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Economic valuation of biodiversity: sense or nonsense?
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Abstract

This paper critically evaluates the notion and application of economic, monetary valuation of biological diversity,
or biodiversity. For this purpose four levels of diversity are considered: genes, species, ecosystems and functions.
Different perspectives on biodiversity value can be characterized through a number of factors: instrumental vs.
intrinsic values, local vs. global diversity, life diversity vs. biological resources, etc. A classification of biodiversity
values is offered, based on a system of logical relationships among biodiversity, ecosystems, species and human
welfare. Suggestions are made about which economic valuation methods can address which type of biodiversity value.
The resulting framework is the starting point for a survey and evaluation of empirical studies at each of the four levels
of diversity. The contingent valuation method is by far the most used method. An important reason is that the other
valuation methods are unable to identify and measure passive or nonuse values of biodiversity. At first sight, the
resulting monetary value estimates seem to give unequivocal support to the belief that biodiversity has a significant,
positive social value. Nevertheless, most studies lack a uniform, clear perspective on biodiversity as a distinct concept
from biological resources. In fact, the empirical literature fails to apply economic valuation to the entire range of
biodiversity benefits. Therefore, available economic valuation estimates should generally be regarded as providing a
very incomplete perspective on, and at best lower bounds, to the unknown value of biodiversity changes. © 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction

Biodiversity requires our attention for two rea-
sons. First, it provides a wide range of indirect
benefits to humans. Second, human activities have

contributed, and still contribute, to unprecedented
rates of biodiversity loss, which threaten the sta-
bility and continuity of ecosystems as well as their
provision of goods and services to humans (Pimm
et al., 1995; Simon and Wildavsky, 1995). Conse-
quently, in recent years many studies of biodiver-
sity and its loss have appeared. This article
critically evaluates the notion of biodiversity value
and the application of economic, monetary valua-
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tion methods for its assessment. Monetary values
of changes in biodiversity allow for a direct com-
parison with monetary values of alternative op-
tions, such as benefits of an investment project,
thus facilitating cost-benefit analysis of biodiver-
sity policies. In addition, they allow economists to
perform environmental accounting to assess dam-
ages, and to carry out proper pricing. This study
examines how the information provided by avail-
able studies on biodiversity valuation should be
interpreted.

The organization of the article is as follows.
Section 2 identifies different levels of diversity.
Section 3 discusses alternative perspectives on bio-
diversity value. Section 4 offers a classification of
biodiversity value, characterizes the approach
adopted in the evaluation offered here, and dis-
cusses how to assess biodiversity value categories
using particular valuation methods. Section 5 pre-
sents a survey of valuation studies at four levels of
diversity. Section 6 discusses the range of empiri-
cal findings and evaluates these within the earlier
presented framework. Section 7 concludes.

2. Multilevel diversity and types of biodiversity

An important step in discussing the notion of
biodiversity value is defining biodiversity. The
United Nations Convention on Biological Diver-
sity (UNEP, 1992) defines it as ‘… the variability
among living organisms from all sources, includ-
ing terrestrial, marine and the ecological com-
plexes of which they are part…’ (art. 2, page 5).
Biodiversity encompasses four levels, as shown in
Table 1. This classification will turn out to be
useful when discussing the economic valuation
results later in Section 5.

At the most basic level is genetic diversity,
which corresponds to the degree of variability
within species. Roughly speaking, it concerns the
information represented by genes in the DNA of
individual plants and animals (Wilson, 1994).

Species diversity refers to the variety of species.
Empirical estimates of this are characterized by a
large degree of uncertainty. In fact, only about 1.5
million species have been described so far (Parker,
1982; Arnett, 1985), while scientists estimate that

the earth currently hosts 5–30 million species
(Wilson, 1988). Less than half a million have been
analyzed for potential economic uses (Miller et
al., 1985). Since genetic and species diversity are
directly linked, the distinction between them is
sometimes blurred. In this sense, phenotypic di-
versity vs. genotypic diversity is relevant.

Ecosystem diversity refers to diversity at a
supra-species level, namely, at the community
level. This covers the variety of communities of
organisms within particular habitats as well as the
physical conditions under which they live. A long-
standing theoretical paradigm suggests that spe-
cies diversity is important because it enhances the
productivity and stability of ecosystems (Odum,
1950). However, recent studies acknowledge that
no pattern or determinate relationship needs to
exist between species diversity and the stability of
ecosystems (Johnson et al., 1996). Folke et al.
(1996) instead suggest that a system’s robustness
may be linked to the prevalence of a limited
number of organisms and groups of organisms,
sometimes referred to as ‘keystone species’. It is
also possible that the specific relationships depend
very much on whether the abiotic environment is
stable or not (Holling et al., 1995).

Functional diversity refers to the capacity of
life-support ecosystems to absorb some level of
stress, or shock, without flipping the current
ecosystem to another regime of behavior, i.e. to

Table 1
Levels of biodiversity

Type of ValuationPhysical expression
diversity studies

Gene Genes, nucleotides, Section 5.2
chromosomes,
individuals

Section 5.3Kingdom, phyla,Species
families, genera,
subspecies, species,
populations

Section 5.4Ecosystem Bioregions, landscapes,
habitats

Section 5.5Ecosystem functionalFunctional
robustness, ecosystem
resilience, services, goods

Source: Turner et al. (1999).
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another stability domain (Turner et al., 1999).
This has been originally referred to as ‘resilience’
(Holling, 1973). Unfortunately, a system’s func-
tional robustness is still poorly understood and we
often do not know the critical functional
threshold associated with the variety of environ-
mental conditions at different temporal and spa-
tial scales (Perrings and Pearce, 1994). From a
management point of view, a safe strategy seems
to be requiring a minimum level of biodiversity
for any ecosystem to be sustained. A low level of
ecosystem resilience can cause a sudden decrease
in biological productivity, which in turn can lead
to an irreversible loss of functions for both cur-
rent and future generations (Arrow et al., 1995).
Functional diversity expresses the range of func-
tions generated by ecosystems, including ecosys-
tem life support functions, such as the regulation
of nature’s major cycles (e.g. water and carbon)
and primary ecosystem processes, such as photo-
synthesis and biogeochemical cycling (Turner et
al., 2000).

