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Foreword

Clean water and air, food, and shelter are the cornerstones of human well-
being. Thanks to the intricate interactions between the millions of species
that make up Earth’s biodiversity and the many ecosystem services they
provide, we can meet our basic, and not so basic, needs. Yet, the ecological
footprint of humanity already exceeds Earth’s capacity to regenerate and
continue delivering these goods and services. Large-scale human inter-
ventions that seriously impact both biodiversity and ecosystem functions
continue to increase. New policies, plans, and programmes are intro-
duced with insufficient attention to the consequences for our living
environment, even in cases where environmental assessments have been
carried out. This apparent lack of attention to biodiversity in environ-
mental assessment is not so much a deliberate decision to ignore natural
processes but is rooted in the difficulties we face in adequately addressing
biodiversity within the time frame and budget allocated for assessments.

This book provides a conceptual background and practical approaches
to overcome these apparent difficulties. It fully integrates the objectives
of the Convention on Biological Diversity, its ecosystem approach, and
the conceptual framework of the Millennium Ecosystem Assessment into
a comprehensive approach to biodiversity in environmental assessment.
It highlights the need to consider the value of biodiversity based on its
use by each stakeholder, addresses the importance of both social and
economic development to reach the Millennium Development Goals,
and provides insights into ways to balance present and future needs.
The authors have drawn together helpful case studies that demonstrate
how biodiversity can and should be integrated into environmental and
strategic assessments. They provide a powerful argument that biodiversity
can and must be considered to ensure that projects, programmes, and
policies are culturally, environmentally, and socially acceptable. In this
respect the book provides a valuable source of information for academics,
and practitioners as well as decision makers.

Ahmed Djoghlaf
Executive Secretary, Convention on Biological Diversity





Preface

The incorporation of biodiversity-related issues in impact assessment has
received considerable attention from the global conservation commu-
nity comprising practitioners, academics, planners, and decision makers.
The secretariat of the Convention on Biological Diversity (CBD) and
the Ecology and Biodiversity section of the International Association
for Impact Assessment (IAIA) have been active in developing guide-
lines for the better integration of biodiversity in both Environmen-
tal Impact Assessment (EIA) and Strategic Environmental Assessment
(SEA). Other bodies like the Convention on Wetlands of Interna-
tional Importance (Ramsar, 1971), Convention on the conservation of
European wildlife and nature habitats (Bern, 1979), and the Convention
on Migratory Species (Bonn, 1979) have also been influential on the
topic. Special biodiversity issues of impact assessment-related scientific
journals (Impact Assessment and Policy Appraisal and Journal of Environmental
Assessment Policy and Management) have contributed in highlighting the
need for integrating biodiversity concerns in impact assessment. With
these specific efforts, a desirable convergence of interests has now come
about between international biodiversity related initiatives and the world
of impact assessment. Despite this, literature search and the recent reviews
of impact assessment studies suggest that biodiversity considerations on
the whole are not as well served by impact assessment practice as they
should be. There consequently is an urgent need to bring together the
varied experience gathered in the areas of ecology/biodiversity conser-
vation and impact assessment.

The only comprehensive book available on biodiversity in impact
assessment so far is Ecological Impact Assessment by Jo Treweek (1999). As
the focus of this book was limited to Environmental Impact Assessment
and its internationally accepted procedural steps, an update is genuinely
needed after rapid and recent developments in Strategic Environmental
Assessment. Furthermore, the earlier book is written from a European
nature conservation background and consequently lacks the perspective
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of human development needs, emphasised by the Biodiversity Conven-
tion, Millennium Ecosystem Assessment, and Millennium Development
Goals. In a globalising and increasingly interrelated world, this book is
the logical and necessary follow up to Treweek’s important pioneering
work. The group of four author/editors, who have been actively involved
in promoting the science and practice of impact assessment through their
varied roles as teachers, trainers, and practitioners, have taken a lead in
this direction.

The targeted audience of this book can be found in the industrialised
world (often referred to as western countries, even although some lie
very far south or east) as well as in the developing world and includes
scientists from biological, economic, and social sciences as well as practi-
tioners involved in the design of (conceptual and regulatory) frameworks
for environmental assessment. The book also provides a useful insight
for business and corporate groups who are keen to acknowledge the
relevance of encouraging development that also benefits biodiversity. Of
course, the book provides relevant material to students who are the ones
that have to internalise the new concepts presented in this book and
(hopefully) act as the real agents of change throughout their professional
careers.

The book is academic in nature, but firmly rooted in everyday practice.
It is not a practical how-to-do guideline, but it provides a view on how to
address questions related to biodiversity and human development needs
in an environmental assessment context. Where possible, case material
is used to illustrate and support arguments and logic. Text boxes appear
throughout the book to provide supporting case evidence. The case
material has been included in various sections to enrich the book with
practical examples; this material is often hidden in inaccessible ‘grey’
literature, such as planning documents, project proposals and appraisals,
environmental impact statements, or evaluation reports, and is seldom
referred to in the formal scientific literature. Of course, the authors
have extensive practical experience in conducting studies in all major
sectors on four continents and draw extensively from their experience
throughout the book.

Many of the ideas expressed in this book evolved from spirited discus-
sions with friends and environmental professionals during the annual
meetings of the International Association for Impact Assessment (IAIA),
the world’s largest network of impact assessment experts. These discus-
sions repeatedly highlighted the need for a book on this subject that has
been long overdue and actually lured four of us to make a book become
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a reality. Friends and colleagues with whom we had more frequent intel-
lectual discussions will see their influence throughout this book.

We drew extensively from the invaluable and rich source of informa-
tion of many professionals represented on the different sections of IAIA,
who shared their scientific writings, experiences, and case studies with
us. We are especially most grateful to all those who have contributed to
the work of the biodiversity section of IAIA since its first meeting in
1997. Many will find their work referred to throughout the book.

Our sincere words of appreciation are for Professor Michael Usher,
Series Editor for Cambridge University Press who not only invited us
to write this book but has been an enthusiastic source of energy and
encouragement. He helped in shaping the initial idea for the book and
subsequently provided several rounds of comments on each chapter, on
matters of style, organization, and coverage, as well as detailed comments
on the subject matter of the book. Alan Crowden of Cambridge Univer-
sity Press instilled a sense of urgency for hastening our writing. His remark
‘that most books that take long are the ones that never get finished at all’
helped us regain our speed when the going was slow for one or another
reason.

For two of us (Asha and Vinod), the Wildlife Institute of India (WII)
provided the stimulating academic environment for writing of this book.
Mr P. R. Sinha, Director, Wildlife Institute of India, reposed immense
trust in our abilities to handle both the writing of the book and our
professional responsibilities.

We acknowledge the Netherlands Commission for Environmental
Assessment for supporting this endeavour. We thank Mr Ahmed Djogh-
laf, Executive Secretary of the Convention on Biological Diversity
(CBD), for considering this book worthy of his appreciative Foreword.

Our families were caring and understanding and provided the tranquil-
ity and peace of mind for writing the book especially when the authors
were located in different parts of the world with different time zones.
Our computers never showed sign of fatigue and the e-communication
technology never let us down during several back and forth consultations
that were inevitable in every stage of the book production.

Publishing with Cambridge University Press, the oldest and one of
the largest academic publishers in the world, is an honour.

And finally, we thank you, the reader, for picking up this book and
using it to expanding the horizon of impact assessment by popularis-
ing the innovative thoughts and perspectives that we have tried sharing
through this book. I hope you find something in here useful!
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Part I
Setting the stage





1 � Introduction
Roel Slootweg, Asha Rajvanshi, Vinod B. Mathur,
and Arend Kolhoff

Biodiversity matters to everyone. Its loss impoverishes the environment and
reduces its capacity to support people now and in the future. Impact assessment
can help to ensure that development is compatible with the conservation and
sustainable use of biodiversity.

These are the opening words of the biodiversity in impact assessment
principles formulated by the International Association for Impact Assess-
ment (IAIA, 2005) and perfectly set the stage for a book that stresses
the dependency of humanity on benefits from biodiversity, explores how
present and future environmental securities are linked with biodiversity,
and stimulates the need to balance the need for conservation with that
for human development through sustainable use of biodiversity.

Through his simple quote in Closing Circle – ‘Everything is connected
to everything else’, Barry Commoner (1971) conveyed the importance
of interconnectedness between the different components of the living
world. Human activities do not occur in a vacuum but are an inherent
part of complex biological systems, such as food chains, and large-scale
abiotic processes, such as the water cycle or climate change. This inter-
connectedness helps us to understand that most ecological systems are
complex, making it difficult to come to a consensus on cause-and-
effect relationships. If we are to develop truly sustainable economies and
ensure the perpetuity of the ecosystem benefits that drive economies and
human well-being, we must have a better grasp of the intricate relation-
ship between the environment and the factors that bring about changes.
Moreover, we must make sure that available knowledge is used in the
best possible way to support day-to-day decision making on large human
interventions. There is far too much at stake, financially, socially, and
environmentally, if we ignore the connectedness between development
and conservation objectives.

Increasing evidence that biodiversity and ecosystem services linked
to biodiversity are in rapid decline has put biodiversity on the agenda
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of decision makers. Consequently biodiversity has emerged as a major
priority for environmental assessors. This book positions impact assess-
ment as a decision support tool and promotes it as an objective-oriented
tool to enhance sustainability in decision making on proposed human
activities. In this respect, it makes one more modest addition to the
existing volumes of the books on the subject. Yet at the same time
it is novel in approaching environmental assessment from the perspec-
tives of both conservation community and developers, trying to balance
between the ‘harvesting’ and ‘harnessing’ of biodiversity resources. To
guide decision making, the valuation of biodiversity and its related
ecosystem services (in ecological, social, or economic terms) is strongly
recommended in the overall assessment of biodiversity-related impacts of
developments.

The primary objective of environmental assessment is to aid decision
making. To ensure its effectiveness, information gathered by any assess-
ment has to be tailored to the needs of decision makers. Yet, the concepts
and language used by the impact assessment community are often not
suited to the needs of the decision-making process. Decision makers,
more often than not, have no particular interest in biodiversity; they are
facing multiple demands from sections in society, all trying to influence
decision making. Biodiversity, as the environment in general, does not
have a voice to express itself. Environmental assessment was conceived to
give the environment a voice. Yet, biodiversity still is badly represented
in environmental assessment and decision making. It is either considered
to be a ‘trifle’ or a ‘difficult’ subject to deal with. Logically, the latter
holds to be more correct as is also supported by the analysis of the state
of knowledge about biodiversity by Metrick and Weitzman (1998) – ‘As
a society, we have not even come close to defining what the objective is.
What is biodiversity? In what units is it to be measured? . . . We have to
make up our minds here what it is we are optimising. This is the essen-
tial problem confounding the preservation of biodiversity today’. On the
other hand, the Convention on Biological Diversity has provided us with
a widely endorsed set of objectives with respect to biodiversity manage-
ment, including approaches to attain these objectives. So in our view,
the problem moreover is to translate these objectives and approaches for
environmental assessment to work in practice.

This book is the first attempt to fully integrate the objectives of
the Biodiversity Convention, its ecosystem approach (oriented towards
the management of biodiversity), and the outputs of Millennium
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Ecosystem Assessment (oriented towards the proper valuation of biodi-
versity) into one comprehensive approach for biodiversity-inclusive
environmental assessment. We expand from ecology and traditional
conservation language, venturing into the need for social and economic
development and the act of balancing between present and future.

A fundamental point of departure of this book is that it does not stress
the need for an altogether new assessment procedure, but it advocates
a more pragmatic and rational treatment of biodiversity within the
existing impact assessment framework for better development decisions.
Environmental Impact Assessment (EIA) for the assessment of concrete
projects and Strategic Environmental Assessment (SEA) for the assessment
of impacts resulting from programmes, plans, and policies are widely
recognised and used instruments. Such instruments provide important
power; yet, with respect to biodiversity there is an urgent need to do a
better job and to improve procedures. In this respect we try to keep a
middle road between two extremes, eloquently described by Nooteboom
(2007):

where no procedures at all may lead to the “boiled frog syndrome” (the frog
doesn’t jump out of the water pan as it is slowly boiled – the frog has no
procedure that gives warning signals), an overdose of procedures leads to the
“frozen deer syndrome’ (the deer stays in the car’s headlights – all options for
action are rejected by an overdose of checks). Both animals are not sustainable.

The world is struggling to comprehend the implications of the broad
concept of biodiversity as agreed by the international Convention on
Biological Diversity (CBD). Different perspectives hamper a uniform
interpretation of biodiversity, thus confusing decision makers. Added to
this, the scientific language of the biodiversity community is unappealing
to the outside world. As Pritchard (2005) states, ‘despite the clear role
for impact assessment being spelled out in several convention texts . . . for
the greater part of the history of both the conventions and EIA, there
has been a striking separateness between these two worlds in terms of
their processes and the people involved’. There is an obvious need for
an unambiguous interpretation of biodiversity, and there is a need for
an approach which translates biodiversity into decision maker’s language.
This book is an attempt to do so. International conventions, such as the
CBD, and agreements, such as the Millennium Development Goals,
provide the framework and give direction. Recent developments in
ecology and environmental assessment provide the necessary scientific
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background and the tools to influence decision making for the better.
Last but not least, the book aims to provide direction to the scientific
agenda; gaps in knowledge are identified and suggestions for further
scientific work are provided.

Organisation of the book
The book can be divided into three main parts. Part I provides the
appropriate background for appreciating the meaning and importance of
biodiversity. This part sets the stage with Chapter 2, introducing in detail
the concepts underlying biodiversity and Chapter 3, positioning biodi-
versity in the context of international agreements on poverty reduction
and sustainable development. In Part II, which contains four chapters, the
book introduces the range of environmental assessment tools. Chapter 4
is conceptual in nature and introduces the impact assessment framework,
which relates biodiversity to human well-being and provides insight in
the complex cause–effect chains that may lead to desired or undesired
effects of human interventions. Chapter 5 provides a general introduc-
tion to Environmental Impact Assessment (EIA) of projects and Strategic
Environmental Assessment (SEA) of policies, plans, and programmes,
with a special emphasis on recent insights in the performance of these
instruments. Chapter 6 extensively explains how biodiversity can be
addressed in EIA, following the internationally accepted procedural steps.
Chapter 7 addresses biodiversity in SEA. As SEA is linked to change-
able planning processes, the approach of the chapter is more conceptual
and less procedural. Part III of the book, consisting of two chapters,
goes deeper into the practical world of environmental assessment. Two
emerging issues are introduced which seem to be particularly power-
ful in putting biodiversity on the agenda of decision makers. Chapter 8
explains biodiversity offsets, a mechanism for securing conservation in
the face of growing development pressure, increasingly being used by
the private sector. Chapter 9 provides lessons from ten influential cases in
which the valuation of ecosystem services has had a tangible influence on
strategic decision making. The book ends with an annex containing the
ten case studies referred to in Chapter 9. These cases provide supporting
evidence of how many of the concepts introduced throughout the book
can be effectively used in practice, and indeed result in better repre-
sentation of biodiversity in decision making. Ten additional short cases
provide additional information for those interested in reviewing a range
of practical experiences from around the world.
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Summary of chapters
Chapter 2 introduces biological diversity (or biodiversity). It aims to
provide an unequivocal interpretation of biodiversity, based on inter-
nationally accepted definitions. The chapter starts with an overview of
historically developed differences in perspectives: biodiversity conserva-
tion versus biodiversity as provider of livelihoods. These perspectives
are merged by the Convention on Biological Diversity (CBD) in its
three objectives, taking into account present needs, but maintaining
future options, and introducing the principle of equity. This provides an
important message: biodiversity is about people and how people manage
it for their own well-being (here, there, and in the future). The CBD
provides an approach to put this into more concrete terms, the ecosys-
tem approach. The ecosystem approach is transparent and participatory,
putting emphasis on the role of stakeholders. These principles are shared
with environmental assessment; the ecosystem approach thus provides an
obvious link between biodiversity and environmental assessment.

If biodiversity is about people, biodiversity has to be linked to people.
The Millennium Ecosystem Assessment provides us with the vocabulary
and the concepts to do this. Ecosystem services translate biodiversity into
concepts understandable to people. Ecosystem services (goods and services
provided by biodiversity) can be linked to stakeholders. For impact assess-
ment, this provides an important mechanism to translate biodiversity into
decision makers’ language. Valuing of biodiversity is in this respect an
important mechanism; the role of stakeholders in expressing values is
highlighted. The valuing itself is subject of a separate chapter.

Chapter 2 provides the approaches and the language to describe biodi-
versity in relevant terms from an environmental assessment and decision-
making perspective. The chapter also highlights recent developments
in ecology on three aspects of biodiversity: (i) composition, (ii) struc-
ture, and (iii) key processes, with a (nonexhaustive) review of relevant
literature. These aspects provide the mechanism to assess how human
activities interfere with biodiversity, at genetic, species, or ecosystem
level. Fundamental principles, such as the ‘no net loss principle’ and
the ‘precautionary principle’, are explained with examples of how these
principles can be practically dealt with.

Chapter 3 addresses the dominant feeling that biodiversity and devel-
opment are two opposing themes. Nonindustrialised countries face the
dilemma of addressing the present needs of poor sections of society
while maintaining the potential of biodiversity to meet the needs and
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aspirations of future generations. The chapter gives an overview of the
history of the ‘triple bottom line’ concept of sustainable development
that encompasses ecological, social, and economic sustainability, and then
ventures into newer models of conservation through development that
can help bridge the long-standing, conservation-development divide. In
this chapter the Millennium Development Goals (MDGs) are taken as
the point of departure, providing evidence that biodiversity underpins
all MDGs and could ‘be the basis for ensuring freedom and equity for
all’ (see Chapter 3). A major portion of the chapter is spent on the
exploration of linkages between biodiversity and each of the MDGs.

Chapter 4 introduces the ‘impact assessment framework’. The desire
to integrate environmental, social, and economic aspects in assessments
of projects, plans, programmes, and policies provides the stimulus for
such an integrating framework. In practice, the worlds of environ-
mental impact assessment (in its strict meaning of assessing biophysi-
cal impacts only), social impact assessment, and economic cost–benefit
analysis largely continue to operate in their separate realms and experi-
ence great difficulty in working in a multidisciplinary environment. The
framework aims to provide insight into the relations between human
society and the biophysical environment and the way in which both
biophysical environment and human society are being influenced and
managed. The core element of the conceptual approach is the character-
isation and classification of ecosystem services provided by the biophysi-
cal environment and the assessment of their value for sustaining human
livelihoods. Values by definition are assigned by stakeholders; in other
words, ecosystem services can be linked to stakeholders.

The impact assessment framework is a framework of thinking. It is
not intended to be a ‘standardised procedure’ or a predictive analyt-
ical model. It is a device for the facilitation and systematising of the
interaction between the different disciplines involved in an assessment
process. It mediates between different types of knowledge: natural and
social science knowledge, lay and expert knowledge, knowledge about
facts, and knowledge about values. It thus does not produce or predict
‘solutions’ by itself, but its active use by those involved in a certain
problem situation can help to find sensible and feasible ways forward. In
situations where interdisciplinarity or transdisciplinarity are required for
effective analysis and decision making, as is the case in most environmen-
tal assessment situations, the problem of boundary crossing presents itself.
The chapter ends with an overview of how boundaries can effectively
be crossed through the use of a boundary concept (ecosystem services),
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a boundary object (the impact assessment framework), and boundary
settings (institutional arrangements).

Chapter 5 provides essential knowledge on both EIA and SEA for
those not being fully informed on the instruments of environmental
assessment. It is not a handbook text, but highlights recent developments
and state of the art thoughts. Environmental assessment has been around
for more than 40 years and is practised in most countries around the
world. The principle behind environmental assessment is deceptively
simple: it directs decision-makers to ‘look before they leap’. When there
is a clear insight into the environmental consequences, decision makers
are in a better position to direct development into a more sustainable
course. At its best, environmental assessment does not merely provide
information, but it brings parties together. The chapter explains the
internationally accepted procedure, with a series of well-defined steps.
Crucial elements in the process are highlighted (alternatives, how to
deal with gaps in knowledge, public review, participation, etc.). Special
attention is paid to the effectiveness of EIA and the conditions that can
guarantee good practice.

The practice of SEA is less easily demarcated than that of EIA. There
are a large number of assessment tools in planning that do not necessarily
carry the label SEA, but have strong similarities. However, the funda-
mental differences between approaches are fewer than might be assumed
from existing publications. There is no generally agreed SEA proce-
dure as such and no ‘one-size-fits-all’ approach. As planning processes
vary greatly from context to context SEA needs to be applied flexibly.
However, there is general agreement about the activities that make up an
SEA process. These are discussed in some detail with special emphasis on
the state of the art: what is needed for effective SEA? The chapter ends
highlighting three current trends in environmental assessment think-
ing and practice: (i) increased attention to the assessment context, (ii)
integration of effects for sustainability assessment, and (iii) tailoring the
assessment to the decision process.

Chapter 6 provides extensive first-hand background documentation
on the EIA guidelines adopted by the Convention on Biological Diver-
sity. The chapter is structured according to a generalised and interna-
tionally accepted sequence of steps. The chapter is a practical application
of the concepts introduced in Chapter 2 (biodiversity) and in Chapter 4
(impact assessment framework); case examples are used to illustrate both
concepts and practice. Special emphasis is given to the screening and
scoping stages of EIA, for two reasons. First, the need for an impact
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assessment study has to be defined by good screening criteria and proce-
dures; second, the impact assessment study has to be carried out in such
a manner that all relevant issues are properly dealt with. Because scoping
determines the contents and quality of the terms of reference of the
impact study, good scoping procedures and guidance on the scoping
process are of fundamental importance. The chapter also contains an
extensive overview of recent initiatives in different sectors to enhance
biodiversity in project planning, impact assessment, and operations.

Chapter 7 gives, similar to Chapter 6, extensive background informa-
tion to the CBD guidance on biodiversity in SEA. It is not structured
according to a procedure (as with Chapter 6 on the EIA) because good
practice SEA should ideally be fully integrated into a planning (or policy
development) process. Since planning processes differ widely, there is, by
definition, no one-size-fits-all sequence of procedural steps in SEA. The
chapter answers three basic questions. First, WHY is special attention
to biodiversity in SEA and decision making needed? This to convince
decision makers that biodiversity is a relevant issue. A second question
is WHAT biodiversity issues are relevant to SEA? Not all biodiversity
can be studied in SEA; on the contrary, the problem usually is how to
limit an assessment in such a way that it is done in a timely way, and
costs and efforts involved are reasonable. The third and last question
is HOW to address biodiversity in SEA? This section is based on the
conceptual approaches described in Chapters 2 and 4. To be able to
make a judgement whether a policy, plan, or programme has potential
biodiversity impact, three conditions are defined that ‘trigger’ the need
for special attention to biodiversity. When any one or a combination of
these conditions applies, special attention to biodiversity is required. The
approach is based on the analysis of a significant number of cases which
are referred to throughout the text.

Chapter 8 explores rapid recent developments predominantly taking
place in the private sector. Finding innovative ways to link biodiver-
sity conservation with development becomes a challenge and urgency
for conservation organisations, businesses as well as voluntary bodies,
governments, and civil society. The mitigation step in EIA frameworks,
targeted for integrating biodiversity, provides options for preventing and
minimising the impacts of development projects on biodiversity by utilis-
ing an array of strategies, policy instruments, economic incentives, and
market solutions for compensating the residual impacts. The concept
of ‘biodiversity offset’ as a compensation measure is relatively new and
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therefore lacks a universally acceptable definition. In simple wording
biodiversity offsets are creatively designed mechanisms to achieve either
‘no net environmental loss’ or a ‘net environmental benefit’.

The chapter provides an overview of the various global directives and
country specific regulatory mechanisms in place for promoting legal
and voluntary approaches for applying biodiversity offsets. Different
forms of biodiversity offset are presented and supported with appro-
priate examples, including onsite, offsite, and third party offsets and
a range of options including conservation-oriented actions to widely
applicable market-based approaches such as conservation banking, devel-
opment of tradable rights and biodiversity credits, direct payments for
resources/services, or creation of trust funds and monetary bonds for
financing impact mitigation. Practical experience of the design, imple-
mentation, and evaluation of biodiversity offsets shared through several
case examples provide a useful input to the chapter. These examples illus-
trate that the various mechanisms of mainstreaming biodiversity conser-
vation in business plans are largely aimed at creating mutually benefi-
cial opportunities for both business and biodiversity. Business groups
are beginning to appreciate the benefits from applying offsets and are
taking leads to demonstrate that responsible biodiversity stewardship is
a fundamental business issue for managing risks, capitalising on oppor-
tunities, and improving the corporate performance in environmentally
and socially responsible manners. The chapter also presents the many
risks and constraints that pose methodological challenges and practical
difficulties in the design and implementation of offsets. Despite this, the
conclusion is drawn that the objective of offset is ideologically sound,
and there is a clear need to overcome these barriers for more and better
conservation outcomes for biodiversity to occur by identifying possible
routes to achieving better levels of success.

Chapter 9 contains a re-edited text from a recent publication with the
same title. In order to put biodiversity into decision-makers language,
we have already emphasised the need to translate biodiversity in terms of
ecosystem services and to link these services to (present and future) stake-
holders. Ecosystem services are the benefits people obtain from ecosys-
tems. Ecosystem services have received significant attention since the
appearance of the Millennium Ecosystem Assessment. A growing body
of knowledge is developing on ecosystem services and on the valua-
tion of these services. Yet, cases where valuation of ecosystem services
has actually made a difference in real-life policies or plans still remain
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scarce, or in any case hidden. So far, the SEA community has hardly
used the opportunities provided by ecosystem services to translate the
environment into societal benefits.

Therefore, a number of influential cases were documented, where
the recognition, quantification, and valuation of ecosystem services have
significantly contributed to strategic decision making. In all cases, the
use of the ecosystem services concept supported decision making by
providing better information on the consequences of new policies or
planned developments. In several cases SEA or a process similar to SEA
was followed. Yet, in all cases valuation of ecosystem services, in one
form or another, resulted in major policy changes or decision making on
strategic plans or investment programmes. The analysis of cases reveals
that the role of ecosystem services in decision making can range from
simple recognition of services, via semiquantified valuation techniques to
full-fledged monetisation of ecosystem services. The presented evidence
suggests that at higher strategic level there is less need for fully quantified
and monetised information. Seven main messages are derived from the
analysis of cases, aimed at decision makers, SEA practitioners, environ-
mental economists, and ecologists.

The Annex to the book presents the ten case study documents under-
lying Chapter 9. Even although the reason to collect these cases was to
evaluate the role of valuation of ecosystem services in decision making,
the case studies provide a detailed view on how many of the concepts
and approaches introduced in this book can be used in practice. The ten
cases presented are:

(1) Water Conservation and Irrigation Rehabilitation, Egypt (voluntary
SEA).

(2) Wetland Restoration Strategy, Aral Sea region (SEA-like process).
(3) Strategic Catchment Assessment, South Africa (part of SEA

process).
(4) Making Space for Water, United Kingdom (experimental SEA).
(5) Climate policies and the Stern Review (study to inform policy

making).
(6) Natural gas extraction in the Wadden Sea, Netherlands (study to

inform EIA and SEA processes).
(7) Management of marine parks, Netherlands Antilles (sustainable

financing).
(8) Watershed rehabilitation and services provision, Costa Rica

(payments for ecosystem services).
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(9) Water transfer, Spain (advocacy study to influence decision making).
(10) Exxon Valdez oil spill, Alaska USA (damage assessment).

Apart from these cases, ten additional cases are presented in boxes to
provide supporting evidence.

The References contain the citations of all book chapters. A significant
number of references come from nonscientific literature, and therefore
are not accessible through regular scientific channels. As much as possible
we have tried to provide access to these sources of information, in most
cases by providing relevant websites.



2 � Interpretation of biodiversity
Roel Slootweg

Introduction
A multitude of tools and techniques are currently used by companies,
governments, certifying agencies, and the like, to predict, measure, or
report on the human impacts on biodiversity. Environmental impact
assessment (EIA) and strategic environmental assessment (SEA) are the
focus of attention in this book, but other instruments exist, such as
environmental audits, sustainability reporting, and certification schemes.
These instruments are not always based on an unambiguous interpretation
of biodiversity (Slootweg, 2005). A rapid comparison of the objectives
of the Convention on Biological Diversity (CBD) with a number of
biodiversity-related methods for certification and assessment shows that
no one instrument addresses all aspects of biodiversity as defined by the
CBD. General omissions include: (i) a partial focus on only one level of
diversity, mostly the species level and often ecosystem level, but hardly
ever the genetic level of diversity; (ii) a focus on either conservation of
biodiversity, and sometimes on sustainable use, but largely overlooking
the third objective of the CBD on equitable sharing of revenues obtained
from biodiversity, and never including all three objectives simultaneously;
(iii) a general lack of identification and involvement of stakeholders; and
finally, (iv) a lack of attention to the potential positive effects of human
activities on biodiversity (opportunities for enhancement) (Slootweg
et al., 2003).

As the CBD has provided clear definitions and supporting documents
on what biodiversity is, it should be possible to define a more consistent
approach to the incorporation of biodiversity in assessment instruments.
The CBD was negotiated under the auspices of United Nations Environ-
mental Programme (UNEP) and signed at the Rio Summit by more than
150 nations. It came into force on 29 December 1993 after the requisite
number of 30 ratifications. It is a framework treaty in two senses: first,
in that its provisions are generally expressed as overall goals and policies



Interpretation of biodiversity · 15

rather than precise obligations, and second, more specifically it adopts
a holistic approach by not setting targets or including lists of species or
areas to be protected, but by setting out general rights and obligations
(Glazewski and Paterson, 2005). This chapter provides an overview of
the ways in which biodiversity is understood – it describes the knowledge
minimally required to address biodiversity within the broader context of
environmental assessment, and it addresses major areas of uncertainty. The
definitions and principles provided by the CBD are followed as closely as
possible. Convention texts describe how parties to the convention have
defined biodiversity, the objectives of biodiversity management, and the
approaches to biodiversity management. From a scientific point of view,
a significant contribution to the unambiguous understanding of biodi-
versity has been made by the Millennium Ecosystem Assessment (2003),
which will be extensively cited throughout this book.

The biodiversity convention: a broad view
The title of this section, ‘a broad view’, refers to the fact that many
nonbiodiversity experts in the environmental assessment field may view
the presented description of biodiversity as an all-encompassing concept,
which includes many aspects of environmental assessment that already
are common practice without necessarily being described as biodiversity.
This chapter will show that biodiversity indeed is a broad concept. The
preamble of the CBD states that biodiversity has an economic, a social,
and an ecological dimension. As Glazewski and Paterson (2005) point
out,

the CBD spans a broad area – from the conservation of endangered species,
to protecting indigenous knowledge, to dealing with the safety ramifications of
genetic modification. As such, the CBD is a landmark in the environment and
development field, as it takes for the first time a holistic and integrated, rather
than a species-based approach, to the conservation and sustainable utilisation of
natural resources.

And indeed, present-day impact assessment already effectively deals with
many aspects of biodiversity, but as stated above, often in a fragmented
manner without a clear explanation (or even understanding) of how
the internationally accepted and adopted definitions and objectives of
the CBD are being reflected (Kolhoff and Slootweg, 2005; Treweek,
2001).
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Box 2.1. Use of some terms in the Convention on
Biological Diversity (Article 2)

� Biological diversity means the variability among living organisms from
all sources including inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are part; this
includes diversity within species, between species and of ecosystems.

� Biological resources includes genetic resources, organisms or parts
thereof, populations, or any other biotic component of ecosystems
with actual or potential use or value for humanity.

� Domesticated or cultivated species means species in which the evolu-
tionary process has been influenced by humans to meet their needs.

� Ecosystem means a dynamic complex of plant, animal and micro-
organism communities and their non-living environment interact-
ing as a functional unit.

� Ex-situ conservation means the conservation of components of biolog-
ical diversity outside their natural habitats.

� Genetic resources means genetic material of actual or potential value.
� Habitat means the place or type of site where an organism or popula-

tion naturally occurs.
� In-situ conservation means the conservation of ecosystems and natural

habitats and the maintenance and recovery of viable populations of
species in their natural surroundings and, in the case of domesticated
or cultivated species, in the surroundings where they have developed
their distinctive properties.

� Sustainable use means the use of components of biological diversity
in a way and at a rate that does not lead to the long-term decline
of biological diversity, thereby maintaining its potential to meet the
needs and aspirations of present and future generations.

The definition of biodiversity provided by the convention (see
Box 2.1) describes biodiversity as the variety of life on Earth at all levels
(CBD, 1992). In the definition three different levels of biodiversity are
described: genetic, species, and ecosystem diversity. However, in reality,
biological diversity is a continuum of layers from the genetic diversity of
individual specimens to the Earth as one functioning ecosystem. Among
ecologists the hierarchy of biological organisation is often described in
terms of gene – organism – population – species – community – ecosystem –
biome – biosphere. Boundaries between levels are not as clear-cut as the
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simplified three-tier system of the CBD, or any other system, suggests.
Yet, the CBD genes – species – ecosystems division provides a clear distinc-
tion among the most fundamental levels in biodiversity. Genetic diversity
is the driver behind evolutionary processes. Species and species diversity
are the visible result of this evolution, while ecosystems are expressions
of the nonrandom manner in which species coexist, interact with and
among each other, and interact with their physical environment.

Genetic diversity starts at the description of the genome of a single
individual. Genetic diversity among individual specimens from the same
species has been described by Williams and Humphries (1996) as the
‘fundamental currency of diversity’, just as genetic variability is a trait
often associated with the ability of populations of species to adapt to
changing environmental conditions. Among separate populations of a
species, the range in genetic variability can differ, leading to the recogni-
tion of different strains, races, varieties, and subspecies within a species.
This genetic variability has been used for the creation of different races
or cultivars in agriculture and horticulture and for breeds of animals
in animal husbandry. Reproductive isolation of such populations is the
first step towards the creation of new species (speciation), creating a
fluid boundary between genetic and species diversity. Genetic variabil-
ity is the field of interest of bioprospecting, described as the search for
wild species, their genes, and their products with actual or potential use
to humans with a view to their exploitation (Glazewski and Paterson,
2005).

Species diversity is the most commonly understood expression of biolog-
ical diversity. Estimations of the number of species on Earth range
from five million to many millions. However, fewer than two million
species have actually been scientifically described. Hence, the scientif-
ically described species represent only a fraction of the total number
of species on Earth. Species diversity can be described in terms of the
number of species present in certain area, the (un)evenness of their distri-
bution (a measure for the abundance of a species), or in terms of their
evolutionary relatedness (phylogenetic diversity). With respect to the
latter, one can discuss whether an area with a large number of closely
related species is more biodiverse and thus represents a larger range in
genetic diversity compared to an area with fewer species that represents
a larger number of families or orders. Whittaker (1972) provided yet
another manner of describing species diversity by distinguishing three
measures of biodiversity over spatial scales: alpha diversity, beta diver-
sity, and gamma diversity. Alpha diversity refers to the diversity within a
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particular area (i.e. species richness). The difference in species diversity
between two or more areas is called beta diversity (i.e. the number of
species unique to each area). Gamma diversity is a measure of the overall
diversity of various ecosystems within a region. (See Magurran (2003)
for further in-depth reading on measurement of species diversity.)

Worldwide biodiversity is declining on two scales, in beta diver-
sity (difference between regions) and gamma diversity (global diversity),
whereas alpha diversity (local diversity) is increasing in many locations
due to the introduction of exotic or invading species. Sax et al. (2002)
have demonstrated that the number of species naturalisations exceeds
extinctions on islands worldwide. So apart from just counting species,
the importance of native species over nonnative species has to be empha-
sised in assessing species richness in a specific location. Summarising, the
world is facing a loss of rare species and the spread of invasive species
(Thompson and Starzomski, 2006). A further variety of mathematical
diversity indices has been developed, but elaboration would go beyond
the scope of this chapter. All of the above provides evidence of the strong
focus of the scientific community on species diversity, acting almost
as a synonym to biodiversity. Unfortunately, most existing biological
measures, especially those reflecting species richness or various aspects of
species diversity, do not reflect many important aspects of biodiversity,
especially those that are significant for the delivery of ecosystem services
(Hassan et al., 2005: 111).

A term closely linked to species is habitat – the place or type of site
where an organism or a population of this organism naturally occurs
(CBD, 1992: Article 2 – Use of terms). According to Oindo et al.,
(2003) spatial heterogeneity is one of the most popular hypotheses used
to explain patterns of species richness. However, their study revealed that
the association between species richness and habitat diversity indices is
strongly dependent on the scale of observation. Using a combination
of remote sensing techniques and field observations, they found the
strongest relationship between habitat and species diversity for African
herbivores at a relatively intermediate scale (20 km × 20 km). Most
probably this will be completely different for other animal or plant taxa.
In other words, from a biological perspective it is very complex to exactly
define relevant boundaries of a study area. Therefore, the boundaries in
an environmental assessment study need to be defined from a completely
different perspective. The CBD ecosystem approach provides conceptual
and procedural leads on how to do this, which is discussed in the next
section. The idea will be further conceptualised in Chapter 4.
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Species are not randomly distributed over the Earth but occur in
communities of species. When considered in combination with its physi-
cal environment, such a community is generally referred to as an ecosys-
tem. Following the CBD definition (see Box 2.1), ecosystems can be
characterised by a set of physical components (soil, minerals, water, etc.)
and a combination of populations of different species. Energy, water,
and minerals flow through and between ecosystems. Ecosystems can
change over time as a result of external factors (allogenic succession
due to, for example, climate change, landslides, or volcanic activity) or
internal factors (autogenic succession). Delineation of ecosystems is diffi-
cult, because boundaries in nature are characterised by fluid transitions
or gradients. The CBD ecosystem approach (CBD, 2000a and 2004a)
further states that

the CBD definition of an ecosystem does not specify any particular spatial unit
or scale. Thus, the term “ecosystem” does not, necessarily, correspond to the
terms ‘“biome” or “ecological zone”, but can refer to any functioning unit at
any scale. Indeed, the scale of analysis and action should be determined by the problem
being addressed [emphasis by the author]. It could, for example, be a grain of soil,
a pond, a forest, a biome or the entire biosphere.

In this sense the ecosystem definition of the convention is very flexi-
ble and ideal for environmental assessment, because ecosystems can be
defined according to the scope and required spatial and temporal ranges of
the assessment study. In this context an ecosystem is sometimes described
as ‘problemshed’, an area which encompasses all the elements of the
issue at stake, no matter where they may be located (H. Prins, personal
communication, 2002). The CBD definition differs from the conven-
tional use of the terminology. For example, landscape ecologists consider
landscapes as being composed of ecosystems suggesting a hierarchy of
recognisable scales. Complex hierarchies of ecological land classifications
have been developed, for example, to describe ecosystems at various
levels of detail ranging from ecozones or ecoregions at a mapping scale
of >1:50,000,000 to ecoelements at a mapping scale of <1:5,000. From
the perspective of environmental assessment, the description provided by
the ecosystem approach provides the best clue, because it is the scale and
nature of the issue at stake that determines the required level of study.
Further on in this chapter, we will elaborate on the ecosystem approach
and its consequences for environmental assessment.

Countries that have signed the CBD (called ‘parties’ in convention
terminology) are required to implement policies to protect biodiversity
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at the three distinguished levels, and monitor the components of biolog-
ical diversity listed below, paying particular attention to those requiring
urgent conservation measures and those which offer the greatest potential
for sustainable use (CBD, 1992: annex 1):

(1) Ecosystems and habitats: containing high diversity, large numbers of
endemic or threatened species, or wilderness; required by migratory
species; of social, economic, cultural, or scientific importance; or,
which are representative, unique, or associated with key evolutionary
or other biological processes;

(2) Species and communities which are: threatened; wild relatives of domes-
ticated or cultivated species; of medicinal, agricultural, or other
economic value; or social, scientific, or cultural importance; or
importance for research into the conservation and sustainable use
of biological diversity, such as indicator species; and

(3) Described genomes and genes of social, scientific, or economic impor-
tance.

Apart from the three levels of diversity the CBD has put forward, three
main objectives, which can easily be linked to the social, ecological, and
economic pillars of sustainability, are often dubbed ‘people’, ‘planet’, and
‘profit’ in the business community when referring to activities within
the framework of corporate social responsibility. The first objective is the
conservation of biological diversity in order to maintain Earth’s life-support
systems and to maintain future options for human development. This is
the ecological or ‘planet’ pillar of sustainability. The second objective is
the sustainable use of components of biodiversity in order to provide liveli-
hoods to people, without jeopardising the opportunities for development
of future generations. This can be considered the economic or ‘profit’
pillar of sustainability. The third objective is the fair and equitable sharing
of the benefits arising from the use of genetic resources. This last objec-
tive was triggered by a discussion on the use of traditional knowledge
of local (often tribal) communities. Large multinational pharmaceutical
companies have tapped the knowledge of traditional healers on the use
of medicinal herbs, often leading to significant profits for these compa-
nies, while the providers of the knowledge, often living in great poverty,
did not receive anything for their contribution. Since the establishment
of the biodiversity convention, many examples of benefit sharing have
become available, which recognise the rights of local communities to
share in benefits obtained using their knowledge, but also recognise the
rights of countries to share in benefits arising from the commercial and
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other utilization of genetic resources from these countries (CBD, 2000b
and 2004b). This third objective can be linked to the social, or ‘people’
pillar of sustainability. Figure 2.1 summarises the convention definition
of biodiversity and the objectives of the convention. Box 2.2 provides
Guiding Principles drafted by the International Association for Impact
Assessment on how to address the three objectives of the convention in
impact assessment.

As with the three pillars of sustainability, the three objectives of the
convention are intimately linked. Conservation of biodiversity now, will,
of course, maintain the possibility for new, yet unknown uses in future;
equitable sharing of benefits will contribute to sustainability of biodi-
versity use; sustainable use contributes to intergeneration equity, and so
forth. In this respect a word of caution is needed on the present popular-
ity of the ‘three pillars’ notion of sustainability. This representation is
often misused by decision makers as a mechanism to create trade-offs
between the pillars: conservation, it is said, is either sacrificed at the
cost of economic development or hinders social development. In reality,
the problem lies in the factor time and in the distribution of power
and benefits. Making trade-offs between the pillars is similar to taking
the benefits ‘here’ and ‘now’, while transferring the costs to ‘later’ and
‘elsewhere’ (we want the benefits now at the cost of future generations
or of remote stakeholders elsewhere).

According to Article 6 each Contracting Party of the conven-
tion shall, in accordance with its particular conditions and capabilities,
develop national strategies, plans, or programmes for the conservation
and sustainable use of biological diversity. Similarly, the conservation
and sustainable use of biological diversity should be integrated into
relevant sectoral or cross-sectoral plans, programmes, and policies. These
national plans are the so-called NBSAPs, or National Biodiversity Strat-
egy and Action Plans. Each party is expected to produce an NBSAP or
similar document and submit this to the convention. NBSAPs can be
of significant value to environmental assessment studies, because these
documents are valuable sources of information on biodiversity status
and policies in a country. The integration of biodiversity objectives into
relevant sectoral or cross-sectoral plans, programmes, and policies is the
terrain of Strategic Environmental Assessment. Article 14(b) specifically
addresses this issue, even although at the moment of the writing of
the convention text the term ‘strategic environmental assessment’ was
not commonly used and consequently does not show in the text (see
Box 2.3).
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Figure 2.1 Combining three objectives of the biodiversity convention with three
levels of biodiversity results in a diagram with nine boxes. The top row shows
conservation issues at the three levels of diversity: (from left to right) the protected
ecosystem of the Iguaçu falls at the border of Brazil and Argentina; species diversity
in the largely unprotected Pantanal wetlands in Brazil, the worlds largest freshwater
wetland; closely related threatened butterflies of tropical South America. The
middle row on sustainable use shows a man-made wetland ecosystem in the
Netherlands (drained peatlands), highly valued for its landscape features and
multiple recreational services; a monoculture production forest in France showing
to be very vulnerable – a severe storm has virtually destroyed the entire forest; a
vegetable market on the isle of Madeira showing the rich variety of local
horticulture products. The Bottom row on equitable sharing shows beaches near
Nazaré (Portugal) where traditional fishermen and the tourism industry compete
for the same ecosystem (sun drying versus sunbathing); fishing day in the
floodplains of the Benue river (Cameroon) – a hydropower dam has destroyed
yearly floods resulting in loss of income for traditional women groups; market in
Kungrad near the Aral sea in Uzbekistan, a region considered to be the cradle of
many of our agricultural cultivars – destruction of the Aral Sea and its surrounding
lands may have destroyed ‘wild’ ancestors of our cultivars. Six of the boxes above
have a direct link to people, while all nine have a link with future generations.
Conclusion: biodiversity is about people!
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Box 2.2. IAIA Principles on Biodiversity in
Impact Assessment

Guiding principles on the objectives of the CBD by the International
Association for Impact Assessment (IAIA, 2005):
(1) Aim for Conservation and “No Net Loss” of Biodiversity. The

biodiversity-related Conventions are based on the premise that
further loss of biodiversity is unacceptable. Biodiversity must be
conserved to ensure it survives, continuing to provide services,
values and benefits for current and future generations. Take the
following approach to help achieve no net loss of biodiversity:
1. Avoid irreversible losses of biodiversity; 2. Seek alternative
solutions that minimize biodiversity losses; 3. Use mitigation to
restore biodiversity resources; 4. Compensate for unavoidable loss
by providing substitutes of at least similar biodiversity value; 5.
Seek opportunities for enhancement. This approach can be called
“positive planning for biodiversity.” It helps achieve no net loss
by ensuring priorities and targets for biodiversity at international,
national, regional and local levels are respected, and a positive
contribution to achieving them is made. Damage is avoided to
unique, endemic, threatened or declining species, habitats and
ecosystems; to species of high cultural value to society, and to
ecosystems providing important services.

(2) Seek Sustainable Use of Biodiversity Resources. Use impact assess-
ment to identify, protect and promote sustainable use of biodiver-
sity so that yields/harvests can be maintained over time. Recog-
nise the benefits of biodiversity in providing essential life support
systems and ecosystem services such as water yield, water purifica-
tion, breakdown of wastes, flood control, storm and coastal protec-
tion, soil formation and conservation, sedimentation processes,
nutrient cycling, carbon storage, and climatic regulation as well
as the costs of replacing these services. In a developing country
context, this principle is likely to be a key priority – i.e. for biodi-
versity to be conserved and protected in this context, it is essential
that it is linked to the issue of securing sustainable livelihoods for
local people based on biodiversity resources.

(3) Ensure Equitable Sharing. Ensure traditional rights and uses of
biodiversity are recognized in Impact Assessment and the benefits
from commercial use of biodiversity are shared fairly. Consider the
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needs of future as well as current generations (inter-generational
needs): seek alternatives that do not trade in biodiversity “capital”
to meet short-term needs, where this could jeopardize the ability
of future generations to meet their needs.

Box 2.3. CBD (1992) Article 14(b) on impact assessment

Each contracting party is requested, as far as possible and as appropriate,
to:
(a) Introduce appropriate procedures requiring environmental

impact assessment of its proposed projects that are likely to
have significant adverse effects on biological diversity with a view
to avoiding or minimizing such effects and, where appropriate,
allow for public participation in such procedures;

(b) Introduce appropriate arrangements to ensure that the environ-
mental consequences of its programmes and policies that are
likely to have significant adverse impacts on biological diversity
are duly taken into account;

(c) Promote, on the basis of reciprocity, notification, exchange of
information and consultation on activities under their jurisdiction
or control which are likely to significantly affect adversely the
biological diversity of other States or areas beyond the limits of
national jurisdiction, by encouraging the conclusion of bilat-
eral, regional, or multilateral arrangements, as appropriate;

(d) In the case of imminent or grave danger or damage, originating
under its jurisdiction or control, to biological diversity within the
area under jurisdiction of other States or in areas beyond the limits
of national jurisdiction, notify immediately the potentially
affected States of such danger or damage, as well as initiate
action to prevent or minimize such danger or damage; and

(e) Promote national arrangements for emergency responses to
activities or events, whether caused naturally or otherwise, which
present a grave and imminent danger to biological diversity and
encourage international cooperation to supplement such national
efforts and, where appropriate and agreed by the States or regional
economic integration organizations concerned, to establish joint
contingency plans.
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Another article of relevance to environmental assessment is Article
8(j) on preservation of knowledge, innovations, and practices of indige-
nous and local communities embodying traditional lifestyles relevant
for the conservation and sustainable use of biological diversity. Their
wider application should be promoted with the approval and involve-
ment of the holders of such knowledge. Plans and projects can consti-
tute major threats to biological diversity on which indigenous and local
communities depend for their survival. An ‘Ad Hoc Open-ended Inter-
Sessional Working Group on Article (j) and Related Provisions’ of the
CBD has drafted, in cooperation with indigenous and local commu-
nities, guidelines for the conduct of cultural, environmental, and social
impact assessments (CBD, 2004c). The guidelines and recommendations
should ensure the participation of indigenous and local communities in
the assessment and review process. Environmental legislation in many
countries requires the assessment of potential environmental, social, and
cultural impacts of proposed developments. However, it is rare that tradi-
tional knowledge, technologies, and customary methods are included or
required as part of the assessment process. The draft guidelines suggest a
framework within which governments, indigenous and local communi-
ties, decision makers, and managers of development and planning projects
could ensure appropriate participation and involvement of indigenous
and local communities and inclusion of their traditional knowledge,
technologies, and customary methods as part of environmental, social,
and cultural impact assessment processes.

The Ecosystem approach: biodiversity and humankind
are inseparable entities
Discussing biodiversity is very much about discussing people’s behaviour
and interests. The first World Summit on Environment and Development
in Rio de Janeiro in 1992 emphasised the importance of biodiversity
as the basis of our very existence, to be used wisely and sustainably
and conserved for current and future generations. The main threats to
global biodiversity are associated with human activities. This strongly
anthropocentric view on biodiversity is explicitly followed in this book,
based on the simple reasoning that evolution and biodiversity have been
around before the emergence of humankind and will probably also be
there after its possible disappearance. Or, as Bröring and Wiegleb (2005:
534) put it:
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biodiversity is neither static nor given. It is know that global biodiversity easily
recovered after each event of mass extinction. Both measurement and evaluation
of biodiversity consequently depends on social conventions and agreements.

Their conclusion is that none of the known approaches to value biodi-
versity justifies a value of biodiversity per se. In their reasoning the value of
biodiversity is best guaranteed among people by means of a participatory
discussion of environmental goals. This observation is in agreement with
the ecosystem approach and the approach in this book. So, it is not biodi-
versity per se which is the theme of both this chapter and this book, but
it is the reliance of humankind on biodiversity. Conserving biodiversity
is not primarily in the interest of biodiversity itself, but moreover in the
interest of the human race. Following this reasoning, the use of the term
‘intrinsic value’ of biodiversity is avoided as much as possible, because
a value can only be attributed as an expression of a human interest. In
absence of humans, value is a meaningless concept. However, groups
of people insist on attributing an intrinsic value to biodiversity. In our
approach this group is considered to be a stakeholder, recognising the
maintenance of biodiversity as an ecosystem service and assigning a value
to this service for the very existence of biodiversity.

The ecosystem approach of the CBD explicitly states that humans, with
their cultural diversity, are an integral component of many ecosystems.
The ecosystem approach was endorsed by the Convention on Biological
Diversity in 2000 (Decision V/6). The original document contained
12 principles and additional guidance on the implementation. In 2004
further guidance was provided in a document refining and elaborat-
ing the approach, which was based on an assessment of experiences in
the implementation of the approach (Decision VII/11). The ecosystem
approach is a strategy for the integrated management of land, water,
and living resources that promotes conservation and sustainable use in an
equitable way (CBD, 2000a and 2004a). The application of the ecosystem
approach aims to reach a balance of the three objectives of the Conven-
tion. In addition, the ecosystem approach has been recognised by the
World Summit on Sustainable Development as an important instrument
for enhancing sustainable development and poverty alleviation (CBD,
2004a). People and biodiversity depend on healthy, functioning ecosys-
tems and processes; these have to be assessed in an integrated way and
not constrained by artificial boundaries, such as administrative bound-
aries. The ecosystem approach is participative and requires a long-term
perspective based on a biodiversity-based study area. It requires adaptive
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management to deal with the dynamic nature of ecosystems and the
absence of complete understanding of the ways in which ecosystems
function.

The ecosystem approach is based on the application of appropri-
ate scientific methodologies focused on levels of biological organisa-
tion, which encompass the essential structure, processes, functions, and
interactions among organisms and their environment. It recognises that
humans, with their cultural diversity, are an integral component of many
ecosystems. The approach incorporates three important considerations:

(1) Management of living components is considered alongside economic
and social considerations at the ecosystem level of organisation, not simply
a focus on managing species and habitats;

(2) If management of land, water, and living resources in equitable ways
is to be sustainable, it must be integrated, work within the natural limits,
and utilise the natural functioning of ecosystems;

(3) Ecosystem management is a social process. There are many interested
communities, which must be involved through the development of
efficient and effective structures and processes for decision making
and management.

There is no single correct way to achieve the ecosystem approach
to management of land, water, and living resources. The underlying
principles can be translated flexibly to address management issues in
different social contexts. Box 2.4 provides a summary overview of the
principles.

Box 2.4. The ecosystem approach principles

Principle 1: The objectives of management of land, water, and living
resources are a matter of societal choice. Different sectors of society view
ecosystems in terms of their own economic, cultural, and societal
needs. Both cultural and biological diversity are central components
of the ecosystem approach, and management should take this into
account. Societal choices should be expressed as clearly as possi-
ble. Keywords in the accompanying guidelines refer to the process
of decision making: transparency of decision making, accountability,
stakeholder interests, equal access to information of all involved, and
equitable capacity to be involved (referring to less-privileged groups).
The need to include the interests of future generations is highlighted.
Good environmental assessment is based on similar principles.
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Principle 2: Management should be decentralised to the lowest appro-
priate level. This principle of subsidiarity is well known from various
sectors; practical experience stresses the need for a mechanism to
coordinate decisions and management actions at different organisa-
tional levels. Furthermore, good governance arrangements ask for
clear accountabilities. If no appropriate body is available at certain
management levels, a new body may be created, an existing body
modified, or a different level chosen. Without institutional arrange-
ments that support and coordinate decision-making authorities, their
work is worthless.

Principle 3: Ecosystem managers should consider the effects (actual or
potential) of their activities on adjacent and other ecosystems. Effects of
interventions are not confined to the point of impact, and can influ-
ence other ecosystems. Time-lags and nonlinear processes are likely to
occur. In case of effects elsewhere, relevant stakeholders and techni-
cal expertise have to be brought together. Feed-back mechanisms to
monitor the effects of interventions should be established.

Principle 4: Recognizing potential gains from management, there is
usually a need to understand and manage the ecosystem in an economic
context. Any such ecosystem-management programme should: (a) Reduce
those market distortions that adversely affect biological diversity; (b) Align
incentives to promote biodiversity conservation and sustainable use; (c) Inter-
nalise costs and benefits in the given ecosystem to the extent feasible. Many
ecosystems provide economically valuable goods and services and it
is therefore necessary to understand and manage ecosystems in an
economic context. Frequently, economic systems do not make provi-
sions for the many, often, intangible values derived from ecological
systems. In this regard it should be noted that ecosystem goods and
services are frequently undervalued in economic systems. Even when
valuation is complete, most environmental goods and services have
the characteristic of ‘public goods’ in an economic sense, which are
difficult to incorporate into markets. Deriving economic benefits is
not necessarily inconsistent with attaining biodiversity conservation
and improvement of environmental quality.

Principle 5: Conservation of ecosystem structure and functioning, in
order to maintain ecosystem services, should be a priority target of the ecosys-
tem approach. The conservation and, where appropriate, restoration of
ecosystem interactions and processes is of greater significance for the
long-term maintenance of biological diversity than simply protec-
tion of species. Given the complexity of ecosystem functioning,
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management must focus on maintaining, and where appropriate
restoring, the key structures and ecological processes rather than just
individual species. However, vulnerable and economically important
species have to be monitored to avoid loss of biodiversity. Manage-
ment of ecosystem processes has to be carried out despite incomplete
knowledge of ecosystem functioning.

Principle 6: Ecosystems must be managed within the limits of their
functioning. There are limits to the level of demand that can be
placed on an ecosystem while maintaining its integrity and capac-
ity to continue providing the goods and services that provide the basis
for human well-being and environmental sustainability.

Principle 7: The ecosystem approach should be undertaken at the appro-
priate spatial and temporal scales. Failure to take scale into account
can result in mismatches between the spatial and time frames of the
management and those of the ecosystem being managed.

Principle 8: Recognizing the varying temporal scales and lag-effects that
characterise ecosystem processes, objectives for ecosystem management should be
set for the long term. Management systems tend to operate at relatively
short time scales, often much shorter than the timescales for change
in ecosystem processes.

Principle 9: Management must recognise that change is inevitable.
Natural and human-induced change in ecosystems is inevitable;
therefore management objectives should not be construed as fixed
outcomes but rather the maintenance of natural ecological processes.
Traditional knowledge and practice may enable better understanding
of ecosystem change and help in developing adaptation measures.

Principle 10: The ecosystem approach should seek the appropriate
balance between, and integration of, conservation and use of biological diversity.
Biological resources provide goods and services on which humanity
ultimately depends. There has been a tendency in the past to manage
components of biological diversity either as protected or nonpro-
tected. There is a need for a shift to more flexible situations, where
conservation and use are seen in context and the full range of measures
is applied in a continuum from strictly protected to human-made
ecosystems.

Principle 11: The ecosystem approach should consider all forms
of relevant information, including scientific and indigenous and local
knowledge, innovations, and practices. Information from all sources
is critical to arriving at effective ecosystem management strategies.
Sharing of information with all stakeholders is equally important.
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Principle 12: The ecosystem approach should involve all relevant
sectors of society and scientific disciplines. The integrated manage-
ment of land, water, and living resources requires increased commu-
nication and cooperation, (i) between sectors, (ii) at various levels
of Government (national, provincial, local), and (iii) among Govern-
ments, civil society, and private sector stakeholders.

The consequences of the ecosystem approach for environmental assess-
ment can be summarised under six headings:

(1) Transparency and stakeholder involvement. The first principle of the
ecosystem approach is of utmost importance to all parties involved in
any decision-making process involving biological diversity (or natural
resources, in general), because it defines in general terms the ‘rules
of the game’. The required transparency of decision making and
involvement of stakeholders at the earliest possible stages of a project
may sometimes be conflicting with confidentiality of strategic infor-
mation. It should be realised that full involvement of stakeholders
provides the best guarantee to avoid problems later on in the process.
Potential miscommunications or real conflicts of interest can be
identified in an early stage and dealt with. Procedures and mecha-
nisms should be established to ensure effective participation of all
relevant stakeholders and actors during the consultation processes
and decision making on management goals and actions (Principle 12).
Government, industry, and civil society have a shared responsibility
to achieve real sustainability.

(2) SEA can deal with layered responsibilities. Principle 2 on subsidiarity
can be related to the so-called tiering in environmental assessment,
where central government develops policies, plans, and programmes
subject to SEA, while lower government and private sector propo-
nents perform project-level environmental and social impact assess-
ments. It is in the interest of the project proponents that a mechanism
for planning and SEA is in place in order to clearly define account-
abilities. Many impacts can be managed at the lowest level, that is, by
a proponent itself, but other impacts that either result from or require
higher-level involvement are beyond the management responsibility
of a proponent.

(3) Wider horizons in time and space/scale issues. Principle 3 clearly states
that impacts work beyond ‘the gate’ and may also surpass the
lifetime of a project. It is the proponent’s responsibility to deal with
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such impacts. Environmental assessment (including environmental
management plans) is the tool to address these issues, at the project
level by a project proponent and at the strategic level by government
authorities. Trade-offs between short-term benefits and long-term
goals in decision-making processes should be taken into account
(Principle 8). A proponent (often private sector) is primarily inter-
ested in the lifetime of a project; political decision making has to
address long-term objectives that create the boundary conditions for
project development. In this respect the private sector has a stake in
proactively seeking policy development at government level in order
to create clarity in responsibilities between proponent and govern-
ment. Similarly in cases where the management responsibility of a
proponent does not cater for the scale of an ecosystem, responsi-
bilities may be combined with other authorities (Principle 7). The
scale at which ecosystems work and may be influenced differ widely.
Climate change works at global level, hydrological changes may work
at river catchment level, but land clearance may only have local conse-
quences, unless it interferes with pathways of, for example, migratory
animals.

(4) Economic values/stakeholders. In its fourth principle the conven-
tion stressed the economic value of ecosystem services. Social
and economic values of ecosystem services should be recognised
and incorporated in impact assessment and resource management
decisions. The translation of ecosystem services into social and
economic values provides a strong tool to identify stakeholders that
need to be involved in the decision-making process. Environmen-
tal assessment cannot be limited to looking at presence of protected
areas or species. Areas with important ecosystem services, not neces-
sarily protected, may also require special management measures
(Principle 10). Broad stakeholder consultation is an important tool
in identifying important biodiversity-related goods and services.

(5) Ecosystem processes. Principle 5 stresses the need to pay more atten-
tion to ecosystem structure and processes, in other words, those
processes that create, structure, and maintain viable ecosystems. In
relatively unknown or complex ecosystems (e.g. tropical rainforests)
this provides an effective means to assess potential impacts of activities,
without exactly knowing the species composition of such ecosystems,
and without losing time and energy on endless species inventories.

(6) Monitoring, adaptive management, and local knowledge. Principle 6 stipu-
lates that ecosystems should be managed within the limits of their
functioning. This principle is similar to the concept of carrying
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capacity. Our current understanding is often insufficient to allow
these limits (or capacity) to be precisely defined. In such circum-
stances a precautionary approach coupled with adaptive manage-
ment is advised (see Box 2.5 on the precautionary principle). In
practice this means that in case of insufficient information, an activ-
ity should only be implemented with continuous monitoring; when
unexpected impacts occur, management should be adapted. Start-
ing at small scale is recommended. Depending on the rigour of the
scoping procedure, impact assessment procedures cater to the precau-
tionary approach; an environmental management plan would have to
define the consequences of adaptive management. The notion that
maintenance of ecological processes is more important than fixed
outcomes (Principle 9) may, in some cases, bear important conse-
quences for the formulation of environmental management plans.
Local knowledge can provide relevant clues as local stakeholders
may provide important insights in the effect of proposed interven-
tions/decisions (Principle 11). Sharing of knowledge is fundamental
for effective stakeholder participation. In some cases the sharing of
classified information may pose difficulties, especially in early stages of
project development. Nevertheless, it is stressed that active sharing
of information and knowledge creates a better basis of trust, a sense
of ownership, and overall support for an activity.

Box 2.5. The precautionary principle

In order to protect the environment the Precautionary Principle shall be
widely applied by States according to their capabilities. Where there are
threats of serious or irreversible damage, lack of full scientific certainty shall
not be used as a reason for postponing cost-effective measures to prevent
environmental degradation. (Rio Declaration, 1992, Principle 15)

Similar texts can be found in the preamble of the Convention on
Biological Diversity (CBD, 1992) and Resolution Conf. 9.24 of the
Convention on International Trade in Endangered Species of Wild
Fauna and Flora (1994).

Simply stated, if we are not sure what is going to happen as a result of
doing something, we should avoid taking any risks. A distinction can
be made between irreversible impacts on biodiversity, which are impacts
that cannot be reversed in time (e.g. the conversion of rainforest into
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degraded rangeland), and irreplaceable losses of biodiversity, being the
total loss of biodiversity (e.g. the extinction of a species). An impact
leading to irreplaceable loss of biodiversity is, by definition, irreversible
(Brownlie et al., 2006).

The Precautionary Principle Project (2005) has drafted guidelines
on how to apply this often challenged principle. Apart from the well-
known, more general principles on public participation, sharing of
information, transparency in decision making, and use of local knowl-
edge, the guidelines provide detailed guidance on the application
of the Precautionary Principle. Some excerpts from the document
follow.

Be explicit: When decisions are made in situations of uncer-
tainty, it is important to be explicit about the uncertainty that is being
responded to, and to be explicit that precautionary measures are being
taken.

Be proportionate: A reasonable balance must be struck between
the stringency of the precautionary measures, which may have associ-
ated costs, and the seriousness and irreversibility of the potential threat.
It should be borne in mind that countries, communities or other
constituencies may have the right to establish their own chosen level
of protection for their own biodiversity and natural resources.

Be adaptive: An adaptive approach is particularly useful in the
implementation of the Precautionary Principle as it does not neces-
sarily require having a high level of certainty about the impact of
management measures before taking action, but involves taking such
measures in the face of uncertainty, as part of a rigorously planned
and controlled trial, with careful monitoring and periodic review to
provide feedback, and amendment of decisions in the light of new
information. Applying the Precautionary Principle may sometimes
require strict prohibition of activities.

This is particularly likely in situations where urgent measures are
required to avert imminent threats, where the threatened damage
is likely to be immediately irreversible (such as the spread of an
invasive species), where particularly vulnerable species or ecosystems
are concerned, and where other measures are likely to be ineffective.
This situation is often the result of a failure to apply more moderate
measures at an earlier stage.

Further reading: The Precautionary Principle Project (2005) and
Peel (2005).
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Identifying relevant biodiversity-related issues
CBD parties must identify activities that are likely to have significant
adverse impacts on the conservation and sustainable use of biologi-
cal diversity and monitor their effects (convention text Article 14).
This requirement asks for biodiversity to be treated similar to the way
that other environmental issues are treated in environmental assessment.
Nevertheless, biodiversity is considered to be a difficult issue in environ-
mental assessment and is treated in a haphazard, inconsistent manner in
spite of the availability of very clear and unequivocal definitions provided
by the CBD. In this chapter, a possible way is provided to single-out the
relevant biodiversity-related issues, based on recent ecological insights,
that need to be studied in an environmental assessment study. It aims at
limiting a study as much as possible to the essentials, because available
time and resources usually are limited in environmental assessment.

This book addresses biodiversity from a human perspective, rather
than a species-based approach and goes far beyond conventional nature
conservation. Understanding human-induced changes in biodiversity and
its impact on humankind, requires understanding of the goods and services
provided by biodiversity as important contributors to human well-being.
The Millennium Ecosystem Assessment (MA) (2003) provided an elabo-
rate conceptual framework using the common denominator ecosystem
services for the goods and services provided by biodiversity. The MA
defines ecosystem services as ‘the benefits that people obtain from ecosys-
tems’. Bröring and Wiegleb (2005: 531) stated that one problem with
this approach is ‘that ecosystem services need not necessarily relate to
diversity measures in terms of species richness’. This reasoning, followed
by many biologists, is based on the simple assumption that more species
is better. This leads to phenomena such as the so-called biodiversity ‘hot
spots’, designed to focus conservation efforts on places on Earth with
high species diversity and endemicity under threat (Myers et al., 2000).
As the hot spots concept became popular and attracted the bulk of conser-
vation funding, people started realising that many other places may also
be important, because even with fewer species ‘hot spots’ provide crucial
services for the maintenance of Earth system. In a shear attempt to refocus
attention, biodiversity ‘cold-spots’ have been proposed by Kareiva and
Marvier (2003). They argue that no one strategy is enough; conserva-
tionists need a way to make explicit trade-offs: ‘Preserving 1,000 species
in a “cold spot” like Montana would be more important than preserv-
ing 1,000 species in a hot spot like Ecuador because in Montana 1,000
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species represents a third of the total, while in Ecuador it represents just
5 percent’.

Ehrlig (2003) provided similar arguments: ‘Even if people succeeded
in preserving a single viable population of every species on earth, the
human race would die out unless it managed to protect the ecosystems
that support broader populations of plants, animals and people too’.

The approach in this book is based on practical experience showing
that recognition and quantification of ecosystem services and the involve-
ment of their stakeholders represent the best opportunity to translate
biodiversity in language understood by decisions makers. Biodiversity
hot spots in this respect provide a very important service by maintaining
high species diversity in certain (limited) areas; other areas may provide
important flood storage, water cleaning, or coastal protection services.
All of these are necessary to keep this world an inhabitable place; this
argument has to be made explicit in the decision making on hundreds
of thousands of planning and investment decisions taken yearly around
the globe and for which environmental assessments have to be carried
out. A focus on maximal species diversity per se simply does not provide
enough arguments, limits the scope of biodiversity to too few places,
and often focuses mitigation efforts on species rescue efforts in stead
of real conservation measures. A more scientific line of reasoning is
provided by Thompson and Starzomski (2006) who state that there
is currently not sufficient scientific evidence to conclude that higher
species diversity always positively contributes to the better functioning
and the stability of ecosystems (see Box 2.6). In other words, there is not
enough scientific evidence to protect species for reason of maintaining
functioning ecosystems. (For a critical evaluation of research efforts in
soil ecology, see Bengtsson, 1998). The recognition of valued ecosys-
tem services at least provides a focus on ecosystems and the need to
maintain or restore processes essential for the creation or maintenance
of ecosystems. There is no doubt that the maintenance of ecosystems
contributes to the conservation of species, even although what may be
adequate in terms of land management for sustaining specific ecosystem
services may not match expectations in terms of conservation (Chan
et al., cited in Ghazoul, 2007). Pyke (2007) calculated that the historic
trend in prioritising protected areas would lead to uneven distributions of
important ecosystem services. This observation highlights the limitations
of the present species diversity–based arguments to identify conserva-
tion priorities and suggests the need for more comprehensive approaches
to planning and prioritizing future land protection. Principle 5 of the
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Box 2.6. Species diversity, the insurance hypothesis,
stability, and resilience

According to the insurance hypothesis, biodiversity insures ecosys-
tems against declines in their functioning, because many species
provide greater guarantees that some will maintain functioning even
if others fail. In a theoretical modelling exercise by Yachi and Loreau
(1999) species richness showed two major insurance effects: a buffer-
ing effect by reducing the temporal variance of productivity and
a performance-enhancing effect by increasing productivity. Three
factors are of main importance: (i) the way ecosystem productivity is
determined by individual species responses to environmental fluctu-
ations, (ii) the degree of asynchronicity of these responses, and (iii)
the detailed form of these responses. In particular a greater variance
of the species responses contributes to the insurance effects. There is
growing evidence that only a few species play a key role in ecosys-
tems, making other species seemingly redundant. However, there is
growing evidence that a large pool of species is required to sustain
the assembly and functioning of ecosystems in landscapes subject to
increasingly intensive land use (Loreau et al., 2001). Species loss may
therefore not be important in terms of the role of that species now, but
rather in terms of that species being available to fulfil a functional role
in a future, changed environment (Thompson and Starzomski, 2006).

Closely linked to this are the terms stability, resilience, and resis-
tance. A stable ecosystem is characterised by the absence of change
and a lack of disturbance. Resistance is the ability of a community
to maintain structure in the face of disturbance. Resilience is the
ability to bounce back after disturbance. There is growing evidence
that alternative stable states exist in communities. A community may
return to the same configuration after a small perturbation but may
shift to a different configuration or equilibrium after a large pertur-
bation (Beisner et al., 2003). The collapse of the Northwest Atlantic
cod stock is a well-known example. Even after years of restricted
fishing the population does not return; most probably the ecosystem
has switched to another stable state and does not bounce back, even
when the driver of change (fishing) has been removed.

Walker et al. (2004) provide a conceptual framework to redefine
resilience for social-ecological systems. This framework goes beyond
the boundaries of traditional ecology and considers the stability dynamics
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of all linked systems to humans and nature. Further elaboration would go
beyond the scope of this book, but the approach definitely provides a
framework to define research questions for the further implementation
of the CBD ecosystem approach. (See, for example, Gunderson et al.,
2006). It changes the focus from ‘seeking desirable states and maximum
sustainable yield to resilience analysis, with a simultaneous focus on
adaptive resource management and adaptive governance’.

ecosystem approach firmly states that the conservation and, where appro-
priate, restoration of ecosystem interactions and processes are of greater
significance for the long-term maintenance of biological diversity than
protection of species. With respect to species Diaz et al. (2006) stated
that

in natural systems, if we are to preserve the services that ecosystems provide
to humans, we should focus on preserving or restoring their biotic integrity in
terms of species composition, relative abundance, functional organisation, and
species number (whether inherently species-poor or species-rich), rather than
on simply maximising the number of species present.

Five categories of ecosystem services are distinguished (see Box 2.7):
(i) provisioning services (harvestable goods), (ii) regulating services
(maintaining natural processes and dynamics), (iii) cultural services
(source of artistic, aesthetic, spiritual, religious, recreational or scientific
enrichment), (iv) carrying services (providing a substrate for human activ-
ities), and (v) supporting services necessary for the production of all other
ecosystem services. Ecosystem services influence human well-being and
thus represent a value for society. Values can be expressed, positively and
negatively, in economic, social, and ecological terms. Understanding the
factors that cause changes in ecosystems and ecosystem services is essential
to the design of interventions that enhance positive and minimise negative
impacts. Such factors are called drivers of change and can be natural or
human-induced. Impact assessment is primarily concerned with human-
induced drivers of change. Chapter 4 provides an extensive elaboration
of the ecosystem services concept and introduces an impact assessment
framework to conceptualise human-induced changes in the interdepen-
dency of humankind and biodiversity, through the recognition of ecosys-
tem services. The rest of this chapter focuses on certain aspects of biodi-
versity which assist us in understanding the causal biological mechanisms
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Box 2.7. Ecosystem services (see Chapter 4 for detailed
elaboration)

Provisioning services are products obtained from ecosystems. A distinc-
tion is made between natural and joint production, i.e. products
harvested from nature with minimal human effort, or produce
obtained with human inputs, such as fertilisers, pesticides, or intense
resource management. There is no clear-cut differentiation between
natural and joint production as many degrees of human intervention
occur.

Regulating services are benefits obtained from the regulation of
ecosystem processes. Examples are chemical transformation, dilution,
sequestration or processing of waste, the dampening of harmful influ-
ences from other components such as flood retention, coastal protec-
tion, or protection against UV by the ozone layer.

Cultural services are nonmaterial benefits people obtain from ecosys-
tems through spiritual enrichment, cognitive development, reflection,
recreation, and aesthetic experiences.

Carrying services are ecosystems that provide space, a substrate, or a
backdrop for human activities. This represents a group of services that
are not recognised independently by the MA, but yet are an important
aspect of the ecosystem services concept. It is best illustrated by river
navigation. Navigation needs water as a substrate; if water depth is
not sufficient a ship will not be able to proceed. Yet, a ship does, in
principle, neither influence the quantity nor quality of water.

Supporting services are those services that are necessary for the
production of all other ecosystem services. They differ from all the
other services in that their impacts on people are either indirect or
occur over a very long time. For example, soil formation processes
usually play on a time scale which humans cannot oversee; yet they
are closely linked to the provision service of food production.

through which drivers of change have an effect on biodiversity and
consequently influence ecosystem services provided by biodiversity.

Direct drivers of change are human interventions (activities) result-
ing in biophysical and social/economic effects with known potential
impacts on biodiversity and associated ecosystem services. As also shown
in the subglobal assessments of the Millennium Ecosystem Assessment
(Capistrano et al., 2005), the probability that such impacts on
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Box 2.8. Biophysical effects known to act as potential
drivers of change (Slootweg et al., 2006)

� Land conversion: the existing habitat is completely removed and
replaced by some other form of land use or cover. This is the
most important cause of loss of biodiversity.

� Fragmentation by linear infrastructure: roads, railways, canals, dikes,
powerlines, and so forth affects ecosystem structure by cutting
habitats into smaller parts, leading to isolation of populations.
A similar effect is created by isolation through surrounding land
conversion. Fragmentation is a serious reason for concern in areas
where natural habitats are already fragmented.

� Extraction of living organisms is usually selective since only few species
are of value, and leads to changes in species composition of ecosys-
tems, potentially upsetting the entire system. Forestry and fisheries
are common examples.

� Extraction of minerals, ores, and water can significantly disturb the area
where such extractions take place, often with significant downstream
and/or cumulative effects.

� Wastes (emissions, effluents, solid waste), or other chemical, thermal,
radiation, or noise inputs: human activities can result in liquid,
solid, or gaseous wastes affecting air, water or land quality. Point
sources (chimneys, drains, underground injections) as well as diffuse
emission (agriculture, traffic) have a wide area of impact as the pollu-
tants are carried away by wind, water, or percolation. The range of
potential impacts on biodiversity is very broad.

� Disturbance of ecosystem composition, structure, or key processes:
this will be treated in more detail in the following section.

biodiversity actually occur depends on local circumstances that should
be part of an impact assessment study. Box 2.8 lists direct drivers of
change.

Some social effects can also be considered to be direct drivers of change
as they are known to lead to one of the above-mentioned biophysical
changes. A nonexhaustive list of categories of social effects is provided in
Box 2.9. An example is provided by UNEP (2006) where areas for the
location of refugee camps in Liberia were subjected to a vulnerability
assessment – vulnerability was based on the ecosystem services provided
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Box 2.9. Social effects known to act as potential drivers of
change (based on Schooten et al., 2003, reproduced from
Slootweg et al., 2006)

� Population changes due to permanent (settlement/resettlement),
temporary (temporary workers), seasonal in-migration (tourism),
or opportunistic in-migration (job-seekers), usually lead to land
occupancy (land conversion), pollution and disturbance, harvest of
living organisms, and introduction of nonnative species (especially
in relatively undisturbed areas).

� Conversion or diversification of economic activities: especially in economic
sectors related to land and water, diversification will lead to inten-
sified land use and water use, including the use of pesticides and
fertilisers, increased extraction of water, introduction of new crop
varieties (and the consequent loss of traditional varieties). Change
from subsistence farming to cash crops is an example. Changes
to traditional rights or access to biodiversity goods and services
fall within this category. Uncertainty or inconsistencies regard-
ing ownership and tenure facilitate unsustainable land use and
conversion.

� Conversion or diversification of land use: for example, the enhancement
of extensive cattle raising includes conversion of natural grassland
to managed pastures, application of fertilisers, genetic change of
livestock, and increased grazing density. Change to the status, use,
or management of protected areas is another example.

� Enhanced transport infrastructure and services, and/or enhanced (rural)
accessibility; opening up of rural areas will create an influx of people
into formerly inaccessible areas.

� Marginalisation and exclusion of (groups of ) rural people: landless rural
poor are forced to put marginal lands into economic use for short
term benefit. Such areas may include erosion sensitive soils, where
the protective service provided by natural vegetation is destroyed by
unsustainable farming practices. Deforestation and land degradation
are a result of such practices, created by nonequitable sharing of
benefits derived from natural resources.
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by the receiving environment, and the resettlement of displaced people
was the direct driver of change.

Indirect drivers of change are societal changes which under certain condi-
tions may influence direct drivers of change, ultimately leading to impacts
on biodiversity and associated ecosystem services. These drivers will be
further elaborated in Chapter 7 on strategic environmental assessment.

Aspects of biodiversity provide focus to describe impacts
When we study the impacts of human interventions on biodiversity, there
is a great need to focus studies on the right research questions. Because
biodiversity is a complex phenomenon, studies can easily get out of hand
and fail to provide the necessary answers. Therefore an expert judgement
approach is provided which should guide the impact assessor into the
right direction. It is important to realise that in environmental assessment
it may not be needed to provide detailed quantitative information on
the nature and magnitude of the impacts of human intervention on
biodiversity. Often the very fact that important ecosystem services might
be affected already leads to the search for alternative solutions to avoid
these expected impacts. The probability of such impacts occurring can
be assessed by the following sequence of steps: first, define the spatial and
temporal range of influence of drivers of change expected to result from
a proposed activity; second, identify the ecosystems within this range;
third, an ecologist defines for each ecosystem under influence of a driver
change, what level of diversity is affected (genetic, species, ecosystem)
and whether it affects one of the following aspects of biodiversity:

� Composition: what is there and how abundant is it. This is the most
commonly known and used aspect of biodiversity. Composition can be
described in terms of (i) genetic variability within a species or between
populations of a species, (ii) diversity of species expressed in a variety
of different diversity indices, and (iii) diversity in types of ecosystems.

� Structure (or pattern): how are biological units organised in time
and space. Structure is multidimensional and relates to spatial (horizon-
tal and vertical) and temporal patterns in the organisation of biolog-
ical diversity. Although the structure aspect applies to all three levels
of biodiversity, in the practice of environmental assessment structure
usually relates to ecosystem level of diversity and in cases where critical
species are studied at the population and habitat level. Many concepts
from ecology fall under this heading. Some of these will be discussed in
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some detail: connectivity, scale, pattern, foodweb, functional groups,
and keystone and foundation species.

� Key processes: what physical, biological, or human processes are of
key importance for the creation and/or maintenance of biodiversity.
A key process can be any physical, biological, or human factor of
critical importance for the creation and/or maintenance of biodiver-
sity. For each ecosystem one or a limited number of key processes
can be defined. When a driver of change affects a key process there
is serious reason to believe that such a driver of change will lead
to changes in biodiversity and consequently may alter the ecosystem
services provided by this biodiversity.

Noss (1990) described three components of biodiversity: composition,
structure, and ecosystem function. LeMaitre and Gelderblom (1998) used
these components of biodiversity to evaluate the performance of environ-
mental assessments. They concluded that composition was about the only
component being studied in assessments. Their review suggested

that many people perceive biodiversity as the diversity of species and ecosystems
without appreciating the significance of functional components. For example,
transformation of a natural area is commonly perceived to be simply loss of that
patch unless rare species or habitat (composition) are located in that patch; the
fact that the loss may increase fragmentation or decrease connectivity in natural
systems, or disrupt ecosystem services significantly is overlooked.

They suggested to design scoping for biodiversity impacts based on
these components of diversity, to be carried out by experts, with peer
review to verify the correctness of scoping. The Netherlands Commis-
sion for Environmental Assessment (2001) adopted this approach to
draft the first CBD guidelines on biodiversity in impact assessment
(CBD, 2002), by providing an ‘issues table for scoping on biodiversity’ (see
Table 2.1).

The table differs from the original publications by Noss (1990) and
LeMaitre and Gelderblom (1998) by following the CBD distinction in
three levels of diversity, leaving out the landscape level of diversity for
reasons explained earlier. The word ‘component’ is being replaced by
‘aspect’, because ‘component’ often leads to confusion with products
derived from biodiversity, or sometimes even with the levels of diversity.
Furthermore, developments in ecology made it necessary to rename the
‘function’ aspect the ‘key-process’ as explained on the next page.
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Table 2.1 Issues table for scoping on biodiversity.

Levels of Diversity

Aspects of diversity Genetic Species Ecosystem

Composition Minimal viable
population
(inbreeding/
genetic erosion)

Rarity/abundance
Conservation
status (threat)
Endemic/exotic

Ecosystem diversity

Structure/pattern Dispersal of
natural genetic
variability (e.g.
spatial division
between
subspecies)

Alpha, beta, and
gamma diversity

Minimal area
needed

Foodweb
Functional groups
Distribution and

abundance
Stepping stones for

migratory
animals

Regular (seasonal,
lunar, tidal,
diurnal) and
irregular rhythms

Patchy or
continuous
(gradients)

Connectivity
(horizontal)

Layers/
stratification
(vertical)

Linkages with other
ecosystems
(support services)

Regular (seasonal,
lunar, tidal,
diurnal) and
irregular rhythms

Key process Exchange of
genetic material
between LMOs
and wild
ancestors or
local cultivars

Keystone species
Foundation species

Key processes
(different for
each ecosystem)

Composition: what there is and how abundant it is (see Box 2.10)

Even although it is in many cases relatively easy to establish a relation-
ship between human activities and their potential impact on biodiver-
sity composition, a major problem remains in the determination of the
ultimate effect that this may have on the functioning of an ecosystem as
a whole (Thompson and Starzomski 2006, Loreau et al., 2001, Cardinale
et al., 2006) and in the ecosystem services provided by these ecosystems.
Few empirical studies demonstrate improved functioning of ecosystems
at high levels of species richness. Theoretical models predict that species
richness beyond the first few species does not typically increase ecosystem
stability. The reason for this is that most communities are characterised
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by strong dominance, such that a few species provide the vast major-
ity of the community biomass. However, due to the rapid turnover of
species higher diversity may lead to maximum stability, but this has hardly
been investigated (Swartz et al. 2000). Nevertheless, when dealing with
protected or highly valued species, habitats, or landscapes, the effects of
human drivers of change on composition provides a valid entry point to
focus impact studies.

Box 2.10. Examples of how human activities affect
biodiversity by changing the composition

� Genetic diversity: introduction of genetically modified organisms
creates the possibility that these organisms interbreed with wild
ancestors, thus introducing modified genes into the wild. On 29
January 2000, the Conference of the Parties to the Convention
on Biological Diversity adopted a supplementary agreement to the
Convention known as the Cartagena Protocol on Biosafety. The
Protocol seeks to protect biological diversity from the potential risks
posed by living modified organisms resulting from modern biotech-
nology. It establishes an advance informed agreement procedure for
ensuring that countries are provided with the information necessary
to make informed decisions before agreeing to the import of such
organisms into their territory. The Protocol contains reference to
a precautionary approach. The Protocol also establishes a Biosafety
Clearing-House to facilitate the exchange of information on living
modified organisms and to assist countries in the implementation
of the Protocol (CBD, 2000c).

� Species diversity: One of the most important impacts on species
diversity is caused by the (often deliberate) introduction of alien
(nonindigenous) species turning into invasive species, outcompet-
ing indigenous species. The list of examples is without end; some
famous examples are the rabbit in Australia, rats on Polynesian
islands, South American water hyacinth invading waterways around
the world, or the rapid spread of disease organisms by human activ-
ities causing, for example, outbreaks of West Nile virus or avian
flu. An example of local impact on species diversity is provided by
logging, leading to a selective removal of a few species of trees, thus
influencing the species composition of the forest. If the ecosystem
is a tropical rainforest, characterised by high species diversity, the
changed species composition may not have a significant impact on
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the functioning of the forest ecosystem (unless the exploited species
perform key functions), but it may lead to a total disappearance
of the exploited species since the remaining specimens may suffer
from reproductive isolation. Furthermore, species depending on this
tree species will also disappear. If the ecosystem is a species-poor
temperate forest, removal of one species alters the composition in
such a way that the entire ecosystem is threatened.

� Ecosystem diversity: wetlands are among the most rapidly disappear-
ing ecosystems, as these flat and often fertile soils are converted
for agriculture (floodplains) or aquaculture (mangroves). Ecosys-
tem services provided by these wetlands for the maintenance of
the surrounding area are lost, for example, fish breeding on flood-
plains to stock the entire river system, or coastal protection by
mangroves to protect hinterland from storm surges (or tsunami!).
The changed ecosystem diversity has an important impact on the
remaining ecosystems.

Structure: how biological units are organised in time and space

Structure is a multifaceted aspect having a spatial and temporal dimension.
Spatial structure refers to distribution patterns of populations of species,
or ecosystems (e.g. patchy or continuous). Apart from this horizontal
pattern, a very visible expression of structure is the vertical stratifica-
tion of multilayered forests. Vertical structure is related to strong vertical
differentiation of physical parameters, such as penetration of light, local
temperatures (thermocline), or oxygen (stratification). In primary tropi-
cal rainforests up to five layers are distinguished (soil, weeds, shrubs,
trees, emergent trees). Each layer has its own communities of plants and
animals. Disturbance of this structure by human interventions will lead to
a change in physical parameters, which will alter the local habitat condi-
tions. For example, the removal of trees increases the penetration of light
to lower layers of a forest, usually leading to a shift in species compo-
sition. Temporal structure is reflected by regular or irregular patterns in
events occurring over time (see Box 2.11). Most species and ecosystems
are adapted to cyclic phenomena, such as seasonality (summer–winter or
dry–wet season in relation to breeding, flowering, migration, hiberna-
tion, etc.), tidal rhythm (mangroves, mudflats), diurnal rhythm (daytime
and nocturnal animals/flowers), or lunar cycles (Chaoborus mosquitoes
appearing at full moon). Some species or ecosystems may even be
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Box 2.11. Avoiding impacts on biodiversity linked to
temporal structure

Proposed dredging activities in the Wadden Sea, an internationally
important tidal wetland area in Northwestern Europe, coincided with
the reproductive season of oysters and mussels. Both bivalve species
are of economic importance for fisheries and of ecological importance
because they represent an important source of food for shorebirds.
The area is the major stopover for millions of migratory birds along
the East Atlantic flyway. In autumn birds fatten here before flying the
long stretch to their wintering areas in West Africa. The turbidity
caused by the dredging would cause massive death of young bivalves.
Rescheduling of the dredging activities to a later season was enough
to avoid great ecological and economic damage (Kolhoff, personal
communication).

dependent on irregular phenomena, such as prolonged drought, erratic
floods, or fire (Netherlands Commission for Environmental Assessment,
2001). The ecological concept of succession falls under this heading.
Ecosystems are often characterised by a gradual, and to a certain extent
predictable, change in species composition over time, driven by inter-
nal (autogenic succession) or external factors (allogenic succession).
Internal processes relate to biological processes that gradually change
local conditions. Examples of external processes are sea level rise or
volcanic activity. Primary succession occurs in areas where no living organ-
isms were present before; secondary succession occurs when the original
ecosystem has been destroyed or seriously degraded. Succession leads
to a stable climax situation, although major disturbances, such as fire,
floods, or hurricanes, often put an ecosystem back to an earlier stage of
succession.

A structure-related aspect of special importance is connectivity (see
Box 2.12). With increasing fragmentation of ecosystems and habitats
due to human activities, the movement of organisms and exchange of
genetic material is increasingly hampered, threatening the survival of
many species. Connectivity refers to the arrangement of patches on the
landscape and the ability of organisms to use those patches (Linden-
mayer, 1994). If a species of wildlife cannot travel between patches, then
those patches are considered disconnected. It is difficult to exactly define
specifications for connectivity. Connectivity requirements for species may
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Box 2.12. Restoring connectivity: the National Ecological
Network of the Netherlands (Kolhoff and Slootweg, 2005).

The approval of the EU bird directive in 1979 was the occasion that
marked the actual start of national planning of biodiversity conserva-
tion areas, as 50,000 hectares of important bird areas had to be demar-
cated. In 1990, the first edition of the National Nature Policy Plan
launched the concept of establishing a National Ecological Network
(NEN). The aim of the NEN, being a network of protected areas, is to
secure the maintenance of biodiversity in the Netherlands. Measures
include (i) the enlargement of existing biodiversity conservation areas
by converting 280,000 hectares of agricultural lands, (ii) restoring
environmental quality and (iii) creating coherence and connectivity
through a system of corridors between biodiversity conservation areas.
This network has to be realised over a period of 30 years by using the
local-level spatial plans. In 2000, the European Union launched a plan
for establishing a similar network of conservation areas in the EU,
known as Natura 2000.1

vary from the availability of stepping stones along the flyway of migra-
tory waders or the absence of barriers in the migration route of salmons,
spanning large sections of the globe, to connectivity of patches inhabited
by soil invertebrates with a range of movement of less than 100 metres.
Connectivity in relation to plant dispersal is even more complex and
relates to seed dispersal strategies through the action of gravity, wind,
water, and/or animals. Consequently, it is difficult to extrapolate from
individual species connectivity requirements to general rules. However,
it is known that fragmentation, the opposite of connectivity, is a major
cause of loss of biodiversity. In the planning of linear infrastructure or
hydro-engineering works a common measure to mitigate fragmenta-
tion is to restore connectivity by means of constructed wildlife bypasses
(‘ecoducts’) over or under major roads, fish passages around weirs, and
so forth (see Box 2.12).

