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Economists who propose the monetary valuation of environmental effects aspire to
produce an objective yardstick for use in policy-making. Yet separate attempts to assign
a monetary value to the environmental effects of specific electricity-generating technologies
have differed from one another by a factor of as much as 50,000. Discrepancies of this
order suggest the existence of fundamental flaws in the basic approach. The complexity of
environmental phenomena cannot be expressed by means of a single numerical index, nor can
the different perspectives held by various analysts, policy-makers and members of the public
ever be reconciled into a single structure of preferences. The adoption of monetary valuation
threatens to remove key aspects of environmental decision-making from the sphere of
public debate and place it in the hands of a small community of technocrats.

“We are at a point in the evolution
of environmental policy at which
the economics profession is in a
very favourable position to
influence the course of policy."
M. L. Cropper and W. E. Oates,
1991

“What in observation is loose and
vague is in information deceptive

and treacherous.”

Francis Bacon, 1621

domain  of  application.®
Nevertheless, a large degree of
redundancy persists. Adherence to
any one of this set of competing
policy tools is often determined
more by the disciplinary
affiliations of the analyst than by
the merits or shortcomings of the
method itself.

In the present climate of
liberalization and deregulation,
neoclassical economics has
emerged as an aspiring colonist of

Clare Walmsley

Modern industrial production causes many forms of
environmental damage. There is now strong political pressure to
develop credible means to quantify. compare and rank the
effects of different technological strategies. Failure to achieve
this implies a loss of rationale, and thus of legitimacy, for the
environmental regulation of industry. Success will bestow
enhanced status upon the favoured community of specialists
and an extension of their influence at the expense of competing
disciplines. For both policy makers and academics. the stakes
are high.

With arise in the profile of environmental issues over recent
years, the pressure has intensified. A wide range of specialists
have proposed various approaches: cost-benefit analysis.'
comparative risk analysis.” multi-criteria analysis,’ decision
analysis® and environmental impact assessment® are among the
principal contenders. Efforts have been made to arrange the
proliferating number of variants, hybrids and reincarnations as
a single palette of techniques, each with its own legitimate
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this tantalizing but hazardous
intellectual territory. Drawing on
the concept of social cost introduced by A. C. Pigou,” economists
have characterized environmental damage as a loss of utility to
society as. a whole. Monetary value has been proposed as the
most appropriate index or yardstick for the measurement of the
benefits that are foregone as a consequence of damage to the
environment. In the case of those environmental effects which
remain unpriced in any market, the problemis to derive monetary
values by various analytical means.

Where the economic cost of a reduction in environmental
benefits is not included in the price of a commodity, the value
of the lost benefits is said to be “external” to that price.
Economists view this as a classic case of market failure: their
prescription for countering environmental damage is to
incorporate these costs into the market price through taxation or
other regulatory mechanisms. In this way, they claim, the
allocation of resources is optimized with respect both to economic
and environmental factors.

Itis this intellectual framework which underlies much recent
activity in the debate over the regulation of the electricity supply
industry. Over the past four years, governmental bodies such as
the European Commission, the US Department of Energy and
US state regulatory agencies have commissioned a series of
studies with the aim of deriving monetary values for the external
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environmental costs of the various electricity generating
technologies.® The results of such studies have already been
taken as a basis for legislation relating to the acquisition of new
plant. Further and more detailed monetary valuation (or
“monetization™) studies are reportedly under way, in the US.”
and for the British Government'® and the European Commission."
Economists are beginning to find themselves in a position of
unprecedented intluence over environmental policy. But to
what extent do the intellectual merits of monetary valuation
(which T will henceforth refer to simply as “valuation”) justify
its current political ascendancy over other attempts to quantity
“and compare different environmental effects?

Inconsistent Classification

There are a number of problems common to all attempts o
quantify environmental effects. The first of these involves
classification. Before any scale of measurement is selected (be

it money or some other index) the different classes of

environmental effect must be accurately characterized in order

to avoid duplication or omission. No comparison can be made

between studies if they employ different frames of reference.
Yet the classification of environmental effecis remains in a

chronic state of confusion. In 1983, the OECD noted that few of

the published attempts to classify environmental effects were
mutually consistent and urged greater care in distinguishing
betweendifferent classes of harm.'? Forexample, “environmental
effects” often overlap with “social” or “health effects™;
ambiguities in the use of such fundamental terms mask important
discrepancies in the scope of different analyses.
Individual classes of effect have variously been defined
under the following headings:
+ the medium that is physically affected (eg.. land, water,
~air);

hurization plant
at Drax power station which will control sulphur dioxide emissions.
Are such costs an accurate reflection of the damage caused by

e theagentolharm (eg..emissions, residual
pollutants):

e thestage inthe fuel-cyele orthe life-cycle
of a
decommissioning):

facility (eg.. mining or

« the form of the risk (eg.. catastrophic or
routing):

o the manifestation of harm (eg.. extinction
of species. human illness).

