
Introduction

Andreas Kontoleon, Unai Pascual, Timothy Swanson

1 An introduction to biodiversity economics

Biodiversity economics examines the causes, values and policies associ-
ated with the problem of biodiversity decline. It usually involves a dynamic
analysis of the living resources and hence it must often incorporate the
facets of growth and responsiveness that are characteristics of such living
things. In addition, it often focuses on the more esoteric forms of non-
use values, such as real options and existence values, and the techniques
available for quantifying them. Finally, it must also consider the manner
in which decisions are taken in the context of such complicated dynamics
and values. In sum, the field of biodiversity economics considers some of
the interesting and complex dynamics within and between the social and
natural worlds.

In this volume we attempt to categorise the various parts of this field
under three headings: causes, values and policies. We then use a set of
papers to demonstrate the meanings of these categories in this field and
the development and extension of these concepts in this context. The
intention is to demonstrate both the entire set of issues encompassed by
the field of biodiversity economics and the manner in which frontier-level
analysis and research is being undertaken within this realm.

Biodiversity economics is exciting and important work, as demon-
strated by the various chapters within this volume. It encompasses both
interesting topics and contexts (such as wildlife, forests and genetic
resources) and important and complex problems (such as biological resis-
tance, invasion and valuation). We set forth here a summary of the area,
in the hopes of encouraging readers to pursue the chapters and the field
in even greater detail.

2 The causes of biodiversity loss

Biodiversity loss is occasioned by many different factors, but three pri-
mary categories come to mind. First, there is the problem related to the
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2 Biodiversity Economics

continuing changing of land use across the globe and how this impacts
upon the structure of ecosystems and their resident species diversity. This
is a social problem to the extent that land use conversion is undertaken
either without consideration of the value of biodiversity being lost in the
process, or without consideration of the potential costliness of the con-
tinued conversion process in terms of undermining system resilience and
stability. Second, there is the problem related to the ongoing expansion,
emergence and integration of markets and states. In particular, existing
trends of globalisation alongside the deepening of trade liberalisation have
important but still insufficiently understood impacts on the stocks of liv-
ing resources and the services that they provide to society. This is a social
problem to the extent that it is difficult to invest in the maintenance of
stocks when increased flows result from market integration; that is, it is
often a problem of inadequate institutions and incentives. Third, there
is the problem of the movement of some species (by societies) into the
areas inhabited by others and the unintended or unforeseen impacts of
these exotics. This is a problem determined by the biological character
of some species, which are unable to inhabit areas in proximity to oth-
ers, and the difficulty of internalising these biological characteristics into
human decision making. Let us consider each of these distinct problems
in turn.

Habitat conversion

First, the problem of land use conversion concerns the difficulty of incor-
porating the values or potential costs of habitat conversions into social
decision making. In this volume we examine three aspects of this problem,
associated with institutions, externalities and potential hazards.

In Chapter 2, the question under consideration concerns the poten-
tial impact of institutions in contributing to the problem of habitat
conversion. Edward Barbier considers the problem as one of potential
for relatively uncontrolled or unmanaged resources to result in resource
degradation and then tacit conversion. An example he cites is the man-
grove fisheries of Thailand, which were managed under open access
institutions, whereas the shrimp farms which replaced them were man-
aged under private property rights. He argues that the form of institution
applied to the resource determines the capacity of the resource to with-
stand exploitation, and those that continue are those which have more
formal property rights applied.

He demonstrates the argument by an empirical analysis that examines
the impact of a more formal institution as a source of ‘friction’ between
the resource concerned and the market forces acting upon it. An open
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Introduction 3

access resource suffers from exploitation immediately responsive to mar-
ket pressures through its major signals (prices, wages), while a managed
resource is conceived as one that responds (if at all) only with a lag. He
finds that in the case of the Mexican ejido common landholding system,
resource exploitation responded to market pressures with a lag while the
Thai mangroves, mentioned above, responded with immediate effect. In
short, Barbier is demonstrating that status quo open access regimes con-
stitute unofficial policy for encouraging conversion of natural resources.

