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Abstract
Biodiversity is a highly complex and abstract ecological concept. Even though it is not
one physical entity, it influences human well-being in multiple ways, mostly indirectly.
While considerable research effort has been spent on the economic valuation of
biodiversity, it remains to be a particularly challenging ‘valuation object’. Valuation
practitioners therefore have to use proxies for biodiversity, many of which are very
simple (single species, habitats). This paper presents a comprehensive and critical
review of biodiversity valuation studies with special emphasis on biodiversity valuation
in order to depict the state-of-the-art in this research field. It develops evaluation criteria
so as to identify best-practice applications and shows that the field of biodiversity
valuation studies is rather heterogeneous regarding both valuation objects and valuation
methods. On the basis of our evaluation criteria and best-practice studies we suggest
that to account for the complexity and abstractness of biodiversity, multi-attribute
approaches with encompassing information provision should be used that emphasise the
roles biodiversity plays for human well-being.
Highlights


Many proxies used in economic valuation fail to grasp the diversity aspect of
biodiversity.
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Most studies use single-attribute proxies, which do not reflect the multidimensional complexity of biodiversity.



Multi-attribute proxies are better suited to account for biodiversity, but they are
at the minority.



The emphasis on biodiversity roles with respect to human well-being should be
imperative.



Provision of encompassing information, e.g. via deliberative approaches, is
crucial.
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Introduction

The term biodiversity has experienced a rarely seen rise in recent decades. Coined in
1986 by Walter Rosen, in 1992 it was included in the title of one major outcome of the
Rio Earth Summit—the Convention on Biological Diversity. Another 10 years later it
was an essential part of the Millennium Ecosystem Assessment framework. Since then,
it has been becoming ever more popular both in policy and scientific debates. In 2008,
the TEEB (The Economics of Ecosystems and Biodiversity) process was initiated. In
2013, the IPBES, the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services was launched, a UN funded body that is hoped to mimic the
success and influence the IPCC has in the area of climate change.
Despite its obvious success, or maybe just because of it, the concept of biodiversity has
remained vague and thus controversial. Also, its diffusion from scientific discourse into
public awareness has been only partial—according to public opinion polls, many people
around the world do not know the term, and even fewer are able to define it (DEFRA,
2007; UEBT, 2013). This is not surprising given that biodiversity is a complex, multilevel concept, which includes genetic, species, functional, molecular and phylogenetic
diversity, among others. Accordingly, there are many different approaches to the
measurement of biodiversity, which reflect various perspectives and specific research
needs.
As indicated by the explicit inclusion of the concept in the name of the major study of
the state of the art in environmental economics, the first TEEB report on ‘Ecological
and Economic Foundations’ (Kumar, 2010), biodiversity is by no means a new concept
for economists. On the contrary, economists have made significant contributions to the
topic, including, among other things, the design of diversity indices (Solow et al., 1993;
Weitzman, 1992; see also Baumgärtner, 2007), models of optimal conservation
strategies (Figge, 2004; Weitzman, 1998), analysis of biodiversity as insurance
(Weitzman, 2000) and of the socio-economic drivers of biodiversity loss (Swanson,
1998), as well as economic valuation of biodiversity (Heal, 2000; Kumar, 2010; Pearce
and Moran, 1994). However, just as in the political discourse, the use of the word
‘biodiversity’ has not always been precise in the economic literature. Often the term is
used just as a synonym for ‘nature’ or ‘life on Earth’, which is the broad meaning of the
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word. In its narrower, more specific meaning, however, ‘biodiversity’ emphasises the
diversity or variety of all the biotic components the ecosphere consists of (Swingland,
2013), rather than the components as such. There is a need to distinguish between the
two interpretations of the term.
In the case of valuation, the issue of the term’s interpretation might be even more
problematic. In fact, economic valuation of nature is mostly based on the ecosystem
services approach (Daily, 1997). There are many different frameworks, classifications
and definitions of ecosystem services in the valuation context (see, e.g., de Groot et al.,
2010, 2002), and no consensus on a common framework has yet been reached (Nahlik
et al., 2012). Within the ecosystem services framework(s), the role of biodiversity is at
best unclear, allowing for many contesting interpretations, e.g., in respect to the
question whether biodiversity is regarded as the source of ecosystem services or not
(Atkinson et al., 2012; Elmqvist et al., 2010; Mace et al., 2012). As it is a complex
concept rather than a single physical entity, biodiversity cannot be captured ‘directly’,
but only by use of proxies or indicators. Accordingly, economic valuation studies that
aim to assign a value to biodiversity choose very diverging approaches and use different
proxies to approximate this inherently abstract and complex concept (Meinard and Grill,
2011).
Already in the early stages of biodiversity valuation research, Pearce (2001) complained
that most valuation studies claiming to provide value estimates of biodiversity actually
had valued biological resources, not their diversity (see also Turner et al., 2003; Christie
et al., 2006). Nunes et al. (2003) and Christie et al. (2004) have reached similar
conclusions in their overview of suitable valuation approaches and monetary value
estimates for different aspects of biodiversity (genetic and species diversity, single
species, multiple species, natural habitats, biological resources, ecosystem functions and
services).
Only three studies have reviewed the biodiversity valuation literature (Bakhtiari et al.,
2014; Christie et al., 2004; Nunes and van den Bergh, 2001), which differ from the
review presented here. Due to their specific focus, the existing reviews explicitly do not
include all biodiversity valuation studies available at the time of publication (Christie et
al., 2004; Nunes and van den Bergh, 2001) or they focus on a specific class of valuation
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methods, namely Choice Experiments (Bakhtiari et al., 2014). In our review we provide
an update of existing biodiversity valuation studies and include the entire range of
valuation methods used. Also, Nunes and van den Bergh’s categorisation of biodiversity
studies was based deductively on the values they ascribed to biodiversity. Conversely,
our approach is more inductive, in that our biodiversity proxies (see section 3) are
derived from the studies reviewed here. Furthermore, earlier reviews do not clearly
distinguish between biodiversity and biological resources. Here, we argue that this
distinction is crucial and assess the accumulated body of valuation research focusing on
biodiversity as valuation object. For this purpose, we conducted a comprehensive,
exhaustive and critical review of all biodiversity valuation literature available through
October 2014 and identified all studies that value diversity.
The specific objectives of the review are:


to identify and critically discuss the suitability of proxies for biodiversity used in
valuation studies;



to explore common patterns and differences in the relevant body of applied
literature;



to pinpoint strengths and limitations of existing approaches and identify bestpractice studies;



to present criteria for a proper valuation of biodiversity;



to offer an orientation as to how biodiversity should be valued.

The remainder of our article is structured as follows: in section 2, an overview of the
relevant ecological concepts regarding the definition and measurement of biodiversity is
offered. The third section discusses the materials and methods used to conduct the
actual literature review. We present the categories of biodiversity proxies derived from
our review and used to group the approaches found in the studies reviewed. In the
fourth section, we outline our understanding of the term ‘biodiversity’ and delineate it
from related valuation objects, and we derive criteria for proper economic valuation of
biodiversity. In the fifth section, key results of the review are presented. Section 6
contains an evaluation of the approaches identified in the review in accordance with the
criteria proposed in section 4, and the identification and presentation of best-practice
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approaches. The last, concluding section offers an orientation towards a more consistent
framework for the valuation of biodiversity and recommendations for future research.

2

Definitions and measures of biodiversity

There exist many different definitions of biodiversity (DeLong, 1996). The term was
coined by Walter Rosen in 1986 in the context of the National Forum on BioDiversity
(Takacs, 1996). However, its full form, biological diversity, has been in use since at
least 1980 (Swingland, 2013). According to critics, the term is not scientific, but
advocative (Takacs, 1996), and represents a very vague, “pseudocognate”1 concept
(Gaston, 1996a; see also Kahn et al., 2001). Accordingly, the most widely-used
definition of biodiversity, adopted by the Convention on Biological Diversity (CBD,
1992), is not very specific:
"Biological diversity" means the variability among living organisms from all
sources including, inter alia, terrestrial, marine and other aquatic ecosystems
and the ecological complexes of which they are part: this includes diversity
within species, between species and of ecosystems.
It has been argued, however, that this vagueness is insurmountable, and that for
pragmatic reasons it is actually necessary, since the concept is used in many different
contexts (Mace et al., 2012; Koricheva and Siipi, 2004). In the end, biodiversity may be
viewed as a broad social concept in need for more concrete sub-concepts to be used as
proxies when it comes to specific applications.
As a consequence of the term’s complexity, abstractness and the insurmountable
difficulty to provide an unambiguous definition of it, there exist a vast number of
biodiversity measures and indicators (CBD, 2011; Pereira et al., 2013). For every
biodiversity level (intraspecies, interspecies, between ecosystems), many different
measures are available (see Table 1).

Table 1 Common measures of biodiversity
1

„Pseudocognate“ terms are observed to be implicitly treated as if everyone understood them equally,
even though no clear definition exists.
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Level of diversity

Measures

Genetic diversity



Allelic diversity (genotypic differences)

Species diversity



Shannon entropy (a.k.a. Shannon-Wiener
index)

Phylogenetic/taxonomic/functional

Ecosystem diversity



Gini-Simpson index



Species richness



Rao’s quadratic entropy



Phylogenetic entropy



Various similarity indices, mostly based on
species diversity indices

Compiled from Magurran (1996), Gotelli and Chao (2013) and Pereira et al. (2013).
The design and use of biodiversity indices faces essential data constraints (Mace, 2014;
Pereira et al., 2013), which may be the reason why in applications species richness and
related measures are by far the most popular. Often, less direct indicators of biodiversity
(change) are used, including Red List data, habitat amount, water quality for aquatic
biodiversity, so-called indicator species etc. (Butchart et al., 2010).

3

Materials and methods

To make the present literature review as comprehensive and exhaustive as possible, all
relevant sources have been examined. The following databases were searched for peerreviewed articles published through October 2014 using a range of alternative search
terms for both “biodiversity” and „economic valuation“: 1) the Web of Science database
, 2) the TEEB Valuation Database (Van der Ploeg and de Groot, 2010), and 3) Carson’s
contingent valuation bibliography (Carson, 2011)2.
As is clear from the introductory sections, the measurement and operationalisation of
biodiversity are all but trivial tasks. Since there is no single ‘right’ indicator of
biodiversity and since data constraints abound, economists who have aimed at valuing it
have used various different proxies for biodiversity. In what follows, we would like to

2

A more detailed description of the search process can be found in Appendix A.
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offer a classification of the attributes valuation practitioners used as proxies3. The
classification was specifically designed for the purposes of the review. It has been
inspired by classifications proposed by Nunes et al. (2003) and Pearce (2001), but it
deviates from them, first, in that it is based on a more rigorous definition of biodiversity
(see section 4), and second, it was inductively adapted during the process of reviewing
the valuation studies so as to enable the full attribution of all studies to the respective
categories. As a result, the following attribute categories were identified:


Numbers: species diversity or, more simply, species richness is often interpreted as
a suitable proxy for biodiversity (Christie et al., 2007; Gaston, 1996b). Valuation
studies falling into this category make use of concrete species richness numbers or
use some of the relatively simpler biodiversity indices (e.g., the Shannon-Wiener
index) as proxy for the level of biodiversity in the studied ecosystem.



