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Abstract

Biodiversity has received much attention in envinemtal research and public policy in recent years.
There is a world-wide interest in its relevancetfa carrying capacity of rich but fragile ecosysse
Voices suggesting to build up proper protection ma@dsms for unique and scarce diversity become
louder. The question emerges whether — and whichbowtion of — ecological and economic
insights can help us to identify meaningful polioptions to map out proper roads towards a
sustainable future. This paper surveys and higtdigiiie potential and limitations of an ecological-
economics perspective on biodiversity. Such a @etsge on complex biodiversity issues, if firmly
supported by modern ecological insights, can helglarify the processes, functions and values
associated with biodiversity. This study aims tdeofa review of key ecological and economic
concepts that are essential in building bridges/éen ecology and economics, and discusses ways to
integrate them. In addition to such issues as berdity indices or ecosystem management principles,
particular attention is given to various monetaiuation approaches and methods from the
perspective of preservation and sustainable udaoafiversity. Furthermore, the use of ecological
and value indicators in integrated economic-ecaligmodelling and analysis is addressed as well.
Throughout the paper, several illustrative appiiret are presented to demonstrate the usefulness of
the various approaches discussed. Finally, therpaffers principles for public decision-making
regarding biodiversity protection.
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1. TheEcological Paradigm

The global interest in environmental-economic miatie partly caused by the increased pressure
that mounting population and increased productiod eonsumption exert on the earth’s natural
resource base. In addition, as personal incomesrid leisure time becomes more freely available in
the developed world, concern for more immediate dnumeeds has been accompanied by interest in
nature preservation and conservation for futureegeions. Although resource and environmental
issues manifest themselves on local or regionalescahey are part of a globally interwoven
ecosystem. Consequently, the ‘new scarcity’ hatia@nd temporal horizons that extend far beyond
the current level of thinking and acting.

In the past decades, the concept of sustainablelawent has gained much popularity. It was
officially proposed as a policy goal in the pubtioa Our Common Futuréy the World Commission
on Environment and Development (Bruntland 1987 Tommission called attention to the need to
consider our planet as an integrated social, ecamauological and political system that requires
collective initiatives in order to ensure contiyuitnder changing conditions. The report suggested
that economic growth and environmental protectian go together and are not necessarily mutually
antagonistic forces. This hypothesis has inducedhntiheoretical and empirical research and has led
many applications, in particular in the field ofettso-called ‘green Kuznets curve’ (see for an
extensive review de Bruyn 1999). The idea of coimbdy between growth and the environment was
also critically investigated by Duchin et al. (1998sing a multisector-multiregion model for the
world, they found that economic growth and envirental quality are in conflict, given certain
expectations about technological change and iniavat

A prominent issue in recent discussions about swite development is worry about the loss of
biological diversity (or biodiversity). Biodiversitrequires our attention for two reasons. First, it
provides a wide range of direct and indirect béeef® mankind, which occur on both local and
global scales. Second, many human activities dmuritito unprecedented rates of biodiversity loss,
which threaten the stability and continuity of eiems as well as their provision of goods and
services to mankind. Consequently, in recent yeaush attention has been directed towards the
analysis and valuation of the loss of biodiverditgth locally and globally.

Clearly, the valuation of biodiversity loss can dggproached from an ecological, economic or
combined perspective. The present study addredistge®e options. This includes attention to the
ecological and economic foundations of biodiversihalysis and valuation. Relevant concepts and
valuation methods are identified and discussedaddition, empirical applications are reviewed.
Finally, the study addresses the opportunities roffey multidisciplinary economic-ecological
modeling. This allows for the description of thengmexity of ecosystem functions and processes,
which can be integrated in a transparent way witinemic valuation approaches.

In order to arrive at this stage, a number of lgaal, ecological and economic issues and
guestions need to be dealt with. For example, vanatthe implications of biodiversity for the
structure and functions of ecosystems? What uniderlyriving forces influence the loss of
biodiversity? What direct and indirect roles dodsdiversity have for human society? What
considerations are relevant in making decisionsubiee conservation of biodiversity? These are
important questions that will guide the presentigiu

It should be added that valuation and indicatopbrimiation play a crucial role in assisting
policymakers in the design of resource reallocaptams, contributing to ensure the sustainable use



of biodiversity. From many studies it is uncleagwever, whether available studies always
specifically address biodiversity. The reason gt thiodiversity is often associated with complex
ecosystem functions and processes that relate vamly indirectly to human welfare. As a result,
‘resource valuation’ and ‘biodiversity valuatiorresoften confused. In the present study, bioditgrsi
indicator and valuation techniques will be reviewdth a focus on providing guidance about how to
operational methods that are most suitable forsagsg a particular component of biodiversity value.

Clearly, there are many approaches to studyingdlsionship between the economy and the
environment. This involves linking economics analegy (Costanza et al. 1997). An important
stream is based on materials accounting, usingriheiple of material balance to describe the chain
of extraction, transformation, consumption and smis (Ayres et al. 1999). Another approach has
focused on building economic and social accourgigiems that can incorporate the measurement of
economic welfare together with the measuremennweirenmental indicators. Here, we will present
an ecological economics approach to the study odlibérsity. This is motivated by the fact that
biodiversity is a multidimensional concept linkeal liological, ecological, cultural and economic
entities. Our contribution differs from other radtstudies, such as Barbier et al. (1994), Pearde a
Moran (1994), Perrings et al. (1995a), Rapport.gt1l&98), and van Kooten and Bulte (2000), in the
following ways: (1) it presents a stronger focustlo@ analysis of biodiversity rather than ecosystem
or natural assets; (2) it offers a multidisciplipnand integrated approach to shed light on theevafu
particular biodiversity elements; (3) it explorée use of applicable valuation methods and empirica
studies; and (4) it analyses the role biodivergitgicators and value information can play in
biodiversity policy and management. Some of theberostudies provide interesting complementary
information, such as on the economics of renewadseurces (notably van Kooten and Bulte 2000).

The sequence of sections in the paper follows tlea ithat analysis of biodiversity policy
involves a number of steps, relating to the idédtfon, measurement and aggregation of
biodiversity values. Against this background, tlaper is structured as follows. Section 2 provides a
exposition on the notion of biodiversity, identfiglifferent levels of life diversity, and discusses
alternative perspectives on biodiversity value. tN&ection 3 focuses on general aspects of the
economic valuation of biodiversity benefits, offegia discussion on alternative perspectives on
biodiversity values. Section 4 then examines whigluation methods can be used for specific value
types. In addition, it presents a survey of valmatstudies for different levels of diversity, and
critically discusses the range of empirical findindgNext, in Section 5 a review is offered of
frameworks and methods of integrated modeling efriiationship between biodiversity, ecosystem
structure, ecosystem functions, economic activitgd human welfare. Section 6 addresses the
implications of the use of biodiversity value infwation for policy design, devoting special attentio
to certification and ecolabeling mechanisms, wi8kction 7 concludes with the role of ecology,
economics and their integration in biodiversity lssis.

2. Multilevel Diversity and Types of Biodiversity

2.1 Biodiversity asa complex environmental resource

Biodiversity is a multifaced concept with both eeotric and antropocentric characteristics
showing a great variety in all regions of our worlthe analysis of biodiversity is, consequently,
rooted in the domain of both the natural and thdads@ciences. Its modeling implies knowledge of
the relationships between biodiversity, the dynanoicecosystems, and the level of human economic



activities. One reason why biodiversity modelings tieeen so difficult is the complex and partly
unobservable character of these relationships.gBuegraphic diversification in biodiversity and its
interrelatedness to socio-economic and physicatatiblogical conditions makes it also difficult to
develop and apply an operational methodology fodiversity analysis. This strand of research is
certainly still in its infancy. Essentially, theotogical organization base of an ecosystem is nugpde
of three main interrelated classes: (1) biotic veses emerging from the soil or water (such as
vegetation and animal populations); (2) abioticoteses with a productive or consumptive nature
(such as minerals and energy); and (3) environrheataponents needed for human well-being (such
as clean water or fresh air). In general terms, efiog such biological organization has emerged
from two streams of ecology, namely community acaksgstem ecology (Holling 1992, Holling et al.
1995, and Schindler 1988, 1990). Community ecolegyphasizes the study of the interrelations
between species. Some applied studies have, howellerd attention to situations where the abiotic
environment plays an important role in (re)shapimg relationships of the ecological community.
These situations offered a new impetus to ecolbdlgaught, giving birth to a second stream in
ecology literature: ecosystem ecology. Ecosystewliogy takes biotic and abiotic elements as
variable and interactive. For instance, abioticedsity (e.g., physical characteristics of the |aage
such as soil pH and salinity) is expected to bkelihto the prevalence of endemic species and ¢hus t
biotic diversity and rarity in a natural way (Bdto1998).

In this context, ecological valuation methods aseanly aimed at assessing diversity and rarity
of species, but also at assessing the complex atcttens between the biotic and abiotic
environments, based on the assumption that thetyawf abiotic conditions is equally important as
the variety of species. In other words, ecosystentogy aims to identify and characterize the impact
of biotic-abiotic interactions on food webs anda@ps interrelations and to assess the role ofenitri
flows. Independent of the ecological modeling applp an important aspect of ecosystem ecology is
the recognition that the variability of the biologl resources influences the functioning and stinect
of ecosystems.

