union
for the Conservation of Nature published the World Conservation Strategy and used term
“sustainable development”. The concept came into general usage following the publication of
the 1987 report of the Brundtland Commission of the World Commission on Environment
and Development. Set up by the United Nations General Assembly, the Brundtland
Commission defined what was to be become the most often-quoted definition of sustainable
development as development that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs. According to Cabezas
et al. (2003), the concept of sustainability can be broken down into three interrelated
constituent parts: environmental (ecological) sustainability, economic sustainability and social

sustainability, as exemplified in the Figure 2.1 below.
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Figure: 2.1: Sustainability interrelationship
Source: Shutton (2000)

2.3.1 Environmental/ecological sustainability

The environment 1s a complex and dynamic system that displays characteristic regimes of
behaviour dictated by their internal dynamics and disturbances that act on them (Scheffer, et
al., 2001). With reference to Figure 2.1, environmental sustainability 1s defined as the ability
of the environment to continue to function properly indefinitely. It involves meeting the
present needs of humans without endangering the welfare of future generations (Daly and
Cobb, 1989; Daly, 1999). The aim of environmental sustainability is to minimise

environmental degradation and to mitigate and prevent or reduce the processes they lead to

7

Environmental sustainability inherentlyr requires that the environment retain their ability to

(WCED, 1987).

function through environmental degradation and pollution and if necessary provide the
carrving capacity to form appropriate ecosystem structures and functions as the natural

environment undergoes various changes (Hollins, 1973).
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An unsustainable situation occurs when the environment is manipulated faster than it can be
replenished. Sustainability requires that human activities only use nature’s resources at a rate
at which they can be replenished naturally. However, due to numerous anthropogenic
pressures on the environment such as over-harvesting, over grazing, mining and quarrving the
connectivity of the environmental systems declines and critical functions of the environment
may no longer be provided (Kearns, 1997). The nature of disturbances on the environment
that can be tolerated by an ecosystem before a change in regime occurs 1s a measure of the

ecosystem’s resilience to disturbances (Hollins, 1996; Gunderson, 2000).

2.3.2 Economic sustainability

Many development theories have equated developments in terms of an economic growth
model which is seen as increasing the economic output and capacity of the national economy
to generate an annual increase in its Gross National Product and Gross Domestic Product
(Aubynn, 1999). However, economic sustainability is not just about achieving economic
growth year on year. As observed from Figure 2.1, economic sustainability is about
understanding that economic growth 1s only sustainable if it simultaneously improves our
quality of life and the environment. Economic sustainability underscores that development
that that does not improve the quality of life and the protection of the environment,

irrespective of economic growth 1s not sustainable (WCED, 1987; Todaro, 1989)).

2.3.3 Social sustainability

The Johannesburg Earth Summit 1n 2004 focused sustainable development onto social issues
and 1dentifies the needs of individuals and their well-being. One of the core aims of the
summit was that sustainable development must take into account social factors as well as
economic and environmental considerations. Social factors include things such as: numbers of
people with jobs, poverty. opportunities for education and training, health and availability of
medical services, human rights and equal opportunities, crime and social disorder levels,
housing provisions and quality (Johannesburg Earth Summit, 2004). According to Goodland

(2002), social sustainability involves the maintenance of social capital through investments
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and services that create the basic framework for society that lowers the cost of working
together and that include the cohesion of community for mutual benefit, connectedness
between groups of people, tolerance, compassion, patient, forbearance, commonly accepted
standards of honesty, discipline, ethics and regards to the intrinsic value of the natural
environment. He went further by saying that social sustainability requires maintenance and
replenishment by shared values and equal rights through community, religious and cultural

interactions without which the social and the environmental systems depreciates.

2.4 Environmental degradation and assessment frameworks

Studies on environmental assessment and natural resource management have shown that
assessing the cause-effects relationship of environmental degradation requires a multi-
dimensional approach (Alcamo er al., 1998; Statford-Smith and Reynolds, 2002; Ostrom et
al., 2002). In line with this, several conceptual frameworks for environmental degradation
assessment have, over the years, been formulated by various research agencies to address the
1Issue of human-environment interaction and the corresponding physical and social impacts

(Machlis et al., 1997; Luzadis et al., 2002).

