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The reduction of biodiversity could also have some negative commercial impacts.
The depletion of biodiversity may have a negative effect on productive activities
including grazing (Perrings and Walker, 1995 ), timber (Barbier and Rauscher, 1995),
and commercial fishing (Brown and Roughgarten, 1995; Constanza, Kemp, and Boynton,
1995).

A reduction in biologically diverse resources may reduce the quality of outdoor
recreational activity experiences. Birdwatching, for example, is positively associated
with the variety of species encountered. The reduction in the number of neotropical bird
species may reduce the value of the birding experience (Hvengaard, Butler, and
Krystofial, 1989; Clayton and Mendelsohn, 1992; Stotz, ez al., 1996). On the other
hand, the depletion of biodiversity may be positively associated with other forms of
outdoor recreation. Some popular hunting species, like the white-tailed deer, may
respond well to some types of ecosystem degradation associated with farming and
suburbanization, although this may lower the diversity of species overall (Waller, 1996).

Another cost of the loss of biodiversity may result from a reduction in existence
value. As there is an existence value cost resulting from the extinction of a species, there
may be some loss in existence value resulting from the diminution of biodiversity. In
short, there may be some cost, a reduction in human utility, simply from knowing of the
depletion of biodiversity (Rowthorn and Brown, 1995).

Biodiversi { Envi L Pl
Despite the apparent costs associated with habitat conversion, current institutions

may not be able to address the issue of biological diversity loss (Krautkraemer, 1995).
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This has called for a reform in the structure of institutions and for a change in the
incentive structure regarding natural habitat preservation. Due to the nature of natural
habitat and biological diversity as a public or global good, policies for the conservation
of biological diverse resources have been organized at the national and international level
(Swanson, 1995a).

Biodiversity has been the recent focus of national and international attention.
Members of the international community voiced concern for the preservation of
biodiversity in the Stockholm Conference Declaration of 1972, the U.N. Charter for
Nature of 1982 (Miller, ez al., 1985), and the World Conservation Strategy of 1980
(Thibodeau and Field, 1984). In 1987, the influential Report of the World Commission
on the Environment and Development, the “Brundtland Report,” featured an entire
chapter on biodiversity conservation (Troyer, 1990). The United Nations Conference on
Environment and Development (the “Earth Summit”) in 1992, the largest diplomatic
gathering ever held, produced the Biodiversity Convention, a treaty detailing the needs
for conservation of biological diversity. These suggest a recognition of the desire for
international and national policies designed to ameliorate the erosion of biological
diversity (Valentine, 1991; Soroos, 1994).

The U.S. Department of State Biological Diversity Conference of 1982
foreshadowed a shift in U.S. environmental policies (Miller, et al., 1985). By the early
1990's, the U. S. Fish and Wildlife Service redirected its habitat management focus from
an emphasis on single endangered species preservation toward the maintenance of

ecosystems (U.S. Fish and Wildlife Service, 1994b). This change was implemented due
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to perceptions of the inefficacy of the preservation policy based on the protection of
endangered species. A broader approach focusing on ecosystems is seen as more
effective in preserving habitat and protecting a variety of ecosystem functions, including
biodiversity.

Proponents of the ecosystem approach point to some of its strengths relative to
the endangered species preservation approach. Single-species conservation efforts often
do not adequately address the habitat needs of other species in the ecosystem. The
ecosystem approach may be used to preserve habitat for species endangered or threatened
from a ecological standpoint but lacking the legal status guaranteeing protection under
the Endangered Species Act of 1973 (“Endangered Species Act”, 1995). Single-species
preservation, by managing specifically for the continuance of one species, for example
the snow goose, may actually require habitat modification to the detriment of the other
species of plants and animals in the ecosystem (Beattie, 1996; Waller, 1996; Rockewell,
Abraham, and Jefferies, 1997).

Ecosystem management policies may incorporate a focus on a single species in
its preservation goals. Certain species, because of peculiar ecosystem functions or
habitat requirements, can be used to measure the status of the ecosystem at large. Three
categories of species which may be used as an index in biodiversity habitat preservation
include bioindicator, keystone species, and umbrella species.