2.2 Variability of the biological resources

The United Nations Convention on Biological Divéysf{UNEP 1992) defines biodiversity as
“... the variability among living organisms from aburces, including terrestrial, marine and the
ecological complexes of which they are part (aft. 2, page 5). Biodiversity encompasses four
levels. At the most basic level is genetic divetsiwhich corresponds to the degree of variability
within species. Roughly speaking, it concerns tifermation represented by genes in the DNA of
individual plants and animals (Wilson 1994). Specibversity refers to the variety of species.
Empirical estimates of this are associated witargd degree of uncertainty. In fact, only about one
and half million species have been described so(dae Parker 1982 and Arnett 1985), while
scientists estimate that the earth currently hogts 30 million species (see Wilson 1988). Lessitha
half a million have been analyzed for potentialreraic uses (Miller et al. 1985). Since genetic and
species diversity are directly linked, the distiontbetween them is sometimes blurred. In thiseens
phenotypic diversity versus genotypic diversityrédevant. Thirdly, ecosystem diversity refers to
diversity at a supra-species level, namely at tbenrounity level. This covers the variety of
communities of organisms within particular habitasswell as the physical conditions under which
they live. A long-standing theoretical paradigmgesjs that species diversity is important because i
enhances the productivity and stability of ecoapste(Odum 1950). However, recent studies



acknowledge that no pattern or determinate relakignneeds to exist between species diversity and
the stability of ecosystems (Johnson et al. 1986lke et al. (1996) instead suggest that a system’s
robustness may be linked to the prevalence of deldnnumber of organisms and groups of
organisms, sometimes referred to as ‘keystone a&gecit is also possible that the specific
relationships depend very much on whether the igbé&tvironment is stable or not (Holling et al.
1995). Functional diversity refers to the capaoityife-support ecosystems to absorb some level of
stress, or shock, without flipping the current gstsm to another regime of behavior, i.e. to anothe
stability domain (Turner et al. 1999). This hasrbeeiginally referred to as ‘resilience’ (Holling
1973). Unfortunately, a system’s functional robessnis still poorly understood and we often do not
know the critical functional threshold associatethwhe variety of environmental conditions at
different temporal and spatial scales (PerringsRewrce 1994). From a management point of view, a
safe strategy seems to be to require a minimuml leéiodiversity for any ecosystem to be
sustained. A low level of ecosystem resilience caumse a sudden decrease in biological productivity,
which in turn can lead to an irreversible loss wfdtions for both current and future generations
(Arrow et al. 1995). Finally, functional diversitgxpresses the range of functions generated by
ecosystems, including ecosystem life support foneti such as the regulation of nature major cycles
(e.g. water and carbon) and primary ecosystem psesg such as photosynthesis and biogeochemical
cycling (Turner et al. 2000). The task of evalugtthe structure and functioning of an ecosystem
requires that much be known about what the ecasystees and what that is worth for both
biodiversity and for humans. The value of ecosyssémcture is generally more easily appreciated
than that of ecosystem functioning. Assessing estesy functions, such as nutrient retention and
pollution absorption for any given region, is ertedy difficult. But ecosystem structure is also
incompletely known. To assess the value of, fotainse, the insect fauna and soil fungi, when many
of these species have never even been describadbtaically, pushes human knowledge beyond its
current limits (Westman 1985). The preservationeobsystem processes and their consequent
functioning is as important a goal for conservatamis the preservation of ecosystem structure.
Ecology has now come to understand ecosystem mesd® the extent that some management
principles are evident, even if many questions ieraasolved.

2.3 Biodiversity, ecosystem services and human wellbeing

The Millennium Ecosystem Assessment (MEA), an mmaional consortium of over 1300
scientists, has focused intensively on the stafusiadiversity and ecosystem services because of
their contribution to human well-being, and hasduwed several technical volumes as well as
thematic summary reports — see MEA (2003, 2005 MEA wanted to assess the status of
ecosystems and ecosystem services (‘the benefijsigpebtain from ecosystems’) because of their
contribution to human well-being. This conceptuedniework states that biodiversity underpins
ecosystems and ecosystem services, which in tuntribote to human well-being. Against this
background, a new conceptual framework was produeeakystem services (including supporting,
provisioning, regulating and cultural services) tire cornerstone of the well-being, which provision
in turn, shall be anchored inter alia in the levefsbiodiversity. When subscribing this MEA
approach, economic valuation of biodiversity isb® characterized by a three-step approach. The
first step is the modeling, and assessment, ofdleeof biodiversity in the provision of ecosystem
services. The second step is the estimation obtbehysical impact of changes on the levels of
biodiversity on the quantity, and quality, of thes®systems services. The third, and final, steppse
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to the welfare assessment of changes in the levedapply of the ecosystem services, portraying as
much as possible these changes in monetary teimesg@neral acceptance of the MEA framework is
a major step in explicitly linking biodiversity, esystems and human well-being. For the same
reason, nowadays it is often proposed to use tamdwork as a basis to value biodiversity benefits,
in particular when working at the policy agenda ammhagement of biodiversity resources. A recent
example refers to The 'Potsdam Initiative', whichswaunched at the G8+5 environment ministers
meeting in Potsdam, in March 2007. This meetinggeddior a study on the economic significance of
the global loss of biological diversity, lookingtae costs of the loss of biodiversity and theuialto
take protective measures versus the costs of Bifecbnservation (see Markandya et al. 2008,
Sukhdev et al. 2008).

3. Economic Analysis of Biodiversity Values

3.1 Alternative perspectives on biodiversity values
Given the four levels of diversity, it should beidant that there is no single notion of

biodiversity. In addition, this section presentsiamas perspectives which suggest that biodiversity

value can be interpreted in various ways:

(1) Instrumentalvs.intrinsic valuation Many people, including various biologists andesthatural
scientists, do not feel comfortable with placing iastrumental value on biodiversity. The
common argument is that biodiversity has valuet®own, without being used by humans — also
know as intrinsic value. A more extreme versiontlof perspective even claims that that
instrumental valuation of biodiversity, often tr&ied in monetary terms, is a nonsense exercise
(Ehrenfeld 1988). Many people, however, accept fage a monetary value on biodiversity
arguing that, like any other environmental good smrvice, it is an outcome of an
anthropocentric, instrumental point of view, begrin mind the benefits of biodiversity for
humans in terms of its production and consumptippostunities (Fromm 2000). Two specific
motivations are as follows. First, making public gnivate decisions that affect biodiversity
implicitly means attaching a value to it. Secondynetary valuation can be considered as a
democratic approach to decide about public isskeslly, some subscribe an intermediate
attitude by arguing that monetization of biodivardienefits is possible, but that will always be
lead to an under-estimation of the ‘real’ valuecsirprimary value’ of biodiversity cannot be
translated in monetary terms (Gren et al. 1994). Qowdy (1997) has recently sdid.
although values of environmental services may bed u® justify biodiversity protection
measures, it must be stressed that value condittemall portion of the total biodiversity
value...”.

(2) Monetaryvs. physicalindicators Monetary valuation of biodiversity is anchoredaieconomic
perspective, based on biological indicators ofithpacts of biodiversity on human welfare (see
Randall 1988). The economic value of biodiversday e traced to two important sources. First,
biodiversity can serve as an input into the prodacof market goods. For example, the case of
bioprospecting, i.e. the search for new pharmacaufproducts (Simpson et al. 1996). In
addition, biodiversity can be interpreted as a butor to individual utility or well being. For
example, the human pleasure derived from experignciature. Economic valuation of
biodiversity always leads to monetary terms (oridatbrs), interpreted by economists as a
common platform for comparison and ranking of al&ive biodiversity management policies.



3)

(4)

(5)

(6)

(7)

(8)

On the contrary, physicahssessments of biodiversity value are based innmaretary
indicators. These include, for example, specieseuudystems richness indices (see Whittaker
1960 and 1972), which have served as importantatialu tools in the definition of ‘Red Data
Books’ and ‘Sites of Special Interest’. It is nataganteed, however, that monetary and physical
indicators point always in the same direction. His tsense, they should best be regarded as
complementary methods for assessment of biodiyechdnges.

Direct vs.indirect values The notion of direct value of biodiversity is setimes used to refer to
human uses of biodiversity in terms of productiowl @onsumption. Conversely, the notion of
direct value of biodiversity is associated to aimumm level of ecosystem infrastructure, without
which there would not be the goods and services #ne provided by the same system
(Farnworth et al. 1981). However, the term ‘indira@lue’ of biodiversity was recently
proposed by Barbier (1994) and described.assupport and protection provided to economic
activity by regulatory environmental services.(g. 156). Nevertheless, in the literature, one
can find different terms, such as ‘contributoryue] ‘primary value’, and ‘infrastructure value’
of biodiversity, to point at the same notion (semthin 1986, Gren et al. 1994 and Costanza et
al. 1998).

Biodiversity vs. biological resources Whereas biodiversity refers to the variety ok ifat
whatever level of interesthiological resourcesrefer to the manifestation of that variety.
According to David Pearce (1999),. much of the literature on the economic valuatioh
‘biodiversity’ is actually about the value of bigiical resources and it is linked only tenuously
to the value of diversity..."The precise distinction is not always clear, dmal tivo categories
seem to be at least overlapping.

Geneticvs. other life organization levelsScientists face an important decision when valuin
biodiversity: which level of diversity is under cideration. Some scientists, especially from the
natural sciences domain, tend to focus on genaticspecies levels, whereas others, including
social scientists, tend to study species and etarsgslevels. Naturally, such a decision is
crucial for the assessment of biodiversity valuecsiit anchors the choice of the most
appropriated indicators, cornerstone of any vatuestudy of biodiversity.

Local vs. global diversity The design of a valuation context involves impottdecisions about
the spatial frame of analysis (Norton and Ulanowli®22). Whereas biodiversity loss is usually
discussed in a global or worldwide level, valuatlmodiversity studies are frequently address
policy changes or scenarios defined at local, regi@r national levels. Although this seems
contradicting, it can be argued that biodiversitg & loss are relevant at multiple spatial levels,
from local to global (Hammond et al. 1995)

Levels vs. changes of biodiversi@ne can purse the assessment of levels of biaiiyeSuch a
valuation is highly data demanding and trade-adfs;hor of any economic valuation exercise
will be extremely hard to set. Examples are thu§icdit to find in the empirical valuation
literature and the ones that exist are often tasget high scientific debate (e.g. Costanza et al.
1998). In an extreme perspective, one can alwaggeathat the value of biodiversity is the
summed value of the GNPs of all countries from nmtil the end of the world (Norton 1988).
Alternatively, the valuation context can involveetdesign of policy management options, or
scenarios, based on the explicit changes of bicsitydevels.