3. Alternative perspectives on biodiversity value

Given the four levels of diversity, it should be
evident that there is no single notion of biodiver-
sity. This section presents additional consider-
ations which suggest that biodiversity value can
be interpreted in various ways.

3.1. Instrumental �s. intrinsic �alues

Many people do not feel comfortable with plac-
ing an instrumental value on biodiversity. The
common argument is that biodiversity has a value
on its own—also known as ‘intrinsic value’. A
more extreme version of this perspective even
claims that instrumental valuation of biodiversity,
often translated in monetary terms, is a nonsense
exercise (Ehrenfeld, 1988). Many others, however,
accept placing a monetary value on biodiversity,
arguing that this merely makes explicit the fact
that biodiversity is used for instrumental pur-
poses, in terms of production and consumption
opportunities (Fromm, 2000). Two additional re-
lated motivations are that making public or pri-

vate decisions which affect biodiversity implicitly
means attaching a value to it, and that monetary
valuation can be considered as a democratic ap-
proach to decide about public issues, including
biodiversity ones.

3.2. Monetary �s. biological indicators

Monetary valuation of biodiversity is anchored
in a economic perspective, based on biological
indicators of the impacts of biodiversity on hu-
man welfare (Randall, 1988). Economic valuation
of biodiversity leads to monetary indicators, re-
garded as a common unit for comparison and
ranking of alternative biodiversity management
policies. On the contrary, biological assessments
of biodiversity value give rise to non-monetary
indicators. These include, for example, species and
ecosystems richness indices (Whittaker, 1960,
1972), which have served as important valuation
tools in the definition of ‘Red Data Books’ and
‘Sites of Special Interest’. It is not guaranteed,
however, that monetary and biological indicators
point in the same direction. They should best be
regarded as complementary methods for assess-
ment of biodiversity changes. Moreover, eco-
nomic indicators should, where possible
indirectly, be based on accurate biological
indicators.

3.3. Direct �s. indirect �alues

The notion of direct value of biodiversity is
sometimes used to refer to human uses of biodi-
versity in terms of production and consumption.
The notion of indirect value of biodiversity has
been associated with a minimum level of ecosys-
tem infrastructure, without which there would not
be the goods and services provided by it (Farn-
worth et al., 1981). Barbier (1994) recently de-
scribed the ‘indirect value’ of biodiversity as ‘…
support and protection provided to economic ac-
tivity by regulatory environmental services…’ (p.
156). In the literature, one can find other terms
such as ‘contributory value’, ‘primary value’, and
‘infrastructure value’ of biodiversity, which all
seem to point at the same notion (Norton, 1986;
Gren et al., 1994; Costanza et al., 1998). Some of
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these authors subscribe to the opinion that mone-
tarization of biodiversity benefits is possible, but
that it will always lead to an under-estimation of
the ‘real’ value, since ‘primary value’ of biodiver-
sity cannot be translated in monetary terms. As
Gowdy (1997) has recently said ‘… although val-
ues of environmental services may be used to
justify biodiversity protection measures, it must
be stressed that value constitutes a small portion
of the total biodiversity value…’.

3.4. Biodi�ersity �s. biological resources

Whereas biodiversity refers to the variety of
life, at various levels, biological resources refer to
the manifestation of that variety. According to
Pearce (1999), ‘… much of the literature on the
economic valuation of ‘biodiversity’ is actually
about the value of biological resources and it is
linked only tenuously to the value of diversity…’.
The precise distinction is not always clear, and the
two categories seem to be somewhat overlapping.
Therefore, care is needed when evaluating studies
that claim to present economic values of
biodiversity.

3.5. Value of le�els �s. changes of biodi�ersity

Economists stress that the valuation should fo-
cus on changes rather than levels of biodiversity.
Non-economists have frequently tried to value
biodiversity levels, for instance, the recent exam-
ple of value assessment of ecosystem services and
natural capital for the entire biosphere level
(Costanza et al., 1998). However, economic-theo-
retical support for such a valuation approach is
weak. The reasons are that willingness to pay
(WTP), or willingness to accept, are based on
compensation or equivalence variations of a
change, and that change should be relatively small
in comparison with income levels.

3.6. Local �s. global di�ersity

The design of a valuation context involves im-
portant decisions about the spatial frame of anal-
ysis (Norton and Ulanowicz, 1992). Whereas
biodiversity loss is usually discussed in a global or

worldwide context, valuation biodiversity studies
frequently address policy changes or scenarios
defined at local, regional or national levels. Al-
though this seems contradicting, it can be argued
that biodiversity and its loss are relevant at multi-
ple spatial levels, from local to global (Hammond
et al., 1995).

3.7. Genetic �s. other life organization le�els

Scientists face an important decision when valu-
ing biodiversity: which level of diversity is being
considered. Some scientists, especially from the
natural sciences domain, tend to focus on genetic
and species levels, whereas others, including social
scientists, tend to study biodiversity at the level of
species and ecosystems. Some unresolved issues
are whether studying biodiversity at multiple lev-
els leads to double counting, and whether suffi-
cient information is available at each biodiversity
level to perform valuation studies.

3.8. Holistic �s. reductionist approaches

According to a holistic perspective, biodiversity
is an abstract notion, linked to the integrity,
stability and resilience of complex systems, and
thus difficult to disentangle and measure (Faber et
al., 1996). In addition, the insufficient knowledge
and understanding of the human and economic
significance of almost every form of life diversity
further complicates the translation of physical–bi-
ological indicators of biodiversity into monetary
values. For these reasons, economic valuation of
biodiversity is by many scientists regarded as a
hopeless task (Ehrenfeld, 1988). On the contrary,
a reductionist perspective is based on the idea that
one is able to disentangle, or disaggregate the
total value of biodiversity into different economic
value categories, notably, into direct use and pas-
sive use or nonuse values (Pearce and Moran,
1994).

3.9. Expert �s. general public assessments

The general public valuation approach relies on
the premise that individuals, from all educational
levels and life experiences, are expected to partici-
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pate in the valuation of biodiversity changes. An-
other view assumes that laypersons cannot judge
the relevance and complexity of biodiversity-
ecosystems-functions relationships. Instead, judg-
ments and valuation of biodiversity changes
should be left to experts, notably biologists. An
example of an intermediate ‘solution’ is to let
experts inform laypersons sufficiently before con-
fronting them with the valuation exercise (NOAA,
1993).