Bioindicators are species sensitive to changes in environmental quality. Examples
include species of snails (Waller, 1996), freshwater mollusks (Vidrine, 1996), and

seagrasses (Fong and Harwell, 1994). Keystone species are those which exercise a
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disproportionate effect on other species or ecosystem function (Hawksworth and Ritchie,
1993). These species may play a central role through predation, e.g., wolves (McLaren -
and Peterson, 1994), otters (Wilson, 1992), and grizzly bears; habitat structure
manipulation, e.g., prairie dogs (Beattie, 1996); or other processes.

Umbrella species have habitat requirements can be used to measure ecosystem
protection. Managers believe that by protecting such species, they can protect the
ecosystem as a whole (Patlis, 1996). The northern spotted owl is one prominent example
of an endangered species used as an umbrella species for its old growth forest habitat in
the United States Pacific Northwest (Rubin, Hefland, and Loomis, 1991).

Although the Endangered Species Act (the Act) forbids the use of economic cost
analysis in designating protected species, the implementation of the Act has incorporated
economic costs and benefits into the decision-making process at other levels. The
designation of critical habitat, the design of recovery plans, and the consultation of
federal agencies with the U. S. Fish and Wildlife Service are points in the decision-
making process in which economic considerations may be entertained (Snape, 1996b).
Policy may benefit from an economic valuation of biodiversity.

E ic Valuati ¢ Biodiversi

Efforts to place an economic value on a natural resource like an ecosystem
involves an intellectual concession to anthropocentricism, the belief that the interests and
concerns of Homo sapiens take preference over those of other species (Mazzotta and
Kline, 1995). A non-anthropocentric or biocentric view would not place mankind above

any other species but rather in a system involving other forms of life. Such a view would
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argue that each species holds an intrinsic value beyond man's ability to add or subtract.
Efforts at valuing a species in economic terms alone may therefore be inadequate (Daly

“and Cobb, 1994; Norton, 1988).

As a positive science, neoclassical economics studies the value that humans place
on resources, not the intrinsic value they may have. Value is assigned to a good in terms
of the utility a human individual derives from it. Whatever the limitations such a
position may place upon the supposed worth of the analysis, it does nevertheless permit
a positive analysis less encumbered by normative value judgements (Hanemann, 1988).

Neoclassical economics does not seek to explain the origin of utility. A person
may base utility on whatever grounds an individual holds appropriate. Economic theory
posits only that the bases of utility are rational and consistent. The concept of value is
firmly rooted in the theory of individual utility. Due to the presence of scarcity,
everything, including environmental amenities, has an opportunity cost, the next best
alternative commodity declined in order to possess a certain good. Utility analysis is the
construct by which economists analyze the value of goods and amenities.

In neoclassical economic theory, the value of a commodity or consumer good is
captured in the price of the item. A problem arises for many commodities, such as
environmental amenities, including ecosystems, for which ordinary markets do not exist.
Because such goods do not exist in discrete, exclusive units to which a price can be
affixed, markets for these may be absent or incomplete (Randall, 1988). Economic
theory maintains that even in the absence of ordinary market mechanisms, such goods

are nevertheless "purchased” in terms of opportunity cost. The value of an ecosystem
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then is in part reflected in the value of the consumer goods and economic development
sacrificed in order to preserve the natural habitat.

Previous research states that the total economic value of an environmental amenity
consists of several component values. In general, the value of natural resources can be
divided into two main categories: use and non-use values (Stevens, et al., 1991). Non-
use values are also known as passive use values (Arrow, et al., 1993; State of Ohio v.
Department of the Interior, (D.C. Cir. 1989); Randall, 1997).

Use values can be divided into consumptive value, non-consumptive value and
option value. Consumptive value pertains to extractive use of a resource, such as
farming, mining, hunting, or developing. Non-consumptive value is derived from non-
extractive use, such as hiking, canoeing, bird-watching, or tourism (Dufus and Dearden,
1990; Rockel and Kealy, 1991; Mangun, O’Leary, and Mangun, 1992). Option value
is that value placed on a currently unused resource which one may prize as a reserve
potentially to be used in the future as the need may arise (Weisbrod, 1964; Barrick and
Beazley, 1990; Greenley, Walsh, and Young, 1981).