Holistic vs. reductionistapproaches According to a holistic perspective, biodiversis/ an
abstract notion, linked to the integrity, stabiliéyd resilience of complex systems, and thus



difficult to disentangle and measure (Faber el886). In addition, the insufficient knowledge
and understanding of the human and economic sigmifie of almost every form of life diversity
further complicates the translation of physicalicatiors of biodiversity into monetary values.
For these reasons, economic valuation of biodiyerisi by many scientists regarded as a
hopeless task (Ehrenfeld 1988). On the contrargdactionist perspective is based in the idea
that one is able to disentangle, or desegregatedtia value of biodiversity into different
economic value categories, notably into use andiyasise or nonuse values (Pearce and Moran
1993).

(9) Expertvs. general public assessmentsconomic valuation starts from the premise thoatied
values should be based on individual values. Thezefwhen deciding for a general public
valuation context, it is agreed that all taxpayérsm every educational level and varied life
experiences, are involved in the valuation exercseh a valuation assessment benefits from a
clear and legitimate democratic support. Anothermwassumes that laypersons cannot judge the
relevance and complexity of biodiversity-ecosystéumetions relationships. Instead, therefore,
judgments and evaluation of biodiversity changethis view should be left to experts, notably
biologists. An example of an intermediate ‘solutiags to use experts to inform laypersons
sufficiently before confronting them with valuatignestionnaire (NOAA 1993).

It is clear that many different biodiversity valperspectives can be distinguished based on the
above nine considerations. Evidently, it is cru¢@aknow the perspective being adopted. The next
section will clarify this point for the subsequewvaluation of empirical valuation studies.

3.2 The concept of economic value

Economic valuation aims to provide a monetary esgmn of biodiversity values. The reason
for this is that the theoretical basis of econowdduation is monetary (income) variation as a
compensation or equivalent for direct and indiiegbact(s) of a certain biodiversity change on the
welfare of humans. Both direct and indirect valuesating to production, consumption and nonuse
values of biodiversity are considered when purs@ngeconomic valuation of biodiversity. Explicit
biodiversity changes, preferably in terms of actaighysical-biological indicators, should be retate
to these. Biodiversity changes must be marginanaeell for economic valuation to make sense. The
economic valuation of biodiversity changes is based reductionist approach value. This means
that the total economic value is regarded as theltref aggregating various use and nonuse values,
reflecting a variety of human motivations, as veslaggregating local values to attain a globalealu
i.e., a bottom-up approach (see Nunes 2002, NumeSehokkaert 2003).

Moreover, the economic valuation of biodiversitarst from the premise that social values
should be based on individual values, independeotlywhether the individuals are experts in
biodiversity-related issues or not. This can besa®red consistent with the democratic support of
policies. A more detailed discussion and evaluatibmonetary biodiversity valuation is offered in
Subsection 6.3.

3.3 A classification of economic values of biodiversity

It is possible to identify and characterize diffsrevalue categories of biodiversity. Figure 1
shows a classification of biodiversity values tlzathe basis for the analysis of valuation studkes.
first category, denoted by link 4 6, depicts biodiversity benefits that run throwegtosystem life



support functions and preservation of the ecoldgtaicture in natural systems. The diversity of
functions generated by ecosystems, in turn, liokthe demand for goods and services. This value
category can represent, for example, the benefiftood control, groundwater recharge, nutrient
removal, toxic retention, and biodiversity mainteoa (Turner et al. 2000). A second biodiversity
category, denoted by link & 4 — 5, captures the value of biodiversity in termshafural habitat
protection. This can relate, for example, to taursnd outdoor recreational demand. A third value
category, denoted by link 2> 5, captures the benefits of an overall provisibsmecies diversity.
This value category represents the indirect valubiadiversity in biological resources in terms of
inputs to the production of market goods. Well-kmowxamples are the pharmaceutical and
agriculture industries, which use plant and animmaterial to develop new medicines and new
products (Myers 1988, Simpson et al. 1996).

Ecosystem ~

1 14

Biodiversity e Species 6

3 l5

Human welfare

<

Figure 1. Economic values of biodiversity
Source:Nunes and van den Ber¢?001).

Finally, a fourth category, captured by link 3, des a passive or nonuse component of
biodiversity value, which reflects moral considevas to other species (bioethics), human
philanthropic, or bequest considerations. The latates to the knowledge that biodiversity widl b
available to the next generations. See for a syiersurvey Table 1.

This chapter has tried to clarify various basicrexoic aspects of biodiversity evaluation. A
solid micro-economic welfare-theoretic foundati@emms to be a sine qua non condition for a proper
biodiversity evaluation. Clearly, in an operatiosahse, still many advances need to be made. This
will be further discussed in Section 6.

4. Measuring Economic Values of Biodiversity Benefits

4.1 Genetic diversity and bio-prospecting

Recent years have shown a sharp increase of intere®-prospecting, i.e., a search among the
genetic codes contained in living organisms in ptdedevelop chemical compounds of commercial
value in agricultural, industrial, or pharmaceuti@oplications (Simpson et al. 1996). This is
dominated by pharmaceutical research since moscpbed drugs are derived or patented from



natural sources (Grifo et al. 1996). This sectionsiders assessments of willingness to pay by the
pharmaceutical industries for genetic diversitymgit into commercial products. The marginal value
of such input, often translated in terms of genetiormation for medicinal purposes, is measured by
its contribution to the improvement of health cdfer example, research by the US National Cancer
Institute on screening of plants over the last tecades has yielded various highly effective anti-

cancer drugs (e.gpaclitazeland camptothecip and anti-leukemia drugs (e.¢pomoharringtonone
(Cragg et al. 1998).

Table 1. Total economic value of biodiversity

Biodiversit  Economic value Biodiversity Methods for economic valuation
interpretation benefits (and their applicability)
y value
category
(see Figure 5.1)
2—5 Genetic and species Inputs to production pcesse CV: +
diversity (e.g., pharmaceutical and TC: —
agriculture industries) HP: +
AB: +
PF: +
Market contracts: +
1-4-5 Natural areas and Provision of natural habitat CV: +
landscape diversity (e.g., protection of TC: +
wilderness areas and HP: —
recreational areas) AB: —
PF: +
Tourism revenues: +
1-6 Ecosystem functions and Ecological values CV: -
ecological services flows (e.g., flood control, nutrient TC: -
removal, toxic retention and HP: +
biodiversity maintenance) AB: +
PF: +
3 Nonuse of biodiversity Existence or moral value CV: +
(e.g., guarantee that a TC: -
particular species is kept free HP: —
from extinction) AB: —
PF: —

Note: the sign + (=) means that the method is more)l@gpropriate to be selected for the design of/#heation context
of the biodiversity value category under considerat

Recent registrations and applications of biopropgacontracts and agreements between states

and pharmaceutical industries represent importanttimarks of monetary indicators for these types
of biodiversity values. Estimates are shown in €ghl The most notable of these agreements is the
pioneering venture between Merck and Co., the ieillakgest pharmaceutical firm, and Instituto
National de Biodiversidad (INBio) in Costa Rica. the moment of the contract’s signature, in 1991,
Merck paid Costa Rica about $1 million and agremgdy royalties whenever a new commercial
product was explored. Since then, INBio has sigr@uracts on the supply of genetic resources with
Bristol-Myers Squibb and other companies and nafifporganizations (ten Kate and Laird 1999;



Table 2. Valuation of bioprospecting agreements

Contractors Study Value

INBio & Merck 2,000 samples of the Costa Rica genetic$1 million
(1991) pool

Yellowstone National Park & Thermostable enzymEaq polymerase $175,000
Diversa (1998) and bacteriunThermus aquaticus

Brazilian Extracta & Glaxo 30,000 samples of Brazil biota $3.2 million

Wellcome (1999)

INBio 2001). Another illustration of the market uael of genetic diversity is the commercial
agreement signed in 1997 between Diversa, a Sagofhiased biotechnology firm, and the US
National Park Service. Diversa paid $175,000 far tlght to conduct research on heat-resistant
microorganisms found in hot springs in YellowstdW&tional Park (Sonner 1998, Macilwain 1998).
More recently, a Brazilian company, Extracta, s@jre $3.2 million agreement with Glaxo
Wellcome, the world’'s second-largest pharmaceutioaipany, to screen 30,000 samples of
compounds of plant, fungal and bacterial origimfreeveral regions in the country (Bonalume and
Dixon 1999).

Despite the fact that these agreements show aiy@sitonomic value of genetic diversity,
concern remains about the fairness of such dealeell, some environmental groups have been very
critical, claiming that these are unequivocallyofbiracy’ actions (see RAFI 2001). Furthermore,
genetic diversity may also give rise to a numbeexastence and moral values. These, however, are
not the basis for the pharmaceutical industry’dimghess to pay, and therefore are not captured by
the market prices of the agreements.

4.2 Speciesdiversity and species values

Most of the valuation studies of species presemmatiave focused on single animal species.
Table 3 lists some recent studies, all applicatiartbe US, except for a Swedish CV study of wolves
(Boman and Bosdedt 1995). The estimates are defiegd CV applications and obtained from
individual willingness to pay (WTP) to avoid thestoof a particular species. Most welfare gains
accrued to individuals are based on recreatiortalitiees such as watching threatened or endangered
species in their natural habitat, or simply refldnet well-being derived from the knowledge thathsuc
a species exists. The later case can be interpestedlating to nonuse or passive use values. For
example, van Kooten (1993) assessed the econorhie wd waterfowls in a wetland region in
Canada; Loomis and Larson (1994) valued ‘emblermatidangered species, namely the gray whale;
and Stevens et al. (1997) valued the restoratioittzsntic salmon in one river in the state of
Massachusetts — see van Kooten and Bulte (2000hdoe examples.

Alternatively, economists can pursue valuation igsicbf species preservation that focus on
more than one species, as shown in Table 4. Thmates are higher than the single species value
estimates, though not as high as one would exgering in mind the initial single species
estimates. For example, the WTP of the wolf stud$weden alone corresponds to more than 70 per
cent of the WTP for 300 Swedish endangered spegiesnterpretation of such estimation results
may be, however, heavily criticized because of @\&s design and execution (see Carson 1997).
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Nevertheless, some authors prefer to work with rotlagegories of biodiversity value, namely value

categories related to natural habitat, ecosystemtifans and services flows protection. These are

discussed in the following sections.