Scale is a complicating issue in relation to all biodiversity-related
studies, in the spatial as well as the temporal sense (see Box 2.13). ‘The
scale at which an assessment is undertaken significantly influences the
problem definition and assessment results, as well as the solutions and

1 http://ec.europa.eu/environment/nature/index en.htm.

http://ec.europa.eu/environment/nature/index_en.htm
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Box 2.13. Species diversity and scale

An interesting phenomenon observed in studies on alpha diversity is
the relationship between human presence and species richness. It has
been observed that species richness is higher with increased human
presence. Explanations range from the diversifying effect of human
activities on the environment, the choice of humankind to settle in
biodiversity-rich areas, or the increased introduction of exotic species
in the neighbourhood of humans. More strikingly the correlation
coefficient between human presence and species richness is positively
related to study grain and extent (larger areas with larger observation
plots show a stronger relation between species diversity and human
presence). The correlation becomes negative below a study grain of
1 km and an extent of 10,000 km2 (on small areas with small obser-
vation plots human presence is negatively related to species diversity)
(Pautasso, 2007).

Gabriel et al. (2006) studied farming system and species diversity
of associated weeds in farmland at three scale levels by comparing
different plots in a field, different fields in a region, and different
regions. They showed that total observed species richness was mainly
explained by beta diversity between fields (37%), to a lesser degree
between regions (25%), and less so between plots (16%). In normal
language, different agricultural fields in one region show the greatest
dissimilarity in associated weeds, thus contributing most to overall
species richness.

These two examples show that species diversity in itself is not as
simple a measure for biodiversity as often suggested in environmental
assessment studies. The first study shows that depending on the grain
size or extent of a study, the relation between human presence and
species richness can be positive or negative. The second study shows
that having fields with many species is not necessarily providing the
most diversity; on the contrary having dissimilar fields contributes
more to overall species diversity. Selecting the proper method of inven-
tory consequently needs careful consideration.

responses selected’ (Capistrano et al., 2005). It is, for example, of no use
to study the biodiversity effects of climate change when doing an impact
assessment for one thermal powerplant; this is typically an issue when
studying the impact of a national energy policy which sets the boundary
conditions for individual powerplants to be constructed under this policy.
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Global, regional, and local factors influence biodiversity. The impacts of
climate change on species distribution may be studied at global or regional
level; at local level however, microclimatic conditions probably are of
greater influence on the local dispersal of species. In time, similar scale
issues can be recognised; ecosystem changes that may have little impact
on ecosystem services and human well-being over days or weeks (soil
erosion for instance) may have pronounced impacts over years or decades.
Assessments need to be conducted at spatial or temporal scale appropri-
ate to the process or phenomenon being examined. Similarly, ecological
processes have certain spatial requirements which can work at entirely
different scales. De Villiers et al. (2005), for example, recognise scales at
which ecological processes may work from five hectares for some special-
ist pollinator relationships to plant–herbivore processes for megaherbi-
vores at a scale up to one million hectares. Scale issues are defined by
grain size (finest level at which observation are made) and extent (total
surface area and time horizon of studies). Nature has fine grain and large
extent. Assessments done over large areas or over a prolonged period of
time usually have coarser resolutions, easily overlooking processes at a
finer resolution.

Patterns show that composition and structure are very intimately
linked; some important aspects, specified below, can hardly be assigned
to one or the other category. Watt (1947) in a groundbreaking publi-
cation proposed a distinction between process and pattern. Recently,
some authors have suggested combining composition and structure again
under the heading ‘pattern’ (LeMaitre, personal communication; Brown-
lie, 2005a, Brownlie et al., 2005).

Foodweb structure and interactions shape the flow of energy and the distri-
bution of biomass. Changes in the foodweb have immediate repercussions
for the functioning of the entire system. In this context Diaz et al. (2006)
used the term vertical diversity to describe the diversity in trophic relations
in the food pyramid (trophic levels). (The term ‘vertical’ is not used here
in its literal meaning of a recognisable pattern of layers). Foodweb has
direct linkages with functional groups. A functional group is a group of
species linked to the same ecosystem process, often in relation to food
web. They basically have the same ‘job’, such as decomposing, or nitrogen
fixation, and so forth. For example, the introduction of the predatory
exotic Nile perch in Lake Victoria has upset the entire ecosystem by
eradicating a functional group of specialised cichlid fish species that feed
on algae, leading to a turbid and locally deoxygenised lake (Ligtvoet and
Witte, 1991; Goldschmidt, 1998). The definition of functional groups
and the measurements of functional diversity in an ecosystem are seen
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by some as the most useful and efficient ways to link biodiversity to
the functioning of ecosystems (Bengtsson, 1998; Tilman et al., 1997).
Functional groups can also be based on nontrophic relations. Common
examples are ecosystem engineers, such as earthworms, termites, or ants
(Folgarait, 1998). Hooper et al. (2005) in a review of current knowledge
concluded that

ecological experiments, observations and theoretical developments show that
ecosystem properties depend greatly on biodiversity in terms of the functional
characteristics of organisms present in the ecosystem and the distribution and
abundance of those organisms over space and time. Species effects act in concert
with the effects of climate, resource availability and disturbance regimes in
influencing ecosystem properties.

Some species singularly represent a given functional group. These
species are referred to as keystone species. Keystone species have a large
impact on communities or ecosystems (Bengtsson, 1998).2 The usual
addition is that the species has a disproportionate effect on its environ-
ment relative to its abundance, although there is no agreement on the
definition of abundance. A limited change in numbers of individuals
has disproportional effects on the entire system. Classical examples are
the giant sea otter in kelp fields, elephants on African savannahs, starfish
in intertidal zones, and beaver in some freshwater habitats. Concep-
tually closely related to keystone species are foundation species, which are
dominant primary producers in an ecosystem both in terms of abundance
and influence. According to Bengtsonn’s definition, both keystone and
foundation species are lumped because of a lack of clear definitions. It
will be clear that any human action expected to affect such species will
trigger the ‘biodiversity alarm’ during an environmental assessment.

Key processes: processes of key importance for the creation and/or
maintenance of ecosystems

In the publications by Noss (1990) and LeMaitre and Gelderblom (1998)
reference was made to ‘ecosystem function’. However, the concept
of ecosystem function has become rather diffuse and definitions are

2 A keystone is the topmost stone in a roman arch holding both sides of the arch in
place but receiving the least pressure: the funny thing about a keystone is that it is
probably the only stone one can take from an arch and still have a chance the arch
will remain (relatively) intact. One can dispute the choice of the word to describe
an opposite phenomenon: the collapse of an entire ecosystem when removing the
keystone species.
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indecisive or even contradictory on whether external and nonbiological
processes are part of it or not. The relationship between biodiversity and
ecosystem functioning has emerged as a central issue in ecological and
environmental sciences during the last decade (Loreau et al., 2001) creat-
ing considerable academic dispute and controversy. Noss (1990) defined
function as ‘ecological and evolutionary processes, including gene flow,
disturbance, and nutrient cycling’. This definition leaves room for biolog-
ical as well as physical processes; physical processes are largely overlooked
in the literature on ecosystem function, although Risser (1994) stressed
the importance of abiotic interactions as key structuring processes. The
‘Ecosystem Valuation’ website3 describes functions as ‘the biophysical
processes that take place within an ecosystem. These can be charac-
terized apart from any human context (e.g. fish and waterfowl habitat,
cycling carbon, trapping nutrients)’.

Fishbase4 describes ecosystem function as ‘an intrinsic ecosystem
characteristic related to the set of conditions and processes whereby an
ecosystem maintains its integrity (ex: primary productivity, food chain,
biogeochemical cycles, etc.)’.

The ‘Biodiversity and Ecosystem Function Online’ website5 provides
a dual definition: ‘(i) the collective intraspecific and interspecific inter-
actions of the biota, such as primary and secondary production and
mutualistic relationships”; and (ii) “the interactions between organisms
and the physical environment, such as nutrient cycling, soil development,
water budgeting, and flammability’.

Usher (personal communication) defines two overarching functions:
production (starting a food chain with fixation of solar energy) and
decomposition (breakdown of all material). All ecosystem functions can
be deducted to these two functions. Taking a quick look at experimen-
tal research into the linkage between species diversity and ecosystem
function there is a narrow focus on the effects of (manipulated) species
diversity on aggregate biomass (standing stock) and resource depletion
(see, for example, a meta-analysis of 111 experiments by Cardinale
et al., 2006) which is not of much use when assessing human influence
on biodiversity. Being indecisive on the inclusion of physical processes
makes the concept difficult to use; moreover, the essential role of humans

3 www.ecosystemvaluation.org/Indicators/economvalind.htm#introdef (last accessed
June 2007).

4 www.fishbase.org/Glossary/Glossary.cfm?TermEnglish=ecosystem%20function (last
accessed June 2007).

5 www.abdn.ac.uk/ecosystem/bioecofunc/intro.htm (last accessed June 2007).
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in the maintenance of certain ecosystems is totally ignored. For example,
in Europe the creation and maintenance of alpine meadows, heather
land, or nutrient-poor and species-rich grasslands is fully dependent on
grazing by livestock, a practice introduced by humans several centuries
ago.

In order to avoid a lengthy conceptual discussion on the use of the
term ecosystem function, the term key process is proposed as a tool to
assess how drivers of change may affect biodiversity. In this respect Risser
(1994) is followed. Risser calls for

a strategy to simplify the myriad potential relationships between biodiversity and
ecosystem function and to identify the most important of these.

Silver et al. (1994) provide a similar vision and have suggested the use
of the term key function. A key process can be any physical, biological,
or human factor of critical importance for the creation and/or mainte-
nance of biodiversity. When a driver of change affects a key process
there is serious reason to believe that such driver of change will lead
to changes in biodiversity, and consequently may alter the ecosystem
services provided by this biodiversity. It is argued that, based on expert
or local knowledge, for each ecosystem one or a limited number of
critically important key processes can be defined. (See, for example, the
outstandingly elaborated ecosystem guidelines for environmental assess-
ment by De Villiers et al. (2005), describing ‘key ecological drivers’
for maintenance of various ecosystems in the Cape Floristic Region).
Knowledge of these key processes provides us with the knowledge to
predict in a relatively easy manner, potential negative consequences of
human activities on biodiversity, also in the case of incomplete knowl-
edge. Box 2.14 provides some elaborate examples; Table 2.2 provides a
tentative list of key processes.

The challenge: linking impacts on biodiversity to
ecosystem services
The issues table for scoping (Table 2.1) disappeared from the 2006 CBD
guidelines on biodiversity in impact assessment (CBD, 2006) as it was
considered conceptually too complex for a guidelines document. It does
however provide a tool to determine which issues need to be studied
in an environmental assessment. The table is not intended to expand
the workload, but rather to provide a selection mechanism to determine
which issues are most relevant to study. For example, if an activity leads
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Box 2.14. Examples of key processes

Abiotic/physical process
The damming of a river results in reduced discharge of sediments in
the river’s estuary. The sediment balance in the estuary is upset, causing
massive erosion of the mangrove ecosystem, in its turn reducing the
numbers of fish and shellfish that breed in the mangroves, and thus
decreasing the numbers of wader birds that prey upon these organisms,
and so forth. The physical effect of reduced sediment discharge in the
estuary affected the key process of maintaining a delicate balance in
sediment deposition and removal in an estuarine mangrove ecosystem.

Biotic process
A man-made wetland in the Netherlands has, unintendedly, become a
Ramsar site of international importance, due to the presence of tens of
thousands of wintering geese that have stopped the succession of wet
reedlands into dry shrubland. By intensive grazing, the shallow open
water did not get a chance to grow over, and peat formation largely
stopped. The intended conversion of the area into a business park has
been cancelled and it has become a national reserve. (The intended
biophysical effect, creation of new land, was effectively stopped by
geese, thus creating a new ecosystem due to the introduction of a key
process.) (See picture at back cover)

Human process
Agriculture has for centuries been one of the key processes in
European mountain areas creating new ecosystems, first valued for
its productive services (predominantly lifestock) but more recently
highly valued for its rich plant and animal diversity. Declining agricul-
ture in these remote areas (economic drivers) results in the loss of this
diversity as ‘natural’ succession turns these areas back into relatively
species-poor forested areas. The need for a sustainability assessment
was triggered by this perceived loss of biodiversity. (Sheate, 2003;
Sheate et al., 2008).
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Table 2.2 Examples of key processes in the formation and/or maintenance of
ecosystems (adapted from Koning and Slootweg, 1999).

Key ecological processes Relevant for ecosystems

Soil-surface stability and soil processes Lowland dryland rainforest, montane
tropical forest, coniferous montane
forest, coastal dunes

Soil erosion patterns due to wind Coastal dunes, degraded land
Soil erosion patterns due to water Desert, coastal dunes, degraded land
Erosion patterns of upland area and

riverbed
Upper, middle, and lower course of

rivers and streams
Erosion patterns of soil and vegetation

due to wave action
Rocky coastlines and beaches, freshwater

lakes, mangroves, and sea grass beds
Sedimentation patterns Middle and lower course of rivers,

floodplains, estuary, tidal flats,
mangrove

Replenishment of sand due to up drift
sources

Beaches, tidal flats, mangroves

topography and elevation due to wind
erosion

Desert

Local climate (temperatures)
determining plant available moisture

Desert, rocky coastline

Seasonal drought/desiccation patterns
determining plant available moisture

Deciduous forest, nonforested
mountains, savannah, steppe, desert

Seasonal hydrological situation
(evaporation, water quantity, water
quality, and current/velocity)

Beaches, rivers, and streams, freshwater,
saline, or alkaline lakes, reservoirs

Tidal influence (tidal rhythms, tidal
range, and tidal prism)

All coastlines, estuary, lagoon, tidal flat,
mangrove, sea grass beds,

Permanent waterlogged condition of the
soil

Peat swamp

Salinity levels and/or brackish water
gradient

Lowland river, saline lakes, estuary,
mangrove, sea grass beds, coral reef

Water depth, availability of sunlight,
and/or thermocline stability

Freshwater lake and reservoirs, coral
reef, coastal sea

Regional groundwater flow and
groundwater table (source or sink
function of landscape)

Freshwater marsh or swamp, saline, or
alkaline lakes

Flooding patterns (frequency, duration) Tropical flooded forest, floodplain,
freshwater swamp or marsh, mangrove

Hydrological processes (vertical
convection, currents and drifts,
transverse circulation)

Coral reef, coastal sea, open (deep) sea

Biological processes in the root system All dryland forests
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Table 2.2 (cont.)

Key ecological processes Relevant for ecosystems

Protection of soil humus layer by
vegetation cover

Lowland tropical rainforest

Canopy density determining light
intensity and humidity

Lowland tropical rainforest, deciduous
forest

Plant-dependent animal reproduction Lowland tropical rainforest
Animal-dependent plant reproduction Lowland tropical rainforest
Grazing patterns by herbivorous

mammals
Savannah, steppe (grasslands), tropical

flooded forest, floodplain, freshwater
swamps or marsh

Grazing patterns by herbivorous birds Freshwater lake, floodplain, tidal flat
Grazing patterns by herbivorous fish Freshwater lake, floodplain
Grazing patterns by herbivorous marine

mammals
Sea grass beds

Seed dispersal due to water Mangrove
Seed dispersal by animals (birds,

primates)
Lowland tropical rainforest, tropical

flooded forest, freshwater swamp or
marsh

Pollination due to environmental factors
(e.g. wind)

Deciduous forest, mangrove

Pollination by animals (insects, birds,
mammals)

Lowland tropical rainforest, montane
tropical forest, deciduous forest,
mangrove

Production of pelagic and benthic
organisms

Saline or alkaline lake or marsh, estuary

Primary production by phytoplankton Saline or alkaline lake or marsh, coastal
sea, open sea

Nutrient inflow due to environmental
factors (i.e. water run-off, drainage)

Upper and middle course of rivers,
freshwater lake, tropical flooded
forest, tidal flat, sea grass bed

Nutrient input by animals
Nutrient cycling due to water

movement/rainfall
Nonforested mountains, lagoon

Nutrient cycling due to fire Savannah, steppe
Nutrient cycling by juvenile fish Tidal flat, mangrove
Nutrient cycling by arthropods/insects Lowland tropical rainforest, savannah,

steppe
Nutrient cycling by invertebrates

(earthworms, bivalves, starfish, crabs,
shrimp)

Montane tropical forest, deciduous
forest, coniferous montane forest,
rocky coastline, lagoons, tidal flat,
mangrove, coastal sea, open sea

Nutrient cycling by fungi and bacteria Deciduous forest, savannah, steppe
Nutrient cycling by filter feeders Coral reef
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Table 2.2 (cont.)

Key ecological processes Relevant for ecosystems

Gallery forest structure providing shade
and nutrient input

Upper course of river

Disruption of vegetation structure due
to fire

Lowland tropical rainforest, montane
tropical forest, deciduous forest,
savannah, steppe, tropical flooded
forest, floodplain

Disruption of vegetation structure due
to storms/hurricanes/cyclones

Lowland tropical rainforest, deciduous
forest, coniferous montane forest,
(coconut) beaches, mangrove

Disruption of vegetation structure due
to Wave action

(Coconut) beaches, mangrove

Disruption of vegetation structure due
to land slides/mud flows

Montane tropical forest, coniferous
montane forest, nonforested
mountains

Disruption of vegetation structure by
animals (herbivores)

Savannah, range land, sylvi-pastoral
associations

Peat building by decaying vegetation
(accumulation rates vs. decomposition
rates)

Peat swamp

Dynamics of sedimentation, accretion,
and grazing of the coral skeleton

Coral reefs

Predation of coral polyps by starfish and
fish (parrotfish, butterflyfish), and
smothering of coral polyps

Coral reefs

to the selective removal of some tree species from a forest the impact will
work through the composition aspect. Research effort should go into
the distribution of these species in the forest to establish its conservation
status and the level of exploitation it can sustain. In some cases structural
aspect may have to be taken into account, or the species may act as a
foundation or keystone species. Other aspects of diversity do not have to
be studied in detail (such as a complete species inventory of the forest).
In another case the seasonal flooding of an area may be altered by human
intervention; the effect of this driver of change works through tempo-
ral structure; flooding will, for some ecosystems, also be a key process.
Again, expert judgement can provide a rapid means to focus studies on
the relevant issues. Impacts can be identified and described to a level
of detail often sufficient for environmental assessment without having a
complete description of the biodiversity. If an intervention is expected
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to result in changes of composition, structure, or key processes, there is
a serious reason for concern and further studies can be focussed on this
expected change. Especially for areas where available data on biodiver-
sity is limited, this approach had the advantage of focussing costly data
collection efforts on the relevant aspect of biodiversity (and thus avoiding
lengthy descriptive studies of all biodiversity aspects in the intervention
area). It will be clear that the issues Table 2.1 is a first attempt to produce
the ultimate table. The ecological literature is presently expanding at a
rapid pace, providing relevant information for most biomes in the world.
One of the main challenges is to describe the processes of key impor-
tance for the maintenance of ecosystems. This will provide a strong tool
to reduce uncertainty on the probability of significant impact occurring
as a result of human interventions.

One of the biggest challenges in ecology nowadays is to find the precise
linkages between biodiversity and ecosystem services. The Millennium
Ecosystem Assessment already stressed the fact ‘that the impacts of biodi-
versity changes on ecosystem services are still poorly understood. Even
where knowledge is better, there are almost no studies documenting
the trends over time’ (Hassan et al., 2005). (For similar arguments, see
Carpenter et al., 2007.) From the perspective of environmental assess-
ment it is a positive fact that on lower spatial scales often much more is
known on the relation between biodiversity and the provision of ecosys-
tem services (Capistrano et al., 2005). In the subglobal assessments of
the Millennium Ecosystem Assessment, identification of indicators for
provisioning services did not give much problems as production statistics
on, for example, food, timber, and water are readily available; the same
applies to water quality data. Supporting services were more complex
and required, for example, net primary production data and complex
calculations of nutrient transport and balances. Indicators for regulat-
ing services were expressed as the conditions ecosystems are required to
have in order to provide such services. For cultural services many new
techniques were required to describe the condition of these services. So,
even without perfect knowledge the subglobal assessments did provide
relevant information. For many environmental assessment studies it may
not even be necessary to have absolute quantitative data. Environmental
assessment often is about avoiding negative impacts and/or enhancing
positive impacts. By comparing the impacts of various alternatives even
a relative estimate of impacts – that is, one alternative has more serious
consequences compared to the other – already provides relevant infor-
mation for decision making. Expert judgement with semiquantitative
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information – that is, an impact is small or large – can be used to provide
reliable and relevant information.

By affecting the magnitude, pace and temporal continuity by which
energy and materials are circulated through ecosystems, genetic, species,
and ecosystem diversity influences the provision of ecosystem services.
According to Diaz et al., 2006),

the most dramatic changes in ecosystem services are likely to come from altered
functional compositions of communities and from the loss, within the same
trophic level, of locally abundant species rather than from the loss of already rare
species.

The authors provide one of the first attempts to link main aspects of
biodiversity to ecosystem services. Because of the profound impact of the
Millennium Ecosystem Assessment, this area of research is rapidly devel-
oping; probably by the moment of printing of this book research will
have produced significant new outputs. This is an encouraging develop-
ment, because it will provide the environmental assessment community
with much better information to predict impacts on biodiversity, trans-
late these impacts in terms of changing ecosystem services, and provide
decision makers with relevant information on the (un)sustainability of
proposed plans and projects.



3 � Biodiversity conservation and
development: challenges for
impact assessment
Asha Rajvanshi and Vinod B. Mathur

Introduction
The literature linking conservation and development presents a number
of different perspectives on the relationship between biodiversity conser-
vation and socioeconomic progress. These differences in perspectives are
rooted in the differences in objectives of ‘development’ (which is seen
as the intended modification of the biosphere and the application of
human, financial, living, and nonliving resources to satisfy human needs
and improve the quality of life (IUCN, UNEP, and WWF, 1980)) and
of ‘conservation’ (which is generally taken to mean the management of
human use of the biosphere through approaches of land use and renew-
able natural resource management with the objective to yield the greatest
sustainable benefits to present and future generations).

Most of the conservation-oriented literature also actually reflects that
the local community welfare and development are directly conflicting
with the objectives and practice of biodiversity conservation and regard
development as the main causal agent of biodiversity loss. According to
Sanderson (2002), development and conservation are altogether separate
goals as clearly illustrated in his expression:

If development has ignored conservation, conservation has paid too little atten-
tion to development. Economic policymakers have concentrated on growth,
developers on the distribution of the benefits of growth, and conservationists
on the costs and consequences of growth for nature and the environment. The
result has been an agreement to disagree, with the growth, development, and
conservation communities proceeding down separate paths.

According to Sanderson and Redford (2003), the achievement of
economic development goals for half of the number of poor people ‘will
either mark the true beginning of sustainability or the end of biodi-
versity’. Swanson (2006) also mirrors the earlier held views of apparent
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incompatibility between biodiversity and development in his expression
that ‘states with high material wealth have low biodiversity wealth and
vice versa’.

Development perspectives, on the other hand, identify conservation
as a threat to human welfare and condemn the ‘fortress conservation’
approach that alienates the local people from biodiversity-rich areas
and deny them the rights to resources that supplement sustenance and
livelihoods. It is on this argument that the development community is
urging the conservation organisations to take poverty issues onboard
while formulating conservation strategies and policies.

Biodiversity and development: conflicting goals or
complementary objectives?
The journey through time has portrayed many different caricatures
of conservation and development. The outcome has been the mixed
opinions resulting in conservation versus development debates at times
(Box 3.1) and the appreciation of complementarity between conservation
and development at other times.

As early as the 1940s, Adams (2004) held the view that economics and
human well-being and biodiversity conservation are linked. The linkages
were largely seen in conservation providing the revenue-generating
opportunities (e.g. trade and tourism) that could contribute to local
economic development in poor countries. Later, in 1980, the World
Conservation Strategy first articulated the link between conservation
and development and stressed the need to promote development that
provides real improvements in the quality of human life and, at the
same time, conserves the vitality and diversity of the Earth. The World
Conservation Strategy conveyed the important message that the sustain-
able development depended on the conservation and sustainable use of
living organisms and ecosystems. The most often-quoted definition of
sustainable development is development that ‘meets the needs of the
present without compromising the ability of future generations to meet
their own needs’. WCED (1987) emphasises the need to adopt patterns
of resource use that aim to ensure their use not only in the present but
in the indefinite future.

The 1992 Earth Summit put forward the ‘triple bottom line’ concept
of sustainable development that encompassed ecological, social, and
economic sustainability. The categorical use of the term ‘poverty’ stress-
ing human deprivation in conservation literature, however, is a more
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Box 3.1. Examples of controversial projects

The Silent Valley Hydroelectric Project in India, proposed way back
in the 1980s, was opposed by the ecology movement on the grounds
of it being a threat to the rare and threatened flora and fauna of
the Western Ghats ecosystem due to the impoundment of the only
remnant of primal rain forest in India. The consequent decision was to
withdraw the proposal for dam construction (Shiva, 1991; Rangachari
et al., 2002).

At Lake Cowal in New South Wales (Australia), approval for North’s
deep open-cut gold mine intruding into a section of the lake came after
a second Commission of inquiry was conducted to evaluate a revised
proposal with lesser cyanide levels; power lines relocated away from
bird flight paths; and other modifications. The initial development
application was rejected as unacceptable during the 1996 Brisbane
Ramsar Convention meeting (Reeves, 1999).

Damming of the Nu River in China sparked a series of activist
confrontations with the Chinese authorities to protect China’s aston-
ishingly rich biological resources threatened by the dam project
proposed in the heart of the Hengduan Mountain Range. This
mountain range is a part of the eastern wing of the Himalaya, an
area now known to the world as the Three Parallel Rivers (Sanjiang
bingliu) World Heritage site (Litzinger, 2008)

Local and international opposition mounted protest against the
Pascua Lama project, straddling the border between Chile and
Argentina. This project that seeks to start extracting gold, silver, and
copper in the year 2009 is likely to move three Andean glaciers that
presently sustain the mountain and valley ecosystems and agriculture
production in the fertile valley bottom (Anonymous, 2008a).

recent development (World Bank, 1999) and is linked to the priority
that development agencies have given to poverty reduction as a prereq-
uisite for ensuring sustainable development.

Although it is evident from the literature that the opinions have been
divided on whether biodiversity conservation would be a failure if it
does not take into account the human well-being aspects or would have
better prospects of success if it does (Brockington, 2003), there is growing
evidence of a major paradigm shift in conservation thinking during the
past two decades. Blaikie and Jeanrenaud (1997) believed that contempo-
rary conservation policy and practice is undergoing rapid transformation
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and opined that policies which earlier saw people as a threat have subse-
quently started recognising people as potential partners in sustainable
development strategies. Hulme and Murphree (1999) coined the term
‘new conservation’ to distinguish the traditional conservation approaches
from those that mainstream participation of communities in conserva-
tion.

The view put forth by Sachs and Reid (2006) that a disaggregated
approach to conservation and development neither serves the interests
of the conservation community nor the developers has perhaps provided
the strongest impetus for re-examining conservation and development as
complementary goals.

Some newer models of conservation through development are emerg-
ing to foster the synergistic relationship that can help bridge the
long-standing, conservation-development divide (Anonymous, 2002a).
These newer approaches to conservation stress complementarities and
trade-offs rather than conflicts between conservation and development
(Salafsky and Wollenberg, 2000). From the strengths of such a model,
many conservation agencies are encouraging business practices that can
reduce industry’s ecological footprint, contribute to conservation, and
create value for the companies that adopt them (Anonymous, 2002a).

IUCN’s Business and Biodiversity Initiative (http://
biodiversityeconomics.org/business), launched in September 2001,
firmly rests its activities on the CBD’s three objectives – conservation,
sustainable use, and equitable benefit sharing. The Energy and Biodi-
versity Initiative (www.theebi.org), operating under the slogan ‘making
capitalism work for conservation’, aims at facilitating the emergence of
three interconnected instruments: corporate biodiversity plans, business
plans for nature, and biodiversity business investments. It is a consor-
tium of four major energy companies and five leading conservation
organisations that aims to develop tools and guidelines for integrating
biodiversity into oil and gas development

The International Institute for Environment and Development (IIED)
likewise is involved in a number of corporate sector projects to promote
partnerships for natural resource management with local communi-
ties, developing instruments for sustainable forestry, creating markets
for environmental services for poverty reduction, and encouraging
sustainable agriculture and rural livelihoods. The Mining, Minerals
and Sustainable Development project (MMSD) was one of the most
impressive of the IIED projects. One of MMSD’s most important
elements was a partnerships established in four of the world’s principal
mineral-producing and mineral-consuming regions (Australia, North

www.theebi.org
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America, South America, and Southern Africa) to assess the global
mining and minerals sector in terms of the transition to sustainable devel-
opment (www.iied.org/mmsd/what is mmsd.html). The project was an
independent two-year process of consultation and research with the
objective of understanding how to maximise the contribution of the
mining and minerals sector to sustainable development at the global,
national, regional, and local levels.

The International Finance Corporation (IFC) of The World Bank has
been involved, for instance, in establishing the first biodiversity business
investment fund in Latin America. The objective of such a fund is to
promote commercially viable and environmentally sustainable enter-
prises, such as sustainable agriculture, forestry, and ecotourism, in Latin
American countries that have ratified the Convention on Biological
Diversity.

Developers are also finding new mechanisms by which they can
realise the economic values created by good stewardship of biodiversity.
Examples of biodiversity-related business initiatives drawn from business
cases (Box 3.2) from around the world (Anonymous, 1999; Bishop et al.,
2008) amply demonstrate how the integration of biodiversity priorities
into business planning can provide multiple benefits including managing
risks, capitalising on opportunities, and meeting corporate social respon-
sibilities.

The intent of the chapter is thus to discourage the discord that pose
biodiversity and development as a question of ‘either/or,’ but to identify
synergies that can help strike a better balance between the two. It aims to
explore the linkages between conservation and economic development,
more specifically the linkages between the key indicators of economic
prosperity and environmental health including, in particular, the role
that biodiversity plays in meeting the global development goals, alleviat-
ing poverty, improving livelihoods, and addressing climate change. The
chapter also tries to explore when, how, and why some types of human
development are compatible with biodiversity conservation and others
are not. Finally, it presents new challenges for impact assessment practi-
tioner for integrating biodiversity conservation in development decisions.

Conserving biodiversity for sustainable development:
priorities and challenges
It is abundantly clear from the contents of Chapter 2 that the term
‘biodiversity’ represents both a popular notion and a widely used
scientific terminology for the natural biological wealth that influences
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Box 3.2. Examples of biodiversity-related business
initiatives

Due to excessive deforestation, the Atlantic Forest of Brazil has been
reduced to less than 10 percent of its original size. The Guaraqueçaba
Climate Action Project has sought to regenerate and restore natural
forest and pastureland. Companies such as American Electric Power
Corporation, General Motors, and Chevron-Texaco have invested
US$18.4 million to buy carbon emission offset credits from the
approximately 8.4 million metric tons of carbon dioxide that the
project is expected to sequester during its lifespan. The project has
initiated sustainable development activities both within and outside the
project boundary, including ecotourism, organic agriculture, medici-
nal plant production, and a community craft network. The project
has made significant contributions towards enhancing biodiversity
in the area, creating economic opportunities for local people (such
as jobs), restoring the local watershed, and substantially mitigating
climate change (Anonymous, 1999)

The IPIECA/OGP Biodiversity Working Group is an industry-led
joint initiative established in 2002 to develop technical guidance and
promote good practice of biodiversity management in the oil and
gas industry (see www.ipieca.org). The working group also provides
a forum for members to exchange information and discuss how the
industry can improve its biodiversity performance.

environmental security, human life, and well-being. The importance of
global commitment towards the conservation of biodiversity is therefore
no longer questioned. Instead, there is ample support for its conserva-
tion, sustainable use, and equitable sharing of the produce and benefits
of bioresources and ecosystem functions (CBD). Because of the univer-
sal recognition of biodiversity as a fundamental component for achiev-
ing sustainable development and poverty eradication, its conservation is
seen as an overriding global priority (Pisupati and Warner, 2003). As
a counter to this well meaning objective, there is, however, a threat
from many different factors, such as globalisation, poverty, land diver-
sion for fast pace economic development, extraction of living resources
(Fahrig, 1997; Forman, 2000; Wilcove et al., 1998; Miller et al., 1992),
and human migration to pristine areas that is eroding biological diversity.
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This unabated rate of loss of plant and animal species and the predicted
impacts of this loss of germplasm on humankind is well-documented
(Hoyt, 1988; Wilson and Peter, 1988; Bower, 1989; Brockelman, 1989;
Bunting, 1990; Abelson, 1991; Beattie, 1991; Ehrlich and Wilson, 1991;
Loesch, 1991; Solbrig, 1991; Pimm and Raven 2000; Novacek and
Cleland 2001; Brooks et al., 2002; Singh, 2002;)

Reversing the biodiversity loss induced by poor planning of devel-
opmental projects has become a daunting challenge because the benefits
of conserving biodiversity and ecosystem tend to be considered as long-
term, indirect, and diffuse, while the benefits of development actions
that destroy or degrade biodiversity tend to be immediate, direct, and
easily captured by individuals (Kiss, 2004). The most common examples
that represent this short-term approach to quick material gains is the
iron ore extraction from areas especially designated for protection of rare
and threatened biodiversity of the tropical evergreen ecosystem in the
Western Ghats, a biodiversity hotspot area (CES, 2001; Krishnaswamy
and Mehta, 2003) and the construction of giant multilateral schemes in
the Mekong and Narmada river basins in South East and South Asia for
harnessing of hydropower at the expense of long-term implications of
massive ecological dislocations.

Only in situations where economic benefits from extractive use of
biological products are high, there may be sometimes incentives to
contribute to biodiversity conservation. For example, in Hawaii, artifacts
made of Acacia koa wood sell for thousands of dollars, leading some
landowners to allow land previously converted to sugarcane or pasture
to return to natural A. koa woodland to tap the lucrative market (Kiss,
2004).

As pressure is mounting to ensure the compatibility between economic
development and conservation of world biodiversity, Environmental
Impact Assessment (EIA) is being widely acknowledged as a powerful
decision support tool and a potent mechanism for implementing princi-
ples of sustainability and ‘wise use’. Principle 17 of the Rio Declaration
on Environment and Development endorses the universal application of
EIA ‘as a national instrument’ (McNeely, 1994) and assigns a clear role
for EIA in the implementation of National Sustainable Development
Strategies (NSDSs) (Sadler, 1993). Similarly, there is increasing recogni-
tion of the value and importance of Strategic Environmental Assessment
(SEA) for mainstreaming and upstreaming environmental sustainability in
higher level decision making on policies, plans, and programmes (OECD,
2006a).
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Challenges for impact assessment
The current knowledge of how the drivers of biodiversity change are
interfering with essential ecological functions and threatening the differ-
ent dimensions of human society (including security and well-being)
is rapidly expanding (Bridgewater and Arico, 2002). The Millennium
Ecosystem Assessment report based on the global project commissioned
by the United Nations in 2000 provides the most comprehensive and
scientifically defensible assessment of the causes and consequences of
ecosystem change for human well-being. The conclusions of the Millen-
nium Ecosystem Assessment (2005) provide a stark warning about the
direct drivers of ecosystem degradation (see Millennium Ecosystem
Assessment 2005a). The predictions are that the progressive negative
trends in ecosystem degradation in the next fifty years are likely to
have disastrous effects on human behaviour and the ability of ecosys-
tems to provide essential services to people around the world. Chapter 2
summarises the existing understanding on the various biophysical and
societal drivers of biodiversity and ecosystem changes.

In practice, however, this knowledge of drivers of biodiversity loss is
still somewhat disparate and disconnected and can hardly deliver good
EIA outcomes for decision making. There is clearly an emergent need
to develop a new framework for impact assessment that can capture
conservation-development links and promote economically profitable,
socially acceptable, scientifically sound, politically feasible, and environ-
mentally sustainable development.

The Millennium Ecosystem Assessment (2005a) explicitly clarifies
that the key drivers of biodiversity loss, being large-scale exploitation
of resources, habitat loss and/or alteration, and introduction of invasive
alien species, are all linked to economic development. It is therefore
vitally important to establish the relationship between biodiversity and
development for each proposed policy, plan, programme, or project, and
to also include these as part of the information flow for EIA. It also
stands to reason that use of valuation approaches taking into account
ecological, social, and economic values should be an inseparable part
of impact assessment. More sophisticated approaches are needed at this
point of time for undertaking impact assessment that can harmonise
conservation priorities with those of achieving social development and
economic security. Such integrated assessments should be able to give the
sense of what the real priorities must be – conservation or development;
development at what price (by forgoing what conservation values?), and
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Box 3.3. Biodiversity is a development issue

Kenya’s Tana River Delta is inhabited by 350 species of birds, lions,
elephants, rare sharks, and reptiles. Kenya’s National Environment
Management Authority, NEMA, has approved a proposal by the
Mumias Sugar Company, a publicly traded company based in Nairobi,
to convert 2,000 km2 of the pristine delta into irrigated sugarcane
plantations for the production of ethanol. The EIA was hurriedly
produced and ignored the assessment of the delta’s ecological benefits
and the irreversible loss of ecosystem services, such as flood preven-
tion, the storage of greenhouse gases, and the provision of medicines
and food. The conversion of the delta will bring about loss of biodiver-
sity, affect the cultural value and the revenue generated from tourism,
fishing, farming, and other lost livelihoods worth US$59 million. An
independent report commissioned in May 2008 by Nature Kenya and
the Royal Society for the Protection of Birds found deficiencies in the
calculation of ecosystem benefits presented by Mumias and has called
for a fresh EIA (Anonymous, 2008b).

how much cost for protection of ecosystems (ecological cost of protecting
ecosystem services and economic costs for impact avoidance and clean
up) should be enough to justify economic benefit. The challenge for EIA
practitioners is to develop an impact assessment framework that takes into
account the interrelationships between social, economic, and ecological
environments.

Presently, the fundamental shortfall of impact assessment in delivering
win–win outcomes for both conservation community and development
planners is the failure to recognise that biodiversity conservation is also a
key development issue. Experience suggests that the lack of appreciation
of the linkages between biodiversity conservation and human security
finds its basis in the failure to properly include ecological, social, and
economic features as part of the preproject baseline (or autonomous
development) description. The consequence of such a pitfall has been a
neglect of ecological and well-being issues within the subsequent steps
of impact assessment. (Box 3.3). The outcome is an assessment that
constrains the very objective of impact assessment in finding common
causes and common solutions to the problems associated with proposed
development.
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EIA that can organise, interlink, and synthesise information for a
meaningful output therefore requires a more exhaustive understanding
of the linkages between biodiversity and human and well-being.

Biodiversity, human security, and the Millennium
Development Goals (MDGs)
Human security covers a wide range of issues including basic elements,
such as food to eat, homes to live, good health, education, freedom
from violence, safety during natural and human-caused disasters, democ-
racy, good governance, and respect for human rights (see www.unescap.
org/esid/GAD/Issues/Humansecurity/index.asp). As a great deal of
human security is tied to peoples’ access to natural resources and vulner-
abilities to environmental change, the relationship between biodiversity
and human well-being is close and complex. The understanding of the
interlinkages between the two is critical to develop policy prescriptions
and appropriate impact assessment tools to mainstream all the essen-
tial elements of sustainability of the development process: biodiversity
conservation, livelihood security, poverty eradication, and environmen-
tal stability.

In September 2000, at the United Nations Millennium Summit, 189
world leaders agreed to a set of time-bound and measurable goals for
combating poverty, hunger, disease, illiteracy, environmental degrada-
tion, and discrimination against women (United Nations, 2007). These
Millennium Development Goals (MDGs) focus the efforts of the world
community on achieving significant improvements in people’s lives by the
year 2015. It is for this reason that some policy advocates even recognise
the MDGs more as Millennium Security Goals, because they concentrate
primarily on achieving sustainable security rather than sustainable devel-
opment (Khargam et al., 2003) and consider priorities such as ‘reducing
biodiversity loss’ as environmental security and not as sustainable devel-
opment goals.

In September 2005, a statement from the Secretariats of the five
biodiversity conventions argued that biodiversity underpins all MDGs
and could ‘be the basis for ensuring freedom and equity for all’. Links
between biodiversity and MDGs have also been explored by Department
of International Development (DFID), European Commission (EC),
United Nations Development Programme (UNDP), the World Bank
(DFID, EC, UNDP, and World Bank, 2002) and Roe (2004). It will be
worthwhile to attempt a quick review of the direct and indirect linkages
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Figure 3.1 Contributions of biodiversity in the achievement of Millennium
Development Goals.

between biodiversity and each of the Millennium Development Goals.
Figure 3.1 illustrates how biodiversity can make a critical contribution
to the achievement of the MDGs.

MDG-1: Eradicating extreme poverty and hunger

The links between poverty alleviation and natural ecosystems is well
understood (Wunder, 2001; Adams et al., 2004; Roe and Elliot 2004;
Timmer and Juma, 2005). Natural ecosystems widely serve as ‘safety nets’
for the rural poor and provide essential resources to combat malnutrition,
hunger and poverty and offers key options for sustainable livelihoods in
most developing countries. For poor people with limited capacity to buy
food, access to a diverse range of locally produced food including nutri-
ent supplements is vital for maintaining a balanced diet. Undomesticated
biodiversity not only underpins many aspects of domestic food produc-
tion systems, through maintaining soil structure and fertility, nitrogen
fixation, pollination, and natural pest control but also provides material
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factors essential for well-being, such as shelter, clothing, food, medicine,
and livelihood (Box 3.4).

Box 3.4. Biodiversity for food

Of the approximately 270,000 known species of higher plants, 10,000–
15,000 edible species are known, of which around 7,000 have been
used in agriculture (Ash and Jenkins, 2007; Zedan, 2007)

Thirty crop species alone provide an estimated 90 percent of the
world population’s calorific requirements, with wheat, rice, and maize
providing about half the calories consumed globally (Ash and Jenkins,
2007).

In 62 developing countries, wild meat and fish provide more than
20 percent of all protein (Bennett and Robinson 2000).

About 14 species of livestock currently account for 90 percent of
global livestock production (Ash and Jenkins, 2007).

Approximately 90 percent of flowering plants overall, and at least
one-third of agricultural crops (including three-quarters of the world’s
principal crops) are dependent on insects and other animals for their
pollination (Ash and Jenkins, 2007).

One of the factors responsible for hunger and poverty today is the
unprecedented loss of biodiversity associated with ecological deteri-
oration as a consequence of development projects. The result is the
downward spiral caused by increasing deprivation of human communi-
ties in a scenario of development-induced biodiversity losses. The causal
relationship between poverty and biodiversity actually runs in both direc-
tions (Figure 3.2). Poverty can force people to deplete natural resources in
their surrounds, thus destroying the resource base upon which their liveli-
hoods and incomes rely. Conversely, persistent natural resource degra-
dation can contribute to poverty due to deprivation of resources and
benefits particularly to subsistence-based community.

An estimated 350 million poor people presently rely on forests as
safety nets or for supplemental income in developing countries (Scherr,
2003). Simply letting these ‘natural safety nets’ disappear could push many
people to even greater poverty and undermine many of the development
agencies’ broader agendas of providing economic prosperity and secur-
ing human well-being. Restoring ecosystem services and biodiversity
will be essential in many regions to meet the international imperatives
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Figure 3.2 Effect of resource degradation and poverty on biodiversity.

of the new millennium – an imperative stressed by the Millennium
Development Goals (MDGs), the 2002 World Summit on Sustain-
able Development, and the more recent 2005 UN World Summit.
Biodiversity-driven impact assessment could possibly guide the devel-
opment process to avoid and reduce impacts on ecosystem services.

MDG-2: Achieve universal primary education

Increased dependence on biodiversity for sustenance is likely to even
engage children in the collection of water, fuel wood, and other resources
and, in the process, deny them the opportunity of education in most
developing countries. This is particularly worrying when there is suffi-
cient evidence of the investments in education, especially for girls leading
to better healthcare and nutrition, declining birth rates, poverty reduc-
tion, and improved economic performance at both the family level and
beyond. Natural disasters linked to biodiversity loss and impairment of
ecosystem services are also known to have limited children’s available time
and access to education opportunities. This has severely hampered the
prospects that under normal circumstances could possibly improve the
human resources capital, encourage alternative income options, and
thereby reduce dependence on biodiversity for subsistence living.
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Added to these risks are the risks of disruption of formal educa-
tional activities resulting from development-induced displacements and
the concomitant reduction of access to basic ecosystem benefits and
services (Mathur and Marsden, 1998; Cernea and McDowell, 2000).
Empirical studies show that a number of displaced children never return
to school and instead engage in unsustainable harvesting of resources to
contribute to subsistence needs of the family. Failure to mitigate or avoid
these risks and associated consequences may degrade natural resource
base over the long term and generate what Cernea (1996) refers to as
‘new poverty’, as opposed to the ‘old poverty’.

MDG-3: Promote gender equality and empower women

This goal is essentially to ensure that women have equal contribu-
tions in accessing resources, availing public and ecological services,
and in influencing decision making. When biodiversity and ecosys-
tem services are degraded or destroyed and secured access and rights
to resources is denied, both the travel time and physical burden increases
for women for collection of water, fuel wood, fodder, and other resources
(Box 3.5).

Box 3.5. Estimates of travel time for women for fetching
water and other resources

An average household spends 1 hour and 40 minutes each day collect-
ing water in Kenya, Uganda and Tanzania (IIED, 2002).

Girls and women in Africa spend 40 billion hours a year hauling
water to their homes from sources up to 15 km away (Maurits la
Riviere, 1989; UNICEF, 1997).

In the Gujarat State of India, women spend up to six hours per day
hauling water from distant sources to their homes (UNDP, no date).

Similarly, average time spent on collecting fuel wood and fodder
by women in the hill areas in India is about four to six hours per day,
respectively (Saksena et al., 1995).

Studies in Burkina Faso, Uganda, and Zambia indicate that women
and girls could save hundreds of hours a year for education and gener-
ating alternative incomes if walking to sources of fuel wood and water
were reduced to 30 minutes or less (Pisupati and Warner, 2003).
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This provides the opportunity of generating surplus to eventually
escape poverty but limits the opportunities for education and literacy for
taking up alternative income-generating activities.

Many development-induced impacts are also not gender-neutral
(Box 3.6) as women and men have well-demarcated gender roles in
indigenous communities.

Box 3.6. Examples of gendered impacts of development
projects

The Social and gendered consequences of involuntary resettlement
of the Orang Asli displaced by dam projects in Malaysia, namely the
Temenggor Dam in Upper Perak and the Sungai Selangor Dam in
Kuala Kubu Bahru, led to a greater loss of access and rights to land
for women than for men (Lin, 2006).

The gender segregated impacts of displacement and rehabilitation
induced by coal mining in the Jharkhand region of India are well
studied. Iron ore deposits are spread over large tracts of the rich and
diverse forest of the Jharkhand region. Coal India Limited has been
extracting iron ore from these forests through mechanised open-cast
mining. In recent years, the ever-expanding and encroaching coal
mines have been responsible for the displacement of a significant
number of indigenous populations in India and their impacts have been
disastrous, particularly on women. In a survey for assessing impacts of
mining on local communities, women respondents listed as many
as 30 items that they had previously collected from the forest and
which provided them both food security and additional monetary
benefits for the family before mining of coal was initiated. These
items included leaves, flowers, and roots used for food and medicine,
wild fruits, bamboo, stick to make brooms, wood for house building,
and fuel wood. Most important was the Mahua tree (Madhuca indica)
whose flowers were used for food and whose seeds were used for
extracting cooking oil. The surplus resources collected from the forests
or their products were sold for generating income. These resource rich
forests were lost to open-cast mining. As a consequence, women were
relocated to places away from the forest, which restricted their access
to most resources that fetched money but also limited their choices of
alternatives for food and livelihoods. (Ahmad and Lahri-Dutt, 2006).
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The gender division of labour makes women still more dependent on
productive systems and resources from the environment for collection
of the essentials for subsistence: food, fodder, fuel, and water (Agarwal,
1992). It is therefore important that if gender equality was listed as
MDG-3, a more pragmatic approach of impact assessment should ensure
mainstreaming impacts of development projects on gender along with
those on biodiversity to help empowerment of women. This empower-
ment would not only help women to secure rights and access to biodi-
versity resources but would also help them contribute a fair share of
the benefits from their knowledge of biodiversity to improving biodi-
versity dependent livelihoods. If the opportunities of education and skill
development become an inherent part of development process, women’s
empowerment may also help them reduce their dependence on biodi-
versity for a living.

MDG-4: Reduce child mortality

Under nutrition, unhealthy environment and agents of disease (malaria,
dengue fever, and other insect-borne and water-borne diseases) are
the underlying causes of child mortality that have links with degraded
ecosystems. A wide range of wild foods and the resulting dietary diver-
sity contributes to nutritional well-being of children. It has been well-
established that development-induced displacements pose the biggest risk
of impoverishment and nutritional deficiencies among the most vulner-
able groups including children (Cernea, 1996).

MDG-5: Improve maternal health

The loss or impoverishment of biodiversity has a direct impact on mater-
nal and infant health. Functioning ecosystems serve as a wealthy source
of plant and animal foods, which can supplement and improve diets that
are dependent largely on one or two staple crops. These sources of food
become critical when productivity declines because of drought, floods, or
land degradation. Healthy ecosystems filter and clean water and provide
access to fuel wood and fodder, reducing the amount of time women and
girls must spend in fetching these essential supplies. As a consequence
of development-induced displacement, women have been found to be
more vulnerable to impoverishment due to lack of access to common
property resources (Cernea, 1996).
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Box 3.7. Importance of biodiversity in medicines

Scientists have identified more than 2,000 tropical plants as having
anticancer properties (GEF, 2005).

According to WHO’s Traditional Medicine Strategy (2002–2005),
about 80 percent of the African population, 70 percent in India and
around 40 percent in China, rely on traditional health care systems
that use traditional medicines that are derived from plants and animals
(WHO, 2002).

Some 50,000 of the world’s plant species are used in traditional
medicine. Of these, 7,500 species are being used medicinally in India
(WWF, 2004).

Many countries, such as Thailand, Sri Lanka, Mexico, China, and
India, have integrated traditional medicine into their national health
care systems. About 85 percent of traditional medicine involves the
use of plant extracts from about 50,000 species, including almost
20 percent of the Chinese flora, around 7,000 species in India, and
some 10 percent of Indonesia’s flora. Estimates of the number of
marine species used for medicinal purposes ranges from a few hundred
to a few thousand, the use of which is mainly confined to Asia (Ash
and Jenkins, 2007).

An estimated 4,160 to 10,000 medicinal plants are endangered by
habitat loss or overexploitation (Hamilton, 2004).

MDG-6: Combat HIV/AIDS, malaria, and other diseases

Biodiversity plays a crucial role not only in providing medicines to deal
with issues of health and nutrition (Box 3.7) but is also a constituent of
healthy ecosystems that play a significant role in dealing with diseases,
such as malaria and others (Chivian, 2002). Some diseases are known
to flare up in ecological systems which have their regulation component
altered or impaired by irrigation projects, dams, construction sites, stand-
ing water, and poorly drained areas. For example, it is estimated that the
deforestation and consequent immigration of people into the Brazilian
interior increased malaria prevalence in the region by 500 percent (Smith,
2002).

Biodiversity buffers humans from organisms and agents that cause
disease. By diluting the pool of virus targets and hosts, biodiversity
reduces their impact on humans, and provides a form of global health
insurance. The intrusion into the world’s areas of high biodiversity for
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meeting the development agenda can disturbs these biological reservoirs
and exposes people to new forms of more virulent disease organisms,
including SARS, Ebola, malaria, and the HIV pandemic.

Some plants have been found to significantly boost the immune system
without the side effects of expensive antiviral drugs. The widespread
reliance of the poor on natural sources for building immune systems and
drawing medicines is met largely through the use of locally harvested
plant extracts. Brazil has the world’s largest reserve of biodiversity, a
very promising source of material for the discovery of new medicines.
The market has been increasing at a rate of 20 percent per year, with
good possibilities for natural supplements for vitamins and herbs (see
www.moiti.org/pdf/Brazil%20Health%20Care%20System.pdf ).

MDG-7: Ensure environmental sustainability

The real challenge for development is to ensure that the benefits from
goods and services provided by biodiversity are optimised for human
development. Ecosystem depletion and species extinction can reduce
the capacity to respond to future stresses, such as climate change and
degradation of resources, such as water and soil. Averting environmental
problems and managing risks associated with unplanned development
will have to be a priority agenda for planning developments that ensure
ecological sustainability. MDG 7 in particular, encourages participat-
ing countries and organisations to ensure environmental sustainability
through good environmental management practices for the long-term
success of development and for the overall achievement of the MDGs
(United Nations 2007). Furthermore, MDG 7 requires that principles
of sustainable development are made an integral part of policies and
programmes, and that the environmental factors are considered while
making decisions. Finally, MDG-7 indicates that the most promising
way for this to occur is through the use of environmental assessment
(OECD 2006b).

The role of environmental impact assessment tools become more
significant and the mechanisms for clean development become relevant
for determining the development that is most acceptable. Also, SEA
directly supports the requirement of MDG-7 to ‘integrate the principles
of sustainable development into country policies and programmes and
reverse loss of environmental resources’.

The MDG-7 poses sound business arguments for companies as
well to be proactively engaged in action oriented towards efficient
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production processes and greening of the financial market dynamics with
the aim of improving environmental stewardship (Nelson and Prescott,
2003).

MDG-8: Develop a global partnership for development

Conversion of land rich in biodiversity for industries and large scale
infrastructure projects can erode the resource base for food, medicines,
and livelihoods, pollute the environment, increase health risks and affect
livelihoods of communities challenged by poverty. Destroying habitats,
which support wildlife, therefore undermines the capacity of govern-
ments to generate income from tourism and support projects which could
eradicate poverty, improve maternal health, and reduce child mortality.
Maintaining biodiversity and the integrity of critical ecosystems will
require partnerships among all stakeholders. Mainstreaming biodiver-
sity conservation in business is already being encouraged for bridging
the conservation–development divide and for striking global partner-
ships for development (Bishop et al., 2008; Gutman and Davidson,
2007).

The role of impact assessment in meeting the MDGs
From a policy perspective, the impact assessment process must be
strengthened for mainstreaming human well-being factors into devel-
opment planning. From the action-oriented perspective, this calls for
evolving an impact assessment framework for mainstreaming various
human security factors in development choices. Such an impact assess-
ment framework should be able to focus on the identification of threats
and barriers to achieving the Millennium Development Goals. The
concerns can be systematically captured by linking the project objectives
to the human well-being objectives as represented by the MDGs, and
their direct linkages to biodiversity and ecosystems. Table 3.1 presents a
generic guidance for aiding in the development of project specific assess-
ment approaches to incorporate human security objectives in develop-
ment planning.

Linking biodiversity and climate change
It will not be out of place to also review the relationship between
development interventions and climate change impacts, because the
links between climate issues and sustainable development are manifold
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(Robinson and Herbert, 2001; Reid et al., 2004). A stable climate is a
global public good. Rapid climate change puts stress on the ability of
ecosystems and in turn on human society to adapt to these changes.
Climate change is one of the major environmental effects of economic
activity (IPCC 2001; Hansen, 2004), and one of the most difficult to
handle because of the ‘softness’ of the knowledge and the broad scale
on which the impacts become visible. The achievement of MDG targets
will depend on effective planning for managing climate risks. The need
to identify the appropriate points at which to introduce climate change
adaptation into development activities has been clearly perceived in many
policy formulation initiatives (OECD, 2006b).

The climate science community urges caution about development
decisions based on current uncertainty which may lead to ‘maladapta-
tions’ or future ‘dangerous development’. Environmental impact assess-
ment can be one important tool for mainstreaming both climate change
mitigation and adaptation. Like the link between poverty and biodi-
versity, the link between climate change and biodiversity also runs both
ways: while biodiversity can be threatened by climate change (Table 3.2),
conservation of biodiversity can reduce the impacts of climate change
(Figure 3.3).

The state of the art of impact assessment can be significantly improved
by drawing on climate change factors and impacts linked to develop-
ment proposals for cobenefiting biodiversity and development goals. The
final outcome of good EIAs must deliver biodiversity-based adaptive and
mitigative strategies through which the resilience of ecosystems can be
enhanced and the threats to human well-being can be reduced.

Conclusions
It is concluded that impact assessment can serve as a potent tool to
guide sustainable development by tightening the actions and develop-
ment processes that can serve the ‘common good’. This can however
only happen if society at large, development planners, and conservation
community forge common agendas.

Having clearly understood the relationship between biodiversity and
the pursuit of sustainable development, the EIA practitioners cannot
ignore the need to retool impact assessment for mainstreaming biodiver-
sity in environmental decision making. Impact assessment must provide
clear understanding about the answers to the following questions.
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Table 3.2 Consequences of climate change on ecological functions and
biodiversity.

Increase in air
temperature

Increase in the number of hot
days

� Increase in heat-related stress
on biological diversity

� Increased exposure to
diseases and pests

� Drying of wetlands
Increase in water temperature � Decrease in dissolved oxygen

� Coral mortality
Reduction of ice sheets � Decrease in sediment

deposition
Glaciers retreat � Change in hydrological

regimes
Change in

rainfall
patterns

Increase of droughts in the dry
seasons

� Desertification
� Loss of soil biodiversity
� Increase in fire risks
� Drying of wetlands

Increase of floods in the wet
seasons

� Soil erosion
� Risks linked to waterborne

diseases
� Change in natural flow of

rivers
Increase in sea

level
Salt water intrusion in costal

wetlands

� Habitat modification

Coastal floods � Coastal erosion
Increase in

frequency and
intensity of
extreme
climatic events

Decrease of ecosystems
resistance and resilience

� Reduction of productivity
� Increased mortality of certain

organisms
Increased height of storms

waves

� Perturbation and loss of
habitat

Increased frequency � Less time to recover from
perturbations

What is to be sustained (e.g. the perpetuity of benefits from
biodiversity and ecosystems within project area?)

It is a fundamentally acknowledged fact that ecosystems provide a range
of services essential to humanity, which in short can be described as
supporting life, supplying materials and energy, and absorbing waste
products. As these services are encoded in biodiversity, the impor-
tance of ensuring their perpetuity and protection of their natural
variability to help sustain and fulfil human life must be clearly
reflected in development-planning processes that depend on utilization of
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Changes in climate

Increased
temperature and
changes in
precipitation reduces
diversity of natural
resources

Change in
precipitation, run-off
variability leads to
changes in water
table and related
stress (e.g. drought,
desertification)

Increased incidence
or intensity of climate
related disasters
leads to damage to
infrastructure

Temperature, water
and vegetation
changes contribute to
variations in food and
biomass productivity

Increasing
vulnerability of the

poor

LESS SECURE
LIVELIHOODS
(due to depletion of
natural resource forced
displacement of people
to pristine areas)

INCREASED HEALTH
RISKS (due to
increased physical
burden, malnutrition
and exposure to
vectors of diseases)

CONSTRAINED
ECONOMIC
OPPORTUNITIES
(due to changes in
resource base for
consumptive and
economic benefits)

Role of
biodiversity

Conservation of trees
can reduce the amount
of CO2 released into
the atmosphere and
improve local
hydrology

Conservation of
mangroves and
drought-resistant
crops can reduce
climate change
effects, such as
flooding and famine

Sustainable use of
biodiversity can
strengthen ecosystem
resilience and
productive
enterprises

Mitigation
of climate
change
impacts

Millennium
development

goals

Goal 1: Eradicate
poverty and hunger

Goal 2: Achieve
Universal Primary
Education

Goal 3: Promote
Gender Equality

Goal 4: Reduce
Child Mortality

Goal 5: Improve
Maternal Health

Goal 6: Combat
Major Diseases

Goal 8: Promote
Global Partnership

Goal 7: Ensure
environment
sustainability

Figure 3.3 Role of biodiversity in mitigating climate change for achieving human
well-being.

biodiversity resources. The risks threatening the ecosystem benefits of
biodiversity and the measures to ensure their perpetuity should be
rendered sufficient importance in assessment of impacts of development
projects.

What is to be developed (e.g. economic benefits?)

Biodiversity and ecosystem services, particularly food production, timber,
and marine fisheries contribute significantly to global GDP. Development
activities that may lead to the depletion and degradation of these ecosys-
tem benefits would represent a direct loss of a capital assets. For impact
assessments to be really meaningful, capacities need to be developed
to actually improve the process of assessment to predict how changes in
ecosystems benefits associated with specific development activities would
typically yield economic benefits for some people and impose costs on
others through deprivation of access to resources or livelihoods. Such an
assessment approach would be extremely useful in guiding decisions on
whether to pursue or not to pursue certain development initiatives at the
cost of long-term sustainability of economic benefits of biodiversity.
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How is the sustainability of resources linked to the processes that
define development?

Some people consider the term ‘sustainable development’ as closely
linked with continued material production, and prefer to use these terms
to actually indicate the efficiency of resource flow for the intended devel-
opment. The impact assessment approaches that help to perceive the risk
of resource consumption at a rate higher than that of its replenishment can
actually help to assess resource securities linked with production processes
and the various technologies involved in development processes. Such
assessments can better help in making informed choices for permitting
best development alternatives based on assurances of ecological security
and economic sustainability.

Changes are thus needed in the conventional EIA approach to retool
impact assessment for harmonizing development with human well-being
objectives. This rationale underpins the broader scope of the book and
assigns a more responsible role to ecologists and ecological economists in
providing much greater inputs in EIA and SEA.





Part II
Assessment tools





4 � The impact assessment
framework
Roel Slootweg and Peter P. Mollinga

Introduction
The Brundtland Report (WCED, 1987) introduced the concept of
sustainable development, which has been further elaborated by the biodi-
versity, climate change, and antidesertification conventions created at the
UNCED conference, or Earth Summit, in Rio de Janeiro in 1992.
‘Sustainable development’ as a concept is based on the idea that environ-
ment and development are intimately connected and coevolve. As a
policy notion it also suggests that a positive connection between and
coevolution of environment and development is possible. This was made
more explicit by the adoption of the Millennium Development Goals in
Johannesburg in 2000 (United Nations, 2000).

Sustainability is usually described in terms of its three pillars: (1)
economy, (ii) environment, and (iii) society. This interpretation of
sustainability is translated into different vocabularies, such as the ‘triple
bottom line’ in sustainability appraisal, or the triple ‘P’ of people, planet,
profit in corporate social responsibility. In a sense, even the objectives of
the Convention on Biological Diversity (see Chapter 2) can be translated
in these terms: conservation addresses planet, sustainable use relates to
profit, and equitable sharing is about people.

The consequence of the desire to integrate environmental, social,
and economic aspects in assessments of projects, plans, programmes, and
policies is the need for an integrating framework. In practice, the worlds
of environmental impact assessment (in its strict meaning of assessing
biophysical impacts only), social impact assessment, and economic cost–
benefit analysis largely continue to operate in their separate realms and
experience great difficulty in working in a multidisciplinary environment
(Slootweg et al., 2001). As Treweek (1999) indicated, the inconsistency of
methodologies and the inconsistency of reporting on methodologies and
results have, among other reasons, seriously hampered the accumulation
of one body of relevant knowledge in the prediction of impacts that
human activities have on biological diversity. This chapter introduces
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such a framework in an attempt to create more consistency in addressing
issues related to biological diversity.

Because Environmental Impact Assessment (EIA), and progressively
more Strategic Environmental Assessment (SEA), are well-developed
instruments backed by legal and/or procedural frameworks in most parts
of the world, these instruments are increasingly used to also assess the
social and economic impacts of planned interventions. The concep-
tual framework presented in this chapter provides an integrated way of
thinking to assist in the identification of potential environmental, social
and economic impacts of planned human interventions. The frame-
work is designed to cover all imaginable effects of human interventions
in the biophysical and/or societal environment and goes far beyond a
conservation-oriented interpretation of biodiversity. It relates biodiver-
sity to human well-being and provides insight into, and understanding
of, the complex cause–effect chains that may lead to desired or undesired
effects of human interventions.

The framework is based on the translation of biodiversity into
functions for human society, often referred to as function evaluation.
Since the early sixties the functions concept is a recurrent theme in the
environmental literature (W. T. de Groot, 1992: 229). In the Netherlands
the classifications of functions of the environment grew into a scien-
tific tradition in the 1970s, ultimately resulting in an influential book
on Functions of Nature by R. S. de Groot (1992). Functions of
nature bear great similarity to environmental goods and services that
figure in other publications. In 2003, the Millennium Ecosystem Assess-
ment (MA, 2003) and many publications following) provided a world-
wide platform to at least harmonise vocabulary: the term ‘ecosystem
services’ has become generally accepted, encompassing the concepts of
functions of nature and environmental goods and services. The MA also
provided a conceptual framework, which is extensively discussed in this
chapter.

The framework considers social as well as biophysical mechanisms
through which impacts occur, including impacts on biological diversity.
The framework is comprehensive in the sense that it can be applied to any
imaginable impact, including those on biological diversity. It provides an
integration framework for impact assessment studies, potentially encom-
passing environmental impact assessment, health impact assessment, social
impact assessment, and strategic environmental assessment, to name some
of the more commonly applied assessment instruments. In this book the
framework will be elaborated from a biodiversity point of view. To avoid
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unnecessary confusion the vocabulary is harmonised with the Millen-
nium Ecosystem Assessment (2003). Part of the material presented here
has appeared in earlier publications; the conceptual background largely
remains intact, but because of the harmonisation with the MA, the
terminology in this book may deviate from the earlier publications. An
overview of these earlier publications is provided below.

The conceptual framework presented in this chapter is not intended
to be a fixed procedure, nor is it intended to be a predictive model.
It is a way of thinking to assist in the clarification of the issues that
may need to be studied in any environmental assessment and to assist
in the communication among and within multidisciplinary teams of
experts and stakeholders. It can be used in an iterative way, for example,
by first qualitatively identifying the issues at stake, and later quantita-
tively when the issues are actually studied. Using boundary crossing as
a metaphor for interdisciplinary work (Klein, 1996), the literature on
interdisciplinarity has developed the notions of ‘boundary concepts’ and
‘boundary objects’ as the cognitive and practical instruments used for
effective interaction at the interfaces of scientific disciplines, research and
policy, and research and society (Star and Griesemer, 1989). Environ-
mental assessment and the question how biodiversity has to be treated in
environmental assessment has all characteristics of interdisciplinarity and
the use and deployment of boundary concepts and objects. In the last
section of this chapter, the framework will be positioned as a ‘bound-
ary object’, that is, as a device that allows us to act in situations with
incomplete knowledge and divergent interests.

History of the framework
The foundation for the framework was the development of a method-
ology for the assessment of functions and values of wetlands, published
as an informal document by The Wetland Group Foundation (Koudstaal
et al., 1994). The earliest version of the present framework was developed
between 1997 and 2000 to provide a conceptual basis for a comput-
erised instrument to assist in the identification (qualitatively) of poten-
tial impacts of proposed water resources development projects. For that
purpose, the authors were forced to create a formalised and unequivocal
conceptual framework. In doing so, it was realised that the analytical
dimension of environmental and social impact assessment practice could
be strengthened. Very often, implicit assumptions are used in both EIA
and SIA without this being acknowledged. For example, in many terms
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of reference for EIA studies, impacts on water quality are considered
negative impacts, without any statement of the reasons why this should
be the case. Implicitly, water is assumed to provide ecosystem services,
such as water supply for irrigation or to act as a medium for fisheries.
Water quality would probably not be an issue if the water would drain
into an uninhabited area without any living organisms. Slootweg et al.
(2001) provided the first formal publication on the framework. Schooten
et al. (2003) and Slootweg et al. (2003) enriched the framework from a
social impact assessment perspective by providing a conceptualisation of
social change processes and social impacts – a distinction which was new
to the world of social impact assessment.

The framework was further elaborated in a proposed conceptual
and procedural framework for the integration of biological diversity
considerations within national systems for impact assessment (Nether-
lands Commission for Impact Assessment, 2001; conceptual background
published in Slootweg and Kolhoff, 2003). The purpose of this elabo-
ration was to assist the Convention on Biological Diversity (CBD) in
providing guidance on the implementation of Convention article 14 on
impact assessment. The procedural part of this work appears in Decision
7A of the sixth Conference of Parties of the CBD on further devel-
opment of guidelines for incorporating biodiversity-related issues into
environmental impact assessment legislation or processes and in strate-
gic impact assessment (CBD, 2002). Upon request by the CBD the
same framework has been further elaborated for Strategic Environmental
Assessment, which resulted in Decision 27 of the 8th Conference of
Parties providing voluntary guidelines on biodiversity-inclusive impact
assessment (CBD, 2006). Again, the conceptual background text does
not appear in the convention text but has been published in Slootweg,
et al. (2006).

Upon invitation by the World Bank, the framework has been used
to create a tool to facilitate integrated and participatory planning in the
irrigation and drainage sector (Abdel-Dayem et al., 2004). Two pilot trials
in Egypt and one in Pakistan have resulted in the development of two
different modules: one for a strategic analysis of development opportuni-
ties and constraints in a defined area, and one for the assessment of poten-
tial impacts of proposed irrigation and drainage interventions, including
participatory negotiation on various alternatives (Slootweg et al., 2007).
The oil industry’s Energy and Biodiversity Initiative has adopted the
framework in its guidelines to integrate biodiversity in ESIA (Energy
and Biodiversity Initiative, 2004).
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• legal arrangements
• financial arrangements

• functional organisations
B: Technology

• physical infrastructure
• resource use techniques

C: knowledge and human capacity
• information and communication

• (scientific and local) knowledge

Figure 4.1 Linkages and interactions of three subsystems.

Three subsystems
The framework aims to provide insight into the relationship between
human society and the biophysical environment, and the way in which
both biophysical environment and human society are being influenced
and managed. In order to better understand this relationship, the world
is split up in three different but intensely interacting subsystems: (i) the
biophysical subsystem, (ii) the societal subsystem, and (iii) the resources
management subsystem, the latter being a combination of institutions,
technology, knowledge, and human capacity. Figure 4.1 illustrates the
way in which these three settings interact.

The core element of the conceptual approach presented in this chapter
is the characterisation and classification of ecosystem services provided
by the biophysical environment and the assessment of their value for
sustaining human livelihoods. In this respect the focus of attention lies
on the biophysical and societal subsystems. The resources management
subsystem is the initiator of policies, plans, programmes, and projects that
are subject of environmental assessment at project or at strategic level.
In this chapter we will not go into any further detail on the resources-
management subsystem.
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Human society utilises products and services that are provided by
the biophysical environment. In economic terms, society constitutes
the demand side, and the biophysical environment constitutes the supply
side. The demand for ecosystem services may surpass the available supply,
leading to a present or expected future problem (e.g. overexploitation of
fish stocks or degradation of soils). Reversely, the potential supply of
ecosystem services can be larger than the actual demand; in this situation
one can speak of an opportunity for sustainable development (e.g. sustain-
able exploitation of forests and groundwater aquifers, tourism develop-
ment). Perceived imbalances thus include both threats and opportuni-
ties for human development. Simply stated, sustainability deals with the
equilibrium in supply and demand, now and in the future!1 Imbalances
in the supply of and demand for ecosystem services trigger the resources
management system to act by managing either the supply of ecosystem
services (through hydraulic engineering, agriculture, forestry, etc.) or
the demand from society (through tax incentives, setting of quota, trade
negotiations, etc.).

Delineation of boundaries within which a study needs to be carried
out can be difficult, because the boundaries for these three subsystems are
often different. The biophysical subsystem boundaries are generally defined
in terms of specific geographic areas, which can be outlined on maps.
These areas can be referred to as supply areas of ecosystem services.
Boundaries to be considered for the societal subsystem may differ from
ecologically defined areas. These so-called demand areas encompass the
main users of the ecosystem services of the supply areas. The societal system
is less specifically geographically defined and boundaries may even differ
for different types of demand. In many cases of environmental assessment,
a demand area may be defined as the area where the majority of the people
live and work which use, either for their living or for their economic
activities, the goods and services produced by the supply area. Below
we provide arguments why this simple approach will in many instances
not work. For the management subsystem administrative units in many
cases provide a convenient base for the delineation. Administrative units
have jurisdiction over the ecosystems and their services and encompass
the main users and economic activities. The administrative level involved
very much depends on the scope of the policy, plan, programme, or

1 We are aware that both equilibrium and sustainability are contested concepts. However,
for our purposes, the exact meaning is not crucial. The central point is the dynamics:
action triggered by perceived imbalances and unsustainability.
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project under study. It can range from supranational bodies down to local
municipalities. Then again, for management subsystems administrative
boundaries may, in many instances, not suffice.

The assumption that supply, demand and management areas are well-
demarcated geographical areas may in many environmental assessments
be valid, especially where it concerns EIA’s of projects, but it definitely
does not apply to all cases. Users of goods and services from a certain
supply area (say a soybean producing area in Brazil or a wild coffee culti-
vation area in Ethiopia) may be spread across the globe. In addition to
‘areas’ it is necessary to conceive of ‘networks’ as the organising forms
of the supply and demand of ecosystem services. In water management
studies this is captured in the concept of ‘problemshed’ – as an alter-
native to ‘watershed’ (Viessman, 1998: 5). In a watershed (catchment)
perspective, boundaries are predefined spatially, sectorally, and analyti-
cally through the primacy of ‘water’. The latter seems unwise given the
complexity and multidimensionality of water management problems.
For example, an issue involving wetlands and migratory waterfowl may
involve environment agencies and NGOs from outside of the water-
shed and even the country, whereas saving water through conversion
from water-consumptive crops to other crops might require linkages
with infrastructure agencies and the private sector to develop markets
for alternative crops. In a problemshed perspective, the question of the
boundaries of a given water management issue, in space, in time, and in
a society, is treated as an open, empirical question. This avoids confining
the scope of analysis to a hydrologically defined unit. In terms of strate-
gic analysis the problemshed can be regarded as an ‘issue network’ (see
Van Waarden, 1992; Howlett and Ramesh, 1995, 1998). It is open to
what constitutes the ‘issue’ and which actors, processes, and mechanisms
influence it, rather than using preconceived ideas of the structure of the
action arena, for example, by confining it to the river basin area and the
actors directly involved in water use and management.

In the biological diversity ‘arena’ similar concepts can be found in the
ecosystem approach, defined by the CBD as a strategy for integrated
management of land, water, and living resources (CBD, 2000a and
2004a). It considers management of living components, alongside social
and economic considerations, at the ecosystem level of organisation. It
considers ecosystem management as a social process that has to work
within natural boundaries. Recognising the potential gains of ecosystem
management also necessitates understanding and managing ecosystems
in an economic context. Furthermore it stresses to address issues at the
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right scale, because the failure to take scale into account can result in
mismatches between the spatial and time frames of the management and
those of the ecosystem being managed.

The biophysical subsystem: supply of ecosystem services
The Millennium Ecosystem Assessment (2003) has set the standard for
terminology to translate the natural environment into terms understand-
able for human society. It has defined ecosystem services2 as ‘the benefits
people obtain from ecosystems’. These include provisioning services (such
as food and water), regulating services (such as regulation of floods, drought,
land degradation, and disease), cultural services (such as recreational, spiri-
tual and other nonmaterial benefits), and supporting services to maintain
the other services (such as soil formation and nutrient cycling). The
framework for assessment of the MA has solved the problem of ‘tiered
services’, which appeared in earlier literature on functions of nature.
Some functions directly provide goods or services for human society,
while other functions are needed to maintain these direct services.3 The
MA therefore made a distinction between supporting services and the
other three categories. This also solved the problem of double counting
in economic valuation of ecosystem services; supporting services are not
taken into account and only the final, directly exploited service is valued
(Hein et al., 2006).

Yet, the MA missed out an important category of services, which
has been described extensively in earlier literature, that is, the carrier or
carrying functions.4 R. S. de Groot (1992) defined carrying functions
as ‘providing space and substrate’. All living organisms need a certain
amount of space in accordance with their particular environmen-
tal requirements. Although all organisms need space, humans show a
wide differentiation in their appreciations of space. Requirements for
the construction of houses, roads or ports, to make use of rivers for

2 Norman Myers (1996) argued that environmental services was a better term as it embraces
large-scale services such as the albedo of Amazonia, being a region too large to conform
to the conventional understanding of ecosystem. However, with the flexible definition
of ecosystem provided by the ecosystem approach, the MA could stick to the term
‘ecosystem services’.

3 A summary of conceptual difficulties around these ‘conditional’ and other functions
can be found in W. T. de Groot, 1992: 229–36.

4 Both W. T. de Groot and R. S. de Groot use the terms ‘carrier’ and ‘carrying functions’.
We will stick to ‘carrying functions’.
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navigation, or to develop tourism differ widely. Consequently, the carry-
ing functions of ecosystems can be multiple but very different for each
ecosystem.

A subtle differentiation in functions introduced by W. T. de Groot
(1992) not followed by the MA, is the differentiation between joint
and natural production functions. Natural production functions are part
of the provisioning services of the MA and relate to the products
derived from natural production (such as fish). Joint production functions
relate to products that partly depend on natural productivity, but where
human decisions and inputs are a dominant factor (e.g. agricultural crops,
aquaculture products, and plantation crops).

Some have highlighted the problem of double counting with the
present classification of ecosystem services (Hein et al., 2006 Wallace,
2007). Depending on the local conditions, services may underpin other
services (e.g. water purification partly or entirely supports provision of
drinking water); by taking both services into account, double counting
may occur in an assessment. Hein et al. solved this by only taking the
locally defined, end variable into account; Wallace proposed an entirely
new classification system. This classification system is less developed and
more complex to understand and is therefore less useful for interdisci-
plinary work in environmental assessment. This is the reason we stick
rather closely to the mainstream ecosystem services classification.

Summarising the above we arrive at five categories of ecosystem
services, closely following the MA framework, but with some additions
as pointed out above:

(1) Provisioning services: products obtained from ecosystems. For each of
the products obtained from ecosystems a distinction can be made
between natural and joint production, that is, products harvested from
nature with minimal human effort, or produce obtained with human
inputs such as fertilisers, pesticides, or intense resource manage-
ment. There is no clear-cut differentiation between natural and joint
production as many degrees of human intervention occur. It is impor-
tant to realise that provisioning services always, although to varying
degrees, depend on biodiversity.

(2) Regulating services: benefits obtained from the regulation of ecosys-
tem processes. In earlier literature a distinction was made between
processing and regulation, where processing referred to chemi-
cal transformation, dilution, sequestration, or processing of waste,
and regulation to the dampening of harmful influences from other
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components (W. T. de Groot, 1992). In practice however, it is very
difficult to make a proper distinction between these two categories.
R. S. de Groot (1992) and the Millennium Ecosystem Assessment
(2003) have consistently maintained these as regulating services.

(3) Cultural services: These are nonmaterial benefits people obtain from
ecosystems through spiritual enrichment, cognitive development,
reflection, recreation, and aesthetic experiences. In earlier publi-
cations the terms ‘signification functions’ or ‘information functions’
have been used for the same group of services.

(4) Carrying services: Ecosystems provide space, a substrate, or backdrop
for human activities. This is best illustrated by river navigation.
Navigation needs water as a substrate; if water depth is not suffi-
cient a ship will not be able to proceed. Yet, a ship does, in principle,
neither influence the quantity nor the quality of water. The service
is often considered as being for free, until water shortage occurs (e.g.
by extraction of water by upstream irrigation works to provision
agricultural production), the economic damage becomes apparent,
and, for instance, dredging becomes an option at a certain cost.

(5) Supporting services: These are the services that are necessary for the
production of all other ecosystem services. They differ from all the
other services in that their impacts on people are either indirect or
occur over a very long time. For example, soil formation processes
usually play on a time scale which humans cannot oversee; yet they
are closely linked to the provision service of food production. Biodi-
versity is said to provide an ‘insurance’ service as the very diversity
itself insures ecosystems against declines in their functioning (e.g.
Loreau et al., 2001; Thompson and Starzomski, 2006; see Box 2.6 in
Chapter 2). We consider this being a supporting service, because it
guarantees the provision of all other services.

A detailed list of ecosystem services can be found as an appendix at the
end of this chapter.

Water is an interesting example showing the strength of the ecosys-
tem services concept. Water is often considered as one natural resource,
but in terms of ecosystem services it constitutes a multiple resource.
Depending on the type of ecosystems providing these water-related
ecosystem services, the set of services will be differently composed.
Some examples: the ecosystem can be harvested for public water supply
or irrigation as a provisioning service, water bodies regulate water
quality (regulation service), and water plays an important role in many
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religious ceremonies as well as recreational activities (cultural services),
it provides a substrate for navigation (carrying service), and it plays a
major role in climate regulation (supporting service). Exploitation of
one service often goes at the cost of another service. Obviously, for
the assessment of impacts of any water resources project a multisec-
toral approach is necessary, as also stated by the Millennium Ecosys-
tem Assessment (2003: 60).5 Economic sectors are usually constituted
around a single service; the multiple services provided by water usually
go far beyond sectoral boundaries, thus constituting the problem of
‘integration’.

The description of water resources in terms of ecosystem services
provided by water also provides the means to define the relevant units
of measurement. The description of ecosystem services is done in terms
linked to the service and not in terms of the values attached to the service
by stakeholders (for an explanation of ‘values’, see the next section).
For example, water quality parameters are a major concern for public
water supply, while the provision of irrigation water is more focussed on
quantity. For river navigation only, width and depth of the river may be of
interest. Religious and recreational services provided by water probably
have to be expressed in more qualitative terms. Timber production can
be expressed in cubic meters of harvestable wood for various tree species.
This can be done in a relatively unequivocal manner. According to the
Millennium Ecosystem Assessment (2003), ecosystem services have to
be described in terms of stock (how much is there), flow (how much
can sustainably be harvested), and condition (an ecosystem’s capacity to
continue providing a service). Other important parameters are variability,
resilience, and thresholds (see the Millennium Ecosystem Assessment
(2003: Chapter 2).

The societal subsystem: stakeholders and the demand for
ecosystem services
In the terminology of the MA, ecosystem services contribute to human
well-being by having an influence on multiple constituents of human
well-being: security, access to basic material for a good life, health,
social relations, and freedom of choice and action. How well-being,
ill-being, or poverty are experienced and expressed depends on context

5 An elaboration of the ecosystem services concept for the water sector can be found in
Abdel-Dayem et al., 2004.
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and situation, reflecting local physical, social, and personal factors, such as
geography, environment, age, gender, and culture (Millennium Ecosys-
tem Assessment, 2003). In all contexts, however, ecosystems are essential
for human well-being through their services. Although the approach of
our framework is fundamentally similar, we do not use the ‘constituents
of human well-being’ terminology as used by the MA. The informa-
tion needs in environmental assessment differ on a case-by-case basis
and may strongly deviate from the MA, which is a worldwide scenario
evaluation. For decision making on any plan or project it is more practi-
cal to look at the values of affected ecosystems services for stakehold-
ers in society. In our approach values are expressed in three broadly
defined categories, more fitting with decision-makers’ language, that
is, social, economic, and ecological values. The precise description of
values differs for each environmental assessment, as these values need to
be identified and valued in consultation with groups ‘having a stake’ in
any of these values. Values may change among different stakeholders;
for example, indigenous people will value forest resources (provision-
ing service) differently as compared to an international wood processing
company. Similarly, regional authorities or a chamber of commerce may
be interested in the contribution of forestry to the regional economy,
local inhabitants may be more interested in generating employment,
and indigenous people will value the forest as their very basis of
life.

Stakeholders

The societal subsystem consists of individuals or groups of people that
value the goods and services provided by the biophysical subsystem.
In economic terms society constitutes the demand side for ecosystem
services. By putting a value to one or more ecosystem services, individuals
or groups of people automatically become a stakeholder in any policy,
plan, programme, or project which may affect these ecosystem services.
The opposite also applies – it can be argued that an ecosystem service does
not exist for society as long as the service does not have stakeholders.
For environmental assessment it is therefore of utmost importance to
identify stakeholders in order to be able to identify, describe, and quantify
the values of ecosystems services for society. In this respect the term
‘stakeholder’ is interpreted in its widest possible sense, and includes those
speaking on behalf of future generations. Four categories of stakeholders
can be identified (see Figure 4.2):
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Figure 4.2 Stakeholders (adapted from Slootweg et al., 2006: 37).

� Beneficiaries of a policy, plan, programme or project – target groups
making use of ecosystems services which are purposefully enhanced. A
distinction can be made between direct, or onsite, beneficiaries, such
as fisherfolk (service: productivity of aquatic resources) or farmers
(service: soil productivity), or distant beneficiaries, such as foreign
tourists or urban inhabitants dependent on water supply from wetlands
elsewhere;

� Affected people, that is, nontarget groups that experience intended or
unintended changes in ecosystem services that they value;

� General stakeholders, representing a wide variety of formal and informal
organisations and groups, including:
– National or local government agencies having a formal government

responsibility with respect to the management of defined areas (town
and country planning departments, etc.) or the management of
ecosystem services (fisheries, forestry, water supply, coastal defence,
etc.);

– Organisations representing affected people such as established govern-
mental or nongovernmental organisations or spontaneous initiatives
(water boards, trade unions, consumer organisations, civil rights
movements, ad hoc citizens committees, etc.);

– Organisations representing (the intrinsic value of) biodiversity itself
(nongovernmental nature conservation organisations, park manage-
ment committees, scientific panels, etc.);
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– The general public that wants to be informed on new developments
in their direct or indirect environment (linked to transparency of
democratic processes).

� Stakeholders of future generations, who may rely on biodiversity around
which we make decisions. Formal and informal organisations are
increasingly aware of their responsibility to take into account the inter-
ests of these ‘absent stakeholders’.

Figure 4.2 summarises the above. It puts future stakeholders in a
separate box, but, of course, only present real stakeholders can represent
nonexistent people. The figure provides a distinction between on site
stakeholders, that is, those stakeholders associated with what traditionally
is called the project site, and stakeholders indirectly affected by the project
through biophysical changes with distant impacts.

Values

The value of something is its worth, merit, or importance. Different
categorisations of values exist. Distinctions are often made between use
and nonuse values, where use values are further subdivided in direct use
values of harvestable products (i.e. linked to provisioning services) and
indirect use values, linked to the other categories of ecosystem services.
Nonuse values can be further subdivided in optional values, bequest
values, existence, and intrinsic values. Chapter 8 will discuss this in greater
detail. In order to identify the values that ecosystem services represent
for society we propose three broad categories of values (Koudstaal et al.,
1994; Netherlands Commission for Environmental Assessment, 2001;
Slootweg et al., 2001):

� Social values: These refer to the quality of life in its broadest sense
and can be expressed in many different units, depending on the social
context and cultural background. For example, health and safety can be
expressed in the numbers of people protected from forces of nature by
coastal mangroves (regulation service), or prevalence of disease; human
wellbeing can be related to the level of food (in-kind income) obtained
directly in nonmonetary societies. Schooten et al. (2003) provide an
extensive overview of social values; many of these can be directly linked
to ecosystem services.

� Financial and economic values: These are related to both direct consump-
tion (e.g. fish, timber) and the inputs to the production of other goods
and services (e.g. water for irrigation, wetlands store flood water to
reduce downstream flood damage). Examples of expressing economic
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values are monetary value assigned to individual economic activities
(agriculture, industries, construction, etc.), household income as an
overall expression of the financial conditions of the population, or per
capita gross regional or domestic products as an overall expression of
the income of society as a whole.

� Ecological values: These refer to the value that society places on or derives
from the maintenance of the earth’s life support systems. They come
in two forms:
– Temporal ecological values refer to the potential future benefits that can

be derived from biological diversity (genetic, species, and ecosystems
diversity) and key ecological processes that maintain life-support
systems for future generations. Examples include the unknown
potential of genetic diversity to be exploited in biotechnology,
but also the simple maintenance of production and decomposition
processes on which all life on earth depends.

– Spatial ecological values refer to the interactions of ecosystems
with other systems, providing services for the maintenance of
other ecosystems. Examples include coastal lagoons and mangroves
which serve as breeding grounds for marine fish, supporting an
economic activity elsewhere (fisheries); wintering areas for migra-
tory birds linking West Africa with Northwestern Europe and
Siberia; or floodplains acting as flood buffer for flood protection of
downstream areas, or acting as a silt trap preventing reservoirs from
silting up.

Values are linked to stakeholders, and one ecosystem service can
have different stakeholders. Consequently, different and even oppos-
ing values can be attached to one ecosystems service. For example,
in Bangladesh farmers think very negatively about prolonged floods,
while such floods are considered a blessing for fishermen. Measures to
reduce floods enhance agricultural production (provisioning service) at
the cost of flood attenuation (regulation service), resulting in local loss of
fisheries income (provisioning service) and increased floods downstream
(Oliemans et al., 2003).

The impact assessment framework
Linkages to the MA framework

The impact assessment framework has been developed to further elabo-
rate on the cause–effect chains which impact upon biodiversity and
ultimately affect human well-being. To understand the strengths and
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limitations of the impact assessment framework, we first explain some
of the concepts introduced by the MA. The MA was a four-year
international work programme designed to meet the needs of decision
makers for scientific information on the links between ecosystem change
and human well-being. It was launched by United Nations Secretary
General Kofi Annan in June 2001. Leading scientists from more than
100 nations have contributed. The first product of the MA was a
conceptual framework providing the thinking behind all ongoing work
(Millennium Ecosystem Assessment, 2003). The MA conceptual frame-
work is fully consistent with the CBD Ecosystem Approach (CBD,
2000a and 2004a). An important feature of the MA is the translation
of biodiversity into ecosystem services, which contribute to human
well-being and poverty reduction. Ultimately, humanity is fully depen-
dent on the flow of ecosystem services. The degradation of ecosys-
tems places a growing burden on human well-being and economic
development.

The performance of ecosystems to provide ecosystem services can be
influenced by drivers of change. In the MA, a ‘driver’ is any factor that
changes an aspect of an ecosystem. A direct driver unequivocally influ-
ences ecosystem processes and can therefore be identified and measured to
differing degrees of accuracy. An indirect driver operates more diffusely,
often by altering one or more direct drivers, and its influence is estab-
lished by understanding its effect on a direct driver. Demographic,
economic, sociopolitical, cultural, and technological processes can be
indirect drivers of change. Actors can have influence on some drivers
(endogenous driver), but others may be beyond the control of a particular
actor or decision maker (exogenous drivers). Strategies and interventions
can affect a driver of change at geographical scales varying from local to
global and may work at widely different time scales. Consequently, the
organisational scale at which to best address a driver of change needs to
be assessed for each situation.

The Impact Assessment framework introduced in this chapter provides
a structure to describe direct drivers of change that result from human
interventions in more detail. It establishes linkages between biophysical
and societal effects of interventions and provides insight in how inter-
ventions may lead to impacts, either through biophysical interventions or
through societal interventions. It makes a clear distinction between ‘facts’
and ‘values’. ‘Facts’ are analytical understandings of physical and social
reality that can be tested through established research methodologies. We
may or may not like the ‘facts’ that we find in our analyses, but that does
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not alter their factuality. ‘Values’ are, crudely put, what we like or do
not like about reality, what importance, merit, and appreciation we lend
to it from the perspective of our particular position and worldview. The
kinds of values we hold regarding ecosystems were outlined above (also
see Chapter 8). These values are the basis of how ‘impact’ is understood
and felt.

The framework is a conceptual basis for impact assessment at levels
where interventions in the social and biophysical environment are (more
or less) known, at project level but also at the level of strategic assessment
for regional or sectoral plans. The Millennium Ecosystem Assessment is
not developed for such types of impact assessment but aims at provid-
ing information for natural resources management policies. The MA
concepts are largely similar to the Impact Assessment Framework, but
serve the highest level of strategic assessment where interventions are
not precisely known. The notion of indirect drivers of change, or in
other words, diffuse societal processes that influence or even govern
direct drivers of change, provides a concept to coherently describe
chains of cause and effect at higher policy level. Although concep-
tually similar, the two frameworks have been developed for different
settings and can be considered as complementary. Chapter 7 provides
more detail on the combined use of the MA framework and ours for
strategic environmental assessment at the level of policies, plans, and
programmes.