Species: often, single species or groups of species have been used to approximate
biodiversity. Falling into this category are valuations of rare/threatened/endangered
species, invasive species as well as changes in the abundances of (particular)
species.



Genetics: an important role of biodiversity is believed to be it being the carrier of
option value, i.e., the value resulting from possible future utility derived from
ecosystems, which is inherently linked to genetic diversity. Valuations based on the
expenditures on research or bioprospecting4 have been included in this category.
Also, valuation studies focusing on preferences of consumers and farmers for
different varieties of agricultural crops fall into this category.



Functions: some valuation researchers have attempted to elicit the value people
hold for biodiversity by referring to its role in underpinning and facilitating the
functions and processes of ecosystems, which may be interpreted as reflecting the

3

We deliberately use the word „proxies“ instead of „indicators“, as the proxies used by valuation
practitioners are not always identical with the indicators ecologists use in biodiversity research (see also
section 6.2).
4
“Bioprospecting refers to the assessment of life forms for development of unique molecules, biological
entities, or structures that have potential utility in the economic sphere. Examples of bioprospecting
include the screening of microorganisms for the ability to metabolize oil spills, the screening of marine
organisms for antifouling compounds to prevent the attachment of barnacles to ship hulls, the analysis of
archael species in hot springs to discover new temperature resistant DNA polymerases, or the search for
new pharmaceutical compounds from rain forest plants for the treatment of disease.” (Cox and King,
2013, p. 588)
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value of biodiversity in increasing ecosystem stability and resilience (Balvanera et
al., 2006; Jax, 2010; Mace et al., 2012).


Habitats: a very common approach for approximating the value of biodiversity is to
elicit people’s values for the preservation of habitats, which is similar to the use of
the biodiversity indicator ‘habitat amount’ by ecologists. This category also includes
the ecosystem service ‘biodiversity protection’ (Van der Ploeg and de Groot, 2010).



Abstract: in this category we subsume all valuation studies that have tried to deal
with biodiversity in a more abstract way, mostly by asking people to value in
contingent valuation studies scenarios of ‘low’, ‘medium’ or ‘high’ levels of
biodiversity, without more explicit specification within the questionnaire.

An important criterion according to which the categories defined above can be divided
is whether they are framed in terms of biodiversity components or in terms of its roles
for human well-being. By components we mean the various ‘physical’ levels or aspects
of biodiversity, such as species, genes etc. The roles of biodiversity include its role as
insurance, as carrier of future options or as underpinning of ecosystems—in other
words, we mean by ‘roles’ the particular ways through which biodiversity influences
human well-being. As can be easily seen, Numbers and Species focus on components of
biodiversity; Genetics and Functions are rather framed in terms of roles. Meanwhile, the
two remaining categories Habitats and Abstract cannot be easily attributed, as they
seem too imprecise to fit the distinction between roles and components in a meaningful
and sensible way.
Two qualifications should be made regarding the studies included in the categories
Genetics and Species. Within the Genetics category, studies based on the (implicit)
valuations expressed in bioprospecting contracts are only included if they explicitly
value genetic diversity. No attention is paid to the contracts themselves. Meanwhile,
Nunes and van den Bergh (2001) included a list with a couple of such contracts in their
overview of different biodiversity valuation approaches. For a thorough study of
bioprospecting contracts, see ten Kate and Laird (2000). In the Species category, only
those studies have been included whose authors specifically mention that they use
rare/threatened/endangered species as proxy for biodiversity (e.g., Jacobsen et al.,
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2012)5. Meanwhile, there are many valuation studies in which these species were
chosen as valuation objects for other reasons, particularly because they are often wellknown, iconic species, for which values can be elicited relatively easily. Such studies
have been omitted from the review.

4

Criteria for the evaluation of biodiversity proxies

Before presenting criteria that we use to evaluate biodiversity proxies found in the
studies reviewed here, we would like to briefly outline our understanding of the term
‘biodiversity’. A simple yet precise definition of biodiversity is that it is the multiplicity
of kinds within biotic or biota-encompassing categories (Maier, 2012), including
species, habitats, functional groups, genotypes etc. Biodiversity is not a synonym for
‘nature’. It stresses the diversity of biological things without being concerned with their
identity. Therefore, it cannot be said, in our opinion, that biodiversity provides
ecosystem services, as it is only a characteristic of an ecosystem, the latter being the
actual ‘service provider’. Accordingly, biodiversity is likely to have a rather indirect
value in that it is linked to some instrumentally valuable properties of an ecosystem (we
call these properties the roles biodiversity plays for human well-being). For instance, in
an empirical study including interviews and discussions with laypeople, Bakhtiari et al.
(2014) found that such properties might be resilience and insurance value, aesthetics or
option value.
As one important aim of our review is to evaluate the biodiversity proxies used in the
valuation studies covered by it, it is important to provide criteria for this evaluation. We
would like to propose the following three criteria:
1. A biodiversity proxy should not reduce biodiversity to one single aspect. It is a
complex and multi-facetted entity, thus it is difficult to identify proxies that
cover the full extent of biodiversity. For example, a small sub-category of
species cannot properly capture biodiversity and its value on its own. Indeed, it
might well be impossible to construct a proxy that captures all aspects of
biodiversity. Nonetheless, a proper proxy should cover as many aspects and
dimensions of biodiversity as possible, given data, resource and other
5

