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INTRODUCTION

An important element of natural landscapes is the biodiversity they harbor. People value biodiversity
because of the services it provides, e.g. aesthetics (Barbier et al., McNeely). As natural landscapes are converte
for human development, biodiversity services are lost. Economists are focusing attention on biodiversity issues
because an efficient level of biodiversity may not be provided by market forces (R88aallMarkets may
underprovide biodiversity because of its public-good aspects of non-rivalness and non-exclusion (Cornes anc
Sandler). For example, several people can enjoy biodiversity services at the same time when they obserw
migrating birds, and individuals cannot be excluded from enjoying the benefits biodiversity provides because birds
are highly mobile and cannot be restricted to controlled areas.

Valuation of biodiversity is a first step toward an efficient allocation of resources to biodiversity
preservation. In order to value biodiversity three issues need to be addressed: first, the definition of biodiversity,
second, the biodiversity measure, and third, an appropriate valuation method and its application to the specific
valuation problem. This paper addresses these three issues and provides an illustration of a valuation study applie
to bird diversity.

Existing valuation studies related to biodiversity tend to focus on irreversibility (Barbier et al., Pearce and
Moran). Irreversility occurs when species go extinct or ecosystems are permanently destroyed. It is misguided,
however, to focus attention on the study of biodiversity only once ecosystems or species are threatened
Biodiversity decreases not only when species are irretrievably lost, but also when land-use decisions involve &
local loss of species that are not threatened with extinction. Over time, population numbers of species may declin
to a threshold level low enough to pose a threat to further existence of the species. If the value of biodiversity
enters into land-use decisions before species reach the threshold, individual species may not become threatened

warrant the special attention they currently receive.



Often, valuation studies of protected areas are included in the biodiversity valuation literature (Pearce and
Moran). It is not clear to which extent the studies are actually capturing the value of biodiversity. For example, the
wilingness to pay for travel to a national park is restassarily equivalent to the value of biodiversity it contains.
Similarly, the willingness to preserve an endangered species &cegsarily an appropriate marginal valuation
of biodiversity.

The species diversity valued in the example described in this papetingtedtto rare, threatened, or
endangered species. Because of the high degree of uncertainty and ilitgwensib species become extinct the
economic approach to analyzing biodiversity is perhaps most easily justified where species extinction is not an
issue. Furthermore, the biodiversity valuation in the example is not tied to a specific location and not limited to a

single species. These characteristics make this type of value appropriate for benefit transfers (Pearce and Morar

DEFINITION

Biodiversity can be defined as genetic diversity, ecosystem diversity, and species diversity. Genetic
diversity is the variation in genetic material, ecosystem diversity, the variability in the ecological complexes which
form habitat for species, and species diversity, the variability across species (McNeely, Pearce and Moran, Reic
and Miller).

It is important that the definition of biodiversity is relevant. In some instances valuation of biodiversity
may be conducted by estimating the costs of alternative means to generate biodiversity's services, e.g. pollutio
absorption by installing filters. However, generally, biodiversity valuation involves eliciting wilingness to pay
(WTP) or wilingness toaccept (WTA) compensation for levels of biodiversity from a sample of a target
population. In that case, meaningful estimates for WTP or WTA can only be obtained if the respondents

understand the definition of biodiversity and perceive changes in biodiversity as specified by the researcher. The



definition of biodiversity must also be relevant for the policy issue to be analyzed. For example, if the purp
to study the effect of pollution on biodiversity and the main effects are an alteration of genetic material, de
biodiversity at the species level is inappropriate. Thus, the first step in meaningful biodiversity valuation is

defining biodiversity appropriately.

MEASUREMENT

Oncethe appropriate definition of biodiversity has been determined a measure must be chosen or
constructed. The measurement problem will be illustrated for species diversity. In the past, species richness, th
number of species in a given area, was generally used as a biodiversity measure (Wililams et al.). However, whe
population distributions are of interest to the researcher, abundance information is needed for the individual
species (Magurran). More recently, researchers have attached weights to species based on their relative positic
in a classification system. Williams et al., for example, incorporate genealogical relationships between species.