The MA framework largely overlooks that social processes can
also be considered direct drivers of change. For example, the
creation of employment in a relatively uninhabited area will attract
migrants that settle in the vicinity of the facility where people are
employed, occupying formerly uninhabited areas. There is nothing
diffuse or indirect to this as it is a planned activity with predictable
consequences.

Activities and effects: direct drivers of change

The first step in the impact assessment framework is the description of
direct drivers of change, that is, activities and their effects that change
ecosystems and services provided by these ecosystems. (Activities can
consist of biophysical (Figure 4.3, part 1) as well as societal interventions
(Figure 4.3, part 2) Biophysical interventions lead to biophysical effects
being defined as changes in the characteristics of the recipient media soil,
water, air, flora, and fauna (Figure 4.3, part 3).
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Figure 4.3 Impact assessment framework (adapted from Slootweg et al., 2001).

Example: A new mining activity will physically alter the site of the
concession (clearing of site, relocation of streams, creation of dumpsites
(physical interventions), operation of the mine, use of processing water,
etc.). The resulting biophysical effects may be a change in the quality
and quantity of surface waters and groundwater aquifers, clearing of
vegetated areas, noise and dust production, and so forth.

Each direct biophysical effect can result in a chain of second-order and
higher-order biophysical effects (Figure 4.3, part 5).

Example: A change in the groundwater table in the mining concession
area may alter the groundwater table in a surrounding forested area.
Change in the hydrology of a local stream may alter the flooding
regime of wetlands located downstream.

Activities may also lead to societal effects (Figure 4.3, part 4) being
defined as changes in the characteristics of components of society
(individuals, families, functional groups, or a society as a whole) and
the relations between these individuals and groups; the nature of these
characteristics and relations can be demographic, economic, sociocul-
tural, emancipatory, institutional, land use, and so forth (van Schooten
et al., 2003).
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Example: If the mining concession is located in a rural area, the mining
company may have to attract additional labour, leading to an increase
in number of inhabitants, often with a skewed sex ratio and a skewed
age distribution.

Each direct societal effect can lead to second-order and higher-order
effects (Figure 4.3, part 5).

Example: The influx of new inhabitants leads to an increased demand
from public services such as health and educational facilities.

A change in the characteristics of a community (societal effect) may
lead to biophysical effects (Figure 4.3, part 6).

Example: An influx of migrant labourers, will lead to increased land
encroachment for housing and public facilities, food production, and
leisure activities.

Biophysical and societal effects are independent of the particular way
a specific analyst or stakeholder may choose to understand them. This
means that, in principle, it is possible to produce relatively clear ‘facts’
about the physical and societal effects that would result from a certain
intervention. We produce ‘facts’ for use in an assessment – this is both a
physical and a social reality. The processes happening in physical reality
are independent of how and whether we think about them – they also
happen when there are no human beings, and are in a fundamental sense
independent of human thought and presence. This is not the case with
social reality, which is – of course – constituted by human beings, their
presence, actions, and thoughts. This complicates matters considerably
as regards the behaviour of social systems and the ease with and the
kind of ‘facts’ that can be produced about them. The view taken by
the present authors is that there are no ‘social laws’ that can explain the
behaviour of social systems in the same way as ‘natural laws’ can help
to explain physical system behaviour. Nevertheless, it is quite possible to
produce ‘facts’ about social systems, although these are always historical
and contextual. However, in our view these ‘facts’ do not, in principle,
depend on the ‘values’ that the analyst may hold and the ‘meaning’ that
s/he attributes to them. That is, social analysis and social ‘facts’ are subject
to the same procedural rules as physical ‘facts’ and analysis, although
the nature of the object is different, and testing social ‘facts’ is often a
much more hazardous affair than testing physical ‘facts’ (see Box 4.1;
Van Schooten et al., 2003, are the first to publish on this idea within
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Box 4.1. ‘Facts’ in critical realism

The philosophical position taken here is that of critical realism
(Bhaskar, 1979; Sayer, 1992). In this perspective, ‘facts’ are always
socially constructed, and therefore the relationship between ‘facts’
and reality is always a question, although sometimes much more than
other times. However, this does not preclude a realist ontology for
both physical and social objects. Despite the epistemological problems
related to the idea of ‘objectivity’, something that can be at best
approached, we are still able to produce ‘practically adequate’ knowl-
edge about physical as well as social objects – although not always
very easily. The confusing part of the analysis of social systems, at least
from a natural science perspective, may be that ‘meanings’ are both
present in the object of research and in the perspective from which the
analysis of the object is undertaken. Critical realism considers this as
following from the nature of social objects and human beings (societies
are defined by the presence of meaning; people cannot observe and
analyse other than by employing certain structures of meaning) rather
than as a ‘problem’ necessitating the expulsion of ‘meaning’ from
scientific analysis.

the context of social impact assessment, although they use a somewhat
different vocabulary).

The magnitude of the effects and the direction of change are deter-
mined by the combined characteristics of the intervention and the recip-
ient involved (see Table 4.1).

Example: Dams (intervention) change the hydrology of water-
courses (recipient). Forced migration (intervention) will change the
demographic characteristics of a population (recipient).

As we pointed out biophysical and social effects can be identified
independently and relatively objectively (e.g. by external experts). This
does not mean that local knowledge shouldn’t be used when describing
and/or quantifying these changes. Local knowledge may provide impor-
tant clues about the dynamics of the physical and social systems at hand,
and it is part of the reality that is investigated. However, local opinion,
like any other opinion, needs to be separated from the identification of
the structures and mechanisms at work in the physical and social systems
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Table 4.1 ‘Recipients’ or ‘carrying media’ of change with some characteristics
that may be affected.

Recipient Characteristics

Soil: quality Further described in: change in soil chemistry (may be
further detailed in salts, acidity, naturally poisonous
elements), structure, texture, moisture, fertility,
man-induced pollution.

Soil: quantity Sedimentation and scouring of stream beds,
susceptibility to wind erosion, water erosion,
landslides, subsidence.

Water: quality (surface,
groundwater, run-off
water).

Salt/freshwater balance (sea-land interface), sediment
load, turbidity, acidity, man-induced chemical
pollution, poisonous elements in groundwater,
oxygen contents, nutrient contents, temperature,
stratification

Water: quantity surface,
groundwater, run-off
water.

Regime of peak flow, base flow, and flooding, change
in water level or water level dynamics of surface and
groundwater reservoirs, flow velocity, stream profile
(wet section).

Air Microclimatic and macroclimatic change (complex of
factors related to temperature, humidity, force and
frequency of weather phenomena); airborne solid
particles (dust, asbestos), odours, noise level,
chemical pollution, greenhouse gasses.

Flora Removal of vegetation (clearing, felling), infestation
with terrestrial or aquatic weeds, algal bloom, plant
diseases, invasion of exotic species, replacement of
traditional plant varieties or cultivars by
high-yielding varieties.

Fauna Removal of indigenous species (hunting), breeding of
disease transmitting animals, outburst of pests
(nematodes, insects), damage by animals (rodents,
birds), invasion of exotic species, replacement of
traditional animal breeds, breeding of pathogenous
organisms.

under analysis. According to Principle 11 of the ecosystem approach,
the use of local knowledge should be incorporated as much as possible
in any environmental assessment, as long as local knowledge is separated
from value judgements.

So, while biophysical and social effects can be defined indepen-
dently and in a relatively objective manner, the impacts resulting from
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these changes can never be defined independently from the affected
stakeholders. Stakeholders perceive impacts within their system of norms,
values and beliefs, and give value to impacted ecosystem services.6 This is
why we distinguish between an ‘effect’ (by external – nonstakeholder –
experts measurable and to some extent predictable changes) and an
‘impact’ (the consequences of interventions as they are perceived or
‘felt’ by affected individuals, groups, or society as a whole).

Impacts on ecosystem services and human well-being

Biophysical effects resulting either directly from biophysical interven-
tions, or indirectly through societal interventions, are pivotal to the
impact assessment framework as these are the actual agents of change
in ecosystems and in the services provided by these ecosystems.

Example: A change in groundwater table will change the lumber
production of an exploited forest, and it may change the capacity
of the forest to maintain its biological diversity.

An important characteristic of biophysical effects is their spatial as well
as temporal range of influence (Figure 4.3, part 7). Each biophysical effect
has a geographical range of influence (area of influence: where and
how far away), and a time range (when and for how long, permanent
or temporary) (Slootweg, 2005). Experts can model biophysical effects
or use empirical evidence to predict where and when an effect will
be noticeable. Local stakeholders with their day-to-day experience can
provide relevant information.

By knowing the range of influence of each biophysical effect (e.g.
drawn on a map), the ecosystems and land use types (sometimes referred
to as man-made ecosystems) under the influence of biophysical effects

6 Modern societies have developed legislation (e.g. protected areas) and formal environ-
mental norm systems which are intended to represent the values and perceptions of
society as a whole. Having such formalised rules and norms greatly facilitates environ-
mental assessment as on many issues stakeholders don’t have to be asked for their
opinion. The disadvantage is that environmental assessment in many instances has
become a technocratic exercise where impacts are only compared to norms. Thinking
stops and stakeholder involvement is minimised. Furthermore, one cannot assume that
norms as codified in law, regulations etc. are shared by everyone. ‘Society as a whole’
is not an actor. Norms at that level may be the norms of a dominant group or class or
cultural elite. They may obscure divisions and differences. For stakeholder analysis it is
exactly important to look beyond ‘society as a whole’.



The impact assessment framework · 109

Table 4.2 ‘Recipients’ or ‘carrying media’ for biophysical effects and their range
of influence (not exhaustive).

Recipient Range of influence

Soil Predominantly local changes and vertically through soil
layers.

Air: noise Local and neighbouring areas following noise contour
lines.

Air: dust, odour Local and neighbouring areas following direction of
prevailing wind.

Open surface water Local and downstream, permanently or temporarily
submerged areas connected to the water course.

Run-off water Terrestrial and aquatic areas downhill from where the
activity is carried out.

Groundwater Local and neighbouring areas sharing the same
underground aquifer.

Aquatic organisms Upstream and downstream, permanently or temporarily
submerged areas connected to the water course.

Disease-transmitting
flying insects

Settlements of man and domestic animals within flying
range of insects (approx. 2–5 km).

Disease-transmitting
aquatic snails

Aquatic habitats used by people immediately
downstream of snail breeding area (approx. 2 km).

can be identified (Figure 4.3, part 8). Each biophysical effect can have
a different range of influence. Examples are the range of influence of
changes in air (downwind), surface water (downstream), and groundwa-
ter (aquifer) (see Table 4.2). Only when the biophysical effects have been
identified and their range of influence established can the potential area
of influence of an activity be established. This reasoning shows that the
idea of making a baseline description at the start of an assessment, an idea
promoted and automatically copied in many EIA frameworks, in fact is
impossible. One first has to have a clear picture of the type of activities
and their range of influence through biophysical and social effects before
one can have an idea of the area that needs to be studied. Starting with a
baseline study often leads to nonfocussed, wasteful data collection efforts
and consequently a waste of time and resources.

If the area of influence is known, the type of land use and/or ecosys-
tems under the influence of each biophysical effect can be described.
Each type of land use or ecosystem provides a unique set of ecosystem
services.
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Biophysical effects influence the composition or structure of biodi-
versity, or affect key processes that create or maintain biodiversity (see
Chapter 2 for an extensive elaboration). Through these biophysical
effects, the ecosystem services provided by biodiversity may change. As
different ecosystems or land use types will respond differently to these
biophysical effects, the impact on the ecosystems services has to be deter-
mined for each individual ecosystem or type of land use.

A change in the services that are provided by the natural environment
will lead to a change in their value for human society (Figure 4.3,
part 9), and has an impact on human well-being. The ecosystem services
concept is anthropocentric, as it translates nature into services for human
society. Society puts a value on these services. Values can be expressed
in economic, social, or ecological terms, providing valuable information
for decision making on proposed (alternative) activities.

Example: A change in the lumber productivity of an exploited forest,
caused by lowering groundwater, may lead to loss of income and jobs,
and to marginalisation of rural villages and a reduced Gross Domestic
Product for the region (values expressed in economic and social terms);
similarly the drop in groundwater level may affect the forests capacity
to maintain certain levels of biological diversity (value expressed in
ecological terms).

Different (groups of) stakeholders can value the effects on ecosystem
services differently. Some types of ecosystem services may not even be
recognised at all among certain groups of stakeholders. For example,
wetlands near Alexandria (Egypt) have a strong potential for recreational
use by the city’s five million plus inhabitants, thus creating an incentive
for the cleaning up of these highly polluted wetlands. However, none of
the participating formal stakeholders from the water sector was willing
to recognise this ecosystem service identified by an external expert in
a pilot SEA for improved water management in the region (IPTRID,
2005). In Western Europe recreation and quality of living environment
is one of the most important arguments for wetland restoration and
water quality improvement because of the strong demand from inhabi-
tants. This example shows that the recognition of ecosystem services is
context dependent; one has to know the exact nature of the ecosystem
or land use type where biophysical effects occur and one has to know
the use that a local society makes of these services (including people’s
perception of these services). This relates to the norms and values system
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of a society, represented by its laws, regulations (customary rules or
formalised legislation), and other normative structures. The important
consequence of this notion of context dependency is that impacts cannot
be determined by external experts only, but that representatives of the
local society have to be consulted. The importance of broadly identifying
stakeholders when looking for ways to put biodiversity on the agenda
in environmental assessment is apparent. More strongly stated, it can be
argued that ecosystem services without stakeholders will go unnoticed in
environmental assessment, and as a consequence biodiversity in general
will receive less or no attention.

Social effects and social impacts

To make the impact assessment framework complete we also have to
address the direct social impacts resulting from an activity. Depending
on the characteristics of the existing community (and on availability of
mitigation measures), social effects may cause social impacts (Figure 4.3,
part 11).

Example: In a situation of relatively low local availability of labour, the
creation of new job opportunities by an activity will attract migrant
labour thus changing the demography of the area (social effect). This
may cause stress on the existing social services (school, health) or, when
coming from a different cultural background, may lead to conflicting
cultural values (social impact).

As human beings or society as a whole are, contrary to the biophysi-
cal world, able to respond actively to impacts, the experience of social
impacts in some cases leads to induced social effects (Figure 4.3, part 10)
(van Schooten et al., 2003).

Example: The marginalisation of rural villages (impact) forces people
to migrate to urban areas (induced social effect).

This last relation of induced social changes in theory creates endless
loops in the framework. From a theoretical point of views this is correct,
as the world will never stop changing; any human activity will trigger
changes, which in their turn will result in new changes. From a practi-
cal point of view it is of course not desirable to have endless analytical
exercises to describe potential impact mechanisms in as much detail
as possible. This is exactly the reason why scoping in environmental
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assessment is so important. The framework can be used in an iterative
manner to provide a rapid overview of the potential chains of cause
and effect. In consultation with experts and stakeholders, the magni-
tude and relevance of each of this long list of potential impacts can be
determined, including the extent to which induced effects have to be
taken into account. By providing insight in the nature of impact mecha-
nisms, the process of weighing the relevance of impacts can be kept
transparent, provided that institutional arrangements are in place where
relevant stakeholders can be part of the weighing process on equal terms.
A further advantage is the framework’s separation of ‘facts’ and ‘values’;
stakeholders can possibly agree on the major physical and social changes
that are happening, even when they may value these changes differ-
ently. Environmental assessment is often carried out as a technocratic
exercise with minimal involvement of society. Technocratic information
does not necessarily represent the diversity of perceptions in society (very
convincingly shown by Stolp, 2003, 2006).

The framework as a boundary object
Complex problems and boundary crossing

What work can a framework as presented in this chapter do? It is not
intended to be a ‘standardised procedure’ to be mechanically applied in
any new situation – like a checklist for instance. Neither is it intended
to be a predictive analytical model that can conclusively answer ‘what-if’
questions and make authoritative predictions. It is a device to be utilised
for the facilitation and systematising of the interaction between those
involved in decision making on human interventions with social and
environmental impacts. The framework is an instrument that mobilises
available societal and environmental knowledge regarding a certain issue
or situation, and provides a structure, process, and language for learn-
ing and decision making. Frameworks of this kind are mediators (cf.
Morgan and Morrison, 1999). They mediate between different types
of knowledge: natural and social science knowledge, lay and expert
knowledge, knowledge about facts and knowledge about values, and
so forth. They also mediate between interest groups and the individu-
als representing these in the process of negotiating knowledge in order
to make sensible decisions. Such frameworks thus do not produce or
predict ‘solutions’ by themselves, but their active use by those involved
in a certain problem situation can help to find sensible and feasible ways
forward.
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In the science and technology studies literature devices performing
such functions are called ‘boundary objects’ (Star and Griesemer, 1989).
This is because effectively addressing complex problems requires the
mobilisation of different types of knowledge and involvement of differ-
ent interest groups. Managing biodiversity is typically such a complex
problem, whether addressed at the level of a miniwatershed or the earth
system. The knowledge required for addressing such complex problems is
developed and organised in different disciplines and organisations, while
different interest groups not only have different but often also conflicting
interests. This constitutes serious problems in the communication, inter-
action, integration and required decision making. Addressing biodiversity
management issues requires crossing boundaries in knowledge and inter-
est for joint problem solving. To facilitate and systematise the process of
boundary crossing, devices are needed that assist in this, so called bound-
ary objects. The framework presented in this book is meant to operate
as a boundary object linking the worlds and knowledge of procedu-
rally oriented environmental assessment experts, contents-oriented social
and ecological sciences experts, and result-oriented decision makers (see
Figure 4.4). In this section we discuss the conceptual ideas underlying
the notion of the framework as a boundary object.

Knowledge: salience, credibility, and legitimacy

One of the boundaries to be crossed to make science and technol-
ogy usefully contribute to environmental assessment is that between the
domains of research and policy, the concern being how knowledge can
be translated into action. According to Cash et al., (2003) informa-
tion requires three attributes to successfully cross the boundary from
research to policy: salience, credibility, and legitimacy. The problem is that
actors in different domains perceive and value these attributes differently.
‘Traditionally, scientists, managers and scholars of science, technology and
policy have focused on credibility – how to create authoritative, believ-
able, and trusted information’. (Cash et al., 2003: 2) Many, particularly
scientists, tend to assume that ‘good science’ more or less automatically
leads to ‘good decisions’. In policy practice, the recurrently experienced
problem is that ‘decisions makers [are] not getting information that they
need and scientists [are] producing information that is not used’. (Cash
et al., 2003: 1) This suggests that more is needed than credibility (scientific
plausibility and technical adequacy) of information: salience and legit-
imacy. Salience is about the relevance of the information/knowledge



114 · Roel Slootweg and Peter P. Mollinga

6. Process facilitation:

boundary settings

defined by EIA / SEA framework in
place & implementation capacity

6. Process facilitation:

boundary settings

defined by EIA / SEA framework in
place & implementation capacity

2. Cause:

biodiversity information

credibility: ok

salience & legitimacy: ABSENT

2. Cause:

biodiversity information

credibility: ok

salience & legitimacy: ABSENT

1. Problem:

decision-making

biodiversity information
IGNORED

1. Problem:

decision making

biodiversity information
IGNORED

4. Vehicle for communication:

boundary concept = ecosystem services

translates biodiversity into values for society
(salience), linked to stakeholders (legitimacy)

4. Vehicle for communication:

boundary concept = ecosystem services

translates biodiversity into values for society
(salience), linked to stakeholders (legitimacy)

5. Methodology:

boundary object =
impact assessment framework

to act in situations of incomplete
knowledge, and divergent interests

5. Methodology:

boundary object =
impact assessment framework

to act in situations of incomplete
knowledge and divergent interests

3. Challenge:

boundary crossing

communicate biodiversity in
terms of societal values

3. Challenge:

boundary crossing

communicate biodiversity in
terms of societal values

Figure 4.4 Biodiversity information for decision–making: a border-crossing
problem.

for the different actors involved in the process (receiving the right
kind of knowledge at the right time). Legitimacy is about political and
procedural fairness – whether the information/knowledge sufficiently
speaks to the different concerns of the multiple actors involved.7 What
Cash et al. conclude is that information/knowledge has to be salient,
credible, and legitimate simultaneously to become actively used in decision
making. (Cash et al., 2003: 5) For successful translation of knowledge
into action a process is required that strikes a balance between the three
attributes of salience, credibility and legitimacy. This balancing act is an
interactive social process of negotiation, in which boundary objects like
the framework presented in this chapter can be usefully deployed.

7 ‘Paying too little attention to salience is exemplified in the case of the Global Biodiver-
sity Assessment, in which the primary intended audience (parties to the Convention on
Biological diversity) had little interest in the kinds of questions that were being asked by
the assessors. Information relevant to their decision making was not produced and the
assessment was largely ignored by the intended audience (Raustiala and Victor, 1996).
Likewise, too little focus on legitimacy is seen in the early stages of the IPCC, in which
developing country participants began to question the lack of Third World scientists
and perspectives in the assessment process’(Agrawala, 1998)’ Cash et al., 2003:2)



The impact assessment framework · 115

Interdisciplinarity: boundary concepts, boundary objects, and
boundary settings

Problems of environmental management and sustainable development
(including biodiversity management) are inherently complex phenom-
ena in the sense of having multiple dimensions. Because ‘society has
problems; universities have departments’ (Abelson, 1997) the production
and deployment of knowledge for addressing such problems requires the
integration of different disciplinary contributions. In the literature on this
topic the most common typology of forms of integration is to distinguish
between multidisciplinarity, interdisciplinarity, and transdisciplinarity (Klein,
1990 and 1996; Pohl, 2005). Multidisciplinarity refers to collaboration in
which different disciplines study different aspects of a problem without
influencing each other’s theory and method – an additive or synoptic
strategy. Interdisciplinarity refers to those forms of collaborative research
in which there is a joint problem definition/research question and in
which the answer to the question depends on all contributions – an
integrative strategy. In interdisciplinarity the different disciplines have
to influence each other because, as a minimum, they need a common
language for the joint question addressed. Transdisciplinarity refers to the
type of interdisciplinary research that involves different interest groups
associated with the problem under investigation in the design and imple-
mentation of the research – an integrative plus democratising strategy.
Although interdisciplinarity can still be ‘science driven’, transdisciplinar-
ity is driven by societal problems and takes the different knowledges
regarding the problem focussed on very seriously. In situations where
interdisciplinarity or transdisciplinarity are required for effective analysis
and decision making, as is the case in most environmental assessment
situations, the problem of boundary crossing presents itself. Boundaries
have to be crossed among three main domains: (i) research, (ii) policy, (iii)
and society. Within these domains internal boundary crossing problems
exist.

Effective boundary crossing requires the following three elements:8

(1) The development of boundary concepts that allow us to think, that
is, conceptually communicate about the multidimensionality of the
issues that we study and address.

8 A fuller discussion of boundary concepts, objects and settings can be found in Mollinga,
(2008).
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(2) The configuration of boundary objects as devices and methods that
allow us to act in situations of incomplete knowledge, nonlinear-
ity, and divergent interests – characteristics of most concrete natural
resource management situations.

(3) The shaping of boundary settings in which these concepts, devices, and
methods can be fruitfully developed and effectively put to work.

Put differently, there is a cognitive, an instrumental, and an institutional
dimension to boundary crossing.

Boundary concepts

Boundary concepts are words that operate as concepts in different disci-
plines or perspectives, referring to the same object, phenomenon, process
or quality of these. Boundary concepts are often, certainly initially,
‘loose concepts’ (Löwy, 1992). ‘Loose concepts’ are not very precise,
openly defined concepts and provide the conceptual space to explore
and elaborate the different meanings and dimensions of that concept.
It is more important to actively explore the interconnections than to
impose an authoritative definition, which often represents a particu-
lar perspective. Imposing or pushing a certain understanding can easily
become an act of power to establish dominance of one perspective over
others. An example of a boundary concept is the concept of ‘water
control’ as used in different segments of water resources studies: as
hydraulic/technical control, as managerial/organisational control, and
as sociopolitical and economic control of water use (Mollinga, 2003).
In this case the concept, although it is the same word, carries very
different meanings and refers to the different dimensions of water use.
‘Water control’ becomes a true boundary concept when it starts to
be recognised that it is a single multidimensional phenomenon, and
the different disciplines or perspectives start asking questions about
how these different dimensions are interconnected. Such a process has
happened with regard to a central boundary concept in this book,
that of ‘ecosystem services’. This concept summarises the multidimen-
sionality of the three objectives of the biodiversity convention: (i) the
conservation, (ii) sustainable use, and (iii) equitable sharing of biodi-
versity. It brings together the scientific worlds of ecology, economy,
and social sciences in a normative policy context. With the MA the
legitimacy of the concept has been enhanced considerably, and the
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concept ‘codified’, where salience and credibility were already largely
established.9

Boundary objects

Boundary objects are the main object of this chapter as we have declared
the impact assessment framework to be a boundary object. Ecosystems are
complex systems that exhibit for example nonlinear behaviour and have
many external linkages. Social mechanisms at work have the additional
property that they can change. Social systems are open systems in which
human actors can learn to accept or otherwise decide to change the
structural properties of the system. So, situations to be studied in environ-
mental assessment are not only location specific, but also historical, that
is, variable in both space and time, and their development is inherently
unpredictable. We are unlikely ever to reach the point of sufficient knowl-
edge – given the evolving, changing nature of the systems concerned.
Therefore ‘shortcuts to progress’ are needed. Science has to find ways to
contribute useful and usable knowledge to decision-making processes in
situations structurally characterised by incomplete, and sometimes unreli-
able, data, uncertainty, nonlinearity, and unpredictability. We suggest
there are, in practice, three different ways to ‘cut through’ this problem,
trying to adequately respond to society’s demand for useful and usable
knowledge to address complex natural resources management problems.
We call these three ‘routes’, as they are ongoing journeys that could
possibly (maybe even preferably) also converge.

The analytical route is the route that attempts the comprehensive
modelling of the behaviour of real complex systems, which lend
themselves for use as decision support systems (DSS). In spite of a huge
amount of (disciplinary as well as interdisciplinary) research, the track
record of such science-driven decision support tools is rather weak,
that is, very few make it to actual active use, at least in less-developed
countries, but probably in industrialised countries too.10 DSS approaches

9 Salience through the rapid loss of biodiversity and consequent proliferation of environ-
mental and social problems, policy, and civil society attention for these (exemplified,
for example, by the Biodiversity Convention and an active NGO community), and
the persistence of environmental problems. Credibility because the concept captures
the complexity of socioecological systems quite well.

10 For the reasons for poor uptake of crop simulation models for agricultural decision
making by farmers and agricultural extension agents, see Stephens and Middleton
(2002).
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tend to have a strong ‘good science – good decisions’ perspective
and tend to underemphasise the salience and legitimacy dimensions of
information/knowledge.

The assessment route, in which the development of ‘frameworks’ is
the central element, is at present probably the most common strategy
in the field of natural resources management to achieve integration and
interdisciplinarity in decision-making contexts. With ‘framework’ we
refer to a conceptual construct with limited theoretical (explanatory)
ambition as such but which is mainly oriented towards bringing together
different pieces of knowledge in a ‘workable’ manner. Frameworks are
simplified, generic conceptual models with practical purposes, ranging
from ordering data to be collected to assisting decision making. They
are simplifications and abstractions of complex realities, summarising the
main features, factors and mechanisms in relation to a given problem in
a manner that allows deriving practical conclusions for action from it.

‘Frameworks’ are typical examples of boundary objects, building
connections between the worlds of science and that of policy, and
between different knowledge domains. Although developed for decision
making and deriving guidance for action, (assessment) frameworks do
not always address the process dimension of their use as an explicit part
of the framework. The framework presented in this chapter is content
oriented, as it is intended to be used in existing procedural frameworks,
for example, in Environmental Impact Assessment (EIA). EIA may be
mandatory as defined in law and policy, and the process therefore may
already be defined. In the case of strategic environment assessment, the
existing planning mechanism usually prescribes the process aspects of the
assessment. The environmental assessment framework developed in this
chapter consequently is flexible enough to be applied in procedurally
different settings. It therefore purposefully does not prescribe process
aspects.

The participatory route: processes as boundary objects. In many natural
resources management situations in developing countries (and industri-
alised countries to a lesser, but certainly not negligible degree) basic
information necessary for understanding even only physical behaviour
of a resource concerned has not been collected. Historical data is often
not available or not reliable, and cannot be recreated. Researchers (and
decision makers) often have to accept they will have to deal with absence
or partial and fragmented availability of data and information. This is
not only a historical problem. It is very unlikely that there will ever
be sufficient resources available to do the fine-grained data collection
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in all relevant places that is necessary for precise analysis. What some
have concluded from this is that approaches for analysis and assessment
have to be designed in such a way that information generation and itera-
tive learning-by-doing are central features of the approach. Moreover,
natural resources management situations can be highly heterogeneous.
Biophysical heterogeneity is evident in some landscapes, such as steep
mountain areas with very different ecosystems at very close distance,
but landscapes that are characteristic of many areas. Social heterogene-
ity can take many shapes and forms. In terms of knowledge, different
groups of people may be the carriers of different kinds of knowledge,
and there may be large social barriers for sharing that knowledge across
groups. Knowledge held by state and scientific organisations may be very
poorly accessible to marginalised communities or to the public at large.
The existence and value of local knowledge may not find acknowl-
edgement by state and scientific organisations. Different groups may
also have very different understandings of apparently the same problem.
Underlying such heterogeneities and divisions are often broader social
relations of class, gender, caste, and other categories, and regional, organ-
isational, or other vested interests – knowledge is indeed power in many
situations.

There is increasing pressure to enhance ‘stakeholder involvement’ in
natural resources management, governance, and policy-making processes.
However, in many contexts a process may not be defined at all and many
interest groups excluded from the processes of decision making. The
environmental assessment process then becomes a vehicle for increasing
inclusiveness of the decision-making process. The framework presented
in this chapter prominently includes the identification of relevant stake-
holders, with the explicit intention to include such stakeholders in the
assessment process. This combination of an assessment framework with
participatory approaches to decision making, leads to the third compo-
nent of boundary crossing.

Boundary settings

Boundary settings are the institutional arrangements in which suitable
boundary concepts can be fruitfully developed and explored and in
which adequate boundary objects can be designed and deployed.
Boundary settings are of two kinds, those internal to the assessment
process, and those that determine how that process is embedded in
society. The first set of boundary settings refers to the issues related to
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collaborative work within teams of individuals or consortia of organisa-
tions. This includes how a research project or programme organises itself –
how it creates subunits to implement the research work, nowadays often
called ‘work packages’, which data sharing procedures it adopts, what
funds allocation procedures are used within the project, how it organises
communication among partners, how quality control is assured, on what
criteria staff working in the project is recruited, what frameworks for
internal learning are created, and so forth. Problems in interdisciplinary
research projects and teams can be divided into three kinds (Mollinga,
2008):

(1) Syntactic or language and communication problems;
(2) Semantic problems or differences in approaches and paradigms;
(3) Pragmatic problems or problems related to incentives and institutions.

The second, ‘external’ boundary settings may be thought to have a
‘structural’ and a ‘process’ aspect. The structural aspect refers to the insti-
tutional arrangements within which activities take place. This may be
the legal, administrative rules and regulations of for instance conduct-
ing EIAs, as already mentioned above, statutory requirements for stake-
holder consultation in regional planning, or legal provisions regulating the
(public) access to information. There is enormous variations in the struc-
ture of institutional arrangements that enable (and constrain) environ-
mental assessment. The process aspect of external boundary settings refers
to the mechanisms through which teams communicate with external
actors and organisations. This involves the way dissemination of findings
and recommendations is done, the way accountability and auditing is
organised, the (participatory) methodologies for ‘stakeholder involve-
ment’, the strategies for influencing decision- making processes, and so
forth. Chapters 5, 6, and 7 will provide more detail on the way in which
environmental assessment processes can be institutionally embedded, and
what approaches can be used to enhance biodiversity as an area requiring
more attention.

Conclusion: the importance of boundary work

The past 10–15 years of problem solving oriented interdisciplinary
research is starting to produce a literature that documents and assesses
the experiences with ‘what works and what does not work’ in collab-
orative research. Telling titles of recent publications on this front are
Managing the interface (Moll and Zander 2006) and Design principles for
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interdisciplinary research (Pohl and Hirsch Hadorn (2006). The literature
on interdisciplinary and transdisciplinary practice shows that a lot of
‘boundary work’ and ‘boundary management’ is necessary to align the
different views, interests, approaches, and so forth into a joint endeavour,
and to get the structure and process right to achieve the objective of
interdisciplinary analysis and action. There are many different kinds of
boundary objects for different kinds of boundary crossing, ranging from
repositories (such as databases), expert systems, joint protocols, models
of different kinds (physical, mathematical, simulation, etc.), assessment
frameworks, devices/technologies like computer-aided design (CAD)
software (see Carlile, 2002), and also people can function as boundary
objects (or, rather, perhaps, subjects) (see Frost et al., 2002).

For biodiversity information in environmental assessment to be taken
into account in decision making, it needs to have enough salience (and
probably legitimacy). In other words, the information needs to be trans-
lated into decision maker’s language (see Figure 4.4). The border between
biological sciences and the decision-making arena has to be crossed.
For this purpose the concept of ecosystem services serves as a bound-
ary concept, translating biodiversity into values for society, linked to
interest groups. In this chapter we have developed an assessment frame-
work as a boundary object aiming at better integration of biodiversity in
environmental assessment, which requires an interdisciplinary or trans-
disciplinary approach. The external boundary settings are largely defined
by the environmental assessment frameworks in place; internal boundary
settings are determined by environmental assessment capacity in place
(in terms of quantity and quality of available expertise). The rest of this
book is an attempt to get both internal and external boundary settings
right.

Appendix to Chapter 4: indicative list
of ecosystem services
All services listed below can be further detailed depending on the area
under analysis and the nature of the product or service obtained. In
principle the list is endless because valuation of services by society is
constantly changing and new types of services may emerge. For example,
before the discovery of the hole in the ozone layer, the protection service
provided by ozone was never recognised. Similarly, carbon sequestration
in biomass has only recently emerged as an important service to combat
climate change. The prospect of new potential uses of genetic material
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is inconceivable. The list below is an updated version of Slootweg et al.,
2006).

Provisioning services: harvestable goods
Natural production

� timber
� firewood
� grasses (construction and artisanal use)
� fodder and manure
� harvestable peat
� secondary (minor) products
� harvestable bush meat
� fish and shellfish
� drinking water supply
� supply of water for irrigation and industry
� water supply for hydroelectricity
� supply of surface water for other landscapes
� supply of groundwater for other landscapes
� genetic material

Nature-based human production

� crop productivity
� tree plantations productivity
� managed forest productivity
� rangeland/livestock productivity
� aquaculture productivity (freshwater)
� mariculture productivity (brackish/saltwater)

Regulating services responsible for maintaining natural processes and
dynamics

Biodiversity-related regulating services

� maintenance of genetic, species and ecosystem composition
� maintenance of ecosystem structure
� maintenance of key ecosystem processes for creating or maintaining

biodiversity

Land-based regulating services

� decomposition of organic material
� natural desalination of soils
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� development/prevention of acid sulphate soils
� biological control mechanisms
� pollination of crops
� seasonal cleansing of soils
� soil water storage capacity
� coastal protection against floods
� coastal stabilisation (against accretion/erosion)
� soil protection

Water-related regulating services

� water filtering
� dilution of pollutants
� discharge of pollutants
� flushing/cleansing
� biochemical/physical purification of water
� storage of pollutants
� flow regulation for flood control
� river base flow regulation
� water storage capacity
� ground water recharge capacity
� regulation of water balance
� sedimentation/retention capacity
� protection against water erosion
� protection against wave action
� prevention of saline groundwater intrusion
� prevention of saline surface water intrusion
� transmission of diseases
� suitability for navigation
� suitability for leisure and tourism activities
� suitability for nature conservation

Air-related regulating services

� filtering of air
� carry off by air to other areas
� photochemical air processing (smog)
� wind breaks
� transmission of diseases
� carbon storage
� protection against cosmic radiation (ozone layer)
� climate regulation
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Carrying services

� suitability for human settlement
� suitability for leisure and tourism activities
� suitability for nature conservation
� suitability for infrastructure

Cultural services providing a source of artistic, aesthetic, spiritual,
religious, recreational, or scientific enrichment or nonmaterial benefits.

Supporting services necessary for the production of all other ecosystem
services

� soil formation
� nutrients cycling
� primary production
� evolutionary processes



5 � Environmental assessment
Arend Kolhoff, Bobbi Schijf, Rob Verheem,
and Roel Slootweg

Introduction
While the biodiversity assessment framework that this book promotes is
relatively new, the process into which this framework should be integrated
is not. Environmental assessment has been around for more than 40 years
and is practiced in some form or another in most countries around the
world. The principle behind environmental assessment is deceptively
simple: it directs decision makers to ‘look before they leap’. An environ-
mental assessment should bring into focus what the likely environmental
effects of a project or plan could be, before decisions on that project
or plan are made. When there is a clear insight into the environmental
consequences, decision makers are in a better position to direct develop-
ment into a more sustainable course. Of course, decision makers do not
direct development on their own. Most plans or projects concern a range
of actors, from governments to the business sector and the public arena.
For this reason, environmental assessment does not merely provide infor-
mation but brings the various parties together to discuss this information.
It provides a process for them to come to a shared understanding of the
possible effects and to determine what this knowledge should mean for
the plan or project at hand.

Since its early beginnings, the field of environmental assessment has
expanded, both in scope and in application. Practitioners now recog-
nise two levels of environmental assessment: (i) Environmental Impact
Assessment (EIA) that is applied at the level of individual projects, and (ii)
Strategic Environmental Assessment (SEA) which is applied to policies,
plans, and programmes (see Box 5.1). First, the origins and early devel-
opment of EIA and SEA are briefly described in this chapter. It then
continues to set out, for EIA and then for SEA, some basic concepts,
as well as a selection of best practice principles that have been drawn
from practice and from academic research into the effectiveness of these
tools. Subsequently this chapter discusses recent trends in thinking about
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Box 5.1. Defining policies, plans, and programmes

Policy: A general course of action or proposed overall direc-
tion that a government is or will be pursuing and that
guides ongoing decision making.

Plan: A purposeful forward looking strategy or design,
often with coordinated priorities, options, and
measures that elaborate and implement policy.

Programme: A coherent, organised agenda or schedule of commit-
ments, proposals, instruments, and/or activities that
elaborate and implement policy.

Sources: Sadler and Verheem (1996) and OECD (2006a)

and the application of both EIA and SEA. The practise of EIA and SEA
benefits from an active professional community and a healthy publication
record. It is beyond the purpose of this book to summarise this literature.
Instead the authors have drawn selectively from printed sources, as well as
their own experience, to put this chapter together. This chapter provides
general views on EIA and SEA, and as such is ‘poor in biodiversity’.
When fitting, linkages to biodiversity will be highlighted through the
impact assessment framework. SEA case examples are presented in the
Annex of this book, all dealing with biodiversity issues.

Origins and early development of EIA and SEA
The history of EIA is easier to trace than the beginnings of SEA. Gener-
ally, the U.S. National Environmental Policy Act (NEPA) is credited
with first institutionalising EIA. It did so in 1969, in response to the
growing concern about environmental degradation that was building at
that time. Several other countries followed suit in the 1970s, predomi-
nantly those in the Western world. Then, in the 1980s, EIA application
began to spread more extensively. The European Union instituted EIA
legislation in member states, and EIA became part of the World Bank
operations. In the 1990s, other international finance institutes, such as
the Asian Development Bank and the European Bank for Reconstruc-
tion and Development, adopted EIA, and EIA became legally embedded
in developing countries as well. By 1997, more than 100 countries had
an EIA system in place (Wood, 2003; Sadler, 1996). Since then, there
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has not been an updated count, but in the authors’ estimation, there are
probably no more than ten countries where EIA has not been intro-
duced, and these include countries at war as well as some of the small
island states.

In comparison to EIA, SEA is less widespread at present, but its
application is rapidly catching up. If SEA is seen as a successor to EIA, as
it often is in the literature (Bina, 2007), the lag is easily explained. Several
years of practice with EIA showed that cumulative and large-scale effects
could not be addressed adequately at the project level, and so a new
instrument was needed to assess such effects at the appropriate strategic
level: that of policies, plans, and programmes. However, it can also be
argued convincingly that EIA and SEA actually originated at the same
time. The U.S. NEPA, which is credited as EIA’s birthplace, did not
differentiate between the project level or strategic level; it intended all
levels of decision making to be supported by environmental assessments
(Bina, 2007). That SEA practice initially did not take off at the same rate
as EIA is probably attributable to the more complex nature of strategic
assessment, the long-standing preoccupation with economic priorities in
strategic decision making, and the perception that sufficient assessment
tools already existed. In any case, by the 1980s a distinct SEA practice
was gaining momentum. Canada, New Zealand, and the Netherlands
were amongst the first countries to develop a regulatory basis for SEA
(Dalal-Clayton and Sadler, 2005). In the 1990s many more developed
countries embedded SEA into regulation. SEA practice was also starting
to emerge in South Africa (Dalal-Clayton and Sadler, 2005). In 2005,
Dalal-Clayton and Sadler estimated that more than 25 countries had SEA
regulation in place.

A very recent expansion of the application of SEA is the European
Union SEA directive, which came into effect in 2006 (European Council,
2001). All 25 EU member states are now faced with the legal obligation to
apply SEA to plans and programmes. If a member state’s own regulatory
framework for SEA is not fully developed, then the EU SEA Directive
applies directly. Non-EU European countries Iceland and Norway also
have SEA legislation in place. In Asia, SEA has now been regulated in
China, Taiwan, and Vietnam (Liou and Yu, 2004; World Bank, 2006).
Sri Lanka has also recently adopted an SEA regulation. Add to this list the
early implementers of SEA, and the current total of countries with SEA
legislation is brought to 35. However, the adoption of SEA regulation is
spreading so rapidly, that this number is likely to be dated the moment
this book goes to print. Countries that are in the process of developing
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their own SEA systems include Indonesia, the Philippines (Briffett
et al., 2003), Japan (which already has SEA practice at the local planning
level) (World Bank, 2006), Turkey (Innanen, 2004), and the southern
and eastern European countries that are introducing SEA in preparation
for EU membership (including Croatia, Bosnia, Serbia, Montenegro,
and Albania). Lebanon, Jordan, Tunisia, and Egypt are reportedly also
working on SEA frameworks (Chaker et al., 2006, El-Fadl and El Fadel,
2004). South Africa has had a steady SEA practise for more than ten years,
despite the weak legal basis. In Latin America the SEA track record is
patchy but advanced in places.

One of the driving forces behind this growth in application is the
United Nations Economic Commission for Europe (2003) Protocol on
Strategic Environmental Assessment to the Convention on Environmen-
tal Impact Assessment in a Transboundary Context (the ‘Kiev Protocol’).
The protocol is open to all UN members and was signed by 38 countries
in July 2008. Interest in SEA is also sparked by the call for more holistic,
integrated, and balanced strategic decision making made in influential
initiatives, such as the 2002 World Summit on Sustainable Develop-
ment, and the Millennium Development Goals. Millennium Develop-
ment Goal 7, environmental sustainability, is supported by a target that
reads like an SEA mission, namely ‘integration of the principles of sustain-
able development into country policies and programmes to help reverse
the loss of environmental resources’. International financing institutions
and cooperation organisations, such as the World Bank and CIDA, have
played an important role in introducing SEA to developing countries by
initiating and funding many SEA case studies.

The early developments of EIA and SEA share this ever-expanding
scope of application, both globally and in terms of the types of projects
and plans to which they are applied. Both have also evolved from a more
narrow biophysical focus to a broader inclusion of different types of
effects. Social and economic impact assessments have been increasingly
gathered under the environmental umbrella. This opened the field up to
new categories of information on possible impacts, as well as bringing
new methods into the range applied within environmental assessment.
Other expansions include the assessment of effects on human health,
transboundary effects, and applications in postconflict or postdisaster
situations. That is not to say that all, or even most, impact assessment
reports produced consider such a wide range of effects, but it is becoming
the standard of ‘good practise’ within assessment to look beyond the
effects on the separate components of the direct biophysical environment.
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Aside from these commonalities, however, EIA and SEA also have
major conceptual differences that will become clear when each is
described separately below.

Environmental Impact Assessment (EIA)
Generally accepted procedural framework, with existing variations

Environmental Impact Assessment (EIA) can be defined as (IAIA, 1999)
‘the process of identifying, predicting, evaluating and mitigating the
biophysical, social, and other relevant effects of development propos-
als prior to major decisions being taken and commitments made.’ The
objectives of ‘good practice’ EIA are: (i) to ensure that environmental
considerations are explicitly addressed and incorporated into the devel-
opment decision-making process in a participatory way; (ii) to anticipate
and avoid, minimise or offset the adverse significant biophysical, social.
and other relevant effects of development proposals; (iii) to protect the
productivity and capacity of natural systems and the ecological processes
which maintain their functions; and (iv) to promote development that
is sustainable and optimises resource use and management opportuni-
ties. EIA is a process of evaluating the likely environmental impacts
of a proposed project or development, taking into account interrelated
socioeconomic, cultural, and human health impacts, both beneficial and
adverse. Participation of relevant stakeholders, including indigenous and
local communities, is considered as a precondition for a successful EIA.
Although legislation and practice vary around the world, there is little
discussion about the fundamental components of an EIA, which would
necessarily involve the following stages:

(1) Screening is used to determine which proposals should be subject
to EIA, to exclude those unlikely to have harmful environmental
impacts and to indicate the level of assessment required. Types of
existing screening mechanisms include:
(i) Positive lists identifying projects requiring EIA (inclusion lists).

A disadvantage of this approach is that the significance of impacts
of projects varies substantially depending on the nature of the
receiving environment, which is not taken into account.

(ii) A few countries use (or have used) negative lists, identifying
those projects not subject to EIA (exclusion lists).

(iii) Lists identifying sensitive geographical areas in which projects
would require EIA. The advantage of this approach is that the
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emphasis is on the sensitivity of the receiving environment rather
than on the type of project.

(iv) Expert judgement (with or without a limited study, sometimes
referred to as ‘initial environmental examination’ or ‘preliminary
environmental assessment’).

(v) A combination of a list plus expert judgement to determine the
need for an EIA.

(2) Scoping to identify which potential impacts are relevant to assess
(based on legislative requirements, international conventions, expert
knowledge, and public involvement), to identify alternative solutions
that avoid, mitigate or compensate adverse impacts (including the
option of not proceeding with the development, finding alter-
native designs or sites which avoid the impacts, incorporating
safeguards in the design of the project, or providing compensa-
tion for adverse impacts), and finally to derive terms of reference
for the impact assessment study. Scoping also enables the compe-
tent authority (or EIA professionals in countries where scoping is
voluntary) to:
(i) Guide study teams on significant issues and alternatives to be

assessed, clarify how they should be examined (methods of
prediction and analysis, depth of analysis), and according to
which guidelines and criteria;

(ii) Provide an opportunity for stakeholders to have their interests
taken into account in the EIA;

(iii) Ensure that the resulting Environmental Impact Statement (or
environmental impact assessment report) is useful to the decision
maker and is understandable to the public.

(3) Assessment and evaluation of impacts: The actual study phase to describe
and possibly quantify the likely environmental impacts of a proposed
project or development, including the detailed elaboration of alterna-
tives. EIA should be an iterative process of assessing impacts, redesign-
ing alternatives and comparison. Assessing impacts usually involves
a detailed analysis of their nature, magnitude, extent, and duration
and a judgement of their significance, that is, whether the impacts
are acceptable to stakeholders and society as a whole, require mitiga-
tion and/or compensation, or do not comply with formal norms or
standards. The main tasks of impact analysis and assessment are:
(i) Refinement of the understanding of the nature of the potential

impacts identified during screening and scoping and described
in the terms of reference. This includes the identification of
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indirect and cumulative impacts and of the likely cause–effect
chains;

(ii) Review and redesign of alternatives; consideration of mitigation
and enhancement measures, as well as compensation of residual
impacts; planning of impact management; evaluation of impacts;
and comparison of the alternatives;

(iii) Identification of the remaining gaps in knowledge and informa-
tion and an assessment of risks due to these gaps; and

(iv) Reporting of study results in an environmental impact statement
(EIS) or EIA report.

(4) Reporting: the environmental impact statement (EIS) or EIA report
consists of a technical report with annexes; an environmental manage-
ment plan, providing detailed information on how measures to
avoid, mitigate, or compensate for expected impacts are to be imple-
mented, managed, and monitored; and a nontechnical summary for
the general public. The environmental impact statement is designed
to assist:
(i) The proponent to plan, design, and implement the proposal

in a way that eliminates or minimises the negative effect on the
biophysical and socioeconomic environments and maximises the
benefits to all parties in the most cost-effective manner;

(ii) The Government or responsible authority to decide whether a
proposal should be approved and the terms and conditions that
should be applied; and

(iii) The public to understand the proposal and its impacts on
the community and environment, and provide an opportu-
nity for comments on the proposed action for consideration by
decision makers. Some adverse impacts may be wide ranging and
have effects beyond the limits of particular habitats/ecosystems
or national boundaries. Therefore, environmental management
plans and strategies contained in the environmental impact state-
ment should consider regional and transboundary impacts.

(5) Review of the environmental impact statement, based on the terms
of reference (scoping) and public (including authority) participa-
tion. The purpose of the review is to ensure that the information
for decision makers is sufficient, focussed on the key issues, and is
scientifically and technically accurate. In addition, the review should
evaluate whether:
(i) The likely impacts would be acceptable from an environmental

viewpoint;
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(ii) The design complies with relevant standards and policies or
standards of good practice where official standards do not
exist;

(iii) All of the relevant impacts, including indirect and cumula-
tive impacts, of a proposed activity have been identified and
adequately addressed in the EIA. To this end, experts should
be called upon for the review and information on official
standards and/or standards for good practice to be compiled
and disseminated.

(iv) The concerns and comments of all stakeholders are adequately
considered and included in the final report presented to decision
makers. The process establishes local ownership of the proposal
and promotes a better understanding of relevant issues and
concerns.

(v) The effectiveness of the review process depends on the quality
of the terms of reference defining the issues to be included in
the study and approval by the authority. Scoping and review are
therefore complementary stages.

(6) Decision making on whether to formally approve the project or not,
and under what conditions. Decision making takes place throughout
the process of EIA in an incremental way to move from the screening
and scoping stages to decisions during data collection and analysis
and impact prediction, to making choices between alternatives and
mitigation measures, and finally to the decision to either refuse or
authorise the project.

(7) Monitoring, compliance, enforcement, and environmental auditing: EIA does
not stop with the production of a report and a decision on the
proposed project. Activities that have to make sure the recommen-
dations from EIS or EMP are implemented are commonly grouped
under the heading of ‘EIA follow-up’. They may include activi-
ties related to monitoring, compliance, enforcement, and environ-
mental auditing. Roles and responsibilities with respect to these are
variable and depend on regulatory frameworks and performance by
the responsible organisations.

Effectiveness of EIA

In theory EIA is a tool with an enormous potential to influence decision
making. This potential is utilised maximally when the good practice
principles developed by IAIA (1999) are fully applied. A minimum
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Table 5.1 Minimum and maximum ambition levels in EIA, simplified
(sources: EU EIA directive (European Council,1985; 1997) for minimum
variant and IAIA (1999) for maximum variant).

Aspects of EIA Minimum EIA
system variant Maximum EIA variant

Objectives Environmental
protection

Environmental protection,
sustainable development,
well-informed, and participatory
decision making

Scope of study Environmental
aspects

Environmental, social/health, and
economic aspects

Environmental
Protection

Mitigation measures Alternatives, mitigating, and
compensatory measures

Involvement of civil
society

Low Ambitious

Transparency,
accountability

Limited Complete

Quality assurance
mechanism

Limited Advanced

variant as such is not described in the literature, but a number of basic
conditions should be fulfilled in order to justify the term ‘EIA’ for a
decision support tool. The EU EIA directive (European Council, 1985,
1997) can be considered as an example of the minimum variant. EU
member countries can build on this directive to develop their own more
ambitious EIA regulatory framework. Table 5.1 lists the minimum and
maximum ambition levels for various aspects of the EIA system; in princi-
ple, the EIA systems of all countries and institutes in the world can be
positioned in this table. A country can have different ambition levels for
different aspects.

One could assume that EIA must be an effective tool, achieving its
objectives, because so many countries and international institutions have
adopted it. So, the question arises: how effective is EIA in reality? A
growing number of evaluation studies confirm that EIA is effective in
developed countries, but that EIA is not or hardly effective in developing
countries. Sadler (1996) executed an international landmark study on
the effectiveness of EIA, mainly based on experiences of EIA practices
in industrialised Western countries. He concluded that EIA is effective
when it:
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� improved project design and site selection;
� led to more informed decision making;
� resulted in more environmentally sensitive decisions;
� increased accountability and transparency during the development

process;
� improved the integration of projects into their environmental and social

setting;
� reduced environmental damage;
� created more effective projects in terms of meeting their financial and

socioeconomic objectives; and
� contributed positively towards achieving a more sustainable develop-

ment.

More studies have shown that EIA is achieving its objectives to a
certain extent in industrialised countries: the Netherlands (Heuvelhof
and Nauta 1996), Germany (Wende, 2002), Canada (Gibson, 2002),
Hong Kong (Wood and Coppell, 1999), Denmark (Christensen et al.,
2003). However, without exception such evaluation studies also state
that there still is opportunity to further increase the effectiveness of EIA
(Doelle and Sinclair, 2006).

An extensive study in Denmark (Christensen et al., 2003) found
that EIA effectively influences the design of project proposals at three
moments in the EIA process. The first influential moment is prior to the
formal start of the EIA process (also found for the Netherlands by Heuvel-
hof and Nauta, 1996). The very fact of having an EIA process in place
apparently forces proponents to adapt their project plans. Sometimes a
proponent may decide to abandon a project altogether, if it becomes
clear that environmental standards will not be met. This is known as the
‘prevention effect’ that only occurs in countries where a ‘rule of law’
is applied. The EIA process provides the second influential moment,
leading to the ‘dialogue and transparency effect’. From the formal start
of the procedure until final decision making and licensing, the dialogue
between proponent and government, in combination with public partic-
ipation, was considered to have the most important effect on project
design. The third influential moment is linked to the actual result of
the EIA, leading to requested conditions in the license relating to, for
example, an alternative measure or the implementation of mitigation
measures (i.e. the ‘conditionality effect’).

The above does not mean, however, that all of the 56 high-income
countries (World Bank, 2006) have an effective EIA system in place.
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In 2002 the EU reviewed the application of the EU EIA Directive,
adopted in 1985 and amended in 1997. It was concluded that none
of the member countries had implemented the directive completely.
Without mentioning 1 of the 15 member states by name it was concluded
that some practised best practice EIA whilst others still had to remedy
many weaknesses. Recent studies on the effectiveness of EIA in Greece
(Androulakis and Karakassis, 2006) and Italy (Fischer and Gazzola, 2006)
confirm the results of the EU study. The effectiveness of EIA in these
countries is weak due to weak enforcement and insufficiently transpar-
ent project planning processes due to the highly politicised character
of the process. Other high income countries, such as South Korea and
Japan (World Bank, 2006), do not have fully effective EIA systems in
place either, whilst some Middle Eastern states, such as the United Arab
Emirates, do not even have EIA legislation.

The majority of EIA evaluation studies in low-, low middle-, and
upper middle-income countries come to the conclusion that EIA is only
modestly effective, mainly because the performance of the regulatory
EIA framework and compliance by the responsible organisations is weak.
These organisations have limited capacities, and their autonomy is often
not respected by influential decision makers in a country. A review of
EIA regulations in 12 East and Southeast Asian countries by the World
Bank (2006) concluded that there is a sharp gap between the existing
EIA/SEA legal system on paper and the poor level of implementation.
Weak enforcement is considered as a major problem, reflected by EIAs
executed when decisions have been taken already, a limited study of alter-
natives, a lack of information disclosure and weak public consultation.
A comparative study of 21 selected Middle Eastern and North African
countries concluded that performance of the EIA system is weak (El
Fadl and El Fadel, 2004). Espinoza and Alzina (2001) concluded in a
comparative review of EIA in 26 selected countries in Latin America
and the Caribbean that failures persist in defining the coverage and scope
of EIA studies, standardising review methods, monitoring environmental
management plans, and involving the local community in all stages of the
process. An extensive evaluation study of EIA in Tanzania (Mwalyosi and
Hughes, 1998) concluded that EIA had very little impact on decision
making. The main causes mentioned were: EIAs were late in start-
ing and underresourced, compliance with EIA recommendations has
been the exception rather than the rule, and consideration of alternative
project options was often absent or extremely weak. A review of EIA
in the Southern African countries (SAIEA, 2003) confirmed that the
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conclusions of the review study executed in Tanzania are applicable for
the countries in Southern Africa.

Concluding one can state that EIA has a great potential to contribute
to well-informed decision making and protection of the environment.
Currently this potential is achieved in a small number of (predomi-
nantly) high-income, democratic countries. In many other countries
there is a strong belief in the potential of EIA and the willingness to
improve the effectiveness. However, there are also examples where the
decision makers are not genuinely interested in accountable and transpar-
ent decision making. Nevertheless, EIA is considered a powerful environ-
mental management tool all over the world. Only in a small number of
Western countries is the potential of the tool utilised towards a reasonable
extent. EIA does influence decision making and contributes to environ-
mental protection, but even in these countries the full potential has not
been achieved yet. The effectiveness of EIA can be regarded as a contin-
uum with full potential at one side and no use of the potential at the
other side. The question arises what factors contribute to a successful
application of EIA.

State of the art: what is needed for effective EIA?

EIA has a legal basis in the majority of countries but seems to meets
its objectives predominantly in Western democratic countries. Twenty
years of capacity development programmes have learned that copying
Western systems does not work or is even counterproductive (Cherp and
Antypas, 2003). Three main factors seem to be of major importance: first,
the capacities of the EIA system, including the regulatory framework;
second, the capacities of the environmental compliance system; and third,
the country specific context in which an EIA system functions. The latter
determines the enabling environment of the first two factors as it influ-
ences the opportunities and constraints of EIA compliance and environ-
mental compliance system performance. The EIA system is the organ-
isational and administrative structure to implement EIA (Espinoza and
Alzina, 2001). Performance of the EIA system is determined by its capac-
ities and external factors. The availability of scientifically sound infor-
mation is a requirement for good quality EIA studies and consequently
well-informed decision making. Ideally information should systemati-
cally be gathered, analysed, and made accessible for third parties such as
the civil society. When this requirement is not or only partly fulfilled
the execution of EIA studies will be hampered and EIA cannot utilise its
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full potential as a tool to provide environmental information for decision
making. This illustrates the linkages between the EIA system and its
context, in this case the knowledge infrastructure in a country (Kolhoff
et al., in press).

The output of an EIA system is an EIA report that is used for decision
making and licensing. Whether the conditions set in the environmental
licence are met in practice depends on the performance of the environ-
mental compliance system. This performance is again the result of the
capacities of the responsible organisations and the performance of the
proponent and external factors, such as influential business agents and
politicians. In many developing countries there is an imbalance in the
focus of capacity development efforts, often emphasising the EIA capac-
ity needs and largely neglecting the environmental compliance system.
Capacities of both systems should be developed in parallel.

There is a growing insight that the national context, such as the politi-
cal system and the socioeconomic structure of a society, has a major influ-
ence on EIA implementation and compliance. The checks and balances in
a political system determine to what extent the formal autonomy of EIA
and compliance implementing organisations is respected. In countries
where division of powers between legislative, executive and judiciary
are weak there is significant risk of corruption undermining the role
of EIA. The ability and capacity of society to act as a counterveiling
power is to a great extend determined by the political system. Even
when political systems become more transparent, it can take a genera-
tion before society is able to participate effectively in EIA (Cherp, 2001;
Purnama, 2003). This context should be taken as a starting point for
developing EIA systems that do work in developing countries. Ghana is
an example of a country that has developed a balanced EIA and environ-
mental compliance system whilst taking the national context as a starting
point (UNECA, 2005).

Strategic Environmental Assessment
Current thinking

The practice of SEA is less easily demarcated than that of EIA. Some
countries, especially those with a strong planning tradition, had SEA-
like assessment even before the term itself came into use. There are now
a large number of assessment tools in planning that do not necessarily
carry the label SEA, but have strong similarities. A few years ago, Sadler
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and Dalal-Clayton identified at least 15 different acronyms for SEA-
type approaches (Dalal-Clayton and Sadler, 2005) (examples include
integrated assessment, country environmental analysis, integrated trade
assessment, poverty and social analysis, sustainability appraisal, strategic
environmental analysis, etc.). There is no indication that this amount will
grow smaller in the near future. A newcomer to this field could easily be
dissuaded by the multiple definition and conceptualisations. However,
the fundamental differences between approaches are fewer than might be
assumed from existing publications. In 2006, the SEA Task Force of the
OECD Development Assistance Committee brought together represen-
tatives of a wide range of countries and international organisation with
SEA experience. In the process of drafting SEA guidance, this diverse
group also adopted a shared definition of SEA, which states that SEA is
‘a family of tools that identifies and addresses the environmental conse-
quences and stakeholder concerns in the development of policies, plans,
programmes, and other high-level initiatives’(OECD, 2006a).

There is no generally agreed SEA procedure as such, no ‘one-size-
fits-all’ approach. As planning processes vary greatly from context to
context, and even case to case, SEA needs to be applied flexibly. Even
when SEA is captured in a formal procedure in legislation (e.g. the SEA
Directive of the European Union) there will still be great differences
in how the SEA activities are undertaken, when and with whom, as
illustrated in the description of SEA cases in the Annex. However, there
is general agreement about the activities that make up an SEA process
(OECD, 2006a). There is a logical sequence to these activities, but logic is
certainly not the only, nor necessarily the dominant, principle governing
a given planning process. Realistically then, the activities outlined here
may take more or less effort, may follow each other sequentially or not,
and some may be repeated or combined.

First phase: creating transparency and joint objective setting:

� Announce the start of the SEA and assure that relevant stakeholders
are aware that the process is starting.

� Bring stakeholders to develop a shared vision on (environmental)
problems, objectives, and alternative actions to achieve these.

� Check in cooperation with all agencies whether objectives of the new
policy or plan are in line with those in existing policies, including
environmental objectives (consistency analysis).
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Second phase: technical assessment:

� Make clear terms of reference for the technical assessment, based on
the results of stakeholder consultation and consistency analysis.

� Carry out a proper assessment, document its results, and make these
accessible for all.

� Organise effective quality assurance of both SEA information and
process.

Third phase: use information in decision making:

� Bring stakeholders together to discuss results and make recommenda-
tion to decision makers.

� Make sure any final decision is motivated in writing in light of the
assessment results.

Fourth phase: postdecision monitoring and evaluation:

� Monitor the implementation of the adopted policy or plan and discuss
the need for follow up action (OECD, 2006a).

Parallel to or integrated within a planning process?

A key factor that determines what an SEA process will actually look like
for a given application is the degree of integration of the SEA activities
into the planning process itself. Traditionally, SEA was often applied as a
stand alone series of activities, in parallel to planning (left hand diagram in
Figure 5.1). This might be a good way to build experience with SEA, but
it is less effective in influencing the plan, programme, or policy. By the
time results of the assessment are provided to the planning team and the
public, a plan strategy has already been developed. Time and resources
have been committed to this strategy, and major deviations from it are not
likely to be welcome. This is not to say that a stand alone SEA cannot
improve a plan at all. Even when decisions have already been taken,
SEA can play a meaningful role, for example, to decide on necessary
monitoring measures and mitigating actions, as a reference to compare
plan implementation outcomes against, or to set the agenda for future
policies and plans. However, when SEA is more integrated, it has better
scope to influence planning (middle diagram in Figure 5.1). In this form
of integration the planning and SEA activities are distinct, but each feeds
the other at different stages in the process. Taking integration further, the
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Figure 5.1 Combinations of SEA and planning process.

SEA and planning process could also become merged (right most diagram
in Figure 5.1). The key SEA activities are then no longer separate
from the planning process, but an integral part of it. This means that
critical environmental issues are still identified, and alternative strate-
gies will be developed and assessed, but there will not be an SEA
team or SEA report as such. Instead, the assessment work continu-
ally informs the planning process, and communication and participa-
tion are organised at key moments around assessment and planning
issues in combination. A merged SEA may well be the ideal, but this
approach does require willing planners that already consider environ-
mental concerns a clear priority. It is also more difficult to regulate,
that is, to apply checks and balances that ensure a minimum assessment
level.

One of the key questions for the integration of SEA and planning is
when the assessment process should start. The answer to this depends
on whether SEA is seen as a plan development tool or more as an
impact assessment tool. If it is seen as a plan development tool, the
SEA process needs to start early on, before the policy proposals exist.
SEA then assists in the analysis of the problems that the plan needs to
solve, and contributes to the development of proposals. If the SEA starts
after the policy proposals have been developed, there is a stronger focus
on impact assessment and the reactive identification of alternatives to
avoid the negative impact identified. Examples from both approaches
can be found in practice, but the assessment tool approach is probably
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more common. Again, while an SEA will be more effective with an
earlier start, this is difficult to regulate. This stage of the planning process
is often an inhouse phase, which is difficult to access unless planners
themselves choose to make use of SEA at that time.

SEA is not EIA

It is important to point out that SEA is not EIA, because it is necessarily
different in nature. At project level, decision making is about a concrete
set of activities that makes up a specific development proposal. EIA,
then, concentrates on the activity–effects relationships (Herrera, 2007).
Strategic decision making is less about the concrete activities that will
follow from the plan, as it is about identifying and assessing and compar-
ing the different ways in which the plan can achieve its objectives. Also,
the process of designing and approving a project is more amenable to
linear structuring and simplification than the commonly more change-
able and politically charged development of a plan or policy. As EIA
aims at better projects, SEA aims at better strategies, ranging from legis-
lation and countrywide development policies to more concrete sector
and spatial plans. Ideally, SEA is applied at each planning tier, and higher
level SEAs inform those at a less- strategic level so that there is no overlap
in the assessments. In theory, if not always in practice, the process starts
with a policy broadly describing objectives and setting the context for
proposed actions, usually with a sectoral or geographic scope. Policy
objectives are then translated into an action plan, further operationalised
in programmes, and actual implementation is done through projects.
Figure 5.2 shows an example of such tiering for the flood management
planning in the Netherlands.

A national policy and strategy on water management provided the
framework for decision making in the water sector. SEA was conducted
for the National plan: space for rivers. An EIA was conducted for the
design of interventions for the River Meuse. If it is undertaken in
this tiered manner upstream from project considerations, SEA can help
streamline EIA processes. The SEAs will consider broader environmental
issues likely to be common to multiple project initiatives in a sector or in
a region and is able to look at cumulative effects. Allowing the subsequent
EIA processes to concentrate on impacts specific to individual proposals
improves the efficiency and the effectiveness of the overall process.

Another aspect in which SEA is very different from EIA is the more
expansive spatial and temporal horizons that are addressed. Where EIA
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National policy on water
quantity management

regional rivers coast

Water management in the twenty-first century. Three-step
strategy: (i) retaining, (ii) storing, and (iii) draining to minimise
the passing on of water-related problems.

National plan for upper
and lower delta rivers

Upper delta Lower delta

Space for Rivers. Guarantee inland safety under conditions
of increased discharges through major rivers, through
provision of space for rivers (including SEA).

Regional programme
intervention packages for
lower delta rivers
Meuse Rhine Lek

Space for lower delta rivers. Design of (cost-)effective
intervention packages in lower delta, following the three-step
strategy (including EIA).

Project interventions along
Meuse river 

A series of measures
Example: Overdiep polder

Flood mitigation in polders. Measures to allow emergency
flooding of Meuse river in polder along the river,
safeguarding spatial quality, and agricultural functions and
enhancing biodiversity.

Figure 5.2 Hierarchy of policies, plans, and programmes: an example from the
Netherlands.

(and earlier SEA approaches) address issues that could be expected in
the intervention area within a relatively short time, the upstreaming of
environmental assessment in the decision-making hierarchy leads to more
and broader spatial and time horizons, that is, looking at effects elsewhere
(such as in other countries) and later (effects on future generations).
Table 5.2 sets out the key difference between SEA and EIA.

Effectiveness of SEA

Concretely, then, SEA improves planning by (i) structuring the public
and government debate in the preparation of policies, plans and programs;
(ii) feeding this debate through a robust assessment of the environmen-
tal consequences and their interrelationships with social and economic
aspects; and (iii) ensuring that the results of assessment and debate are
taken into account during decision making and implementation (Nether-
lands Commission for Environmental Assessment, not dated). By doing
this, SEA promises to improve planning by increasing the quality of the
plans, the credibility of decision making, and thereby the support for
the plan implementation (See Box 5.2). However, while the practice
of SEA has expanded rapidly, research into this practice has been much
slower to develop. Seminal studies that took a broad-based review of SEA
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Table 5.2 Characteristics of SEA and EIA compared.

SEA EIA

Takes place at earlier stages of the
decision-making cycle

Takes place at the end of the
decision-making cycle

Considers broad range of potential
alternatives

Considers limited number of feasible
alternatives

Early warning of cumulative effects Limited review of cumulative effects
Emphasis on meeting objectives and

maintaining systems
Emphasis on mitigating and minimising

impacts
Broader perspective and lower level of

detail to provide a vision and overall
framework

Narrower perspective and higher level
of detail

Multistage process, continuing and
iterative, overlapping components

Well-defined process with clear
beginning and end

Focusses on sustainability agenda and
sources of environmental
deterioration

Focusses on environmental standards
and norms and symptoms of
environmental deterioration

Box 5.2. Advantages of SEA to decision makers
(CBD, 2006)

SEA can offer the following advantages to decision making:
� Enhanced credibility of their decisions in the eyes of stakeholders;
� More knowledge of the social feasibility of a decision, thus avoiding

resistance from unhappy local groups, bad image for planners, useless
mitigating measures, and simply missing the bigger picture;

� Improved economic efficiency because potential environmental
stumbling blocks for economic development are better understood;

� Bringing promising alternatives into focus;
� A better understanding of the cumulative impact of a series of smaller

projects, thus preventing costly and unnecessary mistakes; and
� Better insight in the trade-offs between environmental, economic,

and social issues, enhancing the chance of finding win–win options.

practice have been published in Sadler and Verheem (1999), Therivel
and Partidário (1996), and Dalal-Clayton and Sadler (2005), but apart
from these, analyses of SEA practice are fragmented and often limited to
a small selection of case studies. As a result, it is not very clear whether
and under which conditions SEA can deliver what it promises. Many
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of the studies that have looked at how SEA is working on the ground
have focussed on the procedural and legal requirements of country or
regional SEA systems. Such studies (see, for example, Chaker et al.,
2006) tend to show the wide variety of SEA systems that have been
put in place. They might, for instance, observe that SEA is generally
initiated by the proponent of the planning process, that review of the
SEA is delegated to an independent body in some countries, or that
participation requirements are very limited in some places and more
comprehensive in others.

Other investigations have analysed SEA processes as they unfolded
in cases studies. Depending on the amount and range of cases selected
such analyses can manage to paint quite an informative overview of SEA
practice in a specific jurisdiction. Retief (2007), for example, examined
SEA practice in South Africa by comparing a selection of cases against a
set of SEA process principles. He noted that practitioners in those cases
did not sufficiently appreciate the dynamics of real decision making, and
applied SEA too rigidly. In an effort to produce ‘independent’ SEAs and
deliver ‘objective’ results, the practitioners neglected to strive for full
consultation and political buy-in. Such studies yield important lessons
but give little insight into how effective SEA is in influencing decision
making on plans, programmes and policies. There are few empirical
studies that look at this aspect. In their stock-take of SEA practice Dalal-
Clayton and Sadler (2005) describe cases where SEA made a difference
to decision making but also conclude that the potential for SEA to lead
to better plans is far greater than is utilised. Runhaar and Driessen (2007)
inventoried a number of studies that have looked at whether changes had
occurred in the proposed plans, programmes, or policies as result of the
SEA. These reveal different levels of impact: some studies have found no
discernible direct impact of the SEA on the plans, while in other sets of
cases most decision processes had been influenced. They also studied the
effect of SEA in their own selection of four cases. In this sample a modest
impact was clear on the decisions made. SEA influenced, for example,
the measures chosen in the plans and the rejection of a proposed plan
alternative.

The influence of SEAs on planning in the UK has been studied quite
extensively, and shows a more impressive result. Regular surveys of local
authorities that undertake SEA for their plans show that changes have
been made to just over 80 percent of the plans for which SEAs had
been undertaken in recent times, up from the surveys that had been
undertaken before (Therivel and Walsh, 2006). Aside from this direct
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impact, roughly three-quarters of those surveyed felt that SEA improved
planners’ awareness of sustainability generally and the plan’s sustainability
in particular. In about half of the cases plan making was considered to have
become more transparent and to have improved planners’ understanding
of their plan. About half of the respondents also felt that the SEA was
effective, given the time and cost needed (Therivel and Walsh, 2006).

State of the art: what is needed for effective SEA?

Despite the limited empirical evidence, there is a reasonable consensus
amongst those working in the field about how SEA should be undertaken
for it to be effective. In 2002 the International Association for Impact
Assessment published the SEA performance criteria (see Box 5.3), which

Box 5.3. SEA performance criteria (IAIA, 2002)

A good-quality SEA process informs planners, decision makers, and
the affected public on the sustainability of strategic decisions, facilitates
the search for the best alternative, and ensures a democratic decision-
making process. This enhances the credibility of decisions and leads
to more cost-effective and time-effective EA at the project level. For
this purpose, a good-quality SEA process:

Is integrated
� Ensures an appropriate environmental assessment of all strategic

decisions relevant for the achievement of sustainable development.
� Addresses the interrelationships of biophysical, social, and economic

aspects.
� Is tiered to policies in relevant sectors and (transboundary) regions

and, where appropriate, to project EIA and decision making.

Is sustainability-led
� Facilitates identification of development options and alternative

proposals that are more sustainable.1

1
i.e. that contributes to the overall sustainable development strategy as laid down in Rio
1992 and defined in the specific policies or values of a country.
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Is focussed
� Provides sufficient, reliable, and usable information for development

planning and decision making.
� Concentrates on key issues of sustainable development.
� Is customised to the characteristics of the decision-making process.
� Is cost-effective and time-effective.

Is accountable
� Is the responsibility of the leading agencies for the strategic decision

to be taken.
� Is carried out with professionalism, rigor, fairness, impartiality, and

balance.
� Is subject to independent checks and verification.
� Documents and justifies how sustainability issues were taken into

account in decision making.

Is participative
� Informs and involves interested and affected public and government

bodies throughout the decision-making process.
� Explicitly addresses their inputs and concerns in documentation and

decision making.
� Has clear, easily understood information requirements and ensures

sufficient access to all relevant information.

Is iterative
� Ensures availability of the assessment results early enough to influ-

ence the decision-making process and inspire future planning.
� Provides sufficient information on the actual impacts of implement-

ing a strategic decision, to judge whether this decision should be
amended and to provide a basis for future decisions.

were the result of a wide debate amongst association members. These are
still considered a benchmark for SEA practice, although it is important to
note that thinking, and publication, on effectiveness criteria has generally
been dominated by authors from a limited range of countries, and is
mostly based on experiences in Europe (Fischer and Gazzola, 2006). The
studies into SEA effectiveness have brought certain performance criteria
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more directly into focus. For example, different effectiveness studies show
the importance of flexible SEA that follows the decision-making process,
as well as the value of stakeholder participation. Others emphasise the
importance of political will to use the results of the assessment, which can
follow from regulatory requirements as well as good SEA public relations
(Hildén et al., 2004). Contextual factors, such as the degree to which the
different interests involved coincide with SEA recommendations, are also
particularly relevant (Runhaar and Driessen, 2007). Dalal-Clayton and
Sadler (2005) have emphasised the need to strengthen SEA systems by
building institutional arrangements that provide for quality control. By
and large those that have looked into effectiveness predominantly stress
that the need to continue reviewing effectiveness systematically to better
understand what works and what does not.

New thinking and challenges in EIA and SEA
Drawing the fields of SEA and EIA back together we would like to
highlight three current trends in environmental assessment thinking and
practice: (i) increased attention to the assessment context, (ii) integration
of effects for sustainability assessment, and (iii) tailoring the assessment to
the decision process. These are developments that show where environ-
mental assessment is evolving in response to practical and theoretical
challenges.

Becoming attuned to the environmental assessment context
This trend has been discernible in environmental assessment for a longer
period. Practitioners and theorists alike have been realising that assess-
ment which is viewed as a stand-alone product is not very effective. To
improve the effectiveness of assessment, the links to the environmen-
tal management and planning system of which it is part needs to be
strengthened. For EIA this has led to increased attention to the function-
ing of the whole system within which EIA operates – both the compli-
ance system and the enabling context. EIA follow-up, a notoriously
weak aspect of EIA practice, is getting more attention, especially in
the developing countries. There is a growing awareness that adequate
monitoring, inspection and enforcement is necessary for making EIA
effective.

The same can be applied to SEA thinking. Recently, a wholly
context-oriented approach to assessment has been coming out of experi-
ences with policy level SEA. The World Bank has championed an
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institution-centred approach to SEA, which is also recognised in the
OECD/DAC SEA guidance (OECD, 2006a; World Bank, 2006). The
premise behind this type of SEA is that at a more strategic planning
level, the planned actions are more abstract, and the direct relationships
between these actions and concrete impacts is more difficult to identify
and describe. Rather than attempt to assess, and avoid, negative impact,
SEA at this level should assess the institutional context within which the
policy is developed and implemented. The central question for such an
SEA then becomes: how well equipped is the institutional capacity to
manage environmental impact and to take advantage of environmental
opportunities (OECD, 2006a:51)? Institutional capacity is interpreted
broadly here, to mean not only government, but also public and private
sector institutions. Of course, this shift in focus has major consequences
for the SEA scope and approach to be taken. Although it is likely to still be
necessary to determine broad categories of impacts, institutional analysis
and strengthening will be central to this type of SEA. The World Bank
is currently piloting this approach in a number of countries. The effec-
tiveness of the institution centred approach in the pilots will be evaluated
by the Netherlands Commission for Environmental Assessment and the
University of Gothenburg.

The impact assessment framework described in Chapter 4 accommo-
dates this increased attention to institutional context of EIA and SEA.
It deliberately distinguishes between the biophysical subsystem and the
social subsystem where ecosystem services provide the link between these
two subsystems, while the resources management subsystem is the insti-
tutional context in which management decisions have to be taken on
demand for and supply of ecosystem services.

From environmental assessment to sustainability assessment
More comprehensively described elsewhere, recent reviews of practices
in SEA and related approaches show there is an emerging spectrum or
‘continuum’ of interpretation of the scope of assessment (Dalal-Clayton
and Sadler 2005). At one end of the continuum, the focus is mainly
environmental (what we might call ‘conventional’ SEA). It is charac-
terised by the goal of mainstreaming and upstreaming environmental
considerations into strategic decision making at the earliest stages of
planning processes to ensure they are fully included and appropriately
addressed. The 2001 SEA Directive of the European Union is an example
of this approach. At the other end of the continuum is a more holistic and
comprehensive approach which aims to assess environmental, social, and
economic concerns in a more integrated manner and involves possible
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Table 5.3 Simplified characterisation of the continuum of impact
assessment scope.

Scope → Environmental
(ecological) aspects. . . . . . & social aspects . . . & economic aspects↓Time/space horizons

Here and now. . . Conventional EIA Integrated EIA

. . . & elsewhere

. . . & later
Conventional SEA Sustainability assessment SEA

trade-offs between these considerations in strategic decision making at
the earliest stages of planning processes. To a lesser degree the same
development can be seen in EIA as well, where there is a broadening in
types of effects being considered.

The ends of the continuum are characterised by Table 5.3, not just
in terms of the dimensions that are considered, but also in terms of
the time and space horizon that an assessment can cover. The upper
left-hand corner represents conventional EIA, which concentrates on
immediate environmental effects within a short time horizon. Integrated
EIA covers the entire upper row in the table. Extending the time and
spatial horizon is especially important in SEA. The strategic nature of
the decisions that SEA supports necessitates a broader view in order to
fully grasp the consequences and alternative options (Partidário 2007).
For a national energy policy, for example, the SEA will need to explore
the global implications as well as the national ones. Full sustainability
assessment SEA, then, would cover the entire range: addressing environ-
mental, social, and economic effects, those that are immediate, as well
as those that manifest over an extended time horizon, and both at the
directly impacted area, as well as beyond.

Of course, full incorporation of biodiversity in environmental assess-
ment will in many cases require longer geographical and time horizons.
Biodiversity very often depends on geographically different areas (e.g.
migratory birds or fish) while biodiversity is important for the mainte-
nance of life support systems for future generations to have at least the
same quality of living as present generations have, while it also holds
unknown potential for the future. The emergence of ecosystem services
as a means to link biodiversity to stakeholders, conceptually captured by
the impact assessment framework, requires a more-integrated approach
including biophysical as well as social and economic aspects. Chapter 9
provides convincing examples.
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There are clear advantages to a comprehensive and integrated assess-
ment. For the decision makers, and indeed all involved stakeholders,
the assessment information is conveniently brought together. This can
concentrate the debate there where the real trade-offs are to be made
between beneficial and detrimental effects. However, such assessment is
methodologically more complex and requires intense cooperation among
assessment professionals across disciplinary and organisational boundaries.
This is not easy to achieve, especially in settings where such coopera-
tion is not common place (Hilden, Rydevik and Bjarnadottir, 2007).
It could also be argued (e.g. in Morrison-Saunders and Fischer, 2006)
that full integration of economic and social effects into SEA en EIA is
less effective in advocating for the biophysical environment. In an aggre-
gate assessment the environmental effects may get snowed under the
economic and social ones, which tend to be of more interest to decision
makers anyway. Integrated assessment can furthermore obscure trade-
offs that are being made against the environment. On the other hand,
when biodiversity is translated into ecosystem services and is assigned
its real value, in social or economic terms, the case for biodiversity can
become stronger and decision making can be significantly influenced (see
Chapter 9).

Tailoring the assessment to the decision process
This broadening of scope and application has occurred in conjunction
with a change in attitude towards information and decision making in
and outside the field of environmental assessment. It has become more
common to doubt the supposed infallibility of scientific information,
and the degree to which it is value-free and objective. Against this
backdrop, and in concurrence with an increased appreciation of the
complex sociopolitical context of the decisions for which assessment
reports are produced, EIA and SEA are cast less as a technical informa-
tion tool and more often as a process by which people communicate and
integrate a variety of concerns in order to determine the future of the
environment and themselves.

The shift away from a more technocratic approach to EIA and SEA
has made room for a stronger decision-process orientation. At the
time that EIA was developed, rational theories of decision making
and planning were leading. Such theories suggest that sound decision
making requires objective effects information that is the result from
the application of scientifically proven techniques for information
gathering. Good information, by those standards, will then lead to good
decisions by means of a rational decision process. Since then, this way
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of thinking is gradually being overtaken by a more complex and realistic
way of looking at decision making. There is now more recognition that
effects information is often value-laden and uncertain, and that decision
processes can be messy and unpredictable. The nature of decision
making is also examined by the impact assessment community (Nitz and
Brown 2001; Deelstra et al., 2003; Leknes 2001; Weston 2000; Kørnøv
and Thissen 2000; Nilsson and Dalkmann, 2001; Pischke and Cashmore
2006). Such examination continually stresses the importance of making
the right kind of effects information available, to the right people, at the
right time. In other words, environmental assessment should be adaptive
to the decision process it is serving and provide relevant inputs when
decision windows occur.

Partidário (2007) suggests that for SEA this requires a reorientation
on the nature of strategic planning. To effectively support planning, she
argues, SEA needs to be focussed on problem definition and solution
finding in planning more directly. The SEA process should start when
the plan objectives are defined and, in fact, more actively help to define
these. Furthermore the assessment should evaluate how well strategic
options meet the objective, as well as exploring their consequences. The
SEA process itself needs to be centred around key activities that operate
throughout the planning process, rather than follow a set sequence of
steps. Partidario even suggests adopting a different lexicon for SEA, to
differentiate it from more rigid EIA thinking, and to smooth communi-
cation with planners.

Application of this idea of decision-making–tailored SEA has
presented a formidable challenge in practice. First, for obvious reasons
adaptive assessment is difficult, because it relies on the decision process
being both knowable and known, when it may in actual fact be fluid,
and hidden. Second, such adaptive assessment requires flexibility in the
assessment process, which can conflict with the procedural requirements
that governments tend to set to ensure that at the very least a minimum
quality of assessment takes place. Despite such difficulties, it has also led
to some of the more innovative approaches that have emerged recently.
Box 5.4, for example, shows the SEA process that was designed for the
Free Trade Negotiations between the EU and Central America. This
SEA process design tries to ensure that relevant assessment information
is available for each stage of the negotiations.

The decision orientation in SEA and EIA also emphasises the impor-
tance of communication. A closer look at the decision processes that
assessment reports feed into immediately makes clear the importance
of presenting the information in an understandable and accessible way.
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Box 5.4. SEA for the EU–Central America Free Trade
Agreement

In 2007, a tailor-made SEA approach was developed for the Free Trade
Agreement (FTA) between the EU and Central America. Free Trade
negotiations are characterised by changeable agendas and multiple
decision-making moments. This puts high demands on the SEA. It
has to be able to respond to negotiation processes that have their own
(partly unpredictable) dynamics, as well as a confidential character. In
addition, the impacts of trade agreements, while potentially extensive,
can be difficult to accurately predict.
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The SEA approach that was developed is based around an advisory
group which undertakes both the stakeholder debate as well as impact
analysis. During the negotiation process this group can channel infor-
mation ‘up’, that is, provide advice to negotiators, as well as ‘down’,
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that is, disseminate information to relevant stakeholders. Naturally,
membership needs to be broad; experts, government officials, repre-
sentatives of the negotiation teams, nongovernmental organisations
(NGOs), private sector, indigenous people, and so forth.

The SEA process itself has been separated into SEA rounds to match
each FTA negotiation round. During each SEA round the advisory
group scopes the upcoming negotiation topics, develops scenarios for
different negotiation outcomes, consults with stakeholders, and makes
recommendations for decision making, such as flanking measures. To
be able to move quickly, the advisory group will commission ‘theme
papers’ on a selected number of key issues at the outset. The theme
papers will cover the main commodities to be addressed in the FTA.
The papers serve as background document for the assessment rounds.
Also, the advisory group will establish liaison officers, who can get
rapid feedback from key stakeholder groups. The figure above depicts
this experimental SEA approach. It is currently being trailed, and,
if effective, will provide a good example of a decision sensitive SEA
application.

Technical complexity in information, not only disenfranchises the public
participants in decision making (Dryzek 1993), a point made more often
in the environmental assessment literature, but it can also be difficult to
understand for decision makers, who do not necessarily have technical
expertise either.

Another insight that comes from decision analysis is the need to trans-
late effects into clear impacts on the decision makers’ priorities and
interests. In this respect, the translation of biodiversity, too often consid-
ered a difficult topic by decision makers, into values for stakeholders helps
to translate impacts into terms that decision makers can understand and
relate to. Furthermore, the use of ecosystem services works to integrate
different effect categories across the three pillars of sustainability. This
ensures that the trade-offs remain transparent, and environmental effects
stay visible. The impact assessment framework makes an effort to separate
technocratic knowledge from the value based weighing of relevance of
effects. Values only exist if they are recognised as such by stakeholders.
How serious an effect is deemed to be depends on the value placed
on the affected ecosystem service. This is the type of information that
decision makers understand.



6 � Biodiversity in environmental
impact assessment
Asha Rajvanshi, Vinod B. Mathur,
and Roel Slootweg

Introduction
As the importance of biodiversity for human well-being is increasingly
brought to the forefront by scientific endeavours in the fields of natural
sciences, resource economics, and conservation ecology, the need for
better representation of biodiversity in the processes that steer devel-
opment decisions has clearly emerged. Furthermore, outspoken stake-
holders actively participating in impact assessment processes bring the
importance of biodiversity to the forefront, contributing to the need for
better representation of biodiversity. Environmental Impact Assessment
(EIA) is one of few internationally recognised and often legally embedded
instruments to predict the potential consequences of human activities.
In recent years the impact assessment community realised that it was not
doing well in defining the impact on biological diversity. Implicitly biodi-
versity was always considered to be part of impact assessment, but the
tools to explicitly define biodiversity impacts were not enough. Box 6.1
provides some messages on biodiversity emerging from EIA practice.

This chapter provides extensive first-hand background documentation
on the EIA guidelines adopted by the Convention on Biological Diver-
sity (CBD, 2006) and further elaborates on the concepts behind the
guidelines. Reference is made to Chapter 2 elaborating CBD objectives
and explaining recent scientific developments in biodiversity science,
Chapter 4 providing the conceptual framework underlying the EIA as
well as SEA chapters, and Chapter 5 providing a general overview of
recent thinking on EIA. In this chapter the screening and scoping stages
of EIA are emphasised for two reasons. First, the need for an impact
assessment study when a proposed activity has potential significant effects
on biodiversity has to be defined by good screening criteria and proce-
dures; second, the impact assessment study has to be carried out in such a
manner that all relevant issues are properly dealt with, providing sufficient
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Box 6.1. Four messages on the relation EIA – biodiversity

(i) Svarpliene (2002) describes a road EIA in Lithuania in which the
category of biodiversity-related impacts received highest attention and
mitigation measures were predominantly concerned with biodiversity-
related impacts in naturally flooded grassland and forest ecosystems
(both ecosystems meet the European Union criteria for the Natura
2000 network). Message: EIA is used effectively as an instrument
to bring biodiversity values into decision making on infrastructure
projects.

(ii) Dahmer and Felley (2000) describe a case from Taiwan where
growing concerns about a proposed steel mill project in a coastal
wintering site of Black-faced spoonbills, a critically endangered water-
bird of East Asia, has created an effective movement of NGOs,
birdwatchers, and academics pressuring to declare a nature reserve
at the proposed site and proposing alternative sources of local income.
A first EIA study was rejected as it failed to address the importance
of the site as wintering ground. A following EIA study was approved
without public review, which is considered a blow to the credibility
of the EIA system. Message: public review is a powerful tool in trans-
parent decision making; absence of review jeopardises the process and
neglects general opinion in society.

(iii) The Council of Andean Ministers of Foreign Affairs (Consejo
Andino de Ministros DeRelaciones Exteriores, 2002) declared in its
Regional Biodiversity Strategy for the Andean Countries that EIA
and SEA are necessary tools for the assessment of potential impacts
of regional transboundary mega projects. It emphasise the need to
harmonise efforts, as EIA systems between countries differ. Especially
the drafting of clear screening criteria is deemed necessary. Message:
harmonisation in impact assessment for shared cross-border ecosystems
is needed.

(iv) In a preliminary environmental evaluation of a landing site for
offshore oil exploitation in Central Africa, an unknown area of marine
corals was discovered. An investigation into alternative landing sites for
the pipeline was recommended (Collins, personal communication).
Message: EIA contributes to our knowledge of biological diversity and
can help in early avoidance of negative impacts.

(Source: Slootweg, 2003)
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information for decision makers to come to a well-founded decision.
Because scoping determines the quality of the terms of reference of the
impact study, good scoping procedures and guidance on the scoping
process are of fundamental importance.

Nevertheless, flaws may appear during the following steps in the
process. Therefore, further guidance on next steps in the project-level
EIA process is provided, based on practical experiences. One of the
recommendations from a workshop on the first version of the CBD
Guidelines (Georgi and Peters, 2003) was that

the guidelines should not take over the function of general EIA-guidelines,
but rather focus on aspects relevant to biological diversity. General provisions
in terms of procedures should be kept as short as possible whilst remaining
on a conceptual level and should be limited to the components essential for
conducting sound EIA. This is the only way to ensure that the guidelines
remain compatible to already existing planning systems and EIA procedures on
national level.