The same criterion was used with regard to the Habitat proxy, of course.
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constraints. A single component will not do the job: “no single component,
whether genes, species, or ecosystems, is consistently a good indicator of overall
biodiversity, as the components can vary independently” (MEA, 2005, p. 1).
2. A biodiversity proxy should not cover more than biodiversity. As we are
concerned with the economic value of the diversity of biological resources, the
identity of the latter and other valuable aspects/components of natural systems
are less relevant, e.g., wilderness, ecosystem services or abiotic components of
ecosystems. It is crucial that biodiversity not be taken to be a synonym for
‘nature’ or ‘ecosystem’, as it is a distinct concept and only has analytic value if
its distinctness is kept in mind. Good biodiversity proxies should be as precise as
possible, being neither too narrow nor too encompassing.
3. The connection between the chosen biodiversity proxy and the contribution of
biodiversity to human well-being should be clear. This is particularly relevant in
stated preference studies, where willingness to pay (WTP) or willingness to
accept compensation (WTA) for changes in biodiversity is directly elicited from
members of the society. It is not enough for respondents to be aware of what
biodiversity generally means for human well-being (e.g., as underpinning the
stability of ecosystem services provision)—it should also be made clear to them
what the specific change in biodiversity which is the basis of the WTP/WTA
elicitation means in terms of their well-being. This calls for explicitly
incorporating the change’s effects on human well-being into WTP/WTA
questions. Where possible, the analysed changes should also be quantified.
However, it some cases it might not possible to quantify a change in biodiversity
without making it incomprehensible to respondents. A mere statement that, e.g.,
the number of species has changed from X to Y is unlikely to be relevant for a
respondent’s assessment of her well-being. Also in studies not based on stated
preference elicitation the link between biodiversity proxy and human well-being
should be comprehensible as well.
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We ignore for the moment the more practical criterion of data availability, although, of
course, the data requirements of some biodiversity proxies are relatively more easily
satisfied.

5

Review of existing biodiversity valuation studies—basic results

123 distinct studies have been found that provide economic value estimates for
biodiversity6. Most important statistics have been summarised in Figure 1.
Figure 1 Basic results of the literature review on economic valuation of
biodiversity

As can be seen in panel a), 60 studies were conducted in Europe and 23 in Asia, the
other continents being represented much less frequently. Even though it is widely
recognised that most biodiversity hotspots are located in the tropics, particularly in
South America, equatorial Africa and South-East Asia (Myers et al., 2000), only a few
economic valuation studies of biodiversity were conducted in these extremely
biodiverse ideas. This finding is in accordance with a more general pattern identified by
Christie et al. (2012), who found out that most valuation studies are being conducted in
developed countries, whereas ecologically more valuable areas in the developing world
6

A full list of the studies included in this review is provided in Appendix B.
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remain clearly understudied (see also Seppelt et al., 2011). This might reflect both the
lack of data and skills among practitioners in developing countries and problems related
to usage of monetary value categories in these regions (Norgaard, 2010).
Panel b) shows the distribution of the studies with regard to biomes covered7. 44 studies
investigated the value of biodiversity in forest ecosystems (14 of which were tropical
forests), in 19 cases the study area was marine. 17 studies covered more than one
biome, in 13 cultivated areas were studied. The other biome categories are less frequent,
wetlands (9 studies) being the only remaining one with more than 5 occurrences.
Before we come to panels c) and d) of Figure 1, we would like to mention the temporal
distribution of the studies included in our review (see Figure 2). The two oldest studies
were conducted in 1992 (Garrod and Willis, 1994; Veisten et al., 2004). After a rather
slow start during the 1990’s, when only a few attempts to identify the economic value
of biodiversity took place, after 2000 the number of studies conducted each year more
than doubled. This rise in the wake of the new millennium coincides with the
publication of David Pearce’s complaint about the lack of studies valuing diversity and
not biological resources (Pearce, 2001). In many papers no information about the year
the studies had been conducted could be found. However, when publication years are
considered, the rising trend remains largely the same.
Figure 2 Temporal development of economic valuations of biodiversity

7

The classification of biomes follows the respective TEEB classification (de Groot et al., 2010).

14

Let us now return to Figure 1. Panel c) reveals that a number of different valuation
methods is used to value biodiversity. Stated preferences methods, notably contingent
valuation (CV) and choice experiments (CE)8 are the most common means to elicit the
economic value of biodiversity with overall 103 out of 125 applications (two studies
used more than one method). The other two stated preference methods (SPM) applied
were contingent ranking and the Pebble Distribution Method (Anthony and Bellinger,
2007). Of those stated preference studies, four made use of deliberative approaches to
economic valuation. Travel cost (TC) and contingent behaviour (CB) were employed in
only 5 studies. The remaining 15 studies applied various market-based (MB) valuation
methods. Panel d) summarises the most important insight from our review, viz., the use
of various biodiversity proxies. The most common proxies are Habitats and Species,
which were used 51 and 43 times, respectively. The other proxy categories are much
less frequent: Numbers was used in 15 studies, Genetics in 11, Functions in 9 and
Abstract in 7. Ten studies used multiple proxies (see also Section 6.3).
The last two statistics can be combined so as to see whether the application of particular
methods depends on the proxies chosen. Table 2 maps these two aspects.