Another factor important in habitat conversion is the presence of exter-
nalities between various users. One user may perceive another as a poten-
tial competitor for its resources, in either the harvest or the marketing
of the resource. In either case the incentive is for the resource user to
respond to the existence of potential threats from other users with strate-
gic overexploitation. This is simply the incentive to hoard the resource,
or the disincentive to invest, by reason of potential competition. There
are many reasons that such competition for resources and resource mar-
kets might exist, but the primary impact is the same as in the absence of
adequate institutions: there is an incentive to convert the habitat to a use
that might more easily be controlled. This might be the reason that many
forests are converted to pasturelands, with the implied loss of biodiver-
sity, simply because the residents of the forests are contestable whereas
the converted cattle are not.

This hypothesis is examined in this volume in an empirical analysis by
Robalino, Pfaff and Sanchez-Azofeifa (Chapter 3). They posit the case
in which neighbouring users have impacts upon one another by reason of
the relative balance of converted and non-converted goods and services
provided within the market. They examine the nature of the interaction
within the context of a spatially detailed dataset concerning two regions
in Costa Rica. In their analysis they demonstrate the existence of such
positive interaction effects in one region and its absence in the other. They
argue that this difference could derive from something as formal as insti-
tutional differentiation, but also from something as informal as differing
expectations within differing communities. So, their analysis emphasises
the role of informal as well as formal institutions in the determination of
the ultimate effect of externalities in resource conversion.

The final paper considering the problem of habitat conversion takes
a very different approach. Chapter 4, by Tsur and Zemel, argues that
the problem derives not from user-based externalities and the imper-
fection of local institutions but instead from the difficulty in internalising
global-level externalities. They posit the problem as one in which the con-
tinuing conversion of habitat generates an increasing hazard on a global
scale, one which must be endogenised by a global planner. This would
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4 Biodiversity Economics

be the case for example if the continuing conversion of arable lands to a
few cultivated crops resulted in a production system that was susceptible
to collapse. Then each individual conversion would enhance the prospect
of collapse for the entire system which, if it happened, would be experi-
enced as a collapse in welfare at the global level.

Tsur and Zemel examine the manner in which a social planner should
act to manage for such a potential hazard from habitat conversion, and
find three distinct cases. First, if there is a known threshold for the poten-
tial of collapse, then the social planner should simply bound conversion
at that point and guide global conversion asymptotically towards that
threshold. Second, if the threshold exists but its level is uncertain, then
the social planner will provide a safety cushion against collapse in its
conversion pathway. In short, with manageable uncertainty, there must
be a precautionary cushion provided against the potential for collapse.
Finally, if the threshold exists, is uncertain and exogenous (i.e. the con-
ditions under which collapse will occur are not entirely within the control
of the social planner), then under certain conditions it might be optimal
to hasten the process (to ensure completion prior to exogenous collapse).

This analysis is an important example of the distinctive character of
living resources. Some resources remain far more static and manageable
(for example, exhaustible resources such as minerals) and so the process
of control is much more manageable. Living resources provide elements
of exogeneity and unpredictability to the problem that create complex
approaches to decision taking.

Trade

Trade also places pressure on biological resources. Many advocates argue
that it is free trade that degrades biological diversity and that trade in
diverse resources should be banned to halt its decline. Under very simple
assumptions, this is true. It is straightforward to show that a resource-
abundant economy with unmanaged resources will be subject to overex-
ploitation (and resource decline) if opened up to trade with others. To
the extent that biodiversity resources exist primarily within developing
countries, with attendant resource abundance and institutional deficits,
increased international trade must result in the decline of biodiversity
resources.

The survey paper by Bulte and Barbier (Chapter 7) demonstrates the
caveats to this simple observation. First, if we move away from this most
simplistic caricature of North and South and towards a more realistic
depiction in which both regions experience some institutional imperfec-
tions and some diverse resource endowments, then the impacts of trade
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Introduction 5

are more ambiguous. It is possible both to achieve the economists’ ‘dream
scenario’ – in which the institutions and production patterns converge on
the less resource-intensive and higher-quality institutions – and it is also
possible to achieve the nightmare of the simplistic case set forth before.
In general the outcomes are more mixed and less straightforward than
the advocate’s argument.