This recommendation is taken seriously; as a consequence this chapter
will follow a generally accepted series of procedural steps but will only
provide the minimally required information on the procedural aspects of
EIA.

Treatment of biodiversity in EIA: the experience so far
Although impact assessment processes and applications are currently in
place in many countries, biodiversity is still considered implicitly in
impact assessment. To some extent this may be explained by the historical
timing of the pairing of EIA and biodiversity. The concept of biodiversity
and its related Conventions are relative newcomers in the environmental
scene. The CBD was only created in 1992 at the Rio Conference. EIA,
on the other hand, traces its legacy back at least three decades to the
passage of the National Environmental Protection Act in the United
States in 1968. Experiences from around the world suggest that in the
absence of having the appropriate tools to explicitly consider biodiversity
in impact assessment, the outcome of assessments have generally been
deficient in incorporating biodiversity in development decisions.

In 1995, the World Bank’s East Asia Environment Unit undertook
a review of the biodiversity components of several EIAs of projects in
the infrastructure and forestry sectors to assess whether biodiversity was
being appropriately studied and whether the information was geared to
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help the decision-making process (unpublished). The study found that in
most biodiversity studies, quality of biodiversity information was gener-
ally weak, methodologies were poorly presented, the natural variability
(at the gene, species, and ecosystem levels) was not accounted for, and
the mitigation plans lacked provisions for biodiversity restoration oppor-
tunities. Quality reviews in the South Africa (LeMaitre and Gelderblom,
1998), United Kingdom (Byron et al., 2000; Gray and Edwards-Jones,
1999; Thompson et al., 1997; Treweek et al., 1993), United States
(Atkinson et al., 2000), Australia (Warken and Buckley, 1998), Israel
(Mandelik et al., 2002, 2005a, 2005b), India (Rajvanshi, 2005), Japan
(Tanaka, 2001) Sweden (de Jong et al., 2004), Finland (Söderman, 2005),
and for linear infrastructure (Geneletti, 2006) have all reflected on short-
comings in treatment of biodiversity in EAs.

Barriers to the incorporation of biodiversity in impact assessment
include:

� a low priority for biodiversity and a limited capacity to carry out the
assessments (Treweek, 1999, 2001);

� a lack of formalised procedures and inconsistency in methodologies
(Thompson et al., 1997; Geneletti, 2002);

� a lack of full treatment of biodiversity, combining the knowledge on the
affected components, that is, composition, structure or function (Noss,
1990; LeMaitre and Gelderblom, 1998; Slootweg and Kolhoff, 2003;
Slootweg, 2005); in general, there is a lack of attention to ecological
processes (Pritchard, 2005);

� the concentration of assessments only around protected species and
habitats and not including assessment of impacts on ecosystems, let
alone ecosystem services (Gontier et al., 2005) (see Knegtering, 2005,
for an example of a totally species-oriented focus);

� geographically poorly defined study areas or a priori delimitation of
study area not taking into account areas of impact (Geneletti, 2006);

� a lack of formal requirements for postproject monitoring (Treweek,
1996);

� a limited attention for positive planning for biodiversity;
� an incompatibility of timelines for EIA with seasonality for biodiversity

surveys (Rajvanshi, 2005);
� poorly drawn connections between baseline studies and impact predic-

tions resulting in superficial and inaccurate impact predictions based
on data-deficient baselines (Söderman, 2005);
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� a reliance on imprecise estimates of species distributions as provided by
patchily distributed point data from field surveys or biological collec-
tions (Balfors and Mörtberg, 2002; Gontier et al., 2005); and

� biodiversity assessments confined to local scales which do not allow
prediction and assessment of effects of habitat loss and fragmentation
on the landscape level or the consideration of scales of ecological
processes (Treweek et al., 1998 and Lehmann et al., 2002).

The factor leading to the neglect of biodiversity in EIAs that is unique
to most developing countries is the priority given to promoting devel-
opment in key sectors to overcome poverty and improve economic well-
being. Consequently, projects that are considered to be of national, polit-
ical, and strategic importance, often override consideration of potential
negative impacts on biodiversity. Furthermore, when locations of such
priority projects tend to overlap with ecologically important areas, biodi-
versity issues are consciously underplayed in EIA reports to prevent these
issues from becoming barriers to development (Rajvanshi et al., 2007).
On the other hand, the emergence of ecological economics in the mid-
1980s emphasised the importance of protection of ‘natural capital’ as a
precondition for societal development (Costanza and Daly, 1992; Jansson
et al., 1994) and lately, the Millennium Ecosystem Assessment (2005)
brought the realization that the use of nature by humans is not simply a
tool for economic development and that biodiversity and related ecosys-
tem services are fundamental to human survival (i.e. physical, social,
cultural, and spiritual) (see Millennium Ecosystem Assessment 2005a).
These experiences from across the world are pointers to the growing
need for the development of new and innovative EIA methods and tools
for mainstreaming biodiversity and the enabling legal and policy support
for their implementation.

Existing guidance for inclusion of biodiversity in EIA
In addition to the existing policies and regulations that already exist in
most countries, a number of directives from convention bodies facili-
tate the integration of biodiversity issues in impact assessment through
provisions of specific EIA-related obligations (Table 6.1).

Specific guidance has been produced over the last two decades. For
instance, the Council on Environmental Quality (CEQ, 1993) and EPA
(1999) in the United States, the Canadian Environmental Assessment
Agency (CEAA, 1996, and the World Bank (1997, 2000) offer guidance
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Table 6.1 Provisions for biodiversity-inclusive assessments under various
EIA-related obligations.

CBD ‘Each Contracting Party, as far as possible and as appropriate,
shall (CBD, 1992: Article 14):

Introduce appropriate procedures requiring environmental
impact assessment of its proposed projects that are likely to
have significant adverse effects on biological diversity with a
view to avoiding or minimizing such effects and, where
appropriate, allow for public participation in such procedure.

(b) Introduce appropriate arrangements to ensure that the
environmental consequences of its programmes and policies
that are likely to have significant adverse impacts on
biological diversity are duly taken into account.’ (CBD,
Article 14.1).

Ramsar ‘Each Contracting Party shall arrange to be informed at the
earliest possible time if the ecological character of any
wetland in its territory and included in the List has changed,
is changing or is likely to change as a result of technological
developments, pollution or other human interference.
Information on such changes shall be passed without delay
to the organisation or government responsible for the
continuing bureau duties specified in Article 8.’ (Ramsar
Convention, Article 3.2) (Ramsar Convention, 2007).
Contracting Parties to reinforce and strengthen their efforts
to ensure that any projects, plans, programmes and policies
with the potential to alter the ecological character of
wetlands in the Ramsar List, or impact negatively on other
wetlands within their territories, are subjected to rigorous
impact assessment procedures and to formalise such
procedures under policy, legal, institutional and
organizational arrangements;’ (Resolution VII.16, para. 10)

Convention on
Migratory
Species

‘Parties that are Range States of a migratory species listed in
Appendix I shall endeavour: [. . .] to prevent, remove,
compensate for or minimise, as appropriate, the adverse
effects of activities or obstacles that seriously impede or
prevent the migration of the species;’ (CMS, article III,
para. 4(b))

- ‘to the extent feasible and appropriate, to prevent, reduce or
control factors that are endangering or are likely to further
endanger the species, including strictly controlling the
introduction of, or controlling or eliminating, already
introduced exotic species.’ (CMS, article III, para. 4(c))
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on improving practices for ecological considerations and analysis of the
impacts on biodiversity within EIA. Currently, biodiversity assessment
within the Swedish International Development Cooperation Agency
(SIDA) occurs as part of their Environmental Impact Assessment (EIA)
process. EIA guidelines of SIDA (1998) contain a series of checklists that
include questions on biodiversity. It is worth noting that SIDA has had the
foresight to ask questions relating to impacts on genetic diversity – a rare
feature in other donors’ EIA guidelines or screening checklists. As part
of SIDA’s EIA, consideration is also given to how the proposed activities
relate to the partner country’s environmental legislation and its responsi-
bilities under the biodiversity-related conventions and agreements. The
RSPB (1996) has produced Good Practice Guides for prospective devel-
opers, which advocate a stepped approach, to first avoid impacts; to
mitigate any residual impacts which cannot be avoided; to compensate for
any losses (as a last resort); and always to seek opportunities to enhance the
existing natural assets. The UK Institute of Ecology and Environmental
Management published guidelines (IEEM, 2006) for Ecological Impact
Assessment (EcIA). These guidelines, which are intended for ecologists,
developers, planners, local and national planning authorities, environ-
mental managers, statutory organisations, nongovernmental organisations
(NGOs), and local groups, provide a recommended procedure for the
ecological component of Environmental Impact Assessment. They set
new standards for the assessment of the ecological impacts of projects
and plans, so as to improve the consideration of the needs of biodiversity
and thereby reduce the impacts of any development. The publication of
Biodiversity and Environmental Assessment Toolkit by the World Bank (2000)
suggested a more formalised framework for promoting biodiversity in the
impact assessment practice. The review of experience and methods of
integrating biodiversity in national EIA process supported by the Biodi-
versity Planning Support Programme (Treweek, 2001) was perhaps the
first serious effort that highlighted the need to better integrate biodiver-
sity in existing EIA procedures. The review focussed on the relevance of
mainstreaming biodiversity in impact assessment and provided guidance
on which levels and what elements of biodiversity need to be considered
in each of the stages in the EIA process.

The efforts listed above did not address biodiversity in a consistent
manner, following the definitions and the objectives for biodiversity
management provided by the Convention on Biological Diversity (see
Chapter 2). A first effort in this direction was done by the International
Association for Impact Assessment (IAIA) by providing guidelines for



Biodiversity in Environmental Impact Assessment · 161

the integration of biodiversity in EIA, adopted by the parties of the
CBD in 2002 (Decision VI/7A in: CBD, 2002). Guiding principles to
promote ‘biodiversity-inclusive’ impact assessment, including Environ-
mental Impact Assessment (EIA) for projects, and Strategic Environ-
mental Assessment (SEA) for policies, plans, and programmes were
subsequently developed by International Association for Impact Assess-
ment (IAIA, 2005). The Netherlands Commission for Environmental
Assessment, in collaboration with IAIA, prepared Voluntary Guidelines
on Biodiversity-Inclusive Impact Assessment, in response to Decision
VIII/28 of the Conference of the Parties to the Convention on Biological
Diversity, to fill remaining caveats in the earlier guidelines (CBD, 2006).
This is the most recent in terms of a generic guidance that is available
for the EIA community; this chapter is based on the same document but
provides more scientific background and case material. The CBD guide-
lines have been adapted in the form of country-specific toolkits (Sawsan
et al., 2005) and best practice guidance in regional contexts (Rajvanshi
et al., 2007; Brownlie et al., 2006).

Several sectoral initiatives have also seen the light, indicating that some
segments of the private sector are similarly concerned about the way in
which biodiversity has been treated (or not) in EIA.

(1) The oil and gas sector. This sector has, for obvious reasons, been
a frontrunner in paying attention to the environmental effects of its
activities. As early as 1986 the Oil Industry International Exploration
and Production Forum produced a publication on EIA (E&P Forum,
1986). Biodiversity was specifically addressed in a joint publication
with IUCN on oil and gas exploration in the Arctic (IUCN and
E&P Forum, 1993), where EIA featured prominently as a tool to
address the environmental challenges posed by work in the arctic
region. The Energy and Biodiversity Initiative, a joint initiative by
five major oil and gas companies and five conservation organisations
provides a suite of guides, discussion papers, and resources for those
interested to know more about how to integrate biodiversity into
the oil and gas industry (Energy and Biodiversity Initiative, 2004).
The guidance documents prepared by EBI (2003a, 2003b, 2003c)
provide ‘how to’ approaches for integration of biodiversity consider-
ations into upstream oil and gas development and are very useful for
conservation organisations, governments, communities, and others
with an interest in ensuring the effective integration of biodiver-
sity considerations into oil and gas exploration and development.
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It also refers to the underlying conceptual framework (Slootweg
and Kolhoff, 2003) described in Chapter 4, although it does not
use the framework in the practical manner for which it has been
designed. Nevertheless, it is the first example of translation of the
CBD decision on biodiversity in impact assessment into a suite of
sector-oriented documents. Some of the guidance is unique in offer-
ing a ‘menu’ of sound biodiversity conservation practices from which
the most appropriate measures that fit the operational and geographic
setting can be chosen. Similarly, the International Petroleum Industry
Environmental Conservation Association (IPIECA) comprising of oil
and gas companies and associations from around the world that was
founded in 1974 offer valuable guidance for integrating biodiversity
conservation with existing company activities and processes through-
out the oil and gas project life cycle. Guidance is specifically available
for developing Biodiversity Action Plans (BAPs) corresponding with
requirements of different sites and projects and for setting out key
biodiversity questions that should be considered by both business
managers and practitioners throughout all of the stages of the oil and
gas project (IPIECA and OGP, 2005, 2006).

(2) The transport sector. An example of practical best practice
guidance for planning roads through sensitive habitats and wildlife
areas in South Asia is provided by Rajvanshi et al. (2001). The guide
defines a basic step-by-step EIA process in order to provide a
realistic backdrop to the wildlife–road transportation relationship to
help practitioners identify wildlife-related concerns and incorporate
wildlife and wildlife habitat conservation principles into road and
rail planning. Another example on how to deal with biodiversity in
road schemes is provided by Byron (2000). The guidelines provide
an in-depth reference to existing regulations in the UK and to the
way in which potential impacts on biodiversity by road schemes
can be identified, assessed, and mitigated. Although this ‘good
practice guide’ is focussed on the UK, the step-by-step approach
could act as a reference to how such guidance documents can be
structured.

(3) The mining sector. A similar long-awaited initiative comes from
the mining sector with good practice guidance for mining and
biodiversity. Sweeting and Clark (2000) made the initial attempts
to review both the potential negative effects of large-scale metal
mining on sensitive environments and cultures, and a range of
technologies, practices, and strategic approaches for both minimizing
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negative impacts and increasing the positive contribution of mineral
development to conservation and community development.
Although this guide is not meant to be a definitive guide to respon-
sible mining, it does offer an important starting point for discussion
and action on how all stakeholders can work towards ‘lightening the
load’ of mining on sensitive ecosystems and cultures throughout the
world. Subsequent guidance available in different documents (IUCN
and ICMM, 2004; Rio Tinto, 2004; ICMM, 2006) show how good
practice, collaboration, and innovative thinking can advance biodi-
versity conservation worldwide while ensuring that the minerals and
products that society needs are produced responsibly. The varied
guidance sources also aim to provide the mining industry with the
steps required to improve biodiversity management throughout the
mining cycle and demonstrate through case studies how manage-
ment tools, rehabilitation, and restoration processes, together with
improved scientific knowledge can help conserve biodiversity.

The recent leading practice handbook (Commonwealth of
Australia, 2007) complements other publications, in addition to
providing information specific to biodiversity management in the
Australian context. This handbook outlines the key principles and
procedures now recognised as leading practice for assessing biodiver-
sity values, namely: identifying any primary, secondary, or cumula-
tive impacts on biodiversity values, minimizing and managing these
impacts, restoring conservation values, and managing conservation
values on a sustainable basis.

(4) The tourism sector. A sector with biodiversity issues high on the
agenda but with very little effective use of EIA is the tourism sector.
The CBD (2001) has drafted international guidelines for activities
related to sustainable tourism development in vulnerable terrestrial,
marine, and coastal ecosystems and habitats of major importance
for biological diversity and protected areas, including fragile ripar-
ian and mountain ecosystems. The document contains a section on
impact assessment providing 20 categories of potential biophysical
impacts, 8 categories of social and cultural impacts, and a number
of potential benefits of tourism. The guidelines recommend that, as
a minimum, impact assessment should address the impacts, effects,
and information that are required to be covered in the notification
process. Furthermore, impact assessment should be objective and
transparent and based on recognised standards. It should also include
assessment of cultural sustainability.
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UNEP (2001) commissioned a series of thematic studies, each focussed
on one aspect of sectoral integration. One of these thematic studies
is Integration of Biodiversity into the National Tourism Sector. This
Report provides global best practice guidelines for integrating biodiver-
sity conservation planning into the tourism sector. These guidelines have
emerged as a result of a careful analysis of the 12 country case studies. The
specific objectives of these guidelines is to identify resources and clarify
concepts for biodiversity planners on the subject of sustainable tourism
and to provide practical tools for tourism planners and developers so
that their activity will have a more positive interaction with biodiversity
conservation planning. This document also builds on UNEP’s Principles
for Implementation of Sustainable Tourism, in an attempt to complement
and reach further in attaining a symbiotic relationship between biodiver-
sity conservation planning and tourism. The problem with the tourism
sector is that EIA is not used very often because tourism activities usually
are diverse, isolated, and relatively small interventions. Of course, Strate-
gic Environmental Assessment (SEA) of higher level policies, plans, and
programmes for the tourism sector provides the best solution to address
the cumulative effects of multiple small-scale tourism activities. SEA will
be treated in more detail in Chapter 7.

Sectoral initiatives discussed in this chapter have helped to a good
extent in redrawing the caricatures of ‘conservation versus development’
by demonstrating that biodiversity-inclusive assessments can help achieve
‘conservation and development’. Our main criticism of the guidance that
is available in the sectoral guidelines is the narrow focus of biodiversity,
which is predominantly addressed from a nature conservation position.
Ecosystem services and human interests in biodiversity conservation have
received little attention. There has also been an inherent failure in recog-
nizing the links between biodiversity and human well-being which limit
the consideration of benefits of biodiversity conservation from social
and economic perspectives. In general, linkages to the objectives of the
biodiversity convention are weak, contributing to the inconsistent and
incomplete treatment of biodiversity.

Mainstreaming biodiversity in EIA: a stepwise explanation
Key challenges to address conservation and sustainable use of biodiversity
through impact assessment are that impact assessment must give wider
recognition to the ecosystem services concept as a means to translate
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biodiversity into societal values (ecological, social, and economic), and
to not only look at potential negative impacts on biodiversity but to
pay more attention to positive benefits for biodiversity. The latter is
often referred to as a positive planning approach (IAIA, 2005). As
new challenges emerge, new solutions are needed. The EIA process
(Figure 6.1) needs to better mainstream biodiversity in impact assessment
to create more opportunities for win–win situation that would not only
prevent biodiversity losses but can also promote ‘conservation through
development’. A new approach should be based on the interpretation
of biodiversity provided by the CBD, further enhanced by the Millen-
nium Ecosystem Assessment (2003), which was extensively explained in
Chapter 2 and conceptually developed in the impact assessment frame-
work in Chapter 4. This new approach must essentially be able to

(1) recognise the links between human well being and ecosystem services
in the assessment of impacts;

(2) present the ecological rationale behind the impact mechanisms
through which ecosystem services are affected, by including both
biodiversity pattern (composition and structure) and key ecological
processes; and

(3) incorporate valuation of ecosystem services for deriving economic,
social, and ecological values of biodiversity. (See Box 6.2 summarizing
the economic measures for biodiversity management defined by the
CBD).

The rest of this chapter is structured according to the generally
acknowledged sequence of steps in EIA presented in Figure 6.1, based
on the UNEP EIA Handbook (UNEP, 2002). The steps are discussed
in the context of the impact assessment framework from Chapter 4;
‘entry points’ for mainstreaming biodiversity in impact assessment will
be identified.

Screening
Screening is the step to determine which proposals should be subject to
impact assessment, to exclude those unlikely to have harmful environ-
mental impacts and to indicate the level of environmental appraisal
required. The outcome of the screening process is a screening decision.
Based on an overview of case evidence, Slootweg (2003) recommended
that rules for screening need biodiversity-specific criteria in order to
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Figure 6.1 Generalised EIA process flowchart (adapted from UNEP, 2002).
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Box 6.2. Economic valuation of biodiversity in the CBD

The valuation of biodiversity gathers momentum, exemplified by the
Articles of the Convention on Biological Diversity that provide insight
in the importance of economic measures linked to biodiversity.

Relevant CBD article: 6 7 8 9 10 11 12 14 15 16 20 21

Economic assessment • •
Economic incentives • • • • • • • •
Financial resources • • • • • • •
Economic valuation •

(Source: Emerton and Muramira, 1999)

provide enough ‘legal clout’ against developers that want to proceed
with their projects. Because legal requirements for EIA may not guaran-
tee that biodiversity will be taken into account, consideration should be
given to incorporating biodiversity criteria into existing, or the devel-
opment of new, screening criteria (see Box 6.3). Important information
for developing screening criteria can be found in National Biodiver-
sity Strategies and Action Plans (NBSAPs) or equivalent documents.
These strategies provide detailed information on conservation priori-
ties and on types and conservation status of ecosystems. Furthermore,
they describe trends and threats at ecosystem as well as species level and
provide an overview of planned conservation activities. Even although
this chapter aims to provide guidance, countries have to design there
own biodiversity-inclusive screening mechanism that fit the individual
country characteristics.

The screening criteria for biodiversity must set out circumstances in
which EIA is justified on the basis of biodiversity considerations. The
screening criteria for biodiversity can be evolved based on the following:

� Legal triggers including existing and future legislation for biodiversity
conservation.

� Maps indicating areas important for conserving biodiversity, protecting
ecosystem components and maintaining important ecosystem services.

� Categories of activities that are likely to be the drivers of change
in biodiversity (e.g. harvest or removal of species; habitat diver-
sion, fragmentation and isolation; external inputs such as emissions,
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Box 6.3. Screening in practice

In a case study from Israel, Mandelik et al. (2002, 2005a, 2005b)
evaluated 52 environmental impact statements. Probably the most
fundamental problem to address biodiversity in EIA in Israel is the lack
of direct and clear legal requirements for ecological attention in impact
assessment. Because of this, any elaborated ecological guidelines are
vulnerable to objections by the developers. Recently, however, there
has been progress in this respect as there is an initiative now of drafting
ecological guidelines and staff has been assigned to this (Mandelik,
personal communication).

A good example of how biodiversity is represented in an existing
national EIA system is provided by Hong Kong (Hong Kong Environ-
mental Protection Department, 1997). The ‘Technical Memoran-
dum on Environmental Impact Assessment Process’ is an example
of integrating biodiversity considerations into a national EIA system
(Dahmer, personal communication). It was established before the
development of CBD guidelines on EIA. One omission in the light
of the CBD objectives may be that the guidelines are predominantly
focussed on the conservation of biodiversity and less so on the sustain-
able use.

The Republic of Yemen (2006) has recently proposed a new direc-
tive on EIA of Dam Projects. Article 6 on screening provides criteria
related to activities as well as geographical location of the activities.
Article 6.1 provides a list of activities for which EIA shall be applied;
Article 6.2 distinguishes between different classes of EIA, depend-
ing on type and size of project (comprehensive EIA, general EIA, or
site-related EIA); Article 6.3 states that all projects, independent of
their type and size, which are located in protected areas are subject
to comprehensive EIA. This is the first example of screening criteria
following the 2006 CBD guidelines, further explained in this chapter.

effluents, radiations, or noise; introduction of alien, invasive or geneti-
cally modified organisms; or change in ecosystem composition, struc-
ture or key processes).

� Thresholds referring to size of the intervention area and/or magnitude,
duration and frequency of the activity that have a bearing on the
significance of the impacts.
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Pertinent questions which need to be answered from an ecological
perspective at the screening stage in an EIA must take into account
all three objectives of the Convention on Biodiversity (conservation of
biological diversity, sustainable use of its components, and the fair and
equitable sharing of the benefits arising out of the utilization of genetic
resources) and be applied to all the three levels of diversity. Fundamental
questions which need to be answered in an EIA study include:

(a) Conservation: would the intended activity affect the biophysical
environment directly or indirectly in such a manner or cause
such biological changes that it will increase risks of extinction of
genotypes, cultivars, varieties, populations of species, or the chance
of loss of habitats or ecosystems?

(b) Sustainable use: would the intended activity surpass the maximum
sustainable yield, the carrying capacity of a habitat/ecosystem or the
maximum allowable disturbance level of a resource, population, or
ecosystem, taking into account the full spectrum of values of that
resource, population, or ecosystem?

(c) Equitable sharing: would the intended activity result in changes to the
access to, and/or rights over biological resources?

To facilitate the development of screening criteria, the questions above
have been reformulated for the three levels of diversity (Table 6.2). In
the original version of the table, appearing in the CBD guidelines (CBD,
2006), the objective of equitable sharing was omitted, as this was not
considered to be of relevance to environmental assessment but moreover
a statement based on political choice. In hindsight, taking into account
the rapid shift towards more integrated assessment of environmental,
social and economic impacts, this was not the right thing to do. The
emphasis we nowadays place on the valuation of ecosystem services for
human well-being puts sharing of benefits on the agenda of decision
makers when considering the consequences of large interventions.
Therefore, we have put the third objective of the convention back in
the table again. This last objective was triggered by the fact that large
multinational pharmaceutical companies tapped the knowledge of tradi-
tional healers on the use of medicinal herbs, often leading to significant
profits for these companies, while the providers of the knowledge, often
living in great poverty, did not receive anything for their contribution.
Since the establishment of the biodiversity convention many examples
of benefit sharing have become available, recognising the rights of local
communities to share in benefits obtained using their knowledge but
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also recognising the rights of countries to share in benefits arising from
the commercial and other utilization of genetic resources from these
countries (CBD, 2000b, 2004b). Because local knowledge and exploita-
tion of ecosystem services goes beyond the boundary of genetic diversity
we have decided to apply the third objective to all three levels of diversity.

The scale at which ecosystems are defined depends on the definition
of criteria in a country, and should take into account the principles of
the ecosystem approach. Similarly, the level at which ‘population’ is to
be defined depends on the screening criteria used by a country. For
example, the conservation status of species can be assessed within the
boundaries of a country (for legal protection), or can be assessed globally
(IUCN Red List of Threatened Species (www.iucnredlist.org/); see also
Meynell, 2005). The definition of vulnerable groups in society definitely
is a political choice. Vulnerable people are generally described as being
marginalised, because of least access to economic resources, to decision
making, or to social services.

A screening decision defines the appropriate level of assessment. The
result of a screening decision can be that

� The proposed project is ‘fatally flawed’ in that it would be inconsistent
with international or national conventions, policies or laws. It is advis-
able not to pursue the proposed project. Should the proponent wish
to proceed at his/her risk, an EIA would be required;

� An EIA is required (often referred to as Category A projects);
� A limited environmental study is sufficient because only limited

environmental impacts are expected; the screening decision is based
on a set of criteria with quantitative benchmarks or threshold values
(often referred to as Category B projects);

� There is still uncertainty whether an EIA is required and an initial
environmental examination has to be conducted to determine whether
a project requires EIA or not; or

� The project does not require an EIA.

A suggested approach to the development of biodiversity-inclusive
screening criteria, includes the following steps: (i) design a biodiver-
sity screening map indicating areas in which EIA is required; (ii) define
activities for which EIA is required; (iii) define threshold values to distin-
guish between full, limited/undecided or no EIA (see Appendix 6A for
a generic set of screening criteria and Box 6.4 for an example). The
suggested approach takes account of biodiversity values (including valued
ecosystem services) and activities that might act as drivers of change of
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Box 6.4. Example of biodiversity-sensitive screening
criteria for linear infrastructure combining spatial and
activity-related information, including threshold criteria

� Category A: always EIA

– All linear infrastructure above a minimum threshold (e.g. 5 km
length) in all areas.

� Category B: limited EIA/preliminary study needed

– Linear infrastructure below threshold in areas providing key
ecosystem services indicated on the biodiversity screen-
ing/ecosystem services map.

� Category C: no EIA required

– Linear infrastructure below threshold, outside indicated areas.

biodiversity. If possible, biodiversity-inclusive screening criteria should be
integrated with the development (or revision) of a national biodiversity
strategy and action plan. This process can generate valuable information
such as a national spatial biodiversity assessment, including conservation
priorities and targets, which can guide the further development of EIA
screening criteria.

Step 1

According to the principles of the ecosystem approach (CBD, 2000a,
2004a), a biodiversity screening map is designed, indicating important
ecosystem services (replacing the contested and unclear concept of sensi-
tive areas). The map is based on expert judgement and has to be formally
approved (see Geneletti 2008 for an advanced GIS-based approach).
Suggested categories of geographically defined areas, related to impor-
tant ecosystem services, are:

� Areas with important regulating services in terms of maintaining biodi-
versity;

� Protected areas: depending on the legal provisions in a country these may
be defined as areas in which no human intervention is allowed, or as
areas where impact assessment at an appropriate level of detail is always
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required; the stated reasons for the site’s designation (its conservation
objectives) and any management plan that may exist can give hints to
the factors an assessment should address (Pritchard, 2005);

� Areas containing threatened ecosystems outside formally protected areas,
where certain classes of activities (see Step 2) would always require
an impact assessment at an appropriate level of detail;

� Areas identified as being important for the maintenance of key ecological
or evolutionary processes, where certain classes of activities (see Step 2)
would always require an impact assessment at an appropriate level of
detail;

� Areas known to be habitat for threatened species, which would always
require an impact assessment at an appropriate level of detail;

� Areas with important regulating services for maintaining natural processes with
regard to soil, water, or air, where impact assessment at an appropriate level
of detail is always required. Examples can be wetlands, highly erodable
or mobile soils protected by vegetation (e.g. steep slopes, dune fields),
forested areas, coastal, or offshore buffer areas, and so forth;

� Areas with important provisioning services, where impact assessment at an
appropriate level of detail is always required. Examples can be extractive
reserves, lands, and waters traditionally occupied or used by indigenous
and local communities, fish breeding grounds, and so forth;

� Areas with important cultural services, where impact assessment at an
appropriate level of detail is always required. Examples can be scenic
landscapes, heritage sites, sacred sites, and so forth;

� Areas with other relevant ecosystem services (such as flood storage
areas, groundwater recharge areas, catchment areas, areas with valued
landscape quality, etc.); the need for impact assessment and/or the level
of assessment is to be determined (depending on the screening system
in place); and

� All other areas: no impact assessment required from a biodiversity
perspective (an EIA may still be required for other reasons).

Step 2

Define activities for which impact assessment may be required from a
biodiversity perspective. The activities are characterised by the following
direct drivers of change:

� Change of land-use or land cover, and underground extraction: above
a defined area affected, EIA always required, regardless of the location
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of the activity – define thresholds for level of assessment in terms of
surface (or underground) area affected;

� Change in the use of marine and/or coastal ecosystems, and extraction
of seabed resources: above a defined area affected, EIA always required,
regardless of the location of the activity – define thresholds for level of
assessment in terms of surface (or underground) area affected;

� Fragmentation, usually related to linear infrastructure. Above a defined
length, EIA always required, regardless of the location of the activity –
define thresholds for level of assessment in terms of the length of the
proposed infrastructural works;

� Emissions, effluents or other chemical, thermal, radiation, or noise
emissions – relate level of assessment to the ecosystem services map;
and

� Introduction or removal of species, changes to ecosystem composition,
ecosystem structure, or key ecosystem processes responsible for the
maintenance of ecosystems and ecosystem services – relate level of
assessment to the ecosystem services map.

It should be noted that these criteria only relate to biodiversity and serve
as an add-on in situations where biodiversity has not been fully covered
by the existing screening criteria.

Step 3

Determining norms or threshold values for screening is partly a technical
process and partly a political process – the outcome of which may vary
between countries and ecosystems. The technical process should at least
provide a description of:

(a) Categories of activities that create direct drivers of change (extraction,
harvest or removal of species, change in land-use or cover, fragmen-
tation and isolation, external inputs such as emissions, effluents, or
other chemical, radiation, thermal or noise emissions, introduction
of invasive alien species or genetically modified organisms, or change
in ecosystem composition, structure or key processes), taking into
account characteristics (such as type or nature of activity, magni-
tude, extent/location, timing, duration, reversibility/irreversibility,
irreplaceability, likelihood, and significance) and the possibility of
interaction with other activities or impacts;

(b) Where and when: the area of influence of these direct drivers of change
can be modelled or predicted; the timing and duration of influence
can be similarly defined;
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Box 6.5. Scoping in practice

In Israel, Mandelik et al. (2002, 2005) provide a unique and detailed
study of 52 environmental statements produced over a six-year period.
The main conclusions of the analysis were that, with respect to biolog-
ical diversity:
� Lack of quantitative data, meaningful analyses, and broad perspective

were apparent throughout the EISs reviewed.
� Most EISs presented baseline information and potential ecological

impacts but failed to give any quantified data or predict indirect,
cumulative effects.

� Many EISs failed to perform field surveys, and their qualitative
nature hampered meaningful impact prediction.

� Most EISs mentioned the need for mitigation measures but provided
no description of these measures or their likely success.

The reason for the apparent lack of attention for biological diversity
could largely be traced back to a lack of ecological requirements in
the guidelines (or term of reference) for the EIA study. There was a
generally high correlation between the (ecological) quality of the EIS
and their corresponding guidelines. Suggested underlying reasons are
the lack of ecological experts directly involved in the scoping phase
of the EIA process. This obviously bears on both the awareness and
the ecological capacity of the EIA staff.

(c) Map of valued ecosystem services (including maintenance of biodiver-
sity itself) on the basis of which decision makers can define levels
of protection or conservation measures for each defined area. This
map is the experts’ input into the definition of categories on the
biodiversity screening map referred to above under Step 1.

Scoping
Scoping is designed to focus the impact assessment study on relevant
issues (see Box 6.5 for an example on the relevance of the scoping stage).
It is used to derive terms of reference (sometimes referred to as guidelines)
for environmental impact assessment. Scoping also enables the competent
authority (i) to guide study teams on significant issues and alternatives to
be assessed, clarify how they should be examined (methods of prediction
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and analysis, depth of analysis), and according to which guidelines and
criteria; (ii) to provide an opportunity for stakeholders to have their
interests taken into account in the environmental impact assessment;
and (iii) to ensure that the resulting environmental impact statement is
useful to the decision maker and is understandable to the public. During
the scoping phase, promising alternatives can be identified for in-depth
consideration during the EIA study (CBD, 2006).

Scoping is thus an important stage in EIA that helps in setting temporal
and spatial boundaries for the assessment, identifying the key impacts and
controlling the quality of the EIA. Scoping should be seen as a flexible,
adaptive, and iterative process, usually based on preliminary consulta-
tions, literature searches, site visits, and reconnaissance surveys. There
is generally no set process for conducting scoping. Scoping workshops
have sometimes been considered to provide all major stakeholders with
an opportunity to discuss a project and reach consensus on the scope of
the assessment. This approach can significantly reduce consultation time
and avoid delays caused by stakeholders requesting additional survey or
other work at a later stage. Scoping should ensure that the EIA team is
able to perform ‘good focussing’ that helps to ‘count the best and leave
the rest’ (See Box 6.6). Depending upon the legal requirements and
country-level guidance that steer the national EIA process, the results of
the scoping are in most countries publicly shared through a formal report
or letter or as ‘scoping opinion’. In some countries, scoping guidelines

Box 6.6. Good scoping practices (Swanson, 1999)

� Make early site visits in order to ensure that matters related to
important biodiversity and ecosystem values and conservation sites
are identified at an early stage.

� Establish appropriate consultation arrangements with interested
parties including the competent authority.

� Conduct the scoping exercise in a systematic manner using scoping
checklists and matrices and producing a Scoping Report where
appropriate.

� Develop a consensus on baseline survey requirements, prediction
methods, and evaluation criteria with appropriate bodies, including
planners and decision makers.

� Review the costs and benefits of development choice alternative
options including the option.
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Box 6.7. Examples of gender/specific impacts of
development projects

The Pak Mun Dam destroyed the Mun River’s natural fisheries,
which prevented the seasonal reproductive and feeding migrations
of fish species between the Mun and Mekong rivers. Women were
usually involved in the processing and marketing of the catch in fishing
communities. As the means of livelihood got affected, communities
were faced with shrinking economic opportunities. This has resulted
in male migration, leaving women to face an increasingly uncertain
economic future (OED, 1998).

The EIA of West Frontier Province Road Development Sector of
Pakistan was conducted by ADB. The study of the Peshawar–Torkham
subregional connectivity project highlighted that the section of the
expressway from 22 km to 27 km (following the existing highway)
will pass above several villages. The local people in this area were
concerned about the privacy of their women and families. It was
apprehended that the road users will be able to see down into the
houses and this may be interpreted as an invasion of privacy. Planting
or roadside barriers were recommended in order to shield the view
of the villages from passing vehicles and additionally serve as sound
barriers (ADB, 2006).

are statutory requirements for decisions on structure and contents of the
report.

As gender, class, caste, ethnicity, and age are integral to understanding
the social relations and decision-making processes concerning access to,
and use and management of biodiversity resources, a categorical inclu-
sion of women and indigenous communities is highly desirable in the
scoping teams for reviewing impacts especially on biodiversity (for a
good example of collaboration with indigenous First Nations in Canada,
see Sherrington, 2005). The feminisation of agriculture, marketing of
nonwood produce and handicrafts made from biodiversity resources and
involvement of women in collection of resources, such as fish, water,
and fuel wood, have a direct link with development-induced changes
in biodiversity. The Participation of women in scoping can be particu-
larly useful in visualisation of several impacts that need to be reviewed
in their context (Box 6.7). Similarly, the need to integrate traditional
knowledge in EIA to capture impacts on traditional resource utilization



178 · Asha Rajvanshi et al.

practices has been well exemplified. In Uganda, for example, pressure
from communities regarding environmental problems associated with
the poor location of Kalangala Oil palm project in an ecologically sensi-
tive ecosystem within a gazetted forest reserve led planning authorities
to take action against developers (Ecaat, 2004).

Suggested approach for incorporating biodiversity in scoping

Scoping often is an unstructured process. Based on a list of potential
impacts provided by experts, a proponent, competent authorities, stake-
holders, and the general audience open a ‘bidding process’ culminating
into a list of issues deemed important to be studied further. In order to
provide a more structured way to derive a list of potential impacts, a
sequence of questions has been developed, based on the impact assess-
ment framework presented in Chapter 4. It provides examples of the kind
of information that should be requested for in the terms of reference of
an impact study. It should be noted that this list of steps represents an
iterative process. Scoping and the actual impact study can be considered
to be two formally embedded rounds of iteration; however, during the
scoping process as well as during the study further iterative rounds may
be needed, for example, when alternatives to the proposed project design
have to be defined and assessed. (The approach has been field trialled
in several World Bank funded irrigation and drainage projects; see for
example, Abdel-Dayem (2004) and Slootweg et al., 2007). Figure 6.2
illustrates the links between the impact assessment framework and the
iterative, stepwise list of questions:

(a) Describe the type of project, and define each project activity in terms
of its nature, magnitude, location, timing, duration, and frequency.

(b) Describe expected biophysical changes (in soil, water, air, flora, fauna)
resulting from proposed activities or induced by any socioeconomic
changes caused by the activity.

(c) Determine the spatial and temporal scale of influence of each biophys-
ical change.

(d) Describe ecosystems and land-use types lying within the range of
influence of each biophysical change.

(e) Determine, for each of these ecosystems or land-use types, if biophys-
ical changes are likely to have impacts on biodiversity in terms of
composition, structure, and key processes (see Chapter 2 for an
elaborate description of these aspects of biodiversity). Guidance for
determining levels of acceptable change to biodiversity need to be
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biophysical
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direct driver(s) of change
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human well-being (g)
(depending on

ecosystems services)

human well-being (g)
(depending on

ecosystem services)

iterative step (h, i, j )

Figure 6.2 Impact assessment framework with iterative scoping steps.

developed at country level. Highlight any potentially irreversible
impacts and any irreplaceable loss; take into account potential
cumulative effects of different biophysical changes working on the
same ecosystem.

(f) Identify, in consultation with stakeholders, the current and potential
ecosystem services provided by the affected ecosystems or land-use
types. Determine the values these services represent for society, in
social, economic, and ecological terms. Give an indication of the main
beneficiaries and those adversely affected from an ecosystem services
perspective. Take into account the vulnerability of stakeholders.

(g) Determine which of these services will be significantly affected
(positive or negative) by the proposed project.

(h) Define possible alternatives, including ‘no net biodiversity loss’ or
‘biodiversity restoration’ alternatives. Alternatives include location
alternatives, scale alternatives, siting or layout alternatives, and/or
technology alternatives; such alternatives may not be readily identi-
fiable at the outset of the impact study, and one would need to go
through the impact study to determine such alternatives.

(i) If impact cannot be avoided by alternative solutions, define possible
measures to minimise or compensate for significant damage to, or
loss of, biodiversity and/or ecosystem services; define possibilities to
enhance biodiversity. Make reference to any legal requirements.
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(j) Evaluate the significance of residual impacts, that is, in consultation
with stakeholders define the importance of expected impacts for the
alternatives considered. Relate the importance of expected impacts
to a reference situation, which may be the existing situation (often
referred to as baseline situation1), a historical situation, a probable
future situation (e.g. the ‘without project’ or ‘autonomous develop-
ment’ situation), or an external reference situation. When determin-
ing importance (weight), consider geographic importance of each
residual impact (e.g. impact of local/regional/national/continental/
global importance) and indicate its temporal dimension

(k) Assess whether any of the residual impacts will lead to a response
of (groups in) society, which could trigger social and biophysical
changes leading to more impacts.

(l) Identify necessary surveys to gather information required to support
decision making. Identify important gaps in knowledge.

(m) Provide details on required methodology and timescale.

One should bear in mind that not implementing a project may in
some cases also have adverse effects on biodiversity. In rare cases the
adverse effects may be more significant than the impacts of a proposed
activity (e.g. projects counteracting degradation processes). The opposite
is equally true; it is important to acknowledge that compensation does
not mean never having to say no to development proposals (Quigley and
Harper, 2006a, 2006b; see Box 6.8).

Alternatives and mitigation
The scoping stage is fundamentally important for the identification of
alternatives that avoid, mitigate and/or enhance proposed activities. Yet,
during the EIA study further refined or even new ways to mitigate

1
In many impact assessment frameworks a baseline description is asked for, even before
the nature and severity of impacts is established. In our view a relevant baseline
description can only be produced when the overview of expected impacts is presented
through an analysis as described in this section (qualitative in scoping, as far as possible
quantitative during study). How can one know what should be described? Conditions
are dynamic, implying that present and expected future developments if the proposed
project is not implemented (autonomous development) may also need to be included.
Furthermore, a baseline in the sense of present situation, or autonomous development
is not always the preferred reference situation, as described under item ‘j’. As the term
‘baseline’ is not used unambiguously, we try to avoid the use of the term.
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Box 6.8. Does habitat compensation work?

Quigley and Harper (2006a, 2006b) report on habitat compensa-
tion in Canada as required by the Fisheries Act. A ‘harmful alter-
ation, disruption, or destruction to fish habitat’ (HADD) cannot
occur unless authorised with legally binding compensatory habitat to
offset the HADD. His study demonstrated that fish habitat compen-
sation, is at best, slowing the rate of habitat loss in Canada. Essen-
tially, adaptive management has not been occurring because follow-
up monitoring (by proponents and Fisheries and Oceans Canada,
DFO) and independent, quantitative evaluations are rarely completed.
Compensation habitat is almost always smaller than authorised and
the habitat impacts are often larger than authorised. The ability
to replicate ecosystem function is limited and both improvements
in compensation science and institutional approaches are necessary.
Recommendations to improve success include larger compensation
ratios, creation and documentation of the functionality of compensa-
tion habitats prior/concurrent to HADDs, maintenance programs,
increased monitoring and enforcement, and attention to limiting
factors on a watershed basis among others. It is important to acknowl-
edge that compensation does not mean never having to say no to
development proposals. It is not possible to compensate for all habitats.
Failure to acknowledge the limitations of compensatory science raises
the disturbing proposition that Canada’s efforts to conserve fish habitat
will not be achieving the goal of ‘no net loss’.

impacts can be proposed. Therefore we put a separate chapter on alter-
natives and mitigation in between the scoping and study stages; it is at
the heart of good environmental impact assessment and is fundamentally
important to scoping as well as the actual study. The purpose of mitiga-
tion in EIA is to look for ways to achieve the project objectives while
avoiding negative impacts, or reducing them to acceptable levels. The
purpose of enhancement is to look for ways of optimising biodiversity
benefits. Both mitigation and enhancement of impacts should strive to
ensure that the public or individuals do not bear costs, which are greater
than the benefits that accrue to them. Remedial action can take several
forms, that is, avoidance (or prevention), mitigation (including restora-
tion and rehabilitation of sites), and compensation (often associated with
residual impacts after prevention and mitigation).
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With the 1997 EIA law in Japan, ‘ecosystem’ assessment became a
requirement in addition to traditional ‘flora and fauna’ assessment, and
mitigation provisions, such as ‘avoid-minimise-compensate for’, were
regulated. Consequently ‘ecological mitigation’, especially compensatory
mitigation, became the most controversial provision in EIAs. Because
clear guidelines on ecological mitigation had not been published yet,
some ecological restoration projects have been proposed as remissions
of ecologically unsound development projects without reconsideration
of original project plans. In response Tanaka (2000, 2001, 2002) has
proposed elements of such guidelines. ‘Avoidance’ means to evade
impacts by avoiding a whole or parts of original development plan by
providing alternatives. ‘Minimization’ means to minimise impacts by
the proposed development plan. ‘Compensation’ means to compensate
impacts by restoring/creating ecosystems similar to the ones affected.
According to Tanaka this sequencing is considered too general for EIA
practitioners who need to propose substantial mitigation measures to
their project proponents. For ecological mitigation measures, assessment
aspects of both ‘quality’ and ‘quantity’ are indispensable. The aspect
of ‘quantity’ is further divided into ‘space’ and ‘time.’ The following
sequencing is proposed by Tanaka:

(1) Do we really need the proposed project? (We may be able to avoid
the whole project.)

(2) Do we really need the project here/now? (We may be able to avoid
the site/time of the original proposal.)

(3) Do we really need proposed project as a whole? (We may be able to
avoid some parts of the original proposal.)

(4) Can we minimise the size/duration of the original proposal?
(5) When we cannot avoid/minimise the impacts of the original

proposal, we must compensate for the remaining impacts (i.e. loss
of ecosystems/habitats of the site).

First, compensatory measures, such as the restoration or creation of
ecosystems can thus only be considered after considering ‘avoid’ and
‘minimise’ mitigation measures. Second, compensatory measures must
always be proposed when ecological impacts cannot be avoided. Ecolog-
ically speaking, the following solutions are desirable:

� Quality: restore/create similar type of habitats, not different.
� Location: restore/create habitats within the development site.
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� Size: restore/create similar (or larger) sized habitats.
� Time: restore/create before/at the same time of the development

project.

One should acknowledge that compensation will not always be possi-
ble: there are cases where it is appropriate to reject a development
proposal on grounds of irreversible damage to, or irreplaceable loss of,
biodiversity (see Box 6.8. and Chapter 10 on biodiversity offsets for more
information on compensation).

In his proposed methodology, Tanaka presents concepts very similar to
the European Union Habitat Directive (European Council, 1992). This
framework directive is presently being implemented at country level by
the members of the European Union. From the perspective of biolog-
ical diversity the mandatory sequencing of avoidance–minimization–
compensation, where a next level can only be chosen if an earlier level is
proven to be unfeasible, must be prepared to avoid ‘excuse’ type compen-
sation. The EU habitat directive provides an elaborate procedure that can
serve as an example for countries. The EU defines mitigation in Direc-
tive 85/337/EC as ‘measures envisaged in order to avoid, reduce and,
if possible remedy significant adverse effects’ (European Council, 1985).
Treweek (1999) defined mitigation as ‘any deliberate action that is taken
to alleviate adverse effects, whether by controlling the sources of impacts
or the exposure of ecological receptors to them’. A particularly useful and
influential definition of mitigation in the context of designated European
Wildlife Sites was provided by the European Commission’s guidance
note on Article 6 of the Habitats Directive (European Commission,
2000), defining mitigation as ‘measures aimed at minimizing or even
negating the negative impact of a plan or project, during or after its
completion’.

Compensation is distinct from ‘mitigation’ in the sense that it involves
undertaking measures to replace lost or adversely impacted environmental
values that should be equal to existing environmental values. Cowell
(2000) defined environmental compensation as ‘the provision of positive
environmental measures to correct, balance or otherwise atone for the loss
of environmental resources’. Kuiper (1997) talked about compensation in
terms of ‘the creation of new values, which are equal to the lost values’. In
the United States, for the purposes of the Clean Water Act, under which
wetland permits are issued, mitigation is defined as ‘sequentially avoiding
and minimizing impacts and compensating for remaining unavoidable
impacts’. This sequential approach is also favoured by Canada.
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Mitigation by avoidance

Measures considering options to

avoid impacts on biodiversity

resources and ecosystem services

and processes

Represents the preventive forms

of impact mitigation

This approach offers the greatest

benefit of avoiding impacts early

in the planning cycle.

Mitigation by reduction

Measures attempting to reduce

impacts on biodiversity

resources and ecosystems

Applicable only in the

progressive phase of the

development project

This approach aims at limiting

the severity of impacts and not

avoiding them altogether.

Mitigation by remedy

Measures undertaken to repair

or restore the biophysical

characteristics to previous

condition or to a new

equilibrium

Applicable only towards the

end phase of project 

implementation

This ‘end of pipe’ restorative

approach helps improve

adverse conditions created by

the proposed development.

Compensation

Represents measures to achieve no net

loss in resource status and ecosystem

functions

Represents on site and offsite

measures considered early in the

planning process and also alongside

the development to offset residual

impacts

This approach opens a window of

opportunity for negotiations between

developers and decision makers.

Enhancement

Represents measures to achieve net

positive gain

Applied in parallel with other

compensation measures to encourage

opportunities to limit the scope and

scale of impacts and on improving

biodiversity conservation prospects

This approach may result in a win–win

situation and improve prospects for

project acceptability.

Residual impacts

Figure 6.3 Approaches for mitigation of impacts.

The circumstances for application of different approaches of mitigation
of impacts on biodiversity and their relative merits and outcomes are
presented in Figure 6.3. See Appendix 6B in this chapter which provides
an overview of various approaches with examples.

Several factors determine the reliability, practicality, and successful
implementation of mitigation measures. In this context, Tomlinson
(1997) warned that ‘promises’ and commitments to mitigation made
in EIAs may not be delivered unless built in the consent procedures.
Mitigation measures must therefore be translated into action in the
correct way and at the right time if they are to be successful. Good
Environmental Management Plans should expand on the mitigation
measures described in the EA. Inclusion of technical details, justifi-
cation for measures proposed, financial allocations, and schedules for
implementation become essential requisites to increase the likelihood of
implementation of mitigation measures.
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Impact analyses
The impact assessment process comprises of a sequence of activities that
are part of an iterative process. As new information is gathered through
studies and stakeholder engagement, new issues emerge, as do different
project alternatives, which all feed back into the assessment process, the
project design and decision-making processes. The main tasks of impact
analysis and assessment are:

� Refinement of the understanding of the nature of the potential impacts
identified during scoping and described in the terms of reference. This
includes the identification of indirect and cumulative impacts, and
of the likely causes of the impacts. Identification and description of
relevant criteria for decision making is an essential element.

� Evaluation of impacts; comparison of the alternatives; review and
redesign of alternatives; consideration of mitigation measures; planning
of impact management.

� Reporting of study results in an environmental impact statement.

The main steps in the actual impact analysis are: (i) data collection on
the existing conditions, (ii) getting an overview of applicable regulations
and standards, (iii) prediction of impacts and benefits, (iv) evaluation to
establish the ‘significance’ of the predicted impacts, and (v) to determine
if all, some, or none of the predicted impacts can be mitigated. The
starting point for an assessment can be an existing National Biodiver-
sity Strategy and Action Plan, a document asked for by the CBD. Such
NBSAPs provide the policy with respect to biodiversity conservation at
all three levels and usually contain relevant baseline data. The sequence
of analytical steps provided in the scoping subsection can be followed
iteratively to quantify to the extent possible the expected impacts. Apart
from quantifying the expected impacts it is similarly important to provide
a description of the autonomous development, or the ‘no project’ situa-
tion, for those ecosystem services that are expected to be affected by the
proposed project. Impacts resulting from the autonomous development
and the project interventions, including alternatives, can be compared.

A number of practical lessons with respect to the study process have
emerged including that the assessment should:

� Allow for enough survey time to take seasonal features into account,
where confidence levels in predicting the significance of impacts are
low without such survey.
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� Focus on ecosystem processes and ecosystem services, which are critical
to the integrity of ecosystems and to human well-being. Explain the
main risks and opportunities for biodiversity.

� Apply the ecosystem approach and actively seek information from
relevant stakeholders and indigenous and local communities. Address
any request from stakeholders for further information and/or investiga-
tion adequately. This does not necessarily imply that all requests need
to be honoured; however, clear reasons should be provided where
requests are not honoured.

� Consider the full range of factors affecting biodiversity. These include
direct drivers of change associated with a proposal (e.g. land conversion,
vegetation removal, emissions, disturbance, introduction of invasive
alien species or genetically modified organisms, etc.) and, to the extent
possible, indirect drivers of change, including demographic, economic,
sociopolitical, cultural, and technological processes or interventions.

� Evaluate impacts of alternatives with reference to the autonomous
development (no project situation). Compare against legal standards,
thresholds, targets and/or objectives for biodiversity. Use national
biodiversity strategies and action plans and other relevant documents
for information and objectives. The vision, objectives and targets for
the conservation and sustainable use of biodiversity contained in local
plans, policies, and strategies, as well as levels of public concern about,
dependence on, or interest in, biodiversity provide useful indicators of
acceptable change.

� Take account of cumulative threats and impacts resulting either from
repeated impacts of projects of the same or different nature over space
and time, and/or from proposed plans, programmes, or policies.

� Recognise that biodiversity is influenced by cultural, social, economic,
and biophysical factors. Cooperation between different specialists in
the team is thus essential, as is the integration of findings, which have
bearing on biodiversity.

� Provide insight into cause–effect chains. Also explain why certain
chains do not need to be studied.

� Explain the expected consequences of the loss of biodiversity associated
with the proposal, including the costs of replacing ecosystem services
if they will be adversely affected by a proposal.

� Indicate the legal provisions that guide decision making. List all types
of potential impacts identified during screening and scoping and
described in the terms of reference and identify applicable legal provi-
sions. Ensure that relevant impacts to which no legal provision applies
are taken into account during decision making.
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In practice it is not common that all three levels of diversity are treated
in impact assessment; most attention goes to legally protected species and
their habitats. Yet, there are some biological and/or societal reasons why
certain issues merit special attention without necessarily being covered by
regulations. Conducting genetic studies per se for determining impacts of
projects at the genetic level is both extremely difficult and not usually feasi-
ble within the time frame in which EIA studies are generally conducted.
One aspect which may merit special attention at genetic level is the risk
of genetic erosion, specially for (i) highly threatened or legally protected
species in the wild; (ii) varieties/cultivars/breeds of cultivated plants and
domesticated animals and their relatives; (iii) species which are limited
in numbers and/or have highly separated populations (rhinoceros, tigers,
etc.); or (iv) ecosystems that may become isolated and thus obstruct
gene flow (this applies to many species that depend on construction of
so-called ecoducts across major lines of infrastructure). Another issue at
genetic level is the introduction of living modified organisms that can
possibly transfer transgenes to endemic plant or animal species.

Species receiving attention in EIA represent animal or plant species
that have restricted distribution ranges, occupy specialised habitats, are
endemic to an area, are locally distinct subspecies, are already vulner-
able on account of existing threats to its habitats; have small isolated
populations, or are rare or uncommon, either internationally, nationally,
or locally. The species selection can be guided by a list of nationally
protected species under country law as these would represent species
that command highest conservation priority at the local level. Addition-
ally, the policy documents, such as Biodiversity Action Plans, should be
useful in prioritizing species recommended for conservation action. For
a globally and regionally important species, IUCN Red List serves is a
good guide to species selection. (See Box 6.9.)

Ecosystems include habitats that are critical for survival of rare and
endangered species; perform critical functions such as routes for migra-
tion, dispersal, and genetic exchange of wild species; or serve as buffer
areas of designated conservation units such as national parks and habitats
suitable for reintroduction of species in alternative habitats. Assessment of
magnitude and nature of impacts on habitats provide adequate guidance
for determining the significance of impacts to suggest a ‘no go’ option or
alternatively, suggest appropriate mitigation strategies for timely action
for conservation. Ecosystems and the plants and animals within them
provide humans with ecosystem services that would be very difficult to
duplicate. For example, coral reef and associated mangrove forests play a
critical but often undervalued role for coastal residents throughout the
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Box 6.9. Example of species-specific issues in impact
assessment

The Indian wild buffalo is an endangered species listed in the Red Data
Book (IUCN, 1994). It is found in four relict populations in the Bastar
district of Chattisgarh state in India. One of the populations is found
in Bhairamgarh Sanctuary. The ecological impact assessment of the
Bodhghat hydropower project proposed in Bastar identified that
the flooding of the river bed grasslands during the water release at
the peaking hours (8 p.m. and 11 p.m.) would be one of the direct
impacts of the project on wild buffaloes in Bhairamgarh Sanctuary.
It was feared that the loss of foraging habitat of wild buffaloes in
summer, when such riverbed grasslands offer critical food resources,
would cause significant impacts on wild buffalo populations. These
threats to species conservation posed by the project proposal led to
the rejection of the project even after substantial progress was made in
the construction activities (Rajvanshi, 2002).

world. Coastal protection from waves and storm surge, food security,
recreation, and tourism are but a few of the ecosystem services provided
by coral reef ecosystems. While many of these services are performed
seemingly for ‘free’, they are worthy for assessment and monetary valua-
tion. Environmental impact assessment requires consideration of how
biodiversity can be sustained as the basis for provision of ecosystem
services and the support of livelihoods. The fundamental concept is to
understand the relationship between the biophysical status of ecosystems
(and biodiversity) in terms of provisioning of ecosystem services and the
links to livelihood of people. Valuation of the changes to the provision of
ecosystem services under alternative project scenarios becomes relevant
to assess changes in costs and benefits from the alternative project scenar-
ios for different groups, and highlights the incremental cost or benefit of
changing the biophysical status of a particular ecosystem (Box 6.10).

After a detailed analysis of the impacts in terms of their nature, magni-
tude, extent, and duration, a judgement of their significance is required;
in other words: are the impacts acceptable to stakeholders and society as
a whole, do they require mitigation and/or compensation, or are they
simply unacceptable? Biodiversity-inclusive evaluation involves:
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Box 6.10. Examples of critical ecosystem services
(Chivian, 2002)

For centuries, the oyster population of the Chesapeake Bay was
capable of filtering a volume of water equal to the complete volume of
the Bay in a three-day period. Pollution, habitat destruction, overhar-
vesting, and other pressures have dramatically reduced the oyster
population, greatly diminishing this critical filtering service. With the
diminished oyster population the filtering now takes a year, and the
waters of the Bay are poorer in oxygen and generally more polluted.

The oil palm was introduced into Malaysia from the forests of
Cameroon in West Africa in 1917, but the weevil that pollinates the
African oil palm was not introduced at the same time. For decades, the
palm growers of Malaysia relied upon expensive, labor-intensive hand
pollination. In 1980, the weevil was imported to Malaysia, boosting
fruit yield in the palms 40–60 percent, and generating savings in labor
cost of US$140 million per year.

� Identifying impact that, by its magnitude, duration or intensity alters
an important aspect of biodiversity.

� Assessing sensitivity of the ecological features to provide a benchmark
against which changes can be evaluated to determine the vulnerability
of species or ecosystem characteristics.

� Determining the overall significance of the anticipated impacts includ-
ing the economic, social, and ecological values affected positively or
negatively.

� Recommend what impacts essentially need to be managed through
impact reduction measures.

Approaches for evaluation of project impacts are presented in Box 6.11.
Guidance is available to assist practitioners in assigning significance of
ecological impacts (Canter and Canty, 1993; Hilden, 1995; Canter,
1996). Decision makers in developing countries tend to focus on
economic growth and poverty reduction imperatives. In this sense,
when links between project objectives are juxtaposed with Millennium
Development Goals and poverty reduction, decision makers take greater
notice of impact evaluation. This has been the case in the integration of
environment in most developing countries’ poverty reduction strategies
(Rajvanshi et al., 2007).
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Box 6.11. Approaches for impact evaluation

� Opinions of qualified decision makers in municipalities or ministe-
rial departments.

� Opinion of specialists (environmentalists, ecologists, economists,
hydrologists, engineers, social scientists, and urban planners).

� Past experience of evaluating similar projects.
� Public opinion (Public hearing reports are mandatory requirements

in many countries in the region and these are helpful in evaluating
the significance of project-related impacts).

� Compatibility of the proposed project with the Government’s devel-
opment policy, in general.

� Link between project objectives and Millennium Development
Goals (biodiversity conservation; livelihood security and eradica-
tion of poverty).

Reporting
The purpose of an EIA report is not to reach a decision but to present
the consequences of the proposed project for (i) the proponent to plan,
design, and implement the proposal in a way that eliminates or minimises
the negative effect on the biophysical and socioeconomic environments
and maximises the benefits to all parties in the most cost-effective
manner; (ii) the Government or responsible authority to decide whether
a proposal should be approved and the terms and conditions that should
be applied; and (iii) the public to understand the proposal and its impacts
on the community and environment, and provide an opportunity for
comments on the proposed action for consideration by decision makers.
Some adverse impacts may be wide ranging and have effects beyond the
limits of particular habitats/ecosystems or national boundaries. There-
fore, environmental management plans and strategies contained in the
environmental impact statement should consider regional and trans-
boundary impacts, taking into account the ecosystem approach. The
inclusion of a nontechnical summary of the EIA, understandable to the
interested general audience, is strongly recommended.

Good practice guidelines in impact evaluation advise practitioners to:

� Give a clear and transparent summary of the positive and negative
impacts of project on ecosystem services, where possible in quantitative
terms.

� Indicate the benefits and costs of the project to society.
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Box 6.12. Accreditation schemes for EIA professionals

In India the National Registration Board for Personnel and Training
(NRBPT), a constituent of Quality Council of India, has launched
the scheme for registration of EIA consultant organisations which
has been duly recognised by Ministry of Environment and Forests,
Government of India (at http://moef.nic.in). The Mozambican EIA
legislation has provisions for the accreditation of EIA professionals.
Similarly, South Africa and Uganda have put in place regulations for
the certification and registration of EIA practitioners. The Uganda
regulations of 2003 set minimum standards and criteria for quali-
fication as an EIA practitioner. The Regulations also establish an
independent Committee of Environmental Practitioners whose roles
are, among others, to regulate the certification, registration, practice,
and conduct of all environmental impact assessors and environmental
auditors (SAIEA, 2003; Ecaat, 2004).

� State clearly any critical assumptions and uncertainties.
� Show clearly any spatial distributional effects.
� Indicate the criteria adopted for evaluation of impacts on biodiversity

components.
� Present the argument for the decision choice by highlighting the signif-

icance of impacts and the variations in impacts associated with different
alternatives where applicable.

� Highlight trade-offs.

Several factors can influence the quality of biodiversity-related infor-
mation in an EIA report. Some of the more obvious of these include
limitations with respect to quality and adequacy of biodiversity data,
limited capacity of consultants to give a fair treatment to biodiversity
in the assessment of project-related impacts and the constraints of costs
to undertake long-term and focussed studies for biodiversity assessment.
Some countries are improving the EIA practices and reporting skills of
the practitioners through targeted capacity building initiatives and by
promoting reforms that are aimed at introducing accreditation systems
and registration schemes for ensuring checks on competence of individ-
ual practitioners and EIA consulting firms in relevant functional areas or
disciplines (see Box 6.12).

Experts preparing an EIA must appreciate that the EIA report will be
read by a wide range of people and that the subject matter may appear
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technically complex for some readers. Senior administrators and planners
responsible for making decisions may not understand the importance of
technical arguments unless they are presented carefully and clearly. In
order to do so, the environmental impact statement usually consists of
(i) a technical report with annexes; (ii) an environmental management
plan, providing detailed information on how measures to avoid, mitigate,
or compensate expected impacts are to be implemented, managed, and
monitored; and (iii) a nontechnical summary.

Review
The purpose of the review of the environmental impact statement is to
ensure that the information for decision makers is sufficient, focussed on
the key issues, and is scientifically and technically accurate. In addition,
the review should evaluate whether:

� The likely impacts would be acceptable from an environmental
viewpoint.

� The design complies with relevant standards and policies, or standards
of good practice where official standards do not exist.

� All of the relevant impacts, including indirect and cumulative impacts,
of a proposed activity have been identified and adequately addressed in
the EIA. To this end, specialists should be called upon for the review
and information on official standards and/or standards for good practice
to be compiled and disseminated.

� The concerns and comments of all stakeholders are adequately consid-
ered and included in the final report presented to decision makers.
The process establishes local ownership of the proposal and promotes
a better understanding of relevant issues and concerns.

Review should also guarantee that the information provided in the
environmental impact statement is sufficient for a decision maker to
determine whether the project is compliant with or contradictory to the
objectives of the Convention on Biological Diversity. The effectiveness
of the review process depends on the quality of the terms of reference
defining the issues to be included in the study. Scoping and review
are therefore complementary stages. Reviewers should as far as possible
be independent and different from the persons/organisations who prepare
the environmental impact statement.

Generic frameworks for review are provided by Lee and Colley
(1992), European Commission (1994) and VROM (1994). This can be
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Table 6.3 Evaluation of EIA reports.

Quality Quality
grade remark Explanatory note on quality grade/remark

A Excellent The work has generally been well-performed with no
important omissions of biodiversity-related issues.

B Good Task performed satisfactorily and is complete with only
minor omissions/inadequacies.

C Satisfactory Task is satisfactory despite some omissions or inadequacies.
D Weak Indicates that parts are well attempted but, on the whole, are

just unsatisfactory because of omissions or inadequacies.
E Poor Task is not satisfactory, revealing significant omissions or

inadequacies.
F No opinion The work is insufficient to base judgment.

appropriately adapted for promoting ‘biodiversity driven’ review of EIA
reports. Good practices demand that the review should be guided by
mainstreaming criteria for biodiversity. The advantage of criteria-based
review is two-fold – it can facilitate the process of review even in absence
of regulatory guidelines and it can also ensure that the results comply
with the requirement of integrated assessment incorporating ecological-
economic issues. The final evaluation of the report presented as a ‘report
card’ can be extremely helpful in making recommendations for facilitat-
ing the decision making. A grading system presented in Table 6.3 in line
with several grading systems that are already in place (Lee and Colley,
1992; UNEP, 2002) can be adopted for evaluation of EIA reports for
adequacy and completeness of information on biodiversity.

Decision making
Formal and informal decision making takes place throughout the process
of environmental impact assessment. Depending upon the EIA arrange-
ments that are in place, these interim decisions are made by different
players, for example, because the screening decisions and drafting of terms
of references after scoping are usually the task of responsible authorities.
During EIA preparation, the proponent in consultation with experts
often makes choices between alternatives and mitigation measures. The
final decision between refusal and authorization of the project is normally
a political decision, often taken by the national government, planning
authority, or other equivalent body. In some EIA systems a formal
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clearance is needed from the environmental authority, based on the EIA
report. In other systems the EIA report is accepted by the environmental
authority as good information for decision making; final decision making
can overrule the outcome of the EIA report. In such cases, the trans-
parency of the EIA procedure requires the decision making authority to
provide good arguments for such a decision.

It is observed that impact studies are directed by legal obligations, while
the aim of impact assessment is the provision of information for good
decision making. By leapfrogging from expected impact to legal require-
ment, one runs the risk of losing relevant information on those biodiver-
sity issues that cannot be caught under the legal umbrella but which may
represent valued elements from a biological or from a social perspective.
The impact assessment study should provide insight in the cause–effect
chains and come to conclusions regarding impacts on biological diversity
(Brouwer and Van den Tempel, 2006). The next step is to indicate the
legal issues that may create the boundary conditions for decision making
(Slootweg, 2005). A workshop on the CBD guidelines concluded that
a strict separation between data-collecting and impact analysis on the
one hand and evaluation of the predicted environmental impacts on the
other hand is essential. Besides, how the results of the evaluation become
part of the decision-making process requires separate attention. Gener-
ally, a strict separation of the impact analysis, support of the decision, and
decision making is of great importance (Georgi and Peters, 2003).

Decision makers should take the following into consideration:

� The systematic assessment of the societal values of biodiversity, in
ecological, economic, and social terms.

� Consideration of the uncertainty factors affecting the impact evalu-
ation. The consideration of uncertainty factors is generally missing
in the forecast of impacts, and in particular of impacts concerning
ecological aspects (Geneletti, 2002). For example, Culhane et al. (1987)
conclude from their analysis of United States’ EISs that nearly two-
thirds of the impact forecasts ‘fall into a grey area between accuracy
and clear inaccuracy’ The dependence on uncertainty analyses is likely
to increase when different alternatives have to be weighed and the
decision makers decision need to benefit from indications about the
stability of the resulting ranking and the degree of confidence with
which an alternative appears to perform better than another one.

� The precautionary approach should be applied in decision making
in cases of scientific uncertainty about risk of significant harm to
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biodiversity. As scientific certainty improves, decisions can be modified
accordingly.

� Finally, the decisions should preferably not put conservation goals
against development goals that may stir irresolvable controversies. The
rationale for encouraging the principles of sustainable development
should be underlined.

The following rules and conventions for decision making adopted by
leading EIA systems (Wood, 1995) would also be applicable to decision
making in the context of biodiversity:

� No decision will be taken until the EIA report has been received and
considered.

� The findings of the EIA report and review are a major determinant of
approval and condition setting.

� Public comment on the EIA report is taken into account in decision
making.

� Approvals can be refused or withheld, conditions imposed, or modifi-
cations demanded at the final decision stage.

� The decision is made by a body other than the proponent.
� Reasons for the decision and the conditions attached are made trans-

parent.
� There is a public right of appeal against the decision (where procedures

have not been followed or they have been applied unfairly).

Follow-up
EIA does not stop with the production of a report and a decision on the
proposed project. Activities that have to make sure the recommendations
from EIS or EMP are implemented are commonly grouped under the
heading of ‘EIA follow-up’. The main components and tools of EIA
implementation and follow up include:

� surveillance and supervision – to oversee adherence to and implemen-
tation of the terms and conditions of project approval;

� effects or impact monitoring – to measure the environmental changes
that can be attributed to project construction and/or operation and
check the effectiveness of mitigation measures;

� compliance monitoring – to ensure that applicable regulatory standards
and requirements are being met, for example, for storing mine overbur-
den and it stabilization;
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� environmental auditing – to verify the implementation of terms and
conditions, the accuracy of the EIA predictions, the effectiveness of
mitigation measures, and the compliance with regulatory requirements
and standards;

� ex post evaluation – to review the effectiveness and performance of
the EIA process as applied to a specific project; and

� postproject analysis – to evaluate the overall results of project develop-
ment and to draw lessons for the future.

The follow-up phase of environmental impact assessment process
(EIA) is generally considered as a major shortcoming in many jurisdic-
tions (Arts, 1998 and Arts et al., 2001). Experience suggests that follow-
ups have particularly paid little attention to the impacts on biodiversity.
This is more so because traditionally the balance of effort applied to EIA
has been skewed towards project preparation rather than on monitoring
the ‘actual’ environmental impacts of projects and effectiveness of mitiga-
tion plans. This trend has transformed the basic character of EIA making
it a predictive tool that has become linear rather than iterative in nature.
Factors that have been recognised to hinder the effective implementation
of the Environmental Management Plans (EMPs) include insufficient
commitment on the part of project executors, absence of a framework
for implementation of an EMP for the proposed project and weak internal
and external protocols for supervision of implementation (Kamppinen
and Walls, 1999). A review of 30 projects with EIA approvals executed by
Shell Petroleum Development Company–Eastern Division (SPDC-E),
Nigeria, between 1997 and 2002 revealed that only three implemented
the EMP as stipulated in EIA approvals obtained for the projects. Further
investigation showed that the practice among project teams was to ‘forget’
the EIA report on the shelf as soon as the approval for project develop-
ment was obtained (Dada and Okubokimi, 2004). Without appropriate
implementation and follow-up to decision making, EIA becomes a paper
exercise to secure an approval, rather than a practical exercise to achieve
environmental, economic. and biodiversity benefits. It therefore becomes
even more important to mainstream biodiversity in the implementation
and follow-up stages of impact assessment (see Box 6.13).

For biodiversity, continuous monitoring may not be required. It is
necessary to monitor impacts on biodiversity at relevant stages throughout
the life of a project. By systematically comparing and assessing changes
to biodiversity against baseline data, developers can evaluate the accuracy
of the impact predictions. This is particularly important where uncer-
tainty exists (e.g. in the prediction of impacts and availability of baseline
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Box 6.13. Monitoring and follow-up for biodiversity

Great crested newts (Triturus cristatus) are protected under European
and UK legislation, but are frequently the subject of conflict between
development and conservation in England. When this occurs, the
developer is legally obliged to undertake in situ translocations of newts
to areas within or adjacent to the development site. Where postproject
monitoring was not undertaken, the number of newts translocated per
project declined and was related to the total area of habitat destroyed
and work effort. About 27 percent of the great crested newt terres-
trial habitat was destroyed during the developments along with about
half of all ponds. Where follow-up monitoring of translocations was
conducted, there was evidence of breeding at most sites one-year
postdevelopment, but it is unclear whether these populations were
sustainable in the long term (Edgar et al., 2005).

Based on experiences with large infrastructure projects in the
Netherlands, Van Den Tempel and Brouwer (2005), however, state
that monitoring and evaluation focussed on counting of species and
measuring of surface areas only does not provide sufficient infor-
mation; understanding and monitoring the mechanisms behind these
changes leads to better understanding of the effects of the intervention
and the actual results of mitigation and/or compensation.

data). Monitoring allows developers to check effectiveness of mitigation
measures to take any subsequent actions necessary to ameliorate problems
not identified earlier in the assessment stage and to undertake audit and
evaluation to strengthen future EIA applications. Monitoring also allows
postdevelopment problems to be identified and rectified. It is critically
important that the monitoring program is well-structured and includes
monitoring at each of the project stages.

Monitoring for biodiversity changes usually has to be tailored to
particular circumstances. The use of indicators is common to all, typically
used to summarise trends in particular habitats or species, and acting as
warning lights of adverse as well as positive trends. Good practices dictate
that standard techniques/methods of data collection and quality control
mechanisms should be used so that the data can be used for comparative
purposes, both over time for the project at hand and with other projects
elsewhere as appropriate. Although the purpose of EIA implementation
and follow-up is to ensure that the conditions attached to project approval
are carried out and function effectively, and to gain information that can



198 · Asha Rajvanshi et al.

be used to improve future EIA practice, by itself, this process cannot turn
around an environmentally unsound project.

Monitoring should focus on those components of biodiversity most
likely to change as a result of the project. The use of indicator organ-
isms or ecosystems that are most sensitive to the predicted impacts is
thus appropriate to provide the earliest possible indication of undesir-
able change. Because monitoring often has to consider natural fluxes as
well as human-induced effects, complementary indicators may be appro-
priate in monitoring. Indicators should be specific, measurable, achiev-
able, relevant, and timely. Where possible, the choice of indicators should
be aligned with existing indicator processes. The results of monitoring
should provide information for periodic review and alteration of environ-
mental management plans and for optimising environmental protec-
tion through good, adaptive management at all stages of the project.
In accordance with ‘best practice’, the biodiversity data collected for
assessment and any subsequent monitoring should be made publicly
available to provide opportunities to link into the national planning and
nature conservation management processes. Provision should be made for
regular auditing in order to verify the proponent’s compliance with the
EMP, and to assess the need for adaptation of the EMP (usually including
the proponent’s license). An environmental audit should be encour-
aged as an independent examination and assessment of a project’s (past)
performance.

Appendix 6A: Indicative set of screening criteria to be
further elaborated at national level2

Category A:2 Environmental impact assessment mandatory for:
� Activities in protected areas (define type and level of protection);
� Activities in threatened ecosystems outside protected areas;
� Activities in ecological corridors identified as being important for

ecological or evolutionary processes;
� Activities in areas known to provide important ecosystem services;
� Activities in areas known to be habitat for threatened species;
� Extractive activities or activities leading to a change of land-use occupy-

ing or directly influencing an area of at minimum a certain threshold
size (land or water, above or underground – threshold to be defined);

2
Note: These criteria only pertain to biodiversity and should therefore be applied as an
add-on to existing screening criteria.
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� Creation of linear infrastructure that leads to fragmentation of habitats

over a minimum length (threshold to be defined);
� Activities resulting in emissions, effluents, and/or other means of

chemical, radiation, thermal or noise emissions in areas providing key
ecosystem services (areas to be defined); and

� Activities leading to changes in ecosystem composition, ecosystem
structure or key processes responsible for the maintenance of ecosys-
tems and ecosystem services in areas providing key ecosystem services
(areas to be defined).

Category B: The need for, or the level of environmental impact assess-
ment is to be determined for:

� Activities resulting in emissions, effluents and/or other chemical,
thermal, radiation or noise emissions in areas providing other relevant
ecosystem services (areas to be defined);

� Activities leading to changes in ecosystem composition, ecosystem
structure, or ecosystem functions responsible for the maintenance of
ecosystems and ecosystem services in areas providing other relevant
ecosystem services (areas to be defined); and

� Extractive activities, activities leading to a change of land-use or a
change of use of inland water ecosystems or a change of use of marine
and coastal ecosystems, and creation of linear infrastructure below
the Category A threshold, in areas providing key and other relevant
ecosystem services (areas to be defined).

Appendix 6B: Mitigation hierarchy and illustrative
examples of various approaches and options

Approaches
and options Illustrative examples

AVOIDANCE
Identification of the

least damaging
alternative

Planning the route of new linear projects through existing
route corridors (e.g. for road, rail, pipeline, canal, and
transmission line) to avoid impacts on sensitive
environments, such as human settlements, biodiversity
rich areas, habitats of endangered species, archeological
and cultural sites within the route corridor of the
proposed projects.

(cont.)
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Appendix 6B (cont.)

Approaches
and options Illustrative examples

Sensitive design
plan for avoiding
impacts

The application of ‘nature engineering’ concepts in the
designing of ecosensitive structures. Construction of
culverts, underpasses, and bridges to avoid obstruction of
animal movement across home ranges and landscape is a
common practice in planning of transportation
infrastructure in many countries. The main reason for the
declining population of swifts and sparrows in the
Netherlands is the lack of nesting spaces due to spread of
towns and modernization of roof designs. Lafarge has
designed special bird tiles which contain a cavity to let
birds build their nests. These tiles designed to allow
nesting of swifts have helped stem the decline of birds in
the Netherlands. (Lafarge, 2000).

Environmentally
sustainable
technology
options

Sustainable technology options for controlling impacts and
making good environmental choices during construction,
postconstruction, and progressive phases of the project.
For laying pipeline across major rivers in India,
Horizontal Directional Drilling has been adopted as
opposed to the open cut method to avoid impacts on
several endangered species like the mugger crocodile and
Gangetic dolphin. (WII, 1993).

Development
restrictions in
sensitive areas

Restriction on locating projects in sensitive areas. In many
countries, siting ordinances and regulations govern the
project location. In Hong Kong, for general multistorey
industrial sites without chimneys, a buffer distance of at
least 100 m from sensitive uses is normally required
(Environmental Protection Department, 1997). The UK
Planning Policy Statement 22 (Anonymous, 2004) for
renewable energy stipulates that priority should be given
to locate renewable energy projects in less sensitive parts
of the countryside and coasts and that these should be
designed to minimise adverse impact on landscape,
wildlife, and amenity.

Avoidance of
certain key areas
by adopting the
‘precautionary
approach’

Application of the Precautionary Principle recognises the
merit of delaying development consent until the best
available information can be obtained through
consultation with local stakeholders/experts and/or new
information can be consolidated. (Cooney and Dickson,
2006). Exclusionary criteria for designation of ‘no
development’ zones have provided controls in many
countries based on legal and policy directives for
safeguarding biodiversity resources of the country.
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Appendix 6B (cont.)

Approaches
and options Illustrative examples

A general consensus on the ‘no go’ zones have emerged
based on various guidelines (WWF, 2002; EBI, 2004;
IFC, 2004) that have been developed in the context of
sector-specific developments around the world.

Suitable timing of
activities

Timing of various activities planned under a project to avoid
overlaps with key life cycle events (e.g. flowering and
seeding, nesting or breeding seasons) has been recognised
as a common and effective approach for avoiding impacts
on protected species.

MINIMIZATION
Control measures

to prevent
pollution

Specific examples include installation of appropriately
designed chimneys to regulate emissions; sound-proofing
of buildings to reduce noise; treatment of effluents to
reduce pollution load in wetlands; and arresting soil
erosion to reduce loss of productive soils.

Minimization of
physical
disturbances

Responsible operations and adoption of good practices while
undertaking activities involving physical alteration of land
can bring about significant reduction in land degradation.
Use of nonintrusive techniques, such as remote sensing
and global positioning systems during exploration for oil
and the use of lighter drilling rigs or helicopter-assisted
drilling programs to transport the equipment into
sensitive or rugged terrain (White et al., 1996).

Creative land
management

Creative land management, landscaping, and development
of alternative land use to reduce physical impacts during
construction/operation and improve post project
aesthetics. The pit in Sanquelim mine in Goa, India has
been managed as a pisiculture pond, and the fishery
resources are being used by local communities. The
mine overburden dumps are planted with native species
of economic value. (Patil, personal communication,
12 February 2006).

Technological fixes Transportation departments in many countries are
incorporating innovative designs in the development of
roadways to minimise barrier effects of roads and to
enhance connectivity functions of passages for animals
across highways. Several agencies including Florida
Department of Transportation (FDOT), Colorado
Department of Transportation (CDOT), and the public
Works department in the Netherlands are working to
develop strategies for reducing road-related impacts on
wildlife in new transportation projects.

(cont.)
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Appendix 6B (cont.)

Approaches
and options Illustrative examples

REMEDIATION
Onsite repair,

reinstatement
and restoration
activities

Restoration, rehabilitation, and conservation efforts to
restore the historic type of ecosystem. Application of such
measures is common in mining projects.

Offsite restoration
and conservation
of biodiversity

Translocation of plants, animals, and habitats from the sites
of proposed development to parts of their former range.
The capture and translocation of dwarf chameleons was
successfully carried from the proposed light industry park
to adjacent Durban Metropolitan Open Space System
(D’MOSS) area in South Africa. The developer of the
industrial park, Cato Manor Development CMDA, also
provided the funding support for maintenance of the
habitat for chameleons in the release site. (Armstrong,
2004). For the crocodilian species to be impacted, by
construction of Narmada Dam in India, captive rearing
and release in other suitable rivers that have recorded
distribution of mugger crocodile have been
recommended. (WII, 1994). A protected species of
pitcher plants (Nepenthes mirabilis) was successfully
transplanted from the damaged sites of the North Lantau
Expressway in Hong Kong (Source: Environmental
Protection Department, 1997).

COMPENSATION
Onsite

compensation of
ecological values

Examples of this form of compensation include restoration
of natural areas in an urban context where original
ecological or hydrologic conditions cannot be restored or
where an altered environment can no longer support any
previously occurring type of regional ecosystem forest.
Examples of compensation include artificially created
lakes in mined out pits and managed on scientific
principles as wetland ecosystems to serve as excellent
replacement habitats for a wide variety of wetland birds.

Offsite
compensation

Efforts of strengthening conservation of species threatened
by a proposed development elsewhere through a third
party where a developer purchases biodiversity credits or
pays a third party to provide an offset ex ante. This also
includes the costs to biodiversity dependent communities
for the foregone uses of areas for hunting, cultivating and
collecting forest product.
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Appendix 6B (cont.)

Approaches
and options Illustrative examples

BP has three petrochemical plants in Terengganu, Malaysia
and there are significant oil and gas reserves off the east
coast of the state. Terengganu is also home to about 70
percent of Malaysia’s turtles and the sanctuary is an
important nesting habitat for three species of marine
turtles and the painted terrapin. In June 1999, BP
Petronas Acetyls, a joint venture between BP and
Petronas, partnered with the Malaysian Department of
Fisheries and the World Wide Fund for Nature, Malaysia
to create the Ma’Daerah Turtle Sanctuary in the state of
Terengganu, Malaysia. It is the first turtle sanctuary to be
funded by the private sector and the second largest
sanctuary in Malaysia. (EBI, 2003a, 2003b). The 1985
EIS of the trans-Chugoku highway construction project
overlooked the presence of an important wetlands area as
there was no information on these wetlands, and field
surveys were not required by the early guidelines. Local
NGOs protested during construction, which led to the
creation of a new wetland as a compensatory measure.
This is the first case in Japan in which a proponent tried
to implement compensatory measures based on biological
diversity considerations (Tanaka, 2001).

In-kind
compensation

A range of in-kind compensation measures involving use of
trading instruments to offset impacts on biodiversity and
ecosystems to assure the sustainability of development
proposals are being promoted.
Carbon trading and the wetland and conservation
banking schemes, developed in the context of the
Endangered Species Act and the Clean Water Act of US
regulatory regimes, are perhaps the best examples of
trading instruments. Estimates indicate that these trading
schemes have created 72,000 hectares of wetland and
endangered species habitat in more than 250 approved
‘banks’ selling habitat ‘credits’ in more than 45 states in
United States (Wilkinson and Kennedy, 2002; Fox and
Nino-Murcia, 2005).

Out-of-kind
compensation

Approaches involving making direct monetary payments in
the form of user fees, charges, taxes, and royalties for
enhancing biodiversity conservation in designated PAs
and on private lands.

(cont.)
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Appendix 6B (cont.)

Approaches
and options Illustrative examples

ENHANCEMENT
Options aimed at

achieving net
positive gain for
biodiversity

Options aimed at providing new benefits for biodiversity
through improved management, better conservation
practices, and higher level of protection.
Examples of enhancements include using sustainable
drainage schemes so that drainage infrastructure also acts
as biodiversity habitat; landscaping in additional areas so
that planting within them forms a wildlife corridor and
habitat link between areas of habitat adjacent to the site;
and creating new protected areas for protection of
endangered species.



7 � Biodiversity-inclusive Strategic
Environmental Assessment
Roel Slootweg

Biodiversity in SEA: a new field of expertise
To facilitate consideration of cumulative impacts and the early consid-
eration of environmental and social constraints in a planning process,
there has been a growing demand for Strategic Environmental Assess-
ment (SEA) and an increase in the number of countries introducing SEA
legislation. It is generally agreed that effective safeguarding of biodiver-
sity is only possible if ecological constraints and possibilities are identified
early in the development planning cycle, well in advance of individ-
ual development proposals. The SEA tool has been developed for this
purpose as it identifies impacts further ‘upstream’ in the planning process,
including biodiversity impacts. A classical case of late realisation of biodi-
versity impacts is provided by the US$17.6 billion Korean High-Speed
Railway Project, of which construction was delayed for five years because
of unacceptable biodiversity impacts and related social uprising and court
cases. Conservationists have called for legislators to update the EIA system
to encourage biodiversity conservation during the early planning stages
of development. Towards this end, the Korean Ministry of Environment
introduced SEA, which requires environmental impact studies during
the early stages of development planning, thus allowing them to be used
as a decision-making tool (Sang, 2005).

In general, SEA enables consideration of the status of biodiversity
over a longer time frame and for larger geographical areas. It offers
solutions to some of the shortcomings commonly attributed to project-
level Environmental Impact Assessment (EIA), including the difficul-
ties inherent to considering cumulative or landscape-scale ecological
effects (Treweek, 2001). Many threats to the long-term survival of biodi-
versity are individually insignificant but collectively serious. By defini-
tion, ‘cumulative’ environmental effects are not attributable to any one
source of activity and cannot be regulated in isolation. Planning for new
development must therefore take account of cumulative threats to biodi-
versity as well as those posed by individual proposals.
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The methods by which biodiversity considerations would be incor-
porated into SEA have not been elaborated in much detail; there is little
common agreement on how to address biodiversity in SEA (see Uprety,
2004, 2005, for a well-documented case from Nepal). In 15 country case
studies, Treweek (2001) identified only 3 countries as having SEA proce-
dures that pay some attention to biodiversity. However, ten countries
indicated that impact assessment improves consideration of biodiversity
in development planning. There obviously is scope and need for the
improvement of methods to incorporate biodiversity in SEA. Treweek
refers to a number of cases of SEAs to assess management plans for
national parks. In such SEAs biodiversity is obviously taken into account.
However, few references exist of biodiversity being fully integrated into
an SEA process outside typical biodiversity-related cases, such as the
national parks example. This is explained by the relatively recent intro-
duction of the SEA instrument; there is a general lack of accessible
SEA documentation as most material is written in local languages and
SEA reports usually have no broad distribution in the scientific commu-
nity. There is an obvious need for the scientific community to collect
case material and analyse the way in which biodiversity is treated in these
cases. The European SEA Directive came into force in 2006. This should
result in a wealth of information becoming available in the coming years.
Even the development of this Directive had an impact on the prepa-
ration of the Estonian Development Plan for 2003–2006, as outlined
in Box 7.1.

In order to overcome the general lack of scientific information on
how to treat biodiversity in SEA, the CBD has invited the impact assess-
ment community through its professional association, the International
Association for Impact Assessment (IAIA) (see: www.iaia.org) to collect
case material through its worldwide membership. In a first compilation of
available case material among members of IAIA, Slootweg (2003) drew
a number of conclusions serving as a first step towards the development
of an approach to integrate biodiversity in SEA:

� The need for SEA is widely recognised and important frameworks
have been developed (such as the EU directive on SEA). Although
biodiversity considerations do surface in many SEAs, the theme is not
systematically and consistently addressed.

� Case material points towards the importance of participatory
approaches, with the obvious objective of harmonising the interests

www.iaia.org
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Box 7.1. The 2006 European SEA-directive will provide
many examples

An interesting example of case material which can be collected
throughout countries in Eastern Europe recently entered into the
EU, is the SEA for the Estonian National Development Plan 2003–
2006. It provides some insight in the dilemma faced by a country that
has put its economic and social development into higher gear. At the
moment of study the country was preparing to become a member of
the EU.

Estonia features so many natural and semi-natural landscapes that it
requires an enormous amount of work even to get a comprehensive
picture of these landscapes. For example, little has yet been done to
ensure protection of habitats of water biota. The natural springs that
are unique in Europe are still waiting to be researched. On the other
hand, a system of protected areas and other environmental limitations
needs to be accomplished soon, in order to avoid unreasonable delay
of economic development. (Regional Environmental Centre, 2002)

of all having a stake in biodiversity; more simply stated, a participatory
approach is necessary to perform the balancing act between present
day uses and the need to safeguard biodiversity for future generations
and purposes (see Box 7.2). This points towards the relevance of the
ecosystem approach for SEA, because it stresses the importance of
stakeholder involvement (CBD, 2000a, 2004a).

� There hardly is experience on the assessment of key ecological
processes, that is, those processes that are essential to maintain or
restore biological diversity and its functioning. The present status of
assessment is static and reflects impacts on groups of species. It can be
argued that more focus on key ecological processes could avoid large
data collection exercises and provide more relevant information for
ecosystems that almost by definition are dynamic. Because SEA usually
deals with less well-defined areas, compared to project level EIA, the
notion of key ecological processes (see Chapter 2) may provide a better
tool for impact assessment under conditions of higher uncertainty (see
Box 7.3).

� The provision of multiple ecosystem services by one ecosystem is
neglected. By definition an ecosystem provides multiple ecosystem
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Box 7.2. Public participation and biodiversity in SEA

Two examples of the role of public participation in SEAs where biodi-
versity issues were at stake:
(i) In Estonia (Jalakas, 1998) a pilot project was initiated to conduct

SEA during the development of comprehensive planning for a
selected municipality. The aim of the pilot project was to use
the experience for the development of an SEA methodology for
the Estonian conditions. The pilot area was an island belonging
to a protected area with recreational objectives, having a history
of military use and consequent pollution problems. One of the
most important and successful stages of the process was public
involvement and participation. Timely and early informing of the
public enabled to avoid the arising of conflicts, find new creative
solutions, and receive information concerning the preferences of
interested parties and inhabitants. The implemented pilot project
proved well that the integration of SEA into the very process of
development planning is the only way to reach a solution optimum
from the viewpoint of both the natural environment and the
society while using the minimum of resources.