Any one of these organizing principles might be

emploved to order the set of all environmental

effects in its entirety. Conversely. a single effect

may legitimately be classified under all. For

example. the contamination of a water-course by

liquid emissions originating in a catastrophic

accident during the construction of an industrial

facility may lead to the extinction of a highly

localized species.

Where there is confusion
identification of the various
environmental effect, there is a high probabiliny
of omitting or duplicating important factors.
Efforts to quantify and aggregate environmental
externalities are therefore unlikely to yield
consistent, comprehensive, or comparable results.

over the
forms of

National Power

Multidimensional Effects

A second problem common to all quantification techniques is
posed by the fact that even the most apparently straightforward
environmental effect is an extremely complex phenomenon."’

Environmental effects are inherently and irreducibly
multidimensional. A single numerical index. such as monetary
value. fails to convey important contextual information.” Are
the data relating to each evaluated technology of equal quality?
Are the effects equally familiar to society. and are efforts to
mitigate them equally psychologically and socially disrupuive?
Are there discrepancies between the perceived interests of
specialist communities associated with particular technologies
and those of society as a whaole? Can the consequences of the
effects posed by each of the evaluated technologies be aveided.
through action taken either belore or alter their occurrence! Are
the effects equally immediate or is. for instance. injury more
preponderant with one technology. and disease with another? Is
there a direct relationship between the effect and its cause. or
does it result from the interplay of complex forces? Is the social
distribution of risks correlated with the distribution of ussociated
benefits? Do any of the evaluated technologies pose greater
risks to future generations than others? Do all pose the same
ratio of occupational to public risks? Or of risks of death to risks
of injury and disease? Are the effects associated with the
evaluated technologies all equally reversible? How do the range
and distribution patterns of the ditferent effects compare? Do
certain of the evaluated technologies pose risks of catastrophic
effects on a scale unmatched by other technologies? Are the
technologies all on identical trajectories in terms of any change
in their riskiness? Do their effects differ in the degree of site-
specific variation from the estimated norm?"

The nature of the risk posed by an individual electricity
supply technology depends on each of these factors and many
others. As dawns eventually on any child with a “peg and hole™



toy,anordinary three-dimensional objectcannot |
satisfactorily be characterized in terms of a
single parameter such as its “length”. its
“breadth™, or its “*depth™. In the same way, no
one dimension of an effect can adequately convey
the totality. Though they may have a superficial
appeal, approaches whichrecognize only asingle
dimension are as likely seriously to mislead in
environmental assessment as they are ineveryday
measurement.’® Likewise, the omission of even
a single dimension may lead to a seriously
deficient understanding of comparative effects.
In the face of these and other difficulties,
aspirations “objectively” to quantify, aggregate
and compare different classes of environment
effect are being superseded in some quarters by
more pragmatic aims. One study for the European
Commission concludes that aggregation and
comparison must necessarily be regarded as
political functions, and left to decision-makers
rather than specialists.'”® Another EC study,
recommends moving away from quantitative
cost-benefit analysis toward more qualitative
environmental impact assessment.'® The
proponents of monetary valuation, however,
proceed as if oblivious to these difficulties.

Methods of Valuing Environmental Effects

There are many ways of applying a monetary value to
environmental effects. Conventionally, three broad approaches
are recognized.'”” One unashamedly pragmatic method is 10
assume that some form of equilibrium pertains, and take the
costs of abating, (ie. preventing), harmful effects as a measure
of the external environmental costs thereby avoided. Advocates
of this approach argue, for example, that the costs of installing
flue gas desulphurization equipment in a power station may be
taken to represent the costs of the pollution thereby avoided. In
such cases any pollution that remains unabated, or even
unrecognized, by those in a position of responsibility will
remain unaccounted for. Where the object of the valuation
exercise is to optimize the allocation of resources for pollution
control, taking existing abatement costs as a proxy for damage
costs embodies a certain circularity of logic.