Table 3. Valuation of single species

Author(s) Study Mean WTP estimates (per
household/year)

Stevenget al. Restoration of the Atlantic salmon in one $14.38 to $21.40

(1997) river, Massachusetts

Jakobsson and
Dragun (1996a)
Boman and Bosdedt

Conservation of the Leadbeater’'s possum$29 (Australian $)
Australia

Conservation of the wolf in Sweden 700 SEK to 900 SEK

(1995)

Loomis and Larson Conservation of the gray whale, US $16 to $18

(1994)

Loomis and Helfand Conservation of various single species, US  From $18héosea turtle
(1993) to $25 for the bald eagle
van Kooten Conservation of waterfowl habitat in $50 to $60 (per acre)
(1993) wetlands region, Canada

Bower and Stoll Conservation of the Whooping Crane $21 to $141

(1988)

Boyle and Bishop Conservation of the bald eagle and the  From $5 for the striped shiner to
(1987) striped shiner, Wiscosin $28 to the bald eagle

Brookshire, Eubanks and
Randall (1983)

Conservation of the grizzly bear and the From $10 for the grizzly bear to
bighorn sheep, Wyoming $16 for the bighorn sheep

Table 4. Valuation of multiple species

Author(s)

Mean WTP estimates
household/year)

Study (per

Jakobsson and Dragun

Preservation of all endangered species in $118 (Australian $)

(1996b) Victoria

Desvousges et al. Conservation of the migratory waterfowl in ~ $59 to $71

(1993) the Central Flyway

Whitehead Conservation program for coastal nongame $15

(1993) wildlife

Duffield and Patterson Conservation of fisheries in Montana Rivers $2 to $dr¢sidents)
(1992) $12 to $17 (for non residents)
Halstead et al. Preservation of the bald eagle, coyote and  $15

(1992) wild turkey in New England

Hampicke et al. Preservation of endangered species in West 140 DM to 250 DM
(1991) Germany

Johansson Preservation of 300 endangered species in 1,275 SEK

(1989) Sweden

Samples and Hollyer Preservation of the monk seal and humpback $9.6 to $13.8

(1989) whale

Hageman Preservation of threatened and endangered $17.73 to $23.95
(1985) species populations in the US

4.3 Species diversity and habitat values

A problem with the interpretation of the value esites of species preservation is the frequently
missing link between the value assigned to a padiqset of) species and the area needed to protec
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(their) habitats. Some studies instead link thauevadf biodiversity to the value of natural habitat
conservation. Some examples are listed inTableob.ekample, Bateman et al. (1992) undertook a
contingent valuation study to assess the monet@newof conserving the Norfolk Broads, a wetland
site in the UK that covers three National Natursdees. The estimation results from a mail survey
show that respondents living in a zone definechaar-Norfolk Broads’ had a WTP 612, whereas
those living in the ‘elsewhere UK’ zone had a WTP£d. In the context of the Netherlands,
Hoevenagel (1994) asked 1&%pondents for an annual contribution to a fundhfevhich farmers in
the Dutch meadow region would receive a governrgeatt if they managed their land in a way that
enhances wildlife habitat. The average WTP was &etwNLG 16 and NLG 45. Brouwer (1995)
found similar results.

More recently, Nunes (2002ac) used for the finstetia national CV application in Portugal to
assess willingness to pay for the protection otiratparks and wilderness areas. The mean WTP
results ranged from $40 to $51. In a US contextchill and Carson (1984) used the CV method to
value the preservation of water ecosystems anddhatic-related benefits provided by all the rivers
and lakes in the US. Loomis (1989) used CV to vdheepreservation of Mono Lake, California —
see valuation figures in Table 5. Kealy and Turfi&93) estimated the benefits derived from the
preservation of the Adirondack aquatic system. WAEP estimates ranged between $12 and $18.
Boyle (1990) valued the preservation of the llim&@each Nature Reserve. The estimation results
show that the average WTP ranged between $37 ahd Sitberman et al(1992) studied the
existence value of beach ecosystems for users@masars of New Jersey beaches. The results show
that the mean WTP for a user is about $15.1 whidéemtean WTP for a nonuser is about $9.26.

Other studies link the value of biodiversity to tredue of protection of natural areas with high
tourism and outdoor recreational demand. In thiglibersity value category, biodiversity has been
assessed by various methods, including contingahtation, the travel cost method and market
prices such as tourism revenues. Some examples ditted in Table 6.

For example, the World Tourism Organization (WT®7Pestimated that Ecuador earned $255
million from ecotourism in 1995. A major sum acatu® a single park, the Galapagos Islands. In
Rwanda, gorilla tourism in the Volcanoes NationatkPgenerated directed revenues of $1.02 million
annually until 1994, or $68 per ha (AG OkotourisfBMZ 1995).

Studies of less popular parks indicate lower valiiég recreational value of Mantadia National
Park in Madagascar was estimated to range betw@ean® $25 per ha (Mercer et al. 1995). One
particularly interesting valuation result is shownthe study by Norton and Southey (1995). This
study calculates the economic value of natural tabldor biodiversity protection in Kenya by
assessing the associated opportunity costs of daeeggricultural production, which is estimated to
be $203 million. This is much higher than the $4®iom of net financial revenue from wildlife
tourism. Layman et al. (1996) explored the traw@$tamethod to estimate the recreational fishing
value of Chinook salmon in the Gulkana river, AlsKkhe estimates of the mean consumer surplus
per day range from $17 to $60 for actual trips,ethefing upon the wage rate.

More recently, Chase et al. (1998) studied ecatoudemand in Costa Rica. The value estimates
result from a survey of foreign visitors to threational parks: Volcan Irazu, Volcan Poas, and
Manuel Antonio. Manuel Antonio National Park regigtd the highest WTP, $24.90. Finally, Moons
(1999) used the travel cost method to assess theostc value of recreational activities in the
Meerdal-Heverlee forest in Belgium.
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Table 5. Valuation of natural habitats

Author(s) Study Mean WTP estimates (per
household)

Nunes Protection of natural parks and wilderness ~ $40 to $51

(20024, c) aread, Portugal

Wiestra Protection of ecological agricultural fields, The&lLG 35 (single-bounded)

(1996) Netherlands

Richer Desert protection in California, US $101

(1995)

Brouwer Protection of peat meadow land, The NLG 28 to NLG 72

(1995) Netherlands

Carson et al. Protection of the Kakadu conservation zone $52 (minor impact scenario)

(1994) and National Park, Australia $80 (major impact scenario)

Hoevenagel Enhancing wildlife habitat in the Dutch peat NLG 16 to NLG 46

(1994) meadow region, The Netherlands

Kealy and Turner Preservation of the aquatic system in the $12 to $18

(1993) Adirondack region, US

Hoehn and Loomis Enhancing wetlands and habitat in San Joaqu$86 to $184 (single program)

(1993) Valley in California, US

Diamond et al. Protection of wilderness areas in Colorado, $29 to $66

(1993) Idaho, Montana and Wyoming, US

Silberman et al. Protection of beach ecosystems, New Jersey$9.26 to $15.1

(1992) us

Bateman et al. Protection of a wetland site, the Norfolk £4 t0£12

(1992) Broads, UK

Boyle Preservation of the lllinois Beach State Natur&37 to $41

(1990) Reserve, US

Loomis Preservation of the Mono Lake, California, US $4 to $11

(1989)

Smith and Desvousges Preservation of water quality in the $21 to $58 (for users)

(1986) Monongahela River Basin, US $14 to $53 (for nonusers)

Bennett Protection of the Nadgee Nature Reserve, $27

(1984) Australia

Mitchell and Carson Preservation of water quality for all rivers and$242

(1984) lakes, US

Walsh et al. Protection of wilderness areas in Colorado, US  $32

(1984)
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Table 6. Valuation of tourism and outdoor recreatio

Author(s) Study Measurement Estimates

method
Moons Enjoyment received in forest-related Travel cost BEF 1,030
(1999) recreational activities in Flanders, Belgium per trip
Chase et al. Protection of Recreation Opportunities in Contingent valuation  $21.60 to $24.90
(1998) Three National Parks, Costa Rica per visitor
WTO Ecotourism in Ecuador Tourism revenue $255 million
(1997) annually
Layman et al. Chinook salmon in the Gulkana river, Travel cost $17 to $60 per
(1996) Alaska trip
AG Okotourismus  Gorilla tourism in Volcanoes National Tourism revenue $1.02 million
(1995) Park, Rwanda annually
Mercer et al. Recreational value of Mantadia National Tourism revenue $9 and $25 per
(1995) Park, Madagascar ha
Norton and Southey Biodiversity conservation in Kenya Production function  0&illion
(1995) annually

4.4 Biodiversity, ecosystem functions and service flows

The contingent valuation (CV) method has been widmled for valuing biodiversity benefits
around the world, in terms of both species diveraind natural habitat protection. Nevertheless,
when it comes to the monetary valuation of ecosysienctions, CV may not always be the best
choice. This is because ecosystem functions, ssi@dt@system life support, are not an issue that the
general public is familiar with. In addition, thermplexity of the relationships involved makes their
accurate and comprehensive description in a suexéemely difficult. Researchers frequently end
up using valuation methods based on travel coststiag behavior or production functions. In this
context, valuation studies based on soil and wirakien, water quality, and wetland ecosystem
functions can be distinguished. These are listethine 7.
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Table 7. Valuation of ecosystem services

Author(s) Study Measurement Estimates

Method
Choe et al. Value of a public health program at Times Travel $1.44 to $2.04
(1996) Beach, Philippines cost per trip
Laughland et al. Value of a water supply in Milesburg, Averting $14 and $36
(1996) Pennsylvania expenditures per household
Turner et al. Life-support value of a wetland ecosystemReplacement $0.4 to $1.2 million
(1995) on a Swedish island, Baltic Sea costs
Barbier Preservation of Hadejia-Jama’are wetlandBroduction N 850 to N 1,280
(1994) Nigeria function per ha
Pina Spending of ecotourists in Mexico Travel $60 to $100
(1994) cost per day
Abdalla et al. Groundwater ecosystem in Perkasie, Averting $61,313 to $131,334
(1992) Pennsylvania expenditures
McClelland et al. Protection of Groundwater Program, US Contingent $7 to $22
(1992) valuation
Andreasson-Gren Nitrogen purification capacity of a SwedishReplacement SEK 968
(1991) island in the Baltic, Gotland costs per kg
Torell et al. Water in-storage in the High Plains aquifer ~ Production  $9.5 to $1.09
(1990) function per acre-foot
Tobias and MendelsohnTourism and ecotourism based on non-  Tourism $1.2 million per
(1990) consumptive uses of wildlife in Costa Ricarevenue ha
Ribaudo Water quality benefits in ten regions in theAverting $4.4 billion
(19894, b) us expenditure
Huszar Value of wind erosion costs to householdsReplacement $454 million per
(1989) in New Mexico costs year
King and Sinden Value of soil conservation in the farm landHedonic $2.28
(1988) market of Manilla Shire, Australia price per ha

Holmes

(1988)

Walker and Young
(1986)

Veloz et al.

