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Preface

This study examines the implications of complex ecosystem dynamics for the
economic efficient and sustainable management of ecosystems. It integrates
ecological and economic methodologies in order to identify optimal ecosystem
management strategies. My interest in the combination of ecology and economics
started during my MSc, when I followed a range of courses in both disciplines. In the
10 years that have passed since my MSc graduation, I have worked in various
positions: as applied researcher at Utrecht University, as freelance consultant, and as
environmental expert at the FAO Investment Centre in Rome. In these jobs, I was
frequently exposed to both the ecological and economic sides of environmental and
natural resource management. Increasingly, it has become clear to me that, in order to
find optimal solutions to environmental and natural resource management issues,
ecological and economic aspects need to be considered in an integrated manner. This
involves the joint consideration of the ecological and economic dimensions of the
environmental system in all steps of the analysis, from problem identification to the
formulation of enhanced resource management strategies.

The linking of ecological and economic aspects in integrated analysis is no easy task,
in particular because the two disciplines have developed specific, and not always
easily compatible, sets of concepts and methodologies. In addition, integrated analysis
of environmental systems generally requires substantial amounts of data, covering
both biophysical and economic variables. In my previous jobs, there was usually not
enough time and/or data to conduct an in-depth assessment of the environmental
system, and recommendations for environmental and natural resource management
strategies needed to be based upon limited analysis, and/or a ‘best-professional
judgement® of various experts. This approach is adequate for many situations, but, in
order to enhance my own understanding of natural resource management issues, I
became more and more interested in also conducting an in-depth study that integrates
ecology and economics in studying a relevant resource management issue.

Therefore, I was very keen to start with this PhD study at Wageningen University.
Although the funding for my appointment came from two other projects, these other
projects left me enough time to work on my PhD study. In terms of results, I feel that
the study demonstrates that the integrated economic and ecological analysis of natural
resource management questions is very useful, and that it can assist in the selection of
enhanced resource management strategies. The research also shows that a ‘best
professional judgement” approach does not always provide the best basis for setting
up a natural resource management strategy. One of the projects I worked on several
years ago concerned the preparation of a project proposal to support the further
development of the livestock sector in northern Senegal. Based upon the available
information, the project proposal comprised a mix of measures aimed at enhancing the
numbers and productivity of livestock in the area — such as the drilling of new wells
and enhanced veterinary aid. The project team, including myself as natural resources
management expert, assumed that this project would lead to making better use of the
local natural resource base — and there were no studies indicating otherwise. As part
of my PhD study, I had the time to look at the case of grazing in northern Senegal in
more detail. Based upon a more in-depth analysis, my study shows that the current
grazing pressure in the area is already significantly higher than the economic optimum
grazing pressure — and that increasing livestock numbers is contra-productive from an



economic perspective. Government actions should be aimed at reducing livestock
numbers instead of increasing them (see chapter 7). To me, this illustrates how
important it is to understand your natural resource management system before you
plan on changing it based upon simplified assumptions regarding the current state of
the system, or its response to management.

Conducting a PhD study is, to a large extent, a solitary affair that involves thinking,
modelling and writing in the company of your computer and scientific literature.
Nevertheless, the support and feedback from supervisors, colleagues, friends and
family is indispensable and I would like to very much thank the people that supported
me in the past 3 years. First and foremost, I want to thank my two promoters, Leen
Hordijk and Ekko van Ierland, who spent a considerable amount of effort in guiding
me through the process of writing a PhD thesis. Both have been closely involved in
this project from the start, which has helped me to maintain the quality of the
research. Furthermore, I want to thank Dolf de Groot and Rik Leemans, who have
made an important contribution to this study by reviewing different chapters and by
organising the financial basis to conduct the research. Several people have contributed
to or reviewed specific chapters, in particular Hans-Peter Weikard (environmental
economics), Jeroen de Klein (aquatic ecology), Kris van Koppen (environmental
policy) and Sip van Wieren (grazing ecology).