A second approach assumes that the cost of mitigating —

rather than abating —-environmental damage reflects the cost of

the damage itself. For example. the depletion of fish stocks by
marine pollution can be valued by measuring the increased
investment in boats and equipment.’® However, the estimated
costs of mitigating damage tend to cover only those situations
where the burden on individual economic actors and the
prospect of relief — are high enough to warrant expenditure.
Fishing boat owners may respond todeclining catches by selling
up rather than increasing investment. Where mitigation costs do
not account for damage which is irremediable or too expensive
for any affected party to take mitigatory action, they can be
taken only as a partial reflection of the total costs of environmental
damage.

A third approach seeks to establish empirically the full social
costs of the environmental damage itself. Unlike abatement
costs or mitigation costs, efforts to determine damage costs at
least hold out the prospect of yielding systematically
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... Or do the costs of building new sea-
damage caused by rising sea-levels give us an reliable measurement
of the damage caused by global warming?

efences to mitigate the

comprehensive values. Unfortunately, this approach is more

intractable. There exists a multitude of techniques for assessing

damage costs. Forinstance, a distinction is often drawn between

“direct” and “indirect” methods. The “direct” methods include

those which:

* establish a value for an “environmental asset”. such as a
National Park. in terms of the aggregate expenditure on
travel (and, sometimes, travel time) by its visitors;

* derive a value by reference to “surrogate™ or “hedonic™
markets where. for instance, property prices or wages
may be seen to take account of the value of environmental
or health benefits or disadvantages which are associated
with a particular property or job. and:

* conduct “contingent valuation™ (CV) by establishing
“experimental markets” through responses to
questionnaires by sumple populations. Respondents state
hypothetical monetary values which they would be willing
either to payv or 1o accept in order to secure or forego an
environmental benefit, or prevent or tolerate an
environmental disbenefit.

An attraction of CV techniques is that they offer the prospect of

capturing otherwise intangible benefits, such as those due to the
very existence of an environmental amenity (irrespective of its
“use”), those associated with the desire to bequeath it to posterity,
or those arising from the intention of securing an option on its
future use."

“Indirect” damage cost approaches, by contrast, seek to sum
the substantive economic costs incurred by all the individual
environmental effects. Some of these cost items may be expressed
in lerms of the market prices for goods and services required in
replacement orrestoration. These may be assessed by establishing
dose-response relationships between the causes and the
manifestations of harm. More complex cases, however, must be
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ascribed a value by the analyst, which will involve the use of

. “direct” valuation techniques such as those discussed above.

Unfortunately, the terms “direct” and “indirect” are used in
contradictory ways in different areas of the literature, a situation
which does not inspire confidence that the framework for the
valuation of environmental damages is yet methodical or
consistent. But there are more serious grounds for concern over
the analytical (and thus regulatory) utility of valuation.

Difficulties with Contingent Valuation

Contingent valuation (CV) is sometimes felt to offer the prospect
of deriving values for multidimensional environmental effects
which might otherwise prove intractable to valuation. However,
where respondents are completely unaware of certain
environmental effects, then CV can hardly be said to address
these effects. The degree to which different respondents take
account of the same effects or dimensions or share the perspective
adopted by the analyst remains unexplored. There is thus no way
of knowing what fraction of the complete array of dimensions
and effects are accounted for.

CV also suffers from more specific difficulties. One important
example. concerns the discrepancy between the answers to
questions focussing on “willingness to pay” and to those
focussing on “willingness to accept”. Respondents generally cite
significantly lower values for what they would be willing to pay
in order to secure a particular environmental benefit, than for
what they are willing to accept as compensation for its loss.
According to one exasperated observer, it took thirteen years of
research and sixteen replications before the discrepancy was
treated seriously.?

. Some enthusiasts are still so confident in CV that they prefer
to contest the validity of empirical results than to question the
theoretical framework itself.?! Butin fields other than economics,
su~hdeviations from the behaviour predicted by formal economic
‘neory are regarded as unsurprising. Phenomena dismissed by
economists as “cognitive dissonance”,?* are familiar to social
psychologists in the guise of concepts such as “loss aversion”.*
It is readily explicable that an individual assigns greater value
to attributes with which she or he associates, than to those same
attributes prior to any association.

Critical appraisal of CV studies shows that circumstantial
factors such as the structure of questionnaires* and the
demeanour of the questioners may exert a profound influence on
results. Far from being passive sources of data, respondents may
seek actively to influence the results of studies through various
forms of “strategic behaviour”. Where rich respondents tend to
bid higher values, attributes prized by more affluent communities
are likely to be valued more highly in CV. In short, so sensitive
is CV to the subjective social and psychological circumstances
of respondents and to the contexts of the studies themselves, that
some have been led to conclude that “the method becomes the
message”.