3.10. Conclusion

It is clear that many different biodiversity value
perspectives can be distinguished based on the
above nine considerations. This does not mean
that one is right and the other is wrong. Evi-
dently, it is crucial to know the perspective being
adopted. The next section will clarify the relevant
context for the subsequent evaluation of empirical
valuation studies, while Section 6 will discuss
these against the nine considerations discussed
above.

4. Biodiversity as a source of economic value

4.1. General aspects of economic �aluation of
biodi�ersity

The general context of economic valuation of
biodiversity can be clarified by looking at some of
the perspectives implied by the discussion in the
previous sections.

Economic valuation of biodiversity is based on
an instrumental perspective on the value of biodi-
versity (Section 3.1). This means that the value of
biodiversity is regarded as the result of an interac-
tion between human subjects, and the object of
valuation, namely biodiversity, changes therein.

Economic valuation provides a monetary indi-
cator of biodiversity values (Section 3.2). The
reason is that the theoretical basis of economic
valuation is monetary (income) variation as a
compensation or equivalent for a direct and indi-
rect impact(s) on the welfare of humans due to a
certain biodiversity change.

Fig. 1. Economic values of biodiversity.

Both direct and indirect values, relating to pro-
duction, consumption and nonuse values of biodi-
versity are considered when pursuing economic
valuation of biodiversity (Section 3.3).

Explicit biodiversity changes, preferably
in terms of accurate scientific physical–bio-
logical indicators, are described in reference to
specific levels of life diversity (Sections 3.4 and
3.7).

Economic valuation of biodiversity is opera-
tionalized through explicit biodiversity changes,
preferably marginal or small, and thus in-
volving the design of alternative biodiversity pol-
icy management options, or scenarios (Section
3.7).

Economic valuation of biodiversity changes is
based on a reductionist approach value (Section
3.8). This means that the total economic value is
regarded as a result of aggregating various use
and nonuse values, reflecting different human mo-
tivations to biodiversity, as well as aggregating
local values to attain a global value, i.e. a bottom-
up approach (Section 3.5).

Economic valuation of biodiversity starts
from the premise that social values should be
based on individual values, independently
of being, or not, an expert in biodiversity
related issues (Section 3.9). This can be con-
sidered as consistent with democratic support of
policies.

A more detailed discussion and evaluation
has to wait until Section 6, after the economic
valuation applications have been reviewed in Sec-
tion 5.
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4.2. A classification of biodi�ersity economic
�alues

It is possible to identify and characterize the
different value categories of biodiversity. Fig. 1
shows a classification of biodiversity values
that is the basis of the evaluation of studies in
Section 5. A first category, denoted by link 1�6,
depicts biodiversity benefits in terms of ecosystem
life support functions and preservation of the
ecological structure in natural systems. The diver-
sity of functions generated by ecosystems pro-
vides, in turn, the existence of demand for goods
and services. Therefore, this value category can
represent, for example, the benefits of flood con-
trol, groundwater recharge, nutrient removal,
toxic retention, and biodiversity maintenance
(Turner et al., 2000). A second biodiversity cate-
gory value, denoted by link 1�4�5, captures
the value of biodiversity in terms of supply of
ecosystem space or natural habitat protection.
This can represent, for example, the impact of
natural habitat destruction on the loss of
wilderness areas and on the loss of natural areas
related to high tourism and outdoor recreational
demand.

A third category, denoted by link 2�5,
captures the benefits in terms of an overall
provision of species diversity. This value category
can represent, for example, the indirect value of
biodiversity on biological resources in terms of
inputs to the production of market goods
(e.g. the impact on revenues of pharma-
ceutical and agriculture industries that use plant
and animal material to develop new medicines
and new products (Myers, 1988; Simpson et al.,
1996)).

Finally, a fourth category, captured by link 3,
denotes a passive/nonuse component of biodiver-
sity value, reflecting human moral considerations
(e.g., the knowledge that biodiversity exists in
nature independently of any use by humans) or
reflecting human philanthropic or bequest consid-
erations (e.g., the knowledge that biodiversity
continues to exist in nature during the next
generations).

4.3. Alternati�e biodi�ersity economic �aluation
methods and their degree of applicability

Some monetary indicators of biodiversity val-
ues are based on market price valuation mecha-
nisms. These include the value of contracts, as
recently signed by the pharmaceutical industry
and governmental agencies, and the value of the
financial revenues related to the tourism activities
focused on the visits to natural areas of high
outdoor recreational demand. In the absence of
market prices for biodiversity values, which is
commonly the case, certain techniques are needed
to retrieve consumers’ preferences. On the basis of
the process through which valuation methods re-
trieve individuals’ preferences one can distinguish
two groups of valuation methods: revealed prefer-
ence and stated preference methods. The group of
revealed preference valuation methods explore the
use of existing market data, based on notions of
travel cost (TC), hedonic price (HP), averting
behavior (AB), and production function (PF)
(Mäler, 1988; Braden and Kolstad, 1991). These
methods can be used to assess the above-men-
tioned value categories of biodiversity. The group
of stated preference valuation methods are based
on collecting data by means of questionnaires,
including the contingent valuation (CV) method-
ology. One should not, however, consider these
tools as universally applicable to all diversity lev-
els or to all types of biodiversity values. Table 2
shows that certain valuation methods are more
appropriate than others to address certain types
of biodiversity value. For example, revealed pref-
erence methods can only be used for a limited
number of biodiversity value categories, as they
do not allow a monetary assessment of nonuse
values. On the contrary, the CV method is in
principle applicable for all biodiversity value cate-
gories. However, one needs to recognize that this
method will fail for those biodiversity value cate-
gories that the general public is not informed
about nor has experience with. Moreover, a ques-
tionnaire designed comprehensively enough to ad-
dress changes in ecosystem life support functions
and processes, such as changes of photosynthesis,
water, carbon and other biogeochemical cycles,
will almost certainly be too cumbersome to be
utilized in a practical and effective way.
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5. Empirical estimates

5.1. Introduction

The aim of this section is to provide a critical
review, rather than a comprehensive survey, of
representative biodiversity valuation studies. The
discussion is organized as indicted in Table 2.
First, valuation studies that focus on the assess-
ment of biodiversity value in terms of genetic
and species diversity are reviewed. Subsequently,
the discussion is centered on valuation studies

that pursue the assessment of biodiversity
benefits in terms of natural habitat or ecosystem
diversity. Next, we present some valuation study
results on biodiversity values linked to the diver-
sity of functions generated by ecosystems, in-
cluding ecosystem life support functions, flood
control and groundwater recharge. Finally, the
nonuse or passive value component of bio-
diversity will be examined. The presentation will
be kept concise, as the findings will be evaluated
in the context of the adopted framework in Sec-
tion 6.