For Bulte and Barbier this points to the importance of trade in endo-
genising institutional development, so that those parts of the world
with imperfect institutions are able to improve through interaction and
exploitation. The incentives to engage in monitoring and enforcement,
as well as any other institutional development, hinge upon the perceived
investment-worthiness of the resources concerned. Bulte and Barbier
argue that trade impacts crucially depend upon the institutions through
which they are channelled.

In Chapter 8 Alam and Van Quyen provide a neat depiction of the
manner in which trade interacts with other fundamental causes of bio-
diversity loss, namely population growth and habitat conversion. They
posit the case in which biodiversity resources are under an exogenous
threat by reason of the continuing expansion of human populations, and
markets for biodiversity are thus crucial to the provision of incentives to
avoid habitat conversion pressures. In this case, the absence of trade in
biodiversity will necessarily lead to the decline of the resource, on account
of demographic pressures, and hence a ban on trade is not a viable instru-
ment in and of itself. The issues then come down to the nature of the
trade instrument capable of channelling value and creating incentives to
invest in biodiversity resources, and the capacity of these incentives to
counterbalance the forces deriving from population pressures.

In sum, the chapters on trade survey a wide range of issues concerning
habitat loss, resource exploitation and population pressure. The analysis
by Bulte and Barbier emphasises the importance of institutions in chan-
nelling the pressures from trade into constructive purposes. The analysis
by Alam and Van Quyen emphasises the necessity of providing trade as
a counterbalance to the pressures from population. The papers together
demonstrate the crucial manner in which the various drivers of biodiver-
sity decline interact and the way in which management must consider
them together.

Invasives

A third important cause of biodiversity’s decline is the introduction of
unusual species within natural environments. This may happen purpose-
fully (via the conversion of land uses described previously) or it may
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6 Biodiversity Economics

happen incidentally (via the spread of species attendant upon casual
exchange and trade). The latter problem is the one considered under
this heading. As trade patterns extend across the globe and the volume
of trade increases, the spread of species beyond their natural domains
continues to threaten many of the naturally resident species.

The problem of invasives is primarily a problem of monitoring and
control. It concerns the need to expend resources to manage an external-
ity attendant to otherwise casual activities, when the externality is both i)
incidental to an otherwise unrelated activity (such as the carriage of zebra
mussels in sea vessels’ ballast water), and ii) primarily for the benefit of
states other than the one that must undertake the control expenditures.
Invasive species problems occur on many scales, but those that occur in
the context of trade usually involve several, if not many, different states.
Thus there is a significant public good and free rider facet to the invasive
species problem.

In Chapter 5 Charles Perrings considers how such a problem is related
to poverty in a survey paper that touches on many of the key issues con-
cerning invasive species. Perrings finds that a crucial part of the invasive
species’ problem concerns the ‘weakest link’ nature of the public good,
i.e. the state undertaking the least amount of management determines the
quality and extent of the externality. This of course relates the invasives
problem to the environmental Kuznets curve literature, examining the
links between income and environmental management. Do poor coun-
tries necessarily undertake less environmental management and hence
determine the quality and extent of the invasives problem? Perrings finds
that the literature does not support the finding that poor countries must
necessarily provide poor environmental management, but does promote
the finding that the support of monitoring and enforcement in poor
countries is important to the resolution of the problem. In general he
expects that the invasives problem will become more prevalent as inter-
national trade increases and income expands, and that international coop-
eration will be important to its resolution.

A second paper on invasives by Finnoff, Shogren, Leung and Lodge
(Chapter 6) concerns the choice of the appropriate instrument for the
management of the problem: prevention or control. Control concerns
the use of current information and current resources to minimise the
negative impacts of invasives. Prevention involves investments in those
assets most appropriate to minimising the problem over the future. The
authors find that the choice between these two approaches depends on
more than just their relative cost-effectiveness. It also depends on, first,
the prevalent social discount rate and, second, the risk aversion of the
decision maker. Basically, the two factors cut in opposite directions. The
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Introduction 7

lower the social discount rate, the more that investment/prevention is pre-
ferred as the costs of discounting declines. In this case, the lower discount
rate makes the case for prevention over control. However, in regard to
risk aversion, the opposite conclusion results. Greater risk aversion in
fact mitigates in favour of awaiting greater information prior to selecting
action and so favours control over prevention. The paper makes clear that
the problem of invasives concerns the control of a dynamic problem, in
which the flow of information and the rate of return are critical elements
of the solution.