The Partial Scope of Valuation Studies

Values for the external environmental costs of electricity have
been derived by the use of each of the techniques discussed
above. Noting the shortcomings of the alternatives, different
analysts tend to favour different techniques. Some advocate
taking damage cost figures such as those generated by contingent
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valuation or hedonic prices. Others argue instead for taking
abatement costs. Some studies draw on a mixture of techniques,
thus combining the deficiencies of all. Results generated by
different methods diverge to an “unexpectedly” large extent.”

The various approaches are often deployed in a somewhat ad
hoc fashion. There is a tendency to select different techniques
for different environmental effects, exacerbating the inconsistent
classification of the effects themselves. Important stages of the
fuel cycle, or of power station life cycles, (the extraction,
transport and storage of raw materials, forexample) are routinely
excluded.’® The scope for double counting or omission is
compounded by that for misjudgements in the summing of
incommensurate valuations. The baroque complexity of the
exercise does not make it easy to detect errors. As a result,
oversights are committed that would be less likely in more
modest (though still daunting) projects such as risk assessment.”

The degree to which mitigation costs capture the full scope of
a class of environmental effect is also questionable. Certain
studies take the cost of liming soil or water as an index of the
costs of acid rain, neglecting consequent effects such as those
engendered by the extraction of the lime.? Others take the cost
of improved sea defences on the German North Sea coast as a
reflection of the costs of global warming, neglecting the climate

Rather than making spurious claims to
objectivity, policy-makers should
acknowledge that calculation is
subordinate to judgement

effects themselves.” Elsewhere, increased investment in
irrigation is taken as a representative response to global
warming.*® Such analyses, at best, only partially address those
environmental problems they set out to consider.

Another crucial issue is the practice of discounting the future.
Future benefits are deemed to be financially less valuable than
present ones, implying thatenvironmental damage is less harmful
the longer it is postponed. For example, the financial benefit of
using a superior construction technique to preclude future
repairs is not accounted at its nominal value, but at a lower rate
to compensate for the delay. The principle can be seen as an
economic reflection of the adage that “a bird in the hand is worth
two in the bush”. It is applied to financial accounts by means of
anannual “discountrate”, expressed as a percentage. A discount
rate of 5 per cent means that that a benefit to be accrued 25 years
in the future is assessed at less than 30 per cent of its nominal
value.

The chosen discount rate can thus exert a profound influence
on the results derived for technologies with different temporal
distributions of costs and benefits. Yet the choice of discount
rate remains little more than arbitrary and sometimes varies
even within a particular study.* It is often not clearly declared.”
Without a knowledge of such factors, the meaningful
interpretation of the numerical results of valuation studies is
rendered extremely difficult.

Although they may sometimes be aware of at least some of
these issues, practitioners of monetary valuation tend to make
little effort to acknowledge them. Instead, frequent and prominent
use of phrases such as “real costs”,*® “full costs”* and “true
costs™** suggest that valuation results are more systematic and
comprehensive than even their authors would admit them to be.
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environmental assessment techniques, and adds more of its
own. Yet the treatment of uncertainty and variability in results
tends to be rudimentary, even compared with the generally
lamentable neglect of this problem in other areas of the
environmental assessment literature. Valuation results are often
expressed with considerable precision.* Precision, however, is
no guarantee of accuracy.

Theoretical Difficulties in Valuation

The more optimistic proponents of valuation argue that these
difficulties will one day be resolved. Such defences fail to
explain why valuation is currently so influential amongst policy-
makers. Moreover, the theoretical basis for valuation is itself
deeply flawed; the extension of the “‘dubious theology”37 of
economics to the arena of environment policy raises profound
problems.

The first difficulty concerns the very notion of value. The
concept is central to economic theory -— in one caricaturist’s
words. “there is only one value and its name is utility™.* Yet
cconomists disagree amongst themselves as to its meaning;* it
would seem that the value of an attribute is inextricably dependent

on the context of that attribute and on that of the valucr. This

need pose little problem in the case of market or near-market
transactions, where the market itself constitutes a common
context both for the valuer and the valued. However, if value is
“simply a fleeting shadow of wavering contexts, never absolutely
existing, and only meaningful in a relative sense™.”™ then the
concept is ill-suited for use in environment policy. where
decisions may have extremely long-term. wide-ranging and
profound consequences, far removed from any market.