The choice of biodiversity measure will depend on the exact research topic, underlying assumptions, and
value judgments. If it is believed that biodiversity conservation efforts should focus on conserving as many species
as possible, species richness is the biodiversity measure to use. If the goal is a stable ecosystem and this requi
a maximum number of species that are distinct from one another, a measure that captures distinctiveness
required.

The type of biodiversity measure chosen can affect decision-making. For example, if a biodiversity ranking
is the criterion for determining which of a number of alternative sites to select for protected status, choosing one

biodiversity measure over all others can affect the final site selection.



VALUATION

Biodiversity is valued for the services it provides. The different services make a contribution to the total
value of biodiversity. The major categories are use values and non-use values (Pearce). Within the use categor
direct use, indirect use, and option value can be distinguished. Direct use values relate to biodiversity services suc
as aesthetics and outdoor recreation. For example, bird watchers derive direct use values from a birding trip whe
they enjoy a variety of different bird species in their natural setting. Indirect use values of biodiversity for bird
watchers would be, for example, the satisfaction they get from watching a birding video and listening to a
presentation on bird diversity at a birding site. Option value is the value of the resource associated with preserving
the option of using it in the future. Birders have option value, for example, if they are willing to contribute toward
preserving a birding area so that they may be able to vistt it in the future.

Bequest and existence values are non-use values. Biodiversity's bequest value is the value of biodiversit
services to be passed on to future generations and existence value the value of knowing that biodiversity exist
without any intention of deriving use values (Randall 1986). Quasi-option value arises when lack of information
exists about future benefits where species may be lost irreversibly (Randall 1986). The quasi-option value of
biodiversity may make up a large part of total value when species face extinction.

Revealed and stated preference models have been developed to analyze non-market goods, such
biodiversity. Contingent valuation appears to be the only non-market valuation technique that can address non-us
values. When non-use values are likely to be large, the contingent valuation method is more appropriate than th

travel cost method or hedonic approaches.

YFora survey of non-market valuation approaches see Hoehn and Krieger, Freeman, Carson.



IRREVERSIBILITY AND UNCERTAINTY

The analysis so far implicitly suggested that biodiversity can be analyzed deterministically. However,
examples are abundant where this assumption is likely to be violated. Some economists and many non-economis
feel uneasy about using the economic approach to analyzing biodiversity because of the many things that are nc
known about genes, species, ecosystems and their interdependencezsaasel of the irreversible effect of
species loss (Ehrenfeld, Norton, Randall 1988, Hanemann, Swaney and Olson).

Economic theory provides some tools to deal with issues of uncertainty and irreversibility. Uncertainty can
be incorporated into biodiversity analysis by attaching probabilities to different possible outcomes and assuming
certain risk preferences for utility-maximizing individuals. The problem becomes more difficult if the probabilities
are not known. Sensitivity analysis can reveal the variation in biodiversity values when different assumptions about
uncertain data are made.

The probability of extinction or survival becomes an important element in the analysis of biodiversity
where extinction of species is important (Solow et al., Solow and Polasky). It is not clear, however, how
extinction probatlities are to be determined. Solow et al. give an illustrative example where they assign
decreasing probability to endangered, vulnerable, indeterminate, and other species.

Biodiversity valuation research where extinction of species is important cannot necessarily use the same
approach that is applicable in the case where extinction of species is not an issue. Option value and quasi-optia
value can be very large for species threatened with extinction. A valuation approach that focuses on use values
e.g. the travel cost method, could considerably undervalue the total value of biodiversity that includes species

threatened with extinction.



One way to incorporate possible extinction of species in valuation of biodiversity is to include a variable
for rare, threatened, and endangered species in a contingent valuation model. A positive relationship betweel

WTP and these variables indicates respondents' willingness to pay a premium for those species.

AN EXAMPLE: THE VALUE OF BIRD DIVERSITY

The following section illustrates how issues raised in thbegpoling section have been resolved for a bird-

diversity valuation project. The pilot study is currently in progress at Michigan State University.