Passive use values consist of bequest value and existence value. Bequest value
is the value of preserving a resource for future generations. Existence value is derived
from the satisfaction of knowing that a particular resource, such as a national park, a
national monument, or an endangered species, survives even if one never intends to use

it personally (Krutilla, 1967; Stevens, et al., 1991; Bishop and Welsh, 1992).
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Non-Market Valuation Methods

A number of methods to estimate values are based on individual observed or
hypothetical behavior. Non-market valuation methods include the hedonic methods,
indirect market methods, and the direct valuation methods. Hedonic methods (Freeman,
1992) and indirect valuation methods, such as the travel cost method (Hotelling in Smith,
1990; Walsh, Johnson, and McKean, 1989; Desvouges, et al., 1993) are unable to
account for existence or option values (Bishop and Heberlein, 1979; Randall, er al.,
1983; Seller, Stoll, and Chavas, 1985; Smith, Desvouges, and Fisher, 1986; Hoehn,
1991; Randall, 1993).

Previous research suggests that contingent valuation is the theoretically
appropriate method for valuing environmental amenities because it can estimate
existence, option, and bequest values, or passive use values. This method is based on
direct responses to a hypothetical market for the environmental commodity (Smith,
Desvouges, and Fisher, 1986; Walsh, Johnson, and McKean, 1989.) In this direct
valuation method, carefully worded questions elicit the value an individual places on a
non-market amenity. These values are used to compute estimates for the value of the
resource.

Contingent valuation methods are divided into two categories based upon the type
of value they seek to estimate: willingness to pay and willingness to accept compensation
(or willingness to sell.) The first category estimates each respondent's willingness to pay
for the preservation of a resource and supplies an equivalent (surplus) welfare measure.

The second category elicits the willingness to accept compensation for the loss of a
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resource and estimates compensating (surplus) welfare measures (Rowe, D’Arge, and
Brookshire, 1980; Hanemann, 1984; Seller, Stoll, and Chavas, 1985; Gregory, 1986;
Cameron, 1988; Cameron, 1991).

Contingent valuation methods have been applied to a variety of environmental
assets. A number of studies have estimated the costs and benefits of protecting a
particular site from environmental degradation (Thayer, 1980), aesthetic damage (Bishop,
Heberlein, and Kealy, 1985; Boyle and Bishop, 1988; Bergstrom Stoll, and Randall,
1985; Bergstrom and Stoll, 1987), and pollution (Randall, Ives, and Eastman, 1974;
Rowe, D’Arge, and Brookshire, 1980; Hoehn, 1991).

Contingent valuation methods have been used to estimate the value of individual
species for both consumptive and non-consumptive recreational purposes (Bishop,
Heberlein, and Kealy, 1983). These methods have also been applied to a variety of
endangered species in a number of different locations (Brown and Goldstein, 1984),
including whooping cranes (Bowker and Stoll, 1988); humpback whales (Samples,
Dixon, and Gowan, 1986); Atlantic salmon, coyotes, bald eagles, and wild turkeys
(Stevens, et al., 1994); and the striped shiner, an obscure fish species in Wisconsin
(Boyle and Bishop , 1987).

Problem Statement

The complexity of biodiversity complicates estimation of passive use value.
Because the contribution of biodiversity to and the role played by individual species in
the health and stability of an ecosystem may currently be unknown, the uncertainty

surrounding the ecological aspects of biodiversity and the uncertain benefits of preserving
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it may require special procedural and theoretical adjustments to current valuation methods
in order to elicit passive use values. Research into the area of biodiversity is made
necessary by revisions in public policy which increasingly require valuation of more
complex commodities than those included in previous research. The purpose of this
research, therefore, is to provide a conceptual framework and empirical example for the
adjustments in non-market valuation methods needed to estimate the passive use value
of biodiversity within an ecosystem.

Justification

This research employs nonmarket valuation techniques to estimate the value of
the complex ecological amenity, biodiversity. Nonmarket valuation techniques have
previously been used to estimate the value of endangered species affected by natural
resource use. The need to use nonmarket valuation to value the more comprehensive
environmental good, biodiversity, has been made necessary by revisions in federal
resource preservation policies.