(1985)

Value of the impact of water turbidity due Replacement
to soil erosion on the water treatment costs

Value of soil erosion on (loss of) Production
agricultural revenue in the Palouse region method

Soil erosion control program in a watersheBroduction

in the Dominican Republic function

$35 to $661 million
annually

$4 and 6$

per acre

DR$ 260 per
ha

Soil and wind erosion valuation studies

One category of valuation of ecosystem functiond services relates to soil erosion. Veloz et al.

(1985) performed an economic analysis and valuatbrsoil conservation in the Dominican
Republic. They estimate that, for a 25-year lanel ingerval, the net returns with the introductidn o

erosion control programs are about DR$ 260 peranhecWalker and Young (1986) estimate the
damage caused by soil erosion in terms of (lossagfijcultural revenue in the Palouse region of
northern Idaho and western Washington to be equ&itand $6 per acre, for scenarios with slow
and rapid technological progress, respectively.ntésl (1988) studied the impact of water turbidity
due to soil erosion on the costs incurred by théewéreatment industry. Estimates show that
mitigation costs ranged from $4 to $82 per milligallons of water for conventional and direct
filtration systems, respectively. When applying stheestimates to the American Water Works
Association figures on total surface water withdrgvthe nationwide damages induced by turbidity
are estimated to be between $35 and $661 milliowaty. King and Sinden (1988) have explored
the use of the hedonic price method in order tawaphe value of soil conservation in the farmland
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market of Manilla Shire, Australia. The hedonicdamarket price regression results show that soll
condition (e.g., depth of topsoil) has an impliciarginal price of $2.28/ha. More recently, Huszar

(1989) studied erosion due to wind in New Mexicacarding to this study, wind erosion costs to

households are due to increased cleaning, maintenand replacement expenditures, and also to
reduced consumption and production opportunitieboAsehold cost function was estimated on the
basis of 242 survey respondents. The total houdetmdts were estimated to be $454 million per
year.

In the valuation field, also various sectoral séisdhave been undertaken, e.g., on water quality
valuation (see Ribaudo 1989Torell et al. 1990, Abdalla et al. 1992, Laugtlast al. 1996, Choe et
al. 1996). It should be added that in recent yedss meta-analytical methods have been used
extensively.

5. Integrated Ecological-Economic Modeling and Analysis of Biodiversity

5.1 Background

The analysis and modeling of biodiversity are rdaie the domains of the natural and social
sciences; they require the study of human econativzities, their relationships with biodiversity,
and with the structure and functions of ecosystefige combination or integration of the two
approaches implies in practice often a somewhatlitgtiee, formal, sequentially integrated
framework. Interdisciplinary work involves econotsi®r ecologists transferring elements or even
theories and models from one discipline to anoéimer transforming them for their specific purposes.
The objective of the present section is to devel@@mmon way of thinking about the modeling and
valuation of biodiversity. This may require actigg& such as reduction, simplifying or summarizing.
This section provides a survey of frameworks andhouws of integrated ecological-economic
modeling and the valuation of biodiversity. It end&h an illustration of a regional integrating
modeling exercise.

5.2 Frameworks and theoriesunderlying integrated modeling

Before discussing specific methods and models vileadilress the frameworks and conceptual
perspectives underlying the integration of econsmarology and other disciplines. The literature
shows various examples of such simple frameworks/e§ys are offered by Barbier (1990), van den
Bergh and Nijkamp (1991), van den Bergh (1996),t@w= et al. (1997), Ayres et al. (1999) and
Turner et al. (2000).

A very general and almost non-theoretical (‘no agsions’) framework is the Driver-Pressure-
State-Impact-Response (DPSIR) framework, a vanation the framework proposed for
environmental data classification by Turner et (2000) and Rotmans and de Vries (1997) for
integrated analysis and modeling. The componemt$ednterpreted as follows: ‘Driver’ = economic
and social activities and processes; ‘Pressurd@’esgures on the human (health) and environmental
system (resources and ecosystems); ‘State’ = tlysiqdl, chemical and biological changes in the
biosphere, human population, resources and asifacildings, infrastructure, machines); ‘Impact’ =
the social, economic and ecological impacts of n@tor human-induced changes in the biosphere;
‘Responses’ = human interventions on the levelrivfeds (prevention, changing behavior), pressures
(mitigation), states (relocation) or impacts (reaton, health care). According to Rotmans and de
Vries (1997) integration can be of various typesrtiéal integration means that the causal chain in
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the PSIR or DPSIR framework is completely described model (‘Close the PSIR loop’; p. 25).
Horizontal integration (of subsystems) in this eotitis defined as the coupling of various global
biogeochemical cycles and earth system compartméatsiosphere, terrestrial biosphere,
hydrosphere, lithosphere and cryosphere). Fulbtal integration means a combination, leading to
the complex linking, of various drivers, pressurgtgates, impacts and responses, thus allowing for
various synergies and feedback. The integratiomdraorks proposed in environmental and
ecological economics represent more specific thimalechoices than the DSPIR model. We discuss
several in the following section.

5.3 Integrated model assessment

A very general method of developing integrated nedethe systems approach (also ‘systems
dynamics’). This includes a wide range of modeleyplinear versus nonlinear, continuous versus
discrete, deterministic versus stochastic, andrmopiing versus descriptive. The systems approach
allows us to deal with concepts like dynamic preess feedback mechanisms, and control strategies
(see Bennett and Chorley 1978, Costanza et al.)1@9% can integrate two subsystems, or have a
hierarchy or nesting of systems. The fixed elemémtthe system can either be considered black
boxes or be described as empirical or logical pgses themselves. The systems approach is suitable
for integrating existing models, and can incorpetaimporal as well as spatial processes.

Costanza et al. (1993) distinguish between econoeaiclogical and integrated approaches on
the basis of whether they optimize: (1) generabtityaracterized by simple theoretical or conceptual
models that aggregate, caricature and exagge@igyrécision, characterized by statistical, short-
term, partial, static or linear models with onensdait examined in much detail; and (3) realism,
characterized by causal, nonlinear, dynamic-evahatiy, and complex models.

These three criteria are usually conflicting, dcade-off between them is inevitable. A distinction
between analytical and heuristic integration isveht here. Analytical integration means combirilhg
aspects studied in a single model (and therefoehigpe). Heuristic integration can proceed bygsi
the output of one model as input to another, aod versa, as well as by extending this througlité€fin
iterative interaction. In this case different motigles, such as optimization models and descriptive
models, can be combined. If one desires to attgieat deal of analytical power, analytical intéigra
seems attractive, whereas striving for realism daulply the use of a heuristically linked set ofdats
from different disciplines. Striving for empiricglisound models often implies modest approaches to
improving precision, which usually goes at the aafstnodel use in a wider context or with a wider
range of parameter values. The development of ratied models, through the joint efforts of
economists and ecologists, is based on bringingtiheg elements, theories or models from each
discipline and transforming these for the purposenegration. This may require operations such as
reduction, simplification or summarizing. The resuhay not always be greeted with enthusiasm within
the disciplines, especially when they neglect aeriaances or different viewpoints.

Many integrated models defined at the level of gst@sns are based on the standard systems-
ecological approach (Patten 1971, Jgrgenson 1992y include ecosystem modules that describe
the effects of environmental pollution, resource asd other types of disturbance. A main problem
is modeling the effects of multiple stress facta@igce the empirical basis for this is often lagkin
Various integrated models have been developeddoedtrial and aquatic systems. Surveys are
presented in Braat and van Lierop (1987), van dergtB (1996) and Costanza et al. (1997). Some
studies have paid much attention to spatial aspiatasing on spatial disaggregation into zones (fo
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instance, Giaoutzi and Nijkamp 1995, van den Bength Nijkamp 1994) or on landuse planning in
interaction with landscape ecology (see Bockstaedle1995). Formal theoretical approaches in
ecology that provide a basis for these approaches been described by Watt (1968), Maynard-
Smith (1974), Roughgarden et al. (1989) and Jaaye(k992). Perrings and Walker (1997) consider
resilience in a simple integrated model of fire wecences in semi-arid rangelands such as those
found in Australia. The model describes the inteoacbetween extreme events (fire, flood, and
droughts), grazing pressure, and multiple localgbke states. Carpenter et al. (1999) develop and
explore water and land use options in an integratedel of a prototypical region with a lake that is
being polluted. This model combines rationally baecth behavior, supposedly in accordance with the
reality of regional resource and environmental ngengent, and a nonlinear ecosystem module
describing processes occurring at different speBlas.model generates multiple locally stable states
as well as ‘flipping’ behavior (see also Janssealefil999). Swallow (1994) integrates theoretical
models of renewable and non-renewable resourcaddress multiple uses and tradeoffs in wetland
systems. A special category of integrated modekngometimes referred to as the biophysical or
energy approach. This aims to integrate econondceavironmental ecological processes in energy-
physical dimensions, based on the notion that gstem is constrained by energy availability (Odum
1983). These models include energy and mass baladcecentral concept in this approach is
‘embodied energy’, which is defined as the diread andirect energy required to produce organized
material structures. Applications of these energpired models cover ecosystems, economic
systems, and environment-economy models (Odum,)198Y extended application to a regional
system is presented by Jansson and Zuchetto ({888hlso Zuchetto and Jansson 1985).