Second. can the value of environmental attributes properly
be expressed in terms of the price society is willing to pay to
avoid destroying them? Or does the environment possess some
“intrinsic” value in itself, reflecting the benefits secured by non-
human organisms? If the latter is the case. then even contingent
valuation, which, it is maintained, addresses existence values
from the point of view of human respondents, will fail to
account for these broader intrinsic values. Although all
perspectives are open to the charge of being “sociocentric”,
valuation differs from other approaches to environmental
assessment in that its central index (monetary value) has no
meaning whatsoever beyond the confines of certain human
societies. The measures employed in other approaches (such as
pollutant- burdens, mortality, morbidity or toxicity) at least
cnjoy some substantive physical basis. Although concern forthe
well-being of non-human life is central to modern
environmentalism, this principle scems to lie beyond the
analytical scope of valuation.*!

Third. economists sometimes protest in defence of valuation
that a failure to ascribe monetary values to environmental
attributes implies that such attributes are of infinite value.*?
Elsewhere it is claimed that a failure to “monetize™ implies the
ascription of no value atall.* Ignoring any contradiction, if either
argument were valid. it would do no more than highlight a
phenomenon at the heart of human experience. It is obvious that
the refusal of a parent to ascribe a monetary value to their child
necd no more be seen 1o indicate a zero valuation than it does an
infinite valuation. Certain forms of value are simply beyond
price. Far from being an inconsistency, this offers an everyday
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Figure 1. Range of selected estimates of environ-
mental costs of coal-fired electricity generation.

illustration of the difficulty of characterizing an multi-
dimensional whole by means of a one-dimensional index.
Although there undoubtedly exist monetary components to the
value of many environmental attributes, it is both naive and
perilous to take these as a reflection of the totality. Attempting
1o encapsulate environmental quality in a monetary value is like
trying to measure the width of a temperature, or divine the
velocity of love.

The Practical Results

The discussion so far has highlighted grounds for concern over
the valuation project. To what extent are these borne out in
practical results? A large number of studies look at the external
costs of coal-fired electricity — many more than for any other
power-generating technology. The lower and upper bounds to
the published range of results of these studies differ by a factor
of more than fifty thousand (see Figure 1*). Although different
analysts in any discipline will employ different frames of
reference, use different data, and adopt different assumptions,
or methodologies, a range of variation exceeding four orders of
magnitude is difficult to explain in these terms. At the very least,
the scale of the disagreement suggests that the accuracy of
valuation does not match the precision with which individual
authors express their results.
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neoclassical economics have not been

applied extensively enough. The notion
of monetary value, they say, should be
extended from the domain of the
economy to the domain of the
environment.

Aspirations to reduce complex
problems and relationships to simple
numerical terms are far from new.
Analysts have always been prone to
“confuse things that are countable with
things that count”.* Seduced by the
facility of calculation, they tend, in

Lol
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10002000 Landsberg’s words, “to become fasc-

inated with the numbers that emerge
and to look at them as real-world,
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Figure 2. Overlap between ranges of reported environmental externality

estimates for selected electricity supply technologies.

The magnitude of this range of variation has two serious
implications. The first relates to the significant overlap between
the ranges of external costs attributed to different technologies
(see Figure 2). This overlap is sufficient to accommodate a
multitude of different ways of ranking the technologies. If
valuation is not accurate enough to provide a basis for confident
discrimination between competing technical options, then its
policy utility is seriously undermined.

The second concerns the reasons why the figures for
externalities take the values they do. In figure one, although the
total range of all the estimates is very wide, the majority of
published results cluster around the established market price of
electricity (Figure 1). This is precisely the range of values which
might most readily be incorporated into market prices as an
environmental “tax”. Values much higher than this would not be
directly usable, since the effect of increasing electricity prices
by factor ten might be thought to be prohibitive. Values much
lower than this would be too small to encourage tangible
behavioural changes.

Those seeking a reason for what appears to be a convenient
correlation between valuation results and market prices are left
with an invidious choice. Are these “accurate™ results which
suggest mysterious natural mechanisms linking the physical
world and the market economy? If so, it is curious that this
phenomenon is not often cited as an endorsement of valuation.
Alternatively, are there powerful social mechanisms acting on
valuation researchers which ensure that valuation results tend to
lie in the ranige most-useful in policy-making? Failing either of
these, this strange correlation could, of course, simply be
coincidence.