Following research in the natural sciences regarding ecosystem functions, policy
makers have increasingly shifted the focus of preservation efforts from specific species
to the wider entity of ecosystems (Schaumberger, et al., 1992; U.S. Fish and Wildlife
Service, 1994a). As environmental policy broadens its management goals, there is a
need for economic valuation of a composite commodity, biodiversity, broader than
commodities previously valued in non-market economic research, species. The valuation

of biodiversity involves the development of the concept of biological diversity so
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individuals can understand the commodity and assign a value to it. This research
involves the framing of biological diversity in nonmarket valuation.

Objectives
The general objective of this research is to contribute to the conceptual and
procedural development of non-market valuation in order to estimate the passive use

value of biodiversity within an ecosystem. The specific objectives of this research

include:
1. to identify and review literature in the field of valuation, relevant to
ecosystem valuation;
2. to develop a conceptual model of valuation of passive use values related
to biodiversity;
3. to test empirically the conceptualized valuation model, and
4. to suggest possible policy implications based upon the empirical analysis.
Procedures
Objective ]

This research conducts a complete and comprehensive literature review of
economic and ecological sources to develop the appropriate theory and devise the proper
techniques to estimate the value of an ecosystem. This research discusses the
contribution of economics to the study of biodiversity, and reviews literature from other
fields addressing ecological issues, especially endangered species, extinction, and
biodiversity. Because this research assesses an economic valuation of an ecological

amenity, the literature review integrates biological, ecological and other scientific
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sources. This consists of previous research addressing the biological and ecological
aspects of biodiversity in general, as well as individual plant and animal species that may
be found within the ecosystem being studied.

This research examines the microeconomic foundations of the theory of valuation.
In order to gain an understanding of the economic parameters being measured, this
research reviews literature regarding the theoretical aspects of Hicksian compensated
value and equivalent value, the parameters which most valuation studies estimate.

The literature review also encompasses previous economic literature in the area
of valuation. Various methods of valuation are examined in order to assess the
theoretically and practically appropriate valuation techniques. This includes previous
research on valuation of a variety of non-market goods. Particular attention will be paid
to prior research regarding endangered species valuation, as this research employs single
species valuation techniques to include the more complex commodity of biodiversity.
Objective 2

Through accomplishment of objective two, this research applies concepts and
techniques discussed in previous research in the field of non-market valuation to
conceptualize an appropriate model for valuing biodiversity. This research proposes that
non-market valuation methods can be used to estimate the value of biodiversity, a
complex environmental amenity.

Contingent valuation techniques measure the change in individual welfare
resulting from a change in the use of resources for which competitive markets do not

exist. The measure of change is frequently defined in terms of change in consumer
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surplus, the residual difference between the amount an individual would be willing to pay
for a commodity and the price he actually paid it. Four measures of the change in
consumer welfare proposed by Hicks (1943), compensating variation, compensating
surplus, equivalent variation, and equivalent surplus_, are reviewed.

This research develops a conceptual model which is used to estimate the passive
use value of biodiversity. The measurement of passive use values encompasses estimates
of existence and bequest values. This research examines the estimation of a composite
good in a manner that is both ecologically and economically meaningful.

Obiective 3

This research empirically estimates the passive use value of biodiversity in the
Tensas River basin, a section of the Lower Mississippi Valley in northeast Louisiana by
employing non-market valuation methods. This research elicited the passive use value of
biodiversity existing within a section of the Lower Mississippi River Valley ecosystem in
northeast Louisiana. The Lower Mississippi Valley is a geographical area stretching from
Cairo, Illinois, to New Orleans, Louisiana and encompassing twenty-six million acres in
seven states. Its contains prime bottomland hardwoods and wetlands which are considered
to be among the most important wildlife habitat areas in the United States (U.S.
Department of the Interior, 1988). The Tensas River valley in northeast Louisiana is one
of the remaining contiguous sections of bottomland hardwoods forests of significant size.
It is considered an important natural resource by the United States Fish and Wildlife
Service, the Natural Resource Conservation Service, the Nature Conservancy, and other

environmental agencies.
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The selection of non-market valuation methods was based on previous research
on the valuation of endangered species, habitat, and other environmental amenities and
the conceptual model developed in objective two. Previous literature regarding the
contingent valuation method in particular was consulted in the process of applying the
method for valuation of biodiversity.