8

Our usage of the terms reflects the common usage by practitioners (including the studies reviewed here),
instead of the more consistent nomenclature proposed by Carson and Louviere (2011), which does not
really reflect common practice to date.
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Table 2 Dependence of attributes on methods
Attributes/methods

CE

CV

SPM

CB

TC

MB

Habitats

11

28

0

4

1

7

51

(0.18)

(0.54)

(1.0)

(1.0)

(0.47)

(0.38)

30

12

0

0

1

43

(0.48)

(0.23)

(0.07)

(0.32)

10

3

1

1

15

(0.16)

(0.06)

(0.5)

(0.07)

(0.11)

3

3

1

0

7

(0.05)

(0.06)

(0.5)

4

5

0

(0.06)

(0.10)

4

1

(0.06)

(0.02)

62

52

Species

Numbers

Abstract

Genetics

Functions

0

0

2

0

0

0

0

(0.05)
0

0

4

0

0

1

2

11

(0.13)

(0.08)

4

9

(0.27)

(0.07)

15

136

Explanation: Each cell contains the absolute number of studies using the respective combination of method and
attribute. Italic numbers in brackets inform about the proportion of studies that used the specific attribute-method
combination compared to the number of studies using the respective method. The bottom row and the last
column indicate sums. Abbreviations: CE = Choice Experiment, CV = Contingent Valuation, SPM = other
Stated Preference Methods, CB = Contingent Behaviour, TC = Travel Cost, MB = Market-Based Methods

Travel cost, contingent behaviour and ‘other stated preferences’ (SPM) can be ignored
here because there are only very few studies using these methods. When the other three
method classes are compared, two patterns are visible: first, studies that used marketbased methods made use of the attributes belonging to the Functions category relatively
often. Second, there is a difference between choice experiments and contingent
valuation in that the former are more often used in combination with Species, the latter
with Habitats. A possible explanation might be that Species can be interpreted as an
attribute more ‘naturally’ than Habitats9. However, many choice experiment studies still
did use an attribute belonging to the Habitats category.

6

9

Discussion and evaluation

We are thankful to an anonymous reviewer for pointing out to us this explanation.
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We would like to start the discussion by commenting on the application of valuation
methods in biodiversity valuation studies. Afterwards, in section 6.2, we will evaluate
the biodiversity proxies found in our review, based on the criteria developed in section
4. In section 6.3, multi-attribute studies will be presented and their strengths and
shortcomings discussed.

6.1 Methods used to value biodiversity
As shown in section 5, more than 80 per cent of the reviewed studies applied either
contingent valuation (CV) or choice experiments (CE). The frequency of stated
preferences techniques strengthens the position, expressed for example by Meinard and
Grill (2011), that this methods class offers an especially adequate means to
meaningfully value the abstract good ‘biodiversity’. Other methods do not have the
potential to capture non-use (Pascual et al., 2010) and indirect values, which are crucial
value components of biodiversity. Furthermore, four studies in our review made use of
deliberative approaches to economic valuation, which combine the deliberative aspects
of citizens’ juries with the elicitation of individual preferences through CV or CE and
better enable respondents to express their preferences for complex and unfamiliar public
goods and services (Gregory, 2000; Lienhoop and MacMillan, 2007; MacMillan et al.,
2002; Spash, 2007). Szabó et al. (2011) showed in the context of biodiversity valuation
that deliberative approaches significantly reduce the incidence of protest bids. Both
Wätzold et al. (2008) and Christie et al. (2006) applied deliberative methods in hope for
learning effects and to overcome issues of unfamiliarity and complexity of the valued
goods. This was also the goal of Anthony and Bellinger (2007) in a developing country
context. Deliberative monetary valuation might be seen as offering a particularly well
instrument for the elicitation of individual preferences for the complex good
biodiversity. However, it is important to note that deliberative monetary valuation is
sometimes viewed as being at odds with certain tenets of neoclassical economic theory,
on which conventional economic valuation methods are based.

6.2 Evaluation of biodiversity proxies
In general, it should be emphasised that biodiversity indicators, as they are defined in
ecology, are sometimes used as proxies in valuation studies, but often the proxies are
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not identical with indicators. This is especially the case in stated preference studies,
where a biodiversity proxy fulfils a different role than a biodiversity indicator normally
does. Rather than just indicating the state of or changes to biodiversity in an ecosystem,
a proxy used in a questionnaire-based study is meant to symbolise biodiversity in a way
that makes clear its link and contribution to human well-being.
Habitats. This proxy covers many more aspects than just the diversity of an
ecosystem’s components and hence it is impossible to separate out the biodiversity
aspect. Furthermore, habitats include many abiotic components, whereas biodiversity is
by its very definition restricted to the biotic dimension of ecosystems. Some studies
have included ‘biodiversity protection’ as an ecosystem service, possibly following the
idea behind the new service category of ‘habitat services’ introduced in the TEEB
framework (de Groot et al., 2010). While it was shown that biomes are a relatively good
predictor of species richness (Gerstner et al., 2014), the identification of biodiversity
changes with changes in the extent of habitat protection appears unwarranted, at least as
a generalisation10. Having said that, we would like to add that to determine the value of
an ecosystem, it might be more sensible to value it as a whole, rather than to value
single ecosystem services separately, possibly by use of different valuation methods,
and to subsequently aggregate their values additively11. As a proxy for biodiversity in
valuation studies, however, habitat protection is not sufficient and too imprecise.
Species. The use of rare/threatened/endangered or invasive species as biodiversity
proxy covers only one single component of biodiversity. While it may be argued that in
some cases keystone species are a good indicator of biodiversity (Haines-Young and
Potschin, 2010), it is in the most cases far from trivial to identify them. The species
chosen in the studies reviewed here were mostly species too marginal in an ecosystem
to have a meaningful influence on its biodiversity levels. The reason why they are
chosen is mostly the fact that they are endangered and/or rare, not their ecosystemic
importance. In a recent exploratory study including interviews and discussions with
laypeople, it was stressed that “[p]articipants were explicit that the existence of a variety
10