General Remarks

The pilot study on bird diversity uses in-person interviews with members of the American Birding
Association (ABA) to elicit wilingness to pay for bird diversityl894 ABA membership survey reveals that the
average ABA member is 53 years old, has an average family inc&®@,@d0, and is highly educated with 43%
possessing a Master's or Doctoral Degree (ABA 1995b). ABA members tend to be knowledgeable about birds.
29% lead birding trips or tours, 19% write about birds or birding, 11% teach birding classes and many more are
active in their local birding club, take field trips with their local birding club, and/or participate in bird counts or
research projects (Butcher).

Birding can be done anywhere where there are birds, in the backyard, parks, wood lots, along the
lakeshore. Some sites, such as migration points for birds, are particularly attractive to dualess b large
number of bird species can be seen in large concentrations. Many sites that are popular with birders make bir
checklists available to visitors. The information provided is typically a list of bird species by season with a code

attached which designates abundance. Endangered species may be identified specifically.



Definition

For the purposes of the study biodiversity is defined as species diversity. This definition is relevant for the
targeted population as well as the policy issue. Pretests have shown that birders distinguish avian life primarily a
the species level (pretest). Publications targeted at bird species may be grouped by families but the major focus
on species (Jones, Kitching, Wauer).

The study will present respondents with five alternative hypothetical birding sites. The descrga@n of
birding site takes the form of a bird chart. The focillsh& on the spring season (March-May) which was
identified as the prime birding season by participants in pretests (pretest). Each bird species receives one of fiv
abundance codes (abundant, common, uncommon, occasional, rare). Thesdl codespond to probability

ranges of a competent birder identifying the bird species on a weekend of birding during peak migration time.

Measurement

There are a number of possible ways to construct a biodiversity measure with the information given
above. The easiest measure to construct is species richness. This measure only requires counting the number
species. Pretests indicate that birders value bird species equally, unless they are rare (see the section ¢
Irreversiliity below). However, the number of birds listed on a bird chart for a particular site are not certain to be
found at anyone time. Economic theory offers the expected utility framework to deal with uncertainty. Use values
of bird diversity vill then depend on the expected number of bird species at the site. Pretests have shown that
birderslike to go to birding sites where they are likely to find a lot of birds (pretest). This indicates that the

expected utility framework is appropriate.



Probability ranges will be associated with the abundance codes typically used in bird charts. This type of
information is not generally provided to birdérs. An alternative measure of biodiversity will thus be the number

of bird species in each of the five abundance categories.

Valuation

The non-market valuation model for this pilot study is contingent valuation. Non-use values associated
with bird diversity can be potentially large and contingent valuation is the only method that can estimate those
values. Birders are expected to have high use values since observing birds is the key activity for birders. Non-us
values may also be substantial. A survey of participants in a Christmas bird count revealed that on average a birde
spends$62 per year on membership in conservation organizations (Wiedner and Kerlinger). Part of the
membership fee reveals the member's WTP for conservation efforts which may be an expression of non-use value

In order to avoid biased results from contingent valuation studies, it is important that respondents are
familiar with the good to be valued. ABA members are experienced birders (only 4% are beginners) and can be
expected to understand the concepts used in the study (ABA 1995a).

It is also important to have a realistic valuation scenario and a value elicitation procedure that is modeled
on real-world decision-making situations, such as voting or shopping for market goods. Asking referendum
guestions, yes or no, for WTP or WTA puts respondents in a familiar situation and requires a fairly simple task
(Freeman). The referendum format has the added benefit of reducing strategic behavior in respondents (Hoeh
and Randall).

Thus, survey respondents will be presented with a scenario that asks them whether they would be willing

to pay a stated amount to have an area, for which a bird chart is presented, managed for bird diversity rather the

For a bird chart which does provide probability ranges see Supplement to Winging It, 7(12p0&BA



lose it to commercial development. The question is repeated for a total of five sites. The respondents are aske
to view the questions as true alternatives, i.e. the respondents would be expected to pay for only one of the fivi
sites. Presentation of the five alternatives will be randomized to avoid an order effect.