Table 2
Total economic value of biodiversity

Methods for economic valuationBiodiversity value Economic value interpretation Biodiversity benefits
category (Fig. 1) (and their applicability)

Genetic and species diversity2�5 CV: +Inputs to production processes
(Sections 5.2 and 5.3) (e.g. pharmaceutical and

agriculture industries)
TC: −
HP: +
AB: +
PF: +
Contracts: +

Natural areas and landscape1�4�5 Provision of natural habitat (e.g. CV: +
protection of wilderness areasdiversity (Section 5.4)
and recreational areas)

TC: +
HP: −
AB:+
PF: +

Tourism revenues: +
CV: −Ecosystem functions and1�6 Ecological values (e.g. flood

control, nutrient removal, toxicecological services flows (Section
retention and biodiversity5.5)
maintenance)

TC: −
HP: +
AB: +
PF: +

Nonuse of biodiversity (Sections3 Existence or moral value (e.g. CV: +
5.3 and 5.4) guarantee that a particular

species is kept free from
extinction)

TC: −
HP: −
AB: −
PF: −

Note: the sign + (−) means that the method is more (less) appropriate to be selected for the design of the valuation context of the
biodiversity value category under consideration.



P.A.L.D. Nunes, J.C.J.M. �an den Bergh / Ecological Economics 39 (2001) 203–222210

Table 3
Bioprospecting agreements

Contractors ValueStudy

INBio and Merck 2000 samples of Costa Rica genetic pool $1 million
(1991)

Thermostable enzyme Taq polymerase and $175 000Yellowstone National Park and Diversa
(1998) bacterium Thermus Aquaticus

Brazilian Extracta and Glaxo Wellcome 30 000 samples of Brazil biota $3.2 million
(1999)

5.2. Genetic di�ersity and bioprospecting

Recent years have shown a sharp increase of
interest in bioprospecting, i.e. the search among
the genetic codes contained in living organisms
for the development of chemical compounds of
commercial value in agricultural, industrial, or
pharmaceutical applications (Simpson et al.,
1996). This is dominated by pharmaceutical re-
search since most prescribed drugs are derived, or
patented after natural sources (Grifo et al., 1996).
This section considers assessments of WTP by the
pharmaceutical industries for genetic diversity as
input into commercial products. The marginal
value of such input, often translated in terms of
genetic information for medicinal purposes, is
measured by its contribution to the improvement
of health care. For example, research by the US
National Cancer Institute on screening of plants
over the last two decades yielded various, highly
effective anti-cancer drugs (e.g. paclitazel and
camptothecin) and anti-leukemia drugs (e.g. ho-
moharringtonone) (Cragg et al., 1998).

Recent registrations and applications of bio-
prospecting contracts and agreements between
states and pharmaceutical industries represent im-
portant benchmarks of monetary indicators for
these types of biodiversity values. Estimates are
shown in Table 3. The most noted of these agree-
ments is the pioneering venture between Merck
and Co., the world’s largest pharmaceutical firm,
and ‘Instituto National de Biodiversidad’ (INBio)
in Costa Rica. At the moment of the signing of
the contract, in 1991, Merck paid Costa Rica
about $1 million and agreed to pay royalties
whenever a new commercial product was ex-
plored. Since then, INBio has signed contracts on

the supply of genetic resources with Bristol-Myers
Squibb, other companies and non-profit organiza-
tions (ten Kate and Laird, 1999; INBio, 2001).
Another illustration of the market value of genetic
diversity refers to the commercial agreement
signed in 1997 between Diversa, a San Diego-
based biotechnology company, and the US Na-
tional Park Service. Diversa paid $175000 for the
right to conduct research on heat-resistant mi-
croorganisms found in hot springs in Yellowstone
National Park (Sonner, 1998; Macilwain, 1998).
More recently, a Brazilian company, Extracta,
signed a $3.2 million agreement with Glaxo Well-
come, the world’s second largest pharmaceutical
company, to screen 30000 samples of compounds
of plant, fungus and bacterial origin from several
regions in the country (Bonalume and Dickson,
1999). Despite the fact that these agreements
show a positive economic value of genetic diver-
sity, concern remains with respect to the fairness
of such deals. Indeed, some environmental groups
have been very critical, claiming that these are
unequivocally ‘biopiracy’ actions (RAFI, 2001).
Furthermore, genetic diversity may also give rise
to a number of existence and moral values. These,
however, are not the basis for the pharmaceutical
industry’s WTP, and therefore not captured
through the market prices as reflected by the
agreements.

5.3. Biodi�ersity and species preser�ation

Most of the valuation studies of species preser-
vation have focused on single animal species.
Table 4 lists some recent studies, all applications
in the US, except for a Swedish CV study of wolf
(Boman and Bostedt, 1995). The estimates are
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derived from CV applications and obtained from
individual WTP to avoid a loss of a particular
species. Most welfare gains accrue to the individu-
als and are based on recreation activities such as
watching threatened or endangered species in
their natural habitat, or simply reflect the well-be-
ing derived from the knowledge that such a spe-
cies exists. The later case can be interpreted as
relating to nonuse or passive use values. For
example, van Kooten (1993) assessed the eco-
nomic value of waterfowls in a wetland region in
Canada; Loomis and Larson (1994) valued ‘em-
blematic’ endangered species, namely, the gray
whale; and Stevens et al. (1997) valued the
restoration of the Atlantic salmon in one river in
the state of Massachusetts (see van Kooten and
Bulte (2000) for more examples).