The recent focus on integrated assessment of tenead greenhouse effect (potential climate
change) can be regarded as the new wave in ‘woddets’, where (again) economists and others
have tended to rely on different model approach&sice et al. 1995). The integrated climate
assessment models integrate results from the haonces (physics, chemistry, biology, earth
sciences) and the social sciences (economics,laggjgolitical science), and have so far givee ris
to a continuation of the trend in world models todgincreasing detail and disaggregation. These
climate assessment models have a multilayered pamestructure that distinguishes physical and
environmental effects of human activities from atijoents to climate change by humans
(individuals, firms, organizations) and policy resges (mitigation, aimed at the causes) at various
spatial levels (Parry and Carter 1998).

5.4 Specific methods and models

Integrated models can have different formats. Tabléllustrates some characteristics of
integrated models and provides general exampleg @wportant distinction is between policy
optimization and evaluation (usually numerical demion) models. One of the first and famous
integrated assessment models used in policymakitigei model RAINS (Alcamo et al. 1990). This
includes an optimization algorithm for calculatingst-effective acidification strategies in Europe,
aimed at realizing deposition targets throughoubpe, and taking account of sensitive natural areas
(forests and lakes). This model is a rare casearetiscience-policy influence, as it was usedhia t
negotiations on transboundary air pollution in EuroCastells (1999) offers an informative analysis
of the institutional and evolutionary dimensions tbe interaction between scientists, research
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institutions and negotiations on international emvimental agreements, with special attention given
to the RAINS model and the acid rain context indper.

Table 8. Characterizing integrated models

Model criterion Range of choice Examples of distinct apphes

Analytical integration Optimization (benevolent decision Many theoretical models: growth
maker); Equilibrium (partial or theory, renewable resource
general); Game-theoretical; economics (fisheries, forestry,
Dynamic-mechanistic; Adaptive ~ water quality/quantity), systems
(multi-agent & dynamic); models (Limits-to-growth,
Evolutionary (irreversible, bounded Meadows), cost-effectiveness
rationality) models (RAINS), welfare

optimization (DICE)

Heuristic integration Satellite principle; Multilayer Regional environmental quality
subsystems; Sequential; Parallel models (Resources for the Future),
consistent scenarios; Aggregation ofvorld models (Club of Rome),
Indicators; Evaluation integrated assessment model, the

present study

Spatial coverage World; National; Regional; Urban, Ecosystem modeling,

Local, Ecosystem macroeconomic modeling, regional
modeling, urban modeling, world
models

Spatial disaggregation Single region; Multiregion; &pat Integrated assessment models
grid (GIS) (climate change), land use models
Aggregation level Micro (individuals, households); Computable general equilibrium

Macro (national economy, main models, macroeconomic models
sectors, global); Sectorial; Interest (Keynesian), multisector models,
groups; Homogeneous land plots; land use models, landscape models
Spatial grids; Temporal (days,

seasons, years)

Source:van den Bergh (2000)

In the area of integrated assessment models fgre@@ssions (climate) strategies, one can find
both economic optimization (Nordhaus 1994) and itketadescriptive model systems like IMAGE
and TARGETS (Alcamo 1994; and Rotmans and de Vi#%7). DICE by Nordhaus (1991) is the
first example of a policy optimization model forinshte change. The model essentially combines
economic growth theory with a simplified climateadige model. Tol (1998) provides a short account
of the evolution of the economic optimization aparb to climate change research. He emphasizes
the attention placed upon the analysis of uncdgtaand learning from a cost-effectiveness
perspective, which has given rise to various méalehulations and analyses. More recently, Janssen
(1998) and van lerland (1999) present informativeveys and categorizations of macroeconomic-
cum-environment and macro-level integrated modeisluding the climate-oriented integrated
assessment models. Van lerland devotes speciatiatido the various ‘regionalized world’ models
(with acronyms like RICE, CETA, MERGE, DIALOGUE, WND). Van den Bergh and Hofkes
(1998) have collected distinct approaches to irtiegk modeling with an economic emphasis that
focus on sustainable development questions in yhaod in practice, as well as at global and
regional levels.
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5.5 Interaction between integrated modeling and monetary valuation

Progress in improving models to provide economiforimation, particularly predictive
information, will require vital and dynamic intesdiplinary dialogue. At this level, integrating
modeling and monetary valuation can present impoddvantages for guiding policy by presenting
important interactions. First, values estimated iraluation study can be used as parameter values i
model studies. Benefits or value transfer (e.gtaramalysis exercises) can be used to translate val
estimates into other contexts, conditions, locationtemporal settings that do not allow for direct
valuation in ‘primary studies’ (due to technicalforancial constraints). Second, models can be used
to generate values under particular scenariosafticplar, dynamic models can be used to generate a
flow of benefits over time and to compute the mespnt value, which can serve as a value relabing t
a particular scenario of ecosystem change or mamage Third, models can be used to generate
detailed scenarios that enter valuation experimeAis input scenario can describe general
environmental change, regional development or estesy management. This can be fed into a model
calculation, which in turn can provide an outpuérgrio with more detailed spatial or temporal
information. The latter can then serve, for examatea hypothetical scenario for valuation, whih i
presented to respondents in a certain format (grapbles, story, diagrams, pictures) so as tatimfo
them about potential consequences of the genetiglypar exogenous change. Computer software
can be used in such a process. Finally, the outgfutsodel and valuation studies can be compared.
For instance, when studying a scenario for wettaadsformation, one can model consequences in
multiple dimensions (physical, ecological and ctrefits), and aggregate these via a multi-céteri
evaluation procedure, with weights being set byeaigion-maker or a representative panel of
stakeholders. Alternatively, one can ask resporsdenprovide value estimates, such as willingness
to pay for not experiencing the change. If suclorimiation is available for multiple management
scenarios, then rankings based on different appesacan be compared.

5.6 Advantagesand disadvantages of integrated modeling

Using integrated economic-environmental modelgtieranalysis and evaluation of biodiversity
issues has both advantages and disadvantages. Waige advantages are: (1) handling data,
information, theories, and empirical findings frorarious contributing disciplines in a systematic
and consistent way; (2) being explicit about asdionp, theories and facts; and (3) addressing
complex phenomena, interactions, feedback, labsricalculations and temporally, spatially and
sectorally detailed and disaggregate processesamynment against non-formal approaches to
integrated research is that these fail to provideafsystematic and consistent linking of datagties
and empirical insights from various disciplinesstead, these approaches tend to result in a lodttle
perspectives based on distinct and usually imppogmises and information bases. Models force
researchers to be explicit about at least therlate inputs to integrated research. Most of the
disadvantages of integrated modeling apply to nodehbased integrated research as well. They
include: an unclear synergy of approximations andcedainties; rough application of
monodisciplinary theories and empirical insightsngification of complex phenomena (e.g., by
treating them as a black box); misinterpretatiomrnitrary choice of disciplinary perspectives bg t
model, and a lack of systematic or complete linkifiggubsystems or submodels. Complex or high-
dimensional models have the extra disadvantagesioigldifficult to calibrate and validate, and of
lacking transparency.
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The main disadvantage of models perhaps is thgtdtetrusted too much, so that they run the
risk of being interpreted as objective represeoteatiof reality, and are then taken too seriously,
especially by laypersons and policymakers. On tterohand, policymakers often indicate their
doubts about formal modeling. Shackley (1997) st#tat numerical models have, despite their long
tradition of development and widespread use, ndiiexed the epistemological status that the
controlled laboratory experiment has in the natacaénces (and more recently in the social sciences
and in environmental economics in particular; sé®dgien 1999). This relates to the fact that
modeling results never ‘prove’ anything, since tldeynot generate real or physical processes. The
best way to view theoretical and especially emplirimodels is to consider them tools for
hypothetical experiments with complex systems, Wwigerve as analogies or pictures of real-world
systems that do not allow — technically, morallypelitically — for experimentation. In other words,
complex model systems, notably integrated econ@oidegical models, are heuristic devices for
learning about the real-world system, rather than gredicting its real course of behavior. In
addition, integrated modeling is restricted by tiedel type.

If economic and ecological models fit within a (geal) systems framework, then they may be
blended into a single model structure, where cotpants or modules may represent the original
models, and certain outputs of one module servia@d for another. Nevertheless, it is often not
easy to link models directly. For instance, if bdtie economic and ecological systems are
represented in the form of programming or optimi@aimodels, several options are available: look
for a new, aggregate objective; adopt a multiobjecor conflict analysis framework; or, when
possible, derive multiple sets of optimality comatis and solve these simultaneously. Alternatively,
when the economic and ecological systems are repies by different model types, it is difficult to
suggest how they could be linked to one anothereWéconomic models have an optimization
format and ecosystem models have a descriptivedprdirect technical integration seems feasible;
otherwise heuristic approaches are needed.