(ii) Sheate (2003) and Sheate et al. (2008) describe a research into
scenarios for reconciling biodiversity conservation with declin-
ing agriculture use, focussed on mountain areas in six study areas
in Europe. A key component is the sustainability assessment of
alternative scenarios both for agriculture and rural policy and for
biodiversity management. A particular aspect of the approach is the
engagement of stakeholder panels in each study area throughout
the research, emphasising the participatory nature of the method-
ology.

services. However, responsibility for management of ecosystem services
usually is divided over different sectoral institutions, separating, for
example, nature conservation from economic activities, thus neglect-
ing potentially viable alternatives in which biological diversity can be
enhanced and used sustainably (see Box 7.4).

More in-depth case material has been specially developed for the
preparation of the presently most visible effort to put biodiversity on the
SEA agenda, that is, the CBD Decision VIII/28 on Voluntary Guidelines
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Box 7.3. Key ecological processes in SEA

An example of how the concept of key ecological processes can be
used in complex situations is provided by the review of an EIA for
the Hidrovia canalisation project, a project aiming to enhance naviga-
bility of the Paraguay River, which runs through the world’s largest
freshwater wetland, the Pantanal. The independent review commis-
sion concluded that the EIA provided insufficient information on a
key ecological process, essential for the maintenance of the biolog-
ical diversity in the entire 140,000 km2 area, that is, the expected
changes in the hydrological (flooding) regime at subbasin level. So,
even without having to go into any detail on the potential effects on
species or ecosystems, extremely relevant questions related to biolog-
ical diversity could be formulated (Commission for Environmental
Impact Assessment, 1997). Knowing the incredible diversity of the
area and its hydrological (and maybe even climatological) importance
for the entire Paraguay–Parana basin, it was decided that the precau-
tionary principles applied to this case: nothing should be approved
until there is certainty about the impacts of dredging on the hydrol-
ogy of the seven subbasins in the area.

Box 7.4. A sectoral approach cannot deal with
multifunctionality of ecosystems

Analysis of two SEAs in the Netherlands shows the difficulty of
dealing with multiple ecosystem services provided by the same ecosys-
tem (author’s personal observation). In the western lower part of the
country there is a need for floodwater storage, a need for recreational
space around highly urbanised areas, and a need to restore nature.
Reasoning from an ecosystem services perspective and the need to
restore key ecological processes in a delta, these three needs can be
combined by optimising a combination of ecosystem services. Yet, a
regional planning SEA dealt with these demands in a technocratic,
sectorally divided manner, aimed at maximisation of each function in
different locations. In a similar SEA study, the potential combination
of water storage, nature development, and new housing developments
is dealt with in a strictly separate way. Yet, many studies have indicated
the feasibility of floating homes, floating offices, floating greenhouses,
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and even floating roads. A combination of floodwater storage (safety)
in a dynamic, more naturally functioning delta system is proposed by
environmental NGOs but is not taken up, because multiple ecosystem
services cannot be addressed in an integrated manner by a sectorally
divided public administration.

for Biodiversity in SEA (CBD, 2006). By its nature, a CBD decision is
not a suitable vehicle to distribute any academic analysis or conceptual
thinking. The text is very concise and predominantly of a procedural
nature. The background document to the CBD decision (Slootweg et
al., 2006) provides more insight. Even although it has been thoroughly
peer-reviewed by the SEA and biodiversity communities, it remains an
informally published technical report. This chapter (and this book) is
this first formal publication providing a comprehensive elaboration of
the concepts and case evidence behind the CBD guidelines. This chapter
contains many references to unpublished sources of information; yet these
represent an important source of primary field data, which was indispens-
able to support the drafting of this chapter. Where possible the authors are
identified and Internet references provided; all cases in preparation of the
CBD Guidelines have been included in the convention’s online database
(www.biodiv.org/programmes/cross-cutting/impact/search.aspx) and in
the SEA database of the Netherlands Commission for Environmen-
tal Assessment (www.eia.nl/ncea/database/index.htm). Parallel to the
process of preparing the CBD guidelines, the Journal of Environmental
Assessment Policy and Management prepared a special issue on biodi-
versity in SEA (Byron and Treweek, 2005), to our knowledge the first
scientific journal to pay such special attention to the topic. Apart from
a number of good case descriptions, this special edition also contains
guidelines on the integration of biodiversity into SEA (Treweek et al.,
2005). The document is based on experiences in the UK and proposes
an EIA-type of approach to SEA, thus limiting the scope of SEA and
making it less suitable for nonindustrialised countries. However, it does
provide valuable and practical guidance. In 2004 the Capacity Building
for Biodiversity in Impact Assessment (CBBIA) programme started its
activities under the umbrella of the International Association for Impact
Assessment. A steady stream of relevant outputs can be expected from
this source, one of the first being a practical biodiversity manual for EIA
and SEA in Lebanon (Sawsan et al., 2005).

www.biodiv.org/programmes/cross-cutting/impact/search.aspx
www.eia.nl/ncea/database/index.htm
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The approach in this chapter
The approach to integrate biodiversity in SEA as described in this
chapter does not follow a structured procedure, as is the case with
EIA. The principal reason is that good practice SEA should ideally be
fully integrated into a planning (or policy development) process. Since
planning processes differ widely, there is no typical sequence of procedural
steps in SEA. Moreover, there is no general agreement on what a typical
SEA procedure might be. This chapter intends to provide guidance on
how to integrate biodiversity issues into SEA, which in turn should be
integrated into a planning process. Because the planning process may
vary, the SEA is not described as a separate process but as an integral
component of the applicable planning process. The SEA process needs
to be structured according to the needs of a specific situation. SEA is
not a mere expansion of an EIA and it does not usually follow the same
stages (Partidario, 2007). This is the reason why, for example, the highly
praised South African Guideline Document on SEA (CSIR, 2000) only
recognises procedural principles, not procedural steps (see Box 7.5). The

Box 7.5. Substantive and procedural principles for SEA in
South Africa

Substantive/content principles:
1. SEA is driven by the concept of sustainability.
2. SEA identifies the opportunities and constraints which the envi-

ronment places on the development of plans and programmes.
3. SEA sets the criteria for levels of environmental quality or limits

of acceptable change.
4. Procedural principles:
5. SEA is a flexible process which is adaptable to the planning and

sectoral development cycle.
6. SEA is a strategic process which begins with the conceptualisation

of the plan or programme.
7. SEA is part of a tiered approach to environmental assessment and

management.
8. The scope of an SEA is defined within the wider context of

environmental processes.
9. SEA is a participative process.

10. SEA is set within the context of alternative scenarios.
11. SEA includes the concepts of precaution and continuous improve-

ment.
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approach and language used in this chapter are therefore conceptual in
nature, not procedural.

As explained in Chapter 2, the approach is fully consistent with the
Ecosystem Approach (CBD, 2004a). It focusses on people–nature inter-
actions and the role of stakeholders in identifying and valuing potential
impacts on biodiversity. For the identification of stakeholders and the
valuation of biodiversity, the concept of ecosystem services as elaborated
by the Millennium Ecosystem Assessment (MA), explained in Chapter 4,
provides a useful tool. It translates biodiversity into ecosystem services that
represent (present and future) values for society, thus providing a mecha-
nism to ‘translate’ the language of biodiversity specialists into language
commonly understood by decision makers.

The way in which biodiversity is interpreted in this book has been
described in detail in Chapter 2, and Chapter 4 provided the conceptual
framework for impact assessment. In this SEA chapter both sources of
information will be combined into one approach to address biodiversity
in SEA. In order to do so we first need to expand the conceptual frame-
work from Chapter 4. In SEA, biodiversity can best be defined in terms
of the ecosystem services provided by biodiversity. These services repre-
sent ecological or scientific, social (including cultural), and economic
values for society and can be linked to stakeholders. Stakeholders can
represent biodiversity interests and can consequently be involved in
an SEA process. Maintenance of biodiversity (or nature conservation)
is an important ecosystem service for present and future generations
but biodiversity provides many more ecosystem services. The Millen-
nium Ecosystem Assessment (MA) (2003) provided us the term ‘direct
drivers of change’, which are human interventions (activities) resulting
in biophysical and social effects with known impacts on biodiversity and
associated ecosystem services. Figure 7.1 positions the ecosystem services
and drivers of change in the impact assessment framework, as explained in
Chapter 4.

The MA also defined ‘indirect drivers of change’ as societal changes,
which under certain conditions may influence direct drivers of change,
ultimately leading to impacts on ecosystem services (Figure 7.1, top
arrow with question mark). Indirect drivers of change may also influ-
ence human well-being, invoking new social effects leading to direct
drivers change (Figure 7.1, bottom arrow with question mark). A direct
driver unequivocally influences ecosystem processes and can therefore
be identified and measured to differing degree of accuracy. An indirect
driver operates more diffusely, often by alternating one or more direct
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Figure 7.1 Modified impact assessment framework.

drivers; its influence is established by understanding its effect on a direct
driver (Millennium Ecosystem Assessment, 2003). The indirect drivers
of change are primarily:

� demographic (such as population size, age, and gender structure, and
spatial distribution);

� economic (such as national and per capita income, macroeconomic
policies, international trade, and capital flows);

� sociopolitical (such as democratisation, the roles of women, of civil
society, and of the private sector, and international dispute mecha-
nisms);

� scientific and technological (such as rates of investments in research and
development and the rates of adoption of new technologies, including
biotechnologies and information technologies); and

� cultural and religious (such as choices individuals make about what and
how much to consume and what they value).

Actors can have influence on some drivers (endogenous driver), but
others may be beyond the control of a particular actor or decision maker
(exogenous drivers). The way in which indirect drivers of change influ-
ence direct drivers is complex, surrounded by uncertainties and subject
to many ongoing research efforts. As the figure shows, the links between
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indirect and direct drivers of change have not yet been fully established.
The Millennium Ecosystem Assessment has provided a wealth of infor-
mation on this, going far beyond the scope of this book. Where relevant
to SEA we will refer to the impact assessment framework, but we will
not go into any detail with respect to the methodologies to establish such
relationships.

To determine potential impacts on ecosystem services, one needs to
assess whether the ecosystems providing these services are significantly
impacted by the policies, plans, or programmes under study. Impacts on
biodiversity can best be assessed in terms of changes in one or more aspects
of biodiversity: composition (what is there), changes in structure (how is it
organised in time and space), or changes in key processes (what physical,
biological or human processes govern creation and/or maintenance of
ecosystems).

Views on SEA and biodiversity
SEA is a rapidly evolving field with numerous definitions and interpreta-
tions in theory, in regulations, and in practice. SEA is required by legisla-
tion in many countries and carried out informally in others. Approaches
exist that use some or all of the principles of SEA without using the
term SEA to describe them. Stinchcombe and Gibson (2001) observed
that

although methodological issues in SEA have received a great deal of attention
a host of interrelated problems remain. SEA methodologies are not yet well
developed, nor widely agreed upon by those involved. These difficulties are
hardly surprising given the youth of SEA as a concept and practice; and the great
diversity of applications in the broad range of policies, plans and programmes.

However, practices in SEA and related approaches show an emerging
continuous spectrum of interpretation and application. At one end of
the continuum, the focus is mainly on the biophysical environment. It
is characterised by the goal of mainstreaming and upstreaming environ-
mental considerations into strategic decision making at the earliest stages
of planning processes to ensure they are fully included and appropri-
ately addressed. The SEA Directive of the European Union (European
Commission, 2001) and SEA Protocol to the Convention on Environ-
mental Impact Assessment in a Transboundary Context (Kiev protocol,
2003) are examples of this approach. At the other end of the spectrum is
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an approach, which addresses the three pillars of sustainability and aims
to assess environmental, social, and economic concerns in an integrated
manner. Integrated assessment and sustainability appraisal are examples
of this approach (OECD-DAC, 2006). Depending on the needs of SEA
users and the different legal requirements, SEA can be applied in different
ways along this spectrum using a variety of methodologies (see Chapter 5
for more details). Accordingly, SEA is referred to as ‘a family of tools that
identifies and addresses the environmental consequences and stakeholder
concerns in the development of policies, plans, programmes and other
high level initiatives’. (OECD-DAC, 2006). The present spectrum of
SEAs, ranging from those with a focus on the biophysical environment,
to broadly sustainability-oriented SEAs, results in different perspectives
on biodiversity in SEA. Although the CBD Convention text is very clear
on how biodiversity should be interpreted (see Chapter 2), day-to-day
practice shows widely different interpretations.

Biodiversity conservation as nature conservation. SEA traditionally focusses
on the biophysical environment. Other instruments are used to represent
the economic and social interests of stakeholders. Biodiversity there-
fore tends to be considered from a nature conservation perspective in
which protection, rather than sustainable or equitable use of biodiversity
is highlighted. In this manner nature conservation becomes segregated
from, and potentially conflicting with, economic and social development.
The problem with the sectoral approach in conventional impact assess-
ment is that responsibility for biodiversity is divided among a number
of sectoral organisations. For example, the exploitation of fish or forest
resources, agriculture, or water quality and quantity management, all have
to do with (sustainable) use of biodiversity, but regulations and policies
are defined by different entities that do not refer to their activities as
sustainable use of biodiversity.

Biodiversity for social and economic well-being. In recent years, environ-
mental assessment practices have been adopted in most developing
countries. In these countries the biophysical environment, including
biodiversity, is not only looked at from a nature conservation perspec-
tive, but moreover as the provider of livelihoods. Especially in rural
areas the main objective of development is the social and economic
improvement of the situation of poor communities. Both socioeco-
nomic and biophysical environments are seen as complementary. Conse-
quently, an integrated assessment approach has been developed in many of
these countries. Biodiversity conservation and sustainable use are equally
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important issues in SEA; decision makers have to deal with the equitable
sharing of benefits derived from biodiversity, including those derived
from the utilisation of genetic resources, in societies characterised by
unequal distribution of wealth. Such integrated approaches reflect a broad
perspective on biodiversity in accordance with the CBD and the Millen-
nium Development Goals. The CBD SEA guidelines explicitly state
the intention to contribute to Goal 7 of the Millennium Development
Goals, that is, to ‘ensure environmental sustainability’, and its Target 9 to
‘integrate the principles of sustainable development into country policies
and programs and reverse the loss of environmental resources’. Environ-
mental sustainability in this context means ‘using natural resources wisely
and protecting the complex ecosystems on which our survival depend.
Overcoming present environmental problems will require greater atten-
tion to the plight of the poor and an unprecedented level of global
cooperation’ (United Nations, 2005).

Merging perspectives. Both the integrated and sectorally divided
approaches are converging as it is being realised that the environment,
including its biodiversity components, provides goods and services that
cannot be assigned to a sector (biodiversity provides multiple goods
and services simultaneously) or a geographically defined area (goods
and services are not limited to protected areas only). At the same
time it is generally recognised that certain parts of the world are of
such importance for the conservation of biodiversity, that these areas
should be safeguarded for the future and require strict protective
measures.

Why special attention to biodiversity in SEA?
Many nonbiodiversity experts in environmental assessment may view the
extra attention to biodiversity as unnecessary. The presented description
of biodiversity in Chapter 2 may be seen as an all-ecompassing concept.
That is, it includes many aspects of environmental assessment that are
already common practice without necesarily being described as biodi-
versity. Indeed, biodiversity is a broad concept and present-day SEA
already deals effectively with many asepcts of biodiversity. However, as
stated earlier, improvements and more methodological consistency with
the internationally agreed principles are needed. Moreover, a number of
practical problems are repeatedly observed. Barriers to effective incor-
poration of biodiversity in environmental assessment include (i) a low
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priority for biodiversity, (ii) a lack of awareness of biodiversity values and
importance, (iii) a lack of capacity to carry out assessments, (iv) a lack of
adequate data, and (v) a lack of guidance (Treweek, 2001). Apart from
the reasons given above, there are also reasons particularly linked to SEA
to have a specific biodiversity focus. These reasons are grouped in four
categories, explained below.

Ecological reasons

Cumulative effects on biodiversity are best anticipated at a strategic level.
In situations with a high risk of cummulative effects, biodiversity merits
special attention (For example, various upstream and downstream, water-
related activities in one river (sub-)basin will have cummulative effects
on biodiversity in the entire basin. For a detailed overview see Abdel-
Dayem et al., 2004). By applying the principles of the ecosystem approach
the cumulative effects of activities on biodiversity and its ecosystem
services which support human well-being can be addressed. At the same
time, it is appropriate to define levels of acceptable change or desired
levels of environmental quality at the strategic (ecosystem or catchment)
level.

Maintaining the genetic base of evolution for future opportunities. The conser-
vation of biodiversity for future generations is one important aspect of
sustainability. It seeks to maintain options for the wealth of yet unknown
potential uses of biodiversity. Moreover, maintaining the capacity of
biodiversity to adapt to changing environments (e.g. climate change)
and to continue providing viable living space for people is critical to
human survival. Any long-term sustainability assessment has to make
provisions for safeguarding that capacity.

Time and space. From a biodiversity perspective spatial and temporal
scales are of particular importance. In conventional SEA, the planning
horizon is often linked to economic planning mechanisms with planning
horizons of around 15 years. Assessing the impacts on biodiversity often
requires a longer time horizon. Biophysical processes, such as soil forma-
tion, forest (re)growth, genetic erosion, and evolutionary processes, or
the effects of climatic changes and sea level rise, operate on far longer
time scales and are rarely taken into account in conventional SEAs. A
longer time horizon is required to address the fundamental processes
regulating the world’s biological diversity. Similarly, flows of energy,
water, and nutrients link the world’s ecosystems. Effects in an area under
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assessment may have much wider biodiversity repercussions. The most
visible example is the linkage of ecosystems on a global scale by migra-
tory species; on a continental or regional scale ecosystems are linked by
hydrological processes through river systems and underground aquifers;
and on a local scale pollinators, on which important commercial species
depend, may have specific habitat needs beyond the boundaries of an
SEA. Biodiversity considerations may consequently require a geographi-
cal focus that exceeds, or at least differs from, the area for which an SEA
is carried out.

Reasons linked to social and economic development

Opportunities and constraints versus cause–effect chains. Biodiversity under-
pins ecosystem services on which human well-being relies. Biodiversity
thus represents a range of opportunities for, and constraints to, sustainable
development. Recognition of these opportunities and constraints as the
point of departure for informing the development of policies, plans, and
programmes at a strategic level enables optimal outcomes for sustainable
development (De Villiers, personal communication). The question at
the SEA level is therefore ‘how does the environment affect or deter-
mine development opportunities and constraints?’ An interesting SEA
approach based on the development potentials and constraints of the
natural environment is the Strategic Environmental Analysis (SEAN).
In a structured series of steps local stakeholders are invited to elabo-
rate and discuss ideas about the development of their territory (www.
seanplatform.org/). This approach contrasts with the largely reactive
approach adopted in project EIA, where the key question being asked is
‘what will the effect of this project be on the environment?’

Safeguarding livelihoods. The identification of stakeholders through
recognition of ecosystem services can lead to a better understanding
of how the livelihoods of people who depend on biodiversity will be
affected. In many countries, especially in developing countries, a large
proportion of rural society is directly dependent on biodiversity. As these
groups may also belong to the poorer and less educated strata of society,
they may go unnoticed as they are not always capable to participate
meaningfully in an SEA process (see Box 7.6). (Of course, indirectly all
of humanity depends on ecosystem services as these regulate the mecha-
nisms that provide us with food, air, and water, protect us from cosmic
radiation, and provide us with a suitable environment in which to live.)

www.seanplatform.org/
www.seanplatform.org/
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Box 7.6. Stakeholders and participation

Environmental assessment is concerned with: (i) information for,
(ii) participation, and (iii) transparency in decision making. Public
involvement consequently is a prerequisite for effective environmental
assessment and can take place at different levels: informing (one-way
flow of information), consulting (two-way flow of information), or
‘real’ participation (shared analysis and assessment). In all stages of the
process public participation is relevant. The legal requirements for
and the level of participation differ among countries, but it is gener-
ally accepted that public consultation at the scoping and review stage
are minimally required; participation during the assessment study is
generally acknowledged to enhance the quality of the process.

With respect to biodiversity, four groupings of stakeholders can be
distinguished:
1. Beneficiaries of the policy, plan or programme – target groups

making use of or putting a value to known ecosystem services which
are purposefully enhanced by the policy, plan, or programme;

2. Affected (groups of) people – that is, those people that experi-
ence, as a result of the policy, plan, or programme, intended or
unintended changes in ecosystem services that they value in positive
or negative manner;

3. General stakeholders:
• National or local government bodies having a formal govern-

ment responsibility with respect to the management of defined
areas (town and country planning departments, etc.) or the
management of ecosystem services (fisheries, forestry, water
supply, coastal defence, etc.);

• Organisations representing affected people (water boards, trade
unions, consumer organisations, civil rights movements, ad hoc
citizens committees, etc.);

• Organisations representing (the intrinsic value of) biodiversity
itself (nongovernmental nature conservation organisations, park
management committees, scientific panels, etc.).

• The general audience that wants to be informed on new devel-
opments in their direct or indirect environment (linked to trans-
parency of democratic processes).

4. Stakeholders of future generations, who may rely on biodiver-
sity around which we make decisions. Formal and informal
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organisations are increasingly aware of their responsibility to take
into account the interests of these ‘absent stakeholders’. (Charl
de Villiers is acknowledged for introducing the important idea of
future generations being regarded as absent stakeholders.)

In general it can be observed that the role of institutionalised stake-
holders becomes more important at higher strategic levels of assess-
ment; at lower level the actual beneficiaries and affected people will
become more important. There are a number of potential constraints
to effective public participation. These include:

� Poverty: involvement means time spent away from income-
producing tasks;

� Rural settings: increased distances make communication more diffi-
cult and expensive;

� Illiteracy: or lack of command of nonlocal languages, can inhibit
representative involvement if print media are used;

� Local values/culture: behavioural norms or cultural practice can
inhibit involvement of some groups, who may not feel free to
disagree publicly with dominant groups (e.g. women versus men);

� Languages: in some areas a number of different languages or dialects
may be spoken, making communication difficult;

� Legal systems: may be in conflict with traditional systems, and cause
confusion about rights and responsibilities for resources;

� Interest groups: may have conflicting or divergent views, and vested
interests;

� Confidentiality: can be important for the proponent, who may be
against early involvement and consideration of alternatives.

Sound economic decision making. Ecosystem services such as erosion
control, water retention and supply, coastal defence, and recreational
potential can be valued in monetary terms, thus providing a figure on
potential economic benefits and/or losses caused by the implementa-
tion of planned activities. Good representation of ecosystem services
and potential changes in these services simply contributes to a sound
economic analysis supporting any strategic decision.

Formal legal obligations

A reason to pay particular attention to biodiversity in SEA is a national,
regional, or international legal obligation to do so. A number of legal
obligations can be distinguished:



Biodiversity-inclusive Strategic Environmental Assessment · 221

Protected areas and protected species: ecosystems, habitats, and species
can have a form of legal protection, ranging from strictly protected to
restrictions on certain activities.

Valued ecosystem services can be subject to some form of legal regula-
tion triggering the need for environment assessment. Examples are
fisheries and forestry activities, coastal protection (by dunes or forested
wetlands), water infiltration areas for public water supply, recreational
areas, landscape parks, and so forth. (See Box 7.7 on ecosystem services
in their regulatory context). Lands and waters traditionally occupied or
used by indigenous and local communities represent a special case of
ecosystem services.

Acts of Parliament. For example, the Nature Conservation (Scotland)
Act 2004 places, in its first clause, a duty on every public body and

Box 7.7. Ecosystem services in their regulatory context

SEA provides information on policies, plans, and programmes for
decision makers, including their consistency with the regulatory
context. It is important to realise that ecosystem services often have
formal recognition by some form of legal protection. Legislation often
has a geographical basis (e.g. protected areas) but this is not necessarily
always the case (species protection is not always limited to demarcated
areas). Of course, the legal context in any country or region is different
and needs to be treated as such.

Some examples of ecosystem services linked to formal regulations:

Ecosystem service: preservation of biodiversity:
� Nationally protected areas/habitats, protected species;
� International status: Ramsar convention, UNESCO Man and

Biosphere, World Heritage Sites;
� Subject to national policies such as the UK Biodiversity Action

Plans (BAP), or regional regulations such as the European Natura
2000 Network;

� Marine Environmental High Risk Areas (sensitive areas prone to oil
pollution from shipping);

� Sites identified and designated under international agreements (e.g.
OSPAR Marine Protected Areas);

� Sites hosting species listed under the Convention on the Conser-
vation of Migratory Species of Wild Animals or the Convention
on International Trade in Endangered Species of Wild Flora and
Fauna;
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� Sites hosting species listed under the Bern Convention (Annexes 1
and 2 of the Convention on the Conservation of European Wildlife
and Natural Habitats, 1979).

Ecosystem service: provision of livelihood to people:

� Extractive reserves (forests, marine, agriculture)
� Areas of indigenous interest
� Touristic (underwater) parks (service: maintaining biodiversity to

enhance tourism)

Ecosystem service: preservation of human cultural history / religious
sites:

� Landscape parks
� Sacred sites, groves
� Archaeological parks

Other ecosystem services, in some countries formally recognised:

� Flood storage areas (service: flood protection or water storage)
� Water infiltration areas (service: public water supply)
� Areas sensitive to erosion (service: vegetation preventing erosion)
� Coastal defences (dunes, mangroves) (service: protecting coastal

hinterlands)
� Urban or periurban parks (service: recreational facilities to urban

inhabitants)
� Ecosystem functioning (soil biodiversity, pollination, pest control)

office holder in exercising any functions to further the conservation of
biodiversity. The Act brings the Convention on Biological Diversity
into Scottish law. Within the UK this is certainly the strongest measure
to conserve biodiversity, since in other countries within the UK public
bodies are only obliged ‘to have regard to the conservation of biodiversity’
(M. Usher, personal communication).

International treaties, conventions and agreements such as the World
Heritage Convention, Ramsar Convention, the UNESCO Man and
Biosphere Programme, or the Regional Seas agreements. By becom-
ing a Party to these agreements, countries agree to certain obliga-
tion to manage these areas according to internationally agreed
principles.
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Practical reason – Facilitation of stakeholder identification

The concept of biodiversity-derived ecosystem services provides a useful
tool to identify potentially affected groups of people. Ecosystems are
multifunctional and provide multiple services. By applying the ecosys-
tem approach and focussing on ecosystem services in describing biodi-
versity, directly and indirectly affected stakeholders can be identified and,
as appropriate, invited to participate in the SEA process. Public partici-
pation is generally regarded as a prerequisite for effective environmental
assessment as it (i) fosters justice, equality and collaboration (ii) informs
and educates stakeholders on planned interventions and its consequences,
(iii) gathers relevant data and information on the social and biophysical
environment, (iv) seeks input to enhance positive outcomes and ways
to reduce or mitigate negative impacts, (v) contributes to better analysis
and more creative development, and (vi) contributes to mutual learning
and the improvement of environmental assessment practice (André et al.,
2006).

Apart from the need to integrate biodiversity in existing SEA proce-
dures, the reasoning can also be the other way around. By promoting the
use of SEA, biodiversity stands a better chance of being recognised as an
area of concern in the formulation of policies, plans, and programmes.
Compared to EIA, SEA is applied much earlier in the preparation of
human interventions and provides more room to proactively formulate
alternative options and start timely data collection efforts. Treweek (2001)
describes a number of situations in which SEA should be considered as
a potential tool for incorporation of biodiversity in policies, plans, or
programmes:

� Comprehensive biodiversity monitoring has not been instituted, and
consequently biodiversity data are largely lacking. The SEA process
can be used to obtain such data.

� Ecosystem behaviour is poorly understood, so longer lead-times are
required to collect reliable baseline information. Similarly, unstable or
fluctuating ecosystems require more baseline data for predictions to be
reliable.

� Important biodiversity resources are limited and fragmented, or threat-
ened throughout their range, justifying the need for investigation
through SEA into the consequences of any plan potentially affecting
these resources.

� Avoidance or mitigation options are limited or replacement options
are all long-term, giving very little room to find sustainable options.
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For example, mining activities cannot be relocated to alternative sites;
old growth forests take generations to establish.

� Multiple threats to biodiversity exist which can only be assessed at
strategic level through SEA. For example, urban expansion, including
housing schemes, industrial estates, traffic corridors, and, for example, a
need for water supply, sanitation, and flood protection. At the project
level each of these activities might have moderate impacts, but the
combined impacts can be overwhelming.

� Many stakeholders depend on local use of biodiversity, which needs to
be sustained. Examples are diverse but could include coastal commu-
nities depending on low-technology fisheries, migratory pastoralist
depending on uplands in rainy season and wetlands in dry season,
indigenous people depending on multiple forest resources, and so forth.

Identifying potential impacts on biodiversity
Biodiversity ‘triggers’ for SEA

Impact assessment by definition has to deal with uncertainty; in the case
of SEA the level of uncertainty is even higher as compared to EIA.
Furthermore, the tiered nature of SEA creates a variety of contexts in
which SEA is applied. To be able to make a judgement if a policy,
plan, or programme has potential impact on biodiversity, two types of
information are of overriding importance:

(i) affected area of land or water: if the plan affects a geographically
defined area it is possible to define the ecosystems or types of land
use in the area, identify ecosystem services linked to these ecosystems
or land use types, and identify related stakeholders;

(ii) type of planned activities: if the plan provides information on planned
activities it is possible to identify activities that can act as direct or
indirect drivers of change in biodiversity.

Based on these two information elements three conditions are defined
that ‘trigger’ the need for special attention to biodiversity. When any one
or a combination of these conditions below applies to a policy, plan, or
programme, special attention to biodiversity is required in the SEA of
this policy, plan, or programme.

(1) Important ecosystem services. When a geographically defined area,
affected by a policy, plan, or programme, is known to provide one
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or more important ecosystem services, these services and their stake-
holders should be taken into account in an SEA. Geographical delin-
eation of an area provides the most important biodiversity informa-
tion, as it is possible to identify the ecosystems and land use practices
in the area, and identify ecosystem services provided by these ecosys-
tems or land use types. For each ecosystem service, stakeholder(s)
can be identified who preferably are invited to participate in the
SEA process. Area-related policies and legislation can be taken into
account (e.g. those referred to in Box 7.7 earlier).

(2) Interventions acting as direct drivers of change. If a proposed intervention
leads to biophysical changes, directly or through social changes, with
known impact on biodiversity, these interventions can be considered
as drivers of change in biodiversity and special attention needs to be
given to biodiversity (see Box 7.8 for an overview of these social
and biophysical changes). It depends on characteristics of society
and the environment to know whether these changes will indeed
lead to impacts on biodiversity and ecosystem services. Knowl-
edge of affected stakeholders and the affected area is needed. If
the intervention area of the policy, plan, or programme has not yet
been geographically defined, such as the case of a sector policy,
the SEA can only define impacts on biodiversity in conditional
terms: impacts are expected to occur in case the policy, plan or
programme will affect certain types of ecosystems, or when the
plan affects certain stakeholders. Usually at a lower level of elabo-
ration of such policy or plan into an implementation programme
it is possible to identify the actual impacts when area information
becomes available. If the intervention area is known it is possible to
link drivers of change to ecosystems, ecosystem services, and their
stakeholders.

(3) Interventions acting as indirect drivers of change. When a policy, plan or
programme leads to activities acting as indirect driver of change (e.g.
for a trade policy, a poverty-reduction strategy, or a tax measure),
it becomes more complex to identify potential impacts on ecosys-
tem services. Linkages between indirect and direct drivers of change
are difficult to establish. In broad terms, biodiversity attention is
needed in SEA when the policy, plan or programme is expected to
significantly affect the way in which a society (i) consumes products
derived from living organisms, or products that depend on ecosystem
services for their production, (ii) occupies areas of land and water; or
(iii) exploits its natural resources and ecosystem services.
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Box 7.8. Direct drivers of change

Direct drivers of change are human interventions (activities) resulting
in biophysical effects, directly or through social effects, with known
impacts on biodiversity and associated ecosystem services. Interven-
tions characterised by one or a combination of the following biophys-
ical and/or social effects can be considered drivers of change in biodi-
versity:
� Land conversion: the existing habitat is completely removed and

replaced by some other form of land use or cover. This is the most
important cause of loss of biodiversity and ecosystem services.

� Fragmentation by linear infrastructure: roads, railways, canals, dikes,
powerlines, and so forth affect ecosystem structure by cutting
habitats into smaller parts, leading to isolation of populations.
A similar effect is created by isolation through surrounding land
conversion. Fragmentation is a serious reason for concern in areas
where natural habitats are already fragmented.

� Extraction of living organisms is usually selective since only few
species are of value, and leads to changes in species composition
of ecosystems, potentially upsetting the entire system. Forestry and
fisheries are common examples.

� Extraction of minerals, ores, and water can significantly disturb
the area where such extractions take place, often with significant
downstream and/or cumulative effects.

� Wastes (emissions, effluents, solid waste), or other chemical,
thermal, radiation, or noise inputs: human activities can result in
liquid, solid, or gaseous wastes affecting air, water, or land quality.
Point sources (chimneys, drains, underground injections) as well as
diffuse emission (agriculture, traffic) have a wide area of impact as
the pollutants are carried away by wind, water, or percolation. The
range of potential impacts on biodiversity is very broad.

� Disturbance of ecosystem composition, structure, or key processes:
Chapter 2 provides an overview of how human activities can affect
these aspects of biodiversity.

Some social effects are known to lead to one of the above-mentioned
biophysical effects (nonexhaustive, based on van Schooten et al.
(2003)):

� Population changes due to permanent (settlement/resettlement),
temporary (temporary workers), seasonal in-migration (tourism)
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or opportunistic in-migration (job-seekers) usually lead to land
occupancy (land conversion), pollution and disturbance, harvest of
living organisms, and introduction of nonnative species (especially
in relatively undisturbed areas).

� Conversion or diversification of economic activities: especially in
economic sectors related to land and water, diversification will lead
to intensified land use and water use, including the use of pesti-
cides and fertilisers, increased extraction of water, introduction of
new crop varieties (and the consequent loss of traditional varieties).
Change from subsistence farming to cash crops is an example.
Changes to traditional rights or access to biodiversity goods and
services falls within this category. Uncertainty or inconsistencies
regarding ownership and tenure facilitate unsustainable land use and
conversion.

� Conversion or diversification of land use: for example, the enhance-
ment of extensive cattle raising includes conversion of natural
grassland to managed pastures, application of fertilisers, genetic
change of livestock, and increased grazing density. Changes to
the status, use, or management of protected areas are another
example.

� Enhanced transport infrastructure and services, and/or enhanced
(rural) accessibility; opening up of rural areas will create an influx
of people into formerly inaccessible areas.

� Marginalisation and exclusion of (groups of) rural people: landless
rural poor are forced to put marginal lands into economic use for
short term benefit. Such areas may include erosion of sensitive
soils, where the protective service provided by natural vegetation is
destroyed by unsustainable farming practices. Deforestation and land
degradation are a result of such practices, created by nonequitable
sharing of benefits derived from natural resources.

The three boxes in the conceptual framework of Figure 7.1 thus
position the biodiversity ‘triggers’: affected ecosystem services (1), and
activities acting as direct (2) or indirect drivers of change (3) in ecosystem
services. If any of these triggers result from a plan, the SEA should include
biodiversity as a special area of attention.

Table 7.1 below provides a summary overview of the conditions
under which a strategic environmental assessment should pay particular
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attention to biodiversity issues and how they should be addressed. Each
row of the table will be subsequently treated in the following sections.

Trigger 1: The area influenced by the policy, plan, or programme
provides important ecosystem services.

SEA can roughly be divided into two broad approaches: the reactive
cause–effect chain approach where the intervention is known and the
cause–effect chains from activity to impact are fairly clear (compara-
ble to EIA), and the ‘bottom up’ opportunities and constraints of the
natural environment approach, where the environment effectively shapes
the policy, programme or plan. The latter is most often used in land
use planning/spatial planning where interventions are potentially wide-
ranging and the objective is to tailor land uses to be most suited to
the natural environment. Trigger 1 can be recognised in such policies,
plans, or programmes with a focus on a defined geographical area,
without necessarily having precisely defined activities. Because the area
is geographically defined, the biodiversity in the area can be described in
terms of ecosystem services providing goods and services for the devel-
opment and/or well-being of people and society. The opportunities and
constraints of the area ‘guide’ the planning of regional development.
Box 7.9 provides two examples of such approaches.

The procedure to deal with biodiversity in this situation is as follows:

� Identify ecosystems and land use types in the area to which the policy,
plan or programme applies (human land use can be considered as an
attempt by humankind to maximise one or few specific ecosystem
services, for example, productivity in agriculture, often at the cost of
other services). Identify and map ecosystem services provided by these
ecosystems or land use types;

� Identify which groups in society have a stake in each ecosystem service;
invite such stakeholders to participate in the SEA process. Identifica-
tion and valuation of ecosystem services is an iterative process initiated
by experts (ecologists, natural resources specialists) but with stake-
holders playing an equally important role. The frequency of reliance
on ecosystem goods or services should not necessarily be used as an
indication or measure of their value because ecosystem services on
which local communities rely even on an occasional basis can be criti-
cal to the resilience and survival of these communities during surprise
or extreme natural conditions (e.g. coastal mangroves or dunes provide
protection against infrequent tsunami or storm surges);
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Box 7.9. Examples of SEA in geographically defined areas

Two case studies provice examples of how biodiversity information
from geographically defined areas provides relevant information for
effective SEA.

In the first case, a SEA has been carried out for the planning
of open space in UMhlathuze, a rapidly developing and urbanising
municipality in South Africa. River catchments provided an effective
environmental entity for assessing synergistic impacts of urban devel-
opment. A catchment is a functional unit, because it constrains key
energy and material flows; it also provides an easy unit of comparison.
A strategic catchments assessment had to provide criteria for measures
of protection and planning of development in nondeveloped lands.
It accounted for the balance between supply of environmental goods
and services provided by the natural environment and the demand for
these goods and services by people. By using a pressure, state, response
indicator model it was possible to make a status quo report of each
catchment, indicating required management actions where needed.
It furthermore calculated the economic benefits provided by ‘free’
ecosystem services at R 1.7 billion annually (about €200 million at
the 2004 exchange rate). Important benefits included water supply
and regulation, flood and drought management, nutrient cycling,
and waste management. Monetisation of ecosystem services made
decision makers react much more openly to the need for conserva-
tion measures, even when reputed for not listening to biodiversity
arguments. In this case biodiversity is not necessarily being rare or
endangered. The case provides evidence of the economic and social
sense it makes to maintain biodiversity for the services it provides.
It shows a good example of mapping and monetisation of ecosys-
tem services in a known geographical area as an input for informed
decision making on priorities for interventions. It strongly emphasises
the value of the concept of ecosystem services as a means to translate
biodiversity information into the language of decision makers. (Case
from Van Der Wateren et al., 2004.)

The second case provides a mechanism to focus on the need
to conserve unique and important biodiversity in a situation of
overwhelming presence of nonprotected biodiversity, without jeopar-
dising the need of the country to develop. Since 2000, municipalities
in South African have to prepare Spatial Development Frameworks
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and carry out associated SEAs. In two regions systematic biodiversity
planning was applied to support this process in an attempt to improve
effective consideration of biodiversity in Environmental Assessment.
Most biodiversity in South Africa, including priority areas for conser-
vation, does not fall within existing protected areas. Changing land use
patterns have a major impact on biodiversity. Under such conditions
sound SEA in land use planning is critical to decision making. System-
atic biodiversity planning aims at conserving a representative sample
of species/habitats and key ecological and evolutionary processes. The
focus on priority areas allows for recognition of competing land uses
and development needs. It sets target for conservation and defines
limits of acceptable change within which human impacts have to be
kept. Although driven by conservation objectives, the process is very
similar to SEA and outputs are easily integrated in the SEA process.
(Case from Brownlie et al., 2005b.).

The two South African cases provide an excellent example of
how to deal with both conservation of irreplaceable but nonprotected
biodiversity and with sustainable use (and conservation) of biodiversity
derived ecosystem services.

� For absent stakeholders (future generations), identify important
protected and nonprotected biodiversity which is representative of
species, habitats and/or key ecological and evolutionary processes (e.g.
by applying systematic conservation planning or similar approaches;
see Box 7.9);

� Ecosystem services identified by experts but without actual stakehold-
ers may represent an unexploited opportunity for social, economic, or
ecological development. Similarly, ecosystem services with conflicting
stakeholders may indicate overexploitation of this service representing
a problem that needs to be addressed.

Trigger 2: The policy, plan, or programme is concerned with
interventions producing direct drivers of change

An approach based on analysis of cause and effect chains fits best for SEAs
where the intervention is known. As explained above, interventions
resulting from a policy, plan, or programme can directly, or through
socioeconomic effects, lead to biophysical effects that affect biodiversity
and ecosystem services derived from biodiversity. When activities are
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defined by the plan but the locations of these activities have not been
clearly defined, impacts on ecosystems services can only be defined in
terms of potential impacts. For example, one can state that the drivers
of change resulting from this plan are known to have particular strong
effects on certain types of ecosystems. This situation often occurs in
sectoral policies, such as policies or plans on energy, public water supply,
or transport. Box 7.10 provides two examples.

Box 7.10. Example of SEA of defined activities

Two cases illustrate that even without a concrete geographical focus,
ways exist to describe impacts on biodiversity in general terms, design
mitigation measures, and provide guidance for the further study at
lower level of assessment.

The Netherlands National Policy on Water Supply is a sectoral
policy without predefined locations of interventions. The SEA of
this plan focussed on the most important biophysical effect of water
extraction, that is, a change in the hydrology of underground aquifers
and surface waters. A major issue at the national scale is the desicca-
tion of various types of landscapes, predominantly wetlands converted
over centuries into agricultural land use types, rich in biodiver-
sity and highly valued for characteristic ‘Dutch’ landscape features.
Quantitative information on potential impacts of water extraction
was deemed necessary. The national scale of the study forced the
study team to focus on simple vegetation indicators for hydrological
changes. Combination of potential hydrological changes (modelled)
with nationally available vegetation data provided a computational
model which served the purpose of national decision making. Further
elaboration of the policy into concrete plans and programmes requires
further site-specific field observations to quantify potential impacts.
The national Policy SEA identified potentially sensitive areas that
require special attention. (Case: van Schooten, 2004a.)

In Bolivia, an SEA for a 600-km road corridor had to deal with an
area of potential influence twice the surface of the Netherlands (see
the example above). The SEA followed a broad, integrated approach,
including social and economic processes. The relatively pristine and
untouched character of the area made such an approach essential
in order to capture all relevant impacts on biodiversity. The SEA
identified social and economic changes as the main drivers of change
associated to the road scheme. Economic development, creation of
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employment, and immigration from the Andean highlands were
considered main threats to biodiversity and ecosystem services as these
would lead to increased land conversion. The extent of potential influ-
ence of the road is immense. Road trajectories as well as area of direct
and indirect influence were not clearly defined. Therefore, the identi-
fication of affected ecosystems was impossible. Instead, an inventory of
major types of ecosystems in the entire region was made, processes of
key importance for the maintenance of these systems were identified,
and potential impacts induced by road development were identified.
A hierarchy was designed, assigning types of ecosystem into categories
with differing levels of protection. An extensive mitigation programme
accompanies the road scheme, including assistance to management of
national parks in the region and social support programmes. (Case:
Consorcio Prime Engenharia, 2004.)

The procedure to deal with biodiversity in this situation is as follows:

� Identify drivers of change, that is, activities leading to biophysical effects
known to affect biodiversity (see Box 7.8 earlier);

� A plan usually applies to an area within administrative boundaries, such
as a province, state, or an entire country. Define the administrative
boundaries to which the plan applies.

� Identify and, if possible, map the major ecosystems within the area.
� Determine the sensitivity of each of these ecosystems to the drivers of

change resulting from the plan.
� Develop a mechanism to avoid, mitigate, or compensate potential

negative impacts to ecosystems which are most sensitive to the drivers
of change (and which may provide important ecosystem services).
Identification of alternative locations with least damage to biodiversity
provides good opportunities in this approach; these can be taken into
account at lower planning levels when activities and locations become
more precise.

Triggers 1 and 2 combined: activities and intervention
area both defined

For many SEAs, often at lower level of planning, activities as well as
the location of activities are more precisely defined. In such cases special
attention to biodiversity is triggered when the planned activities are
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known drivers of change in combination with a planning area known
to provide important ecosystems services. This combined knowledge
allows relatively detailed assessment of potential impacts by defining
changes in composition or structure of ecosystems, or changes in key
processes maintaining ecosystems and associated ecosystem services. This
combination of triggers is often associated with SEAs carried out for
programmes. In their implementation these SEAs resemble complex,
large-scale EIAs. Examples are detailed spatial plans, programme level
location, and routing alternatives or technology alternatives.

The procedure to deal with biodiversity in this situation is a combina-
tion of the procedures for Triggers 1 and 2, but the combination allows
for greater detail in defining expected impacts:

� Identify direct drivers of change and define their spatial and temporal
range of influence;

� Identify ecosystems lying within this range of influence (in some cases
species or genetic level information may be needed);

� Describe effects of identified drivers of change on identified ecosystems
in terms of changes in composition or structure of biodiversity or
changes in key processes responsible for the creation or maintenance
of biodiversity;

� If a driver of change significantly affects either composition, or struc-
ture, or a key process, there is a very high probability that ecosystem
services provided by the ecosystem will be significantly affected;

� Identify stakeholders of these ecosystem services and invite them to
participate in the process. Take into account the absent (future) stake-
holders.

Most available case evidence comes from this type of EIA-like SEA.
Strong opinions exist on whether these cases should be considered SEAs
at all, or whether they should be considered large-scale EIA. Partidário
(2007) states that ‘while it is recognised that most practitioners and
authorities around the world have adhered to the idea and name of
SEA, practice still lacks the innovative methodological capacity of SEA
as a strategic tool’. At the IAIA 2007 conference the same author even
stated that those EIA-based SEAs should simply be named EIA. The
procedural steps in the SEA cases used in this chapter indeed very much
resemble EIA. This discussion is largely beyond the scope of this chapter,
as the available material provides interesting learning on how to deal
with biodiversity. It provides lessons on common SEA practice, and the
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results are relevant for day-to-day SEA. The examples below are struc-
tured around some of the important concepts that we consistently use in
our approach.

Direct drivers of change. A case from Sweden takes biophysical
effects resulting from urban development (the driver of change) as the
basis for identifying indicators to measure change in biodiversity. The
case focusses on biodiversity conservation as important ecosystem service.
The case has similarities to the systematic biodiversity planning case from
South Africa; it shows that the concept can also be used for urban
planning in a different setting. As a result nonprotected biodiversity is
taken into account.

� Urban planning of the area surrounding Stockholm (Sweden) requires
strategic decision making on the model of urban expansion in a biodi-
versity rich environment. A biodiversity analysis at ecosystem level
is carried out to support the SEA process. The analysis results in
(i) operational targets for biodiversity, translating biodiversity policies
into concrete objectives for the region; (ii) distinctive indicators for
habitat change; (iii) reliable prediction methods; and (iv) sensible
scenarios for future urban growth as a base for comparison. The
indicators were linked to the major biophysical effects resulting
from urban development affecting biodiversity: habitat loss, isolation/
fragmentation, and disturbances. (Case: Balfors et al., 2005.)

Similarly biophysical effects were used as indicators to model the
impacts of major interventions in river hydrology (the driver of change)
in the Netherlands. The case further illustrates the concept of ecosystem
services and shows that ecosystem level information provides sufficient
information for decision making.

� An SEA for a river management project along the Meuse River in
the Netherlands had to study potential combinations of seemingly
contradictory ecosystem services: flood control, shipping, and nature
restoration. The main objective was to reduce river peak flows as a
safety measure. The SEA took a historical perspective and portrayed
major services of the ecosystems throughout the ages – biodiversity
has been managed and exploited to such an extent that the result-
ing ecosystems depend on human management to maintain their
appreciated features. Based on this information four alternatives were
developed. Water depth, flood duration and groundwater level were



236 · Roel Slootweg

considered key biophysical effects affecting biodiversity. These were
modelled in a computational model and linked to the requirements of
different ‘ecotypes’ (small-scale managed ecosystems). It provided suffi-
cient information to compare alternatives, although further field obser-
vation are required for detailed intervention planning. (Case: Schooten,
2004b.)

The availability of biodiversity inventory data greatly enhances SEA
studies by allowing computational models to link computed biophysical
effects to indicator species or ecosystems. As the distribution of these
indicator species is known, effects of the interventions can be estimated
at a level of detail sufficient for strategic decision making.

Aspects of biodiversity: Impacts on biodiversity can best be
described in terms of changes in composition (what is there), changes
in structure (how is it organised in time and space), or changes in key
processes (what physical, biological, or human processes govern creation
and maintenance of ecosystems).

A case from Nepal shows that prior knowledge on how a biophysical
effect influences a specific aspect of biodiversity provides a means to
focus an SEA study. In this case forestry (intervention) leads to selective
removal of trees (biophysical effect), affecting species composition.

� Plan level SEAs were carried out in Nepal to assess the environmental
impacts of district forestry plans. Forestry practices were considered
to impact on biodiversity by changing the species composition of
forests; this consequently was the focus of the study. The SEA resulted
in recommendations on how to include conservation principles in
forestry activities. (Case: Uprety, 2004.)

From India two examples were provided where the need for an SEA
was triggered by protected species, but where the SEA study focussed
on ecosystem and foodweb structure to provide relevant and sufficient
information.

� SEA was used in India as a diagnostic tool to assess siting alternatives
for a nuclear power facility. The facility was partially projected on one
of India’s prominent tiger reserves. The facility also affected traditional
land use practices. Regulations limited the study area to a 25-km
radius. Within this radius protected areas and ecologically sensitive
areas were defined. The study focussed on contiguity of habitats for
endangered species (such as tiger, leopard, Indian wolf, and others) and
the area needed for predators to have sufficient stock of prey animals.
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In other words, the study focussed on ecosystem structure: the spatial
structure of habitat and foodweb structure. (Case: Rajvanshi and Matur,
2004a.)

� An SEA approach was followed in India to review an EIA of a planned
dam and irrigation scheme which resulted in deadlock. The deadlock
resulted from a lack of attention to wildlife migration routes (including
tigers). The SEA aimed at enhancement of conservation planning and
mediation to steer environmental decision making. Again vital habitat
links (corridors) and foodweb structure were the focus of study. The
creation of a new reservoir provided important new habitats; the design
of a canal created fragmentation of major habitats. Redesign of a new
migration corridor upstream of the canal mitigated this problem, and
the SEA resulted in renewed decision making. (Case: Rajvanshi and
Matur, 2004b.)

Changes in key processes as a means to identify impact on ecosystem
services appear in a number of cases throughout the text.

Ecosystem services. Translating biodiversity into ecosystem services
is an effective means to make biodiversity tangible in impact assessment.
Services represent ecological, social, and economic values for society
that can be linked to stakeholders. Stakeholders can speak on behalf
of biodiversity and can consequently be involved in an SEA process.
Maintenance of biodiversity (or nature conservation) is an important
ecosystem service.

A case from Uzbekistan provides an early example of how ecosystem
services provided by biological diversity (representing direct use values
for the population living in the area as well as nonuse, future, and external
use values), are taken as a point of departure in a planning process aimed
at the restoration of the Amu Darya Delta for the benefit of present and
future generations. It also provides a good example of how biodiversity
can be enhanced to contribute to human well-being.

� Within the framework of the World Bank Co-ordinated Aral Sea
Programme, a consortium of expatriate consultants and local Uzbek
institutes developed a coherent strategy for the restoration of the Amu
Darya Delta, taking the ecosystem services of a dynamic seminatu-
ral wetland system as the point of departure, and using participative
evaluation techniques as a means to structure the decision making
process on a future development strategy for the delta. A pilot project
has successfully been implemented recently, with astonishingly rapid
results as regards to the return of productivity of fish resources and the
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sheer numbers of animals present in the restored wetlands. The case
is a clear illustration of the effectiveness of participatory evaluation of
wetland ecosystem services at strategic level; the use of a services–values
matrix appeared to be an effective communication tool in visualising
the multiple services of a wetland system, their societal values, and their
stakeholders, and for comparison of alternative strategies. Use of local
expertise was key to the identification and quantification of wetland
services. (Case: Euroconsult and the Wetland Group, 1996; Schutter,
2002; Dukhovny and Schutter, 2003.)

A case from the UK shows that by taking an ecosystem services
approach with active involvement of stakeholders, an important contri-
bution to the definition of viable SEA alternatives was made.

� The availability of Biodiversity Action Plans (BAPs) and Species Action
Plans (SAPs) provided biodiversity objectives for an SEA on a local
flood management strategy in the UK. Within the wetland ecosys-
tem, priority habitats and priority species have been defined in the
BAP. Furthermore, ecosystem services were considered an important
economic asset of the region, with biodiversity based tourism as most
important sector. Opportunities to use wetlands for flood attenua-
tion provided additional important benefits. Flood management was
considered to be a key driver of change, as flooding is a key ecolog-
ical process in wetlands. The study area was defined on the basis of
likely limits of impacts. For the assessment it was considered appropri-
ate to identify risks and the main ecological processes likely to affect
outcomes for biodiversity in relation to objectives for the area. Public
participation was action-oriented and focussed on identifying preferred
changes to achieve outcomes compatible with stakeholder interests;
local knowledge was an important source of information. Biodiversity
specialists were able to provide effective flood control alternatives that
were also beneficial for biodiversity (making use of ecosystem services).
(Case: Treweek, 2004.)

A case from the Wadden Sea in the Netherlands shows that natural
ecosystems provide multiple services. Exploitation of one service leads to
potential impacts on others when key ecosystem processes are affected.
Stakeholder involvement reoriented the SEA study to be more focussed
on these key processes, instead of looking at the exploited ecosystem
service only.
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� The Netherlands national policy on large scale extraction of shells

in marine environment required an SEA. Shell mining also takes
place in protected areas, representing important international ecosys-
tem services for the maintenance of pathways of migratory birds and
breeding grounds of North Sea fish, tourism, and so forth. Focus of
the permitting procedure was on whether the ecosystem service was
not overexploited; in other words the natural regeneration of shell
deposits was studied in relation to exploitation pressure. However, the
mining process itself also influences key ecological processes essential
to other ecosystem services. Bottom morphology and related bottom
life were consequently included in the SEA study. Stakeholder contri-
butions highlighted the lack of knowledge on the function of shells
and shell banks in the ecosystem. As a result more alternatives were
included in the study. The study concluded that natural regrowth
fully compensates mining; it was concluded however that ecological
processes should define mining conditions. Potential mining locations
were ranked according to these conditions. In small parts of the area the
precautionary principle was applied because too little was known of
the function of shell banks and mining was prohibited. An interesting
equity discussion erupted. Shell mining was a monopolised business;
the SEA process triggered a discussion on public tender procedures
for other interested operators. This request was granted. (Case: van
Schooten, 2004c.)

A case from the Scheldt River in Belgium shows that restoration and
conservation of biodiversity was sought after as a means to optimise
other ecosystem services provided by the river, representing social and
economic values, in this case safety from flooding and navigability and
accessibility of the Antwerp port.

� The Sigma plan intends to guarantee safety against inundations in the
valley of the Scheldt River and its tributaries. The study area incorpo-
rates over 250 km of river valley. Most of it is subjected to twice-daily
tides and much of the valley would be inundated every day were it
not for the presence of dikes. The freshwater tidal areas are unique
to North-western Europe. Construction of dikes resulted in consid-
erable loss of the original biodiversity and its flood retention capacity
as an ecosystem service. Partial restoration of this biodiversity and its
associated flood retention function is still feasible. Nature conservation
was an important element in the SEA. However, nature conservation
is not seen as an end in itself, but as a way to obtain a ‘solid and
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robust’ ecological system in the estuary, capable of supporting intense
shipping activities (accessibility of Antwerp port). Other ecosystem
services addressed by the SEA study are pollution breakdown and
recreation. (Case: Dijk, 2005.)

The presented cases are a selective sample of good practice cases. In
reality, many facets of biodiversity go unnoticed in SEA. Even with this
selective, biodiversity-friendly sample of cases, it has become clear that
the concept of ecosystem services does not yet receive wide recognition.
As stated earlier, many of the ecosystem services are considered to be the
responsibility of a sector department (fisheries, irrigation department,
public works department, etc.) that has no obvious linkage with biodi-
versity issues and usually does not consider its activities in an integrated,
cross-sectoral manner. This explains that many ecosystem services go
unnoticed, thus losing an opportunity to describe the actual values of
biodiversity. (An irrigation department will not automatically see the
downstream fisheries impacts of its measures; a public works department
considers flood storage by wetlands as suboptimal and designs flood
storage basins; a forestry department is not inclined to change forestry
practices and reduce revenues in order to enhance tourism or leisure
activities; etc.).

Levels of biodiversity. Three levels are distinguished (genetic,
species, ecosystems) but in general, the ecosystem level is the most
suitable level to address biodiversity in SEA, as most cases above have
shown. Even in cases where the trigger to start an SEA was at species level
(protected tigers in India), the studies focussed on ecosystem structure.
Similarly, the Nepal case focusses on species composition only and does
not go into further detail of individual species. In other studies individ-
ual species only serve the purpose of being an indicator for changes in
key ecosystem processes. The large extent of study areas, the limited
resources available for SEA, and a lesser level of detail required for strate-
gic decision making explain this focus on more generic biodiversity issues
and a ‘loss’ of focus on species level information. In a study of five SEAs
linked to spatial plans in the Netherlands Kolhoff and Slootweg (2005)
draw a similar conclusion that ‘impacts in biodiversity are considered at
ecosystem level’.

However, situations exist with a need to address lower levels. A case
from UK shows that for local-level plans it may be needed and possible
that the SEA looks at species level information. The limited extent of the
study area and the presence of many protected species in nonprotected
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areas required detailed analysis of these species. Yet, the study focussed
on indicator species for each biophysical effect in order to reduce data
collection effort.

� In the UK a Local Transport Plan requires an SEA. In an area renown
for its biodiversity, the SEA focussed on species and their habitats.
Roads are considered to cause a number biophysical effects: barrier
effects (e.g. cutting of routes to foraging areas of bats), road mortality,
emission into air and water, hydrological changes, and the fragmen-
tation of habitats. For each effect a ‘focal species’ was used as an
indicator. Many protected species rely on unprotected countryside and
species-level attention. Furthermore, the study included alternatives
that would minimise impacts on priority habitats as listed in the Biodi-
versity Action Plan. (Case: Burrows, 2004.)

Legal protection – a word of caution. A case from the Netherlands
shows the far-reaching influence of a formal system of protected areas
and a policy for the enhancement of this system. It forces spatial planners
to take biodiversity into account, and it defines the setting for SEA of
such plans. Similarly formal policies trigger biodiversity attention within
SEA through Biodiversity Action Plans in the UK. Analysis of four spatial
planning SEAs at national, provincial, and municipal level in the Nether-
lands revealed the overwhelming importance of the National Ecological
Network (NEN, predecessor to and part of the European Nature 2000
network of protected areas). The NEN is intended to create a continuous
network of protected areas; the area has been formally defined, but in
broad terms. All spatial plans coinciding with the NEN have to include
nature restoration measures in order to comply with the NEN policy
and SEAs strictly assess proposed alternatives on this aspect. The focus
consequently is on ecosystems; species level diversity does not play a
role as the NEN includes species-related protected areas (EU birds and
habitat directives). Further biodiversity attention is focussed on restora-
tion of key hydrological processes in existing protected areas. Because
most activities focus on enhancing the quality of existing nature and
increasing the surface area of protected areas, nonprotected biodiversity
is lost out of sight. The down-side of the strong Netherlands policy on
the National Ecological Network is that nonprotected biodiversity and
ecosystem services other than maintenance of biodiversity get out of focus
in spatial planning ànd similarly so in the SEAs of such plans (Kolhoff
and Slootweg, 2005). SEA is supposed to picture the impacts of plans on
protected and nonprotected biodiversity. The built-in argument is that if
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biodiversity is not protected it probably is not worth taking into account
and it consequently does not appear in the SEA. The uMhlathuze strate-
gic catchments assessment in South Africa (Van Der Wateren et al., 2004)
has already shown that nonprotected and nonthreatened biodiversity still
represents highly valued ecosystem services.

Public participation. An important observation from a number of cases
above is that public participation may lead to a broader perspective of
biodiversity resulting in formulation of different alternatives. The UK
flood management case (Treweek, 2004) and the Dutch shell mining
case (Schooten, 2004b) both show that public participation resulted in
enhanced studies, including a significant contribution of viable alterna-
tives. Public participation may also be the key to biodiversity-inclusive
SEA in cases where attention to biodiversity is not triggered by objectives
of the study or by formal regulations.

Trigger 3: Interventions as indirect drivers of change

Plans leading to interventions that indirectly influence biodiversity, so-
called indirect drivers of change, are diverse. As stated earlier, anything
ranging from changes in human population density, to changes in
consumption pattern, or to changing human behaviour, technology, or
tax measures can act as an indirect driver of change in biodiversity. In
recent years there has been an increased attention towards the develop-
ment of instruments to assess the environmental consequences of such
changes, with varied levels of success. There is a rapid proliferation of
instruments such as sustainability assessment, integrated impact assess-
ment, integrated impact analysis, sustainability appraisal all aiming to
deal with the triple bottom line of sustainability for varying purposes.
Dalal-Clayton and Sadler (2005) in their recent overview of international
SEA experiences provide a list of 15 SEA-type of approaches. Obviously,
the world has not fully come to terms with the concept of sustainability
and is searching for ways to predict the impacts of proposed plans in terms
of sustainability. In this world of methodological approaches, biodiversity
simply is one of the many issues in need of attention. Consequently, there
is very little biodiversity-specific guidance for plans triggering biodiver-
sity attention through indirect drivers of change. Probably the Millen-
nium Ecosystem Assessment provides the best available information. The
MA methodology is potentially valuable to identify linkages between
indirect and direct drivers of change. The scenarios working group of
the MA considered the possible evolution of ecosystem services during
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the twenty-first century by developing four global scenarios exploring
plausible future changes in drivers, ecosystems, ecosystem services, and
human well-being. The reports on global and subglobal assessments (still
to be published as we are writing this book) may also provide suitable
material. However, from a practical SEA point of view, these approaches
are methodologically complex and require amounts of data that may go
beyond the possibilities of ‘ordinary’ SEA.

One field of rapidly expanding knowledge with biodiversity specific
information is the impact assessment of measures related to interna-
tional trade agreements. The EU applies sustainability impact assess-
ments to its trade agreements. The approach is to project effects of
trade measures on consumer and producer behaviour, and hence on
production systems. Baseline conditions, trends, and characteristics of
the production and socioeconomic systems determine whether indirect
consequences will actually affect biodiversity. Impacts on biodiver-
sity are described in very broad terms, mainly as changes in quantity
(surface area) and quality of biodiversity (species richness). Grouping
of countries with relatively similar characteristics provides some further
detail (George and Kirkpatrick, 2003). In each group of countries a case-
study country is studied more in-depth. The difficulty in the identifica-
tion of biodiversity-related impact lies in the definition of impact mecha-
nism. The EU sustainability impact assessment of WTO trade agreements
on agriculture and forest products has been used as a case example
(George, 2004). This SEA works with a combination of economic
modelling studies, empirical evidence from literature, case-study analysis,
and causal chain analysis. Impacts are described only in terms of change
in quality and quantity. By addressing specific sectors in economy it was
possible to broadly define the ecosystems under pressure, such as forests
in the forestry sector, without any specific indication of the location of
these ecosystems. The available case study, however, predicted that the
major impacts on forests (and other relatively untouched ecosystems) can
be expected from trade liberalisation in agriculture. The need for agricul-
tural land is a much stronger driving force leading to forest conversion
than the forestry sector itself.

A study carried out within the framework of the Convention on
Biological Diversity synthesised eight existing approaches and assess-
ment frameworks (CBD, 2004d). All frameworks offer entry points to
address impacts on biodiversity in the assessment process, and many
offer some additional guidance on what effects to expect in partic-
ular sectors and what indicators to use. However, most organisations
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and states questioned showed considerable dissatisfaction with the state
of affairs of integrating biodiversity concerns into trade-related assess-
ments. A number of deficits were identified, and corresponding needs
for further research stressed. According to the EC, the different cause–
effect chains of trade liberalisation on agricultural biodiversity have not
been adequately analysed, and only limited policy responses have been
proposed. The need to develop comprehensive and more practical indica-
tor sets for biodiversity was repeatedly stressed. For instance, although
progress has been made in developing aggregate quantitative indicators
capable of showing changes in air and water pollution, progress in indica-
tors capable of showing changes in biodiversity, forest cover, habitats,
and ecosystems remain less-developed and certainly less-quantitative than
pollution-related indicators. On the one hand, there is a need expressed
for aggregated biodiversity indicators that can be integrated into formal
economic models in order to allow for insights into the overall impacts of
economic changes on biodiversity. On the other hand, in order to provide
meaningful advice to policy makers on where corrective policy action
may be needed, it was said that indicators should also be able to point to
the spatial distribution of specific impacts. As was pointed out, under-
standing that production patterns may change due to trade liberalisation
is of only limited value in terms of trying to determine where on the
landscape the change would actually occur and, in a next step, of trying
to estimate how biodiversity would be impacted. Of course, extensive
gaps in environmental data exist within countries, while analysis attempt-
ing to examine cross-border issues often runs into pronounced problems
regarding the comparability of environmental data. None of the method-
ologies seems to endorse specific formal tools or models for conducting
the actual assessment. The methodologies either point to a plethora of
possible quantitative as well as qualitative tools or keep silent on the
issue.

Concluding it can be observed that there is an obvious need for further
conceptual as well as practical development of this assessment tool to
better include biodiversity. A good example is provided by the work
of Kessler et al., (2007) who have developed a transparent methodology
to quantify impacts on biodiversity resulting from changes in land use.
The problem here is that the quantification is based on the relative loss
of species diversity (Natural Capital Index); it does not provide any
information on how ecosystem services are affected. It goes beyond the
objectives and capacities of the authors of this book to go into any further
detail of this expanding field of expertise. For further information we
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refer to the CBD (2004d) document as a good starting point and to the
mayor players in this field of assessments:

International organisations:
� Integrated Assessment Methodology of Trade-Related Policies of the

Economics and Trade Branch of the United Nations Environment
Programme (UNEP framework); UNEP’s has supported several rounds
of Country Projects to analyse environmental, economic, and social
effects of trade liberalization and trade-related policies (www.unep.
ch/etb/areas/IntTraRelPol.php).

� Environmental and Trade Reviews of the Organization for Economic
Cooperation and Development (www.oecd.org/document/8/0,2340,
en 2649 34183 36629256 1 1 1 1,00.html).

Regional economic organisations:
� The European Commission (2006) introducing the sustainabil-

ity impact assessment (ec.europa.eu/trade/issues/global/sia/index en.
htm).

� The Assessment Framework of the North American Commission for
Environmental Cooperation (www.cec.org/programs projects/trade
environ econ/index.cfm?varlan=english).

States:
� The Canadian National Framework for Conducting Environ-

mental Assessments of Trade Negotiations (www.international.gc.
ca/tna-nac/env/env-en.asp).

� The U.S. Guidelines for Environmental Review of Trade
Agreements (www.ustr.gov/Trade Sectors/Environment/Guidelines
for Environmental Reviews/Section Index.html).

Dealing with uncertainty
The reasons to start an SEA process may not be linked to biodiversity, but
biodiversity often is influenced by policies, plans, and programmes subject
to SEA. Ample reasons have been provided to identify biodiversity issues
during the scoping phase, but also to focus the study on relevant issues
as to avoid unnecessary detailed studies. Two important elements have
been introduced which facilitate the identification of potential impacts

www.unep.ch/etb/areas/IntTraRelPol.php
www.unep.ch/etb/areas/IntTraRelPol.php
www.oecd.org/document/8/0,2340,en_2649_34183_36629256_1_1_1_1,00.html
www.oecd.org/document/8/0,2340,en_2649_34183_36629256_1_1_1_1,00.html
ec.europa.eu/trade/issues/global/sia/index_en.htm
ec.europa.eu/trade/issues/global/sia/index_en.htm
www.cec.org/programs_projects/trade_environ_econ/index.cfm{char '77}varlan$=$english
www.cec.org/programs_projects/trade_environ_econ/index.cfm{char '77}varlan$=$english
www.international.gc.ca/tna-nac/env/env-en.asp
www.international.gc.ca/tna-nac/env/env-en.asp
www.ustr.gov/Trade_Sectors/Environment/Guidelines_for_Environmental_Reviews/Section_Index.html
www.ustr.gov/Trade_Sectors/Environment/Guidelines_for_Environmental_Reviews/Section_Index.html
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on biodiversity: (i) delineation of geographical boundaries and (ii) identi-
fication of drivers of change. Three triggers where described which stress
the need for specific attention to biodiversity. Environmental assessment
by definition has to deal with uncertainty; in the case of SEA the level of
uncertainty is even higher as compared to EIA. Furthermore, the tiered
nature of SEA creates a variety of contexts in which SEA is applied. The
kind of biodiversity information that can be obtained in situations where
information is usually incomplete has been elaborated in this chapter. In
addition to this, two more elements are important in defining the way
how biodiversity can be assessed, that is, extent of the study in relation to
required level of detail.

The required level of detail in a study depends on a variety of factors,
such as the spatial and temporal scale of the study, the number of relevant
issues to be studied, the severity of decision making implications, the
available resources, and so forth. From a biodiversity perspective two
scale aspects are important:

� The extent of the study, in terms of size of the area and duration of
time under consideration. Physical, biological, or social processes work
on different scales in time and space. The extent of the study is not
necessary limited by the geographical limits or by the time horizon of
the policy or plan under assessment. It is important to know the relevant
process to be studied and define the extent of the study accordingly.

� The level of detail, in ecology often referred to as grain size, of the study.
An important determinant of the required level of detail is the level of
decision making. Looking at the idealised tiered structure of SEA, in
general it can be stated that a high level of decision making, such as
policy decisions, usually requires low level of detail. Descending from
policy to programmes and plans the required level of detail increases
while in some cases (but definitely not always) the extent of the study
area is reduced. The availability of information and financial resources,
and the priorities expressed by stakeholders during the scoping process
will further define the level of detail at which the study needs to be
carried out.

Biodiversity has fine grain and large extent. In studying biodiversity
a fine grain has to be sacrificed for a large extent, or reciprocally, a
requirement for fine-grain information often limits the extent of the
study. Some practical examples in Box 7.11 show how the dilemma of
large extent and fine grain of biodiversity can be addressed in different
situations. They show that the biodiversity aspects composition, structure,
and key process provide a good means to focus the assessment.
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Box 7.11. Examples of focussed biodiversity studies

Limited extent with high level of detail, and focus on a key aspect of
biodiversity (species composition) to reduce information requirements. The
dominant biophysical change caused by forestry activities, that is,
selective removal of valuable tree species, primarily affects species
composition. SEAs for district forestry plans in Nepal consequently
concentrated on the effects of forestry on forest composition and
looked at species level information only. The extent of the study
was limited, so species level information could be obtained (Uprety,
2004).

Very large extent and low level of detail, with focus on key processes as
determinants of impacts. An SEA for a 600 km road in Bolivia concen-
trated on main ecosystems and hydrological processes (apart from social
aspects not elaborated here). Road construction potentially affects the
hydrology of the area. Because the road crosses wetlands of interna-
tional importance, this key wetland process was the focus of study. The
extent of the study area was of such magnitude that further detailed
biodiversity analysis was not feasible (Consorcio Prime Engenharia,
2004).

Medium extent and sufficiently reduced level of detail by focussing
on ecosystem structure: An SEA for the siting of a nuclear power
plant in India focussed on the connectivity of tiger habitats. The
highly endangered and strictly protected tiger triggered the study, but
the study focussed on ecosystem structure, thus avoiding unnecessary
detailed surveys (Rajvanshi and Matur, 2004a).

Large extent, with high level of detail, but strongly focussed on one key
process and the use of indicator species: An SEA for a National Drinking
Water Policy in the Netherlands concentrated on the main biophys-
ical effects of water extraction (hydrological change). The extent of
the study was large (the entire nation); defining a limited number of
vegetation indicators for impact determination provided the required
level of detail for policy decisions. The availability of detailed vegeta-
tion inventories facilitated the use of computer technology to highlight
areas that are sensitive to hydrological changes (van Schooten, 2004a).
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Figure 7.2 Summary overview of analytical steps to define impacts on biodiversity
starting with one or a combination of biodiversity triggers.

A general complaint in SEA is the lack of clearly defined activities
and the lack of information on biodiversity. In our view lack of clarity
and data is a standard condition to virtually all environmental assess-
ments. Although we acknowledge the difficulty presented by lack of
information and clarity, we are convinced that relevant information with
respect to impacts on biodiversity can be obtained in such situations.
The biodiversity triggers provide the most concrete starting point when
defining the kind of information of relevance to biodiversity that can be
obtained during the SEA study. They also provide insight in the type of
information that can NOT be obtained.

Conclusions
Figure 7.2 provides a summary overview of the way in which potential
impacts on biodiversity of a policy, plan, or programme can be identified.
It starts with the identification of potential biodiversity triggers in the
policy, plan, or programme to be analysed, including: (i) a geographically
defined area with valued ecosystem services; (ii) activities affecting direct
drivers of change; (iii) activities affecting indirect drivers of change; or
a combination of (i) and (ii) where activities with known drivers of
change influence a known area with valued ecosystem services. If one
of these triggers is present in the policy, plan, or programme, the flow
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chart shows the type of information that can and should be obtained in
the SEA process. The link between indirect and direct drivers of change
is characterised by complex interactions, many of which are presently
subject to research efforts worldwide.

The generic and conceptual nature of this chapter implies that further
elaboration of its practical application is needed to reflect the ecological,
socioeconomic, cultural, and institutional conditions for which any SEA
system is designed. The elaboration can be done on a country or sectoral
level and is a task to be taken up by government agencies and the
SEA practitioners. From a scientific point of view the research needs
encountered during the Millennium Ecosystem Assessment have been
summarised by Carpenter et al., (2006). Given the prominent role of
ecosystem services in the approach taken in our book, their observations
are of great relevance to the world of SEA:

Basic theory. From the evidence we provided in this chapter it is obvious
that with the combined knowledge of experts and stakeholders many
biodiversity issues in SEA can be addressed satisfactorily. Nevertheless,
‘we still lack a robust theoretical basis for linking ecological diversity
to ecosystem dynamics and, in turn, to ecosystem services underlying
human well-being. We lack the ability to predict thresholds for catas-
trophic changes, whether or not a change may be reversible, and how
individuals and societies will respond’.

Local to global scales. ‘Most ecosystem services are delivered at the local
scale, but their supply is influenced by regional or global-scale processes.
Additionally, there is a mismatch between the scales at which natural and
human systems organize.’ The conceptual framework we introduced in
Chapter 2 clearly addresses this issue. The CBD ecosystem approach is
an attempt to circumvent this problem. Nevertheless, it remains difficult
to implement such framework in day-to-day reality of SEA.

Monitoring and indicators. ‘Trends in ecosystem services are often most
effectively communicated through indicators that simplify and synthesize
the underlying complexity. There is no consensus on a manageably small
set of indicators that can be consistently applied and serves the needs of
decision-makers and researchers.’ ‘Attributes used for monitoring social
and economic variables, such as gross domestic product or population,
have an established role in decision-making, but their spatial resolution
is coarse. Biophysical observations typically have great spatial detail, but
little political traction. Integrating both types of data into policy discus-
sions is a key challenge’.
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Policy assessment. ‘We need to understand how the effects of response
strategies vary among ecological and social contexts. We don’t know
what conditions must be met or how to tailor planning and decision-
making to local circumstances. Understanding of the costs and benefits
of alternative management approaches for the entire range of ecosystem
services is essential. The few examples that assess the bundle of ecosystem
services provided by a region show that a single-service analysis misses
key trade-offs’.

Linking social to ecosystem change. ‘Most research related to ecosystem
services focuses on direct drivers, such as land use change or invasive
species. Yet, effective management requires more attention to indirect
drivers such as demographic, economic, socio-political, and cultural
factors. In some cases, indirect drivers may provide better leverage points
for policy than the direct drivers’.

Economic instruments and valuation: ‘Valuation translates ecosystem
services into terms that decision-makers and the general public can readily
understand. At present, most ecosystem services are not marketed. The
resulting lack of information about prices that reflect social value is an
impediment to design and implementation of economic policy instru-
ments. The gap is particularly acute for ‘regulating services’, such as
disease and flood regulation and climate control, which are rarely priced,
yet have strong effects’.

In this chapter we have provided clues how to identify poten-
tial impacts on biodiversity through the identification of biophysical
effects with know impacts on biodiversity composition, structure, or key
processes. Knowledge on the area where these impacts occur further
provides information on affected ecosystem services, which allows for
identification of stakeholders and a complete representation of biodiver-
sity in the SEA process. A question of great concern to all those involved
in environmental assessment is when NOT to study certain issues further.
Environmental assessment can only be effective if it focusses on real
issues of societal concern; it should not end up in endless data gathering
exercises with little added value to decision making. Each human activ-
ity leads to biophysical effects (by our very existence we continuously
change our environment), but not all biophysical effects lead to relevant
impacts on biodiversity.

A recent questionnaire among 44 impact assessment professionals
from 14 Southern African countries revealed that ‘in the context of
biodiversity considerations, impact assessments seldom answer strate-
gic questions, seldom deliver relevant information and provide little
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inspiration to decision makers’ (Brownlie et al., 2006). The authors make
the important observation that a focus on ecosystem services provides a
means to address biodiversity in SEA from a ‘biodiversity FOR develop-
ment’ point of view, in stead of the polarising message of ‘biodiversity
OR development’ (Brownlie et al., 2006). Especially in the developing
world the linking of biodiversity to people and poverty is a prerequisite.
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8 � Reconciling conservation and
development: the role of
biodiversity offsets
Asha Rajvanshi and Vinod B. Mathur

Background
Many of the efforts of the global conservation community are directed
to achieve two seemingly incompatible goals – biodiversity conservation
and economic development. The synchronization of efforts for achiev-
ing these conflicting goals is often hampered by multiplicity of factors
that threaten biodiversity. Those threats to biodiversity that are driven by
an increasing array of homogenizing forces include at least three factors.
First, there is the spread of introduced species (Mack et al., 2000). Second,
there are increasing demands on biodiversity resources due to dominance
of humans as principle components of natural ecosystems (Putz, 1998;
Sanderson et al., 2002) in most biodiversity-rich countries. Third, there is
the rising impact of competing land uses in wilderness areas for meeting
contrasting objectives of satisfying the socioeconomic needs of the human
population and conserving the fast declining diversity and decreasing sizes
of populations of species. The increasing trends of habitat fragmentation,
modification, and loss of forests, wetlands, coral reefs, and other ecosys-
tems resulting from unabated and accelerating transformation of the earth
for urban development, perhaps remain the single most pervasive threat
to biodiversity resources (Sala et al., 2000; McNeely, 2006).

Biodiversity conservation has a number of distinguishing features
which differentiate it from more conventional resource management
issues and which must be taken into account in implementing develop-
ment projects. Some of the biodiversity losses may be irreversible, and
once lost, a species is gone forever. Also, many species, especially inverte-
brates, microbes and viruses, have yet to be discovered. Therefore much
of the biodiversity loss that is presently occurring is in the form of loss
of species we have yet to discover (Young et al., 1996). Stopping devel-
opments cannot always be an answer. Moving beyond the environment
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versus development debates and making a fresh resolve to mainstream
biodiversity in development may perhaps lead to more positive efforts
towards a sustainable future. Finding innovative ways to link biodiversity
conservation with development becomes a unique challenge and urgency
for conservation organisations and businesses as well as voluntary bodies,
governments, and civil societies.

Biodiversity offset: Concept and definition

Biodiversity-inclusive impact assessment has steadily emerged as a useful
planning tool to manage development and to restoring biodiversity as a
means to address the impacts of our expanding footprint. The mitigation
step in EIA frameworks provides options for preventing and minimiz-
ing the impacts of development projects on biodiversity by utilizing an
array of strategies, policy instruments, economic incentives, and market
solutions for compensating the residual impacts. The concept of a ‘biodi-
versity offset’ as a compensation measure is relatively new. Comprehen-
sive and universally acceptable definitions for ‘biodiversity offsets’ that
would be useful for encouraging new policy directions for conserving
biodiversity are therefore currently lacking. The review of the terminol-
ogy use in different parts of the globe provides several working defini-
tions that help in understanding of the concept, design, and conservation
benefits of offsets (See Box 8.1).

Box 8.1. Defining ‘biodiversity offsets’

Biodiversity offsets are:
� Environmentally beneficial activities undertaken to counterbalance

an adverse environmental impact to achieve ‘no net environmental
loss’ or a ‘net environmental benefit’ (Western Australia EPA, 2004).

� One or more appropriate actions that are put in place to counter-
balance (offset) the impacts of development on biodiversity (NSW,
2002).

� Conservation actions intended to compensate for the residual,
unavoidable harm to biodiversity caused by development projects
to ensure ‘no net loss’ of biodiversity (Ten Kate et al., 2004).

� A form of mitigation used to address net biodiversity loss after all
other mitigation measures have been taken (EBI, 2003a).
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Policy context

Interest and practical experience of using biodiversity offsets in making
development and conservation mutually supportive is gradually building
up in response to various policy directives across different countries and
economic sectors (Johnston and Madison, 1997; NRC, 2001; Wilkinson
and Kennedy, 2002). The concept is also increasingly appearing on the
international agenda as a potential mechanism for securing conserva-
tion outcome in the face of growing development pressures. One of the
most far-reaching provisions of the Convention on Biological Diversity
(CBD, 1992) requires the Conference of Parties (CoP) to integrate the
conservation and sustainable use of biodiversity into relevant sectoral or
cross-sectoral plans, programmes, and policies. The relevance of offsets
as conservation actions at regional and national level is being increas-
ingly realised ‘to help reduce the current rate of biodiversity loss at
the global level by 2010 with an objective to alleviate poverty and
benefit all life on earth’ as proposed by the CBD Conference of Parties
(CBD, 2002). The principles of in situ and ex situ conservation advocated
in Articles 8 and 9 of CBD and in Article 14 of the CBD that
promotes biodiversity-inclusive impact assessment together provide the
impetus for encouraging onsite and offsite activities as ‘green develop-
ment mechanisms’.

Targeting for ‘no net loss’ or ‘net biodiversity gain’ as opposed to
mitigation of negative impacts on biodiversity is being strongly recom-
mended by voluntary organisations and professional bodies (IAIA, 2005;
IEEM, 2006; Slootweg et al., 2006) as best practice principles and
approaches. Such best practice benchmarks guiding the integration of
biodiversity in impact assessment of developments in different economic
sectors has created tremendous scope and opportunities for designing
biodiversity offsets to ensure that development makes a positive contri-
bution to local and regional biodiversity resources. The findings of
the recent Millennium Ecosystem Assessment (2005) are most signifi-
cant in determining drivers of global biodiversity losses and in provid-
ing useful guidance on promoting market-oriented approaches (use of
incentives, easements, and tradable development permit programmes) to
integrate protection of biodiversity and ecosystem services in the devel-
opment planning (see Millennium Ecosystem Assessment 2005a). This
guidance has been adequately captured in many of the biodiversity offset
approaches, including conservation banking, development of tradable
rights and biodiversity credits, direct payments for access to habitats
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and use of biodiversity resources and ecological services, and creation
of trust funds and monetary bonds for financing mitigation of impacts.
These enabling mechanisms of mainstreaming biodiversity conservation
in business plans are aimed at creating mutually beneficial opportuni-
ties for both business and biodiversity. Business groups are beginning to
take a lead to demonstrate that responsible biodiversity stewardship is
a fundamental business issue for managing risks, capitalizing on oppor-
tunities, and improving the corporate performance in environmentally
and socially responsible manners (Anonymous, 1997, 2002b). Oil and
gas industries are already beginning to explore the use of offsets (EBI,
2003a; IPIECA, 2003; IPIECA and OGP, 2005).

A number of donor organisations, governments, and intergovernmen-
tal institutions are studying offsets to develop enabling policies and setting
standards for promoting offsets as a biodiversity management and conser-
vation tool to benefit different sections of society. For governments,
offsets offer opportunities to drive the implementation of national policies
to be able to achieve national conservation goals and fulfil the obligations
and commitments under Millennium Development Goals and CBD and
to allow for better balancing of costs and benefits of conservation and
economic development. For developers, offsets offer means to secure new
market opportunities and provide cutting edge advantages of improving
performance and ‘reputational benefits’ by caring for nature. For both
custodians of natural resources and the conservation community at large,
offsets are mechanisms to mainstream biodiversity in development plans.
The offsets offer opportunities to enter into negotiations on the conser-
vation of high priority biodiversity values and habitats instead of highly
compromised sites to achieve better conservation outcomes from devel-
opment. For resource economists, offsets present a new approach to
the financing of conservation and achieving greater economic value for
biodiversity. For society, offsets ensure the perpetuity of the benefits from
healthy and productive ecosystems for sustenance, livelihood security, and
well-being.

Policy makers wishing to promote biodiversity offsets draw on a range
of underlying benefits to make enabling policy interventions, thus build-
ing the case for the promotion of biodiversity offsets. In Uganda, the
policy framework for biodiversity offsets requires the employment of
offsite measures when the impacts cannot be mitigated by onsite remedia-
tion. Offsets are already accepted as an additional environmental manage-
ment tool to contribute to achievement of sustainable development in the
Western Cape Province of South Africa (Department of Environmental
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Affairs and Development Planning, 2006), Sweden, and the United
Kingdom (Petterson, 2004). The World Bank has a long history of financ-
ing regional/multinational projects and national investments. The Bank’s
Safeguard policy, that is, the Operational Policy on Natural Habitats, is
being updated (World Bank, 2001) to incorporate performance standards
for conservation of biological diversity and sustainable natural resource
management. It states that ‘the client will not significantly convert or
degrade natural habitats unless there are no technically and economi-
cally feasible alternatives, the overall benefits of the project substantially
outweigh the social and environmental costs; and any conversion is appro-
priately mitigated’ (www.ifc.org/ifcextpolicyreview.nsf/content/home).
The Ecological Compensation Programme in the Netherlands incorpo-
rates the condition that developers who damage habitats are required to
offset this damage through protection of three times the original area in
the same zone (OECD, 1996; Landell-Mills and Porras, 2002). In many
cases, Government policies requiring or supporting offsets lead to the
establishment of national systems to define and administer biodiversity
offsets and develop institutional frameworks for the consideration of offset
proposals and their implementation. The amended EU Habitats Direc-
tive (European Commission, 2000) that requires provisions for recreation
or replacement of a habitat to mitigate adverse effects on the integrity
of the ‘Natura 2000’ sites is an example of government-led support to
implement offset schemes.

Legal and regulatory provisions

Biodiversity offsets are already a part of the legal framework in many
countries (Table 8.1). Many of these regulations, requiring the imple-
mentation of offsets along with protection of species or ecosystems, have
motivated the development of offset schemes in these countries and have
created a still greater incentive for offsetting activities.

The experience from the United States, which has one of the longest
standing biodiversity offset schemes, is the Wetland Banking System
that was developed in response to provisions under its Clean Water
Act. The offset activity has been most robust in United States, and its
implementation has increased markedly in recent years as a result of two
decades of experience. As a result, the wetland offsets in the United States
accounted for about 6,000 hectares per year in the early 1990s, further
increasing to an average of over 16,000 hectares per year since 1995 (Fox
and Nino-Murcia, 2005).

www.ifc.org/ifcextpolicyreview.nsf/content/home


260 · Asha Rajvanshi and Vinod B. Mathur

Table 8.1 Regulatory provisions for the adoption of biodiversity offsets.

Legislation Provisions

United States
Endangered Species Act

(1973) U.S.C.1531 et. Seq.
Mandates preservation of critical habitat on private

land and the implementation of a species
recovery plan (Ten Kate et al., 2004).

Provides for an ‘incidental take’ of enlisted species
if a landowner provides a long term
commitment to conserve species through the
development of a Habitat Conservation Plan
(HCP) that ensures recovery of species survival
through the hectare for hectare compensation
(McKenny, 2005).

Clean Water Act (Section
4B)(amended Federal
Water Pollution Control
Act of 1972) and US Army
Corps of Engineers
Regulations
(33CFR320.4(r))

Encourages the Wetland Banking for ensuring no
net loss of wetlands by mandating creation or
restoration of wetlands of comparable value
through mechanisms of purchasing ‘credits’ in
an alternative specified area determined by the
Army (McKenny, 2005).

Canada
Fisheries Act under

R.S.1985, c, F-14 Policy
for Management of Fish
Habitat (1986)

Encourages compensation by increasing the
productive capacity of existing habitat for a
different stock or species on or offsite to ensure
‘no net loss’ of fisheries habitat in Canada
(www.dfo-mpo.gc.ca/canwaters-
eauxcan/infocentre/legislation-lois/policies/
fhm-polocy/index e.asp).

Habitat Conservation and
Protection Guidelines
(1998)

Encourages developers to relocate or redesign
their activities, mitigate where relocation and
redesign is not possible and compensate for
unmitigated damage.

European Union
UK Electricity Act 1989

Schedule 9
Stipulates that electricity suppliers and generators

must mitigate any adverse effect and produce a
statement confirming actions taken to ensure
mitigation (Ten Kate, 2003).

Habitat Directive and
implementing regulations
(Council Directives
92/43/EEC and
79/409/EEC.)

Provides a step-by-step scrutiny of development
plans affecting the European designated sites to
secure compensatory measures to replace the
affected habitat (European Commission, 2000).
Directives for protection of sites under Natura
2000 network.



Reconciling conservation and development · 261

Table 8.1 (cont.)

Legislation Provisions

European Union
Environmental Liability
Directive (2004):

The EU directive makes specific reference to
biodiversity and operates on the ‘polluter pays
principle’ requiring companies to undertake
compensation for environmental damage.

Switzerland
Federal Law for Protection of

Nature and Landscape
(1983)

Mandates reconstitution and replacement of
protected biotopes where impacts are
unavoidable (www.admin.
ch/ch/f/rs/451/a18html).

Brazil
Protected Areas Law (#9985)

Decree 4340
Regulation requires rural property to maintain a

forest reserve of at least 20 percent
(Government of Brazil, 1965, 2000).

Forestry Code (#4771)
Provisional Measures
2166/67

Where a development has a significant
environmental impact, it must compensate for
this by supporting a unit within a National
System of Conservation Units (SNUC). The
sum paid depends on the degree of
environmental impact of the project but must
be at least 0.5 percent of the total investment
costs and in the rainforest areas may be above
6 percent. The law requires that the landowners
must maintain a fixed minimum percentage of
natural vegetative cover on their property. The
requirement can be satisfied through the
use of offsite conservation offsets (McKenney,
2005).

Australia (states and
territories)

Environment Protection and
Biodiversity Conservation
Act (1999)

Establishes that Commonwealth approval may be
required for native vegetation clearing that is
likely to have significant impacts on those
aspects of the environment that are of national
significance (Commonwealth of Australia,
1999).

New South Wales
Environmental Planning and

Assessment Act (1979)
Grants power of negotiating biodiversity offset

programs for licensed premises as part of their
development consent (McKenney, 2005; NSW,
2006b).



262 · Asha Rajvanshi and Vinod B. Mathur

Table 8.1 (cont.)

Legislation Provisions

Environmental Protection
Act (1986) 511(2)(b)

Regulatory provisions for abating, mitigating, or
offsetting the loss of the cleared vegetation and
allowing for making monetary contributions to
a fund maintained for the purpose of
establishing or maintaining vegetation.