There happen to be established relationships in specific cases. See, e.g., the justification offered by
Kragt et al. (2009) in the context of coral reefs.
11
This reflects our contention that an ecosystem is “more than the sum of its parts”. Furthermore, the
additive aggregation of the values of single ecosystem services might lead to double counting (Fu et al.,
2011).
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of animals and plants was more important than any specific species.” (Bakhtiari et al.,
2014, p. 31) The sole focus on single species appears unsatisfactory and likely obscures
the complex relationships within an ecosystem (Mainwaring, 2001), as it suggests that
the fate of single species has a general impact on overall biodiversity. Furthermore, it
has been pointed out that the definition of rarity of species may itself be problematic
and of limited usefulness (McIntyre, 1992). When alien species are used as a proxy,
biodiversity is implicitly identified with a notion of ‘original pristinity’, which has been
criticised as naïve since truly pristine ecosystems hardly exist (Ellis et al., 2013; Hobbs
et al., 2013). In fact, alien species’ effects on biodiversity are very case-specific and not
generally negative (Ricciardi et al., 2013; see also Warren, 2007; Gurevitch and Padilla,
2004). Also, it has been found that biodiverse ecosystems are less prone to the possibly
adverse effects of alien species introductions, which is a causal chain opposite to that
suggested by the invasive alien species proxy (Balvanera et al., 2006).
Numbers and Abstract. The use of numbers of species or of biodiversity indices like
the Shannon-Wiener index (Polak and Shashar, 2013) can be evaluated jointly with the
reference to the general, abstract concept of biodiversity, as these two approaches
violate the criteria outlined in section 4 in a similar way. Both proxy categories were
applied almost exclusively in stated preference studies, with the exception of one study,
which used Simpson’s diversity index in a model fed by life satisfaction and market
price data (Ambrey and Fleming, 2014). Stated preference methods make it necessary to
make clear to respondents the links between the biodiversity proxy and human wellbeing. For this, the informational basis of ecological biodiversity measures or vague
concepts is very limited. For example, for a layperson it may not be clear what the
actual meaning of a specific number of species is. Jacobsen et al. (2008) showed that
knowledge of concrete species in the ‘biodiversity mix’ increases people’s value placed
on biodiversity (WTP). In their interpretation, this might be an overestimation of the
actual value of biodiversity. However, another possible interpretation could be that the
identified discrepancy between WTP for ‘abstract’ biodiversity and WTP for
biodiversity of concrete species is due to insufficient understanding of the abstract
concept by the interviewees (see also Martín-López et al., 2008). Bakhtiari et al. (2014)
found that because people identify biodiversity’s functional aspects as a crucial
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component of its value, “using species numbers as an attribute of a CE study would not
cover the true value the general public has for biodiversity” (p. 33).
Functions. This category emphasises roles rather than components of biodiversity (for
definitions, see section 4). Thus, the link to human well-being is relatively clear.
However, one might be tempted to argue that this approach is redundant: biodiversity
positively influences the stability and resilience of ecosystems (Balvanera et al., 2006),
thus also stabilising the generation and provision of ecosystem services (Mace et al.,
2012). The latter have a direct influence on human well-being and are therefore the
appropriate objects of valuation (Boyd and Banzhaf, 2007). Under this perspective,
valuation of biodiversity and its influence on ecosystem functioning would result in
double-counting (Hamilton, 2013). However, it is possible to argue that a) the doublecounting issue only arises in accounting-like applications, not when the goal of
valuation is to provide information about and to communicate the value of biodiversity,
and b) the stabilising effect of biodiversity has a value going beyond that of the services
‘reliably’ provided by a stable ecosystem. Indeed, this perspective is very close to the
notions of precautionary principle and insurance/option value (Aldred, 2013).
Genetics. Also closely related to the notion of option value is the approach behind the
valuation studies falling in the Genetics category. Similar to Functions, this proxy
focuses on roles rather than components of biodiversity. Two main sub-approaches can
be distinguished here: one group of studies focuses on agricultural varieties and their
attractiveness for either farmers or consumers (e.g., Birol et al., 2009; Dinis et al.,
2011), while others base their estimates of biodiversity value on information about
bioprospecting contracts and research expenditures (e.g., Erwin et al., 2010; Jobstvogt
et al., 2014). Both implicitly emphasise an important role of biodiversity as ‘library’
(Goeschl and Swanson, 2007; Weitzman, 1995), which contains information that may
have value in the future (see also Farnsworth et al., 2012).
According to the interpretation presented in this section, the most common approaches
to the economic valuation of biodiversity do not fulfil the criteria presented in section 4.
They are often too unspecific, either being too broad or too narrow to capture the
essence of biodiversity. In fact, even the two approaches that appear most satisfactory,
namely Functions and Genetics, are by themselves rather limited in their
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comprehensiveness and cannot capture the whole complexity of the notion of
biodiversity on their own.
In some studies, however, the attempt was made to operationalise biodiversity by use of
more than one proxy/attribute. In the following section, these studies will be discussed
in some more detail, as they offer an approach that captures biodiversity in a more
precise way, being neither too narrow nor too encompassing.

6.3 Multi-attribute descriptions of biodiversity
Biodiversity is a multidimensional concept; hence describing biodiversity with multiple
attributes12 seems to be a sensible approach. Our review reveals that this was done in 10
studies. Table 3 presents a list of these studies and the attributes their authors used to
describe biodiversity in the respective studies.
Table 3 Multi-attribute biodiversity valuation studies
Study
Birol

Attributes
et

al. 