In order to examine the influence of residential proximity on passive use value the
sample of this research includes households both included in and outside the Tensas River
basin ecosystem from Louisiana and two states contiguous, Arkansas and Mississippi.
The sample was drawn from two sources distinguished by use of the Tensas River basin.
One sample was drawn from a hunting license lottery system conducted by the Tensas
River National Wildlife Refuge. The other, intended to measure the passive use value
of nonusers, was drawn at random from telephone directories in the states in the survey
sample, Louisiana, Arkansas, and Mississippi.

Objective 4

The results of this research are both conceptual and empirical. While the
conceptual results may be of more interest to the economic research community, they
have implications for the public management sector. The conceptual and empirical
results suggest further research directions, also of interest to research and management.
The results of this research can be used to suggest possible policy implications for state
agencies, the extension research community, the U.S. Fish and Wildlife Service, the

National Biological Survey, and other government agencies.
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Outline of Dissertation

The dissertation includes five chapters. Chapter one presented the research
problem, objectives, and procedures. It has also introduced the complexity of the
biodiversity valuation process. Chapter two reviews the non-market valuation literature
and develops a conceptual model. Chapter three presents the development of the survey
instrument and data collection procedures and survey descriptive statistics. The empirical

analysis is presented in chapter four. Chapter five provides a summary and conclusions.
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Chapter I1
Conceptual Model of Biodiversity Valuation
Introduction

The uncertainty and multiattribute properties of biodiversity necessitate the
modification of previous non-market valuation methods. Non-market valuation methods
have been applied to estimate the benefits or costs of the provision of a variety of
environmental resources. Previous research has been directed toward eliciting the value
of specifically designated environmental commodities, i.e,, goose-hunting permits
(Bishop and Heberlein, 1979; Bishop, Heberlein, and Kealy, 1983), recreational activities
(Walsh, Johnson, and McKean, 1989); farmland preservation (Bergstrom and Stoll, 1987),
and the protection of endangered species (Brookshire, et al., 1983; Samples, Dixon, and
Gowan, 1986; Stevens, ef al., 1990; Hagen, Vincent, and Welle, 1992). Measurements of
the value of air quality (Randall, Ives, and Eastman, 1974; Rowe, d’ Arge, and Brookshire,
1980) and water quality (Greenley, Walsh, and Young, 1981; Smith, Desvouges, and
Fisher, 1986; Desvouges, Smith, and Fisher, 1987) have used various objective standards
to describe the qualitative level of the natural amenity in question. Non-market valuations
of environmental amenities under uncertainty elicit the value of a particular amenity for
which the future demand or the future supply may vary (Smith, 1983).

This research will estimate the value of species biodiversity at a local geographical
scale or the a-diversity within the ecosystem (Pearce and Moran, 1994). Species
biodiversity is the definition most appropriate to current governmental policy goals within
the study area, the Tensas River basin (U.S. Fish and Wildlife Service, 1994). The policy

23
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focus on the role of biodiversity in the maintenance of ecosystem stability as distinguished
from a policy focus on its value as a store of genetic material has important implications
for the cost of biodiversity loss (Perrings, 1995).

The following section expands upon the concept of value to include passive use
value. It explores the literature relevant to the passive use valuation of biodiversity. Based
upon the discussion of previous research, a conceptual model of biodiversity valuation is
proposed.

Component Measures of Value

Because a single commodity may be valued according to a variety of purposes, an
individual may be motivated by a number of components in the valuation of a single
commodity. The value of an amenity may be divided into component values, with total
value as a function of use values and non-use values (Figure 2.1).

Use values are the values of any use of a natural resource. Use value includes
consumptive use and non-consumptive use of an amenity. The former refers to the
extractive use of a resource such as the taking of fish, game, timber, or minerals. The latter
refers to uses such as hiking and bird-watching which do not involve the extraction of
natural resources (Dufus and Dearden, 1990).