The Sydney Water
Catchment Management
Act (1998)

Development must demonstrate a ‘neutral or
beneficial effect’ on the water quality.

Native Vegetation Act (2003)
No. 103

The legislation seeks to prevent broad scale
clearing and encourages the revegetation or
rehabilitation of land. Supports biodiversity
certification process and provides regulatory
procedures and tools for developing biobanking
schemes to promote biodiversity offsets.

Victoria
Threatened Species

Legislation Amendment
Act (2004).

Establishes legal and administrative structure to
enable and promote the conservation of
Victoria’s flora and fauna and to provide a
choice of procedures which can be used for the
conservation.

Flora and Fauna Guarantee
Act 1988 No. 47/1988
version No. 30.

The recently amended Environmental Protection Act in Australia,
relating to the clearing of native vegetation, makes specific reference to
environmental offsets. A range of state and territory level schemes has
been developed in Western Australia, Victoria, and New South Wales
(NSW). These link environmental offsets into the state’s sustainable devel-
opment strategies and encourage the use of biodiversity offsets as part
of a company’s development requirements. The NSW Government’s
‘green offsets’ scheme is one of the new economic tools to address the
cumulative environmental impacts of development (NSW, 2002) under
the Threatened Species Legislation Amendment Act (2004). The success-
ful implementation of this scheme subsequently led to the introduc-
tion of other market-based approaches such as Biodiversity Certification
and Biodiversity Banking Schemes (NSW, 2006b) for conservation of
threatened species on private lands. These new schemes would provide
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landholders with financial incentives to ‘maintain or improve’ the biodi-
versity values in the area and offset any losses that may occur as a result
of the development process.

Voluntary approaches

Apart from policy interventions and regulations requiring impacts on
biodiversity and ecosystems to be offset, voluntary approaches promote
offsets as a business case beyond legislative compliance. Literature on
voluntary schemes designed for forest services, water services, and carbon
sequestration (Landell-Mills and Porras 2002; Ten Kate and Laird, 2002)
have significantly encouraged the use of biodiversity offsets. Many profes-
sional networks have already taken a lead in institutionalizing the practices
of developing and designing offsets (Box 8.2) as these have considerable
virtues of low administrative costs, high community acceptability, and
minimal equity implications. Companies such as Newmont, Rio Tinto,
and Shell are also pioneering innovative approaches to integrate biodi-
versity offsets into their business plans (Bertand, 2002; EBI, 2003d; Fish
et al., 2004).

Box 8.2. Voluntary initiatives for biodiversity offsets

� The Business and Biodiversity Offset Program (BBOP)
(www.forest-trends.org/biodiversityoffsetprogram) Forest Trends
and Conservation International recently established the Business
and Biodiversity Offset Program. This BBOP Learning Network is
a partnership of 50 institutions representing companies, scientists,
NGOs, government agencies, and research institutes to pilot projects
which compensate for the residual, unavoidable harm to biodiver-
sity caused by major development projects. The objectives of BBOP
are to (i) demonstrate conservation and livelihood outcomes in a
portfolio of biodiversity offset pilot projects; (ii) develop, test, and
disseminate best practices on biodiversity offsets; and (iii) influence
policy and corporate developments on biodiversity offsets so they
meet conservation and business objectives.

� Biodiversity Neutral Initiative (www.biodiversityneutral.org).
Biodiversity Neutral Initiative (BNI) is a nonprofit organisation
that researches and promotes best practices for corporate biodiver-
sity management. The organisation’s long-term goal is to develop
guidelines for measuring, communicating, and offsetting impacts

www.forest-trends.org/biodiversityoffsetprogram
www.biodiversityneutral.org
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on biodiversity through compensatory conservation projects so that
the leading companies can become biodiversity ‘neutral’.

� Energy and Biodiversity Initiative (www.theebi.org). The EBI
is a partnership between four energy companies (BP, Chevron,
Shell, and Statoil) and five international conservation organisations
(Conservation International, Fauna and Flora International, IUCN,
Smithsonian Institution, and The Nature Conservancy) to produce
valuable products to ensure better integration of biodiversity consid-
erations into oil and gas operations. EBI is developing practical
guidelines, tools, and models to improve industry’s environmental
performance, reduce impacts of development projects on biodiver-
sity, and maximize opportunities for conservation. A report of EBI
(2003a) focuses on biodiversity offsets.

� International Council on Mining and Metals (www.icmm.
com). ICMM, formed in October 2001, represents the leading
international mining and metals companies. ICMM members’
mission is to offer strategic industry leadership towards achiev-
ing continuous sustainable developments in the mining, minerals,
and metals industry. ICMM’s environmental stewardship work
programmes are aimed at promoting science-based regulations and
material-choice decisions that encourage market access and the safe
production, use, reuse, and recycling of metals. One of its key work
programmes is the development of biodiversity offsets and their field
testing for positive contributions to biodiversity conservation and
the environmental performance of the industry.

Objectives of implementing biodiversity offsets
The concept of biodiversity offsets is premised on a ‘no harm’ principle.
Primarily, offsets aim to ensure that all residual impacts on biodiversity
which are considered significant but not severe enough to hold back the
proposed development, are counterbalanced by gainful compensatory
conservation measures.

Accordingly, the objectives for implementing offsets can vary from ‘no
net loss’ to ‘net gain’ in biodiversity values (Ten Kate et al., 2004; Western
Australia EPA, 2004). The objective of ‘no net loss’ of values of ecological
functions of ecosystem is inherent in the Memorandum of Agreement
that is laid down between the US Army Corps of Engineers and the

www.theebi.org
www.icmm.com
www.icmm.com
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Figure 8.1 Role of offsets in influencing the project’s net impact at the site level
(Modified from ICMM, 2005b and Ekstrom, 2005).

Environmental Protection Agency for Wetland Mitigation Banking (US
Army Corps of Engineers Regulations (33CFR320.4(r)). This objective
was later rewritten to advocate the policy of ‘net gain’ in wetland areas in
the United States (Coyne, 2004). The ‘better’ and ‘more’ conservation
goals proposed by Goodland (2003) suggest that the offsets should be
extensive in area, yield greater conservation value in perpetuity (i.e. be
less disturbed, more varied in biodiversity, and more efficient in produc-
tive functions for greater benefits of environmental services) and should
be better protected. In this context, offsets may be seen as a means to
achieve a ‘net positive’ contribution to biodiversity conservation. These
measures go beyond just achieving the thresholds of ‘minimum require-
ment’, ‘no net loss’ or ‘no net gains’ (EBI, 2003b) and can be in any
of the forms leading to generating benefits greater than the project’s net
impact at the site level (Figure 8.1).

Biodiversity offsets virtually represent the last line of defence for the
natural ecosystems. They serve as a final option to achieve the ‘biodiver-
sity breakeven point’, that is, the point where no net loss of biodiversity
is ensured through comprehensive biodiversity management responses to
developmental impacts. The challenge to recognise a point where and
when the breakeven point would occur is conditioned by the location,
time and scale of offset, and the type of offset activity. The following are
the most recognizable forms of offsets:
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� Onsite offset: where a developer secures and improves biodiversity values
within the same development zone.

� Offsite offset: where the developer secures and improves biodiversity
values in another piece of land, for example, creation of an alternate
habitat for endangered species.

� Offsite offset through a third party: when a developer purchases biodiversity
credits from a third party to provide an offset ex ante or at the time of
the development and subsequently maintains the offset on its behalf.

The activities intended to help counterbalance the environmental
impacts with the aim of achieving no environmental difference are
considered as direct offsets (e.g. restoration of biodiversity corridors,
rehabilitation, re-establishment, and sequestration). The secondary offsets
represent the selected complementary activities which along with the
direct offset meets the offset principles of ‘no harm’. These include
protection mechanisms (e.g. fencing and buffering); management initia-
tives (e.g. monitoring, education and research); removal of threats (e.g.
eradication of exotic species); activities having a proven environmental
benefit (e.g. watershed management); or contributions to an approved
‘bank’, credit trading scheme or trust fund.

Relevance of biodiversity offset as a
mainstreaming instrument
The process of integrating biodiversity in EIA offers adequate ground to
stimulate biodiversity offsets as mainstreaming instrument. The inclusion
of offsets in the generic EIA process represents a possible scenario for
visualisation of conservation actions to be explored and recommended
in the mitigation step of any impact assessment exercise. Mitigation in an
environmental context refers to a sequence of options designed to help
manage adverse environmental impacts. These may include:

� avoidance (avoiding the adverse environmental impacts all together);
� minimization (limiting the degree or magnitude of the adverse impacts);
� rectification (repairing, rehabilitating or restoring the impacted site as

soon as possible);
� reduction (gradually eliminating the adverse impacts over time by better

maintenance of operations during the life of the project); and
� compensation (undertaking such activities that counterbalance/offset an

adverse, residual environmental impact).
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Figure 8.2 The role of biodiversity offsets in making positive contributions to
biodiversity through sustainable development.

Although conservation of existing biodiversity values should be upheld
as a priority above the use of biodiversity offsets, the onsite adverse
biological impacts must follow the ground rule for mitigation sequence,
that is, avoid, minimise, rectify, reduce, compensate, or offset, in that
order. The offsite offsets should then be used to address any significant
residual environmental impacts subsequently (Figure 8.2).

No single approach or instrument can serve to be a magical wand
that would be sufficiently powerful to solve all threats to biodiver-
sity in any country. As a general rule, it is better to explore a mix of
instruments to meet the complex objective of offsetting the impacts on
biodiversity of development projects. The choices can be made from
a range of conservation-oriented activities that can qualify as compen-
sation actions or from the various market-based instruments that can
represent satisfactory compensations in economic terms for biodiversity
losses.
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Conservation-oriented actions for biodiversity offsets
Prescriptions and guidance for developing conservation-oriented biodi-
versity offsets is fast accumulating from the experience of countries such
as Australia, Brazil, the United States, and countries in the European
Union. While appropriate activities vary from site to site, a range of
different terrestrial and aquatic, offsite and onsite ecosystem manage-
ment interventions can be distinguished.

Establishing habitat networks

As the size and spatial relationships between habitat patches greatly influ-
ences biodiversity, this approach of establishing habitat networks essen-
tially involves identifying and securing the management of lands that
offer greater utility as biological corridors between Protected Areas (PAs).
The fragmentation of habitats by urbanization and linear development
projects (e.g. network of canals, roads, railway lines, or power lines)
has highlighted the need to restore habitat networks to provide better
functional attributes and maximise opportunities for biodiversity. Ecolog-
ical engineering solutions such as road passages for animals and restora-
tion of biological corridors certainly represent an important strategy to
offset impacts of species isolation, mortality, and habitat fragmentation
by existing roads (McKinney and Murphy, 1996; Cuperus et al., 1999;
Van Bohemen, 2004). New guidance is now also becoming available on
how to master plan green infrastructure for a sustainable community. The
initiatives of encouraging ‘biodiversity by design’ into new urban devel-
opments to offset climate change effects already offer a strong business
case in many countries. (TCPA, 2004)

Upgrading protection in nondesignated areas

This approach follows the principle of conservation science that advocates
strengthening of conservation efforts by placing land into protected areas
and nature reserves in order to reduce its vulnerability to threats. Some
examples of offsets resulting in enhancement of conservation of protected
ecosystems and species are presented in Box 8.3.

Demarking sites of conservation importance to ensure protection

Acquisition of land for the creation of alternate habitat, or the fencing
of areas of conservation importance, such as sites of reintroduction or
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Box 8.3. Examples of offsets involving conservation
enhancement activities

� The Chad–Cameroon Petroleum Development and Pipeline
Project involved construction of a 1,070 km pipeline to transport
crude oil from three fields in southwestern Chad to a floating facility
11 km off of the Cameroon coast. Cameroon has some of the most
biologically diverse and important forests in Africa. The project
threatened valuable ecosystems, particularly in Cameroon’s coastal
rainforest where the corridor of the pipe cuts straight across these
sensitive ecosystems. The World Bank Group applied its safeguard
policies to the project and related infrastructure, and worked with
the sponsors to ensure that whereever possible, the pipeline avoided
areas of high biodiversity. Other conservation efforts included
the setting up of two new large national parks in Cameroon to
offset a small but unavoidable loss of forest. The parks, which
will help protect biodiversity, are being independently managed.
(www.ifc.org/ifcext/africa.nsf/AttachmentsByTitle/ChadCam
ProjectOverview/$FILE/ChadCamProjectOverview.pdf).

� The construction of Indira Sagar Hydropower Project in India
presented an opportunity to create three Protected Areas in forested
habitats including the riparian stretches outside the zone of submer-
gence. These new Protected Areas are being set up to offset the
loss of habitats of several ungulate species (four-horned antelope,
spotted deer, sambar), endangered carnivores (tiger and leopard), the
endangered smooth-coated Indian otter, and several bird species.
As part of the mitigation proposal (WII, 1994) the costs of the
preparatory feasibility studies, the land transfer and the subsequent
management of the protected areas are to be borne by project
authorities. The anticipated offset benefits are: (i) securing the
contiguity of the habitat; (ii) the enhancement of status and conser-
vation value of habitats outside the project area, currently having
low anthropogenic pressures; and (iii) the opportunities of conduct-
ing studies on newly created islands within the future reservoir
area.

� As part of the Pacific Highway upgrade program, the Roads
and Traffic Authority (RTA) of New South Wales proposed to
construct a 9.8 km section of dual carriageway around the town of
Karuah. Although the preferred route for the bypass was selected
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to avoid environmental impacts, the environmental assessment
identified that the removal of 47 hectares of vegetation, including
16 hectares from the Karuah Nature Reserve, would have major
ecological impacts. The RTA acknowledged that it would not be
possible to avoid all the impacts on habitat or threatened species and
a compensatory habitat package would have to be developed. The
National Parks and Wildlife Service (NSW, 2006a) now the Depart-
ment of Environment and Conservation (DEC) sought an offset
that would deliver an outcome of overall ecological gain rather than
applying specific habitat ratios. An 89-hectare block of privately
owned land was identified near the proposed road alignment. It
contained similar vegetation and many threatened species affected
by the road upgrade. The DEC agreed to incorporate the land
into the adjacent Karuah Nature Reserve. The RTA acquired the
land to transfer it to DEC for which the approval of the Parlia-
ment was granted. Legislative provisions for land transfer require
the new nature reserve to be of equivalent or better value than
the habitat being lost from the reserve. The RTA also agreed to
contribute $15,000 towards initial management costs, such as weed
control and active rehabilitation. The offset benefit in this case was
the added area that created a larger contiguous block of habitat that
had significant benefits for biodiversity.

feeding and breeding grounds of endangered species, can sometimes help
to compensate impacts of a development activity. Such activities as part
of a mining operation or the construction of a dam and associated human
displacement are examples of secondary offset activities. Secondary offsets
can only be accepted after attempts have been made to address the impacts
of the project through primary offset activities.

Removal of threats

This involves initiatives to remove potential and existing threats to biodi-
versity at the direct offset site, thereby preventing it from being poten-
tially damaged in the future. Examples might include eradication of
feral animals or exotic flora, removing pollutants, preventing livestock
entry, and controlling the spread of diseases in areas maintained as natural
ecosystems.
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Building partnerships to enhance biodiversity conservation in
habitats on private land

Many conservation organisations have shown strong interest in pursuing
partnerships with the private sector to capture opportunities for the
conservation of high-priority areas. The Land for Wildlife Programme is
run by the Department of Conservation and Natural Resources and the
Bird Observers Club of Australia with the objectives to foster attitudinal
change of private landholders and to encourage them to conserve flora
and fauna habitat. As a result, currently more than 40,000 hectares of
land is being voluntarily managed as wildlife habitat without offering any
direct financial assistance (Victorian Environment Protection Authority,
1994).

In a hypothetical case from ‘Arboria’, Kumari and King (1997) calcu-
lated the incremental cost for logging companies to extend the exist-
ing system of commercial inventory (which constitutes the baseline for
planning logging operations) to include a comprehensive inventory of
the remaining biodiversity. This was intended to assist the Forest Depart-
ment in profiling the biodiversity of one of the mega diversity ‘hot-spot’
countries and to provide the basis for designing medium- and long-term
conservation measures for natural biodiversity.

Address underlying causes of biodiversity loss at offset sites:
biodiversity-related sustenance needs of local communities

This approach is based on the assumption that if the stakes of the local
communities are nurtured and secured, they may relate and respond more
readily and ably to ‘on-the-ground’ biodiversity issues, such as wildlife
conservation, than to other less tangible environmental impacts, such as
carbon dioxide emissions and ozone depletion. For example, in Papua
New Guinea, the Government has established Wildlife Management
Areas, where local communities comanage resources. The management
committees, consisting of representatives from local communities, can
apply measures, such as asking royalties on the taking of game and fish
by outsiders, putting restrictions on some hunting or fishing techniques,
prohibiting the collection of crocodile eggs, or imposing restrictions on
logging (Eaton, 1985).

Market-based approaches for biodiversity offsets
The premise for promoting market-based approaches to mainstream
biodiversity in mitigation planning is that ecological values on the site of
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a proposed development can be translated in economic values. Market-
based approaches are receiving increased attention as they possibly offer
more effective alternatives and complementing options to regulatory
approaches (Young et al., 1996; Tietenburg and Johnstone, 2004). The
primary motivation for incentive-based approaches is that if environ-
mentally appropriate behaviour can be made more rewarding to land
managers, the best business choice will correspond to the best social and
environmental choices. Economic instruments have enormous potential
as a source of funding for ecosystem restoration and for conservation of
biodiversity. These instruments can guide the choice between alterna-
tives that influence quantities of resources used. We will explore some
of the options for offsetting impacts on biodiversity using economic
instruments below.

Taxes, fees, and charges

Direct charges and taxes are the most common instruments used to align
private and social incentives, promote environmentally sound behaviour,
and raise funds to protect biodiversity or reduce likely negative impacts
of development proposals. Collectively these approaches imply that,
wherever possible, the costs of providing access to biodiversity should
be recovered from the direct beneficiaries of biodiversity conservation.
Taxes can follow the ‘polluter pays principle’ by charging those who cause
environmental damage. Taxes are levied on the extraction of resources,
such as sand and gravel (e.g. in Eastern Europe, taxes are applied to
extracting minerals from river beds), on the discharge of effluents into
water sources, on logging, or on visitor use (e.g. a fee is charged to
tourist visiting the Greek Island of Zakynthos in order to reduce the
pressures on the sea turtle Caretta caretta (Bräuer, 2006)). Charges can also
include entrance fees for protected areas, payments for water services, and
schemes to internalise the costs of pesticide or fertiliser use.

Subsidies, grants, and funds

Direct payments through subsidies, support schemes, grants, and funds are
market-based instruments which help to establish a direct link between
economic incentives and conservation actions. Funds can be used to
target the protection of particular species or the conservation of valued
ecosystems in protected or other wilderness areas (Box 8.4).
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Box 8.4. Conservation funds to offset impacts on
biodiversity

� The Monarch butterfly conservation fund was established by WWF
in Mexico to conserve the habitat of the Monarch butterfly.
This involved paying communities within the biosphere reserve
to conserve forest by forgoing logging permits in conservation
actions.

� A revolving fund for biodiversity is administered by The Victorian
Trust for Nature in Australia. It is used to buy up unsustainably
managed land from landowners. The land is put under a covenant
covered by Australian law, specifying activities that may or may not
be carried out on the site. It is then sold on to landowners who are
bound by the covenant (Missrie and Nelson, 2005).

� Kutai National Park (Bontang, East Kalimantan, Indonesia) is one
of ten protected areas to be formally approved as a National
Park. Covering about 200,000 hectares, it has immense interna-
tional significance for the conservation of lowland tropical rainforest
and contains a high diversity of wildlife including all five primate
species endemic to Borneo. At the same time, Kutai National Park
faces many pressures from at least eight large industries, includ-
ing oil, gas, and coal mining, fertilizer production, and logging
operations within or in close proximity of the Park. Since 1996,
these industries have contributed funding to support the conser-
vation activities in the PA. An association formed especially for
this purpose, the ‘Friends of Mitra Kutai’, has channelled contribu-
tions for Park management and community development activities.
Cash contributions go directly to the Park’s budget, while noncash
contributions include fire-fighting equipment, trucks, personnel,
fuel and food, as well as tree nurseries established by the industry
owner. Between 1996 and 2000, participating companies invested
more than $300,000 in Kutai National Park. Corporate donations
have been used on training and to map the Park, to develop
ecotourism, to prevent forest fires, and to support community devel-
opment activities in four villages located within the PA (Suratri,
2000).
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Property rights

Property rights mechanisms seek to compensate for, or reverse market
failures through mechanisms which make resource use opportunities
consistent with social values. As with other market-based instruments,
the aim is to alter private costs and benefits so that unaccounted social
costs (and benefits) can be ‘internalised’ to ensure the desired environ-
mental improvement. Most property rights begin by defining what may
be done and then restricting what may be done by using covenants and
conditions to specify what may not be done. A conservation covenant,
for example, might prohibit clearing. The experience of a number of
countries suggests that covenants and easements offer considerable scope
for the establishment of buffer zones and wildlife corridors, and for
protected area management (Gunningham and Young, 2002). Property
rights–based approaches include the establishing of clear ownership
rights, conservation easements, and communal property rights.

Payments for environmental services

In this model, ‘consumers’ of environmental services are taxed or are
made to contribute voluntarily to the generation of funds to help
maintain those services that are threatened. One of the best-known
developing country examples is the Environmental Services Payment
Program in Costa Rica, which pays landowners in key watershed
areas to maintain forest in degraded areas for their four basic services:
(i) watershed protection, (ii) mitigation of greenhouse gas emissions,
(iii) biodiversity protection, and (iv) ensuring natural scenic beauty.
Part of the funding comes from developers. For example, in La
Esperanza Hydropower Project a contract between the hydropower
project and the Monteverde Conservation League (MCL), owning most
of the 3,000 hectares watershed, required payment of $10 per hectare for
watershed services as a means of assisting the MCL to protect the forest
effectively (Rojas and Aylward, 2001).

Bond and funds for mitigating anticipated impacts

Bonds and deposits are product surcharges which shift the responsibil-
ity for the mitigation of project impacts on to individual producers and
consumers. They are applied to natural resource-based industries, such
as forestry, mining, fisheries, and other extractive activities. They are also
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highly relevant to tourism, and urban, industrial and residential develop-
ments that may harm biodiversity. By charging in advance for any antic-
ipated impact on biodiversity, restoration and assurance bonds provide
conditional security of funds to meet the costs of anticipated damage.
At the same time, such bonds and funds also ensure that producers or
consumers cover the cost themselves. This approach thus presents an
incentive to avoid impacts on biodiversity.

Trading rights

Tradable permits and biodiversity credits are trading instruments to
counterbalance the harm to endangered species and habitats of high
conservation significance. This approach involves the creation of ecolog-
ically comparable area(s) that are managed for biodiversity and the
purchase of species-specific credits from what has become known as
‘conservation banks’. The wetland and conservation banking schemes,
developed in the context of the U.S. Endangered Species Act and the
Clean Water Act are perhaps the best known examples of trading instru-
ments. The wetland mitigation banks and the conservation banks are
essentially private (usually for profit) entities that protect specific species
with a view to selling species’ mitigation credits to future needy devel-
opers. The potential benefits of such conservation banks is that they
allow advance mitigation at a single large site for multiple future projects
that would otherwise be mitigated at several smaller sites. The state of
California pioneered the approach in 1990 as a creative way of financing
the conservation of gnatcatcher habitat. Since then, private companies
have been setting up wetland banks to create wetlands to serve as ‘wetland
credits’ to be sold out to developers (Shabman, 2004). Estimates indicate
that these trading schemes have created 72,000 ha of wetland and endan-
gered species habitat in more than 250 approved habitat ‘credits’ in more
than 45 states in the United States (Wilkinson and Kennedy 2002; Fox
and Nino-Murcia, 2005).

Acquisition of land with high conservation values through
open land markets

As the environmental benefits of acquiring a ‘critical asset’ for conser-
vation may greatly outweigh the overall environmental loss, acquisition
of land for conservation can be considered as a direct offset. Examples
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Box 8.5. Land acquisition to improve conservation
opportunities for developers

� The Roads and Traffic Authority (RTA) purchased a property with
a known population of Striped Legless Lizards. The protection of
this population to compensate for unavoidable impacts of a highway
upgrade helped to maintain the overall viability of the species (NSW,
2006).

� An offset scheme was developed for a bentonite mine in Western
Australia which was proposed to occupy about 10 hectares in
Watheroo National Park, 200 km north of Perth. In addition
to rehabilitation of the mine site after extracting the resource,
the company agreed to provide an offset for the residual impacts
on a Eucalypt. Eucalyptus rhodantha (Rose mallee) occur only as a
few remnant populations in Midwestern farmland with fewer than
500 plants recorded. The company purchased 50 hectares of remnant
native vegetation that contained the largest stands of the tree and
donated it to the State Government. The area was then managed as a
conservation reserve, maintaining a nationally significant population
of rose mallee. The offset proposed for the project was of significant
value to biodiversity conservation as it provided more than equiv-
alent values to the estate than those that were lost through mining
(CBD, 2005).

in Box 8.5 illustrate that conservation through a combination of land
acquisition, protection, and ongoing management can become viable
offset packages.

Payments for conservation and management of biodiversity

Biodiversity presents great opportunities for developing links to achieve
best biodiversity performance between a business and its stakeholders.
In situations where a company’s business operations lead to unavoidable
negative impacts on biodiversity, key elements of a corporate action
plan could be the incorporation of restoration and compensation actions
to reduce species and habitat loss through responsible investments in
conservation actions. Examples of business initiatives to offset impacts
are presented in Box 8.6.
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Box 8.6. Examples of business cases for conservation and
management of biodiversity

� At its Kennecott Utah mine site, Rio Tinto faced a permit require-
ment for an additional storage area of tailings produced by copper
ore milling. A wetland area was chosen that had to be offset.
Rio Tinto purchased 1,000 hectares of wetland to replace the lost
wetland, in a location fairly remote from the mine. This wetland
provided significant shorebird habitat. Subsequent surveys indicated
a many fold increase in use of the new wetland area by birds, justify-
ing its expansion by addition of another 450 hectare. (Source: www.
biodiversityeconomics.org/offsets).

� The red cockaded woodpecker is listed under the US Endangered
Species Act (ESA), which mandates the development and imple-
mentation of a ‘species recovery plan’ including obligatory protec-
tion of critical habitat on private land. Conservation efforts in forests
owned by the International Paper Company (IPC) led to excess
breeding pairs of woodpecker. This became an offset opportunity
for IPC. Each excess pair became a ‘bank’ used by the company to
offset impacts on endangered species elsewhere and also a valuable
commodity that could be sold out to other land owners to offset
their requirements (Heal, 2000).

Supporting biodiversity conserving business

This option can promote opportunities of cost sharing and promot-
ing business shares in biofriendly products. Examples of partnerships
between the conservation and business communities and of cost sharing
include many situations where private entities have voluntarily assumed
certain management responsibilities or have funded conservation activi-
ties that could be used to promote sustainable production and consump-
tion practices. Financial assistance includes targeted grants to promote
sustainable livelihoods and conservation, bounties, or other cash rewards,
conservation leasing, and soft credits and loans designed to encourage
conservation activities.

Creating markets for biodiversity conservation

A number of specific markets have already been developed around
biodiversity-related activities. Examples include: organic agriculture,

www.biodiversityeconomics.org/offsets
www.biodiversityeconomics.org/offsets
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sustainable forestry, nontimber forest products, genetic resources, and
ecotourism. Two highly successful examples where the instruments
themselves created the market are: (i) the trading in access to fishing
rights and (ii) transferable development rights to land. The emergence of
private parks in many regions of the world also demonstrates that there is
the scope to capture public values in private markets. The development
of new markets enhances the capacity of interested parties to delineate
attributes of biological resources and may also trigger the creation of new
products, services, and corresponding markets.

Carbon sequestration offsets encourage landowners to conserve natural
vegetation and to reforest land by providing a market that allows them to
be compensated for their costs and forgone profits. Ecolabelling schemes
and environmental certifications, mostly voluntary and often created by
private agents, have gained significant market importance, particularly in
the area of natural resource extraction and management. These labelling
schemes seek to increase incentives for environmentally sound production
by enabling consumers to differentiate between production techniques,
product quality, or producing organisations. A somewhat similar approach
involves the creation of offset certificates. These certificates are granted
to business groups and individuals who are able to demonstrate that by
purchase of offsets they have been able to balance activities that create
greenhouse gases.

Framework and ground rules for implementing offsets
Offsets are a relatively new conservation concept. There is no universal
‘how to use’ tool kit to plan, design, measure, and monitor the offsets.
This creates an urgency to develop a generic framework for the improve-
ment of the existing practice of using offsets for conservation. The advan-
tage of a uniform framework lies in the ease of minimum requirements
which can be set pursuant to the needs of different organisations that have
to contemplate offsets. A framework presented in Figure 8.3 represents
a generic approach for planning biodiversity offsets. This incorporates
good practice guidance understood from extensive review of literature
on offsets (Anonymous, 2002b; Ten Kate et al., 2004; McKenny, 2005;
BSR, 2006; WWF, 2006) and the lessons drawn from the application of
offsets in countries, such as Australia, Brazil, Canada, the UK, and the
United States.

There is universal agreement that even although biodiversity offsets
have been successful in many cases, they are far from being a universal
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Options of Market Based Instruments (MBI)

Price Based

Biobanks, Green

Wetland Bank,

Eco labeling

Biodiversity offsets

Onsite Offsite

Mechanisms for offsets

Options for conservation actions

Types of Offset

• Direct offsets

•

Generic guidance for offset application

• Positive offset ratios should be used where there is a reasonable risk that the

offset will not fully succeed over the long term. That is, the size of the offset to

impact ratio should be larger than 1:1

• The risk that the offset action will fail to deliver the expected credits should also

be considered as part of the mitigation plan.

• Mitigation replacement ratios should adjust to reflect a “temporal premium” for

full benefits.

• Offsets ‘for un-tradable’ values at stake must not be an option and in areas of

high biodiversity such as protected areas, offsets should be allowed only in

exceptional circumstances.

• Offsets must recognize the dynamism of ecosystems, their complexity and

uniqueness to sites.

• Project-by-project development of offsets in the same locality should be

discouraged as far as possible as these limit opportunities for larger gains (e.g.
improved viability of populations, larger buffer zone to guard against potential
disturbances from adjacent land uses).

• The biodiversity outcome is more important than ensuring equivalence of the

actual ecosystem

• Creation of biological corridors and

network of integrated habitats

• Rehabilitation of disturbed areas for

improving productivity and habitat use

• Re-establishment of ecosystem functions

• Roping in additional areas under buffer

for conservation around existing

conservation units

• Upgrading protection in nondesignated

areas for enhancing protection

• Improving protection mechanisms

through fencing, bunding.

• Removal of threats sources (weed

removal, disease eradication, human

relocation)

• Improving management strategies for

better conservation prospects

• Building partnerships for seeking support

for conservation

• Research and monitoring

Offsite through a third party

Under this approach, entrepreneurs can
earn‘credits’ based on the success of
their offset, and then recoup their offset
investment by selling these credits to
developers, a third party.  Contributing offsets

Quantity Based Market Friction

Setting or

modifying

prices to reflect

ecosystem

services

Setting targets

to achieve or

maintain

ecosystem

services

Removing

obstacles to

ecosystem

services

market

formation or

growth

Tax rebate,

charges,

subsidies, funds

and deposits,

conservation

covenants, carbon

credits,

biodiversity

credits, payments

for ecosystem

service

Cap & trade –

water market;

biodiversity

offsets

Figure 8.3 Generic framework for the application of biodiversity offsets.
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antidote. The outcome of offsets is likely to vary significantly depend-
ing on many different factors. These may include regulatory controls
in place, status of other conservation measures already being imple-
mented in natural areas, magnitude and significance of anticipated threats
from upcoming development proposals, and the economic flexibility in
the implementation of offsets. The practical experience of developing,
implementing and evaluating the success and drawbacks of pilot offset
projects (Pagiola et al., 2002; Jenkins et al., 2004; Ten Kate et al., 2004;
ICMM, 2003 and 2005a; NSW, 2006a) have brought planners, business
groups, policy makers, governments, and the conservation community to
a point of building a general consensus on guiding principles and ground
rules for a globally acceptable framework for offset schemes. The key
principles recommended by IUCN, BBOP, EBI and ICMM are based
on practical experience (NSW, 2002; Ten Kate et al., 2004; EPA, 2006).
They provide a strong basis to the framing of the following ground rules,
which are now almost universally accepted:
� The application of offsets should be necessitated in the context of only

those developments that are legally appropriate and federally autho-
rized, and where the developer has first used best practices to avoid
and minimize harm to biodiversity.

� Offsets are no substitute for ‘no go’ areas.
� Offsets are not a project negotiation tool.
� Offsets must not reward ongoing poor environmental performance.
� Offsets should follow the principle of ‘like for like or better’ and

therefore must result in a net conservation benefit.
� Offsets should follow the mitigation hierarchy.
� An environmental offset package should address both direct offsets and

contributing offsets.
� Biodiversity offset should represent a conservation benefit that would

not be possible without the investment companies’ contributions and
must overcome the impacts of a temporal gap between project impacts
and offset benefits.

� Offsets must have local context and must be sensitive to indigenous
people’s rights.

� Offsets should be convincing and the impacts should be quantifiable.

Challenges in implementing biodiversity offsets
Despite the growing interest in offsets and their increasing application in
diverse situations and locations (Anonymous, 2002b; IUCN and ICMM
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2005a; World Bank, 2003; Energy and Biodiversity Initiative, 2004a;
Ten Kate et al., 2004), biodiversity offsets raise many scientific, social,
political, legal, and economic questions, to which there are no easy
answers. Regardless of the approach, the effectiveness of biodiversity
offsets as a compensation tool is constrained by a number of method-
ological challenges and practical difficulties linked to their design and
implementation. Some of these are discussed here.

Defining the nature of offsets

Although it is critically important to establish what would make an ideal
offset package, in reality it is often difficult to make firm decisions on
alternatives of in- kind and out-of-kind offsets. The argument for in-kind
compensation favours that the best means of ensuring full and equivalent
replacement of losses is to compensate with the same type of habitat,
functions, and values. The ‘out-of-kind’ offsets allow stakeholders to
experiment with different forms of compensation that may also result in
new opportunities for conservation. Making choices about activities that
offer exclusive benefits as direct or secondary offsets or a combination of
these often pose a dilemma for planners and conservation community.

Identifying conservation strategies that make an offset

Biodiversity offset as a mitigation option, is seemingly a controversial
approach and raises complex questions about the value, role, and replace-
ability of biodiversity. Most professionals working in areas of mainstream-
ing biodiversity in impact assessment feel that natural ecosystems are
too complex for an assessment of the full range of impacts on their
function, role, and richness that need to be compensated. Others argue
that offsets can never adequately compensate for the immediate loss of
unique habitats and species. The ability to choose from a portfolio of
offsets that includes conservation-oriented actions and incentive-driven
tools is often constrained by the lack of clarity about the conservation
values of the site of proposed development and the national conserva-
tion priorities that should guide levels of compensation. Most countries
have established their conservation priorities in National Biodiversity
Strategies and Action Plans, but these have not been fully mainstreamed
in environmental decision making policies and processes, leaving the
evaluation processes open ended and dependent on judgment of EIA
professionals.
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Limitations of economic instruments in offsetting
impacts on biodiversity

Lack of experience with economic instruments has also led to uncertain-
ties about whether pure economic and development benefits can repre-
sent satisfactory compensation for biodiversity losses. This inexperience
is compounded by the fact that biodiversity, with its various meanings
for different people, has a strong public goods character that inhibits the
development of markets for its products and services. Most biodiversity
values are implicit rather than explicit and thus are often not captured
in economic evaluation that form the basis of incentive-based offsets
(OECD, 2003).

Defining the appropriateness of scales and location

Varied complexities of ecological processes and systems preclude simple
broad-brush solutions and ‘one size fits all’ approaches to designing
offsets. To achieve equivalent gains to losses caused by a particular project,
the planning of offsets need to consider the best distance to the size of
the impact offset ratio. Yet, determining the ratio is never easy as measur-
ing the impacts of land use change on biodiversity is the most daunting
task. The problem becomes further compounded when the planning of
offsets is based on snapshot observations through rapid EIA studies. If
such one-time assessments fail to capture the ‘bigger picture’ the offset
ratio is not likely to yield ‘no net loss’ benefit.

The geographic flexibility offered by offsets enable conservation efforts
to be focused on areas where the long-term conservation benefits are
more likely. The identification of substitute land at a distance from the
project site offers the greatest dilemma of ensuring how best the new
site replaces or complements the intrinsic values of nature, functionality,
conservation significance, endemism, and integrity of lost or degraded
habitats. The issue of scale is similarly significant for offsets. Ten Kate et al.,
(2004) observed that there are cases where a restored mine site, for
instance, appears as a small oasis in highly degraded surrounding area.
On the other hand the conservation goals in some sites are achievable by
increase in mere numbers of breeding pairs of endangered birds species
(e.g. the red cockaded woodpecker listed under the US Endangered
Species Act) or improving the regenerative capacity of forest stands to
protect individual plant species (e.g. Rose mallee, a species of Eucalyptus
that is nationally important for New South Wales).
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Timing of the offset

In dynamic ecosystems cause and effect relationships are not always
easy to understand and establish. This leads to uncertainties in estab-
lishing the appropriate timing of applying offsets (before, after or along
with the project implementation cycle) and the duration (extending to
the term of the project or perpetuity) of offset activities. There are still no
clear answers to when an offset should be applied in different situations.
Some argue that damage to biodiversity should be allowed only after the
offsetting activities are operational and have proven their effectiveness.
This would ensure that there is no net loss at any period of time and the
risk of the project failing to deliver the desired conservation outcomes is
reduced. Others have argued that having the offsetting project operational
before the damage is inflicted is essential for the viability of the model.
This view takes into account the implications of aggravated damage due
to time lags when the full effects of decisions on environment and biodi-
versity are not known. However, some strongly believe that offsets should
be applied in perpetuity (Ten Kate et al., 2004).

The problem of defining currency to assess gains from offsets

Determining the unit of conservation – the ‘currency’ is almost a univer-
sal challenge. Without a common currency, it is difficult to ensure that
a like is exchanged for like (or an acceptable equivalent) to assess the
potential costs and benefits of using offsets. As no two areas are ecologi-
cally identical, the fundamental issue in designing offset is, ‘whether we
can confidently trade x for y’. According to Salzman and Ruhl (2002),
unless the currency captures what we care about, we can end up trading
the wrong things. This points out that ‘trading’ of project impacts for
offset benefits’ begs the questions of what the relevant values are, how
we measure them and how we reflect them in a conveniently traded
currency. A more commonly used currency is a measure of hectare for
hectare. The quality measure is combined with a measure of area to create
a measure for the offsets called ‘Habitat hectares’ (habitat score × area).
The number of Habitat hectares needed for a given offset become depen-
dent on the conservation significance of the area to be affected. Habitat
Evaluation Procedures (HEP), a modelling system developed by US Fish
and Wildlife Service that results in Habitat Units (HU) relate closely to
the hectare for hectare approach as the currency for project/mitigation
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exchange. This approach has been extensively used in United States and
also adapted for applications in many other countries. The constraints in
extended use of this approach are that Habitat Suitability Index models
of different species which actually form the basis of habitat modelling
may not be available at the time of planning offsets. Developing HSI
models also requires extensive research efforts.

Furthermore, if an offset is conducted in a similar ecosystem to that
affected by development, the development may affect relatively ‘mature’
habitat, while offsets may involve rehabilitating or restoring habitat on
comparatively degraded lands. In such scenarios, more biodiversity will
be lost per hectare in the site developed than conserved in the offset
site. This is likely to undermine the potential benefit of ‘no net loss’
and may necessitate that the offset area is larger or ecologically ‘richer’.
These obvious inconsistencies in the scale and currency are the inherent
problems that make designing offsets a real challenge.

Barriers for implementing offsets
Some biodiversity experts, conservation groups, local communities, and
other key stakeholders are of the view that biodiversity offsets will not
genuinely result in ‘no net loss’ and are therefore generally suspicious
about the intent and commitments made by business groups and govern-
ment for offsetting. This invariably breeds fear among developers who
start refraining from revealing the status of endangered species and their
habitat and the actual benefits of environmental services provided by the
biodiversity in the proposed development site or its surroundings. The
planners fear that if they reveal the true conservation value of the devel-
opment site, they would be subjected to more regulations and scrutiny by
the public, decision makers, NGOs, and the media. For example, Shell
Oil had invested in a carbon sequestration project in Indonesia but was
more worried about being held accountable for the fate of the Orang-
utan population that lived there (Ten Kate et al., 2004). Many mining
companies in India follow a similar kind of practice of excluding ‘risk
prone species’ from being listed in the EIA reports of mining projects
that are to be located in biodiversity rich areas. The obvious intent is to
avoid rigorous scrutiny and huge conditional investments in conserva-
tion planning (based on the author’s personal experience of appraisal of
projects on behalf of the Ministry of Environment and Forests, Govern-
ment of India).
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Some argue that environmental services represent an attempt to trans-
late every living thing into an ‘own-able’ commodity (BSR, 2005). Some
environmental services that may not be very obviously recognisable (e.g.
nitrogen fixation by bacteria) do not get accounted in economic valua-
tion. As a result, the trading instruments used for offsetting biodiversity
losses can often lead to misinterpretations, increased scrutiny and distrust
of public who feel that the real benefits will always be short of promised
benefits.

Designing or implementing biodiversity offsets can also raise unfore-
seen legal liabilities and consequently, make developers incur additional
investments that may be several times more in proportion of the size
of the offset. This becomes a major dampener for business groups in
designing offsets that can offer effective mitigation.

Offsets pose the greatest risk of becoming the ‘gate passes’ for encour-
aging the approval of development projects that should not take place
(e.g. destruction of unique habitats in protected areas or irreversible
loss of ecosystem processes). Decision makers often fear that promises
of compensating biodiversity losses by ‘bigger and richer’ offsets may
become a ‘permit’ for trash EIA reports and may even become prece-
dence for overselling of untested offsets.

Conclusion
Although the aforementioned barriers do pose genuine constraints in
popularising the concept and practice of offsets, there can be no denial
that the objective of offset is ideologically sound. There is a clear need
to overcome the various challenges and barriers to achieve better levels
of success with offsets for more and better biodiversity conservation
outcomes. A greater effort on the part of developers, policy makers,
and the conservation community is needed to strike synergies in the
development of innovative approaches.

Learning from the growing volume of literature should be utilised to
encourage practical experience through pilot projects. These will enable
different players to demonstrate their results and to bring real experience
to serve as an impetus to the discussion on the role of offsets. One of
the recent and most active initiatives in this direction is the Business and
Biodiversity Offsets Program (BBOP). BBOP is a partnership between
companies, governments and conservation experts to explore biodiversity
offsets. Through several pilot projects, BBOP partners are testing and
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disseminating best practice on biodiversity offsets through their website
(www.forest-trends.org/biodiversityoffsetprogram/).

Building such partnerships will help business groups achieve landscape
level conservation outcomes by pooling resources for the design of ‘bigger
and richer’ offsets which will have greater benefits for the restoration of
fragmented and isolated habitats.

For environmental professionals, EIA practitioners and business
groups, the design canvas will always become larger as the retooling
of offsets for newer models will have to remain an ever going effort.

www.forest-trends.org/biodiversityoffsetprogram/


9 � Valuation of ecosystem services:
lessons from influential cases
Pieter van Beukering and Roel Slootweg

Introduction
The concept of ecosystem services has received significant attention since
the appearance of the Millennium Ecosystem Assessment (2003). Ecosys-
tem services are the benefits people obtain from ecosystems (Box 9.1).
A growing body of knowledge is developing on ecosystem services.
Knowledge institutes around the world have worked with the concept
of ecosystem services for years already. Environmental economics have
produced an impressive collection of valuation studies (more than 3,000
have been reported by Environmental Valuation Reference Inventory
(EVRI)),1 applying valuation techniques with ever increasing sophistica-
tion and reliability. Gradually the approach is being applied in practice, to
support decision making and to guide development into a more sustain-
able direction. Yet, cases where economic valuation of ecosystem services
has actually contributed to or exerted influence on strategic decision
making on real-life policies, programmes, or plans remain scarce (Van
Beukering et al., 2008). As Ehrlig already stated,

a general problem is the failure of ecological economists adequately to commu-
nicate their results and concerns to the general public and to decision makers. In
view of the demonstrable failure of traditional economics to focus its attention
on what will be the central issues of the twenty-first century, it is clear that
ecological economics is in a position to become the central subdiscipline of
economics. (Ehrlig, 2008)

So far, the Strategic Environmental Assessment (SEA) community has
used the opportunities provided by ecosystem services as a means to
translate the environment into societal benefits and link these to stake-
holders even less. Even although Van Beukering et al. (2008) seriously
looked for good SEA case material, only few SEA cases were available
with a clear recognition of ecosystem services. In other words, it was

1 Environmental Valuation Reference Inventory (EVRI): www.evri.ca/.

www.evri.ca/
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Box 9.1. Ecosystem services

The Millenium Ecosystem Assessment (MA) has subdivided ecosystem
services into four categories: (i) provisioning, such as the production
of food and water; (ii) regulating, such as the control of climate and
disease; (iii) supporting, such as nutrient cycles and crop pollination; and
(iv) cultural, such as spiritual and recreational benefits. Although not
described as such by the MA, other categories have been recognised in
scientific literature such as ‘carrying’ services (providing a substrate or
backdrop for human activities) or ‘preserving’ services, which includes
guarding against uncertainty through the maintenance of diversity (see
Chapter 2 for more information).

Source: Millennium Ecosystem Assessment (2003).

extremely difficult to find good practical evidence that application of the
ecosystem services concepts ‘works’ in the context of SEA. Yet, from
personal experience in a number of cases we know it does work well
in SEA. Therefore, 20 influential cases have been documented where
the recognition, quantification, and valuation of ecosystem services have
significantly contributed to strategic decision making. In all cases, the
use of the ecosystem services concept supported decision making by
providing better information on the consequences of new policies or
planned developments. Ten cases have been elaborated in detail and are
reproduced in the Annex of this book; ten additional cases providing
further supporting evidence are reproduced in boxes in the Annex. In
several cases SEA or a process similar to SEA was followed. Yet, in all
cases, valuation of ecosystem services, in one form or another, resulted in
major policy changes or decision making on strategic plans or investment
programmes.

The aim of this exercise is to contribute to closing the gaps between the
three main communities involved in the use of biodiversity in environ-
mental assessment: (i) the ecologists and environmental economists
predominantly based within knowledge institutes; (ii) the strategic
environmental assessment community, consisting of competent author-
ities, consultants, and environmental agencies; and (iii) the decision
makers at all levels of government. This chapter does not attempt to
provide an exhaustive overview of all available approaches to (economic)
valuation of ecosystem services, nor does it provide a scientific discussion
on the pros and cons of various valuation techniques. This knowledge is
readily accessible in many good publications, the most important of these
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is briefly summarised and cited in this chapter. What this chapter does is
provide a number of cases where the valuation of ecosystem services has
had a marked influence on concrete decision making; in other words,
where the worlds of ecology, economy, environmental assessment, and
decision making have actually met and produced tangible results. In a
sense this is only a first attempt to collect and analyse such cases; given
the limited available time and the limited availability of good cases we
can only touch upon a number of striking issues. Because of the practical
relevance of our initial observations we would like to invite the scien-
tific community to search for more cases and apply in-depth analytical
tools to learn much more from practice. This will reveal relevant research
questions to direct future research efforts.

This chapter is structured somewhat differently than the other
chapters. The main chapter text is relatively short and contains the results
of the analysis of ten influential example cases. These cases are briefly
introduced in the next section and make reference to the full case descrip-
tions that are in the Annex of this book. The description of cases in the
Annex constitutes the bulk of text of this chapter. It is, however, not
necessary to read the cases to be able to understand the messages of the
main text. As we have mentioned, the Annex further provides ten boxes
with additional cases. We decided to present all this case material because
of the great demand for practical evidence. Moreover, the cases provide
hands-on experience of many of the issues introduced in this book.

This chapter provides a minimum background on valuation of ecosys-
tem services, including a short ‘how-to’ description providing minimal
requirements for the implementation of a valuation study. Based on the
analysis of the case studies we have deliberately expanded the term ‘valua-
tion’ to ‘noneconomic quantification and societal valuation of ecosystem
services’. As we will show, simple quantification or noneconomic valua-
tion of ecosystem services can provide relevant information for decision
making. The main messages obtained from the cases are presented in this
chapter.

This chapter is a reworked version of two technical reports commis-
sioned by the Netherlands Commission for Environmental Assessment,
that is, Slootweg and Van Beukering (2008) and Van Beukering et al.
(2008).

Influential cases
Because the potential of using ecosystem services as a means to translate
the environment into societal benefits is not yet recognised fully by the
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SEA community, there is a need for convincing evidence that such an
approach is the right way to go. In our search for influential examples
of this approach, we started with the creation of a long list of potentially
relevant cases, all recognising ecosystem services and all having resulted in
concrete decision making at the strategic level (above the project level).
From this long list, ten cases were selected for further detailed analysis.
This selection aimed at an even distribution over geographical regions
and among different sectors, with a preference for cases from nonin-
dustrialised countries. Because the most relevant material comes from
industrialised countries, these are still overrepresented. It is also evident
that cases linked to water or ‘wet’ environments are very dominant in the
list of cases. Apparently, the multifunctional character of water triggers the
need for an ecosystem services assessment. And, of course, the commu-
nity of wetland experts has long promoted the multifunctional character
of wetlands – for two decades the Ramsar Wetlands Convention has
promoted the notion of wise use of wetlands, even before sustainable use
became a commonly used term (see, for example, David, 1993).

Below, summaries of the main cases provide a minimum of background
information to be able to position the studies; Table 9.1 provides an
overview of these cases, with page references. Table 9.2 provides an
overview of these supporting cases with page references.

Summary 1. West Delta Water Conservation and Irrigation Rehabilitation
Project (WDWCIRP) (Egypt, 2006).

Ecoservices Related to ground and surface water in desert area, Nile Delta, and
coastal zone.

Valuation Financial gains and losses linked to agricultural water supply
quantified; other services quantified in terms of numbers of jobs
or people affected.

Assessment Voluntary SEA during planning phase of a public-private investment
programme.

Decision Magnitude, technical design, and conditions for resulting projects
influenced.

Scale West Delta region: investment initially planned for approximately
100,000 hectares.

Planning level Private–public investment programme.
Sector Water resources management and irrigation.

In the desert area west of the Nile Delta, groundwater-based, export-
oriented agriculture has developed, with an annual turnover of about
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€500 million (US$750 million). However, the rate of groundwater
exploitation by far exceeds the rate of renewal. Groundwater is rapidly
depleting and turning saline. To reverse this situation the Government
of Egypt has proposed a plan to annually pump 1.6 billion cubic metres
of fresh Nile water from the Rosetta Nile branch into an area of about
45,000 hectares.

The use of SEA at the earliest possible stage of the planning process
has guaranteed that environmental and social issues beyond the bound-
aries of the project area were incorporated in the design process. Valua-
tion of ecosystem services focussed on the services linked to water
resources under influence of the major driver of change, that is, transfer of
water from the Nile to the desert area. Simple quantification techniques
provided strong arguments for decision makers at the Ministry of Water
Resources and Irrigation and the World Bank to significantly reduce the
scale of the initial phase.

The diversion of water from relatively poor smallholder farmers in the
Nile Delta to large investors in the desert west of the delta poses unaccept-
able equity problems. It was decided to follow a phased implementation
of the plan, providing time for the National Water Resources Manage-
ment Plan to be implemented, including its water savings programme.
Short-term measures can produce necessary water savings to allow for
the first, relatively small pilot phase of the WDWCIRP plan. Further
water saving measures will provide room for further expansion.

Summary 2. Aral Sea Wetland Restoration Project (Uzbekistan, 1996).

Ecoservices Restoration of wetland services for local livelihoods and health.
Valuation Participatory MCA of strategy based on semiquantified ecosystem

services for six alternatives. Full CBA of pilot project based on
provisioning services.

Assessment SEA integrated in a water resources management strategy
development process.

Decision Resulted in decision making by regional government and donor.
One component successfully implemented.

Scale Regional: Amu Darya Delta – approximately 12,000 km2.
Planning level Both plan (strategy) and project (pilot project).
Sector Water resources and wetland management.

Intensification and expansion of irrigation activities in Central Asia
led to the shrinking of the Aral Sea and the degradation of the Amu
Darya Delta south of the sea. Loss of biodiversity, loss of vegetation and
fisheries, the occurrence of salt and dust-laden winds, and salination of
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groundwater led to deteriorating living conditions. About 10 percent
of the original wetlands remained in the delta, largely maintained by
a mix of incidental floodwaters and saline drainage water flowing into
constructed water reservoirs.

The Interstate Committee on the Aral Sea in consultation with the
World Bank requested the development of a coherent strategy for the
restoration of the Amu Darya Delta, broadly accepted by local stake-
holders and government authorities and an investment programme of
priority pilot projects. One pilot project, the restoration of the Sudoche
wetlands, was designed in detail, and which, as of 2008, has been success-
fully implemented.

Valuation of ecosystem services was used in an SEA-type approach,
as a means to structure the decision making process on a future devel-
opment strategy of the delta. Valuation was instrumental in changing
the course of development from technocratic and unsustainable inter-
ventions, towards the restoration of natural processes, which are much
better capable of creating added value to inhabitants under the dynamic
conditions of a water-stressed delta. The process created a strong coali-
tion of local stakeholders and authorities, resulting in necessary pressure
to convince national government and the donor community to invest in
a pilot project.

Summary 3. Strategic Catchment Planning at uMhlathuze municipality
(South Africa, 2006).

Ecoservices Ecosystem services of subcatchments in hilly region under
urbanisation pressure.

Valuation Annual value of key ecosystem services quantified at the level of the
municipality.

Assessment Integrated Development Planning (legal requirement) must ‘contain
a strategic assessment of the environmental impact of the spatial
development framework’.

Decision Strategic Catchment Assessments were undertaken by the
uMhlathuze Municipality to avoid conflict and time delays arising
during EIAs.

Scale Municipality.
Planning level Plan.
Sector Spatial planning.

Biodiversity issues in the South African City of uMhlathuze have
led to various conflict situations. The classic ‘development’ versus
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‘conservation’ situation exists, with the local municipality mostly in
favour of development as a result of the poor socioeconomic climate. The
area has, however, been identified as a biodiversity hotspot, and in order
to alleviate the conflict and time delays that arise during Environmental
Impact Assessments, the uMhlathuze Municipality opted to undertake a
Strategic Catchment Assessment.

Instead of identifying and declaring conservation-worthy areas as
‘no-go’, the study stresses the ecosystem services that the environment
provides free of charge to this Municipality. Nutrient cycling and waste
management, water supply, water regulation, and flood and drought
management are some of the most highly valued services. Wetlands have
a particularly high value, relating to the high costs of trying to replace
a vital but finite resource. The value of environmental services provided
by all catchments was estimated at R1.7 billion (nearly US$200 million)
per annum.

Politicians, known to be ‘biodiversity averse’, reacted positively once
they realised that ecosystem services have an economic value. The
Municipality embarked upon a negotiating process to identify (i) sensitive
ecosystems that should be conserved, (ii) linkages between ecosystems,
and (iii) areas that could be developed without impacting on the area’s
ability to provide environmental services. More importantly, (iv) it would
identify the management actions that need to be implemented in the area
in order to ensure not only the survival for key biodiversity assets, but
also the sustainable use of biodiversity resources to benefit all residents of
uMhlathuze.

Summary 4. Wareham Managed Realignment case study (UK, 2007).

Ecoservices Estuarine tidal area: flood defence measures prevent flood damage or
loss of land, and also create new habitats with multiple services.

Valuation Quantification of services, followed by valuation: absolute value and
relative differences between baseline and alternatives and
sensitivity analysis.

Assessment Experimental, government initiated study to enhance initial policy
appraisal.

Decision Need to decide on the cause of action in flood defences. Policy
appraisal asked for changes in the flood risk-management regime
(in progress).

Scale Regional.
Planning level Policy.
Sector Flood defence.
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This case study describes an analysis of the way ecosystem values are
monetised, absolutely and relatively, in the Wareham Flood and Coastal
Erosion Risk Management study. Economic values are applied to ecosys-
tem service changes under different scenarios. The results (aimed to be
practical guidance on how to conduct valuation of ecosystem services)
will be used as input to a handbook on Economic Valuation of Environ-
mental Effects in flood and coastal erosion risk management.

The main conclusion is that economic valuation of ecosystem services,
even when a policy framework for incorporation of ecosystem services
in a cost–benefit analysis is present, in daily practice still is difficult.
Many uncertainties exist concerning scientific data, human economic
behaviour, values, and methodological issues rising when transferring
data from existing knowledge.

The case shows that even in situations with great potential for valuation
of ecosystem services (a cost–benefit analysis is required for all coastal
defence projects), practical implementation is difficult. However, the
case also shows that valuation contributes to identification of a most
favourable option and to reject other options.

Summary 5. Climate policies and the Stern Review (UK, 2007).

Ecoservices Climate regulation and impact of global warming on all ecosystem
services.

Valuation Cost of climate change to society as a whole. Excess of benefits over
costs, in net present value terms, would be US$2.5 trillion if
strong mitigation policies were implemented this year.

Assessment UK government initiative (the Chancellor of the Exchequer) to
solve the UK’s divide on the position regarding the Kyoto
Protocol and the Intergovernmental Panel on Climate Change.

Decision The UK Climate Change Bill introduced in Parliament; contains
legally binding target for a significant reduction on UK carbon
dioxide emission. Large impact beyond UK.

Scale Global.
Planning level National climate policy, but study led to many new initiatives

around the globe.
Sector Energy generation based on fossil fuels.

Changes in the global climate lead to fundamental changes through-
out the world’s ecosystems and therefore also affect the economic
sectors that depend on these ecosystems. The Stern Review is one of
the best-known assessments to estimate the economic impact of climate
change. The 700-page report was prepared by a team of economists at
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HM Treasury upon a request from the Chancellor of the Exchequer (the
present PM Gordon Brown) to (i) address the lack of political consensus
on climate change in the UK, (ii) to fill the gap in knowledge on the
economics of climate change, and (iii) to resolve UK’s divide on the
position regarding the Kyoto Protocol and the Intergovernmental Panel
on Climate Change (IPCC).

The main message of the Stern Review is that what we do now can
have only a limited effect on the climate over the next 40 or 50 years, but
what we do in the next 10–20 years can have a profound effect on the
climate in the second half of this century. In other words: the benefits
of strong, early action considerably outweigh the costs. Each tonne of
carbon dioxide emitted causes damages worth at least US$85. At the same
time, emissions can be cut at a cost of less than US$25 a tonne. Shifting the
world onto a low-carbon path could eventually benefit the economy by
US$2.5 trillion a year. Stern characterises climate change as ‘the greatest
and widest-ranging market failure ever seen’. The Stern Review has been
heavily criticised by some economists but is supported by many others.
The low discount rate, causing future economic losses to way heavily in
net present values terms, was one of the main points of criticism.

The Stern Review attracted more attention than any other economic
valuation study in history. Influential people from all over the world were
inspired by the Stern Review to stress the urgency of immediate action.
The most significant impact of the Stern Review was seen in the policy
arena. A number of governments responded by announcing expansion of
their climate policies. In the UK, the Climate Change Bill was introduced
in Parliament in 2007. It will shortly go to the House of Commons. The
Bill contains provisions that will set a legally binding target for reducing
UK carbon dioxide emissions by at least 26 percent by 2020 and at least
60 percent by 2050, compared to 1990 levels.

Summary 6. Extraction of natural gas from the Wadden Sea
(the Netherlands, 2006).

Ecoservices Risks for biodiversity, fishery, recreation versus revenues from
natural gas.

Valuation Various CBAs, also using contingent valuation techniques.
Assessment CBAs, EIA for gas exploitation and SEA for planning decision.
Decision Gas can be extracted under strong precautionary conditions.
Scale National.
Planning level Mega project, within boundaries of planning process (key spatial

planning decision).
Sector Energy.
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The Dutch Wadden Sea is a shallow, semienclosed tidal flat, part of
the largest tidal wetland area in Europe and bordering the North Sea. An
estimated 200 billion cubic metres of gas are located below the Wadden
Sea. The Wadden Sea is a wetland of international importance under the
Ramsar wetland convention, part of European Nature 2000 network,
and a National Park.

Opponents to the exploitation of gas argued that the proponent in its
EIA did not take into consideration the effects on ecosystem services,
such as water regulating, drinking water supply, tourism, fisheries, and
so forth. They pointed out that the economic value of these services had
been underestimated in previous studies. Therefore, they conducted an
economic valuation study of the Wadden Sea, including a cost–benefit
analysis (CBA) of gas exploitation. Estimations of damage to ecosystem
services, in case serious effects would occur as a result of gas exploitation,
were estimated at €1.1 billion.

In December 1999, the government eventually decided, based on
the precautionary principle, not to give permission for gas exploita-
tion. However, research and discussion on the effects of gas exploitation
on soil subsidence continued. In 2003, the government appointed an
advisory committee. The committee concluded that there are no ecolog-
ical reasons to prohibit gas exploitation. Due to natural dynamics and the
supply of sand and mud from the North Sea, the effect of the main driver
of change, that is, soil subsidence resulting from gas exploitation, will be
balanced by increased sedimentation and soil accretion. The committee
therefore recommended that gas exploitation from the Wadden Sea could
take place under strict conditions. Gas has been extracted since February
2007.

Summary 7. Self-financing of marine protected areas in the Netherlands
Antilles (2005).

Ecoservices Supporting and cultural services of coral reefs.
Valuation Significant willingness to pay among users of reefs for better

conservation of marine areas.
Assessment Economic valuation study played crucial role in policy design

decision making.
Decisions Establishment of self-funded management system for marine parks.
Scale All Netherlands Antilles islands.
Planning level Policy.
Sector Tourism/nature conservation.
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Bonaire and its marine park are representative of the issues facing many
marine protected areas in the Caribbean. The case explicitly combines
analysis of ecological and economic factors. Bonaire’s coral reefs, humid
elfin forests, and semidesert scrublands represent an irreplaceable tourism
resource – the most important source of income of the Caribbean island.
Good management requires funds, but funding has in the past been
plagued by instability and deficits. Economic valuation studies helped to
establish an effective and sustainable revenue generation system. Bonaire’s
marine park is now among the best-managed park in the region.

A contingent valuation survey was conducted to establish willingness
to pay user fees for the marine park resulting in an average value for
willingness to pay (WTP) of US$27.40. This exceeded the relatively
modest US$10 fee instituted in 1992. The difference between what
people would be willing to pay for an ecosystem service and what they
actually paid amounted to US$325,000 annually.

With the introduction of new legislation all the users of the Bonaire
National Marine Park, not solely the divers, pay a user’s fee. The most
significant changes include admission fees to the marine park also admit
entrance to land-based Washington/Slagbaai National Park. Price tags
for divers changed to US$25 for a year pass or US$10 for a day pass.
Swimmers, board sailors, and all other users of the park are required to
pay US$10 for a year pass. Recently, it was decided that tag receipts go
directly to the park management organisation and are used entirely for
the management of Bonaire’s National Parks.

Summary 8. Payments for Environmental Services in Costa Rica (1997).

Ecoservices Forests guaranteeing stable water supply (provisioning service).
Valuation Basic economic valuation techniques, such as replacement cost

method.
Assessment Valuation studies showed economic feasibility of a Payments for

Ecosystem Services (PES) scheme through a change in tax policy.
Decisions Costa Rica pioneered the development of PES as formal

government policy.
Scale National.
Planning level Tax policy.
Sector Forestry sector.

In the last two decades, Costa Rica transformed from one of the
most rapidly deforesting countries in the world to one of the foremost
pioneers in reforestation, forest management, and forest protection. One
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of the driving forces was the Payments for Environmental Services (PES)
programme, initiated in 1997, becoming the first country-wide PES
programmes in the world, and the first to adopt the terminology of
environmental services and PES. Since its inception, it has become a
point of reference for environmental authorities and practitioners around
the world, as well as becoming one of the pillars of Costa Rica’s image
as a ‘green’ country that is a model for sustainable development.

The programme was fostered by the 1996 changes in the Forest Law
that created the legal framework to pay landowners for the provision of
four types of ecosystem services: (i) carbon sequestration, (ii) watershed
protection, (iii) scenic beauty, and (iv) maintenance of biodiversity. Later
public water supply was added to these. The primary funding source for
the original PES programme was a 15-percent consumer tax on fossil
fuels. Later, 3.5 percent of the tax revenue was directly assigned to the
PES programme. As of 2003, such tax revenues provided an average of
US$6.4 million per year to the PES programme.

In several studies the value of Costa Rican forests has been calculated.
These studies showed that in the most pessimistic distribution of benefits
(from the Costa Rican perspective) 66 percent of the environmental
services are enjoyed by the global community (US$137 million) and
only 34 percent by Costa Rica (US$71 million). Conclusion: the value
of environmental services is high, the global community receives the
major benefits of these services, and owners of the resources that provide
these services are not compensated for their full value.

Summary 9. National Hydrological Plan/Ebro water transfer works (Spain,
2006).

Ecoservices Wetland biodiversity, fisheries, aquaculture, groundwater supply in
Ebro Delta.

Valuation Various valuation techniques in an extended cost benefit analysis,
comparing the proposed plan with an alternative, more
sustainable scenario.

Assessment Independent valuation study, responding to serious societal
concerns.

Decisions Financing by EU rejected; after elections alternative plan launched.
Scale Water transfer between river basins (national).
Planning level Mega infrastructure plan.
Sector Water/agriculture.

The Spanish National Hydrological Plan (SNHP) was passed into law
in July 2001. The chief objective of this €4.2 billion (US$6.3 billion) plan
was the transfer of water from the Ebro Basin to four other river basins in
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the east of Spain. These water transfers would lead to serious impacts on
the Ebro River. Ecosystem services in the Ebro Delta produce an annual
turnover of €120 million (US$180 million) from fisheries, aquaculture,
agriculture, and tourism. A part of the Ebro Delta is an important wetland
designated as Natura 2000 and Ramsar site. The Plan merely stated that
the transfer would not have any impacts on the economic activities of the
donor basin, nor would it have any negative consequences on population
distribution in the regions within the donor basins.

The Plan claimed to comply with the requirements of the European
Water Framework Directive. However, extensive analyses indicated that
on economic and environmental terms the Plan was not compatible.
Aragón and Cataluña, two regions in the Ebro basin, strongly opposed
the Plan. In terms of sustainability, numerous analyses indicated that the
environmental and the economic principles were mostly ignored. The
Plan was also questioned because of its lack of assessment of social issues.
The University of Zaragoza showed the real costs of the SNHP were
highly underestimated, in fact the SNHP made a negative contribution
to economy of €3.5 billion (US$5.3 billion).

The lack of proper estimates of the real costs and benefits associated
with affected ecosystem services strongly influenced decision making
with regard to the plan. Critics agreed that additional studies were needed
for a proper economic evaluation of the impacts of the water trans-
fer. Before the European Commission could take a (probably negative)
final decision on its support, Spain’s newly elected socialist government
cancelled the SNHP and launched a new water policy, strongly recog-
nising the economic value of ecosystem services of rivers and wetlands.

Summary 10. Compensation payments after Exxon Valdez oil spill
(Alaska, USA, 1991).

Ecoservices Services supporting marine and coastal biodiversity, tourism, and
fisheries.

Valuation Travel cost methods, hedonic pricing, contingent valuation methods.
Assessment The use of survey research (e.g. CVM) became a well accepted

appraisal method as a result of the complex valuation problems
associated with contamination.

Decision
(1991)

Court awarded US$287 million actual damages and US$5 billion
punitive damages.

Scale Considered one of the most devastating environmental disasters ever
at sea.

Planning level State and national regulations.
Sector Nature conservation, tourism, fisheries.
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On 24 March 1989, the oil tanker Exxon Valdez ran aground near
the coast of Alaska. Approximately 38,800 tonnes of oil were spilled
on 9,000 miles of shoreline. It is one of the most-studied environmental
tragedies in history and can be considered extremely influential in chang-
ing policies. The accident also led to the ultimate recognition of the valid-
ity of economic valuation studies in environmental damage assessments.

Immediately after the oil spill the U.S. government and Alaskan
government began a series of studies – the Natural Resource Damage
Assessment – to determine the effects of the oil spill on the environment.
The studies were designed to support: (i) the development of restoration
plans to promote the long-term recovery of natural resources and (ii) the
determination of damages to be claimed for the loss of services of the
natural resources.

Ultimately, five ecosystem services were valued in economic terms:
(i) replacement costs of birds and mammals, (ii) losses in recreational
fishing, (iii) sport fishing losses, (iv) tourism industry, and (v) contingent
valuation of lost passive-use values. The contingent valuation measured
the loss of option values, existence values, and other nonuse values.
Respondents were then asked their willingness to pay for a realistic
programme that would prevent with certainty the damage caused by
a new oil spill. The median household willingness to pay for the spill
prevention plan was found to be US$31. Multiplying this number by
an adjusted number of U.S. households resulted in a damage estimate of
US$2.8 billion dollars.

On October 8 1991, Exxon agreed to pay the United States and the
State of Alaska US$900 million over ten years to restore the damaged
resources and the reduced or lost services (human uses) they provide.
Exxon was fined US$150 million, the largest fine ever imposed for an
environmental crime. The court forgave US$125 million of that fine in
recognition of Exxon’s cooperation in cleaning up the spill and paying
certain private claims.

Valuation of ecosystem services
A major worry among planners and decision makers is the time and
costs involved in environmental assessment; similarly so for valuation
studies. Full-fledged valuation studies are thought to be time consuming,
as large amounts of data need to be collected. The practice of EIA
and SEA has shown that environmental assessment can be done at any
required level of detail, varying from a ‘back-of-an-envelope’ assessment
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to a comprehensive Stern Review–like evaluation. Moreover, approaches
have been developed to be able to support decision making, even in cases
where data are scarce or incomplete. More strongly stated, environmental
assessment, by definition, has to deal with incomplete information that
must be collected in a limited amount of time, within the limits of a
budget more or less defined by the magnitude of the project under study.

The analysis of cases in this study has produced results similar to
experience from the field of environmental assessment. Valuation studies
can be done in great detail and at great length and costs (such as the
Exxon Valdez case and the Stern Review), but they can also be applied
in a very rapid and cost effective manner (most of the other cases). Full
information and knowledge is not always needed to be able to provide
relevant information for decision making. When comparing alternatives
it usually is sufficient to know relative values: what alternative performs
better in comparison (qualitative)?; does an alternative perform much
better, or only a little better (semiquantitative)? Absolute values are not
always needed.

By and large, there are four reasons to value ecosystem services (Van
Beukering et al., 2007):

(1) Advocacy: economic valuation is often used to advocate the
economic importance of the ecosystem services, with the ultimate
purpose of encouraging sustainable development. For example, by
demonstrating that the economic values of threatened ecosystem
services have previously been underestimated, it can be argued that
the ecosystem should receive more attention in public policy.

(2) Decision making: valuation can assist the government to allocate
scarce resources to achieve economic, environmental, and social goals.
Decision makers constantly operate under short time frames, their
windows of opportunity are limited by the election cycle, and they
often have to take decisions without full information. Economic
valuation studies are critical to assist decision makers make fair and
transparent decisions.

(3) Damage and risk assessment: valuation is increasingly used as a means
of assessing damage inflicted on an ecosystem, and the risk thereof.
Damage assessment has been used in many cases to asses the compen-
sation owed after oil spills by large ships and after accidents in mining
companies that lead to tailings dam leakages or other toxic waste
spills. Risk assessment is increasingly used to determine the value of
risks related to a recognised threat such as climate change.



306 · Pieter van Beukering and Roel Slootweg

(4) Sustainable financing: valuation of ecosystem services can be used
to set taxes or charges for the use of those goods and services.
Setting taxes or charges have a double role in terms of environmental
management. They help to control the extent to which environmen-
tal resources are exploited (i.e. the more a resource costs the less it is
used) and simultaneously generate revenue that can be used to pay for
management, protection and restoration of the ecosystem. Valuation
results can be used to set taxes or charges at the most desirable level.

The presented case studies fall within one or several of the categories
above. They show a wide variety of forms in which ecosystem services
can be recognised, quantified, and valued and represent most of the
commonly applied valuation techniques. We have created a rather
straightforward classification of ways in which ecosystem services are
represented or valued in the cases, ranging from simple recognition to
full fledged economic valuation.

Identification and recognition

The simplest way of paying attention to ecosystem services is the quali-
tative listing of services in studies to support decision making. It raises
awareness on issues that may not have been thought of before. Most
studies paying attention to ecosystem services start with a listing of
services. More often than not the actual quantification and valuation of
services is done only for the easiest and/or the most important services.
Others simply remain listed.

How: Identification of ecosystem services involves experts with knowl-
edge of the area, whose preliminary identification of potential ecosystem
services is checked with local stakeholders or representative bodies for
these stakeholders.

Who: Most important is to have people with the right ‘mind set’
to recognise ecosystem services. More often than not, sector-oriented
experts tend to overlook the effects their plans may have on ecosystem
services linked to other sectors. A mix of natural resources management
experts and ecologists with good local knowledge works well.

Data needs: maps indicating main ecosystems and types of land use;
overview of main economic activities in the area; population data; field
reconnaissance.

Time required: for the actual study only several days. The decision
to actually spend attention to ecosystem services may take longer as
competent authorities or proponents need to be convinced of its useful-
ness (see Ebro case).
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Quantification of ecosystem services

Ecosystem services can be quantified in units of measurement directly
linked to the service. Units of measurement have a very broad range.
Some examples: quantity of renewable water supply for an aquifer, annual
sustainably harvestable fish or timber or fruits in certain area, amount of
agricultural produce per hectare, amount of carbon stored per hectare of
forest, number of species occurring in certain area, and so forth.

Based on the ecosystem services identified in Step 1, a selection of
the relevant ecosystem services to be quantified can be made. Selection
highly depends on the purpose of the study and can be part of a scoping
process, where also the required level of detail can be defined. An impact-
oriented assessment will focus on the main drivers of change resulting
from an activity and highlight potentially affected ecosystem services (see
the Wadden Sea and Egypt cases). A spatial planning–oriented type of
assessment may try to identify ecosystem services with opportunities for
development or relevant services with major constraints (see the South
Africa and Aral Sea cases). Management planning focusses on the purpose
of management (see the Costa Rica – forest management for water supply
and Antilles – coral reef management for tourism cases).

How: quantify an ecosystem service in units of measurement relevant
to the service. Some examples: the amount of sustainably harvestable
fish from a water body; the number of scuba divers a coral reef can
handle without unacceptable damage; the amount of renewable water
to be extracted from an aquifer; the percentage of the world population
of a threatened bird species making use of a wetland area; amount of
agricultural produce per hectare; amount of carbon stored per hectare of
forest, and so forth.

Who: full quantification may involve experts supported by computer
models (hydraulic, population, harvest, preferences). Proxies can be
obtained from national or regional statistics, local stakeholders, narra-
tive information, and data from similar services elsewhere.

Data needs: national or regional statistics often provide good infor-
mation; remote sensing information may provide relevant information
on surface areas and productivity. Research institutes may provide access
to computerised models. A reality check with people on the ground is
always recommended.

Time required: from a week to several months, depending on the level
of detail required, number and complexity of the services to be assessed,
the surface area, availability and reliability of statistical data, and presence
of local (scientific) information. See Boxes 9.2 and 9.3 for two practi-
cal examples of SEAs in which ecosystem services were quantified and
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Box 9.2. Practical aspects of Egypt SEA

Duration: three months.
Time expenditure: three expatriate and two local consultants for one
month each and farm surveys by local agricultural extension workers.
Cost of SEA study: approximately US$80,000, on a total estimated plan
budget of around US$100 million.

As a result of good coordination the study was fully integrated in the
planning process which did not experience any delays. Data were
obtained from project planning documents, government statistics,
farm surveys, two existing computational groundwater models and
surface water models and a number of additional field visits and on-
farm interviews for verification. Two stakeholder workshops provided
relevant scoping information and discussion on the outcome of the
study. The level of detail and reliability of information was sufficient to
guide the planning process. Where links between hydrological changes
and impacts were very difficult to quantify in economic terms, the
impact description was limited to the identification of numbers of
affected people.

The subsequent detailed technical design was subject to a full
fledged ESIA, which could at a later stage zoom in on a limited
number of issues to provide more detailed information.

Box 9.3. Practical aspects of integrated SEA in the
Aral Sea case

Duration: strategy development, including all preparatory studies,
participatory process, and environmental assessment – 12 months.
Time expenditure: 1 permanent expatriate project leader; 3 permanent
local experts; 6 expatriate experts – 2 visits of 1 month each; 12 hired
local scientists, 3 months each.
Total costs: US$1 million (impossible to separate the SEA components).
Investment cost for the proposed programme of projects was US$20
million. The Sudoche pilot project was implemented at an approxi-
mate cost of US$4 million.

Ecosystem services were quantified in semiquantified terms; some
were valued in societal terms. Level of detail was sufficient for MCA
exercise. Discussing values expressed in their own terms, and more
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importantly, recognising stakeholders for each ecosystem service did
not distract the discussion to aggregated figures on money.

In a later stage, when concrete investment projects were proposed,
cost–benefit analysis was the proper tool to provide sufficient and
convincing arguments that the investments are justified.

valued. Study duration, number of people involved, and available budget
greatly varied, because the Egypt example represents only a small part
of the planning process, while the Aral case was a complete strategy
development process, with SEA integrated into the process.

Societal valuation

Society places a value on ecosystem services. The quantities in which
ecosystem services are expressed can be translated into values for society.
This does not necessarily mean values have to be directly expressed
in monetary terms. Values can also be expressed in social or ecologi-
cal terms, represented in the conceptual framework of Chapter 4. The
Ramsar Wetland Convention provides a similar approach: three main
types of values are defined which together determine the Total Value (or
importance) of wetlands. These are (i) ecological, (ii) sociocultural, and
(iii) economic values. Each type of value has its own set of criteria and
value units (de Groot et al., 2006).

Examples of social values are the number of households depending
on a service, the number of jobs related to a service, and the number of
people protected against forces of nature. Ecological values can relate to
the number of threatened (red-listed) species in an area; the importance of
an area as living repository of wild ancestors of agricultural crops; or the
contribution certain area makes to the maintenance of other areas (e.g.
marine fish reproducing in coastal wetlands; the importance of wetlands
as stopover locations for migratory birds). Some values may be difficult
to quantify in their own terms; examples are the religious value or the
historical value of certain ecosystem features. Contingent valuation may
in such cases provide estimates of economic value (see the next section).

How: quantify the societal value of an ecosystem service in units of
measurement relevant to the value. Examples of social values are the
number of households depending on a service, the number of jobs related
to a service, and the number of people protected against forces of nature.
Ecological values can relate to the number of threatened (red-listed)
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Direct use Indirect use Option value Bequest value Existence value

example:
Timber
Tourism
Drinking water

example:
Coastal protection
Water purification
Carbon sequestration

example:
Avoided damage
from climate
change

example:
Genetic materials
Biodiversity
Clean soils

example:

Rare species

Indigenous rights

Total Economic Value

Use values Nonuse values

Figure 9.1 Composition of the Total Economic Value (TEV) of ecosystems into use
and nonuse values (source: Beukering et al., 2007).

species in an area, or the number of wild ancestors of agricultural crops
for which an area serve as living repository, or the contribution certain
area makes to the maintenance of other areas (e.g. marine fish reproduce
in coastal wetlands).

Who: for full quantification, labour-intensive questionnaires may be
needed. Sampling with good statistical analysis provides a means to reduce
workload.

Data needs: proxies can be obtained from national or regional statistics
on population size, economic activities, agricultural outputs, fisheries
and forestry productivity, and so forth.

Time required: from a week to several months, depending on the level
of detail required, number and complexity of the services to be assessed,
the surface area, availability and reliability of statistical data, and presence
of local (scientific) information.

Economic valuation

Different economic valuation methods exist to value the range of benefits
provided by different ecosystem services (see Figure 9.1). The selection
of which method to use depends on a number of aspects. For instance,
when planning a valuation study, it is necessary to balance the benefits of
using the best scientific and analytic techniques with the financial, data,
time, and skills limitations to be faced. Realise that no single method is
necessarily the best; for each application it is necessary to consider which
method(s) is the most appropriate. Sometimes a number of different
methods is to be used in conjunction in order to estimate the value of
different services from a single ecosystem.
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Table 9.3 Methods for estimating values (based on Mitchell and Carson,
1989: 75).

Observed behaviour Hypothetical

Direct Undistorted market prices
Simulated markets

Contingent valuation
Choice experiments

Indirect Hedonic pricing
Travel cost method
Production function approach
Avoided damage approach

Contingent ranking

Advancements in environmental economics have provided tools to
monetise the values of ecosystem services, even in absence of a functional
market for services. Table 9.3 shows a classification of valuation methods
(Mitchell and Carson, 1989). It distinguishes two dimensions. For the
first dimension, the columns make a distinction between values derived
by observing people operating in the real world where the consequences
of their choices are felt by these same people and preferences revealed
by raising hypothetical questions. The second dimension is whether
monetary values are estimated directly or whether these values are
inferred through indirect valuation techniques.

The valuation techniques in three out of the four quadrants in
Table 9.3 are known to be the most commonly applied techniques.
(The quadrant containing ‘contingent ranking’ is not included.) These
categories are also labelled as:

(a) Market-based valuation: goods traded in an open market have a price,
which serves as the basis for valuation. Similarly, the effect of services
can be priced using market prices. For example, coastal mangroves
or dunes protect the inland and thus avoid damage to infrastructure
and economy. A valuation technique that commonly applies market
values is the ‘net factor income approach’.

(b) Revealed preference methods: people’s behaviour can reveal the value
attached to a service. For example, waterfront houses in the Nether-
lands are significantly more expensive than comparable houses
elsewhere; or people spend money to travel to certain places that
have something special to offer, such as national parks. Examples
of commonly used revealed preference techniques are the ‘hedonic
pricing’, ‘avoided damage approach’, and ‘travel cost method’.
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(c) Stated preference methods: value nonmarket resources, such as environ-
mental preservation or the impact of contamination. Although these
resources do give people utility, certain aspects of them do not have a
market price as they are not directly sold. For example, people receive
benefit from a beautiful view of a mountain. Contingent valuation
and choice modelling are techniques used to measure these aspects.

A special case of valuation is the value transfer. Values obtained
from studies in comparable areas and/or comparable situations can be
transferred to another situation. Although value transfer avoids time-
consuming data collection efforts, the accuracy of the estimates is gener-
ally limited. Valuation transfer is typically applied to determine the
value of particular ecosystems (e.g. wetlands, coral reefs), as well as the
economic importance of specific ecosystem services (e.g. provision of
drinking water, flood protection).

How: in the context of ecosystem services, it is crucial to start identify-
ing the providers and the beneficiaries of the relevant ecosystem services.
Next, valuation techniques need to be selected. This choice is context
specific and dependent on a number of factors, including whether or
not the environmental service is traded directly or indirectly in a market,
the stakeholders that hold values for the service, the available budget for
conducting a valuation study, and the availability of existing information
on the value of similar resources.

Who: it is advisable to have at least one environmental economist in
the team who is properly trained to conduct economic valuation studies.
The actual implementation of surveys and interviews can be conducted
by noneconomists as well. However, for the design and analysis of the
data, thorough economic knowledge is essential.

Data needs: in economic valuation, there are broadly three main types
of data that will be used: (i) market prices that can be found from private
sector sources, government statistics or international organisations; (ii)
local social, environmental, and economic information that can be found
through local surveys or government statistics where they exist; and (iii)
preference data that are generated by asking people through questionnaire
surveys. The categories are described in detail in Van Beukering et al.
(2007).

Time required: depending on the comprehensiveness of the study, a
valuation exercise may vary from a few months to two years or more.
Obviously, the data availability present at the start of the study is a major
factor in this regard. An illustration of the time and budget needed for
economic valuation is provided in Box 9.4.
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Box 9.4. Examples of planning and budget
for valuation studies

To provide a sense of how long studies can take (from the shortest to
the longest) some of the time taken to complete a variety of studies
and the resources used to complete them are shown below (from Van
Beukering et al., 2007: 113)

Examples of case studies conducted for Hawaii and the Philippines

Case study 1 Case study 2

Type of valuation
exercise

WTP for conservation
among 750 visitors

Total Economic Value
(TEV) study on
mangrove rehabilitation

Location of
valuation
exercise

Hawaii Philippines

Type of activities Survey at dive shops and
on tour boats

Surveys, country statistics,
scientific literature

Number of people
involved

One economist, four
interviewers, one
data-enterer

Three economists, one
social scientists, one
biologist, four
interviewers

Total human
resources used

80 man days 300 man days

Total cost Total US$30,000a Total US$100,000b

Time taken 4 months 16 months

a Questionnaire US$5,000, Interviewers US$8,000, Data-entry and clean-
ing US$1,000, Analysis US$7,000, Report writing US$4,000, Travel costs
US$5,000.
b Questionnaires US$7,500, Interviewers US$20,000, Data-entry and clean-
ing US$21,500, biodiversity assessment US$10,000, Data purchase US$2,000,
Analysis US$20,000, Report writing US$15,000, Travel costs US$15,000,
Policy brief US$5,000.

Economic valuation techniques
Market prices

The most commonly used method for valuing goods and services is
to look at the market price of each. In a competitive market without
market failures prices reflect their true marginal value (i.e. the value of a
small change in the provision of that good or service). Market prices are
therefore useful for valuing ecosystem services that are directly traded in
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markets, for example, products such as timber, fuel wood, fish, and other
foods.

The major advantage of this technique is that it is relatively easy to
apply, as it makes use of generally available information on prices and only
requires simple modelling and few assumptions. A major disadvantage is
that many environmental goods and services are not traded directly in
well-functioning markets and so readily observable prices for them are
not available. If markets for environmental goods and services do exist
but are highly distorted, the available price information will not reflect
true social and economic values and cannot be used. The main sources
of market distortion are taxes and subsidies, noncompetitive markets,
imperfect information, and government-controlled prices (Krugman and
Wells, 2006). The market price method is therefore straightforward and
inexpensive to apply and is particularly relevant for valuing ecosystem
services when market prices are available in ‘non-distorted markets’.

Net factor income

The net factor income method estimates the value of ecosystem services as
an input in the production of a marketed good. It estimates the value of
an ecosystem input as the total surplus between revenues and the cost
of other inputs in production. For example, the value of a coral reef in
supporting reef-based dive recreation should be calculated as the revenue
received from selling diving trips to the reef, minus the labour, equipment
and other costs of providing the service. The net-factor income method
is likely to be useful for valuing many recreational ecosystem services
such as the support of tourism. It is a simple method to apply and uses
generally available data.

Replacement cost

The replacement cost method estimates the value of ecosystem services as
the cost of replacing them with alternative man-made goods and services
(Freeman, 2003). Basically, it is assumed that the amount of money
society spends to replace an environmental asset is roughly equivalent to
the lost benefits that asset provides to society. For example, the value of
a wetland that acts as a natural reservoir can be estimated as the cost of
constructing and operating an artificial reservoir of a similar capacity.

The replacement cost method is particularly useful for valuing ecosys-
tem services that have direct man-made or artificial equivalents, such
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as water storage or wastewater processing. The method is also relatively
simple and inexpensive to apply. It does not require the use of detailed
surveys or complex analysis. However, the replacement cost method does
not produce a strictly correct measure of economic value. After all the
measure is not based on people’s preferences for the goods and services
being valued, but on the assumption that if people pay to replace a
lost ecosystem service, then that service must be worth at least the cost
of replacement. This method is therefore most appropriately applied in
cases where replacement expenditures have been, or will be, made. A
key weakness of this technique is that it is often difficult to find exact
replacements for ecosystem services that provide an equivalent level of
benefits; moreover, ecosystems often provide multiple services simultane-
ously. The replacement cost method is a useful tool for valuing ecosystem
services, such as water storage and purification and coastal protection in
a straightforward way.

Damage cost avoided

Ecosystems frequently provide protection for other economically
valuable assets. The damage cost avoided method uses either the value of
property and assets protected, or the cost of actions taken to avoid
damages, as a measure of the benefits provided by an ecosystem. For
example, if a mangrove forest provides protection to coastal areas from
storm damage, the value of the coastal protection function of the
mangrove forest may be estimated as the damages avoided.

The damage cost avoided method is particularly useful for valuing
ecosystems that provide some form of natural protection. A potential
weakness of the method is that in most cases estimates of damages avoided
remain hypothetical. They are based on predicting what might occur
under a situation where ecosystem services decline or are lost. Even
when valuation is based on real data from situations where such events
and damages have occurred, it is often difficult to relate these damages to
changes in ecosystem status. The damage cost avoided method provides
an effective approach to estimate the value of protection services by
ecosystems.

Production function

The production function method estimates the value of a nonmarketed
ecosystem service by assessing its contribution as an input into the
production process of a commercially marketed good. A production
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function estimates the functional relationship between inputs and outputs
in production. For example, the production of fruits and nuts from a forest
may be described as a function of hours spent harvesting (labour) and the
area and quality of the forest. A change in the availability of an ecosystem
service may result in both a change in total output and a change in the
use of other inputs. For example, a reduction in the area of forest may
result in either a reduction in the harvest of fruit or/and an increase in
the number of hours spent harvesting a given quantity. One study found
that forest-based pollinators increased coffee yields by 20 percent within
1 km of forest (Ricketts et al. 2004). In theory, the production function
method is well-suited to value ecosystem services, because it is based on
the notion that ecosystem services and economic benefits are strongly
linked. However, in practice the production function valuation method
is technically difficult to apply and has substantial data requirements.

Hedonic pricing

The basic premise of the hedonic pricing method is that the price of a good
is related to its characteristics, including its environmental characteris-
tics. The hedonic pricing method should therefore be used to estimate
economic values of ecosystem services that directly affect the price of
marketed goods. The hedonic pricing method is often used to value
environmental amenities that affect the price of residential properties.
For example, a house that is close to an aesthetically pleasing natural
area is often worth more than a similar house that is further away. Such
differences in house characteristics and prices may be used to identify
the value of natural amenities by employing statistical methods. The first
economist to attempt to estimate potential links between real estate values
and environmental quality was Ridker (1967) finding evidence that air
pollution negatively affects property values. One year later, Strotz (1968)
also found evidence that (environmental) land improvements can benefit
property values.

Hedonic property value studies use statistical regression methods and
data from real estate markets to examine the increments in property values
associated with different attributes. Structural attributes (e.g. number of
bedrooms and age of house), neighbourhood attributes (e.g. population
demographics, crime, and school quality), and environmental attributes
(e.g. air quality and proximity to hazardous waste sites) may influence
property values. When assessing an environmental improvement, it is
essential to separate the effect of the relevant environmental attribute on
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the price of a housing unit from the effects of other attributes. Similar to
the production function approach, the hedonic pricing method may be
difficult to apply for valuing ecosystem services in poorly documented
areas due to its high complexity of analysis and large data requirements.

Travel cost method

The travel cost method is used to estimate the value of ecosystems or sites
that are used for recreation. The premise behind this method is that the
travel expenses that people incur to visit a site represent the ‘price’ of
access to the site. Travel expenses include the actual travel costs (e.g. price
of using public transport, petrol and maintenance for travel by private car,
aeroplane ticket etc.), time costs, and admittance fees. For example, for
a forest that is used for recreation, information on the number of people
that visit the site and the time and cost they spend travelling to reach it
can be used to estimate the economic value of the recreational service
that is provided. Freeman (2003) provides an overview of studies that
measured the value of site quality through recreational activities, such as
angling, beach visits, swimming, and skiing.