Invasive species are clearly the most biological cause of the decline
in biological diversity. It is the analysis and evaluation of the biological
dynamics of interacting species that is at the core of the biology of this
problem. The social dimensions are more concerned with the problem of
enforcement/control and public good provision, and the combination of
social and biological facets makes this a fascinating area for future work.

Summary: causes of biodiversity loss

The eight chapters in this part of the volume provide an interesting sur-
vey of the range of causes considered within the literature on biodiversity
economics: habitat losses, trade and overexploitation, invasive species.
These forces together account for much of the loss of biodiversity in
the world today, and the authors here demonstrate the forms of analysis
being brought to bear in the examination of this facet of the problem.
They demonstrate that there are many economic facets to the problem of
biodiversity loss, including i) the provision of public goods and develop-
ment of institutions, ii) the valuation of externalities and iii) the choice
and implementation of the appropriate instruments and controls. In the
next two parts of this volume, we turn to the papers focusing on the latter
two aspects of the biodiversity problem.

3 The value of biodiversity

In the introductory chapter to this volume, Prof. Pearce highlighted the
importance of the monetary valuation of biodiversity for designing incen-
tives that can induce optimal conservation efforts. In fact, valuation is
important for all facets of public decision making that impact upon bio-
diversity resources. In particular, valuation plays an indispensable role
in project appraisal and regulatory review (i.e. cost-benefit analysis), in
the setting of environmental regulations (e.g. Pigouvian taxes), in the
assessment of damages in liability cases (e.g. in oil spill cases), as a
precursor for designing markets for biodiversity conservation (e.g. eco-
tourism, green forest products, etc.) and for green national accounting
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8 Biodiversity Economics

(e.g. accounting for the depreciation of national capital). Yet the accu-
rate valuation of biodiversity resources and their services is hindered by
their strong non-market and public good characteristics. This fundamen-
tal problem has spawned a vast literature examining both conceptual and
technical issues on the valuation of biological resources. This research
has provided insights of a wider scientific interest reaching beyond the
field of biodiversity economics such as contributions to our understand-
ing of individual preferences over public goods, the nature of altruism and
quasi-option informational values, the problem of discounting as well as
numerous important technical and econometric contributions.

In Part III of this volume we present two sets of papers with advances in
this literature on the value of biodiversity resources and services. The first
set includes two chapters addressing conceptual valuation issues, while
the latter includes three chapters presenting developments in techniques
of non-market valuation.

Concepts

The first conceptual chapter by Goeschl and Swanson (Chapter 9)
assesses the approaches for evaluating the informational value of genetic
resources. The authors conceptualise the informational value of biologi-
cal diversity analogous to that of a library containing all published written
works. As resources are scarce, cost-benefit type decisions would need to
be made over the optimal portfolio of books that should be preserved.
The authors extend this logic to the management of the informational
value of biodiversity and analyse three different approaches over how
to manage this ‘legacy library’. The first concerns how to construct the
library richest in information given the opportunity costs. Here, the issue
is one of taking a given budget and using it most effectively to max-
imise genetic variability, but without reference to any use or usefulness
to humans. While the approach can be extended to encompass value
dimensions other than distinctiveness, there are two cogent criticisms
of this approach. The first is that the supply-side orientation overlooks
that additional search investments have to be carried out to utilise the
resources inherent in the legacy library. The other is that it is essentially
static and thus places little emphasis on the potential values from biodi-
versity conservation as a means of solving problems important to human
societies.