Non-use values arise from individuals who may derive utility from a commodity
which they do not directly use or consume. Individuals may gain satisfaction by not
consuming a commodity for a variety of motives including concern for others’ use and the

simple knowledge that a good exists.
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Figure 2.1 Total Economic Value of Biodiversity
Source: Turner, 1991; Weisbrod, 1964; Krutilla, 1967.
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Many economists have come to believe that non-use values should be included in
the assessment of benefit-cost analysis (Smith, 1987). Non-use values have often been
divided into component values, including existence value, bequest value, option value, and
quasi-option value (Randall, 1991).

Option value is the value of retaining an option to consume an asset in the future
(Schmalansee, 1972; Stevens, et al., 1991). A similar concept, quasi-option value, is the
expected value of information gained by postponing consumption (Arrow and Fisher,
1974; McConnell, 1983). The appropriateness of including particular components, namely
option value and quasi-option value, as non-use values has not been conclusively settled
within the literature (Randall and Kriesel, 1990).

Existence value is the value assigned by individuals to an asset independent of its
use. The second oldest of the non-user values, existence value was conceptualized by
Krutilla (1967) who suggested that individuals may hold a value for amenities which they
may never actually use. The origin of existence value is the utility that individuals derive
simply from knowing that a particular amenity exists (Stevens, et al., 1991; Madriaga and
McConnell, 1987).

The last component of non-use value is bequest value which arises from the utility
an individual derives from the utility of other persons, for example, heirs or descendants.
Bequest value is motivated by a desire to preserve an asset for use by future generations
(McConnell, 1983).

Recently a new descriptive phrase has been substituted for non-use values.

Following the Ohio decision of 1989, the term “passive use values” was increasingly
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substituted for “non-use values”. The latter term sounded contradictory to people not
familiar with the practice of non-market valuation (Arrow, ef al., 1993; Amack, 1994;
Randall, 1996).

Within the non-market valuation research literature there is some inconsistency
regarding the use of the term passive use value. Some analysts continue to include all
components of value, including option and quasi-option value, which are not based upon
the consumptive or non-consumptive use of a resource (Reaves, 1996). Some analysts
define option value and quasi-option value as components of use value based upon their
derivation from the use, albeit deferred use, of a commodity (Randall and Kriesel, 1990).
The choice of correct measure in evaluating total non-use value remains conceptually
ambiguous. This research will define passive use values to include only existence and
bequest values.

Some value may be derived from the vicarious use of an amenity, such as the
enjoyment of photographs of or documentaries about a resource. While based upon the
indirect use of a resource, vicarious use values may be difficult to quantify or differentiate

from non-use value and so may be included by some analysts as passive use values
(Randall, 1991).
Previous Research on Biodiversity Valuation

Previous literature on the value of biodiversity includes the development of
conceptual and empirical models for various components of value. The relevant
components addressed in these models include consumptive use value, nonconsumptive

use value, option value, and passive use values. Much of the value of biodiversity is
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associated with its contributions to ecosystem resiliency. Because biodiversity supports
or maintains some other ecosystem functions, many researchers have focused on the
indirect use value as a factor in the provision of other resources (Holling, ef al., 1995;
Perrings, ef al., 1995b). Turner, et al., (1995) estimate the value of biodiversity by
calculating the replacement cost of water purification services and the loss of life support
systems via estimated lost capacity of wetland plants to capture solar energy in Gotland
Island, Sweden. They also estimate the willingness to pay to preserve ecological services
in an English wetland using the contingent valuation method.

Biodiversity depletion has also been included as a constraint in natural resource use
model. Swanson (1995a) and Rowthorn and Brown (1995) model the optional conversion
rate for natural habitat considering biodiversity loss. Recognizing the importance of
biodiversity in the larval stage of pelagic fish, Brown and Roughgarden (1995) configure
an optimal fishery model factoring in the conservation of biological diversity. Other
resource allocation models considering biodiversity depletion have been proposed for
timber harvesting (Barbier and Rauscher, 1995) and grazing (Perrings and Walker, 1995).

A number of sources regarding biodiversity depletion have expressed a concern for
the loss of information from potentially beneficial species currently undiscovered or
unrecognized by science or technology. The species driven into extinction may be a lost
source of value to medicine, research, or industry (Waller, 1996). These arguments for
biodiversity preservation focus on option values or quasi-option value. Sedjo and Simpson
(1995) and Simpson, Sedjo, and Reid (1996) estimate a model of option value for

pharmaceutical products.
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