Many thanks are also due to the colleagues of the Environmental Systems Analysis
Group at Wageningen University for providing a very pleasant and productive
working atmosphere. Finally, I want to especially thank my partner Katrine for her
support, and her interest in my research. Our daughter Kari, who is 9 months old at
the time this book is printed, provided all the entertainment required to deal with the
challenges of the final part of the PhD research, and at the same time gave me
inspiration to continue studying options to enhance the use of natural resources.
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Introduction

1.1 Background
The setting

The coming decades will show a further increase in global population levels, from the
current 6 billion to some 9 billion in 2050 (medium population scenario, UN, 2003).
In addition, per capita production needs to grow in order to allow for an increase in
living conditions, particularly in developing countries. These two factors will result in
further pressure on the world’s ecosystems. Already, in many parts of the world,
human pressure has led to large scale conversion or degradation of ecosystems
(Balmford et al., 2002). However, ecosystems supply a range of goods and services to
mankind, including such essential services as the regulation of climatic and
biochemical processes. In addition, ecosystems have a non-use value that warrants
their conservation and their handing over to future generations. Hence, reconciling
economic development with the sustainable management of the world’s ecosystems is
one of today’s main challenges. One of the requirements for this reconciliation is
decision making that takes into account both the efficiency and sustainability aspects
of ecosystem management.

Efficient management is often interpreted in terms of maximising the present value of
the net current and discounted future benefits derived from a system. The
mathematical basis for analysing the efficiency of resource use is provided by
Hotelling (1931). Hotelling examined how the social welfare from the exploitation of
a non-renewable resource can be maximised over time. He argued that current
extraction involves an opportunity cost, which equals the value that might have been
obtained by extraction of the resource at a later date. This is usually referred to as the
scarcity rent of the resource. The ‘Hotelling rule’ states that resource extraction is
intertemporally efficient if the increase in rent of the resource equals the social
discount rate (Berck, 1995). In the analyses of the efficiency of renewable resources
use, the growth of the resource needs to be accounted for. In a simple model, this
growth depends upon the size of the stock in relation to the environment’s carrying
capacity for the species involved. For instance, Gordon (1954) and Schaefer (1957)
prepared economic models for analysing the efficiency of a fisheries, using simple
logistic growth curves to describe the growth of the fish stock. Efficient ecosystem
management needs to consider the costs of maintaining and managing ecosystems, as
well as the benefits derived from ecosystems in the form of various ecosystem
services (Odum and Odum, 1972; Bouma and Van der Ploeg, 1975; Hueting, 1980).
In assessing the efficiency of ecosystem management, the full set of services supplied
by the ecosystem should be considered (cf, Turner et al., 2003).

The Hotelling rule compares the intertemporal aspects of resource use on the basis of
the social discount rate. However, this approach has been criticised as ethically
questionable because of the large weight it attaches to the welfare of current
generations as compared to the welfare of future generations. Partly in response to
this shortcoming, the concept of sustainability has been introduced
(IUCN/UNEP/WWF, 1980). The well-known Brundtland commission defined
sustainable development as: ‘development that meets the needs of the present without
compromising the ability of future generations to meet their own needs’ (WCED,
1987). Subsequent to the publication of the Brundtland report, a range of different
interpretations of the sustainability concept has been developed, including different
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Introduction

types of weak and strong sustainability (see e.g. Carter, 2001). In general, weak
sustainability allows for the substitution between natural, human and man-made
capital, although in some interpretations of weak sustainability it is explicitly
recognised that life supporting ecosystem services need to be maintained (e.g. Toman
et al., 1995). The main principle of strong sustainability is that the total natural capital
stock should not be further reduced (e.g. Pearce et al., 1989; and Barbier and
Markandya, 1990). Hence, an important issue in interpreting sustainable development
is to what extent natural capital can be replaced by man-made capital (Carter, 2001;
Pezzey and Toman, 2002).

Problem statement

In the last decades, a wide range of ecological-economic models has been developed
to analyse or predict the efficiency and/or sustainability of ecosystem management.
Particular attention has been given to the analysis of modifications in ecosystems in
response to pressures generated by the economic system (e.g. Braat and Van Lierop,
1987; Van lerland, 1993), as well as to the economic consequences of changes in
ecosystems (Costanza et al, 1993; Balmford et al., 2002). A methodological
synthesis on integrating economic and ecological systems in a modelling approach
can be found in, for example, Wang et al. (2001). A key element in assessing the
efficiency and sustainability of ecosystem management is the analysis of the
dynamics of the ecosystem, i.e. the development of the ecosystem, and its capacity to
supply ecosystem services, over time.