The Social Implications of Valuation

' {%_The impetus for the development of valuation and other

approaches to environmental assessment lies in a belated
recognition that orthodox economic analysis since the Industrial
Revolution has failed to take adequate account of the
environment. Rather than acknowledging that this failure may
reflect shortcomings in the discipline of economics, those who

mutually independent variables rather
than as the end result of a large number
and variety of non-verifiable hypo-
theses and sheer guesses™.* Such a tendency is manifest among
the more credulous proponents of environmental valuation
Monetary valuation is scientistic in the sense that it relies for
its authority on the willingness of policy makers and the general
public to accept the validity of ostensibly precise numerical
results as adequate expression of complex; context- dependent
and multidimensional qualitative issues. It is also technocratic,
in the sense that it delegates important political judgements to
specialists to an extent greater than other techniques and so is
even less transparent to informed public scrutiny and consent.
Such defects are also shown by risk assessment and energy-
demand forecasting. Historically, each has proven highly
vulnerable to manipulation by powerful institutional interests.
suchas those of the nuclear industry. Just when environmentalists
have largely succeeded in discrediting such procedures, well
motivated environmental economists risk presenting a new and
even more attractive opportunity to industrial special pleading.
The alternative to valuation lies in acknowledging the
fundamentally multidimensional character of environmental
effects. The complexities of nature and human society are better
represented by a number of decision making criteria. Such
criteria are far more effectively identified and prioritized through

‘wide political debate, than by small communities of specialists

with minority conceptions and interests. Rather than making
spurious claims to objectivity, policy-makers should
acknowledge that calculation is subordinate to judgement —
that the selection and ranking of environmental criteria are
inevitably subjective. Although a plural society is unlikely ever
to reach consensus over the final choice of criteria, such an
admission would at least provide a basis for more accessible
political debate.

This article is adapted from the text of a longer paper, “Regulating
the Electricity Supply Industry by Valuing Environmental Effects”,
published in Futures, Volume 24, Number i0, December 1992,
Copyright 1992 Butterworth-Heinemann Lid. The author is grateful
for helpful comments from Jim Skea, Gordon MacKerron, Nick Von
Tunzelmann, Catherine Mitchell and Topsy Jewell and for
inspiration from Roy Harper and the conker tree. The numerous
flaws are of his own making.
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INTRODUCTION

The Glen Canyon Environmental Studies (GCES) is a program of research focusing on
how operation of Glen Canyon Dam on the Colorado River in northern Arizona affects the
downstream resources along the Colorado River. The river flows freely for nearly 300 miles
below the dam, mostly within Grand Canyon National Park. In addition to storing water in
Lake Powell for eventual delivery to the Lower Colorado River Basin States and Mexico, Glen
Canyon is a major resource for the generation of electric power. Within water storage and
delivery schedules designed to meet commitments to the Lower Basin States under the Colorado
River Compact, the dam and power plant are currently operated to generate sufficient power
revenues to repay project costs.

Several environmental and recreational resources are potentially affected by dam
operations. The viability of riparian ecosystems of the Grand Canyon, the status of cultural
resources of historic and pre-historic Indians, and recreation depend on beaches along the river
corridor that are eroding away. Dam operations may affect the rate of erosion. Fish
populations, including a population of the endangered humpback chub and other native fishes,
as well as non-native fish such as trout, are affected as well. Other environmental resources may
also be affected by the dam. Dam operations also influence whitewater boating and recreational
fishing. GCES was assigned to determine whether dam operations are having adverse effects on
such resources and, if so, what might be done to reduce such effects.

Much of the research under GCES has necessarily involved the physical and biological
sciences in wide-ranging efforts to understand how the river acquires, moves, and loses sediment
and how the ecosystems along the river function. In addition, economic research continues to
be a integral component of the research program. To date, economic research has had two foci.
First, economic tools are being employed to quantify, in monetary terms, the effects of dam
operations on the quality of river recreation (Bishop et al. 1987, Department of Interior 1988).
Secondly, if dam operating criteria were altered to reduce adverse environmental or recreational
effects downstream, this would almost certainly affect the economic value of the electricity
generated at the dam. Hence, studies are in progress to understand the effects of dam

management alternatives on the value of power produced at Glen Canyon Dam.
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Recreation and power values are use values, since they stem from the direct use of river
resources to produce electrical and recreational services that have value to individual citizens.
Environmental economists, beginning in the mid-1960s, have increasingly wondered whether the
economic values of environmental resources should be limited to use values. Grand Canyon
National Park makes an excellent example. Are the economic values of the park limited to the
values held by those who actually go there? It seems plausible that others who are not currently
engaging in recreation in the canyon might place an economic value on the preservation of the
park’s resources. For example, they might place some value on preserving environmental
resources for future generations. Likewise they may place a value on preserving environmental
resources to maintain the option of using the park’s recreational opportunities in the future.
Such values are often called non-use values. To try to incorporate the broader values that may
not be motivated by use, environmental economists have developed a theory of tota] value, in
which total value consists of both use and non-use values.