The travel cost method is also dependent on a relatively large data set.
Data are usually collected through visitor interviews and questionnaires,
which require sampling to cover different seasons or times of the year,
and to ensure that various types of visitors from different locations are
represented. Complex statistical analysis and modelling are required in
order to construct information on visitor demand. As a result, travel cost
surveys are typically expensive and time consuming to carry out. An
additional source of complication is that several factors make it difficult
to isolate the value of a particular ecosystem in relation to travel costs,
and these must be taken into account in order to avoid overestimating
ecosystem values. Visitors typically have several motives or destinations on
a single trip, some of which are unrelated to the ecosystem being studied.
The travel cost method is particularly useful for valuing recreational
ecosystem services that are visited by tourists (e.g. coral reefs, national
parks).

Contingent valuation

The contingent valuation method is a stated preference method and
involves directly asking people, in a survey, how much they would
be willing to pay for specific environmental services (Mitchell and
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Carson, 1989). The contingent valuation method can be used to estimate
economic values for all types of ecosystem services. The term ‘contin-
gent’ denotes that valuation is based on a specific hypothetical scenario
and description of the ecosystem service. For example, in the case that
a wetland provides a habitat for a popular species of animal, respondents
to a survey might be asked to state how much additional tax they are
willing to pay to preserve the wetland in order to avoid a decline in the
population of that species. The first practical application of contingent
valuation was done by Davis in 1963 to estimate the value that hunters
and tourists placed on a particular wilderness area (Davis 1963).

The idea is that a hypothetical, yet realistic, market for buying or
selling the use and/or preservation of a good or service can be described
in detail to an individual, who then participates in the hypothetical
market by responding to a series of questions. These questions relate to a
proposed change in the quality or provision of the good or service. The
responses to these questions are then analysed to estimate the average
value the respondents associate with the proposed change. This value
can subsequently be aggregated over the affected population to derive a
measure of total benefit (or cost).

An advantage of the contingent valuation method is that it can
be applied to estimate values for all types of environmental goods
and services, including nonuse values, and also changes in ecosystem
services that have not yet occurred. A disadvantage of this method is
that responses to willingness to pay questions are hypothetical and may
not reflect true behaviour. Hypothetical scenarios described in contin-
gent valuation questionnaires might be misunderstood or found to be
unconvincing to respondents, leading to biased responses (Hanemann,
1994). Another disadvantage of the contingent valuation method is that
it requires complex data collection and sophisticated statistical analysis
and modelling. The large-scale surveys that are necessary for contingent
valuation can also be expensive to conduct.

Choice modelling

Like contingent valuation, choice modelling is also a stated preference
method and can be used to estimate economic values for virtually any
ecosystem good or service. Choice modelling is generally regarded as
one of the most suitable method for estimating consumers’ willingness
to pay for quality improvements. The Nobel Prize for economics in 2000



Valuation of ecosystem services · 319

was awarded to a principal exponent of the Choice Modelling Theory –
Daniel McFadden.

Choice modelling is a hypothetical method – it asks people to make
choices based on a hypothetical scenario. Choice modelling is based
around the idea that any good can be described in terms of its attributes
or characteristics. Values are inferred from the hypothetical choices or
tradeoffs that people make between different combinations of attributes.
Choice modelling is different from contingent valuation in that it asks
respondents to select between a set of alternatives, rather than asking
directly for values.

The choice modelling valuation method addresses a number of the
difficulties associated with traditional valuation methods. For example,
rather than simply asking respondents how much they are willing to
pay for a single improvement in an ecosystem service, a choice model
forces respondents to repeatedly choose between complex, multiattribute
profiles which describe various changes in ecosystem services at a given
cost (e.g. a change in tax paid).

Because it focusses on tradeoffs among alternatives with different
characteristics, choice modelling is especially suited to policy decisions
where a set of possible actions might result in different impacts on ecosys-
tem services. For example, a restored wetland will improve the quality of
several services, such as floodwater storage, drinking water supply, on-
site recreation, and maintenance of biodiversity. In addition, while choice
modelling can be used to estimate dollar values, the results may also be
used simply to rank options, without focussing on dollar values. A further
advantage of the choice model approach is that research is not limited
by preexisting market conditions, because the levels used in a choice
experiment can be set to any reasonable range of values. As such, the
choice modelling is useful to use as a policy tool for exploring proposed
or hypothetical futures (e.g. for the impact of climate change on ecosys-
tem services). Finally, choice experiments allow individuals to evaluate
nonmarket ecosystem services described in an intuitive and meaningful
way, without being asked to complete the potentially objectionable task
of directly assigning dollar figures to important values such as culture.

Choice modelling is therefore a useful tool to value ecosystem
services given its flexibility for valuing different environmental goods
and services in different contexts (see Table 9.4). However, this method
involves complex data analysis and relatively expensive data collection.
This method is therefore only applicable when the necessary expertise
and budget are available.
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Table 9.4 Ecosystem services and commonly applied valuation methods (source:
Van Beukering et al., 2007).

Ecosystem service Valuation method

Food, timber, fuel
wood

Market prices

Water filtration Replacement cost, net factor income, production function
Water storage Replacement cost, net factor income, production function
River flow control Replacement cost, damage cost avoided, production

function, net factor income
Coastal protection Replacement cost, damage cost avoided, production

function, net factor income
Support to fisheries Net factor income, production function
Recreation site Market prices, contingent valuation, travel cost, hedonic

pricing, choice modelling
Visual aesthetics Contingent valuation, hedonic pricing, choice modelling
Nature conservation Contingent valuation, choice modelling
Nonuse/existence

values
Contingent valuation, choice modelling

Main messages from case studies
The case studies presented in this report provide a rich source of infor-
mation. We try to highlight the messages from these cases by providing
the main message and illustrate the message with prominent examples.
Other cases may also provide the same lessons, but for reasons of presen-
tation we have chosen to link the messages to fewer cases where the issue
is most prominent.

Recognising ecosystem services: a first step towards more transparent
and engaged decision making

It is generally accepted that quality of SEA and transparency of decision
making is greatly enhanced if stakeholders are at least informed about,
or preferably invited into a planning process. The recognition of ecosys-
tem services facilitates the identification of relevant stakeholders – the
word service by definition links an ecosystem (the supply side) to stake-
holders representing the demand side. In the Aral Sea Wetland Restora-
tion Project an inventory of wetland related ecosystem services pointed
towards the economic and social interests of these services and the associ-
ated groups in society. By inviting these stakeholders into the process
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of defining alternative restoration strategies it was possible to make an
estimate of the former level of service delivery, its presently degraded
state, and the desired future level of ecosystem service delivery. The
assessment also revealed the geographical distribution of the ecosystem
services. Similarly, in the West Delta Water Conservation and Irrigation
Rehabilitation Project in Egypt, the identification of ecosystem services
linked to surface water from the Nile River and to groundwater from the
underlying aquifers facilitated the identification of relevant stakeholders
to be invited into the SEA process.

When it is obvious that a plan leads to significant impacts on ecosystem
services, ignoring such impacts may lead to opposition and ultimately
the cancellation of the plan. Not studying (the impacts on) ecosystem
services and their respective ecological, social, and economic impor-
tance thus can have serious repercussions. The case on planned water
transfer from the Ebro River in Spain provides a clear example. The
proposed water transfer would seriously affect water flow into the Ebro
Delta. The delta combines multiple ecosystem services, such as maintain-
ing internationally important biological diversity, and providing suitable
conditions for rice cultivation, aquaculture, and fisheries. The protected
status and the economic importance of the delta have been highlighted
by independent studies. Ignoring these tangible ecosystem services and
their beneficiaries by the authorities has contributed greatly to the failure
of the water transfer plan to get approval.

Economic valuation increases the transparency of complex systems; the
Stern Review provides one of the most convincing cases in this respect,
addressing an issue with global consequences over a very long period
of time. By explicitly highlighting the crucial uncertainties of certain
economic activities, environmental conditionality for continuation of
projects can be defined in the approval procedure. Economic valuation
does not intend to prevent actual implementation of projects with impacts
on ecosystem services, but it may affect the design of the intervention
such that costs and benefits are traded off in a rational manner.

Methodological complexities do not necessarily hinder
influential decision making

Due to the complex links between ecosystems and society, economic
valuation of ecosystem services is often faced with methodological diffi-
culties. The Wareham study from the UK was specifically designed to
make an inventory of such difficulties in a real-life case, a regional flood
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control plan. The conclusion of this study was that reliable monetary
values of ecosystem services are difficult to establish when depending
on metadata or data transfer from other areas. Local data collection is
needed, but is laborious. Nevertheless, the same study concluded that
for comparison of alternatives, absolute valuation figures are not neces-
sarily needed; a relative value measure provides enough information for
decision making.

In spite of methodological difficulties, economic valuation of ecosys-
tem services provides acceptable clues for legal procedures and fines. The
Exxon Valdez oil spill is probably the most widely publicised case. Exxon
was fined with the largest fine ever imposed for an environmental crime.
Valuation studies covered various types of ecosystem services, most of
these based on market prices. A significant part of the losses, however,
was based on contingent valuation of lost passive use values linked to
maintenance of biodiversity. The case shows that this technique based
on stated preference of respondents is a legally accepted technique. The
Exxon Valdez case set an example for liability claims for damage inflicted
upon biodiversity. Some other examples are provided in the Annex where
fines are based on contingent valuation, relating to damage inflicted upon
coral reefs.

Of course, in cases where uncertainty about the (impact on the) value
of ecosystem services is significant and the service itself is considered of
great societal importance, the precautionary principle should be applied.
The SEA for gas exploitation under the Dutch Wadden Sea is a classical
case. The Wadden Sea provides multiple ecosystem services of economic
importance (fisheries, tourism), and is an internationally important biodi-
versity conservation area. The main driver of change was soil subsidence
by gas exploitation. There was uncertainty about the rate of sediment
accretion, which would counteract the subsidence. The combination of
important ecosystem values and uncertainty led to significant further
research on this theme before a decision could be reached. Gas exploita-
tion now is subjected to strict monitoring and can be forced to stop if
impacts are larger than expected.

The Stern Review also urges the world to take a precautionary approach,
but in a very particular manner. Instead of doing more research before
taking action, Stern advises us to take action in response to potential
climate change as soon as possible, and not wait for further evidence of
climate change to emerge. In spite of the methodological complexities
of calculating economic consequences of potential climate change, the
Stern Review presents a convincing case that action now will prevent
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considerably larger future costs. Acting now is the best precautionary
measure.

Apart from the need to do additional research as a result of a precau-
tionary approach, there may also be methodological reasons to do so.
Sensitivity analysis is an important tool to avoid the risk on major errors
and to focus efforts for further research on most relevant issues. The
Wareham case highlighted the need for sensitivity analysis to identify
those factors where small changes in values have great influence on the
outcome.

Insight in the distribution of ecosystem service benefits, highlight,
poverty, and equity issues

In early planning stages, recognition of ecosystem services and identifi-
cation of stakeholders can provide important clues on winners and losers
of certain changes, and thus provides better understanding in poverty
and equity issues. In the Egypt case, the diversion of Nile River water
is proposed to enhance agricultural output of a desert area where large
investors have created an economy with annual value of €500 million,
producing agricultural outputs for the European market. If unmitigated,
the withdrawal of water would go at the cost of ecosystem services in the
downstream Nile Delta where poor smallholder farmers and fishermen
would suffer from deteriorating water quality and supply. Even although
the investments would make economic sense, the social consequences
were considered unacceptable. The SEA study thus recommended adjust-
ing the timing of the water diversion plan to the implementation of the
national water resources management plan, in order to avoid the equity
problems.

Another lesson from the Egypt case is that benefits and costs associated
to ecosystem services can occur in geographically completely separate
areas and affect different stakeholders, belonging to different divisions of
society. In the Egypt case the ‘winners’ were large investors practising
high-tech agriculture in the West Delta, while the potential ‘losers’ were
relatively poor inhabitants of the Nile Delta living hundreds of kilometres
away from the plan area. A similar spatial distribution effect was observed
in the economic valuation study in Mali where the hydrodams transferred
welfare from the poor downstream communities to the wealthier urban
population in the capital.

A manner to overcome distributional effects as described above
is provided by payments for ecosystem services (PES). Costa Rica
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provides an example where the existing inequity in distribution of costs
and benefits between providers of an ecosystem service and the ones
benefiting is solved by a legally embedded PES scheme. PES facil-
itates market processes between individual landowners, urban water
consumers, and the world carbon market. For the protection of water
resources the upstream landowners receive a payment if they leave their
forest untouched, while the downstream urban inhabitants benefit from a
secured source of drinking water. Similarly, the benefits of carbon seques-
tration accrue to the global community, while the opportunity cost of
not converting a forest lies with local landowners.

SEA and planning processes are enhanced by the identification and
quantification of ecosystem services

The Aral case represents a strategy development process for a large
region, where reliable quantitative data were scarce. After the collapse
of the Soviet Union, research and data collection efforts in Uzbekistan
came to a standstill. Yet, this did not hinder the effective comparison
of alternative restoration strategies for the Amu Darya Delta, based on
ecosystem services assessment. The participatory multicriteria analysis
involving both local scientists and stakeholders was a guarantee that all
relevant local knowledge was represented in the process. Linking ecosys-
tem services to stakeholders provided a good approach to involve relevant
actors. By using the MCA tool it was possible to compare the perfor-
mance of ecosystem services under different alternatives in semiquantified
manner. ‘Currencies’ to compare values for different alternatives ranged
from simple five-point scales (much more, more, neutral, less, much less)
to actual quantification of societal values (such as income, number of
jobs, number of inhabitants receiving good drinking water). At a higher
strategic level this provided enough information for effective decision
making. The Wareham case where different coastal flood management
options were compared in terms of their impacts on ecosystem services
came to a similar conclusion – relative differences in values provided a
good basis for comparison. Full quantification and monetisation is not
needed in early planning stages or at higher strategic levels.

In South Africa a spatial planning approach based on a SEA-like
strategic catchment assessment provided a way out in a situation where
biodiversity issues repeatedly caused discussion and delays in decision
making at EIA/project level. Identification and valuation of ecosystem
services and identification of stakeholders put biodiversity in the perspec-
tive of social and economic development needs of the municipality. Some
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services were under critical pressure and in need of conservation, not
only because of biodiversity per se but also because of essential services
for human well being. Other services are performing well and may
provide a development potential when underexploited. Such a constraints
and opportunities approach resulted in an open and better platform for
discussion.

SEA provides a platform to put valuation results
in a societal context

A general observation on the available literature on ecosystem services
valuation is the lack of knowledge on the actual effects of the studies
in planning and decision making processes. Moreover, there is a general
feeling that the great potential of such studies to have an impact is
not used to the full benefit. This is to a large extent caused by the
divide between the worlds of environmental economy and environmental
assessment. Economists often are not aware of the SEA instrument and
the opportunities provided by this instrument to embed their methods
and knowledge in a planning context and decision making process.

The case studies in this document provide evidence that economic
valuation tools can easily be integrated in the SEA process, providing
information much wanted by decision makers. Of course, the cases also
show that SEA is not necessarily needed to make effective use of valuation
tools for decision making. In cases where money was the key issue,
economic valuation, of course, was the most preferred tool available.
Examples are the penalties in the Exxon Valdez case, the compensation
payments in the Costa Rica PES case, and the management fees in
the Antilles case. In other cases, the use of valuation tools was not the
obvious choice but played an important role in final decision making.
In the South Africa case, valuation provided the necessary vocabulary to
convince decision makers; in the Wadden Sea case, it contributed to the
recognised need for a precautionary approach and a strict environmental
management plan. In both cases, SEA or SEA-like processes supported
decision making, and provided the platform to merge the valuation results
with the decision making process.

Decision making supported by relevant information

The authors of the South African case clearly state that monetisation
of ecosystem services has put biodiversity considerations on the decision
makers’ agenda. Instead of identifying and declaring conservation-worthy
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areas a ‘no-go’, the study stresses the ecosystem services that the environ-
ment provides free of charge to the Municipality. The use of ecosystems
services and focus on the value of these services for society was of
key importance to convince local councils that biodiversity conserva-
tion makes economic sense. Politicians reacted negatively to the term
‘biodiversity’ but more positively once they realised that environmental
services have an economic value.

Presentation of results is an important aspect of environmental assess-
ment. All too often assessment reports are voluminous and filled with
jargon, rendering these reports inaccessible for decision makers and the
public at large. Some lessons can be drawn from the case studies. In
the Aral case the construction of an ‘ecosystem services – values’ table
provides a good visualisation of the variety of services and their stake-
holders. It served as a good communication tool. For the strategic catch-
ment assessment in uMhlathuze Municipality, a status quo report on the
condition of ecosystem services was presented in four poster-like pages
for each catchment. This communication-oriented output was ideal to
rapidly inform planners and decision makers. The thought behind this
was that ‘planners are in the best position to influence sustainable devel-
opment, so they should also be educated’.

Similarly, the Stern Review case teaches us that the one who conveys the
message also makes a difference in the impact of the study. This case shows
that the most far-reaching policy changes for improving the function-
ing of ecosystem services can be achieved by making the Treasury the
champion of the economic valuation study. They have both the authority
and the means to follow up on the recommendations. In general, the case
teaches us that boundary conditions such as timing, communication and
ownership can be more important in terms of generating societal impact
than the quality of the study only. The Stern Review was published shortly
after the world famous Inconvenient Truth by former U.S. Vice-President
Al Gore. The documentary paved the way for the more complex message
of the economics of climate change.

Valuing ecosystem services directly facilitates sustainability

The Exxon Valdez case has confronted oil companies with severe finan-
cial consequences of oil spills. Undoubtedly, this has contributed to the
ever-increasing safety norms for oil transport, thus reducing such mishaps
in future. On the other hand it provides a mechanism for the financing
the clean-up operations of environmental damage for which a party can
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be held accountable. In a strange manner this generates financial ‘sustain-
ability’ of clean-up operations; of course, an environmental disaster can
never be considered environmentally sustainable.

The introduction of a payment for ecosystem services scheme (PES) in
Costa Rica has played a major role in changing Costa Rican destructive
and rapid deforestation into forest restoration efforts and more sustainable
management, with tangible and convincing results.

Similarly, contingent valuation of coral reefs has effectively been
applied in the Netherlands Antilles case where it has lead to the imple-
mentation of measures guaranteeing better management of national
parks and financial sustainability of the management operations. In other
cases, valuation of ecosystem services has resulted in more sustainability-
oriented decision making (i.e. South Africa, Aral, Egypt, Wadden Sea),
although it cannot be judged how decision would otherwise have been
taken.

The Ebro case shows the power of valuation tools in the hand of
opponents of an obviously unsustainable project. Although environmen-
tal assessment never has the intention to hinder or to stop development,
in this case the use of independent assessment and simultaneous pressure
on the main funding agency has avoided great damage. In the end it has
resulted in a much better plan, although a change of government was
needed for this major step.

In summary, the cases provide evidence that the recognition and valua-
tion of ecosystem services within the context of well-informed strategic
decision making, facilitates a better representation of the three pillars of
sustainability:

(1) Financial sustainability of environmental and resource management;
(2) Social sustainability by facilitating participation of stakeholders and

by highlighting and addressing equity issues; and
(3) Environmental sustainability by providing better insight in the long-

and short-term trade offs of investment decisions.



Epilogue – Topics in need of
further elaboration
Roel Slootweg, Asha Rajvanshi, Vinod B. Mathur,
and Arend Kolhoff

A number of topics have not been addressed in a separate chapter in
this book. If we had covered everything then the book was in danger of
becoming an encyclopaedia. The aim of this epilogue is to raise some
of these additional topics in the anticipation and hope that others will
address them – each deserves a book in its own right!

Climate change
Despite the rapidly expanding state of knowledge about climate change
impacts, it is strange not to address this issue in a separate chapter of
this book. Many environmental professionals view climate change as a
symptom of our unsustainable use of the biophysical environment. A
clear distinction is maintained between efforts to address the symptoms
of climate change from those dealing with the causes. These distinctions
are underpinned by the United Nations Framework Convention on
Climate Change (UNFCCC) which identifies two responses to climate
change: (i) mitigation of climate change by reducing greenhouse-gas
emissions and enhancing sinks and (ii) adaptation to the impacts of
climate change. In response to the issues pertaining to climate change,
most research on adaptation and mitigation so far has been disparate,
involving largely different communities of scholars who take different
approaches to analyse the two responses. This dichotomy of objectives
poses a significant challenge for the impact assessment community which
is trying to see a potential for creating synergies between adaptation
and mitigation. Impact assessment professionals have a responsibility to
link climate, development, and environmental policies by, for example,
linking energy efficiency (related to mitigation) to sustainable commu-
nities or poverty reduction (related to adaptation). Yet, in most impact
assessments climate change is an externality to be taken into account
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when describing expected future developments in the description of
autonomous developments. Due to their limited scale of influence, most
projects or plans under study cannot influence or mitigate climate change
itself and can only take climate change scenarios into account when
these are expected to have influence on the outcome of the project or
plan (adaptation). Mitigation of climate change is the ultimate policy
challenge as it can only be addressed globally. For example, agreements
on a global scale lead to national standards on emissions reduction. These
agreements set the boundary conditions for planned activities and can be
taken into account in environmental assessment, in the same way as noise
or water quality standards have to be taken into account. The impacts of
climate change are only recently becoming visible. How these processes
of change have to be weighed against changes induced by other human
activities, and how to deal with potential cumulative or synergistic effects
are questions we are only starting to recognise. We feel there is a need to
use environmental assessment to improve resilience of ecosystems through
the adoption of biodiversity-based adaptation and mitigation strategies.
We also suggest that impact assessments can be thought of as “trading
tool” through which actors, such as developers, economists, EA experts,
or local communities, can negotiate data needs and research priorities,
participation, and methodological issues. This theme, by any means, is
too big for this book, even though Chapter 3 does pay attention to the
linkages between climate change and ecosystem services. Additionally,
we have included the highly publicised Stern report on the economic
consequences of climate change as an example case in the Annex.

Stakeholder participation: the ecosystem
approach in practice
Stakeholder participation appears prominently in most chapters of this
book. Yet, we feel that it merits more attention, especially in relation
to the implementation of the ecosystem approach. Chapter 2 stated that
‘discussing biodiversity is very much about discussing people’s behaviour
and interests’. The main threats to global biodiversity are associated with
human activities. It is argued that the value of biodiversity is best guaran-
teed among people by means of a participatory discussion of environ-
mental goals. The ecosystem approach of the CBD explicitly states that
humans, with their cultural diversity, are an integral component of many
ecosystems. The ecosystem approach is based on the application of appro-
priate scientific methodologies but also states that ecosystem management
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is a social process. The need for stakeholder participation in decision
making appears prominently throughout the approach. The most
prominent principles highlighting the role of stakeholder participation
are cited below (see Box 2.4, Chapter 2, for a complete overview).

Principle 1 states that the objectives of management of land, water,
and living resources are a matter of societal choice. There are many inter-
ested communities, which must be involved through the development of
efficient and effective structures and processes for decision making and
management. The ecosystem approach should, according to principle
10, seek the appropriate balance between, and integration of, conserva-
tion and use of biological diversity. Biological resources provide goods
and services on which humanity ultimately depends. There has been a
tendency in the past to manage components of biological diversity either
as protected or nonprotected. There is a need for a shift to more flexible
situations, where conservation and use are seen in context and the full
range of measures is applied in a continuum from strictly protected to
human-made ecosystems. In doing so, the ecosystem approach should
consider all forms of relevant information, including scientific and indige-
nous and local knowledge, innovations, and practices (principle 11).
Information from all sources is critical to arriving at effective ecosys-
tem management strategies. Sharing of information with all stakehold-
ers is equally important. Therefore, principle 12 logically argues that
the ecosystem approach should involve all relevant sectors of society
and scientific disciplines. The integrated management of land, water,
and living resources requires increased communication and cooperation,
(i) between sectors, (ii) at various levels of Government (national, provin-
cial, local), and (iii) among Governments, civil society, and private sector
stakeholders.

The public participation discussion in environmental assessment has
evolved along with the emergence of more strategic level assessment. The
most simple level of participation in EIA allows the general audience to
react to the Terms of Reference of an EIA and to provide comments
on the Environmental Impact Statement resulting from an EIA. Public
review in EIA is considered too little and too late. SEA has emerged to
provide an earlier possibility to influence the planning process. Increas-
ingly, a more active role of both proponent (finding and inviting stake-
holders) and stakeholders is promoted to be able to come to sustainable
plans and projects. Yet, at strategic level public participation is more
complex to organise. Plans are not concrete yet, locations may still be
unknown, and government may not be willing to publicise it plans in
early stages. Yet, in a recent book, Dietz and Stern (2008) conclude
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that, when done correctly, public participation improves the quality of
federal agencies’ decisions about the environment. Well-managed public
involvement also increases the legitimacy of decisions in the eyes of those
affected by them, which makes it more likely that the decisions will be
implemented effectively.

With respect to biodiversity the distributional or equity effects of
ecosystem services come into scope: who is most vulnerable, who is
most resilient, and how do we tackle this aspect in planning and environ-
mental assessment? Biodiversity is providing a resource base for the liveli-
hoods of many. These stakeholders can easily be identified, although their
participation in a planning process may not be as easy (literacy, language,
education, access to information, etc.). Biodiversity is also considered to
be a life insurance to life itself; in other words, it has to be maintained for
future generations. How can the interests of future generations be repre-
sented in the assessment process? Issues of scale present further complex-
ities in the public participation discussion. Stakeholders in the climate
change debate are global – how can these stakeholders be represented
in a process? Similarly, other global commons such as the oceans do not
have easily identified representatives. Here the role of global conventions
comes into the picture.

Capacity development and institutional issues
Environmental assessment can only be effectively used when the instru-
ment is used in a setting with certain characteristics. For example,
the ecosystem approach requires stakeholder participation in decision
making and management. Environmental assessment has always strongly
emphasised the role of stakeholders and consequently provides an impor-
tant vehicle for the implementation of the ecosystem approach. But,
true stakeholder participation requires a society with certain institutions
which guarantees that the views of stakeholders are not disregarded. In
general terms, environmental assessment is often considered to require a
minimal level of democracy and transparency to be effective.

From a biodiversity perspective this is extremely relevant as we position
biodiversity in terms of ecosystem services, which translates biodiversity
into stakeholder values. If these values cannot be taken into account as
a result of the lack of necessary institutions to govern the environmental
assessment process, the basis for good assessment is jeopardised. In other
words, biodiversity is an issue for which certain governance mechanisms
have to be in place in order to be effectively maintained for human
well-being, now and in future.
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Issues that need to be addressed include access to information, equity
in expressing interests, respecting human rights, and transparency. New
developments need attention; for example, how can the rapid develop-
ment of new communication tools (e.g. the Internet) contribute to the
process.

Biodiversity and the law
Increasingly impact assessment is becoming a legal battle. Legal protec-
tion guarantees minimum protection but may lead to a free-for-all in
the remaining area. Nonprotected areas or species may go unnoticed
in environmental assessment. Environmental assessment has always been
positioned as a tool to provide insight in all relevant consequences of
human activities; ‘relevant’ is interpreted as relevant to decision making.
However, ‘relevant’ is often interpreted as ‘regulated by law’. It can be
argued that with a strong focus on legally required issues, many other
relevant aspects (of biodiversity) may be lost and out of sight and may even
lead to a loss of independent thinking. A possible way to better harmonise
the need for legal ‘clarity’ with the diverse character of biodiversity is
the recognition of ecosystem services. This may provide another way to
put unprotected biodiversity in the picture. In short, we would highly
welcome good contributions on this aspect. An issue of interest may be
the implementation experience of some European directives, such as the
EU habitat and birds directives and the water framework directive. While
the habitat and birds directives are designed to provide minimal protec-
tion to threatened habitats without jeopardising economic development,
they are considered by many countries as too prescriptive. The water
framework directive better recognised that different countries do things
in different ways to achieve the same outcomes. The implementation
of these (framework) directives provides a wealth of experiences when
different countries have different interpretations and implementation
mechanisms. Evaluation studies within the broader context of the objec-
tives and approaches from the CBD could provide relevant practical clues.

Sustainability assessment, integrated
assessment, and more
In this book we have addressed environmental assessment from the
perspective of real-world decision making. For this, the instruments
of environmental impact assessment (EIA) and strategic environmental
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assessment (SEA) have been developed, and in most countries regulated
by law. In many countries these are the only regulations providing some
minimal form of transparency and participation in governmental decision
making. In practice EIA as well as SEA are legalised battle grounds in
which stakeholders fight out their interests in a formalised ‘arena’. This
explains the preoccupation of the impact assessment community with
procedural aspects. In this book we have tried to provide some contents
to these largely procedural instruments. However, there is a world beyond
EIA or SEA, where many different tools and approaches are being devel-
oped around the key words ‘sustainability’ and ‘integrated’. Sustainability
is based on three pillars, a social, an ecological and an economic pillar.
In order to address these in a balanced manner, the worlds of sociology,
ecology, and economics have to be integrated into one coherent instru-
ment. Sustainability assessment is often described as a process by which
the implications of an initiative on sustainability are evaluated, where
the initiative can be a proposed or existing policy, plan, programme,
project, piece of legislation, or a current practice or activity. This generic
definition covers a broad range of different processes, many of which
have been described in the literature as ‘sustainability assessment’ (Pope
et al., 2004). Integrated assessment (including social cost–benefit analysis)
has largely similar characteristics, but has been developed by economists.
These largely scientific endeavours have produced relevant new insights
and tools. Yet, the methods are ‘content driven’ and lack a procedural
framework comparable to EIA or SEA. Consequently, there is neither
a standard approach (yet), nor a standard terminology – many different
approaches with different applications coexist. In recent years the world
of sustainability or integrated assessment, dominated by scientists, and
impact assessment (EIA(SEA), dominated by practitioners, are nearing
each other. There are obvious lessons to be learned for both sides. The
scientists can enrich and improve the present practice of impact assess-
ment with better approaches to the integration of different scientific
disciplines, while the impact assessment practitioners can indicate what
works in practice and what does not work. In the end, both scientists
and practitioners all want to provide relevant and timely information to
decision makers, leading to decisions that contribute to a more ‘sustain-
able’ world. In this book the focus is on maintaining biodiversity for
human well-being, now and in future.



Annex: valuation of ecosystem
services: influential cases
Pieter van Beukering, Roel Slootweg, and
Desirée Immerzeel

Introduction
For reasons of consistency the ten main cases (see Table A.1) have been written with
a (more or less) fixed format. As much as possible the following six items have been
addressed in the analysis of cases:

(1) Introduction to the case: description of the issue, social and environmental setting,
sector, and location.

(2) Context of the case study: where and how was the valuation study used in the
planning process? (or what was the policy context of the study?) Where in the
process did the study fit?

(3) Assessment context: was the study carried out as (part of) a formal SEA (or EIA)
procedure?

(4) Ecosystem services: the type of ecosystem services, the way in which ecosystem
services were included in the assessment, the type of valuation applied, and the
role of stakeholders in the process.

(5) Decision making: in what way did valuation of ecosystem services influence
decision making? What constraints where encountered in using ecosystem
services to inform decision making?

(6) SEA boundary conditions: relation between study effort and magnitude of the
decisions involved; source of data; the level of detail required at which level of
planning; timing of the assessment in the process.

Ten further cases will appear as Cases A.1–A.10 throughout this chapter. These
cases have not been analysed in detail but merely provide further illustration of the
messages derived from the main cases. These additional cases are listed in Table A.2
with a reference to the cases that they support.

West Delta Water Conservation and Irrigation
Rehabilitation Project, Egypt
Main messages

� In early planning stages, recognition of ecosystem services and identification of
stakeholders can provide important clues to poverty and equity issues.
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Table A.1 Case studies elaborately explained in separate chapters.

# Study Ecosystem Country Type of study

1 Water Conservation
and Irrigation
Rehabilitation

Reclaimed desert
and river delta

Egypt Voluntary SEA

2 Wetland Restoration
Strategy

Wetland Aral Sea SEA-like

3 Strategic Catchment
Assessment

Watersheds South Africa Part of SEA
process

4 Making Space for
Water in Wareham

Coastal wetlands United Kingdom Experimental
SEA

5 Climate policies and
the Stern Review

Global Global Inform policy
making

6 Natural gas
extraction in the
Wadden Sea

Tidal wetlands Netherlands Inform EIA and
SEA process

7 Management of
marine parks

Coral reefs Dutch Antilles Sustainable
financing

8 Watershed
rehabilitation and
services provision

Forest Costa Rica Payments for
Ecosystem
Services

9 Water scarcity and
transfer

Rivers Spain Advocacy

10 Exxon Valdez oil
spill in Alaska

Coastal resources United States Damage
assessment

� Benefits and costs associated with ecosystem services can occur in geographically
completely separate areas and affect different stakeholders belonging to different
divisions of society.

Introduction to the case

Since the 1980s Egypt continues to expand its groundwater-based agriculture on
the desert plains west of the Nile Delta, an area with the confusing name ‘West
Delta’. A highly productive and economically important, export-oriented agricul-
ture has developed, based on modern irrigation technology and advanced agricultural
practises. However, the rate of groundwater exploitation by far exceeds the rate of
renewal and thus is not sustainable. Groundwater is rapidly depleting and in some
places already turning to saltwater. In order to reverse the deteriorating situation, to
save the economic potential (about US$500 million annually) and the many jobs in
‘on’ farm and ‘off’ farm activities, the Government of Egypt has proposed the West
Delta Water Conservation and Irrigation Rehabilitation Project (WDWCIRP) to
supply Nile water to the area. The Government of Egypt is preparing a public–
private partnership project to pump fresh Nile water from the Rosetta Nile branch
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Table A.2 Case studies briefly addressed in boxes.

# Study Ecosystem Country Type of study Link

1 Impact of dams
on wetlands
and livelihoods

Wetlands Mali Investment
decision

Case A.1. in
Case 1

2 Livelihood and
conservation of
Korup National
Park

Tropical
forest

Cameroon Nature
conservation

Case A.2. in
Case 1

3 Large scale
wetland
restoration

Wetlands Everglades Nature
conservation

Case A.3. in
Case 3

4 Management of
Durban’s open
spaces

Open
spaces

South Africa Environmental
planning

Case A.4. in
Case 3

5 Cost of policy
inaction for
biodiversity

Biodiversity Global Awareness
raising

Case A.5. in
Case 5

6 Carbon offset
investments in
Iwokrama
National Park

Tropical
forest

Guyana Investment
decision

Case A.6. in
Case 5

7 Mangrove
rehabilitation

Mangroves Philippines Nature
restoration

Case A.7. in
Case 6

8 Voluntary user fee
system for
divers

Coral reefs Hawaii Sustainable
financing

Case A.8. in
Case 8

9 Watershed
rehabilitation
for drinking
water

Rural areas New York Payments for
ecosystem
services

Case A.9. in
Case 8

10 Penalty system for
coral reef injury

Coral reefs Florida/Hawaii Damage
assessment

Case A.10. in
Case 10

into the project area and distribute it over 40,000 hectares of farmland in the West
Delta area on a full cost recovery basis.

Context of the case study: the planning process

Egypt’s National Water Resources Management Plan (NWRP, 2000) is based on a
strictly defined amount of available water, agreed upon among the Nile Basin states.
Within this limitation, the NWRP describes measures to save water in the existing
water resources management system to facilitate expansion of irrigation works in
desert areas. Water-saving measures include the ongoing urbanisation on farmland
(thus saving on irrigation water), waste water treatment, shifts in the cropping pattern
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(restrictions on rice and bananas), and irrigation improvement projects. At the time
of the study a timetable for the implementation of these water-saving measures still
needed to be devised.

The West Delta is one of the identified areas for further land reclamation for
irrigation development. The first planning step was a study on a ‘Conceptual Frame-
work and Transaction Model for a Public-Private Partnership in Irrigation in the
West Delta’. This study provided a conceptual design based on public–private water
management partnership and the willingness of the beneficiaries to connect on a full
cost recovery basis. The study was conducted under the condition that 1.6 billion
cubic metres (BCM) of Nile water would be available which amounts to about
16 percent of the total flow in the Rosetta branch.

Assessment context

The creation of a public–private partnership is a relatively new procedure. How to
deal with environmental and social impact assessment in such circumstances had yet
not been clearly defined. Slootweg et al. 2007 provides a simplified overview of the
steps in the planning process and the points where impact assessment played and still
has to play its role. The WDWCIRP started with a preliminary technical design
providing a general framework on how to address the predictable future problems
of groundwater availability. This preliminary study provided the basis for a Drain-
frame assessment, that is, an SEA-like assessment of the provisional plan, following
an approach developed by the World Bank Agriculture and Rural Development
Division (Abdel-Dayem et al., 2004).

Drainframe is a water resources planning approach that ensures the integration in
the planning process of the multiple services provided by natural resources, taking
into account the interests of stakeholders. It has the characteristics of an integrated
SEA. Integrated in the sense that economic, social, and environmental aspects are
taken into account; strategic in the sense that it offers options for decision making in
early stages of planning (Slootweg et al., 2007). At the time of the study no decisions
had been taken yet on the exact location and size of the project intervention area,
irrigation technology, or institutional arrangements. The Drainframe assessment is
subject of this case description.

The preliminary study was based on a number of stakeholder workshops and
interviews throughout the project area. The focus was on identifying the needs
and aspirations of farmers in the West Delta area. The Drainframe SEA study has
extended participation to other stakeholders who, based on the assessment of affected
ecosystem services linked to surface and groundwater, could be identified as poten-
tially affected by the project. The outreach study made all farmers in the area aware
of the process (instead of sampled groups) to guarantee broad knowledge of and
contributions to the planning process. Drainframe and outreach studies have deter-
mined the scope of a further detailed technical study. This technical study, however,
is NOT a final design, but it provides the boundary conditions for the bidding
process.

The environmental and social impact assessment (ESIA), required in the project
preparation cycle of the World Bank, moved from the broad overview provided by
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Preliminary design &
stakeholder workshops

Outreach study &
technical design

Drainframe study & invitation
of “outside” stakeholders

Bidding process &
detailed design

ESIA: providing a framework
for ESMP

ESIA private operator:
detailed ESMP for its

part of the project

ESIA & ESMP
for government

partners

Construction, operation,
& maintenance

+

Steps in planning
process

Steps in environmental and social
impact assessment

Mitigation measures & monitoring

Figure A.1 Project planning process including environmental and social assessment
(Source: Slootweg et al., 2007).

the Drainframe study, to more detailed project-level impact assessment. However,
because the final design of the project is not available yet and many issues remain
unresolved, the impact assessment in many instances could not go further than
defining the various tasks and responsibilities of both the private and public partners
in the remaining phases; the ESIA provided a framework for further work. The final
design will be made by the private service provider who wins the bid for the PPP
project. The process, at the time that this chapter was written, did not yet reach this
phase.

Ecosystem services and valuation

A first round of qualitative analysis resulted in an overview of affected ecosystem
services through the identification of main drivers of change:

� Withdrawal of water from the Rosetta Nile branch – The reduction of water availability
downstream of the intake by 16 percent affects water supply to tens of thousands
of smallholder farms (many of these being among the poorest of Egyptian society),
public water supply in Beheira Governarate and the city of Alexandria, the ecolog-
ical status of coastal lagoons (one Ramsar site), and their fisheries productivity.

� Surface water supply to West Delta – Transferring this water to the project area can
lead to reduced exploitation of groundwater in the project area, but it can also lead
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Table A.3 Economic performance of three alternatives (not
taking into account offsite and indirect impacts).

A B C

Benefit–cost ratio in 2017 0.99 1.07 1.05
Income per feddan in 2017 (LE/feddan) –70 521 398
NPV (r = 10%) million LE 975 1013 588

to intensified agricultural exploitation by jointly using imported surface water and
local groundwater. This results in complex groundwater level fluctuations in the
aquifer underlying the entire West Delta.

� A permanent supply of water will induce increased social and economic develop-
ment in the West Delta Region. This aspect is left untouched in this case study
description.

Stakeholders in ecosystem services were invited, in a workshop, to make an
assessment of the relative importance of the affected ecosystem services. This resulted
in the identification of main issues. A second round of analysis included a comparison
of alternative project concepts based on quantified impacts. Relationships between
interventions, the changes that were expected, their effects on ecosystem services,
and the impact on societal values of these services were first described. These
relationships, in most cases, were modelled in simple mathematical equations. The
team also took advantage of two existing computational models for (i) simulation
of water availability and yield relations in the Nile Delta and for (ii) simulation of
groundwater behaviour in the West Delta region. The results were presented and
discussed in a second workshop with about 60 stakeholders from both the private
sector and the government.

The Drainframe study considered three alternative strategies for water supply to
the project area, with various subalternatives. Strategy A represents the case of doing
nothing – pumping of groundwater continues at unsustainable levels. Strategy B uses
surface water for irrigation in conjunction with groundwater use for peak demands;
the water conveyance infrastructure is modest and the surface area potentially culti-
vated is the largest. Strategy C considers no groundwater use at all; the capacity of the
conveyance system has to be significantly larger to meet peak water requirements.

The evaluation exercise concentrated on the following main impacts expected to
result from the considered alternatives in the study area:

� Net economic benefits of an average farm in the project area (quantitative): As shown in
Table A.3, conjunctive use of surface and groundwater gives highest net present
value. At a discount rate of 10 percent the continuation of the present practise
of groundwater pumping remains more beneficial than investing in a system that
fully depends on Nile water (Strategy C). This is explained by the fact that rapid
deterioration of groundwater only takes place after 2013, while investment costs
for the Strategy C alternative are huge.
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Table A.4 Performance of strategies on job creation.

Number of jobs A B C

Seasonal jobs −29,809 273,255 210,070
Permanent jobs 0 54,607 41,897
Total jobs −29,809 327,862 251,966

Table A.5 Hypothetical annual production loss in the Nile Delta as a result of
1.6 BCM annual water withdrawal (in millions of US$).

Impacts distributed over
entire Nile Delta

Impacts on Rosetta
branch only

Cropping pattern unchanged 263.731 132.678
Cropping pattern adapted 77.353 78.563

� Numbers of permanent and seasonal jobs in the project area (quantitative): As shown in
Table A.4, the different strategies generate different levels of employment, with
Strategy B being the most labour-intensive approach.

� Impact on the production in the downstream area of the Nile Delta (quantitative): As
shown in Table A.5, the potential losses in production value in the Nile Delta
were calculated for two situations: the water is only taken from the Rosetta branch,
or the water is taken from the entire delta. Two scenarios where evaluated: (i) the
loss of net return of agriculture when the cropping pattern remains unchanged
and (ii) the loss when farmers cope as well as possible with increasing water
scarcity. The alternatives, Strategies B and C would both take the same amount of
water.

� Fishery benefits: Fisheries productivity of the coastal lakes amounts to 152,295
tonnes annually, caught by 18,000 boats, providing employment to 48,000 persons.
No attempt was made to calculate production losses.

� Impact on drinking water availability (qualitative): Beheira governorate depends on
groundwater for 60 percent of its population (2.4 million people). The remaining
40 percent of the population (i.e. 1.6 million people) depends on surface water.
Mahmoudia canal, taking water from Rosetta branch, is the only source of public
water supply to Alexandria, serving between six million inhabitants in the winter
and eight million in the summer. Any reduction in water supply will have severe
consequences, because the water supply is already under stress.

Decision making

The use of strategic environmental assessment at the earliest possible stage of the
planning process guarantees that environmental and social issues beyond the bound-
aries of the project area are incorporated in the design process. Valuation of ecosystem
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services focussed on the services linked to water resources in the area under the influ-
ence of the major driver of change, that is, the transfer of water from the Nile Delta
to the West Delta desert area.

Very simple quantification techniques, in terms of net present value and
benefit/cost ratio of investments at farm level, job creation, numbers of people
negatively affected, and overall production losses in the Nile Delta, provided strong
arguments for decision makers at the Ministry of Water Resources and Irrigation
and the World Bank to significantly reduce the scale of the initial pilot project. The
diversion of water from relatively poor smallholder farmers in de Nile Delta to large
investors in de West Delta poses equity problems unacceptable to stakeholders as
well as government decision makers.

All experts and stakeholders agreed that water withdrawal from the Rosetta
branch should be fully compensated by measures to save water in the entire irrigation
system. Water quality in Rosetta branch is already below the needs of the command
area, water quality in the coastal lakes is similarly under serious stress, agriculture in
the Nile Delta would face serious losses under reduced water availability, and public
water supply to Alexandria is of such overwhelming importance that any reduction
in water supply to Rosetta branch must be avoided.

However, the National Water Resources Plan does not give a timetable of water-
saving measures and therefore does not provide any clues to the timing of water
savings. At present an implementation programme for water-saving measures is
developed. It was considered important to harmonise implementation of the West
Delta project with the necessary measures to save the required amount of water.

It is decided that the WDWCIRP project will have a phased approach, provid-
ing room to implement the water-saving programme. Short-term measures can
produce necessary first savings to allow for the first, relatively small pilot phase of the
WDWCIRP project. Further water-saving measures will provide room for further
expansion of the WDWCIRP project.

SEA boundary conditions

The Drainframe assessment has been carried out over a period of three months.
Time expenditure included hiring of three expatriate and two local consultants for
one month each. Furthermore, farm surveys were carried out by local agricultural
extension workers. The study was carried out in close collaboration with the persons
responsible for project planning, at the Ministry and the World Bank. The cost of
the study was approximately US$80,000, on a total estimated project budget of
around US$100 million. The study was well-coordinated, was fully integrated in the
planning process, and did not experience any delays.

Data were obtained from project planning documents, government statistics, farm
surveys, two computational groundwater and surface water models, with a number
of additional field visits and on-farm interviews for verification. Two stakeholder
workshops provided relevant scoping information and discussion on the outcome of
the study. The level of detail and reliability of information was sufficient to guide
the planning process. Where links between hydrological changes and impacts were
very difficult to quantify in economic terms, the impact description was limited to
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the identification of numbers of affected people. The subsequent detailed technical
design was subject to a full-fledged ESIA, which could zoom in on a limited number
of issues to provide more detailed information.

Case A.1. More sustainable management of the
Niger River in Mali

One million people in the Inner Niger Delta make a living from arable farming,
fisheries and livestock. Upstream dams (one built for electricity generation and
one for irrigation) affect this downstream multifunctional use of water. Addition-
ally, the Inner Niger Delta, which is one of the largest Ramsar sites in the world,
is a hotspot of biodiversity and accommodates two of the largest known breeding
colonies of large wading birds and staging water birds, residents and migrants
from all over Europe and western Asia. The hydrological and related ecological
conditions in the Inner Delta largely determine the health of the ecology as well
as the economy.

The major aim of a three-year study was to develop a decision-support system
for river management in the Upper Niger, in which ecological and socioe-
conomic impacts and benefits of dams and irrigation systems are analysed in
relation to different water management scenarios. The study involves various
components: hydrology, arable farming, livestock, fisheries, ecology, and socioe-
conomics (Zwarts et al. 2005).

An economic analysis has been conducted to determine the role of dams
in the economy of the Inner Niger Delta and the Upper Niger region. By
innovatively combining the above information on hydrology, ecology, fisheries,
and agriculture, the study shows that building new dams is not an efficient way to
increase economic growth and reduce poverty in the region. In fact, such efforts
are countereffective and, at best, transfer welfare from the Inner Niger Delta to
the Upper Niger region (Zwarts et al. 2006).

Rather than building more dams in the Upper Niger, the study advises to
aim additional efforts at improving the efficiency of the existing infrastructure,
as well as of current economic activities in the Inner Niger Delta itself. This
approach will also provide greater certainty for the essential ecoregional network
functioning of the Inner Delta. Several of these recommendations seem to have
been adopted by the Mali government. The attention of economic development
within the Inner Niger Delta has increased, as well as the continued efforts to
improve the irrigation efficiency in the agriculture sector upstream.

Box A.2. Nature conservation at the cost of local
livelihoods?

From a conservation and development perspective a strong statement is provided
by Schmidt-Soltau (2002) and Cernea and Schmidt-Soltau (2006) in a description
of an impact assessment in a national park project in South-West Cameroon. In
1986 Korup National Park was created, covering an area of 1,259 km2. It soon
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became famous; the British Sunday newspaper The Observer introduced Korup
National Park to the world with a special full-colour supplement titled ‘Paradise
lost?’

Here the paper could have ended, if the area had been solely inhabited and
utilised by mammals, fishes, birds, and insects; but the perception of Africa
as a continent of a vast wilderness with abundant freely ranging wild animals
waiting for tourists and researchers to enjoy is flawed. In reality, there is no
‘no man’s land’ in Africa. The wilderness is often communal land shared
between villages. In the case of Korup National Park the land is home to 1,400
people. Nearly 30,000 individuals from 187 villages are utilising the park and
its surrounding area for their livelihood as hunters, gatherers, fisher-folk, and
farmers.

An assessment of the impacts of prohibiting any further exploitation of the
forest showed that even if the project were to use its entire budget to compensate
the traditional owners on an annual basis, the villagers – not considering the
impact on their subsistence – would be forced to contribute €31- per person
(or 19 percent of their annual cash income) to the conservation of rainforests.
Yet, 81 percent of respondents saw the forests as their source of livelihood and
therefore supported the idea of forest conservation, but with a desire to be
more involved in park management and to be allowed to continue traditional
exploitation.

Obviously the clashing interest between strict protection and sustainable use
of nature conservation areas requires an analysis from both a biophysical and a
socioeconomic point of view. Valuation of ecosystem services within an impact
assessment framework provides an effective tool.

Additional information on this case can be found in Abdel-Dayem et al. (2005),
Attia et al., (2005), Ministry of Water Resources and Irrigation (2005), and World
Bank (2005).

Aral Sea Wetland Restoration Strategy
Main messages

� Semiquantitative valuation of ecosystem services, expressed in terms of each
service delivered (i.e. not monetised) works well for comparison of alternative
intervention strategies (high strategic level). Participatory MCA is an effective
tool, capable of dealing with limited level of detail in data.

� Monetisation of services in a CBA works well at project level when discussing
concrete and well-defined investments within the framework of the selected
overall strategy.

� Construction of an ‘ecosystem services–values’ table provides a good visualisation
of the variety of services, and the table is a good communication tool.

� Valuation of ecosystem services leads to better, more sustainability oriented
decisions.
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Introduction to the case

In the early 1960s, the Government of the former Soviet Union decided to intensify
and expand its irrigation activities in Central Asia. The irrigation water was taken
from the Amudarya and the Syrdarya, the two main rivers contributing water to
the Aral Sea. The result of this large-scale intensification of water use for irrigation
has been shrinking of the Aral Sea, desiccation of large areas around the Aral Sea,
and increasing salination of its waters. The Aral Sea today is practically devoid of
higher forms of life because of its salinity. Other environmental effects concern the
reduced availability of (flood)water in the deltas of the Amudarya and Syrdarya rivers,
considerable loss of biodiversity, loss of vegetation and fisheries, the occurrence of
salt and dust-laden winds, and deteriorating health conditions because of salination
of groundwater. In 1995, about 10 percent of the original wetlands remained in
the deltas, largely maintained by a mix of incidental floodwaters and saline drainage
water flowing into constructed water reservoirs.

Context of the case study: the planning process

In 1992, after the collapse of the Soviet Union, five Central Asian States: Kazakhstan,
Uzbekistan, Kyrgyzstan, Turkmenistan, and Tajikistan decided to tackle what had
become known as the ‘Aral Sea crisis’. They signed an agreement for cooperation on
management, utilization, and protection of water resources in the Aral Sea catchment
area. The international community offered help, coordinated by the World Bank in
the Aral Sea Programme (ASP). To manage the ASP, the Interstate Council on the
Aral Sea (ICAS) was set up.

The Aral Sea Programme is based on seven decisions made by the Heads of State
of the five Republics. The Aral Sea Wetland Restoration Project (ASWRP), which
is the subject of this case description, was created to answer to Decision No. 4,
which states:

To undertake research work and to decide upon the existing engineering
options, to prepare projects and to create artificially watered landscape ecosys-
tems in the deltas of the Amudarya and Syrdarya rivers and on the exposed
Aral Sea beds. Furthermore to undertake the required melioration work in
order to restore the original environmental landscape in the above-mentioned
areas.

The geographical area of study is the Amudarya Delta south of the Aral Sea, in the
semiautonomous republic of Karakalpakstan, Uzbekistan. The Dutch Government,
through a World Bank Trust Fund, provided funding for the study.

The problems of desiccation, desertification, loss of productive resources, and
decline in living conditions have been documented extensively by local nongovern-
mental organisations (NGOs) and the Uzbek authorities. Highly contradictory
reports on living conditions in the Amu Darya Delta and a wide array of sometimes
unrealistic solutions developed by different institutes have made the ICAS request a
comprehensive study of all existing information and the development of a coherent
strategy for the delta.
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The ICAS, in consultation with the World Bank, had drafted the T.o.R. for the
study. In 1995, a consortium of Dutch consultants, in close consultation with local
Uzbek institutes, developed a coherent strategy for the restoration of the Amu Darya
Delta that was broadly accepted by local stakeholders and government authorities
and an investment programme of priority pilot projects. One pilot project, the
restoration of the Sudoche wetlands, was designed in detail, which in 2007 was
successfully implemented.

Assessment context

The main objective of the study was to bring a halt to and, if possible mitigate,
the deteriorating environmental conditions and the detrimental effects on the local
population in the Amu Darya Delta by advocating wetlands restoration. The objec-
tive links human well-being directly to environmental conditions. Even although
ecosystem services were not mentioned as such, the project description very
obviously referred to the concept. In their work plan, the consultants took the
ecosystem services of a dynamic seminatural wetland system as the point of depar-
ture, and used valuation of these services as a means to structure the decision-making
process on a future development strategy for the delta.

The study has all of the characteristics of an SEA integrated into a strategy
development process. It started with a baseline study on major environmental,
hydrological, and socioeconomic issues in the region. The strategy development
process was based on the development and comparison of alternative strategies, in a
participatory manner, making use of local knowledge, aimed at providing relevant
social, economic, and environmental information for decision making on the future
development of the Amu Darya Delta. A large number of local experts/scientists
summarised available scientific information, existing plans, and ongoing activities in
the area. This information proved to be extremely valuable.1

The possibilities to restore wetlands in the Amu Darya Delta depend on the future
availability of water which cannot be managed by interventions in the delta. Three
scenarios of future river discharge were considered: availability of water in the delta
will (i) decrease due to further wasteful irrigation practises; (ii) will increase due to
a successful Aral Sea programme; and (iii) will not change. For the development
of strategies the first option was considered to be unworkable, because less water
would render any restoration effort useless. Within these scenario boundaries, five
alternative strategies were developed which differed in the surface area of wetlands
to be restored, the amount of water allocated to each watershed, and in mixed
or separate use of river discharge, and (saline) drainage water from the irrigation
schemes.

1 Significant inputs have been provided by the Central Asian Scientific Research Institute for
Irrigation (SPA SANIIRI), the Design Institutes Uzgipromeliovodkhoz and Vodproekt, the
State Committee for Nature Protection (Goskompriroda), Karakalpakvodhoz based in Nukus
in Karakalpakstan, and the Karakalpak Branch of the Uzbek Academy of Science in Nukus.
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Table A.6 Most important ecosystem services of the Amu Darya
delta ecosystems.

Lakes and marshes Floodplains Drylands (groundwater)

Maintenance of groundwaterlevel counteracting desertification (prevention of dust transport
by winds). 

Maintenance of biological diversity (medicinal herbs, genetic resources, etc.)

Fish reproduction and growth

Quality and regeneration capacity of pastures ( livestock)

Water supply for agri/aquaculture

Reed production for construction/processing

Hunting for musk rats (and water fowl/other animals)

Wood and liquorice production

Protection of infrastructure

Ecosystem services and valuation

Three main ecosystems were identified in the Amu Darya Delta, providing key
ecosystem services: permanent lakes and marshes, seasonally flooded plains, and
drylands with groundwater at 2–5 metres supporting dense vegetation (Table A.6).
The larger part of the delta nowadays consists of degraded steppes that no longer
function as a part of the delta ecosystem and do not provide any relevant services.
The upstream half of the delta has been converted to irrigated land.

The Amu Darya Delta ecosystem services were first determined qualitatively and
later on quantified where possible, based on information from local scientists and a
socioeconomic survey. Services were assessed for three situations:

(1) The former natural state when 90 percent of the delta could become flooded
during summer floods;

(2) The present state, leaving only 10 percent of the original wetland area, mainly
artificially maintained; and

(3) Restoration potential with the presently available quantity of water.

Social, economic, and ecological values derived from wetland ecosystem services
were quantified in semiquantitative terms. The values referred to are (estimates of)
numbers of beneficiaries, jobs, or production levels of various land use forms. For the
pilot project a number of services were monetised in a financial and economic cost–
benefit analysis. Local scientists from the Nukus Academy of Sciences, government
agencies of the autonomous region of Karakalpakstan, and representatives from the
delta population provided input.

Maintenance of biodiversity was supported by various legal instruments: Five
mammal and eight fish species were listed in the ‘Uzbekistan Red Book’ of
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Table A.7 Simplified ecosystem services – values matrix for Amy
Darya wetlands.

Economic Ecological
Wetland services Social values values values

Pastures cattle raising

Reedlands processing industry

Water supply

Muskrat, waterfowl Fur & meat industry

Prevention of
dust/salt transport
by wind  

living conditions/
health 

Protection of irrigation
schemes 

Maintenance of
biological diversity. 

genetic reservoirs
(wild ancestors/
medicinal)  

Many red listed/
threatened species. 

Fish spawning/
nursing 

fisheries and canning
plant 

survival aquatic
organisms. 

agriculture,
aquaculture

Local hunting
(meat /skins) 

Liquorice
production and
other wood
resources   

Fire and
construction wood
for local use.  

Liquorice roots for
export. Dried plants
for fodder.  

Recharge of
groundwater 

Fundamental function for the maintenance of all other
ecological processes 

threatened species – some considered extinct. Approximately 13 of 22 threatened
bird species in Uzbekistan occur in the delta.

With the available information an ecosystem services–values matrix was
constructed to provide insight in the multifunctional character of the natural environ-
ment in relation to human activities (Table A.7).

In order to perform a multicriteria analysis, a decision hierarchy for evaluating
alternative water management strategies for the delta was constructed, based on
the valuation of ecosystem services (Figure A.2). A decision tree was constructed
during a workshop with all involved international and local experts, reflecting the
outcome of intense debate. Components were based on the values of wetlands for
society, which were divided into the three main groups: (i) living conditions, (ii)
local economy, and (iii) ecology. Criteria were, where necessary, further divided
into subcriteria. For example, resource productivity was subdivided into livestock,
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surface waters

groundwater

drought risk

hydrology

surface area

habitat diversity

exchange

ecology

resource productivity

employment

household income

economy

water quality

saline dust transfer

food quality

living conditions

technical

financial

institutional

implementation Aral Sea

Goal of strategy

Figure A.2 Decision tree for strategy selection.

fisheries, reed industry, liquorice industry, and muskrat (fur) industry. Because water
is such an overwhelmingly important aspect, hydrology was considered to be a fourth
main component taking into account neglected values or those of possible future
importance (e.g. tourism).

Two other important components for the choice of a strategy were defined: (i)
the implementation feasibility of the proposed strategy, and (ii) the existence of the
Aral Sea. (Any management strategy for the delta has its impact on the quality of
the Aral Sea itself.).

The performance of each criterion under the five strategies was compared and
ranked (e.g. for surface water strategy 1 performs better than strategy 4, 4 performing
better than 3, etc.). This ranking was done during a workshop in which all local
and external experts were present, with additional input from local special-interest
organisations. The outcome of the exercise was broadly acknowledged.

The final weighing of the main components was done in a workshop with high-
level regional and national decision makers who had to determine whether, for
example, the economic component should carry more weight than the ecological
component. The outcome of this weighing is an overall ranking of the different
strategies, reflecting the input of expert and local stakeholders in the criteria and
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the decision makers’ input in the relative importance of the components. This
intense process created a sense of shared responsibility for the outcome between
local stakeholders and local and national authorities.

The final step in the project was to define and prioritise a series of concrete pilot
projects, based on the chosen strategy. A programme design, including cost–benefit
analysis, was included.

Valuation of ecosystem services in the CBA of the pilot programme
The monetary benefits of the pilot programme have been calculated on the basis of
‘with minus without’ the project (incremental benefits). The calculated incremental
benefits of the pilot project are based on the main product categories (or provisioning
services) of the project area, which are muskrat, ducks, cattle, liquorice, reeds,
fisheries, and aquaculture. The benefits have been calculated on the basis of off-farm
prices only. No downstream activities that may create added value of products (e.g.
production and sale of canned fish) have been included. Other additional benefits not
included are the reduced costs for repairs of civil works (restored wetlands control
erratic floods), reduced production losses, and the value of constructions for added
safety and health of the local population.

This resulted in an internal rate of return (IRR) of 10.9 percent versus 10.2
percent for the financial versus economic CBA. The conclusion was that the
programme was acceptable, especially in view of the many additional benefits and
downstream effects. The project may, for example, give rise to additional invest-
ments, such as fish farming, rehabilitation of a fish cannery, and increased small-scale
agricultural activities for vegetables and fruit trees. These activities are not necessary
for the pilot project, and their benefits have not been accounted for in the financial
and economic analysis.

The Sudoche Lake Rehabilitation Project was funded by GEF. A preliminary
environmental appraisal revealed that further EIA was not required for this project.
A rapid five-day appraisal of the impact four years after completion, revealed that
(Karimsakov (2006) through De Schutter, personal communication):

� Incomes of both poorest and richest households have increased;
� The numbers of cattle have increased;
� Production of hay for own use and selling on regional market has increased;
� Cutting of reeds and selling of reed-fiber mats (boards) has increased;
� Fish consumption has increased up to 15 kg a week per family;
� Population of muskrats increased.

According to the Ministry of Agriculture and Water Resources of the Repub-
lic of Karakalpakstan, fish catches in Lake Sudoche have increased from 20
tonnes before restoration in the year 2002 to more than 110 tonnes in 2005,
2 years after the restoration. In all visited villages, proof of improved well-being
of the local population is visible (new motorcycles, boats, fishing nets, satel-
lite antennas, new buildings, as well as herds of sheep and goats). Maybe the
most convincing argument of all: the number of young families has increased.
Expansion of restoration efforts further downstream is considered possible with the
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available amount of water. A more-detailed quantitative study would be interesting,
but it is not foreseen.

Decision making

With the outcome of the final weighing for the selection of the best strategy, high-
level decision makers were shown to be very well aware of the ecological disaster
taking place in the delta. Ecological values received highest rankings, followed by
socioeconomic values and implementation feasibility, rating equally important. From
a strategic perspective it was apparent for all, that restoration of the ecology of the
area had to receive first priority because ‘everything else depends on the health of
the environment’, as pointed out by one representative. The Aral Sea rated lowest,
indicating that people, for the time being, have given up on the Aral Sea itself in
favour of the delta area.

The services–values matrix was a helpful tool as it provided immediate insight in
the social, economic, and ecological consequences of interventions. Presenting the
matrix for the former, the present and possible future restored situation proved to be
a very strong tool to convince decision makers of the values of wetlands. It proved to
them that restoration of (natural) wetland services might be a better option than the
continued construction of water retention and irrigation works. The former, with
its focus on one service only, that is, water supply for irrigation, denies that other
services exist. Moreover, multifunctional wetlands can cope with the dynamics of
the delta system and stops further land degradation.

The presence of many threatened animal species provided important arguments
for the donor to invest in the pilot project, although the main arguments to start the
pilot project were of a socioeconomic character.

Valuation of ecosystem services was instrumental in changing the course of devel-
opment from technocratic and unsustainable interventions towards the restoration of
natural processes, which are much better capable of creating added value to inhabi-
tants under the dynamic conditions of the water-stressed delta. The process followed
created a strong coalition of local stakeholders and authorities, resulting in necessary
pressure to convince national government and the donor community to invest in a
pilot project.

Box A.3. Comprehensive Everglades Restoration
Program – Florida, USA

The Greater Everglades ecosystem covers more than 69,000 km2 and is a mosaic
of interrelated terrestrial, freshwater and marine systems. Changes in land use
and hydrology reduced the spatial extent of the Everglades wetland system to less
than 50 percent of its original area by 1990 and dramatically altered the natural
flow of water. Agricultural drainage waters caused eutrophication. In December
2000, the U.S. Congress approved the US$7.8 billion Comprehensive Everglades
Restoration Program (CERP). Fifty-two engineering projects with associated
land purchases were proposed. The initially calculated restoration costs included
land acquisition (US$93 million), construction (US$218.3 million), operations
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and maintenance (US$81 million), and monitoring (US$10 million) expenses in
an average year during the 50-year planning period.

Annual use benefits amounted to US$29.2 million resulting from additional
water supplies to agricultural and municipal water users in South Florida. In the
initial studies no estimates were provided for recreational or nonuse benefits. If
the usual criterion that total benefits equal or exceed total costs is applied, the
unquantified recreational and nonuse benefits would need to be around US$370
million per year. Milon and Hodges (2000) and Milon and Scrogin (2006) point
out that public policy should not be based on a presumption of very large nonuse
benefits for each and every ecosystem restoration project. They refer to a 1998
interview survey among 500 households where respondents were asked to select
between alternative plans that differed in the extent of ecosystem restoration and
dollar costs the household would pay through increased utility taxes, restrictions
on household water use, and reductions in farmland acreage in South Florida.
This resulted in a willingness to pay ranging from US$54 million to US$355
million annually.

This type of survey shows significant nonuse benefits accruing to Floridians
from Everglades restoration, and Floridians express a willingness to pay a signif-
icant part of the estimated costs. Whether these benefits extend to people who
live outside Florida and whether non-Floridians are willing to make a financial
commitment to Everglades restoration remains to be determined. Englehardt
(1998) provides a similar argument by turning the reasoning around. Billions of
dollars have been contributed voluntarily to pay for the protection of natural
areas. This success suggests that society values environmental benefits in prefer-
ence to other consumption, and that remaining natural areas can be protected in
public policy decisions by evaluating ecological benefits explicitly.

SEA boundary conditions

Duration of the strategy development, including all preparatory studies and partic-
ipatory process, was 12 months. The total cost of the studies amounted to
US$1 million. The investment cost for the proposed programme of projects was
US$20 million. The Sudoche pilot project was implemented at an approximate cost
of US$4 million.

The level of detail was sufficient for a MCA exercise. By focussing on multiple
values of ecosystem services instead of translating services directly into monetary
values, it became apparent for local stakeholders as well as government representa-
tives that ecological values, expressed in their own terms, received highest ranking.
Discussing values expressed in their own terms, and more importantly, recognising
stakeholders for each ecosystem service, did not distract the discussion to aggregated
figures on money.

In a later stage, when discussing concrete investments, cost–benefit analysis was
the proper tool to provide sufficient and convincing arguments that the invest-
ments are justified. First-hand accounts from the region give the impression that the
decisions turned out to be good ones.
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Case based on the author’s personal files and the following additional sources:
Euroconsult and the Wetland Group (1996), de Schutter (2002), and Dukhovny and
de Schutter (2003).

Strategic Catchment Assessment in uMhlathuze
municipality, South Africa
Main messages

� Identification and valuation of ecosystem services can inform a local spatial
planning process on development constraints and opportunities.

� Monetisation of ecosystem services puts environmental considerations on the
decision makers’ agenda.

Introduction to the case

The towns of Richards Bay and Empangeni are situated approximately 200 km
north of Durban, Kwazulu-Natal, overlooking the Mhlathuze Estuary. Richards
Bay is the closest port to Johannesburg, South Africa’s economic centre. In 2002,
Richards Bay and Empangeni as well as the surrounding rural and tribal areas
merged to form the City of uMhlathuze, with 300,000 inhabitants, covering 796
km2. Unemployment is high (41%). However, economic activity in tribal areas,
such as production for own use, arts and crafts, and informal sales, are generally
disregarded (uMhlathuze Municipality, 2004). The tribal population creates their
own informal employment, thus highlighting the importance of an environment
providing free ecosystem services to sustain their livelihoods.

Industry has consistently shown the highest growth rate in the country. With
the natural environment already 75 percent transformed, it is evident that conflict
between the environment and development will continue to grow in uMhlathuze,
unless proper planning takes place. Biodiversity issues in the City of uMhlathuze have
lead to various conflict situations during the past couple of years. The classic ‘devel-
opment’ versus ‘conservation’ situation exists, with the local municipality mostly in
favour of development as a result of the poor socioeconomic climate that exists in
Kwazulu-Natal. The area has, however, been identified as a biodiversity hotspot,
and in order to alleviate the conflict and time delays that arise during Environmental
Impact Assessments, the uMhlathuze Municipality opted to undertake a Strategic
Catchment Assessment.

Context of the case study: the planning process

Environmental sustainability and quality of life are becoming major points of focus
for politicians and officials at the local level involved in development planning. A
combination of growing community awareness and new legislation is the key driver
behind this new focus. The uMhlathuze Municipality has the task to enable sustain-
able development, which inevitably leads to conflict between environmentalists and
developers during EIA procedures because of two key reasons:
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� Few workable processes are in place to guide planners towards sustainable devel-

opment; and
� Very little environmental information is available to inform planning decisions.

Critics are largely arguing that the uMhlathuze Municipality has no ‘plan’
for the management of its natural biodiversity assets and therefore every piece
of untransformed land that is proposed for land conversion has to be rigorously
challenged during EIA processes. At this moment, the Municipality has no means
or criteria to judge the role or usefulness of any particular land parcel in terms
of its use for sustainable development or conservation. This lack of direction
gives critics ample scope for litigation and legal challenges. Therefore, in order to
ensure sustainable land use planning and decision making, the City of uMhlathuze
appointed FutureWorks as consultants, who developed a catchment-based process for
assessing, incorporating, and monitoring environmental sustainability into strategic
planning.

All municipalities in South Africa are required by the Municipal Systems Act
(Act 32 of 2000) to undertake an Integrated Development Planning (IDP) process
to which SEA can add value, by providing a practical guide to integrating the
concept of sustainability into the planning process. The Performance Management
Regulations of this Act states that the Spatial Development Framework, reflected
in the IDP, must ‘contain a strategic assessment of the environmental impact of the
spatial development framework’. In terms of the ‘White Paper on Spatial Planning
and Land Use Management’, each Municipality must compile a spatial development
framework of which one of the components must be an SEA.

Biodiversity Management Plans, as well as the Invasive Species Monitoring,
Control and Eradication Plan, must form part of the Municipality’s Integrated
Development Plan (IDP). The Integrated Development Plan is therefore a power-
ful sustainable development tool for Local Authorities through which biodiversity
management and planning can be encouraged and linked to existing planning proce-
dures and processes.

Assessment context

The Strategic Catchment Assessment aims to plug key information gaps such that
Municipal Planners and Land Managers will have a strategic decision-making tool.
The question may be asked: why this project focussed on providing a tool for urban
planners and not for environmental practitioners? Planning integrates the social
and economic development needs of an area with the environmental resources
available to it. Formerly, urban planning has focussed primarily on the finance, skills,
and infrastructure available for development. However, this planning focus now
has to expand to include the environment as a priority. The Strategic Catchment
Assessment (SCA) focussed on evaluating the environmental sustainability status
only; it did not assess social and economic issues in the area.

The SCA followed a four-step approach:

(1) For reasons of transparency and to encourage cooperation a Catchment Forum
Group was formed consisting of local specialists as well as interested parties,
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20 persons in all. Feedback meetings ensured continued stakeholder interaction
and decision making.

(2) Hydrological units were defined that contain both the surface and subsurface
drainage systems of specific land areas, and ecosystem services were defined in a
landscape assessment.

(3) A status quo assessment of the catchment units provided information on the
current environmental sustainability of the catchment areas.

(4) Strategic land use planning and management interventions were developed in
response to the observations from the present status of each catchment unit. This
information should be used to proactively inform strategic and sectoral planning.

The balance between supply of, and demand for, environmental goods and
services in each Catchment Unit is determined based on a key set of environmental
goods and services demanded by people in the catchment. Each catchment was then
rated red, orange, or green. Green catchments are in good condition and currently devel-
oped within environmentally sustainable limits. They are generally environmental
opportunity areas under proper management and proactive action. Orange catchments
are in moderate condition and are a nearing unsustainable state. These catchments
are being stressed by current land use, and environmental quality is declining. A
combination of remedial, management and proactive action is required. Red catch-
ments are in poor condition and already unsustainable. These catchments are under
stress and the environmental quality has already declined significantly. Remedial and
management action is required.

Ecosystem services and valuation

Catchments have been shown to be effective environmental entities for assessing
the synergistic impacts of urban development and for integrating the environment
into urban planning. The Strategic Catchment Assessment Process accounted for the
balance between supply of environmental goods and services by the natural environ-
ment and the demand for these goods and services by people. These ecosystem
services are currently used free of charge.

The Strategic Catchment Assessment revealed that:

� Two of the eight catchment units are rated red. The use and demand for environ-
mental services have largely exceeded supply, and remedial measures are needed.

� Five catchments are rated orange. The use of environmental services has affected
the ability of the natural environment to provide good quality and a high volume
of environmental services. In some cases remedial action is required, but for all
these areas future development must proceed with caution.

� One catchment is rated green. This catchment is a high-opportunity zone for
sustainable development, maximising the benefits provided by high environmental
service supply.

It is estimated that, in uMhlathuze, the overall value of the ecosystems supplied
is approximately R1.7 billion per annum. Nutrient cycling and waste management,
water supply, water regulation, and flood and drought management are some of the
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Table A.8 Annual value of individual ecosystem services and of services
per ecosystem.

Value of ecosystem services Value of services per ecosystem
(Annual value in R millions) (Annual value in R millions)

Atmosphere regulation – CO2,
etc

23,39 Dams and lakes 162.54

Climate regulation – urban heat
sinks

0.00 Floodplains – disturbed 32.54

Flood and drought
management

244.11 Floodplains –
undisturbed

27.42

Water regulation – timing, rate 137.39 Forest – coastal 34.12
Water supply – volume 297.92 Forest – dunes 37.36
Erosion control 16.10 Forest – riparian and

swamp
29.62

Soil formation 0.65 Grasslands – primary 9.37
Nutrient cycling 714.90 Grasslands – utility 0.06
Waste treatment – assimilation

and dilution
137.74 Grasslands – secondary 4.62

Pollination – legume and fruit
crops

1.53 Rivers and streams 49.47

Disease and pest control 9.74 Sandy beaches and
foredunes

1.67

Refugia – wildlife and fish
nursery

15.90 Thicket – alien plants 3.53

Food production 30.18 Thicket 3.90
Raw materials – housing,

medicinals, craft
20.90 Wetlands – estuarine 433.47

Genetic resources – chemicals 2.33 Wetlands 570.89
Recreation 37.73 Savanna/woodlands 9.52
Cultural 67.20 Nearshore ocean 347.62
Total annual value 1,757.71 Total annual value 1,757.72

most highly valued services. If the above results are taken into consideration, it is clear
that the value of ecosystems in uMhlathuze is being eroded by unsustainable practises.
If the Municipality wants to ensure the continuation of free service delivery by the
environment, it would have to put in place management actions (FutureWorks,
2004).

Table A.8 presents the annual value of each of the key ecosystem services supplied
by the natural assets of the uMhlathuze Municipality. Because different habitats
deliver these services in different combinations, it is important to understand the
total value of these habitats. It is clear that water-related habitats generate some of
the greatest values in terms of service delivery. Wetlands have a particularly high
value, relating to the high costs of trying to replace a vital but finite resource.
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The Status Quo Report, prepared for the uMhlathuze Municipality, is presented
in four poster-like pages:

� Page 1 – Pictorial Catchment View showing photographs of typical features.
� Page 2 – General Catchment Information: summary of the Sustainability Status

Quo including different land covers, catchment population, levels of engineering
services, and key environmental services and their value; positive and negative
environmental aspects of the catchment.

� Page 3 – Environmental Sustainability Status Quo contains colour coded indicator
information for the catchment: ‘Red:’ ‘Orange:’ and ‘Green:’ When comparing
different Catchment Units, this page is very useful.

� Page 4 – Implications and Interventions/Guidelines: provides the implications
for land use planning and management, including key environmental opportu-
nities and constraints and legal and other implications for current development
scenarios.

Decision making

Instead of identifying and declaring conservation-worthy areas a ‘no-go’, the study
stresses the ecosystem services that the environment provides free of charge to this
Municipality. The experience has been positive. Politicians reacted negatively to the
term ‘biodiversity’ but more positively once they realised that environmental services
have an economic value.

The land cover mapping, produced for the SCA, provides the relevant informa-
tion that could be used to identify sensitive habitats and linkages between ecosystems
that need to be maintained. The Municipality embarked upon a process to negotiate
these areas in an effort to identify (i) sensitive ecosystems that should be conserved,
(ii) linkages between ecosystems, and (iii) areas that could be developed without
impacting on the area’s ability to provide environmental services. More importantly,
(iv) it would identify the management actions that need to be implemented in the
area in order to ensure not only the survival for key biodiversity assets but also the
sustainable use of biodiversity resources to benefit all residents of uMhlathuze.

One of the first strategic responses to the assessment was to review the Industrial
Expansion Strategy with respect to:

� Destruction of the nationally significant natural habitats;
� Downstream impacts on a regional fisheries resource;
� The Municipality’s primary tourism and recreation zone;
� Human and environmental health risks; and
� Water supply constraints.

An Environmental Services Management Policy and Plan has been established
with the aim to include provincial conservation targets into local biodiversity
planning; to resolve conflict between ‘conservation’ and ‘development’ parties and
to form a partnership; to alleviate delays during EIA’s as a result of biodiversity
concerns; to identify sensitive areas upfront in planning and to avoid impacts; to
define functional spatial management units for management to optimise the delivery
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of environmental services; and to develop management plans to secure these services
(Jordan, 2006).

This resulted in Environmental Services Management Plan Zones distinguishing
different planning zones:

� ‘Red’ – Conservation Zone (Level 1)
� ‘Green’ – Open Space Buffer or Linkage Zone (Level 2)
� ‘Clear’ – Development Zone (Level 3)

The considered way forward is the integration of Environmental Services Zones
into the Spatial Development Framework (SDF) and Land Use Management System
(LUMS) processes and the establishment of Nature Reserves by means of proclama-
tion for core areas.

Two main lessons indicated by the municipality staff in charge of the process:

(1) The use of ecosystems services and focus on the value of these services for society
was of key importance to convince local councils that biodiversity conservation
makes economic sense;

(2) Planners are in the best position to influence sustainable development, so educate
them.

Box A.4. Environmental Services Management Plan –
Durban, Republic of South Africa

The planning of Durban’s social and economic uplift agenda relies to a large
degree on the most appropriate usage of the city’s open spaces. These open
spaces provide important services, such as water for sanitation and drinking and
raw materials for building, and protect citizens from natural disasters such as
floods. Open spaces also enhance Durban’s stature and attractiveness as a lifestyle
city and a popular tourist destination. Visitors to the city are very often impressed
by the abundant greenery and well-maintained open spaces that are available for
leisure, recreation, and tourism.

To this end, the eThekwini Municipality has prepared an Environmental
Services Management Plan (EESMP) that aims to protect and enhance the value
of a network of open spaces throughout the city precincts, and which will
ensure the continued supply of environmental services for the benefit of all
residents. Various types of open spaces and ecosystems provide varying mixes
of environmental goods and services; for example, wetlands are worth around
R200,000 per hectare per annum while forests have a value of around R21,000
per hectare per annum. Research in the field is ongoing, but currently available
figures are widely accepted as a useful guide and tool for providing ‘order of
magnitude’ estimates of the value of open space to humanity. It has been estimated
that the total replacement value of the environmental goods and services supplied
by the 2002 open space system is R3.1 billion per annum. It is noteworthy that
this excludes the value of the role of open space in the tourism industry of
Durban which itself was estimated to be worth R3.3 billion in 2001 (about €330
million).
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The Plan was developed from a review and refinement of the potential Durban
Metropolitan Open Space System (D’MOSS). Central to the Plan is a system
of linked open spaces, which deliver a range of environmental services to the
citizens. River catchments were used as logical units to assess the supply of, and
demand for, environmental services. There is undeveloped land throughout the
Unicity, all of which supplies environmental services. Of this undeveloped land,
62,000 hectares is the critical or minimum amount, identified in the plan, that
is required to sustain the supply of environmental services. By including only
critical areas in the system to ensure the supply of environmental services, about
18 percent less land is required than in the 1999 D’MOSS Framework Plan.

In March 2003 the EESMP was approved by the eThekwini Municipal
Council as their official policy for the planning and management of the city’s
open space system. This has paved the way for active implementation of the open
space plan.

(Case based on eThekwini Municipality (2002).)

Case based on Van Der Watern et al. (2004).

Wareham Managed Realignment in the UK
Main messages

� Absolute monetary values of ecosystem services are difficult to establish when
relying on metadata or transfer of data from other areas. Local data collection is
needed but it is laborious.

� When dealing with different alternatives, relative difference in values provides a
good basis for comparison.

� Sensitivity analysis is an important tool to avoid the risk of major errors and to
focus efforts for further research on most relevant issues.

Introduction to the case

Near the village of Wareham (Dorsett, UK), 400 hectares of grazing land and 26
properties are protected by 20 km of tidal flood banks. These banks are in poor
condition and are nearing the end of their design life. The responsible authority
(Environmental Agency – EA) recently started a process to decide what action
should be taken to manage flood safety.

Context of the case study: the planning process

Flood and Coastal defence (sea level rise): Since 2002, the national policy on Flood
and Coastal Erosion Risk Management has been based on the ‘Making Space for
Water’. This is a strategic approach focussing on sustainable management of flood
risks in an environmentally, economically, and socially sound manner. On the local
level this approach is elaborated in Local Shoreline Management Plans (SMPs).
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All SMPs are subject to public consultation and take into account wider social,
environmental, and economic objectives.

Under the Habitats Regulation compensation for the loss of habitats is required.
One of the consequences from climate change is loss of intertidal habitats (salt
marshes). These can be created in Wareham when the managed realignment options
are practised (see below).

For any project, plan, or change in present flood risk management a policy
appraisal is required, paying attention to environmental costs and benefits. Because
several impacts on ecosystem services will need to be taken into consideration,
there is a wider scope for the use of economic valuation techniques as part of the
appraisal process.

Assessment context

An earlier policy appraisal, focussing on the promising alternative of managed realign-
ment, did not apply economic values to any environmental or nonmarket impacts.
That is why in this case study economic values are applied to ecosystem service
changes under different scenarios.

Scenario’s include the following:

(1) Doing nothing/baseline: This is not a viable option but used as baseline;
(2) Do the minimum: A continuation of the present level of maintenance that delays

failure;
(3) Improvement: Maintaining appropriate standards of defence in the face of sea level

rise;
(4) Managed realignment (unconstrained): Removing all tidal flood banks. Some

secondary defences will be maintained in order to protect a small number of key
habitats that cannot be replaced elsewhere.

(5) Managed realignment (constrained): Removal of tidal flood banks in some sections,
with secondary defences for selected habitats and maintenance of flood banks in
other sectors.

The study is conducted as case material in the handbook Economic Valuation of
Environmental Effects that is being developed for the EA. The focus lies on how
valuations of ecosystem services in one place (existing studies) can be used in other
situations.

Ecosystem services and valuation

Key ecosystem services identified where:

� Supporting services: nutrient storage (regulating services: water purification); soil
formation, and primary production;

� Provision services: loss of (marginal) grazing land, fisheries changes, and nursery
function;

� Regulating services; carbon storage (climate regulation), erosion regulation is
captured in the scope of the appraisal; and
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� Cultural services: recreation and tourism (fishing, navigation, bird watching, shoot-
ing, walking, local business), aesthetic values (warning for double counting), and
cultural heritage values;

Initial identification of ecosystem services and key costs (flood damage, loss
of land, new habitat creation, recreation, archaeology, and local economy) where
discussed in a workshop. Key stakeholders provided comments and more detailed
information. Quantitative valuation in the case study is based on data transfer from
other studies in similar (wetland) circumstances:

� Agricultural land is 65 percent of the agricultural market value;
� Recreational services are quantified but rarely in monetary terms (travel cost,

stated preference). Here entrance fees are used.
� Other services (fisheries, carbon storage, nutrient cycling, navigation) are not

included in appraisals because they are not translated in monetary terms.
� Focus lies on the economic valuation of habitat changes, based on existing valua-

tion studies (metaanalysis) of wetland habitats. The main methodological problem
was that it is not always clear which services (fisheries, water supply, etc.) are
included in the analysis of the wetland type value. Metaanalysis is not suited to
the valuation of specific services, because functions are used to provide a general
‘habitat’ value. It may be possible that some or all of the other services identified
are already included in the general habitat value estimates. Besides, values are given
in absolute figures while alternative use (of the wetland type) is always possible
(other types of tourism or fisheries). Concerning habitat valuation in relation with
compensation, valuation is different, because compensation is legally required;
than valuation is irrelevant. Last, values are given for a certain year (say 2006) and
cannot be used directly in, say, 2012.

� The above reasoning is also true for recreation values; they may be included in
the general wetland ecosystem services benefits.

So, there is substantial uncertainty about most elements of the case study and the
appropriate monetary values to apply to these due to:

� Scientific evidence gaps on a. o. timing of defence failures, sea level rise, types of
habitat created, sediment availability, carbon and nutrient sequestration in different
habitat types, fish population, and species/people using different habitat types;

� Economic/human behaviour evidence gaps on a. o. river-based tourism, trips
across flood banks, recreational boating and recreation in new habitats;

� Valuation evidence gaps on archaeological values, recreational values, nutrient
sequestration values and dealing with uncertainties;

� Methodological uncertainties: see above.

Results of the valuation can be divided into: (a) estimates of the absolute value
of the ecosystem services and (b) estimates of the differences in value between the
baseline and each of the other options.

When valuing the ecosystem services, the improve option appears to be by far the
least beneficial option as well in (a) as in (b). The absolute as well as the relative value
of ecosystem services is the highest in option MR unconstrained, with do nothing and
MR constrained second and third. Additional sensitivity analysis demonstrates that the
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absolute value of the ecosystem services is highly uncertain and it suggests that the
improve option is a poor performer under a wide range of assumptions.

Habitat valuing makes the difference between do nothing and MR: the increasing
area of reed beds in do nothing is valued higher than the grazing lands that are
protected in MR variant. The relative value of a reed bed thus is a key issue to be
examined further. A relatively small adaptation in values can change the balance in
favour of another option.

The main barriers for incorporation of impacts on the value of ecosystem services
into project appraisal are:
� The high level of uncertainty regarding data and economic value estimates (scien-

tific data: habitats created, exact timing of defence failures, sea level rise, sediment
availability etc; data on economic/human behaviour: tourism, boating, etc.). Via
an audit system uncertainties should be documented so that other parties can
always verify results;

� The complexity involved in applying benefits from one situation to another and
the implications for those conducting appraisals (methodological issues).

The potential for valuation to provide useful input to policymaking, discussions,
option formulation and prioritisation is recognised. However, valuations should be
robust. In practise this is difficult because of the barriers mentioned. Introduction of
standard values, clear guidance, templates, and training will help.

Decision making

On the balance it seems highly likely that the favoured MR options will be signifi-
cantly better in Net Present Value terms. However, these results are preliminary and
highlight a number of key uncertainties: recreation, local economy, fisheries, and so
forth. A next stage will focus on how to distinguish between various MR options.
It is a staged process, and ecosystem service valuation can be helpful in planning
and prioritising stages. The case study does not go into detail on the influence on
decision making, because it is still too early in the process. However, the authors of
the case study argue that inclusion of ecosystem services in the appraisal provides
evidence that, in the context of climate change and biodiversity loss, some schemes
have a higher cost–benefit ratio. This makes expenditure of public money more
efficient.

Case based on Eftec, Economics for the Environment Consultancy Ltd. (2007).

Climate policies and the Stern Review
Main messages
� The most far-reaching policy changes for improving the functioning of ecosystem

services can be achieved by making the Treasury the champion of the economic
valuation study. They have both the authority and the means to follow up on the
recommendations.

� Boundary conditions, such as timing, communication, and ownership, are more
important in terms of generating societal impact than the quality of the study.
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Introduction to the case

The global climate is an overriding condition for the functioning of all ecosystems
and the ecosystem services that they provide. Conversely, ecosystems themselves
play an important role in climate stabilisation and regulation. The intricate relations
between climate and ecosystems work at a global level; from a climate perspective
the globe is functioning as one large ecosystem. Changes in the global climate
lead to fundamental changes throughout the world’s ecosystems and therefore also
affect the economic sectors that depend on these ecosystems. The Stern Review is
one of the best-known assessments to estimate the economic impact of climate
change.

The Stern Review on the Economics of Climate Change was released on
30 October 2006 by economist Lord Stern of Brentford. It discusses the effect of
climate change and global warming on the world economy. Although the economic
side of climate change has received more attention, this report is the largest and
most widely discussed report. A team of economists at HM Treasury prepared the
review, while independent academics were involved as consultants. The Stern Review
emphasised the need for urgent action to combat and mitigate climate change.

Context of the case study: the planning process

The Chancellor of the Exchequer, Gordon Brown, announced on 19 July 2005 that
he had asked Sir Nicholas Stern to lead a major review of the economics of climate
change. This in order to better understand the nature of the economic challenges
and to understand how these challenges can be met both in the UK and globally.
The fierce political debate preceding the request from Gordon Brown concentrated
around several issues:

� Lack of political consensus on climate change in the UK: This motivated the former
UK Chancellor of the Exchequer, Nigel Lawson, to write a letter to The Times
criticising this political divide.

� Lack of knowledge on the economics of climate change: The House of Lords Economics
Affairs Select Committee already undertook an inquiry into the economics of
climate change in 2005. The committee recommended the UK Government to
make greater efforts to assess the costs and benefits of climate change mitigation
and adaptation.

� UK’s divide on the position regarding the Kyoto Protocol and the Intergovernmen-
tal Panel on Climate Change (IPCC): This divide was illustrated by a debate
between two eminent scientists. Michael Grubb, Chief Economist of the Carbon
Trust, said that Kyoto’s targets helped to achieve the actions asked for by the
House of Lords report. David Pearce, senior advisor to the House of Lords
committee, criticised IPCC for a lack of input of economists in climate policy-
making. He recommended HM Treasury to take a more active role. The
House of Lords report pointed at the mismatch between the costs and benefits
of climate policy as estimated by independent academics and as assumed by
politicians.
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Ecosystem services and valuation

The Stern Review starts by explaining the possible climate change scenarios. If climate
change goes unchecked average temperatures could rise by 5◦C from preindustrial
levels. Even although this affects all countries, the poorest countries will suffer earliest
and most. Global warming will result in more serious floods affecting many millions
of people. By the year 2050, rising sea levels may result in 200 million permanently
displaced due to rising sea levels, heavier floods, and drought. Global warming is
likely to also seriously affect global food production and could result in the extinction
of 15–40 percent of species.

Since the industrial revolution the level of greenhouse gases in the atmosphere
has risen from 280 parts per million (ppm) CO2 equivalent (CO2e) to a current level
of 430 ppm CO2e. Anything higher than 450–550 ppm CO2 would substantially
increase the risk of very harmful impacts. Lower values might not be feasible as this
would impose very high adjustment costs in the near term.

The main message of the Stern Report is that what is presently being done has a
limited effect on the climate over the next 40 or 50 years. However, what we do in
the coming 10–20 years may have a profound effect on the climate in the second
half of this century. The benefits of strong, early action considerably outweigh the
costs. Climate change could cost the world at least 5 percent of GDP each year, or
even up to 20 percent according to more dramatic predictions. Emission reduction
costs could be limited to about 1 percent of global GDP. The damage of each tonne
of CO2 emitted amounts to at least US$85. Yet, emission reduction costs less than
US$25 a tonne. A less carbon intensive world could eventually save the economy
some US$2.5 trillion a year.