6. Biodiversity Policy

6.1 Public policy strategies

Biodiversity comprises functions that affect thelivaeing of individuals and societies in all
regions of our world. The mainly public good chaea®f biodiversity, combined with the presence
of many externalities, evidently gives rise to arkea& failure. In particular, market prices fail to
capture the full range of biodiversity benefitanidividuals and society. This contributes to thpida
depletion of biodiversity, leading to important ¥egk losses. Therefore, there is a clear scope for
public biodiversity policy. A successful public poy design aimed at ensuring the conservation and
sustainable use of the full range of biodiversignéfits implies the use of environmental instrureent
that: (1) protect biodiversity private values, sashbenefits in terms of species and genetic dtyers
through the provision of proper market incentivesch as taxes and charges or the assignment of
well-defined property rights; and (2) protect biggtisity public values, such as benefits in terms of
the knowledge of the continued existence of ecesystdiversity and bequest values related to
maintaining them for the enjoyment of future getierss, through the use of institutions and the
creation of market mechanisms such as the provisionformation. Therefore, biodiversity policy-
related measures are often applied in a policy mnbining standard-setting, direct and indirect
market intervention and the provision of informatidable 9 presents a concise list of the strasegie
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available to governments involved in biodiversitlipy design. These are discussed in more detail in
the subsequent sections.

Table 9. Strategies for government involvemenuislip biodiversity policy

Direct government interventions:

1. Price incentives: fees, charges, taxes and tradabletpermi
2. Command-and-control strategy: quantity standards, teatmoggulation, access restrictions.
3. Assignment of property rights.

Provision of information:

4. Development of market mechanisms: certification, ecdiladpeand institutional building.

Source:OECD (1999).

6.2 Direct government intervention

One possible way of addressing market failureiigugh direct government intervention. This
involves the use of policy instruments such asfagemmand-control policy, and the definition of
property rights. The best-known price instrumenthis optimal or Pigouvian tax, which restores a
situation with biodiversity externalities to a salcioptimum. For example, in 1995 the Dutch
government introduced a groundwater tax so as tonmze the desiccation effects associated with
the excessive use of groundwater reserves, onleeombst important causes of biodiversity loss in
the country (Bellegem et al. 1999). However, thplementation of Pigouvian taxes for policy design
is very difficult in view of the large degree ofeertainty associated with determining the sociatgo
of biodiversity loss and the high financial expensé the activities involved in translating such
social costs into monetary terms. As a resultsitifficult to find other situations where policy
instruments make the use of Pigouvian taxes tornatee the full non-market benefits of
biodiversity.

Alternatively, the government can impose strict omand-control policies. This means that the
government directly dictates clear quantity targeg¢s, quantity standards, which have to be foddw
by producers and consumers. The government maytbaset up a regulatory body, which monitors
whether the restriction is being complied with tne tfirms and which enforces it by punishing
violators. An example is to set a limit on the nembf daily visitors to nature areas, such as sgasi
wilderness areas, or on the number of animal spettiat can be caught by hunters or fishers.
Adopting such quantity standards is especiallyaative from the perspective of policy effectiveness
However, command-control policy generally impliesl@acing high monitoring and enforcement
costs. Moreover, uniform control does not suffithgmddress the heterogeneity of agents, and thus
misses out on potential efficiency gains.

Third, the government can opt for the provision antbrcement of well-defined property rights.
This instrument is particularly efficient in addsesy the market price internalization of the prévat
values of biological resources. An example of tie of public policy is the assignment of property
rights to ship ballast waters (see van den Bergil. &002). However, the public value of biological
resources, such as existence and moral valuesptcharinternalized in the market price through the
provision and enforcement of property rights, thinglering the effectiveness of this strategy.
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Independent of the policy instrument used, direavegnment intervention often involves
administrative costs, for instance the governmeay have to establish a monitoring and enforcement
agency, thus hampering the effectiveness of thistegly. In addition, the strategy may also be
ineffective in the presence of important informatessymmetries. This is because information plays a
crucial role in the design of an effective Pigouvtax, particularly when firms have an incentive to
conceal true information. In the literature we idigtiish two types of informational problems, i.e.,
hidden information and hidden action problems. ldiddction refers to a post-contractual problem in
which one party knows more about his or her typesffort, after the contract is signed. This isoals
known as an adverse selection problem. Hidden rimdicion refers to a pre-contractual problem, in
which one party knows more about his or her tryeetthan the other party before the contract is
signed. This is also known as a moral hazard problesee Akerlof (1970) for a detailed analysis.

Finally, public policies based on direct governmémtervention may create bureaucratic
inefficiency. Bureaucrats may pursue rents andpaoge to influences from lobbying activities by
market participants (see Milgrom 1988). In facttlie absence of rent-seeking behavior, such direct
government involvement may instead create a disinge for market participants to innovate or to
employ the most efficient method of production.

6.3 Information provision

Information provision is an integral part of a pabpolicy directed to the use of market forces
without direct government involvement in supply adeimand forces. In such a context, policy
instruments based on market creation mechanisms peowven to be a valid alternative to direct
market intervention policies. The provision of infaation works within one of two basic conceptual
frameworks: certification or ecolabeling. Biodivigysecolabeling refers to the act of providing
information to the consumer that a product, or a@dpct's attributes, possesses specific
characteristics regarding the product’'s originseoplogical, social and economic specifications.
Biodiversity certification refers to the act of prsion of information with respect to alternative
management systems, based on the ability to creegieoduct in an environmentally sound and
sustainable manner. Assessing the integrity ofodymt, or a product’s attributes, and the undeglyin
management system involves an evaluation of managemractices with respect to defined
standards, generally fixed at the management ewid |

In both cases, a credible scheme must evaluaténtegrity of the producer’s claim and the
authenticity of product origin. The assessmentefduthenticity of the product’s origin involvegth
identification and monitoring of the supply chaincluding raw materials transport and processing,
secondary manufacturing and, finally, retail dkstition. Therefore, the success of certification and
ecolabeling may prove to be difficult to achievdisT strategy often goes hand-in-hand with direct
government intervention-oriented public policiesyigy rise to ‘mixed policies’. The goal of this
policy is to circumvent the weaknesses and inefficies that may occur when adopting either the
command-and-control policy or the market mechangpproach and therefore to achieve higher
policy effectiveness. In the next section we expldie use of the certification and ecolabeling
policies for conservation and sustainable use oflisersity and how they can be combined with
other instruments to improve their effectiveness.

6.4 Biodiversity certification and ecolabeling
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Biodiversity certification and ecolabeling refes an act of provision of information to the
consumer about a product, or product charactesisticeating a separate market segment for the
product. The participation of consumers in marketsthese differentiated products usually permits
the market price internalization of some biodivigrdienefits. As a matter of fact, consumers are
willing to pay a price premium for these benefitsccording to the Environmental Protection
Agency, several market surveys indicate that a ntgjof consumers consider themselves to be
environmentalists and would prefer to buy prodweith a reduced environmental impact when the
quality and costs are comparable (EPA 1993). Trestipn is then: can consumers, who purchase
biodiversity-friendly products, internalize the lfudnge of benefits of biodiversity? If the answer
this question is yes, then biodiversity certifioatiand ecolabeling can effectively create a segwient
the market that is a market for biodiversity frigngroducts and services. An organic vegetable
product, i.e., a vegetable product that is plantébout chemical fertilizers, could be an example o
such a market segment (Van Ravenswaay 1995, 19%@).underlying steering engine for the
creation of such a market relies on the fact tloasamers believe that there is a difference iretast
between organic and non-organic vegetables. Iftencargued that organic vegetables taste better
than non-organic ones. In addition, consumers belthat organic products are healthier than non-
organic ones and, most of the time, they are abldigtinguish between the two products by their
appearance. In this setting, the role of certifamaand ecolabeling is to inform and provide asscea
to consumers. Hence, consumers are able to inieen#hie benefits of consuming the good.
Therefore, ecolabeling works as an instrumentdeplving the standard hidden information problem.

Most of the time, however, the benefits from biaulsity certification and ecolabeling largely
accrue to society at large, and are not explicitiiernalized by the individual consumer who
purchases the good. In this setting, where benfita biodiversity certification and ecolabelingear
characterized by a public good nature, it is hatdeachieve an effective biodiversity certification
policy. There are three important factors that daeiee the success of this type of policy. These are
consumer awareness, firm incentives to undertakédication and ecolabeling, and the sensitivity of
consumer demand to production costs. These wiltisety be discussed.

Consumer awareness

Consumers’ awareness is a necessary condition Her creation of an effective policy
certification of public biodiversity benefits. Iié extreme scenario of ‘no consumer awareness’
about environmental and biodiversity protectiondfgs, which are indirect for the consumption and
use of the goods and services, there will be ndingiless to pay, or price premium, for such
biodiversity benefits (see the study done by Salinal. 1997). Once there is sufficient consumer
awareness about the need for a biodiversity-frignethvironment, there will be a significant
willingness to pay a price premium for ecolabeled certified products. However, consumer
awareness may take many years to develop (see waenBwvaay and Blend 1997). Hence,
policymakers may want to launch extensive infororattampaigns, targeting the general public, as
well as initiate formal education programs abowd trenefits of having a clean and biodiversity-
protected environment.

I ncentive of firmsto undertake certification and ecolabeling
If firm costs are not sensitive to the costs of enaking certification and ecolabeling regimes,

then producers may have sufficient incentive t@iporate such policies. However, in most cases the
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adoption of certification and ecolabeling policsuld increase firms’ production costs because
producers may have to install new production teldgies or may have to utilize certain inputs in
order to satisfy the environmental standards that stipulated by the product label — see van
Ravenswaay and Blend (1997) for more details. Theze adopting certification implies incurring
higher production costs. These, in turn, damagditims market competitiveness, eventually leading
to reductions in the firm’'s profits. Therefore, tiigr any producers would like to adhere to
certification and ecolabeling regimes. In other dgrthere are simply not enough market mechanism
incentives to make the adoption of certificatioml @colabeling policies successful. In such a sgttin
policymakers may need to complement (or combing)ifioation policy instruments with other
policies aimed at providing enough incentives favducers to adopt certification and ecolabeling. In
other words, policymakers may need to launch migeblic policies. For example, it may be
effective to combine biodiversity certification aretolabeling with input subsidies, technical
assistance provision, and R&D subsidy regimes.