The research reported here was commissioned to help those responsible for planning
GCES research to decide whether or not economic studies under GCES should be expanded to
better account for the total values--including non-use values--of the resources under study. On
the one hand, given that Grand Canyon resources are affected by Glen Canyon Dam operations,
some would argue that use values alone are inadequate.' According to this argument, members
of the broader public, and not just recreationists and power users, place a value on Colorado
River resources, and these non-use values must be counted or the economic analysis under
GCES could be woefully incomplete. On the other hand, others would argue that non-use
values are still too new, too poorly understood and too difficult to accurately measure to be
useful in making decisions about future operating criteria for the dam. According to the latter
view, the non-use values that might ideally be incorporated through application of total value
concepts would be better left for consideration in non-economic, more descriptive, more

qualitative terms.

Questions about possible research on the total values of the resources downstream from
Glen Canyon Dam are being raised at a particularly appropriate time. An Environmental
Impact Statement on the operations of the dam is currently in preparation. The law requires
consideration of the economic implications of alternatives considered as part of the EIS process.

As we shall see in the coming pages, the economic theory and empirical measurement
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techniques needed to incorporate non-use values in resource valuation studies have evolved
rapidly during the last decade. As a result, non-use values are beginning to find their way into
practical applications. Perhaps the most important example of this trend is to be found in the
rules for assessing the damages to natural resources from spills of oil and toxics under CERCLA
and the Clean Water Act (U.S. Department of the Interior, 1987), damages for which
responsible parties are to be held liable. Non-use values were allowed under the original rules
and, when those rules were struck down in a U.S. Court of Appeals decision in 1989, the court
did so in a way that strengthened the role of non-use values rather than weakening it. Given
the increasing attention to total valuation in such instances, whether economic analysis for the

Glen Canyon Dam EIS should include them becomes a very important issue.

At its core, the current debate over inclusion of non-use values as a fully fledged
component of total value is a debate over their scientific credjbility. In the first two sections of
this report, we shall begin to assess the potential credibility of non-use value estimates for
resources of concern to GCES by summarizing the current status of economic research in the
area. Both theoretical and empirical issues are addressed.

Section 1 focuses on the theoretical side of the literature. In order to estimate natural
resource values, a conceptual framework is needed that thoroughly integrates use and non-use
values into a total valuation framework. In addition to defining key valuation concepts and
exploring the relationships between different value concepts, Section 1 will also address a
number of theoretical issues having special relevance to non-use values. While additional work
is needed on the theoretical level, total values, including non-use values, appear to be well on
their way to being established in theory. Several issues for possible empirical research under
GCES will be identified through consideration of the theoretical issues.

Section 2 addresses issues of measurement. Regardless of the theoretical validity of total
valuation concepts, if they cannot be measured with an acceptable degree of accuracy, they
should not weigh heavily in policy decisions, at least in a quantitative sense. It is generally
acknowledged that full measurement of total values when non-use values are present must
depend on contingent valuation. Thus, Section 2 will review results from past contingent
valuation studies that have attempted to measure at least some of the non-use aspects of total

values and available evidence regarding the potential accuracy of the technique. While a certain
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degree of skepticism is warranted in any new area of research, concerns about contingent non-

use values seem to us to be exaggerated.

The literature on theory and measurement then serves as a basis for the third section of
this report, which presents a preliminary research prospectus for a total valuation study under
GCES. What would be the major components of such a study? Based on our review of theory
and past studies, what issues should be explicitly addressed? What potential pitfalls might be
encountered and how might they be avoided? The proposed research described in Section 3
would proceed in several steps, each designed to answer critical theoretical or empirical
questions. At the end of each step, a review of results would be made and a decision reached as
to whether to proceed to the next step. After each step, the research plan would need to be
modified and further developed in light of comments from experts and the concerns and needs
of GCES agencies and the public.