“number of different species [and] their population 

Species



Habitats

“familiar species of wildlife”



Species



“rare (unfamiliar) species of wildlife”



Species



“habitat”



Habitats



“ecosystem processes”



Functions

“natural ecological processes”



Functions



“rare species of fauna and flora”



Species



“ecosystem components”



Habitats

“richness in species and richness within each species”



Species

levels”

(2009a)

Christie et al. 
(2006)

et 

Czajkowski
al. (2009)

Eggert

Proxy categories

and 

Olsson (2009)



“number of different habitats and their size”

“important

for

the

sea’s

capacity

to

handle 

Functions

environmental disturbances, but also for productivity”
Garber-Yonts et 
al. (2004)

12



“biodiversity reserves”



Habitats

“endangered species”



Species

In what follows, “attribute” and “proxy” will be used interchangeably, as the former term is often used
in economics to describe a good’s (here: biodiversity) characteristics.
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“forest age management”



Habitats

“number of protected species”



Species

“[potential] new medicinal products”



Genetics

“number of endangered species”



Species



“conservation areas”



Habitats



“[number of] biotopes at favourable levels of 

Habitats

Jobstvogt et al. 


(2014)

Lehtonen et al. 
(2003)

conservation”
and 

Liebe

“biotopes of rare species”



Habitats/Species

Preisendörfer



“species richness”



Numbers

(2007)



“age structure of the forests”



Habitats



“landscape diversity”



Habitats

“restoration of native forest”



Habitats

“reintroduction of the beaver/wolf”



Species

“dangers from alien species”



Species

“resilience”



Functions

MacMillan
al. (2001)
Rajmis
(2010)

et

et 

al. 


In all multi-attribute studies some version of the proxy category Species was applied,
mostly involving rare or endangered species, in one case alien species (Rajmis et al.,
2010)13. Furthermore, 7 of these 10 studies used a proxy belonging to the Habitats
category in their multi-attribute description of biodiversity. Also, nearly half of all
studies focusing on Functions (4 of 9) used a multi-attribute approach. This confirms
the intuition that, while Functions alone might be viewed as too imprecise and thus
uninformative, it still reflects an important aspect of biodiversity value. Finally,
attributes belonging to the categories Numbers and Genetics were used once each.
Two interesting attributes proposed are “landscape diversity” in Liebe and Preisendörfer
(2007) and “ecosystem components” in Czajkowski et al. (2009) (by which the latter
mean dead wood, ponds, streams etc.). Both seem to emphasise abiotic components of
ecosystems, which ex definitione are not part of biodiversity. However, at least in the
latter case it might be argued that these ecosystem components can be considered
potentially biodiverse ‘micro-habitats’. This means, on the one hand, that the critique of
the Habitats category applies at least partly. On the other hand, this attribute is an
13

Indeed, contrary to the common use of the occurrence of invasive alien species as a proxy for
biodiversity, Rajmis et al. seem to emphasise the role of biodiversity in protecting ecosystems against
negative effects of alien species, which would actually fit the Functions category.
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important attempt to take into account the astonishing biodiversity of insects and
microbes living largely unnoticed in such micro-habitats.
While the emphasis of the roles biodiversity plays in enhancing human well-being was
explicit in some of the attributes found here, most studies focused on components,
Rajmis et al. (2010) being the only study that had a clear roles focus, stressing the
‘functionality’ of biodiversity (Bakhtiari et al., 2014). As will be discussed in the next
section, this constitutes a major research gap and an opportunity to enhance the practice
of economic valuation of biodiversity.
Given the predominantly indirect, non-use nature of biodiversity value, the most
encompassing way to value it is by means of stated preference methods (Pascual et al.,
2010; Hansjürgens et al., 2012). In a multi-attribute approach, non-use values are likely
to be relevant for at least some of the proxies used. Hence it is not surprising that all 10
studies applied either choice experiments or contingent valuation. Also, as choice
experiments are a method specifically designed to take into account the multitude of
good characteristics (attributes) and their respective influence on utility, it is not
surprising that in 8 of the multi-attribute studies this method was applied.
In general, the multi-attribute approach to economic valuation of biodiversity appears
very

promising

because

it

allows

to

better

mirror

the

complexity

and

multidimensionality of biodiversity than single-proxy approaches. At the same time, it
allows to keep the underlying description of biodiversity specific without becoming too
encompassing. Therefore, we consider these multi-attribute studies as representing best
practice within our review. Especially the studies by Christie et al. (2006) and
Czajkowski et al. (2009) offer highly innovative and conceptually appealing
approaches. However, it might be worth putting more emphasis on the roles of
biodiversity instead of framing it in terms of its components (with the roles being only
implicitly related to them). This approach has, of course, limitations. One clear
limitation is data: our understanding of biodiversity and its effects on both eco- and
human systems is still very limited, and for many ecosystems data related to
biodiversity are lacking (Hansjürgens et al., 2012). Furthermore, when biodiversity is
valued via stated preferences methods, the main challenge is to determine the right
amount of information provided to respondents that allows them to thoroughly
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understand the valuation object but does not lead to a cognitive overstrain (e.g.,
MacMillan et al., 2006). In addition, there might be a trade-off between stressing the
roles biodiversity plays for human well-being, its ‘functionality’ (Bakhtiari et al., 2014),
and using quantifiable attributes, as recommended, e.g., by Bateman et al. (2004)14.