The second approach for maximising the informational value of bio-
diversity focuses on how to design the library to optimise the search
for a given piece of information. Under such a search framework the
problem is one of identifying the useful information as quickly as
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Introduction 9

possible – the emphasis is upon the time and resources expended in the
process of search for a solution to a specific problem. In this context,
the existence of the biodiversity resource generates costs and benefits in
equal measure, by being both information and obstacle. The most cogent
criticism of this approach is that, although rooted in the idea of diversity
as useful information, it also casts diversity as the major obstacle to its
own usefulness. In a world in which the storehouse of genetic informa-
tion is becoming ever smaller, it would seem that this is an interesting but
potentially inadequate manner in which to cast the problem of biodiver-
sity management.

The third approach for maximising the informational value of biodi-
versity centres on the problem of designing the library so as to provide the
optimal stock of information to meet the demands arising from an end-
less stream of future unpredictable problems. In this context the authors
explore the conditions under which today’s decision should use current
information, but provide an additional hedge against future uncertainties.
This could imply the retention of larger libraries with a greater diversity of
information. The most cogent criticism of this literature is that it implic-
itly assumes stagnant (or even regressive) technological progress and a
lack of substitutability for biodiversity-sourced information.

These three very different approaches lead to very different answers
regarding the design of the legacy library; however, taken together they
provide insights into the value of the amount and quality of information
contained within biological systems. The authors conclude that in the
presence of irreversibilities, the current generation has the responsibility
to make this decision over maximising the informational value of biodi-
versity by reference to the longer-term welfare of future generations, and
that it may be dangerous to assume that technological change alone will
be able to solve this problem.

The next conceptual paper, by Stefan Baumgärtner (Chapter 10), is
concerned with the measurement of biodiversity as a precursor to its val-
uation. The author argues how measurement of biodiversity is subject
to value judgements. He explores and compares the value judgements
underpinning both the economic and ecological measurement of biolog-
ical diversity. It is critically argued that there are systematic differences
between these two approaches of biodiversity measurement. In doing
so Baumgärtner makes two important advances to our understanding
of measurement of biodiversity. First, he displays how the two types of
biodiversity measures – the ecological and the economic – aim to charac-
terise two very different aspects of biological systems. While the ecological
measures describe the actual, and potentially unevenly distributed, allo-
cation of species, the economic measures characterise the abstract list
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10 Biodiversity Economics

of species existent in the system. Second, he discusses how ecological
and economic measures of biodiversity differ on account of fundamental
differences in their philosophical perspective on biodiversity. The for-
mer follows a more ‘conservative’ view that can be traced to ideas by
Leibniz and Kant, while the latter can be traced to a more ‘liberal’ per-
spective associated with the ideas of Descartes, Locke and Hume. These
different value judgements lead to different valuation measures for biodi-
versity. Understanding these value judgements goes a considerable way
to explaining commonly observed disagreements over the relative impor-
tance of biodiversity as well as over alternative conservation paths.

Techniques

The section then turns to present frontier technical research on meth-
ods of non-market valuation. The papers selected for inclusion in this
section of the volume make important technical and methodological
advancements that contribute to fields such as experimental economics
and applied micro-econometrics. Yet their main motivation (which is
shared across all these papers) is to provide a direct contribution towards
solving specific biodiversity conservation problems. That is, this set of
papers provides an illustration of how current technical research in val-
uation can be purposefully pursued so as to enhance our understand-
ing of how to design effective and efficient biodiversity conservation
policies.

The first of these chapters, by Becker, Choresh, Inbar and Bahat
(Chapter 11) develops an approach that combines the travel cost (TC)
and contingent valuation (CV) methods for assessing the marginal
value of an endangered species so as to assess the efficiency and cost-
effectiveness of alternative wildlife conservation strategies. The authors
apply this approach to assess the marginal values associated with the
protection of the Griffon vulture in Israel via the development of alter-
native methods. In particular they utilise the result from the TC and
CV to carry out cost-benefit analysis, both at the regional level with
respect to assessing the welfare implications of one particular conser-
vation activity (namely feeding stations) and at the national level with
respect to assessing broader vulture conservation policy options. The
former of these analyses was undertaken by comparing the costs of feed-
ing stations to the estimated value of the marginal vulture derived from
the two valuation methods. It was found that protecting vultures passes
a national cost-benefit test and that feeding stations are economically
viable in generating on average 0.23–2.12 vultures annually. In the latter
analysis two additional policy issues were analysed: entrance fee policy
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