2.4.1 Stress-Response framework

A large number of assessment frameworks of the relationship between humans and
environment lie scattered throughout the literature. The concept of stress at the crossing point
between human and the environment was first introduced 1n the 1950s to mean something
acting on and influencing human well-being. Examples included the stress on people caused
by disasters (Janis, 1954) or human migration as an adjustment to environmental stress
(Wolpert, 1966). Recently, an important conceptual advance has emerged from state-of-the
environment reporting. The UN Statistical Office in the mid 1970s developed a general
framework of environmental statistics through a joint initiative with Canada that led to the
development of the Stress-Response Environmental Statistical System (STRESS) (Rapport
and Friend 1979). By means of concepts of environmental stress and environmental response,

this focuses on the interface between production-consumption activities of humans and the
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transformation of the state of the environment. Four categories of statistics were 1dentified
that dealt with activity stressors, environmental stresses. environmental responses, and
collective and individual human responses. Friend and Rapport (1979) linked indicators of
environmental stress and response with indicators of economic pertormance and indicators of

demand and supply of natural resources.

The stress-response approach has had a major impact on environmental reporting around the
world (Hodge, 1991). This 1s seen in the current DECD approach to environmental policy
analysis (Comolet, 1992). Rapport and Friend (1979) initially incorporated a category for
extreme natural events such as storms, floods, drought, volcanic eruptions, earthquakes, land-
slides and outbreaks of disease but now the focus is on the effects of human activities such as
mining and grazing on the environment. The exclusion of natural influences 1s but one of
several serious limitations to current expressions of the stress-response concept, one that

reduces significantly its usefulness for sustainability reporting and assessment.

2.4.2 Pressure-State-Response framework

The Pressure-State-Response (PSR) assessment framework of OECD (Organisation for
Economic Cooperation and Development) (OECD, 1994) was a step further from the stress-
response framework of Rapport and Friend (1979). The framework, illustrated in Figure 2.2
(Jesinghaus, 1998), 1s used by OECD, SCOPE and some other organisations working in the
field of environmental and natural resources management. The PSR framework is the most
widely accepted of the many frameworks advocated, having been adopted by the OECD for
its State of the Environment group. The European Environmental Agency of the European
Commission has also used the PSR approach in assessing various environmental problems
(Jesinghaus, 1998). The PSR was the framework used in the Environmental Indicators of the

OECD Core Set document (OECD, 1994) and is also used in the methodology of the World

Bank's Land Quality Indicator programmes.
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Figure 2.2: Pressure-State-Response Framework

Source: RIVM/UNEP (1995).

The PSR framework takes into consideration, the “pressures” which describes the intensity
and extent of human activities acting directly on the environment beyond its carrying
capacity. Pinter et al (1999) gave examples of pressures that include energy consumption,
transportation, and industry as engine of growth, intensive agriculture, forestry and logging.
The ““state” refers to the baseline state of the environment as judged from areas relatively
unaffected by direct human activities. Examples include air pollution, water contamination,
land degradation, depletion of renewable and non-renewable natural resources, and expansion
of human settlement (Pinter ef [, 1999). The “responses” deals with the impacts of stresses
on the environment and assess the human actions, such as legislation, new technology,
economic instrument, economic expenditures, changing consumer preferences and
international conventions, undertaken to protect the environment (Gallopin, 1997, p.22). The
PSR assessment framework, despite its potential capability for assessing environmental
problems, was devoid of a methodological approach. In addition, the discontent with the idea
that only human actions cause changes to the environment which prompts society’s responses

is one of the motivations for the development of other assessment frameworks.



20

2.4.3 Driving force-State-Response framework

The Driving force-State-response (DSR) framework relating to indicators of sustainable
development was first initiated by UNCSD (1997) to consider the shortcomings of both the
stress-response and the PSR framework. The framework, instead, considered the driving
forces (poverty, migration, land tenure system, human attitude and behaviours and economic
policies such as structural adjustment programs) of environmental problems that did not
feature 1n both the stress-response and PSR frameworks. The replacement of the term
“pressure” 1n the PSR framework by the term “driving force” was motivated by the desire to
include economic, social and institutional aspects of environmental problems (UNCSD, 1997;
EEA, 1999). The World Bank adopted the DSR framework in its work on indicators of
environmentally sustainable development (World Bank, 1995a), even though in 1997 it
published World Development Indicators (World Bank, 1997) which used the PSR

framework.

A major advantage of the DSR framework 1s that it organizes information on sustainable
development systematically in a way that guides the user of the framework through all aspects
of sustainability. In distinguishing between the social, economic and environmental aspects of
sustainable development, the framework ensures that no aspects of sustainability indicators
are automatically excluded. The inclusion of the economic and social aspects is particularly
important for developing countries with economies 1n transition, for which an equal balance
between the developmental and environmental aspects of sustainability is important in order

to ensure future sustainable growth patterns (UNCD, 1997).