The interpretation of single species valuation
studies should be taken with care, especially when
the results are proposed as guidelines for policy
design, since such estimates tend not to account
for species substitution or complementary effects
(Hoehn and Loomis, 1993). This is because the
estimated values for single species can be affected
by the availability of related species. Therefore,
aggregate values for a group of species can differ

depending on whether the total is calculated di-
rectly or indirectly, i.e. by summing the individual
single species values. Alternatively, some
economists pursue valuation of biodiversity at
species level bearing in mind multiple species stud-
ies, see valuation results in Table 5. The estimates
are higher than the single species value estimates,
though not so high as one would expect, bearing
in mind the initial single species estimates. For
example, the WTP of the wolf study in Sweden
alone corresponds to more than 70% of the WTP
for 300 Swedish endangered species. The interpre-
tation of such estimation results may be, however,
heavily criticized in terms of CV design and exe-
cution (Carson, 1997). Nevertheless, some authors
prefer to work with other categories of biodiver-
sity value, namely, the value categories related to
natural habitat, ecosystem functions and ecologi-
cal services protection. These are discussed in the
following sections.

5.4. Biodi�ersity and natural habitat preser�ation

A problem with the interpretation of the value
estimates of species preservation is the frequently
missing link between the value assigned to a par-

Table 4
Single species valuation surveys

StudyAuthor(s) Mean WTP estimates
(per household per year)

Stevens et al. Restoration of the Atlantic salmon in one river, $14.38–21.40
(1997) Massachusetts

Jakobsson and Dragun Conservation of the Leadbeater’s Possum, $29 (Australian $)
(1996a) Australia

Boman and Bostedt 700 SEK to 900 SEKConservation of the Wolf in Sweden
(1995)

$16–18Loomis and Larson Conservation of the Gray Whale, US
(1994)

Conservation of various single species, USLoomis and Helfand From $13 for the Sea Turtle to $25 for the
(1993) Bald Eagle

Van Kooten Conservation of waterfowl habitat in Canada’s $50–60 (per acre)
(1993) wetlands region

$21–141Conservation of the Whooping CraneBower and Stoll
(1988)

Two endangered species in Wisconsin: the BaldBoyle and Bishop From $5 for the Striped Shiner to $28 to the
(1987) Eagle and the Striped Shiner Bald Eagle

From $10 for the Grizzly Bear to $16 for theGrizzly Bear and Bighorn Sheep in WyomingBrookshire et al.,
Bighorn Sheep(1983)
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Table 5
Multiple species valuation surveys

Author(s) Mean WTP EstimatesStudy
(per household per year)

Preservation of all endangered species in VictoriaJakobsson and Dragun $118 (Australian $)
(1996b)

Desvousges et al. Conservation of the migratory Waterfowl in the Central $59–71
(1993) Flyway

Whitehead Conservation program for coastal nongame wildlife $15
(1993)

Conservation of fisheries in Montana RiversDuffield and Patterson $2–4 (for residents) $12–17
(for non residents)(1992)

Halstead et al. Preservation of the Bald Eagle, Coyote and Wild Turkey $15
in New England(1992)

Hampicke et al. Preservation of endangered species in West Germany l40–250 DM
(1991)

Preservation of 300 endangered species in SwedenJohnansson 1275 SEK
(1989)

Samples and Hollyer Preservation of the Monk Seal and Humpback Whale $9.6–13.8
(1989)

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

ticular (set of) species and the area needed to
protect (their) habitats. Some studies instead link
the value of biodiversity to the value of natural
habitat conservation. Some examples are as listed
in Table 6. For example, Bateman et al. (1992)
undertook a CV study to assess the monetary
value of conserving the Norfolk Broads, a wet-
land site in the UK that covers three National
Nature Reserves. The estimation results from a
mail survey show that respondents living in a
defined ‘near-Norfolk Broads’ zone had a WTP of
12 lb whereas those living ‘elsewhere UK’ zone
had a WTP of 4 lb.

In the context of the Netherlands, Hoevenagel
(1994) asked 127 respondents for an annual con-
tribution to a fund from which farmers in the
Dutch meadow region would receive a govern-
ment grant if they managed their land in a way
that enhances wildlife habitat. The average WTP
was between 16 and 45 Dutch guilders. Brouwer
(1995) found similar results. More recently, Nunes
(1999) used for the first time a national CV appli-
cation in Portugal to assess the WTP for the
protection of a Wilderness Area. The mean WTP
results ranged from $40 to $51. In the US context,
Mitchell and Carson (1984) used the CV method

to value the preservation of water ecosystems and
aquatic-related benefits provided by all rivers and
lakes in the US. Loomis (1989) used CV to value
the preservation of the Mono Lake, California
(see valuation figures in Table 6). Kealy and
Turner (1993) estimated the benefits derived from
the preservation of the Adirondack aquatic sys-
tem. The WTP estimates ranged between $12 and
$18. Boyle (1990) valued the preservation of the
Illinois beach nature reserve. The estimation re-
sults show that the average WTP ranged between
$37 and $41. Silberman et al. (1992) studied the
existence value of beach ecosystems for users and
nonusers of New Jersey beaches. The results show
that the mean WTP for a user is about $15.1
while the mean WTP for a nonuser is about $9.26.

Other studies instead link the value of biodiver-
sity to the value of protection of natural areas
with high tourism and outdoor recreational de-
mand. At this biodiversity value category, biodi-
versity has been assessed through various
methods, including CV, TC method and market
prices such as tourism revenues. Some examples
are as listed in Table 7. For example, the World
Tourism Organization (WTO, 1997) estimated
that Ecuador earned $255 million from eco-
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tourism in 1995. A major sum accrued to a single
park, the Galapagos Islands. In Rwanda, gorilla
tourism in the Volcanoes National Park gener-
ated directed revenues of $1.02 million annually
until 1994, or $68 per ha (AG O� kotourismus/
BMZ, 1995).