7

Conclusions and recommendations for future research

The goal of the present review of studies that economically valued biodiversity has been
threefold: to give an overview about the state of the art in this area of research,
including a clustering and comparison of approaches; to identify the strengths and
weaknesses of the approaches found in the relevant body of applied literature, including
the identification of best-practice studies; and to offer on that basis an orientation as to
how biodiversity might be valued appropriately and so as to account for the complexity
of the concept.
The review revealed a whole array of different approaches, but at the same time showed
that some of them are particularly frequent. Most importantly, around 80 per cent of the
studies applied stated preference methods. A similar share used biodiversity proxies
belonging to two attribute categories, based on the notions of habitat protection and
rare/endangered/alien species, respectively. Even though the complexity and
multidimensionality of the biodiversity concept is well recognised, only a few studies
tried to approach it in a multi-attribute way. Also, only four studies applied deliberative
valuation methods. In most cases, valuation was based on components of biodiversity
(particularly species), less on the roles it plays for human well-being (e.g., as insurance
or carrier of option value).
Based on our review we would like to suggest the following recommendations or
orientation remarks on the road towards more consistent and comprehensive valuation
of biodiversity:
First, given the concept’s complexity, it appears essential to approach biodiversity on
the basis of multiple attributes. Biodiversity not only encompasses a number of levels
and components, ranging from genes to species to functional groups, it also plays a

14

We are thankful to an anonymous reviewer for pointing this out to us.
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number of different roles within ecosystems—and, consequentially, influences human
well-being in many different ways. Reliance on single-attribute proxies is problematic
because it tends to lead to one of two extremes: either the proxy is too encompassing
and unspecific (e.g., habitat protection) or it is too narrow and focuses on one single
aspect of biodiversity (e.g., rare species). Of course, there are obstacles and trade-offs
involved in the multi-attribute approach, too. First, the inclusion of too many attributes
in stated preference based valuation may overtax respondents and thus lead to less valid
value estimates. In valuation of complex environmental goods there is a general tradeoff between simplicity of presentation of the good and the quality of results. Here, focus
group research and careful pre-testing of the questionnaire help to determine the amount
of attributes that respondents are able to cope with. Second, data constraints might play
a role and inhibit the inclusion or specification of particular attributes. Nonetheless, we
believe that economic valuation of biodiversity should be based on the use of multiple
attributes. The problems related to this approach are serious, but not insurmountable. In
the end, it is a question of balance between the extremes of too little and too much
specificity. There is a need for more research into the operationalisation of biodiversity
for valuation purposes in a multi-attribute way.
Second, the trade-off between biodiversity’s complexity and the cognitive limitations of
humans (including the respondents in stated preference based valuation studies) might
be eased by providing more-than-usual time and information to the respondents, e.g.,
through deliberative valuation methods. While still relying on the elicitation of
individual preferences, these methods facilitate the formation of informed preferences
for unfamiliar and complex environmental public goods such as biodiversity by giving
respondents sufficient information, time to think, room for discussion and clarification.
All these aspects are highly relevant when respondents have to make up their mind
about how important biodiversity is to them and how much it is worth to them in
monetary terms. Of course, other ways are also thinkable to ease the acquisition and
accommodation of complex information by respondents in stated preference studies,
e.g., through the use of web-based surveys (Lindhjem and Navrud, 2011). It is crucial,
however, to keep in mind that biodiversity is an exceptionally complex and unfamiliar
environmental good that might overstretch the capacity of usual stated preference
methodology.
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Finally, we believe that it is less useful to describe biodiversity for valuation purposes in
terms of its components, be it species, genes or biodiversity indices. Rather,
biodiversity’s influence on human well-being, the roles it plays—as carrier of option
value, as insurance, as underpinning of stable ecosystems etc.—should be at centre.
This is related to the observation that people around the world are unfamiliar with the
concept of biodiversity. Furthermore, being a concept and not a physical entity,
biodiversity influences human well-being in a rather indirect way (or, actually, in a
multiplicity of ways). The emphasis put on roles, not on components, shortens the
distance cognitive processes must cover both in the process of preference formation and
while translating those into monetary values. We are aware that a roles-based approach
brings with it the difficulty of finding quantifiable attributes. In some cases, there might
be a trade-off between quantifiability and meaningfulness for the respondents. There is
a need to formulate a coherent framework for the valuation of biodiversity based on the
roles it plays that would be feasible for practical application.
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Appendix A
The literature search for the review was conducted as follows:
1. The Web of Science data base was searched by use of the following terms:
“economic

valu*”,

“contingent

valuation”,

“choice

model*”,

“choice

experiment”, “conjoint analysis”, “contingent behavio*r”, “travel cost”, “wtp”,
“willingness*to*pay”, “pric*” and “biodiversity”, “biological diversity”, “rare
species”, “endangered species”, “threatened species”, “alien species” (title, key
words, abstracts). Only peer-reviewed articles were considered.
2. The resulting output was investigated more thoroughly: titles and abstracts were
read (in ambivalent cases also the text body) so as to sort out articles not being
valuation studies (e.g., conceptual papers).
3. The remaining articles were read so as to find out whether biodiversity was
actually among the valuation objects. Where this was not the case, the respective
publications were sorted out.
4. The TEEB Valuation Database was searched for articles which valued the
ecosystem service “biodiversity protection”.
5. Carson’s Contingent Valuation Bibliography was searched for “biodiversity”
and “biological diversity” as a check whether any relevant articles had been
missed.
6. For the most recent articles (March-October 2014), Google Scholar was
searched using the combination of “valuation” and “biodiversity” in a full-text
search.
7. If a valuation study was covered in more than one article, only the earliest peerreviewed

publication

was

included.
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