It is worthy of note that in situations where firmgoduction costs do not change with the
adoption of a certification or ecolabeling regintejoes not mean that a certification or ecolalgglin
policy is always advisable. In this setting, tworkeds co-exist, i.e., the market for the converdion
product and the market for the certified productattdo and Singh (1994) show that market
complementarity between certified and non-certifigbducts can stimulate investment in the
technology of the non-certified, or conventionabgucts — a so-called ‘benefit spillover’ to thenno
certified products. This may lead, in turn, to aarease in the output of the conventional prodact,
contrast with the original goal of the certificatiand ecolabeling policy, i.e., gradually incregdine
market share of the environmentally friendly praduim avoid such a situation, policymakers are
advised to implement certification and ecolabebogemes together with other public policies, such
as the introduction of environmental quality staddaand only awarding certificates and ecolabels to
those who meet the standards — see Dosi and M¢i&88) for additional details.

Sensitivity of consumer demand for biodiversity price premiums

If consumers are not willing to pay a premium fertfied and ecolabeled products while, at the
same time, the introduction of such products bofists’ production costs, then producers’ profits
will inevitably decrease. Without any further deny@inents, the certification and ecolabeling regimes
would be predestined to fail. In this context, theccess of the biodiversity certification and
ecolabeling requires that it be combined with otbelicy strategiesOnce again policymakers may
want to launch a mixed policy. For instance, pafiekers can introduce a certification regime
followed by a strong environmental information cangm, stressing the benefits of biodiversity
certified products. NGOs also have an importane riol building up consumer awareness and
disseminating information, for instance through dlesign and content of ecolabels and certificdtes.
should be clear to consumers what benefits theyb#ain from buying ecolabeled products.

In any situation where consumers are aware of béwdity benefits, are willing to pay a price
premium to consume and use them and the firms’ ymtboh costs are not too sensitive to the
adoption of certification and ecolabeling schempslicymakers can rely on certification and
ecolabeling as effective instruments for protectingdiversity products, without having the need to
combine these instruments with other public poticie

Evaluation of biodiversity certification and ecolabeling policy instruments

25



It can be concluded that the success of certibicadind ecolabeling as policy instruments for the
creation of markets for biodiversity benefits, whits a crucial tool for protecting biodiversity
products and service flows, depends on severaliarfictors. These include the ability of the
proposed policy instrument to internalize a widege of the biodiversity benefits, which ultimately
depend on the public good nature of the biodivets@nefit under consideration. In addition, three
other factors determine the success of biodivergtyification and ecolabeling policy instruments.
These are consumer awareness, firm incentives dertake certification and ecolabeling, and the
sensitivity of consumer demand to production co$isom this discussion, it emerges that
certification and ecolabeling policy instrumentsrad are not sufficient to guarantee the successful
protection of biodiversity products and servicesw$. The Dutch energy market, which includes
green-energy certification and direct governmetgrirention in the market forces, shows the crucial
significance of combining public policies in ordéw create an effective means of protecting
biodiversity products.

Finally, the certification schemes need to be sidfitly flexible to allow for mutual recognition
among the agents involved, to meet the demands eafkvand sensitive markets, and to avoid
encouraging unfair international trade. To achiévis, it is important to explore each country’s
unique environmental and cultural characterisfidsough mutual understanding and learning from
the past, certification and ecolabeling can posijivcontribute to the creation of markets for
biodiversity and thus are expected to assist indinelopment of effective and broadly accepted
sustainable management policies for scarce natsalirces.

7. Conclusions

How can we use the ideas presented here to forenalatintegrated, effective framework to
assess the value of biodiversity? And what caneaenl from the large number of available studies?
The answers to these questions require, inter thisd, a clear life diversity level be chosen, that
concrete biodiversity change scenario be formulatieat biodiversity changes — notably loss — be
within certain boundaries, and that the particpknspective on biodiversity value be made explicit.

So far, most studies lack a uniform and clear pEathge on biodiversity as a distinct, univocal
concept. In addition, at present we have insufficienowledge about, for example, how many
species there are; for this reason alone, it iy dficult, if not impossible, to assess the total
economic value of biodiversity. To completely answtBe question, ‘What is the value of
biodiversity?’, we would have to include the valoé genetic variation within species across
populations, the value of the variety of interriglaships in which species exist in different
ecosystems, and the functions among ecosystemboW¥iany doubt, full monetary assessment is
impossible or would be subject to much debate. dditeonal problem is that, at the global level,
biodiversity values can differ significantly, evéor similar entities, due to unequal international
income distribution. All in all, the available eaamic valuation estimates should be considered, at
best, as a lower bound to an unknown value of berdity, and are always contingent upon the
available scientific information as well as theiolgal socio-economic context.

As we have seen, biodiversity can be dealt witHifi¢rent levels: genetic, species, ecosystem,
and functional diversity. For the analysis and a#ibn of biodiversity at the ecosystem and
functional levels, which may be regarded as thena@mtone of the analysis and valuation of
biodiversity, an active interdisciplinary dialogue necessary, with emphasis on the complex
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interface between natural science and social sei@pproaches. A comprehensive assessment of
ecosystem biodiversity characteristics, structarel functioning requires the analyst to take variou
important steps. First, the socio-economic causgsc@nsequences of biodiversity degradation or
loss should be determined. Second, the negativadtamn biodiversity caused by human activities
should be assessed. The range and degree of bwigiveinctioning should be estimated, especially
in terms of ecosystem-functional relationships. afin alternative biodiversity management
strategies should be ranked and a joint spatialttemgoral systems analysis of each policy scenario
should be carried out.

The physical assessment of the functions perforbyediodiversity is an essential prerequisite
of any ecological evaluation. However, simply idBig these functions is insufficient if we wart t
present resource managers and policymakers wiglaet policy response options. It is necessary to
develop criteria for the expression of the funcsiam a form that allows for evaluation. For example
one can identify the range of biodiversity managenstrategies by exploring the use of methods
such as Red Data Species Lists and biological valdexes. Recently, computer models have
become available to aid making decisions aboutispaonservation. Models have been applied to
calculate minimum dynamic areas that support thiemim viable population of a certain species. In
addition, computer models have been used for Hadvtauation, predicting ecological conservation
values under different development scenarios. @pjsroach to ecological evaluation allows for a
direct comparison of management or conservati@iegies.

From an economic perspective, certain aspectsanfid@rsity are scarce and highly desirable,
which is the reason why they have economic value @oncept of economic value is founded in
welfare economics, which developed around the thebrconsumer behavior. Economic valuation
assumes interaction between a subject — a humag beind an object — for example, an element of
biodiversity. As a result, economic value is distifrom the notion of intrinsic value, which assume
that an object has or can have value in the abseh@y (human) subject. It is important to
recognize that economists do not pursue absoldte \assessment of environmental systems or all
the biodiversity they contain, but always focusition on valuing environmental system changes.
This means that the terms ‘economic value’ and favel change’ are two sides of the same coin.
Economics can thus assess the human welfare si@gniie of biodiversity changes, namely through
the determination of changes in the provision afdbiersity-related goods and services and their
consequent impacts on the well-being of humans @drove — use or nonuse — benefits from their
provision. Further note that, although many ecomrostiidies employing monetary valuation claim to
have assessed biodiversity values, they often sertfiodiversity with biological resources.

Different instruments are available for assessimg monetary value of biodiversity. Stated
preference methods have often been used, becasses¢hof revealed preference methods would
leave out important biodiversity value types, ndtailonuse and quasi-option values. This can lead to
a significant value measurement bias, especiafigesbiodiversity conservation is associated with
many nonuse and indirect use or primary ecologresles. Alternatively, researchers can combine
distinct valuation techniques. Special attentioowéver, should be given to the aggregation of
resulting values so as to avoid double countingnfour review of economic valuation studies, it is
clear that the assessment of biodiversity values admt lead to an unambiguous monetary value of
biodiversity. Instead, available economic valuatiestimates should generally be regarded as
providing a very incomplete perspective on, andedt lower bounds to, the unknown value of
biodiversity changes.
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Integrated economic-ecological modeling can coatgbto, and may even be essential for, a
thorough understanding of the intricate relatiopshietween biodiversity and ecosystem and
economic dynamics. Although integrated modeling lsasnewhat of a tradition, both at the
ecosystem level and at the global level, applicatito biodiversity-related problems are scarce.
Integrated modeling can be linked to biodiversijuation and evaluation in various ways. Integrated
models can generate a set of biological and ecanopassibly monetary, indicators that can be
further aggregated through multicriteria analysishhiques. In addition, it is possible to provided
closer, innovative connection between modeling\aidation, among other methods, by: generating
conditional values for specific environment-economtenarios; using scenario-modeling outcomes
such as tables and graphs in valuation experim@ngs, contingent valuation); and using spatial
models to aggregate monetary values related tafspaeas.

Biodiversity public policy entails the use of ditemarket intervention, including taxes and
command and control instruments, the provisiomédrimation, such as certification and ecolabeling,
or the combination of both in some sort of policiknThe success of certification in internalizing
biodiversity benefits in the market prices of go@a&l services, which means that it constitutes an
effective instrument in protecting biodiversity,pd@ds on three factors: the public good nature of
nonmarket biodiversity benefits; the application efonomic valuation methods to assess the
monetary magnitude of nonmarket biodiversity beasgfand, supply and demand factors, which
include the level of consumer awareness and sehgitio certain products and the producer’s
propensity to embrace certification schemes. Inesaases certification and ecolabeling policy
instruments alone are insufficient to guaranteestiezessful internalization of biodiversity bengfit
and thus to contribute to a better allocation ofdbiersity. Indeed, mixed policy strategies invalyi
both certification and direct government interventin supply or demand can sometimes be required.

Finally, one needs to be aware of the limitatiorisb@diversity valuation and analysis.
Biodiversity is a complex and abstract conceptalt be associated with a wide range of benefits to
human society, most of them still poorly understoodgeneral terms, the value of biodiversity can
be assessed in terms of its impact on the provisiomputs to production processes, on human
welfare, and on the regulation of ecological fuoct. A complete understanding of these and their
integration into multidisciplinary studies providesgreat challenge for future research, in which
economists, ecologists and others will have to waddsely together. Only then can useful policy
insights be expected. There is no doubt that tisogical economics of biodiversity will face many
research and policy challenges in the years ahieasl o
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