The early economic models dealing with ecosystems assumed that ecosystem changes
proceed in a gradual and reversible manner (e.g. Gordon, 1954; Hildreth and Riewe,
1963; Munro, 1982). However, starting in the mid 1970s, ecological studies
increasingly pointed out that ecosystems often change in much more complex ways
(Holling, 1973; Ludwig et al., 1978; Westoby et al., 1989; Scheffer et al., 2001).
Complex ecosystem dynamics comprise irreversible, non-linear and/or stochastic
responses of the ecosystem to human and/or ecological drivers. Irreversible
ecosystem changes can not, or only to a limited extent be undone through natural
processes. Non-linear responses involve, for instance, steady states and thresholds.
Steady states are relatively stable configurations of the ecosystem, whereas thresholds
involve sudden and strong changes in the ecosystem state in response to a relatively
minor disturbance. Stochasticity occurs when ecosystem changes are triggered by
stochastic events such as fire or heavy rainfall.

Complex dynamics are of major importance for the understanding of the dynamics of
a range of ecosystems. These include freshwater lakes (Larsen et al., 1981; Timms
and Moss, 1984), marine fish stocks (Stecle and Henderson, 1984; Steele, 1998),
woodlands (Dublin et al., 1990), rangelands (Friedel, 1991), coral reefs (Knowlton,
1992; Nystrom et al., 2000) and coastal estuaries (Murray and Parslow, 1999). For
instance, shallow freshwater lakes can, under certain conditions, be in either of two
states: a clear water state with waterplants and a fish community dominated by
piscivorous fish; or a turbid water state with high phytoplankton concentrations, and
dominated by benthivorous fish (Timms and Moss, 1984). The two states represent
alternative equilibriums that exist over a certain range of nutrient conditions.
Bifurcations from one state to the next take place once a critical nutrient level is
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passed, or as a function of a disturbance or human modification of the system
(Scheffer, 1998).

The implications of these complex dynamics for efficient and sustainable ecosystem
management have increasingly been recognised in environmental economics (Deacon
et al., 1998; Turner et al., 2003). Ciriacy-Wantrup (1968) already proposed a ‘safe
minimum standard of conservation’ as a means of incorporating uncertainty and
irreversibility in the appraisal of natural resource utilization. The safe minimum
standard concept was later modified by Bishop (1978), who stated that irreversible
environmental loss should be avoided unless this bears ‘unacceptable’ social costs.
Perrings and Pearce (1994) demonstrate that it is crucial to account for non-linearities
and threshold effects in the economic analyses of ecosystems that experience such
dynamics, and provide a general, conceptual model for doing so. Arrow et al. (1995)
analyse the implications of discontinuous and irreversible ecosystem change for
economic systems, and state that ecosystem management nceds to ensure the
resilience of ecosysiems. In addition, a large number of case studies has been
conducted that analyse the implications of complex dynamics for the efficient
management of specific ecosystems. For instance, Reed (1988), Perrings (1997) and
Bulte and Van Kooten (1999) examine the implications of stochasticity for the
efficient management of fish populations, rangelands and metapopulations,
respectively. Carpenter et al. (1999) and Wu and Skelton-Growth (2002) examine
economic efficient management of lakes respectively smail watersheds subject to
multiple states and thresholds. These, and other, studies show that complex dynamics
have a major impact on the responses of the ecosystem to management.
Consequently, complex dynamics have major implications for the efficient and
sustainable management of natural resources (cf. Perrings, 1998).

Although substantial progress has been made in incorporating complex dynamics in
ecological-economic models, there is still a need to further examine the implications
of complex dynamics for the efficient and sustainable management of ecosystems
(Van den Bergh, 1996; Perrings, 1998; Hanley, 1999). Many models consider
economy-ccosystem interactions at an aggregated level, and do not explicitly account
for ecosystem complexities such as irreversible responses, multiple states, thresholds,
and/or stochasticity (Deacon et al., 1998). In addition, where monodisciplinary
approaches towards ecological-economic modelling have been followed, the models
are frequently based upon equations and/or parameters that are not commonly
measured or analysed in the other relevant disciplines (Van den Bergh, 1996;
Perrings, 2000; Westley et al., 2002). Hence, there is a need to further examine how
ecological and economic variables can be integrated in ecological-economic models,
and to assess the implications of complex ecosystem dynamics for the efficient and
sustainable management of ecosystems.

Complex dynamics appear in a wide range of ecosystems that provide a livelihood to
hundreds of millions of people (including fishermen and rangeland pastoralists).
Hence, understanding the implications of complex dypamics is also of major
importance for formulating natural resource management strategies that maintain the
income earning opportunities for large numbers of people. The problem definition of
this thesis is therefore: *how can efficient and sustainable management be effected for
ecosystems subject to complex dynamics’.
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