Studies of less popular parks indicate lower
values. The recreational value of Mantadia Na-
tional Park in Madagascar was estimated to
range between $9 and $25 per ha (Mercer et al.,
1995). One particularly interesting valuation re-
sult is the study by Norton and Southey (1995).
This study calculates the economic value of natu-
ral habitat for biodiversity protection in Kenya
by assessing the associated opportunity costs of
foregone agricultural production, which is esti-
mated to be $203 million. This is much higher
than the $42 million of net financial revenues
from wildlife tourism. Layman et al. (1996) ex-

plored the TC method to estimate the recre-
ational fishing value of Chinook salmon in the
Gulkana river, Alaska. The estimates of the
mean consumer’s surplus per day range from $17
to $60 for actual trips, depending upon the wage
rate. Choe et al., (1996) estimated the economic
benefits of surface water improvements through a
public health pollution program at Times Beach
in the Philippines. Welfare estimates ranged from
$1.44 to $2.04 per trip.

More recently, Chase et al. (1998) studied eco-
tourism demand in Costa Rica. The value esti-
mates result from the survey of foreign visitors to
three national parks: Volcan Irazu, Volcan Poas,
and Manuel Antonio. Manuel Antonio national
park registered the highest WTP, $24.90. Finally,
Moons (1999) used the TC method to assess the
economic value recreation activities in the
Meerdal-Heverlee forest in Belgium.

Table 6
Natural habitat valuation surveys

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

Protection of wilderness areas, Portugal $40–51Nunes
(1999)

Single-bounded: Dfl. 35Protection of ecological agricultural fields, TheWiestra
(1996) Netherlands

Richer $101Desert protection in California, US
(1995)

Protection of Peat Meadow Land, The Netherlands Dfl. 28 to Dfl. 72Brouwer
(1995)

Protection of the Kakadu Conservation Zone andCarson et al. $52 (minor impact scenario), $80 (major
impact scenario)National Park, Australia(1994)

Hoevenagel NLG l6 to NLG 46Enhancing wildlife habitat in the Dutch Peat Meadow
(1994) region, The Netherlands

$12–18Kealy and Turner Preservation of the aquatic system in the Adirondack
Region, US(1993)

Hoehn and Loomis $96–184 (single program)Enhancing wetlands and habitat in San Joaquin valley in
(1993) California, US

$29–66Diamond et al. Protection of wilderness areas in Colorado, Idaho,
Montana, and Wyoming, US(1993)
Protection of beach ecosystems, New Jersey, USSilberman et al. $9.26–15.1

(1992)
Protection of the Norfolk Broads, a wetland site, UK £4–12Bateman et al.

(1992)
Boyle Preservation of the Illinois Beach State Nature Reserve, $37–41

(1990) US
Loomis $4–11Preservation of the Mono Lake, California, US

(1989)
$21–58 (for users), $14–53 (for nonusers)Preservation of water quality in the Monongahela RiverSmith and Desvousges

(1986) Basin, US
Bennett $27Protection of the Nadgee Nature Reserve, Australia

(1984)
Preservation of water quality for all rivers and lakes, US $242Mitchell and Carson

(1984)
Protection of wilderness areas in Colorado, US $32Walsh et al.

(1984)
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Table 7
Tourism and outdoor recreational valuation studies

MeasurementStudyAuthor(s) Estimates
method

Enjoyment received in forest related recreation activities in 1030 BF per tripTravel costMoons
Flanders, Belgium(1999)

Chase et al. Protection of the recreation opportunities in three national $21.60–24.90 perContingent
visitorvaluationparks, Costa Rica(1998)

WTO Ecotoursim in Ecuador Tourism revenue $255 million
(1997)

Chinook salmon in the Gulkana river, AlaskaLayman et al. Travel cost $17–60 per trip
(1996)

Gorilla tourism in the Volcanoes National Park, RwandaAG O� kotourismus/BMZ Tourism revenue $1.02 million
annually(1995)

Choe et al. Value of a public health program at the Times Beach, Travel cost $1.44–2.04 per
Philippines trip(1996)
Recreational value of Mantadia National Park, Madagascar Tourism revenue $9 and 25 per haMercer et al.

(1995)
Biodiversity conservation in Kenya Production $203 millionNorton and Southey

(1995) function
Spending of eco-tourists in Mexico Travel cost $60–100 per dayPina

(1994)
Tourism and ecotourism based on non-consumptive uses ofTobias and Mendelsohn Tourism revenue $1.2 million per

(1990) hawildlife in Costa Rica

5.5. Biodi�ersity, ecosystem functions and
ecological ser�ices protection

The CV method has been widely used for valu-
ing biodiversity benefits around the world in
terms of both species diversity and natural habitat
protection. Nevertheless, when it comes to the
monetary valuation of ecosystem functions, CV
may not always be the first best choice. This is
because ecosystem functions, such as ecosystem
life support, are not an issue that the general
public is familiar with. In addition, the complexity
of the relationships involved makes an accurate
and comprehensive description in a survey ex-
tremely difficult. Researchers frequently end up
with the use of valuation methods based on TCs,
AB or PFs. A distinction of valuation studies in
this context is based on soil and wind erosion,
water quality, and wetland ecosystem’s functions.
These are listed in Table 8.

5.5.1. Soil and wind erosion �aluation studies
One category of valuation of ecosystem func-

tions and services relates to soil erosion. Veloz et
al. (1985) performed an economic analysis and
valuation of soil conservation in the Dominican
Republic. They estimate that for a 25-year land

use interval the net returns with the introduction
of such an erosion control program are about
DR$ 260 per ha. Walker and Young (1986) esti-
mate the damages of soil erosion on (loss of)
agriculture revenue in the Palouse region, north-
ern Idaho and western Washington, to be equal to
$4 and $6 per acre, for a scenario with slow and
rapid technological progress, respectively.

Holmes (1988) studied the impact of water tur-
bidity due to soil erosion on the costs of the water
treatment industry. Estimates show that the miti-
gation costs ranged from $4 to $82 per million
gallons of water for conventional and direct filtra-
tion systems, respectively. Applying these esti-
mates to the American Water Works Association
figures on the total surface water withdrawn, the
nation-wide damages induced by turbidity is esti-
mated to be between $35 and $661 million
annually.