Overlooking the different probdities associated with viewing different bird species in a study of bird
watchers' valuation of bird diversity would be a serious analytical flaw. Birders frequent spring migration points
because of the large number of species and the high fitpbélalentifying them (pretest). The expected utility
framework incorporates probabilities and WTP for expected biodiversity can be estimated.

A problem arises when prolidles are not available and cannot be calculated from the available data.
Population distributions canilsbe incorporated if some abundance information is available. For example, bird
lists compiled for different birding sites typically offer an abundance code for each bird species at the site. This
information can be used to determine whether birders care about species distribution across categories and ha
much.

It will be tested whether WTP for bird diversity can be explained by the expected number of bird species
at the site or alternatively the number of bird species in the different abundance categories. A nested structure c
model specifications will be developed. The unrestricted model, where every bird species has its own coefficient,
will not be estimateddrause with thénhited number of observations this pilot study would run out of degrees
of freedom. There i be two restricted models, the model with a separate coefficient for the abundance
categories and the model with a single coefficient for the expected number of bird species. The restrictions can b
tested using an LM test which only requires the restricted estimates.

If birders care about bird diversity, the expected number of bird species will be positively related to WTP.

It can be expected that the WTP for bird diversity is positively related to the number of species in the common and

uncommon categories. The relationship may be insignificant for the occasional and rare categories or at least th



coefficients on these categories will be smaller. The coefficient sign for the abundant category should be positive
However, if the category contains a lot of species that have become accustomed to human contact, e.g. crow
robins, the coefficient may be small and may be insignificant.

It can be expected that birders' wilingness to pay for bird diversity is higher when the development option
for the proposed bird diversity management area would make the extinction of species more likely. This translates
into a higher wilingness to pay for rare species. This research incorporates this element oflitydweesking
respondents to check off those bird species they consider rare in Michigan. The number of rare species at th
birding site will become a separate variable in the analysis. It is expected that the sign of the coefficient on the
"number of rare species" variable will be positive and significant as birders are willing to pay a premium for rare

species.

SUMMARY

This paper investigates conceptual issues in biodiversity valuation. They can be broken down into
definitional, measurement, and valuation problems. Possible definitions of biodiversity are genetic, species, anc
ecosystem varidity. Further analysis focuses on the species level. The dominant measure of species diversity
used to be species richness, the number of species. More recently different weights attached to different specie
has led to a multitude of different measures of species diversity. A widespread problem encountered in biodiversity
measurement is the fact that data necessary for the construction of the biodiversity indicator is often not available

Biodiversity is valued for the services it provides. Values can be identified as direct use, indirect use,
option, quasi-option, bequest and existence values. Valuation of species diversity requires a non-market valuatiol
method because biodiversity is not traded in markets. Contingent valuation is the only method that can measur

non-use values. Issues of irreversibility and uncertainty require special treatment.



Definition, measurement, and valuation of biodiversity is illustrated with currently ongoing research on the
use of the contingent valuation technique to value bird diversity. The study focuses on American Birding
Association members’ valuation of bird diversity. Species and abundance information readily available for many
possible birding sites is the basis for the description of the contingent valuation scenario. Uncertainty of bird
encounters is incorporated in the study by calculating the expected number of birds. Sintidgsrabalmot
typically provided in bird charts, it is tested whether abundance categories can serve as substitutes for probabilit
ranges.

Biodiversity research on species to date has tended to focus on species extinction. However, typically,
species are driven to the brink of extinction by more or less gradual loss in habitat. Therefore, it is appropriate to
study biodiversity issues in a broader context when species extinction is not the primary issue. The researcl
example presented here also facilitates benefit transfers as the scope extends beyond the single species level ¢
is not bound to a specific location. Furthermore, if it can be shown that abundance categories can be used t
explain wilingness to pay for biodiversity, compilation of this type of information for more sites and other species
should be encourage@dause categorical abundance information is easier to compile than actual population
counts. If abundance categories are not a good substitute for expected number of birds, research into constructic

of probability ranges and their use should be encouraged to pregeksary input for biodiversity valuation.
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