The DSR works perfect when an environmental stress has been identified and linked to a
causative set of human activities. However, there are circumstances where environmental
changes are not predictable. The real need in terms of achieving progress towards
sustainability 1s to achieve some degree of anticipatory capacity so that issues can be
recognized before they become concern not simply to take action after there are crises. The

DSR framework does not encourage the development of such a capability. The DSR approach
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also failed to distinguish beneficial from harmful environmental impacts. As explained by
Berger and Hodge (1998), flooding of farmlands may destroy crops and property but it may
also be the main source of nutrients to enhance the productivity of the same farmland.
Wildlife destroys forests, plants, animals, and property, but it is now seen that they may also

be required for forest regeneration.

2.4.4 Driving force-Pressure-State-Impact-Response framework

The European Environmental Agency (EEA), within the legal basis of the European Union
Environmental Policy, Acts 95, 174, 175 and 176 of the consolidated version of the Treaty on
European Union and under the auspices of the European Commission, n their effort to
introduce environmental 1ssues in their developmental agenda, further improved the existing
assessment frameworks into a five indicator framework (which includes PSR and DSR as

special cases) dubbed the “DPSIR assessment framework” (Jesinghaus, 1998; Pierce, 1998;

EEA, 1999).

Within the Driving torce-Pressure-State-Impact-response (DPSIR) framework (Figure 2.3),

each indicator conveys its own distinctive meaning and application.

@ Responses

Figure 2.3: DPSIR assessment framework.

Source: Modified from Pierce (1998).
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With reference to the objectives of this study, “driving forces” are social processes that cause
either the increase or mitigation of pressures on the environment. Examples of such social
processes are population growth, migration, poverty, level of production, human behaviours
and attitudes and consumption pattern (Rigby, et al. (2000). “Pressures” are represented by
direct human activities on the environment, such as exploitation and excessive consumption
of natural resources, beyond its carrying capacity, carbon dioxide emission into the
environment, the use of fluorocarbons, use of mercury, lead, arsenic and cyanide in the
purification and smelting of gold ores and the use of lead as an ingredient of gasoline (Rigby,
et al., 2000). The “state” relates to the spatio-temporal changes to the environment that
include rising global temperatures, ozone layer depletion, environmental degradation, soil
erosion, soil compaction, desertification, deforestation, global warming, acidification and
cutrophication. The “impacts” are the consequences of observed changes on the environment
that include fall in agricultural production, percentage of children suffering from lead induced

problems, food insecurity, malnutrition, mortality due to noise-induced heart attacks and

number of people starving due to climate-change induced crop losses. The “responses”

are what the society perceives to be done to realise a better environment and that include
introduction of energy taxes, polluter pays principles, environmental conservation,
environmental movement, environmental awareness programmes, environmental capacity

building and mitigation measures (Pierce, 1998).

[t 1s argued in this thesis that the DPSIR framework provide much better indications on how
to analyse and assess environmental degradation despite its failure to provide an appropriate
methodology to assess the five-partite indicators. The following sections are detailed review
of theoretical and empirical evidences of the five indicator DPSIR framework of relevant to

this thesis.
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2.5 State of the environment

Environmental degradation has become a matter of global concern as recently witnessed by
the United Nations Environmental Program (UNEP) through the launching of the “Horld
Atlas of Satellite Images” to mark the world environmental day in 2005. Before then,
statistical evidence of the global state of the environment by the United Nations had estimated
that of the 8.7 billion hectares of arable land, pastures and forests worldwide, nearly 2 billion

of them have been degraded over the past 50 years, of which 18% are of forest land, 21% of

pasture land and 37% of arable land (Haaften et al., 2004).

The third assessment of the world status of desertification undertaken by UNEP in 1990-1991
(UNEP, 1991) estimated that about 43 million hectares of irrigated lands or 30% of the total
area 1n the world’s dry lands (145 million hectares) are affected by various processes of
environmental degradation, nearly 216 million hectares of rain-fed croplands or about 47% of
their total area in the world’s dry lands (457 million hectares) are affected by various
processes of environmental degradation and about 3,333 million hectares of rangeland or
nearly 73% of its total area in the world’s dry lands (4,556 million hectares) are affected by
degradation of vegetation. It 1s also documented in the Brundtland report of the “World
Commission of Environment and Development” that, each year, 6 million hectares of

productive dry lands turn into worthless desert (WCED, 1987).

New scientific evidence indicates that many global ecosystems are reaching dangerous
thresholds especially in many developing countries. Environmental degradation is leading to
more severe natural disasters which have already cost the world over $608 billion in the last
decade, killed and displaced over 8 million people, mainly poor people in most developing
countries in 1998-1999 alone (Worldwatch, 2001). The FAO/UNESCO/WMO (1977) also
gave an estimation that the annual loss of productive land due to environmental degradation

amounted to US$26 billhion with annual cost of reclamation measures estimated at US$388

milhon.
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Other statistical evidence has established that the highest rate of savannah forest loss in Africa
has occurred in the West African sub-regions of between 1.3% and 1.5% per annum (FA<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>