King and Sinden (1988) explored the HP
method in order to capture the value of soil
conservation in the farm land market of Manilla
Shire, Australia. The hedonic land market price
regression results show that the soil condition
(e.g. depth of topsoil) has an implicit marginal
price of $2.28 per ha. More recently, Huszar
(1989) studied erosion due to the wind in New
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Mexico. According to this study, wind erosion
costs to households follow from increased clean-
ing, maintenance and replacement expenditures,
and also from reduced consumption and produc-
tion opportunities. A household cost function was
estimated on the basis of 242 survey respondents.
The total household costs were estimated to be
$454 million per year.

5.5.2. Water quality �aluation studies
Water quality has been valued in many studies.

Ribaudo (1989a,b) is responsible for one of the
most comprehensive studies of valuing water
quality benefits. The author valued the economic
benefits from a reduction in the discharge of
pollutants in waterway systems for nine impact
categories: recreational fishing, navigation, water
storage, irrigation ditches, water treatment, indus-
trial water use, steam cooling, and flooding. The

study targeted all the US territory, which was
operationalized in terms of ten regions (Ap-
palachia, Corn Belt, Delta, Lake States, Moun-
tain, Northeast, Northern Plains, Southern Plains,
Pacific and Southeast). Benefits were defined in
terms of changes in defensive expenditures,
changes in production costs, and changes in con-
sumer surplus, depending on the damage category
and the availability of data. The total water qual-
ity benefits were estimated to be $4.4 billion.

Torell et al. (1990) assessed the market value of
water in-storage on the High Plains aquifer, a
water ecosystem that underlies parts of Colorado,
Kansas, Nebraska, New Mexico, Oklahoma,
South Dakota, Texas, and Wyoming. Water value
estimates range from $9.5 per acre-foot in New
Mexico to $1.09 per acre-foot in Oklahoma. Ab-
dalla et al. (1992) conducted an economic valua-
tion of contamination of a groundwater

Table 8
Ecosystem functions and services

StudyAuthor(s) Measurement Estimates
method

Laughland et al. AvertingValue of a water supply in Milesburg, Pennsylvania, US $14 and 36 per
expenditures household(1996)

Turner et al. Replacement $0.4–1.2 millionLife-support value of a wetland ecosystem in a island of the
costsBaltic Sea, Sweden(1995)

N850–N1280Barbier Preservation of Hadejia-Jama’ are wetlands, Nigeria Production
(1994) per hafunction

Abdalla et al. $61 313–131 334AvertingGroundwater ecosystem in Perkasie, Pennsylvania, US
expenditures(1992)
ContingentProtection of groundwater program, US $7–22McClelland et al.

(1992) valuation
Nitrogen purification capacity of a island in the Baltic Sea, ReplacementAndreasson-Gren SEK 968 per kg

(1991) Sweden costs
Production $9.5–1.09 perTorell et al. Water in-storage on the high plains aquifer, US

(1990) function acre-foot
Ribaudo Averting $4.4 billionWater quality benefits in ten regions in US

(1989a,b) expenditure
ReplacementValue of wind erosion costs to households in New Mexico, US $454 million perHuszar

(1989) costs year
Hedonic priceKing and Sinden Value of soil conservation in the farm land market of Manilla $2.28 per ha

(1988) Shire, Australia
$35–661 millionHolmes Value of the impact of water turbidity due to soil erosion on Replacement

costs annually(1988) the water treatment, US
Production $4 and 6 perWalker and Young Value of soil erosion on (loss) agriculture revenue in the

Palouse region, US acrefunction(1986)
Veloz et al. DR$ 260 per haSoil erosion control program in a watershed, Dominican Production

Republic function(1985)
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ecosystem in Perkasie, Pennsylvania. The study
was conducted with the help of a household sur-
vey that asked information about respondents’
expenditures since December 1987, the time when
the contamination was first detected. The average
weekly increase in averting expenditures per
household that undertook averting actions in re-
sponse to contamination was $0.40. The costs of
these actions, when extrapolated to the total pop-
ulation of Perkasie residents, ranged from $61313
to $131334, depending on the wage rate used to
reflect the value of lost leisure time.

More recently, Laughland et al. (1996) assessed
the economic value of water supply in Milesburg,
also in Pennsylvania. The author used cost sav-
ings with two alternative values of time and the
CV method. The mean averted cost range between
$14 and $36, using family income and using the
minimum wage to value time, respectively.

5.5.3. Wetland ecosystem’s functions �aluation
studies

Andreasson-Gren (1991) estimated the benefit
of nitrogen abatement due to wetland restoration
by estimating the replacement costs for conven-
tional nitrogen abatement technologies. The nitro-
gen purification capacity of wetlands was
estimated for Gotland, a Swedish island in the
Baltic Sea. According to the study’s results, the
total value of a marginal increase in nitrogen
abatement by Gotland was about SEK 968 per
kg. Barbier (1994) conducted a value assessment
of the Hadejia-Jama’ area wetlands, Nigeria, by
focusing on the opportunity costs of its loss. The
valuation analysis covered direct use values of the
floodplain to the local population through crop
production, fuelwood and fishing. The present
value of the aggregate stream of such benefits was
estimated to be in the range of 850–1280 Naire
per ha. Turner et al. (1995) addressed the problem
of valuation of wetland ecosystems. This study
also attempted to break down direct and indirect
value into a much finer set of categories. Their
valuation, based on Folke (1991), refers to the
assessment of the life-support value of Martebo, a
wetland ecosystem in the Swedish island in the
Baltic Sea. An annual monetary estimate of the
replacement cost was derived from information

about the amount of industrial energy needed to
substitute for the loss of wetland-produced goods
and services.

6. Discussion of the valuation results

From the review of the economic valuation
studies, it is clear that the assessment of biodiver-
sity values does not lead to a univocal, unambigu-
ous monetary indicator. Indeed, the range of
monetary estimates of biodiversity values is ex-
pected to depend on the level of life diversity
under consideration, the biodiversity value type
under assessment, as well the selection of the
valuation method. A summary of the various
combinations of possible elements is presented in
Table 9).