Stern characterises climate change as ‘the greatest and widest-ranging market
failure ever seen’ (Stern, 2006). According to the review several policy element are
needed to correct this market failure:

� Carbon pricing: taxation, emissions trading or regulation, resulting in higher charges
for carbon-intensive goods to show the full social costs of people’s actions. The
aim should be a global carbon price across countries and sectors. Emissions trading
schemes, like that operating across the EU, should be expanded and linked.

� Policy on technology: stimulate large-scale development and use of low-carbon
and high-efficiency products. Energy research and development support should
at least be doubled; support for low-carbon technologies should be five times
higher. Introduction of international product standards.

� International action. First, integration of climate change into development policy,
and with an increased support for development assistance by the industrialised
countries. Second, international funding to (i) explore the best ways to stop defor-
estation (urgent action required); (ii) improve regional information on climate
change impacts; (iii) develop crop varieties more resilient to drought and flood.

The Stern Review has been under heavy criticism by some economists, for the
discount rate he used in his calculations, for not considering costs past 2200, and for
the argument that significantly slowing climate change requires deep emission cuts
everywhere (Tol and Yohe, 2006; Nordhaus, 2007). A comprehensive overview of
the concerns is provided in Table A.9. These critiques come at no surprise since
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Table A.9 Reasons for concern over damage estimates in the Stern Review
(source: Yohe and Tol, 2007).

Source of concern Reason for concern

No new literature and no new
models supporting damage
estimates

Damage estimates are three standard
deviations higher than the mean of
earlier peer-reviewed estimates

Impacts of climate change Water: does not address adaptation
Sea level rise: does not address adaptation
Food: ignores growth
Health: ignores growth
Refugees: uses most pessimistic scenarios
Catastrophic risk: double-counts its sources

Very low discount rate employed in
damage estimates

Future impacts weigh heavily
High residuals past 2200
Leads to inefficient investment

Mitigation cost estimates truncated at
2050

Mitigation must continue past 2050

No justification of the 550 parts-per
million target

Lower target implied
Damages metric not comparable

earlier studies showed a much less severe impact of climate change than the cost
estimates published in the Stern Review.

Box A.5. Cost of Policy Inaction on Biodiversity

Impressed by the impact of the Stern Review on the Economics of Climate Change, the
European Commission requested a consortium of researchers to conduct a similar
study for the economic impact of biodiversity loss. The study was commissioned
in late 2007 and the first results were presented on 29 May at the 9th Meeting of
the Conference of the Parties (COP9) to the Convention on Biological Diversity
in Bonn.

One of the main components of the economic review is the assessment of the
Cost of Policy Inaction (COPI) with regard to the conservation of biodiversity.
The COPI research was carried out by a consortium of institutes led by Alterra
in the Netherlands. The COPI study starts off by stating that the 2010 targets for
biodiversity will not be reached under continuation of the present biodiversity
policies. It demonstrates that the absence of additional biodiversity policies come
at a considerable price. These costs result from the fact that natural systems will
no longer be able to supply valuable services, such as carbon storage in forests and
the supply of sufficient amounts of clean freshwater. A first, very rough estimate
shows this loss to be around 7 percent of the Gross World Product (GWP) by
2050.
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Some examples of annual losses (between brackets in billions of €) related
to policy inaction for a number of ecosystem services: food, fiber, fuel (– €192
billion), air quality maintenance (– €2,019 billion), soil quality maintenance
(– €1,856 billion), climate regulation (– €9,093 billion), water regulation and
purification (– €782 billion), culture and recreation (– €303 billion), resulting in
a total economic value for all calculated ecosystem services of – €13,861 billion.

(Case based on Bratt and Ten Brink (2008).)

Decision making

The Stern Review attracted more attention than any other economic valuation study
in history. Influential people from all over the world were inspired by the Stern
Review to stress the urgency of immediate action.

A range of industrial stakeholders responded positively to the Stern Review, consid-
ering the climate challenge as a business opportunity rather than a threat to their
industry. For example, fourteen of UK’s leading companies who met in the Prince
of Wales’ Corporate Leaders Group on Climate Change, expressed a desire to discuss
how Britain could obtain ‘first mover advantage’ in a ‘massive new global market’.
Obviously, more conservative responses were also made by, for example, UK and
EU industries. These industries fear their competitiveness will certainly suffer if
countries, such as the United States, China, or India, would not make decisive
climate commitments.

A number of esteemed scientists embraced the Stern Review, stressing the need to
act now rather then later, thereby advising governments worldwide to follow the
recommendations made by the Stern Review. These included a number of economic
Nobel Prize winners, such as Robert M. Solow (Nobel Prize economist 1987), James
Mirrlees (1996), Amartya Sen (1998), and Joseph Stiglitz (2001). The latter stated that
the Stern Review ‘makes clear that the question is not whether we can afford to act,
but whether we can afford not to act. To be sure, there are uncertainties, but what it
makes clear is that the downside uncertainties –aggravated by the complex dynamics
of long delays, complex interactions, and strong nonlinearities – make a compelling
case for action’. (HM Treasury, 2006). Although, the scientific community was
certainly not unanimous about the underlying assumptions and calculations, the
majority supported Stern’s conclusion that the expected benefits of tackling climate
change far outweigh the expected costs.

The most significant impact of the Stern Review was seen in the policy arena.
A number of governments responded by announcing expansion of their climate
policies. British Prime Minister, Tony Blair, stated that the Review demonstrated
‘overwhelming’ scientific evidence of global warming and its ‘disastrous’ conse-
quences if the world failed to act. A number of measures would follow soon after
this recognition (see the next section). Australian Prime Minister, John Howard,
announced AU$60 million in projects to help cut greenhouse-gas emissions. Much of
this funding was directed at the nonrenewable coal industry. The European Commis-
sion also strongly acknowledged the Stern Review by stating the need to act now.

Since its publication, the team of the Stern Review widely discussed the results
of the Review with policymakers, academics, and business leaders across the world,
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in particular, in the EU, China, India, Japan, Indonesia, Africa, the United States,
Canada, and Australia. Being struck by the progress on developing policy to reduce
energy intensity as well as overall emissions, Stern published a working paper in
which he reflected on these positive policy changes (Stern, 2007a, 2007b). Among
others, he reports the following progress in climate change policies from around the
world:

� In the UK, the Climate Change Bill was introduced in Parliament on 14 Novem-
ber 2007 and completed its passage through the House of Lords on 31 March
2008. It will shortly go to the House of Commons for consideration. The aim is to
receive Royal Assent by summer 2008. The Climate Change Bill contains provi-
sions that will set a legally binding target for reducing carbon dioxide emission
in England and Wales by at least 26 percent by 2020 and at least 60 per cent by
2050, compared to 1990 levels.2 The proposed Scottish Bill is expected to have
even more stringent targets for the reduction of emissions.

� The EU took a more stringent position on carbon trading, sending a strong
signal on the role of carbon markets at the centre of the EU’s strategy to deliver
deeper emissions cuts. The member states also agreed on a new independent EU
commitment to reduce greenhouse gases by at least 20 percent by 2020, and
pledging to go further up to 30 percent compared to 1990 levels by 2020, as part
of an international agreement by other developed economies. Moreover, the EU
has agreed mandatory targets on renewable sources in energy use, and the phasing
out of the traditional light bulbs.

� China is beginning to implement energy efficiency measures, which involve
energy efficiency and changes to taxation of vehicle sales. Also, a new tax on
energy-intensive products for export has been introduced.

� In India, the Integrated Energy Policy under the 11th Five Year Plan is being
taken forward – including changes to energy subsidies, plans for more efficient
coal-fired power plants, and further development of innovative new technologies
for renewable energy.

� Willingness to act in Japan is mainly shown during debates between government,
industry, and civil society on the challenges of designing further domestic and
international action. Rapid technological progress is made in plug-in hybrid
vehicles and solar technology. Japan’s responsibility in climate issues in trade and
foreign investment, particularly with China and India, is also recognised.

2 In more detail, the Bill involves the following aspects (www.parliament.uk):

� Requires the Government to publish five yearly carbon budgets as from 2008;
� Creates a Committee on Climate Change;
� Requires the Committee on Climate Change to advise the Government on the levels of

carbon budgets to be set, the balance between domestic emissions reductions and the use of
carbon credits, and whether the 2050 target should be increased;

� Places a duty on the Government to assess the risk to the UK from the impacts of climate
change;

� Provides powers to establish trading schemes for the purpose of limiting greenhouse gas;
� Confers powers to create waste reduction pilot schemes;
� Amends the provisions of the Energy Act 2004 on renewable transport fuel obligations.

www.parliament.uk
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� In Africa, climate change has risen sharply up the agenda. By making climate

change one of the key themes for the Summit in January 2007, African leaders
have become increasingly aware of the vulnerability of their countries, as well as
the opportunities for adaptation, sustainable land management and low-carbon
development.

� Also in the United States, there have been some significant initiatives to reduce
dependency on fossil fuels, and some states, cities and businesses have set objec-
tives to limit greenhouse-gas emissions. For example, California has committed
to making a 25-percent reduction in emissions compared to 1990 levels by 2020,
and 80 percent reductions by 2050. Regional emissions trading schemes, covering
most of the North Eastern states of the United States, are developing rapidly.
At the national level, the government presented plans to improve efficiency,
reduce emissions and improve energy security particularly in the transport
sector.

Box A.6. Carbon trading in the Iwokrama Forest, Guyana

The Iwokrama Forest in central Guyana has nearly one million acres (371,000
hectares) of mostly primary rainforest. It is managed by the Iwokrama Inter-
national Centre for Rainforest Conservation and Development with the aim
to show how tropical forests can be conserved and sustainably used to provide
ecological, social, and economic benefits to local, national, and international
communities.

By integrating human needs and values into business development and
conservation strategies, partnerships with local communities are established by
Iwokrama so they can assist in forest management and get direct benefits through
joint business development such as ecotourism and sustainable forestry.

In late March 2008, the Centre announced a deal with a British-led interna-
tional investment company with the aim to secure the future of the Iwokrama
forest, while opening up the way for financial markets to play a key role in
safeguarding the fate of this forest in Guyana (WBCSD 2008; Howden, 2007).
The director of Canopy Capital, who sealed the deal with the Iwokrama rainfor-
est, said: ‘How can it be that Google’s services are worth billions but those from
all the world’s rainforests amount to nothing?’ The deal is the first serious attempt
to pay for the ecosystem services provided by rainforests, such as carbon storage
and other ecosystem services. Canopy Capital expects to sell the carbon storage
and other rights at a profit within 18 months.

In late 2002, an economic valuation study was conducted in which a first
estimate was made of the Total Economic Value of the Iwokrama Forest (Van
Beukering and van Heeren, 2002). Sustainable management of the forest was
estimated to generate higher economic returns in the order of US$15–31 million
over a 30-year period, and proved to benefit especially the local communities.
The study also emphasises the need to invest in the early stages of management
in order to generate higher and more sustainable benefit flows over the longer
term. The deal with Canopy Capital seems to follow this route.



368 · Pieter van Beukering et al.

SEA boundary conditions

The Stern Review was conducted in a period of slightly more than a year. The Review
was announced in July 2005 and was ultimately published on 30 October 2006. It
was prepared by a team of economists at HM Treasury. Independent academics acted
as consultants only. The team was lead by Lord Stern, at that moment Head of the
Government Economic Service and former World Bank Chief Economist.

The Stern study is a review of existing studies on the impact of climate change.
The data used in the study are therefore not original. Stern based his study largely
on the 2001 IPCC and said that the more up to date information from the latest
report gives stronger warnings than the 2001 report. In an April 2008 statement
Stern said that the 2007 IPCC report vindicated his findings. Critics of Stern blame
him for cherry picking, selecting the scenarios and assumptions that fit best to the
message he wants to get across.

Additional information on this case can be found in Byatt et al. (2006), Carter
et al. (2006), Dasagupta (2006), Dietz et al. (2007a, 2007b), Hamid et al. (2007),
Henderson (2007), Stern and Taylor (2007), Tol and Yohe (2007), and Yohe and Tol
(2007).

Natural gas extraction in the Wadden Sea,
the Netherlands
Main messages

� Economic valuation increases the transparency of complex systems. By explicitly
highlighting the crucial uncertainties of certain economic activities, environmen-
tal conditionality for continuation of projects can be defined in the approval
procedure.

� Economic valuation does not necessarily prevent actual implementation of projects
that impact ecosystem services, but it may affect the design of the intervention
such that costs and benefits are traded off in a rational manner.

Introduction to the case

The Dutch Wadden Sea is a shallow, semienclosed part of the North Sea, mainly
consisting of tidal mud flats, sand flats, sea gullies and salt marshes. The area is
bordered by a series of dune barrier islands, the ‘Wadden islands’. The Wadden Sea
stretches along the North Sea coast from Den Helder in the Netherlands up to
Esbjerg in Denmark and is the largest tidal wetland area in Europe. Most of the sea
and the uninhabited islands are National Nature Reserve, which is regulated by the
Nature Conservation Law and a spatial planning act (PKB). The area is owned by the
State and managed by the Ministry of Nature management, Agriculture and Food
quality (LNV) and Ministry of Public Works, Transport, and Water Management
(V&W).

The entire area constitutes approximately 250,000 hectares; the nature reserve is
ca. 150,000 hectares. The Wadden Sea is of international importance being a nursery
of marine life, a resting, moulting and feeding area for several millions of migratory
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birds, and a habitat for thousands of birds, seals, and many other species. The area has
been selected for European protection as part of the Natura 2000 Network (EUCC,
2008).

The Wadden Sea is not only a region of ecological importance but provides
many economic benefits as well. The region, especially the Wadden islands, is a
key recreational area for the Netherlands and Germany. Other important activities
include, for example, fisheries, military practises, wind energy, and gas exploitation.
Amongst these activities, probably because of its extractive nature, gas exploitation
has been a key issue in research and policy debate over the past years.

An estimated 200 billion cubic metres of gas are located below the Wadden Sea
distributed over several small fields. In 1969, the ‘Nederlandse Aardoliemaatschap-
pij B.V.’ (NAM), Mobil and Elf Petroland received a concession with respect to
gas exploitation from the Wadden Sea. Due to increasing environmental concern,
the parties agreed to a moratorium on drilling from 1984 to 1993. In the mid-
1990s, the NAM started several test drills from three locations on the mainland.
Six gas fields were found and NAM intended to start exploitation again (NAM,
2006).

These plans resulted in public debate and research efforts on the effects of gas
exploitation on the Wadden Sea. Van Wetten et al. (1999) in their economic valuation
study indicated that negative impacts from gas exploitation on ecology and societal
losses could amount to 7 to 32 billion guilders (€3 billion to €15 billion). In 1999, the
government rejected the plans of the NAM and exploitation was cancelled. However,
an advisory board (‘Committee Meijer’) was appointed to further investigate the
actual consequences of exploitation. The committee concluded that negative effects
on ecology were very limited and gas exploitation should be allowed under strict
regulations. As a result, the government approved the plans of the NAM and gas
exploitation has started in 2007. Before the actual licences were appointed, the NAM
performed an Environmental Impact Assessment (EIA) that further underlined the
conclusion of the ‘Committee Meijer’: there are no ecological reasons to prohibit
gas exploitation.

Context of the case study: the planning process

Nature management in the area is determined by the Key Spatial Planning Decision
(PKB Waddenzee), a national planning instrument to combine economic devel-
opment with environmental protection of the area. Through the various PKB’s
the government promotes sustainable development by controlling the extent of
fisheries, gas exploitation, recreation, tourism, and military activities. The PKB is
binding upon all national, provincial, and municipal authorities. The third draft
PKB determining the future of the area for the next ten years is still under discussion
(EUCC, 2008).

One of the key issues in the policy debate is the exploitation of gas from the
Wadden Sea. Gas exploitation from the Wadden Sea is an important contributor
to the Dutch economy, providing a yearly benefit of approximately €5 billion per
year, which is substantial part of the total revenues of fossil fuels in the Netherlands.
In addition, by reducing the dependency on fuel imports from the Middle East,
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Dutch natural gas plays an important role in the European Union as well (Ministry
of Economic Affairs, 2004).

Besides economic benefits, gas exploitation may also have an impact on the
environment. Gas exploitation can, for instance, cause subsidence of the sea floor,
which would affect the area’s tidal mud flats, sand flats, sea gullies, and salt marshes,
including its flora and fauna (NAM, 2006). As the Wadden Sea is an internation-
ally important wetland from nature conservation point of view, the proposed gas
exploitation raised fierce public debate.

The ‘Soil Subsidence Study Wadden Sea’ commissioned by NAM (1998) was one
of the first studies to determine the effects of soil subsidence from gas exploitation
in the Wadden Sea. The study determined the abiotic and biotic changes in the
Wadden Sea and concluded that the effects of gas exploitation on ecology would be
very limited.

In response to this study van Wetten et al. (1999) published the report ‘The
Dark Side of Wadden Gas’. They argued that NAM (1998) did not take into
consideration the effects on ecosystem services, such as water regulating, drinking
water supply, tourism, and so forth. In addition, van Wetten et al. (1999) point out
that the economic value of these ecosystem services has been underestimated and
not properly defined in previous studies. Therefore, they conducted an economic
valuation study of the Wadden Sea, including a Cost–Benefit Analysis (CBA) of gas
exploitation. The Total Economic Value (TEV) of the Wadden Sea should than be
taken into account in decision making instead of the sectoral approach taken before.

Assessment context

In 2005 the NCEA advised several times on the Wadden Sea and its immediate
surroundings. The Dutch cabinet’s latest viewpoint is that the exploration of gas
from fields beneath the Wadden Sea and the Lauwers Lake should in principle
be possible, on condition that it remains within natural boundaries. The NCEA’s
advice on scoping guidelines for the EIA report concentrated on the effects of
subsidence on the Wadden system and on the water system of the Lauwers Lake.
Because important nature conservation values exist in both areas it will be necessary –
in addition to geological, hydrological, and morphological changes – to offer a good
insight into the effects on the natural environment. The cabinet suggests a ‘hand-on-
the-tap’ approach: exploration can only take place within the natural boundaries. If
these boundaries are exceeded, the production will be reduced or even stopped (a
clear example of application of the precautionary principle). Commissioned by the
government, the NCEA was involved in the realisation of this approach.

Practically at the same time as the advice on gas exploration, the government
started an SEA procedure for alterations to the national spatial plan of the Wadden
Sea. As a result of the SEA Scoping memorandum, the NCEA concluded that the
issue at stake is how the suggested nature assessment should be interpreted: is it a
matter of appropriate assessment or is it – due to (still) lacking conservation targets for
qualifying species and habitats – just an indicative picture of the effects on the natural
environment? The NCEA advised to offer a deeper insight into the intervention–
effect relationship, for every activity and every qualifying habitat and/or species: that
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is, which mechanisms will be affected, what is the magnitude of the effect, on which
scale, how long will the impact last and how long will it take to recover?

Box A.7. Private sector and the Pagbilao mangrove forest
in the Philippines

Mangrove forests and swamps are rapidly declining in many parts of the world.
This has resulted in the loss of important ecosystem services, including forest
products, tidal wave control, breeding ground for fish, and so forth (Spaninks and
Van Beukering, 1997). One of the major threats to mangroves in the Philippines
is the rapidly increasing aquaculture industry.

The Pagbilao mangrove forest is one of the last remaining mangrove forests on
Southern Luzon. Even before World War II, the area was a favourite to poachers
who gather the ‘bakawan’, which is a good material for charcoal. Already in
1975, the 145 hectare area was declared as the Pagbilao Mangrove Experimental
Forest by virtue of Bureau of Forest Development (BFD) Administrative Order
No. 7 (s. 1975). This declaration provided the necessary protection (and funding)
and further poaching was prevented. In the 1980s and 1990s, aquaculture was
the main driver of further conversion of the Pagbilao forest.

In 1996, an economic valuation study was conducted with the aim to demon-
strate the importance of the Pagbilao mangrove forest. Comparisons were made
between the total value of conservation of mangroves and the economic value
generated by alternative uses, such as aquaculture and forestry. In addition to
economic value, equity and sustainability objectives were taken into account
and analyzed according to the perspective of different types of decision makers
involved. Combining economic valuation and cost–benefit analysis, the study
concludes that if economic efficiency is maximised, conversion to aquaculture
is the preferred alternative. However, if equity and sustainability objectives are
included in a multicriteria setting, more sustainable use is the preferred alternative
(Janssen and Padilla, 1999; Gilbert and Janssen, 1998).

For decades, government funding was insufficient to properly manage this
wetland. Partly inspired by the results of the valuation study, the private sector,
such as the coal-fired plant owner Mirant Philippines, came in and joined in the
effort. The project was dubbed ‘Carbon Sink Initiative’; it helped in rehabili-
tating forests that were able to absorb air pollutants such as carbon. Moreover,
new investments were made to revitalise the wetland experimental functions.
The mangrove forest is nowadays claimed to be a living proof of successful
rehabilitation.

Ecosystem services and valuation

Van Wetten et al. (1999), following De Groot (1992), define four ecological
functions: (i) regulation functions, (ii) habitat functions, (iii) information functions,
and (iv) production functions. For each of these functions, the ecosystem services
of the Wadden Sea are selected and valued. Bequest and existence values were not
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Table A.10 Total Economic Value of the Wadden Sea in million euros per year
(source: van Wetten et al., 1999).

Ecosystem function Valuation method Value (million €)

Regulation functions
– CO2 storage Benefit transfer 35
– Flood protection Damage cost avoided 213
– Protection against salt spray Shadow price 4
– Strategic drinking water supply Shadow price

(replacement costs)
353

– Seawater purification Benefit transfer 649
– Pest control potatoes Shadow price 737
– Natural accession land Shadow price

(replacement costs)
0.45

Habitat functions
– Refuge nature Shadow price

(investments by
public bodies)

266

– Breeding ground mussel Market price 154
– Breeding ground plaice and sole Market price 803
– Breeding ground shrimp Market price 92
Information functions
– Tourism and recreation Market price 771
Production functions
– Production mussels Market price 231
– Production cockles Market price 21
– Production lugworm Market price 0.90
– Production shrimp Market price 83
Total Economic Value (TEV) 4,416

included in the study. Using several valuation techniques, van Wetten et al. (1999)
estimated the TEV at approximately €4.4 billion (see Table A.10).

In contrast to NAM (1998), van Wetten et al. (1999) state that gas exploitation
can lead to considerable negative effects and damage to the Wadden Sea ecosystem.
They estimate the damage to ecosystem functions that depend on sand flats, sea
gullies, salt marshes, beaches, and dunes are one-third of their estimated value (these
include purification of seawater, refuge nature, breeding ground, recreation, and
tourism and production). Estimations of damage to other functions are based on the
effects described by NAM (1998). The total costs, in case serious effects occur as a
result of gas exploitation, are approximately €1.1 billion (see Table A.11).

The economic benefits of gas exploitation on the Wadden Sea were estimated
based on three different scenarios, each with a different time period in which
exploitation takes place. Applying a 4-percent discount rate under the baseline
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Table A.11 Costs of gas exploitation in the Wadden Sea
(in million € per year) (source: van Wetten et al., 1999).

Ecosystem function Costs (million €/yr)

Flood protection 3
Strategic drinking water supply 47
Seawater purification 216
Damage from water to agriculture/houses 10
Loss of land 28
Refuge nature 89
Breeding ground 350
Tourism and recreation 257
Production 112
Total costs 1,111

scenario (realization period 2011–2025), van Wetten et al. (1999) estimate the
aggregated (present) value of the benefits to be between €3 to €18 billion over
the same period.

Finally, these results were applied in a CBA for three different scenarios. The
least harmful scenario (no damage in years 1–5, 50-percent damage in years 6–10,
100-percent damage in years 11–50), results in a societal loss of €3 to €15 billion as
a result of gas exploitation from the Wadden Sea. Van Wetten et al. (1999) admit that
these results are based on limited scientific knowledge of several of the presented
values and include many uncertainties. Therefore, the results might involve double
counting and overestimation of costs and benefits. On the other hand, intrinsic
values were not included, and contingent valuation studies to estimate such values
were lacking.

Decision making

In December 1999, the government eventually decided not to give permission
for gas exploitation. However, uncertainties and discussions about the effects of
gas exploitation continued. In 2003, the government appointed the ‘Committee
Meijer’, an advising committee, to give an integral advice on the Wadden Sea. The
committee published their findings in a report: ‘Space for Wadden’ (Meijer et al.,
2004). They concluded that there are no ecological reasons to prohibit exploitation.
The main reason for this conclusion is that the dynamic system of the Wadden
Sea compensates for soil subsidence. Due to natural dynamics and the supply of
sand and mud from the North Sea, the effects of soil subsidence resulting from
gas exploitation will be balanced by increased sedimentation and soil accretion.
Gas could be exploited without negative consequences. The committee therefore
recommended that gas exploitation from the Wadden Sea should take place under
strict regulations.
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After the advice of the ‘Commissie Meijer’ the government in 2004 approved
gas exploitation from the Wadden Sea. In 2006, NAM published the Environmental
Impact Assessment. The main conclusion of the EIA is that gas exploitation does
not have negative consequences for the environment. An independent committee
confirmed this conclusion and the government issued the licenses. Gas has been
extracted from two new gas fields at Moddergat (province of Friesland) since Febru-
ary 2007. From 2008 and 2009, gas will also be exploited from other locations in
the province of Groningen. Exploitation will continue for 35 years. In total, gas
exploitation involves six gas fields, containing about 25 billion cubic metres of gas
(NAM, 2008).

Although the economic valuation studies did not halt the project, it increased the
awareness of policy makers about the potential economic losses of ecosystem services
and thus affected the design of the gas exploitation infrastructure. Gas exploitation
can only take place from outside the boundaries of the Wadden Sea, with oil pipes
entering the gas reserves in a sideward direction.

Moreover, clear conditions were set with regard to possible unforeseen environ-
mental impact that may occur in the future. The Dutch cabinet introduced a ‘hand-
on-the-tap’ approach: exploration can only take place within the natural boundaries.
If these boundaries are exceeded, the production will be reduced or even stopped.
Commissioned by the government, the Netherlands Commission for Environmental
Assessment (NCEA) was involved in the realisation of this approach.

Additional information on this case can be found in CBS (2008) and NCEA
(2006).

Sustainable financing of marine parks in the Antilles
Messages
� Contingent valuation as a means to value ecosystem services can be effectively

applied, in this case leading to implementation of measures guaranteeing better
management of national parks and financial sustainability of the management
operations.

Introduction to the case

The ecosystems of the Netherlands Antilles,3 with their coral reefs, humid elfin
forests, and semidesert scrublands, not only contain the richest biodiversity in the
Kingdom of the Netherlands, but also represent an irreplaceable tourism resource
– the most important source of income for the islands. The marine ecosystems
along the coasts (i.e. coral reefs, seagrass beds, mangroves) are also essential for
healthy fisheries, and both the marine and terrestrial ecosystems provide a buffer
against erosion and hurricane damage. According to a recent report by the World

3 The Netherlands Antilles, previously known as the Netherlands West Indies or Dutch
Antilles/West Indies, is part of the Lesser Antilles and consists of two groups of islands in the
Caribbean Sea: Curaçao and Bonaire, just off the Venezuelan coast, and Sint Eustatius, Saba and
Sint Maarten, located southeast of the Virgin Islands.
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Resources Institute, the tourism and ecological value of all the coral reefs of the
Antilles is estimated at US$24–144 million per year (WRI, 2004).

Well-managed nature reserves are the cornerstone of nature policy and both
marine and terrestrial nature parks have been established, or are in an advanced stage
of establishment, on all the islands. Good management requires funds for infras-
tructure, personnel, maintenance, education, and public information, but funding
for the recurrent annual operating costs of the nature parks has been plagued by
instability and deficits. This is caused by dependency on one-time project subsidies,
limited ad hoc financial assistance from local government authorities and fluctuating
revenues from tourism (Spergel, 2005).

The experience in the region to date demonstrates that self-financing is a
viable option for many of the region’s protected areas, particularly those that attract
large numbers of visitors. Several protected areas, such as the Bonaire and Saba
Marine Parks, now have effective revenue generation strategies, and as a result are
among the best managed in the region (Geoghegan, 1998). Economic valuation
studies helped to establish these systems of sustainable financing.

The Bonaire Marine Park (BMP) study (Dixon et al., 1993a) played an important
role in the establishment of the financial systems underlying the marine parks in
the Antilles. It is a representative case study for the region and explicitly combines
analysis of ecological and economic factors. The BMP study took place during
the early 1990s, a period in which the management of the Park was being revised
and improvements were necessary because of serious concerns about the lack of
formal management, an increase in diver activity and the consequences of coastal
development in general. The results indicate that proper management can yield
both protection and development benefits, but questions of ecosystem carrying
capacity and national retention of revenues raise important issues for longer-term
sustainability.

Context of the case study: the planning process

Throughout the last two decades in the Caribbean as in the rest of the world,
there has been a rapid increase in the number of declared protected areas. A 1992
survey identified 175 protected areas in the insular Caribbean, and that number
is likely to have increased in the intervening years. However, only a very small
percentage of these declared protected areas exist in actual fact. Most are paper parks
in which no management occurs. The motivation to establish protected areas is often
based on the perception that such areas enhance a country’s competitiveness in the
tourism sector. However, while the political will to establish protected areas may be
strong, the will to budget for their management has shown itself to be very weak,
in the face of urgent national priorities and continuous fiscal crisis (Geoghegan,
1998).

In recent years there have been increasing calls to transform paper parks into
managed protected areas, and to establish new protected areas to tap the ecotourism
market and to provide a measure of protection against development pressures,
particularly in the coastal zone. Given the limited ability of most governments
in the region to meet the costs of management, alternative sources of revenue are
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being explored. Pressure to establish self-financing protected areas is also coming
from international development and lending agencies, which often bear the capital
start-up costs of protected areas and want to assure that their investments are secure.
The implementation of mechanisms for financial sustainability has become a routine
conditionality of loans and grants for protected areas. Governments in the region
are therefore looking at alternatives to government revenues for financing protected
areas (Geoghegan, 1998).

Park development in the Netherlands Antilles has not followed the more tradi-
tional sequence of events whereby enabling legislation is passed first, followed by the
designation of one or more protected areas. De facto establishment and even manage-
ment of the parks were initiated prior to their legislation. Management of protected
areas by NGO’s is also rather unique in the Caribbean region. STINAPA (National
Parks Foundation) and its sister NGOs on the various islands are managing protected
areas irrespective of land tenure. The Bonaire Marine Park is managed under contract
by STINAPA Bonaire, but in the case of the marine parks in Curacao and Saba
management agreements with Governments are nonexisting or less formal. Never-
theless the partnership between Government and NGOs has served the protected
area system well (Van’t Hof, 1991).

After its establishment in the early 1980s, the failure to introduce a visitor fee
system in 1981 created serious financial difficulties for the Bonaire Marine Park
(BMP). Eventually, with no staff or funding, the Park became a ‘paper park’; manage-
ment and control of access were left to the dive operators.

In 1990, the Island Government of Bonaire commissioned an evaluation of the
situation, which resulted in the following major recommendations:

� Introduce a visitor fee system;
� Introduce a licensing system for commercial water sports operators; and
� Create a new institutional structure for BMP, including representation from the

tourism industry.

On the basis of these recommendations the Dutch Government approved funding
and technical assistance for the revitalization of BMP for a period of three years:
US$125,000 for operational costs and capital expenditure plus US$28,000 in techni-
cal assistance was allocated for the first year, and US$250,000 was reserved for subse-
quent years. Allocation of funding in the second and third years of the project
would be subject to approval of annual budgets. One condition to the grant was the
requirement that a visitor fee be introduced, which would eliminate the need for
further financial assistance beyond 1993.

The Park was re-established and revenues were being generated by the introduc-
tion of an annual admission fee of US$10 per diver to help pay expenses. In 1992 the
fees (called ‘admission tickets’) raised over US$170,000, which was enough to cover
salaries, operating costs and capital depreciation. Revenues were also produced by
sales of souvenirs and books and from donations (Dixon et al., 1993a).

Nowadays, Bonaire has one of the most sustainable marine parks in financial
terms, in the world. Table A.12 provides an overview of the relative contributions
from various financial sources of the nature parks in the Netherlands Antilles, as well
as the level of self-sufficiency.
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Table A.12 Relative contributions from various financial sources and the degree
to which these cover the basic requirements for two nature parks per island (one
park on St Maarten) (source: Spergel, 2005).

Island
government
(2002–2003)

Other grants
(2002–2003)

Self-
generated
revenue
(2002–2003)

Available budget
as percentage of
basic
requirements
(2002)

Saba 17% 30% 53% 100% 40%
St Eustatius 21% 51% 28% 100% 17%
St Maarten 17% 78% 5% 100% 21%
Bonaire 6% 4% 90% 100% 78%
Curaçao 26% 5% 69% 100% 59%

Ecosystem services and valuation

Bonaire, a crescent shape island with an area of 288 km2, is located in the Caribbean
Sea approximately 100 km north of the coast of Venezuela. The reefs around Bonaire
form a narrow fringing reef, which starts practically at the shoreline and extends
to a maximum of 300 m offshore. Approximately 55 other species of coral can be
found on the reefs. The whole area is protected as part of the Bonaire National
Marine Park (since 1999). The site is of international importance being designated
as a RAMSAR site (STINAPA, 2008).

To evaluate the success of the BMP in providing protection to the marine ecosys-
tem, first, a visitors’ survey was conducted of among SCUBA divers to obtain their
perceptions of the condition of the Park and their rating of selected parameters in
comparison to other Caribbean areas or to the condition of BMP in the past. These
questions helped to assess the environmental carrying capacity of the BMP from a
diver’s perspective. Second, photo analysis was carried out to analyse coral cover and
species diversity.

The majority of the divers interviewed rated the condition of the reefs high
and the overall condition of the reefs in Bonaire better than or equal to any other
destination they visited. The results of the photo analysis indicated that increased
diver use was having an adverse impact on the coral reefs, that is, the extent of coral
cover has decreased significantly at the most-frequented dive sites. The results of the
analysis suggest that there may be a critical level of 4,000 to 6,000 dives per year
above which impact becomes significant. Based on the number of available dive sites,
Dixon et al. (1993a) estimated the ‘annual carrying capacity’ at 190,000 to 200,000
dives per year (the average visiting diver makes 10 or 11 dives during his or her stay
on Bonaire). Annual use was already more than 180,000 in 1992, so the threshold
was likely to be reached with an expected loss of reef biodiversity.

The quantification of the costs and benefits derived from the ecosystem services
provided by the BMP was based on the assumption that Bonaire is attractive because
its unique resources are protected. Aided by its protected status, a significant privately
operated sector is successfully marketing Bonaire as a tourist destination. However, if
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Table A.13 Revenues and costs associated with the Bonaire
Marine Park (source: Dixon et al., 1993).

Revenues US$ million

Direct Revenue
Diver fees (1992) 0.19

Indirect (private sector) Revenues (gross)
Hotels (rooms/meals) 10.4
Dive operation (including retail sales) 4.8
Restaurants, souvenirs, car rentals, misc. services 4.7
Local air transport 3.3
Subtotal 23.2
Costs

Costs of Protection
Direct costs – Establishment, initial operation,

rehabilitation
0.52

- Annual recurring costs 0.15
Indirect costs and opportunity costs ?

protection of the marine ecosystem is not maintained, much of Bonaire’s attraction
would be lost, and along with it the associated revenues currently accruing to the
private and public sectors.

The main categories of benefits included in the economic analysis are gross
revenues to the private sector and BMP user fees. Of the primary uses of the waters
contained in the Park, only revenues from dive-based tourism are considered, as
the other uses of BMP waters are less dependent on the protection offered by the
Park. Land-based supporting activities to dive-tourism include hotels, restaurants,
souvenir sales, and car rental. Table A.13 lists the main revenues and costs, including
divers’ fees, associated with Bonaire Marine Park. In 1992, diver and other direct
use fees, the one source of ‘direct’ revenues from use of BMP, summed up to about
US$190,000. This amount is very small in comparison to other park-related gross
revenues.

Given the controversy surrounding the institution of a user fee system, a contin-
gent valuation survey was conducted in late 1991 to get inference of visitor’s general
perception of and willingness to pay user fees for the BMP. An overwhelming
92 percent agreed that the user fee system is reasonable and would be willing to pay
the proposed rate of US$10 per diver per year.

Approximately 80 percent of those surveyed said that they would be willing to
pay at least US$20 per diver per year, 48 percent would be willing to pay at least
US$30 per diver per year, and 16 percent would be willing to pay US$50 per diver
per year, yielding an average value for WTP of US$27.40 (excluding the 8 percent
who were not willing to pay a fee).

Clearly the average willingness-to-pay exceeded the relatively modest US$10 fee
instituted in 1992. The difference between what people would be willing to pay for
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a good or service and what they actually pay is known as consumers’ surplus. At the
current rate of dive visitation (an estimated 18,700 divers in 1992) admission fees
and estimated consumer surplus total US$512,000 per year, of which US$325,000
is the consumer surplus.

Decision making

Bonaire and its marine park are representative of the issues facing many marine
protected areas in the Caribbean. The case of Bonaire illustrates the difficult trade-
offs that exist in combining economic and ecological goals. Its marine ecology is
rich, protected, but threatened. In late 2005 another long-held ambition became
reality: several employees of STINAPA, including the Director, the Managers, and
the Chief Rangers, acquired police-type ticketing and law enforcement powers.

On 31 March 2005, the 1991 legislation covering Marine Park usage fees was
changed with the inauguration of the Nature Fee. With the introduction of this
legislation all the users of the Bonaire National Marine Park, not solely the divers,
pay a user’s fee. The most significant changes include:

� Marine Park tags also admit entrance to Washington/Slagbaai National Park.
� The price of Marine Park tags for SCUBA divers changed to US$25.00 for a year

pass or US$10 for a day pass.
� Swimmers, board sailers, and all other users of the Marine Park are now required

to have to pay US$10 for a year pass.

Recently, it was decided that tag receipts go directly to STINAPA and are used
entirely for the management of Bonaire’s National Parks (STINAPA, 2008).

The model of sustainable financing as developed in Bonaire is referred to in the
Caribbean, and even receives worldwide attention. Although it is hard to prove this,
the Bonaire model is often regarded in policy discussions on marine funding as the
classical example of how to develop a system of payments for environmental services
for marine ecosystem systems.

Box A.8. Marine recreation operators join forces
with conservationists in Hawaii

Hawaii’s coastal waters are blessed with miles of exquisite coral reefs. More than
25 percent of the islands’ marine life is found nowhere else on Earth. Because
government budgets for marine protection are not sufficient, particularly in
Hawaii where government funding for marine management is among the lowest
in the nation, private action and private money are essential in helping to ensure
that the Hawaiian reefs are protected.

Recognising the need to support the state’s work, dive and snorkel opera-
tors and local conservation organisations joined forces in 2005 to raise money
for marine conservation on the Big Island and Maui. Through an innova-
tive new programme called the Reef Fund, dive and snorkel operators solicit
voluntary donations from their clients to fund high-priority marine protection
programmes on their islands, such as the repair and installation of mooring
buoys, the protection of nesting and resting beaches for rare and endangered sea
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turtles and monk seals, and the establishment of local education and outreach
programmes to protect marine resources.

Originally, the private industry feared the negative impact for their business of
requesting their customers to contribute to conservation. A 2003 survey done by
Cesar and Van Beukering for TNC and the State Division of Aquatic Resources,
however, indicated that 80 percent of those surveyed were willing to pay at least
US$5 per snorkel per dive day for marine resource protection programmes if
the funds went to a private or nonprofit institution and were not managed by
a government agency (Van Beukering and Cesar, 2004; Van Beukering et al.,
2004).

While the majority of other fee-based marine protection funds around the
world are mandated by the local or national governments, Hawaii’s fund is volun-
tary. On Maui, the Reef Fund is coordinated by the local nonprofit Hawaii
Wildlife Fund (Maui Reef Fund, wildhawaii.org/). On the Big Island, the fund
is managed by the Waimea-based nonprofit Malama Kai (Big Island Reef Fund,
www.malama-kai.org/). Donations collected by marine recreation operators are
pooled into a collective fund on each island and managed by the nonprofit organ-
isation, which is advised by a committee of operators, conservationists, scientists,
and other stakeholders. The advisory committees decide how the funds will be
spent on their islands.

Additional information on this case can be found in Parsons and Thru (in press).

Payments for Environmental Services in Costa Rica
Main messages

� Payment for ecosystem services (PES) has played a major role in changing Costa
Rican destructive and rapid deforestation into sustainable management, with
tangible and convincing results.

� PES facilitates market processes between individual landowners and the world
carbon market.

� PES can ease the existing inequity in distribution of costs and benefits, when
benefits of ecosystem services accrue to the global community, while the oppor-
tunity cost of not converting a forest lies with local landowners.

� Through the explicit quantification of the societal demand and supply for ecosys-
tem services, economic valuation can play an important role in the emergence of
PES.

Introduction to the case

The Costa Rica Payments for Environmental Services (PES)4 programme was initi-
ated in 1997, becoming one of the first country-wide PES programmes in the

4 Pagos por Servicios Ambientales (PSA) in Spanish.

www.malama-kai.org/
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world, and the first to adopt the terminology of environmental services and PES.
Since its inception, it has become a point of reference for environmental authorities
and practitioners around the world, as well as becoming one of the pillars of Costa
Rica’s image as a ‘green’ country that is a model for sustainable development.

The programme was fostered by the 1996 changes in the Forest Law that created
the legal framework to pay landowners for the provision of four types of ecosystem
services: (i) carbon sequestration, (ii) watershed protection, (iii) scenic beauty, and (iv)
maintenance of biodiversity. Originally, Costa Rica’s government expected a large
influx of funds through the sale of carbon sequestration and biodiversity prospecting
by pharmaceutical companies, but neither materialised and, while there are still high
expectations for the former, the latter has been almost abandoned. Nevertheless, the
Costa Rican government pressed ahead, earmarking for PES a 3.5-percent tax on
fuels and putting in place the programme management agency, the Fondo Nacional
de Financiamiento Forestal (FONAFIFO) (FAO, 2007).

Since its inception in 1997, a large area of privately owned land has participated
in the project. As of October 2005, approximately 250,000 hectares where under
contract: 95 percent of them for protection of natural forests and 4 percent for
reforestation activities. By 2005, public and private water users were paying some
US$500,000 a year for watershed conservation through forest protection (FAO,
2007).

Context of the case study: the planning process

In the last two decades, Costa Rica transformed from one of the most rapidly
deforesting countries in the world to one of the foremost pioneers in reforestation,
forest management, and forest protection. The predominant vision of development
and economic growth in Costa Rica has been linked until recently with agro-
export production, which has affected legal and institutional frameworks, economic
policies, and land use decisions (De Camino et al., 2000).

In 1950, forests covered more than one-half of Costa Rica; by 1995, forest cover
had declined to 25 percent of the national territory. Costa Rica had one of the
highest deforestation rates in the world in the 1980s (Ortiz and Kellenberg, 2002).
In the past years, however, the deforestation rate has fallen dramatically due to a
remarkable set of institutional innovations in Costa Rican forestry in the mid 1990s
(Chomitz et al., 1998).

Box A.9. Drinking water for New York City from
restoration of the Catskill Watershed

In New York City, where the quality of drinking water had fallen below standards
required by the U.S. Environmental Protection Agency (EPA), authorities opted
to restore the polluted Catskill Watershed that had previously provided the city
with the ecosystem service of water purification. Once the input of sewage
and pesticides to the watershed area was reduced, natural abiotic processes, such
as soil adsorption and filtration of chemicals, together with biotic recycling
via root systems and soil microorganisms, improved water quality to levels that
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met government standards. The cost of this investment in natural capital was
estimated between US$1–1.5 billion, which contrasted dramatically with the
estimated US$6–8 billion cost of constructing a water filtration plant plus the
US$300 million annual running costs. (Case based on Chichilnisky and Heal
(1998).)

Intent of Costa Rica’s PES programme
The PES programme was established in Costa Rica in 1997. This programme evolved
in two phases (Sánchez-Azofeifa, 2007). The first phase (1997–2000) coincided with
a significant drop in the national rate of deforestation (1997–2000), relative to the
1986–1997 time period and the high rates of forest clearing that occurred from
the 1960s to the early 1980s. Recently, there has been a net increase in forest
cover, mostly due to land abandonment. The second phase of the PES programme
relates to the implementation of the Ecomarkets project (2001–today) and involves a
comprehensive microtargeting scheme and the provision of new ecosystem services
(e.g., drinking water) that were not part of the first phase.

Costa Rica established a PES programme within a framework created by three
laws. The 1995 Environment Law 7554 mandates a ‘balanced and ecologically driven
environment’ for all. The 1996 Forestry Law 7575 mandates ‘rational use’ of all
natural resources and prohibits landcover change in forests. Finally, the 1998 Biodi-
versity Law promotes the conservation and ‘rational use’ of biodiversity resources.

In the first phase, payments were designed to address relevant forest conservation
failures from a legal and institutional standpoint. Forest landowners were compen-
sated by the PES programme if they planted or maintained natural forest on their
land and recognised carbon sequestration, watershed protection, scenic beauty, and
biodiversity as important services. These four services were not measured at once
on a piece of land. A set of services with identical value was assumed to be provided
by each enrolled parcel. The first phase had a ‘first come, first served’ policy; parcel
size does not play a role in enrollment. Farm size, however, as well as human capital,
and household economic did play a role in participation in the programme. Large
landowners were disproportionately represented at national and regional levels.

The PES programme has to compete with other land use returns. Average PES
returns varied from US$22 to US$42 per hectare per year before fencing, tree
planting, and certification costs. Cattle ranching is the main competing land use,
showing returns from US$8 to US$125, depending on land type, location and
ranching practises. One measure of cattle-ranching returns is the cost of pasture
renting. In Cordillera Central pasture rental ranges from US$20 to US$30 per
hectare per year (Sánchez-Azofeifa et al., 2007).

Implementation of PES
Table A.14 shows three types of contracts under the first phase of the Costa Rican
PES programme:

� Forest conservation contracts: landowners are required to protect existing (primary or
secondary) forest for five years. Land-cover change is not allowed. Payments for
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Table A.14 Distribution of payments per contract type (source: Ortiz and
Kellenberg, 2002).

Distribution by year

1 2 3 4 5
Total Payment

Contract type (US$)∗

Forest Conservation Easements (C) 210 20% 20% 20% 20% 20%
Sustainable Forest Management 327 50% 20% 10% 10% 10%
Reforestation 537 50% 20% 15% 10% 5%

US$1 = 346 colones

forest management contracts amounted to US$210 per hectare over a five-year
period;

� Sustainable forest management contracts (briefly interrupted in 2000): landowners
with a ‘sustainable logging plan’ received compensation for low-intensity logging
and keeping forest services intact. Contracts lasted 15 years, but payments were
received during the first five years, amounting to US$327 per hectare.

� Reforestation contracts: owners are required to plant trees on agricultural/abandoned
land and to maintain the plantation for 15 years. Contracts lasted 15 years, with
most payment in the first two years amounting to US$537 per hectare.

A PES contract remains with the property if it is sold. The greenhouse-gas–
mitigation potential of a parcel is transferred from owner to the national govern-
ment. Costa Rica can sell abatement units on an international market. Registration
for individuals is limited to a maximum of 300 hectares per year and a minimum of
2 hectares per year. Indigenous groups, however, may register up to 600 hectares per
year. Coalitions acting through local NGOs have no limit. NGOs can enhance partic-
ipation by playing an intermediary role between smallholders and authorities. The
PES programme is administered by FONAFIFO, a public forestry-financing agency
created under Forestry Law 7575 in 1996. Inspection responsibilities, however, lie
with the Sistema Nacional de Areas de Conservacion (SINAC) and with the Minis-
terio del Ambiente y Energı́a (MINAE).

Funding sources for PES scheme
The most important source of funding for the original PES programme was a
15-percent consumer tax on fossil fuels established under the 1996 Forestry Law.
FONAFIFO should receive one-third of the revenue, but the Ministry of Finance
rarely delivered that amount. In 2001 the legislature adopted the Ley de Simplifi-
cación y Eficiencia Tributaria, which assigns 3.5 percent of the tax revenue directly
to the PES programme. In theory this provided less money; in practise actual trans-
fers from the Ministry of Finance were increased. The PES programme received an
average of US$6.4 million per year.

The PES programme also receives funding from voluntary contracts with private
hydroelectric producers. FONAFIFO is being reimbursed by these producers
for payments given to individual landowners, for example, those upstream in a
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watershed. Such private agreements generated some US$100,000 to finance about
2,400 hectarers of PES contracts. When fully implemented these agreements are
expected to grow to about US$600,000 annually, covering close to 18,000 hectares.

Carbon trading was expected to provide significant funding. However, no
significant market for carbon abatement has emerged. Only Norway has bought
200 million tons of carbon sequestration for US$2 million in 1997.

A World Bank loan and a Global Environmental Facility (GEF) grant of US$8
million contributed to a programme called Ecomercados (the name of the second phase
of the PES programme, which started in the year 2000). US$5 million was used for
conservation contracts along the Mesoamerican Biological Corridor. The other
US$3 million was used for capacity development purposes of relevant organisation
such as FONAFIFO, SINAC, and MINAE (Sánchez-Azofeifa et al., 2007).

Total Distribution of PES Contracts
In the first phase of the PES programme around 300,000 hectares of primary,
secondary, or planted forest received funding, with a mean project size of approx-
imately 102 hectares. The largest project was 4,025 hectares. The stated size limits
were not fully enforced; 202 projects were over the 300-hectare maximum and
60 contained less than the 2-hectare minimum. From 1997 to 2000, the number
of participants entering the programme decreased, probably because funds were not
delivered as expected. Payments for conservation alone were larger than the sum
of the payments made for reforestation and forest management), but conservation
contracts had the lowest payments per unit area. Reforestation and management
contracts generally held steady over the years, whereas conservation payments fell
(e.g. more than US$20 million in 1997; almost US$12 million in 1999; and less than
US$4 million in 2001) (Sánchez-Azofeifa et al., 2007).

Ecosystem services and valuation

In 1993, the World Bank prepared the Forest Sector Review for Costa Rica. The
review was the first attempt by the Bank to calculate the total economic value of
Costa Rican forests. Table A.15 shows the economic values of various forest activities
according to the Bank’s study. Twenty-eight percent of the value corresponds to
market values (especially of wood) and 72 percent to nonmarket values. In the most
pessimistic (from the Costa Rican perspective) distribution of benefits, 66 percent
of the environmental services of forests are enjoyed by the global community and
only 34 percent by Costa Rica. The cumulative annual rent is US$208 million, of
which US$137 million is enjoyed by the global community without compensation
for Costa Rican farmers, and US$71 million is received by Costa Rica. Although
the study has several weaknesses, such as the inclusion of primary forests only and
the exaggerated value of carbon sequestration, the study highlight some important
points: the value of environmental services is high, the global community receives
the major benefits of these services, and owners of the resources that provide these
services are not compensated for their full value (De Camino et al., 2000).

In 1994, the World Bank issued another study of the value of primary forest in
Costa Rica (see Table A.16). The study arrives at a rent of US$102–US$214 hectares
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Table A.15 Total Economic Values of Costa Rican Forests according to the
World Bank, 1993 (source: De Camino et al., 2000).

Product or service
Total value
(US$M)

Value per
hectare
(US$)

Value per hectare
per year (US$ at
an 8% discount
rate) Base

Carbon
sequestration

1,098 845 68 1.3 mil hectares

Sustainable
logging

403 620 50 0.65 mil hectares

Existence and
option value

383 295 24 1.3 mil hectares

Ecotourism 272 209 16 1.3 mil hectares
Hydroelectric

power
36 207 17 0.18 mil hectares

Pharmaceutical 3 2.3 0.2 1.3 mil hectares
Urban and rural

water
59 47 3.8 1.3 mil hectares

Total 2,254 2,225 179
Total market 403 620 50 28%
Total nonmarket 1,851 1,605 128 72%
Total Costa Rica 664 1,001 81 34%
Total World 1,612 1,224 98 66%

per year without considering the value of wood, and US$170–US$282 hectares per
year by considering the value of wood. Although the values assigned by each study
differ, both studies support the importance of payment for environmental services
(De Camino et al., 2000).

In 1996, MINAE commissioned the Costa Rican Tropical Science Center to
conduct a study to obtain a scientific basis for assigning a value to environmental
services. The Costa Rican Tropical Science Center recommended payments for
all four environmental services recognised under the PES programme. The study
distinguished between primary and secondary forests, departing from the assump-
tion that secondary forests provide fewer environmental services than natural forests
(Table A.17). However, the study did not reveal the criteria that are used to distin-
guish between primary and secondary forests, or how compensation should be
calculated for reforestation, forest management, forest conservation, or agroforestry
systems.

On February 26, 1997, MINAE specified PES amounts. The World Bank and
CCT studies suggested fixing a quantity per hectare and year or a single payment for
one full rotation or cutting cycle. Instead, MINAE fixed a payment for environmen-
tal services for a period of five years and as a percentage of the costs of establishing
and managing different kinds of forests. This amount is intended as a lump-sum
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Table A.16 Environmental Values of Primary Forests
(De Camino et al., 2000).

Average value
Types of benefits (US$ per hectare)

- Urban water supply 2.3–4.6
- Loss of hydroelectric productivity 10.0–20.0
- Protection of agricultural lands 0.25–2.0
- Flood control 4.0–9.0
Subtotal hydrological benefits 16.6–35.6
Carbon sequestration 60.0–120.0
Ecotourism (recreation or

nonconsumptive value)
12.6–25.1

Future pharmaceuticals (optional
value)

0.15

Transfer of fund (existing and optional
values)

12.8–32.0

Total 102.2–213.7
Net present value (6%) 1,277.5–2,671.3

Table A.17 Findings of the TSC Study on Recommended
Compensatory Payments in US$ per year per hectare
(De Camino et al., 2000).

Environmental service type Primary forest Secondary forest

Carbon sequestration 38 29.3
Waer conservation 5 2.5
Biodiversity 10 7.5
Natural beauty 5 2.5
Total 58 41.8

compensation for all environmental services. This decision was made to avoid
disrupting forest management.

Despite these attempts to estimate the economic value of ecosystem services
provided by the Costa Rican forests, both the Forestry Law (1996) and Biodiversity
Law (1998) do not define the type of financial instrument nor the monetary amount
that should be paid. Therefore, it is essential that FONAFIFO has solid scientific
information as input in the negotiations of voluntary agreements, which form an
important contribution to the payment mechanism.

One example of scientific support is the study by Reyes et al. (2002). Based
on replacement and maintenance cost, they estimated a range of values for the
ecological services provided by forests in several watersheds. These values range from
US$100 hectares per year (Peñas Blancas watershed) to US$176 hectares per year
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(Pejibaye watershed). This implies that if forest cover is preferred in relation to the
provision of hydrological services and is to be guaranteed in the long term, the
landowners would have to receive at least US$100 per hectare per year in terms
of additional income in order to protect forest cover or commit themselves to
reforestation activities.

Additional information on this case can be found in Kishor and Constantino
(1993), World Bank (1993), and WWF (2007).

Water transfer in Spain
Main messages
� When it is obvious that significant impacts on ecosystem services can be expected

from a plan, ignoring such impacts may lead to opposition and ultimately the
cancellation of the plan. Not studying (the impacts on) ecosystem services and
their respective ecological, social, and economic values thus can have serious
repercussions.

� The Ebro Delta combines multiple ecosystem services. One important service is
its role in maintaining internationally important biological diversity. This has
resulted in a protected status of parts of the delta. Ignoring this important
aspect has contributed greatly to the failure of the water transfer plan to get
approval.

Introduction to the case

The Spanish National Hydrological Plan (SNHP) was passed into law by the Spanish
Parliament in July 2001. The SNHP identifies an elaborate programme of infrastruc-
ture development and management to assure constant water supply all over Spain.
This plan, with a projected capital cost of €4.2 billion, consists of two main parts:
(1) transfer of 1,050 cubic hectometres (hm3) of water per year from the basin of the
Ebro River to other river basins in the north, southeast, and south of Spain; as well
as (2) a block of 889 public water works affecting other Spanish river basins.

The chief SNHP objective is to transfer water from the Ebro Basin to four other
river basins in the east of Spain. The project contains two large transfer projects from
the lower Ebro River: the Northern Transfer, planned to transfer 189 hm3 to the
metropolitan area of Barcelona for urban uses; and the Southern Transfer, planned
to transfer 861 hm3 to the Levante region and southeast Spain. Almost 70 percent of
this transfer would be used for agricultural purposes, with the remaining 30 percent
being for urban uses (WWF, 2006).

These water transfers would lead to serious impacts on the Ebro River, which is
of high economic and environmental importance for several reasons: The Ebro river
basin counts close to 3 million inhabitants, with almost 50,000 living in the Ebro
Delta. It has been estimated that economic activities associated with the ecosystems
of the Ebro Delta produce an annual turnover of €120 million from fisheries,
aquaculture, agriculture and tourism (Day et al., 2006).

Designated as a Natura 2000 zone and Ramsar site, the Ebro Delta is the third
most important wetland in Spain with a significant importance at a European level.
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Water transfer would lead to the deterioration of the Ebro Delta ecosystem. The
area is the second most important SPA (Special Protection Area) in Spain after the
Doñana National Park.

New dams will also need to be constructed in the high Pyrenees Mountains to
regulate the water flow of the Ebro, which will lead to additional serious environ-
mental and social impacts (WWF, 2006).

Context of the case study: the planning process

The SNHP approved by Congress in 2001 set out the government vision on how
it intends to regulate, manage and plan the water resources and all their related
uses within Spain. As one step leading to the approval of the SNHP, in 1999,
the Water Law (1985) was modified to adapt it to the purposes and needs of the
SNHP. The Plan claimed to comply with the requirements of the European Water
Framework Directive in terms of sustainable water use, environmental protection,
reduction of pollution through efficient water planning, use of economic analyses and
instruments, approval and action programmes and cost recovery principles (Tortajada,
2006). However, extensive analyses indicated that the Plan was not compatible with
the Water Directive, mainly in economic and environmental terms (see, for example,
Albiac et al., 2006; Albiac et al., 2003; Biswas and Tortajada, 2003; Embid, 2003;
Garrido, 2003; Getches, 2003; Hanemann, 2003; Howitt, 2003).

Two regions in the basin from which water was to be transferred, Aragón and
Cataluña, strongly opposed the Plan. Aragón argued that the National Hydrological
Plan could not be justified on economic, environmental nor on social grounds.
Furthermore, implementation of proper demand management practise in the water-
importing regions would make the water transfer unnecessary. Numerous analyses
indicated that environmental and economic sustainability principles were mostly
ignored. The lack of a social assessment was further reason to question the plan.
The plan simply stated that water transfer would not have any impacts on the
economic activities in the donor basin. It would neither have negative consequences
on population distribution within the donor basin.

According to environmental studies, the implementation of the plan would aggra-
vate the ecological problems already occurring in the area downstream from the
diversion point, especially in the Ebro Delta and estuary (see, for example, Ibáñez
and Prat, 2003; Arrojo Agudo, 2001). A major criticism was the approval of the
National Hydrological Plan by the national government before an environmental
impact assessment was carried out. The plan did not consider any of the impacts that
such a large water transfer would have on biodiversity, wetlands, ecological flow, and
expected changes in land use in the Ebro Delta. Neither did it take into account the
impacts on human activities, such as fisheries and rice production.

Cost–benefit estimates of the plan and its strategic environmental assessment
were considered inaccurate or completely lacking (Hanemann, 2003). An example
is provided by the revenues per cubic metre of exported water. The revenues were
expected to compensate negative impacts in the Ebro river basin resulting from
the transfer. This revenue was not based on any economic analyses, but was an
administrative charge. The compensation was insufficient to mitigate the expected
adverse impacts of the water transfer in the exporting region. (Tortajada, 2006).
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Assessment context

For the construction of infrastructure funding was needed from the European
Commission. This provided a platform for the Government of Aragon and several
environmental groups to submit a formal complaint to the European Commission.
This resulted in hearing in the European Parliament, and a Seminar on the plan and
its expected impact in October 2003. The European Union organised this seminar
to promote dialogue between the Governments of Spain, Aragon, and the environ-
mental groups. Following the outcomes of discussions and several technical studies
from within the European Commission, it was recommended not to provide finan-
cial support for the National Hydrological Plan. However, before the European
Commission could take a final decision, the 2004 elections in Spain resulted in
the change of the ruling political party and the cancellation of the 2001 National
Hydrological Plan (Tortajada, 2006).

Spain’s newly elected socialist government enacted the Law 11/2005 of 22 June,
paving the way for a new water policy called the Programa AGUA, Actuaciones
para la Gestión y la Utilización del Agua, ‘actions for management and use of
water’. The AGUA programme targets Mediterranean Spain as a priority case for
action. The law, Actuaciones en el Litoral Mediterraneo RDL 2/2004, forecasts an
additional 1,063hm3 of water and is estimated to cost €3.8 billion. Ten provinces
are included (from Girona in the northeast to Malaga in the southwest) and these
provinces are within the catchment area of five hydrographic zones. Twenty-one
desalination facilities are planned for six provinces on the Spanish Mediterranean
coast to supplement their water needs.

Controversially, AGUA challenges the geographical ideology of the river basin:
whereas the National Hydrological Plan sought to balance basin deficits in the
Mediterranean region by transferring water from distant basins, AGUA’s vision
extends the geographical boundaries of the river basin itself beyond its coastal limits
to tap the marine waters and littoral saline aquifers of the Mediterranean coast.
Spain has over 1,500 km of coastline and numerous coastal aquifers with brackish
groundwater, which can be desalinated. Furthermore, unlike the Ebro transfer,
supplies of desalinated water can be predicted independently of climate changes and
drought. In theory at least, the opportunities to supply desalinated water to recipient
basins are limitless. Sustaining a basin’s freshwater needs is simply a matter of financial
investment to pay for the facilities’ construction and running costs. Conceptually,
therefore, resources are traded – as long as the ‘value-added’ to water (through
goods and services produced) exceeds the cost of freshwater provision, the system
can be considered economically sustainable. The Spanish government believes these
balances can be achieved because the revenues from the service (including tourism)
and agriculture sectors offset the financial cost of desalinating water (Downward and
Taylor, 2007).

Ecosystem services and valuation

The Ebro Delta is an important wetland in the western Mediterranean, with
economic and ecological values. It is an important bird habitat, being the second
most important special protection area for birds (SPA) in Spain. Some 8,000 hectares
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of the delta have been designated as a natural park in 1986. The international impor-
tance of the natural values of the Ebro Delta has been widely recognised. In 1984, the
delta was declared an area of special interest for conservation of halophytic vegeta-
tion by the Council of Europe. It has also been recognised as an area of European
importance for conservation of aquatic vegetation. In 1993, it was included in the
list of Ramsar areas and is part of the Natura 2000 network. Wetland area has been
steadily reduced from approximately 250 km2 in 1900 to 80 km2 in 1990 due to
conversion to agriculture and other uses (Day et al., 2006).

Of a total of 330 species of birds observed in the delta, over one hundred species
breed in the area. A total of 55 species are endangered or migratory species included
in Annex I of the EU Birds Directive. The Ebro Delta has international importance
for breeding for at least 24 migratory species and 13 wintering species. The fish
fauna in the delta is also very rich, with 55 species observed, including six endemic
species of the western Mediterranean coast. The last viable world population of a
globally threatened freshwater mussel occurs in the lower river. There are 18 habitats
included in the 92/43/EEC Directive for the Conservation of Natural Habitats and
Wild Flora and Fauna, from which two are of priority conservation and eight are
locally endangered.

Agriculture, fisheries, aquaculture and tourism are economic activities depending
on the delta. The total annual economic value is about €120 million. Agriculture
accounts for a gross economic benefit of about €60 million, tourism about €30
million, fisheries about €20 million, and aquaculture about €10 million. Rice culti-
vation is the main human activity in the delta. Rice fields cover about 60 percent
of the delta, playing a crucial role in the economy as well as the ecology of the
delta. Rice production is about 120,000 tonnes per year, the third most impor-
tant of the European Union. An extensive irrigation system delivers fresh water
from the Ebro River to the rice fields. Apart from economic productivity, rice
fields provide many more important ecosystem services, such as wintering area
of migratory birds, the prevention of saltwater intrusion, and denitrification in
soils.

The Ebro River influences some of the most important fishing areas in the
western Mediterranean, with an average catch of about 6,000 tonnes per year.
The importance of aquaculture is increasing, focussed on the cultivation of
about 3,000 tonnes of mussels and oysters per year in Fangar and Alfacs bays.
Since the creation of the natural park, tourism has increased substantially. The
estimated number of visitors is over half a million people per year (Day et al.,
2006).

The elements of the SNHP that include water transfers from the Ebro have
caused great controversy, especially because of the different perspectives and uncer-
tainty in defining the environmental and socioeconomic impacts in the donor and
receiving basins (Alcácer-Santos). In the SNHP plan various economic arguments
are used in support of supply-oriented water management, through construction of
reservoirs and water transfer. Other alternatives such as demand management and
water conservation are left in the shade. A study carried out by the University of
Zaragoza for WWF shows that real costs of the SNHP were highly underestimated,
in fact the SNHP made a negative contribution to economy of €3.5 billion (Arrojo
et al., 2002).
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Decision making

In this case study, it was not so much the presence of economic valuation studies, but
the lack of proper estimates of the real costs and benefits, that influenced decision
making with regard to the plan. The analytical approaches used to formulate such a
complex plan were generally considered to be inadequate. Among critics there was
agreement that additional economic evaluation studies on the impacts of the water
transfer were needed. For example, economic analysis of the long-term elasticity of
water demand for urban and industrial uses in the project area was lacking. Similarly,
a study was lacking to measure the willingness of the farmers to pay for water; such
willingness was needed to ensure financial feasibility of the planned sale of imported
water. Another study deemed necessary would estimate the present and future cost
of water supply.

It was generally believed that cost recovery in combination with water trans-
fer would lead to substantially increased water prices for the urban and industrial
consumers. This would significantly reduce the total water requirements. Cost recov-
ery for the agricultural sector would also mean that rates for agricultural water would
go up substantially. This would also lead to reduced water requirements as marginal
agriculture would disappear. Consequently, transferred water would not be econom-
ically interesting for many farmers as costs would be higher than the marginal value of
water. Simply stated, returns on crops would be insufficient to pay for the transferred
water.

The main rationale for the water transfer project was the need for water in
the coastal areas of the south. This need was, however, fundamentally question-
able. Forecasts of future water demand were likely to be significantly less if demand
management practises, such as full cost recovery, proper levels of water tariffs, more
efficient water management in the urban, industrial and agricultural sectors, treat-
ment and reuse of wastewaters, and so forth, were considered. Furthermore, available
cost-effective alternative options were ignored. For example, the provision of desali-
nated seawater or groundwater along the coastal areas could be provided more
economically. Moreover, through desalination water would be available in about
2–4 years. The water transfer project would take at least 10 years.

From the EU perspective, this plan was also unlikely to be accepted and funded.
The National Hydrological Plan did not comply with the following Community
texts: (i) Treaty of the European Community in the content and numbering arising
from the 1997 Treaty of Amsterdam; (ii) European Parliament and Council Directive
2000/60/EC of 23rd October 2000, establishing a Community framework of action
in the field of water policy; (iii) Council Directive 79/409/EEC, of 2nd April 1979,
regarding the conservation of wild birds; and (iv) Council Directive 92/43/EEC, of
21st May 1992, regarding the conservation of natural habitats and wild fauna and
flora.

A full-fledged SEA at plan level could have avoided the total tearing down of
the plan. A proper integrated assessment of economic, social, and environmental
consequences, including the analysis of alternatives based on water demand manage-
ment would have shown in an early stage the nonviability of the plan in its original
form.

Additional information on this case can be found in IUCN (2004).
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Compensation payments by Exxon Valdez
Main messages

� Economic valuation of ecosystem services provides acceptable clues for legal
procedures and fines.

� The ecosystem service of maintenance of biodiversity can be monetised as a
bequest value by using a stated preference methodology. The valuation similarly
provided result accepted in legal procedures.

� This case set an example for liability claims for damage inflicted upon biodiversity.

Introduction to the case

Around midnight, on 24 March 1989, the Exxon Valdez ran aground on Bligh
Reef near the coast of Alaska. The oil tanker was carrying 1,264,155 barrels of
oil. Approximately 257,000 barrels, or 38,800 tonnes, were spilled. More than four
summer seasons and US$2.1 billion (Exxon’s account) were spent before the cleaning
effort was called off. Various methods were used to remove oil from the beaches.
Not all beaches were cleaned; some beaches remain oiled today. The cleanup effort
included some 10,000 workers, 1,000 boats and roughly 100 aircraft. These became
known as Exxon’s ‘army, navy and air force’. In spite of these enormous efforts, many
believe that storms and wave action were more effective in cleaning the beaches.
The spill region has more than 15,000 km of shoreline.

The Exxon Valdez oil spill (EVOS) is one of the largest ever in the United States.
It is widely considered as the environmentally most damaging oil spill worldwide.
The timing of the spill, the remote and spectacular location, and the abundance of
wildlife in the region made it an environmental disaster well beyond the scope of
other spills. Partly because it is also the most publicised and studied environmental
tragedy in history, the disaster can be considered to be extremely influential in
changing policies. For example, much has been accomplished over the years to
prevent another Exxon Valdez–type accident.

Assessment context

Following the EVOS, the State of Alaska and the United States acted as trustees
to protect and assess damage to the environment. Immediately after the EVOS, the
Trustees began a series of studies – the Natural Resource Damage Assessment –
to determine the effects of the oil spill on the environment, both its resources and
services (e.g. marine and terrestrial mammals, birds, fish and shellfish, archaeolog-
ical resources, and subsistence). These documents describe the studies necessary
to determine the extent and magnitude of injury to natural resources of Prince
William Sound and the adjacent Gulf of Alaska, including several economic valuation
studies.

The studies to assess injury were designed to support: (i) the development of
restoration plans to promote the long-term recovery of natural resources, and (ii)
the determination of damages to be claimed for the loss of services of the natural
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resources. These documents were the start of a process of research and consulta-
tions, which eventually resulted in a settlement agreement and the development and
implementation of a restoration plan for the entire affected region.

Ecosystem services and valuation

The various impact studies contributed to the establishment of a draft Restoration
Plan in 1993. The draft Restoration Plan was analysed in the final Environmental
Impact Statement (FEIS), comparing the potential environmental impacts of the
draft Restoration Plan, as the Proposed Action 5, and four other alternatives.

The alternatives included:

� No action, normal agency management would occur, but no restoration actions
would be funded from by the Trustees;

� Habitat Protection, habitat acquisition and protection actions would be the only
restoration actions pursued;

� Limited Restoration, a mix of habitat protection, monitoring and research, and
general restoration actions would be implemented for the most severely damaged
resources and services;

� Restoration, habitat protection, monitoring and research, and general restoration
actions would be implemented for all damaged resources and services; and

� Proposed Action (Draft Restoration Plan) uses all three restoration categories to
restore damaged resources and services, but places greater emphasis on monitoring
and research than any other alternative. While emphasizing habitat protection;
general restoration actions would be used primarily for resources that were still
not recovering.

Economic valuation

Following the research and planning process, several federal studies were proposed to
assess the economic value of injury to natural resources associated with the EVOS.
These would cover eight major areas: (i) commercial fishing, (ii) public land values,
(iii) recreation, (iv) subsistence, (v) intrinsic values, (vi) research programmes, (vii)
archaeological resources, and (viii) petroleum price impacts.

Ultimately, four ecosystem services were actually valued in economic terms:

� Replacement costs of birds and mammals (Brown, 1992);
� Recreational and sports fishing losses (Carson and Haneman, 1992; Mills, 1992);
� Tourism industry (McDowell Group, 1992); and
� Contingent valuation (CV) of lost passive use values (Carson et al., 1992).

Replacement costs of birds and mammals
The study estimates values based on the costs of relocation, replacement and rehabil-
itation for some of the shorebirds, seabirds, and the marine and terrestrial mammals
that may have suffered injury or were destroyed in the oil spill. A likely range of
costs is estimated and a best estimate is selected (see Table A.18).
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Table A.18 Range of estimates for replacement costs of mammals and birds
(in 1989 US$).

Lowest Highest

Marine mammals 700 (Harbour seal) 300,000 (Killer Whale)
Terrestrial mammals 125–250 (White tailed Deer) 300–500 (Brown Bear)
Seabirds and eagles 167 (Gull) 22,000 (Eagle)

Box A.10. Administrative penalties for damage to coral
reefs in Hawaii

Throughout the years, the United States has enacted several laws that enable
trustees to recover damages for injuries to resources under certain circum-
stances. Funds recovered via Natural Resource Damage Assessments (NRDAs)
are commonly used to pay for restoration of the injured resources. The original
procedure of NRDAs was that trustees assess the damage, determine the amount
of physical restoration that is necessary, and seek the cost of restoration from the
responsible party.

Economic valuation is not traditionally used in standard NRDA. It is the
cost of the restoration that matters to the trustees, not the value of the resources
injured. However, this approach to damage assessment is gradually changing.
More and more, trustees have pursued both NRDA damages and civil penalties
for the same incident. For example, supported by economic valuation studies,
the Florida Keys National Marine Sanctuary introduced a schedule of escalating
fines for injury to living coral based on the area of impact.

A similar process of integrating economic valuation in setting penalties is
ongoing in Hawaii. Hawaii’s coral reef ecosystems provide a wide range of
services to coastal populations, such as fisheries, tourism, biodiversity, and natural
protection. These same coral reefs are under constant pressure from damag-
ing activities, such as anchoring, ship grounding, and coastal development.
Penalizing such damage not only discourages potential violators from exercis-
ing pressure on the reef but also provides the wardens with means for better
management.

Because of the absence of a workable system of penalties for coral reef damage
in Hawaii many violators were not punished for doing damage to the reef, despite
the fact that the damage to the reef was well-documented and the violators
were identified. It was hard to determine a reasonable penalty because of the
way the present law is written. Recently, the bill H.B.3176 was proposed to
allow the Department of Land and Natural Resources (DLNR) the authority
to impose a fine for large-scale reef damage (State of Hawaii, 2008). The fine
of up to US$5,000 per square metre is consistent with laws in other states and
with the value of the reef. H.B.3176 addresses the urgent needs to have natural
resource laws that are complete, clear, and enforceable, and providing appropriate
opportunities for administrative enforcement.
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In setting the level of the penalties, ample use was made of an economic valua-
tion study for coral reefs in Hawaii (Cesar and Van Beukering, 2004). Without
even attempting to measure their intrinsic value, this study shows that coral reefs,
if properly managed, contribute enormously to the welfare of Hawaii through a
variety of quantifiable benefits. The net benefits of recreational, amenity, biodi-
versity, fishery, and education spillover values are estimated at US$360 million
a year for Hawaii’s economy, and the overall asset value of the state of Hawaii’s
1,660 km2 of potential reef area in the main Hawaiian Islands is estimated at
nearly US$10 billion. Converted to value per square metre, the economic value
can be as high as US$2,600.

Additional information on this case can be found in Brown (1992).

Recreational and sports fishing losses
Those planning economic studies to assess damages from lost recreational uses identi-
fied sport fishing as the recreational activity with the most potential for rigorous
evaluation of the spill’s impact. The study indicated the impacts on sport fishing
industry through the analysis of annual survey results that has been conducted since
1977 by the Sport Fish Division of the Alaska Department of Fish and Game among
anglers who sport fished in Alaska. During a five-year period from 1984 to 1988,
the estimated number of anglers who fished the area where oil was spilled in 1989
increased continuously. However, these increasing trends changed after the EVOS.
The results of the study indicate that in the oil spill area, the estimated number of
anglers decreased 13 percent from 120,160 in 1988 to 104,739 in 1989, the number
of household trips decreased 15 percent from 270,956 to 230,520, the number of
days fished decreased 6 percent from 312,521 to 294,598, and the number of fish
harvested decreased 10 percent from 352.630 to 318,981.

Another study determined a range of monetary values for recreational fish losses
after the oil spill (Carson and Haneman, 1992). A lower-bound estimate was found by
considering the reduction in fishing days between 1988 and 1989 in the immediate
spill area (i.e. 17,923 days), ignoring whether households participated in the oil spill
clean-up, and valuing lost days at an average value of US$204 per day. This calculation
yields a lower bound estimate of US$3.6 million. An upper bound was found by
considering the lost days for 1989 (i.e. 127,527) and 1990 (i.e. 40,669) in the South
central area based on a prediction from a simple trend regression equation using
the pre-1989 data coupled with a higher value of US$300 per day. This calculation
yields an upper-bound estimate of US$50.5 million.

Tourism industry
Two research techniques were utilised. The first reviewed all existing data which
were accessible and which might indicate impacts of the oil spill on the 1989
visitor season. The second technique included executive interviews of two major
groups: (i) tourist-affected businesses and (2) relevant government agencies and
organisations.

Overall, the EVOS had major effects on Alaskan tourism industry. Some examples
of the identified impacts include:
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� The negative effects of the spill directly felt by visitors were as follows: visitor
spending decreased with 8 percent in South central Alaska and 35 percent in
Southwest Alaska from previous summer spending, the two major affected areas.
The net result was a loss of US$19 million in visitor spending.

� A potential loss of 9,400 visitors was determined for the summer of 1989, repre-
senting US$5.5 million in in-state expenditures.

Contingent Valuation of lost passive use values
The CV study was designed to measure the loss of passive use values arising from
damage to natural resources caused by the oil spill. Respondents were told that if no
action is taken over the next ten years another oil spill would almost certainly cause
damages to Prince William Sound comparable to those of the Exxon Valdez spill.
Respondents were then asked their willingness to pay for a realistic programme that
would prevent with certainty the damages, which would be caused by such a spill.
The median household willingness to pay for the spill prevention plan was found
to be US$31. Multiplying this number by an adjusted number of U.S. households
resulted in a damage estimate of US$2.8 billion.

Decision making

On 8 October 1991, Exxon agreed to pay the United States and the State of Alaska
US$900 million over ten years to restore the damaged resources by the spill, and
the reduced or lost services (human uses) they provide. Exxon was fined US$150
million, the largest fine ever imposed for an environmental crime. The court forgave
US$125 million of that fine in recognition of Exxon’s cooperation in cleaning up
the spill and paying certain private claims.

The various impact studies made an important contribution to the settlement and
the adaptation of the Restoration Plan and related policies. In 1989, 72 studies were
being carried out in 10 categories of natural resources and related services. Research
has been continuing on the effects of residual oil in the ecosystem and on the natural
recovery process ever since. The Trustee Council adopted the Restoration Plan for
the civil settlement funds in 1994 after an extensive public process. More than 2,000
people participated in the meetings or sent in written comments.

A major lesson of this disaster was that the spill prevention and response capability
in Prince William Sound was fundamentally inadequate. Debate continues over
whether a spill the size of the Exxon Valdez disaster can be contained and removed
once it’s on the water. But there is little doubt that today the ability of industry
and government to respond is considerably strengthened from what it was in 1989
(EVOSTC, 2008).

The Exxon Valdez case was also crucial for the further development and accep-
tance of economic valuation in environmental policy making. After the Exxon
Valdez oil spill, contingent valuation studies gained new prominence in the natural
resource damage assessment process. It was in this context that NOAA convened a
blue-ribbon panel, chaired by two Nobel laureates (i.e. Kenneth Arrow and Robert
Solow), to explore whether or not contingent valuation studies were reliable enough
to measure total value (direct plus passive use) for the natural resource damage
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assessment process. To some extent, the panel’s recommendations shaped the devel-
opment of the method, use of the results of stated preference studies by Federal
agencies, and the direction of research in the area since 1992.

The NOAA panel concluded that stated preference studies could provide
estimates reliable enough to be the starting point of a judicial process of damage
assessment, including lost passive-use values (58 Federal Register 460, January 15,
1993). Moreover, the panel gave several specific and fairly stringent recommenda-
tions on how stated preference studies should be designed and administered to ensure
reliability and validity (Arrow et al. 1993).
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Balfors, B., Mörtberg, U., Gontier, M. and Brokking, P. (2005). Impacts of region-
wide urban development on biodiversity in strategic environmental assessment.
Journal of Environmental Assessment Policy and Management, 7, 229–46.

Beattie, A. J. (1991). Biodiversity and bioresources – the forgotten connection.
Search, 22, 59–61.

Beisner, B. E., Haydon, D. T. and Cuddington, K. (2003). Alternative stable states
in ecology. Frontiers in Ecology and the Environment, 1, 376–82.

Benett, E. L. and Robinson, J. G. (2000). Hunting of Wildlife in Tropical Forests,
Implications for Biodiversity and Forest Peoples. Environment Department Papers,
76. Washington, DC: World Bank.

Bengtsson, J. (1998). Which species? What kind of diversity? Which ecosystem
function? Some problems in studies of relations between biodiversity and ecosys-
tem function. Applied Soil Ecology, 10, 191–9.

Bertand, N. (2002). Biodiversity Resources. A companion volume to Business and
Biodiversity: The Handbook for Corporate Action, IUCN. www.iucn.org.

Bhaskar, R. (1979). The Possibility of Naturalism. A Philosophical Critique of the Contem-
porary Human Sciences. Brighton: Harvester.

Bina, O. (2007). A critical review of the dominant lines of argumentation on the need
for strategic environmental assessment. Environmental Impact Assessment Review,
27, 585–606.

Bishop, J., Kapila, S., Hicks, F., Mitchell, P. and Vorhies, F. (2008). Building Biodi-
versity Business. Shell Int. Ltd. and IUCN. www.iucn.org/dbtw-wpd/edocs/
2008-002.pdf.

Biswas, A. K., and Tortajada, C. (2003). An assessment of the Spanish National
Hydrological Plan. Water Resources Development, 19, 377–97.

Blaikie, P. and Jeanrenaud, S. (1997). Biodiversity and human welfare. In Social
Change and Conservation: Environmental Politics and Impacts of National Parks and
Protected Areas, eds. K. B. Ghimire and M. P. Pimbert. London: Earthscan,
pp. 46–70.

Bower, D. J. (1989). Genetic resources worldwide. TIBTECH, 7, 111–16.
Braat, L. and Ten Brink, P. (eds.) (2008). The Cost of Policy Inaction: The Case of Not

Meeting the 2010 Biodiversity Target (Executive Summary). European Commission,
DG Environment. Brussels.
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Bröring, U. and Wiegleb, G. (2005). Assessing biodiversity in SEA. In Implementing
Strategic Environmental Assessment, eds. M. Schmidt, E. João and E. Albrecht.
Berlin: Springer-Verlag.

BSR. (2005). Environmental Markets: Opportunities and Risks for Business.
Business for Social Responsibility (BSR). www.bsr.org.

Bunting, A. H. (1990). The pleasures of diversity. Biological Journal of the Linnean
Society, 39, 79–87.

Burrows, L. (2004). United Kingdom: Integration of Biodiversity Issues into SEA:
Somerset Country Council. Case study compiled for the drafting of CBD
guidelines on Biodiversity in SEA. Somerset County Council, UK. www.eia.
nl/ncea/pdfs/sea/casestudies/7 uk sea transport somerset county.pdf .

Byatt, I., Castles, I., Goklany, I. M., Henderson, D., Lawson, N., McKitrick, R.,
Morris, J., Peacock, A., Robinson, C. and Skidelsky, R. (2006). The Stern Review:
a dual critique. Part II – economic aspects. World Economics, 7, 199–229.

Byron, H. (2000). Biodiversity Impact. Biodiversity and Environmental Impact Assessment:
A Good Practise Guide for Road Schemes. RSPB, WWF-UK, English Nature and
Wildlife Trusts, Sandy, UK.

Byron, H. J., Treweek, J. R., Sheate, W. R. and Thompson, S. (2000). Road
developments in the UK: an analysis of ecological assessment in environmental

www.saiea.com/cbbia/html/guidance/main.html
www.bsr.org
www.eia.nl/ncea/pdfs/sea/casestudies/7_uk_sea_transport_somerset_county.pdf
www.eia.nl/ncea/pdfs/sea/casestudies/7_uk_sea_transport_somerset_county.pdf


402 · References

impact statements produced between 1993 and 1997. Journal of Environmental
Planning and Management, 43, 71–97.

Byron, H. and Treweek, J. (eds.). (2005). Special Issue on Strategic Environmen-
tal Assessment and Biodiversity. Journal of Environmental Assessment Planning and
Management, 7.

Canter, L. W. (1996). Environmental Impact Assessment. 2nd edn. New York: McGraw
Hill.

Canter, L. W. and Canty, G. A. (1993). Impact significance determination – basic
considerations and sequenced approach. Environmental Impact Assessment Review,
13, 275–297.

Capistrano, D., Samper, C., Lee, M. J. and Rausepp-Hearne, C. (eds.). (2005).
Ecosystems and Human Well-Being: Multiscale Assessments. Findings of the Sub-
global Assessments Working Group of the Millennium Ecosystem Assess-
ment. The Millennium Ecosystem Assessment series v. 4. Washington,
DC/Covelo/London: Island Press.

Cardinale, B. J., Srivastava, D. S., Duffy, J. E., Wright, J. P., Downing, A. L.,
Sankaran, M. and Jouseau, C. (2006). Effects of biodiversity on the functioning
of trophic groups and ecosystems. Nature, 443, 989–92.

Carpenter, S. R., DeFries, R., Dietz, T., Mooney, H. A., Polasky, S., Reid, W. V.
and Scholes, R. J. (2006). Millennium Ecosystem Assessment: research needs.
Science, 314, 257–8.

Carlile, P. R. (2002). A pragmatic view of knowledge and boundaries: boundary
objects in new product development. Organization Science 13, 242–55.

Carson, R. T. and Hanemann, W. M. (1992). A Preliminary Economic Analysis of
Recreational Fishing Losses Related to the Exxon Valdez Oil Spill. A report to
the Attorney General of the State of Alaska.

Carson, R. T., Mitchell, W. R. C., Hanemann, M., Kopp, R. J., Presser, S. and
Ruud, P. A. (1992). A Contingent Valuation Study of Lost Passive Use Values
Resulting from the Exxon Valdez Oil Spill. A report to the Attorney General of
the State of Alaska.

Carter, R. M., Freitas, C. R. de, Goklany, I. M., Holland, D. and Lindzen, R. S.
(2006). The Stern Review: a dual critique – Part I: the science. World Economics,
7, 167–98.

Cash, D. W., Clark, W. C., Alcock, F., Dickson, N. M., Eckley, N., Guston,
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Gontier, M., Balfors B. and Mörtberg, U. (2005). Biodiversity in environmen-
tal assessment – current practice and tools for prediction. Environmental Impact
Assessment Review, 26, 268–86.

Goodland, R. (2003). Policy Options: How to Ensure World Bank Group-
Supported Extractive Industries Reduce Poverty and Promote Sustainable Devel-
opment. Washington, DC. Extractive Industries Review (IFC), p. 111.

Government of Brazil. (1965). Law 4771: Forestry Code.
Government of Brazil. (2000). Law 9985: Protected Area law.
Gray, I. M. and Edwards-Jones, G. (1999). A review of the quality of environmental

impact assessments in the Scottish forestry sector. Forestry, 72, 1–10.
Gunderson, L. H., Carpenter, S. R., Folke, C., Olsson, P. and Peterson, G. (2006).

Water RATs (Resilience, Adaptability, and Transformability) in lake and wetland
social-ecological systems. Ecology and Society, 11, 16.

Gunningham, N. and Young, M. (2002). Redesigning Environmental Regulation:
The Case of Biodiversity Conservation. Copyright 2003, Environmental Law,
Alliance Worldwide.

Gutman, P. and Davidson, S. (2007). A Review of Innovative International Financial
Mechanisms for Biodiversity Conservation with Special Focus on the Interna-
tional Financing of Developing Countries’ Protected Areas. WWF-MPO. www.
ecnc.nl/jump/page/721/Financing%20mechanisms.html.

Hamid, L., Stern, N. and Taylor, C. (2007). Reflections on the Stern Review (2):
a growing international opportunity to move strongly on climate change. World
Economics, 8, 1–18.

Hamilton, A. C. (2004). Medicinal plants, conservation and livelihoods. Biodiversity
and Conservation, 13, 1477–517.

Hanemann, M. (2003). Appendix C: economics. In A technical review of the Spanish
National Hydrological Plan (Ebro River out-of-basin diversion). Fundación Universidad
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S. (2005). Experiences from five years of using the biotope method, a tool for



References · 423

quantitative biodiversity impact assessment. Impact Assessment and Project Appraisal,
23, 47–54.

Sachs, J. D. and Reid, W. V. (2006). Investments toward sustainable development.
Science, 312, 1002.

Sadler, B. (1993). NSDS and environmental impact assessment: post Rio perspec-
tives. Environmental Assessment, 1, 29–31.

Sadler, B. (1996). International Study of the Effectiveness of Environmental Assess-
ment. Final Report: Environmental Assessment in a Changing World: Evaluating
Practice to Improve Performance. Canada, Minister of Supply Services.

Sadler, B. and Verheem, R. (1996). Strategic Environmental Assessment: Status,
Challenges and Future Directions, Report 53, Ministry of Housing, Spatial
Planning and the Environment, The Hague, the Netherlands.

SAIEA. (2003). Environmental Impact Assessment in Southern Africa. Southern
African Institute for Environmental Assessment. Windhoek, Namibia.

SAIEA. (2003): Improving the Effectiveness of Environmental Impact Assessment
and Strategic Environmental Assessment in Southern Africa. Workshop proceed-
ings 13–26 May, Namibia. Southern African Institute for Environmental Assess-
ment (SAIEA) and International Institute for Environment and Development
(IIED).

Saksena, S., Prasad, R. and Joshi, V. (1995). Time allocation and fuel usage in Three
villages of the Garhwal Himalaya, India. Mountain Research and Development, 15,
57–67.

Sala, O. E., Chapin, F. S., III, Armesto, J. J., Berlow, R., Bloomfield, J., Dirzo, R.,
Huber-Sanwald, E., Huenneke, L. F., Jackson, R. B., Kinzig, A., Leemans, R.,
Lodge, D., Mooney, H. A., Oesterheld, M., Poff, N. L., Sykes, M. T., Walker,
B. H., Walker, M. and Wall, D. H. (2000). Global biodiversity scenarios for the
year 2100. Science, 287, 1770–4.

Salafsky, N. and Wollenberg, E. (2000). Linking livelihoods and conservation: a
conceptual framework and scale for assessing the integration of human needs and
biodiversity. World Development, 28, 1421–38.

Salzman, J. and Ruhl, J. B. (2002). Paying to Protect Watershed Services: Wetland
Banking in the United States. In Selling Forest Environmental Services: Market based
Mechanisms for Conservation and Development, eds. S. Pagiola, J. Bishop and N.
Landell-Mills. London: Earthscan.

Sánchez-Azofeifa, G. A., Pfaff, A., Robalino, J. A. and Boomhower, J. P. (2007).
Costa Rica’s Payment for Environmental Services Program: intention, imple-
mentation, and impact. Conservation Biology, 21, 1165–73.

Sanderson, E. W., Jaiteh, M., Levy, M. A., Redford, K. H., Wannebo, A. V. and
Woolmer, G. (2002). The human footprint and the last of the wild. Bioscience,
52, 891–904.

Sanderson, S. (2002). The future of conservation. Foreign Affairs, 81, 162–73.
Sanderson, S. and Redford, K. (2003). Contested relationships between biodiversity

conservation and poverty alleviation. Oryx, 37, 389–90.
Sang, Don Lee. (2005). Strategic environment assessment and biological diversity

conservation in the Korean high-speed railway project. Journal of Environmental
Assessment Policy and Management, 7, 287–98.



424 · References
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