At the most basic level of life diversity, the
market value of bioprospecting contracts signed
between the pharmaceutical and agriculture in-
dustries and governmental agencies sheds some
light on the economic value of genetic diversity.
However, these industries, WTP only considers
the potential impact of genetic diversity through
the use of plant and animal material in the devel-
opment of new medicines and new products. Indi-
rect, existence, and moral values of genetic
diversity are not included in the contract market
value. Therefore, and at the best, these contracts
should be interpreted as providing lower bounds
of the economic value of genetic diversity
changes. A more extreme position is adopted by
some environmental groups, which interpret these
market agreements as unequivocal biopiracy ac-
tions that cannot serve as the basis for genetic
diversity values. Alternatively, one can pursue
economic valuation of biodiversity at the species
level. Application of economic valuation to spe-
cies diversity can be operationalized in terms of
single and multiple species studies. The respective
value range estimates are characterized by a high
degree of uncertainty. For example, the WTP in
multiple species studies is higher than in single
species studies, though not so high as one would
initially expect. This reflects not only the complex-
ity of accurately assessing species distinctions, and
genetic distances, but also the difficulty in dealing
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Table 9
Synthesis

Biodiversity value Value rangesLife diversity level Method(s) selected
type

Bioprospecting From $175 000 to $3.2 Market contractsGenetic and species
diversity million

From $5 to 126Single species Contingent valuation
Multiple species From $18 to 194 Contingent valuation

Terrestrial habitat Contingent valuationEcosystems and natural From $27 to 101
habitat diversity (non-use)

Coastal habitat From $9 to 51 Contingent valuation
(non-use)
Wetland habitat From $8 to 96 Contingent valuation
(non-use)

From $23 per trip to 23Natural areas Travel cost, tourism revenues
million per yearhabitat (recreation)

Wetland From $0.4 to 1.2 million Replacement costsEcosystems and functional
diversity life-support

Soil and wind Up to $454 million per year Replacement costs, hedonic price,
production functionerosion protection

Water quality From $35 to 661 million per Replacement costs, averting expenditure
year

with substitutability of species. If, for example, a
single species valuation study fails to consider in
an adequate way that other species are possible
substitutes then single, it may have limited rele-
vance for the valuation of the species diversity.
Nevertheless, recent research efforts focusing at
the improvement of the methods for economic
valuation, especially after the NOAA panel rec-
ommendations for CV have contributed to a more
accurate survey design. CV can thus contribute to
the assessment of economic values of species
diversity.

Some economic valuation studies focus on
higher organization levels of biodiversity. Impor-
tant biodiversity value types were identified, nota-
bly, biodiversity values related to natural habitat,
ecosystem functions and ecological services pro-
tection. Biodiversity values of natural habitats
generate both use and nonuse value options due
to the protection of recreation and wilderness
areas. CV continues to be a preferred valuation
method since it is the only one that can assess the
magnitude of nonuse values, such as the existence
value of the knowledge that the natural habitats,
and its wildlife diversity, is kept free from com-

mercial development and closed to visitors. TC
method and tourism revenues, based on market
prices, constitute important alternatives to the CV
method whenever the valuation study focuses on
biodiversity values related to recreational values,
such as sightseeing.

Using CV is problematic when the objective is
to elicit the economic value of changes in biodi-
versity following from changes in biochemical and
ecosystem processes that are far removed from
human perceptions, such as CO2 storage or
groundwater purification processes. In this case,
the degree of uncertainty surrounding the value
estimates will be very high. The complexity and
variety of interrelationships in which species exist
in different ecosystems, the functions among
ecosystems, as well as their capacity to deal with
disturbances, should be taken into account. In
other words, the valuation study needs to consider
a wide range of indirect or primary biodiversity
values. This is surely not an easy task. The
difficulty will be magnified when a larger geo-
graphical area of analysis is used. In addition, the
complexity increases if larger changes are studied.
Without any doubt, a full monetary assessment
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will then be impossible or subject to much scien-
tific debate. Therefore, it is nonsense to try to
value extremely large changes in biodiversity, and
certainly extremes ones like valuation of all the
biodiversity in the world.

A possible strategy to attain a global value has
been to adopt a bottom-up approach, aggregating
local values of different studies. Economics starts
from the assumption that social values are
based in individual values. Special attention, how-
ever, is required when aggregating valuation stud-
ies so as to cope with different socio-economic
contexts. One has to correct for different income
distributions, and avoid double counting, e.g. cor-
rect for possible substitution effects across a vari-
ety of biodiversity-ecosystem-ecological relation-
ships.

All in all, present economic valuation studies of
biodiversity, at the different life levels and value
types, should be critically regarded and respective
estimates are at best considered as lower bounds
to (yet) unknown values of biodiversity, and al-
ways contingent upon the available scientific in-
formation as well as the global socio-economic
context.

7. Conclusions

Biodiversity is a complex, abstract concept. It
can be associated with a wide range of benefits to
human society, most of them still ill understood.
In general terms, the value of biodiversity can be
assessed in terms of its impact on the provision of
inputs to production processes, in terms of its
direct impact on human welfare, and in terms of
its impact on the regulation of the nature-ecosys-
tem-ecological functions relationships. Usually,
market valuation mechanisms that price the value
of biodiversity are lacking. Therefore, valuation
of biodiversity requires the use of special valua-
tion tools. This article has reviewed some eco-
nomic valuation studies of biodiversity. Monetary
valuation of changes of biodiversity involves cru-
cial choices with respect to: (a) the level of life
diversity; (b) the biodiversity value category; (c)
the most appropriate valuation method, and (d)
the overall perspective on the value of biodiver-

sity. The main conclusion is that monetary valua-
tion of changes of biodiversity can make sense.
This requires, inter alia, that a clear life diversity
level is chosen, that a concrete biodiversity change
scenario is formulated, that a multidisciplinary
approach seeking the identification of direct and
indirect effects of the biodiversity change on hu-
man welfare is used, and, very importantly, that
the change is well defined and not too large. So
far, relatively few valuation studies have met all
these requirements. As a matter of fact, from the
review of the economic valuation studies it
is clear that the assessment of biodiversity values
does not lead to a univocal, unambiguous mone-
tary indicator. Nevertheless, prudent interpreta-
tion of the monetary valuation results can shed
some light on the value of biodiversity, leading to
lower bounds.
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