To further evaluate the potential scientific credibility of total valuation studies of
Colorado River resources, the first draft of this report was submitted to a panel of leading
environmental economists. The panel was composed of Professor Ann Fisher of Pennsylvania
State University, Professor A. Myrick Freeman, III, of Bowdoin College and Resources for the
Future, Inc., Professor Alan Randall of the Ohio State University, and Professor V. Kerry Smith
of North Carolina State University. The panel met for an introductory workshop in December
1990 and again for an intensive review of the first draft of this report in March 1991. In
addition, panel members submitted brief written comments in which they were asked to address
three questions. First, are total value concepts including non-use values applicable and
potentially significant for the resource being studied under GCES? Second, should efforts be
made to measure total values as part of GCES and the Glen Canyon Dam Environmental
Impact Assessment process? Third, can total values for Colorado River resources be estimated
in a scientifically credible way? In reviewing the draft report both orally and in writing, the
panel made many useful comments and suggestions. To the extent that it was practically
possible, those suggestions have been incorporated in the revisions leading to this final draft of
the report. In addition, the written comments of the panelists are included as an appendix.
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Because this report is concerned with scientific credibility, it is addressed to other
economists and sometimes is necessarily rather technical. Those without the interest or
background to wade through the technical material in the coming pages may find a non-technical

discussion of the issues we discuss and the conclusions we reach in the Executive Summary.
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SECTION 1: ECONOMIC THEORY OF
TOTAL VALUATION

The goal of this section is to draw upon the literature as needed to develop a theory of
total value for Colorado River resources "from the ground up,” so to speak. That is, the analysis
will begin with a straightforward case in which total value is comprised solely of market use
values, using electric power as a case example. Then, non-market use value will be added to
account for recreational uses of the resources. Next, existence value will be added to the
theoretical model. Toward the end of Section 1, uncertainty will be introduced so that option
value can be addressed.

Formal Definition of Use Values for Market Goods

The traditional analysis starts by characterizing the actions of an individual as that of
choosing a utility-maximizing set of marketed goods subject to a budget constraint. More

formally the problem is characterized as:
Max U(X) subject top X < I

where U(") is a utility function representing the preferences of the individual, X is a vector of

goods that can be purchased, p is a vector of prices for these goods, and I is the individual’s

- income. We make the usual assumptions about the characteristics of the utility function. The
solution to this problem, X', will generally be a function of p and I. Substitution of the market
demands, X'(p,I), for X in the utility function defines the indirect utility function, V(p,I). The
dual associated with the utility maximization problem can be written:

Min pX st UX) 2 U
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The solution to this problem, X, will be a function of prices and the reference utility level.
Substitution of the optimal choice, X(p,U), into the objective function yields the expenditure
function e(p,U). The expenditure function gives the minimum cost of obtaining a reference
level of utility at any price level.

Now suppose that our representative consumer buys electricity from a utility that has an
allocation of Glen Canyon power. Suppose further that an alternative set of dam operating
criteria are being considered that would increase the price of power faced by this consumer so
that her price vector would shift from p, under the status quo operating criteria, to p’. Note
that if by changing the dam operating criteria, the prices of goods and services other than
electric power would be affected through rising energy costs, this would also be depicted in p’.

The indirect utility function and the expenditure function are important because they
provide the conceptual framework used to derive dollar based measures of the impacts of
changes in dam operations. First using the indirect utility function, two measures of the loss
sustained by this consumer can be defined. Her willingness to pay (equivalent variation) to

avoid the loss due to the change in dam operating criteria would then be represented by E in:
Vo', D = Vi, I-E)

Compensating variation, reflecting compensation required to offset the adverse effects of
the change in operating criteria, can likewise be represented as C in:

Ve, 1+0) = V@, )

From a purely theoretic view, both C and E represent valid measures of value. However,
as will be seen in Section 2, measurement problems appear to be more severe for values
measured as willingness-to-accept compensation. Consequently, we shall develop the analysis
only in terms of willingness to pay, with two caveats. First, parallel wﬂlinglless;to-accept
measures can always be constructed and are potential, and equally valid, alternative welfare

measures. Second, depending on whether we are valuing a loss or a gain relative to the status
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quo, willingness to pay will sometimes be defined as:the compensating variation and sometimes

as the equivalent variation.

Willingness to pay can, of course, also be measured using the expenditure function. In
this way,

B = e(P’9 v(p"t)) - °(Ps V(p',l))
or, using the property that:

Sepl) | X'p,0)
9

v
E = [ X%, v@'D) de
P

In this rather traditional presentation of valuation theory for a price change, one measure
of value is simply the maximum amount of income the person would sacrifice to avoid losing
access to the electricity at the lower price. This amount can be represented in terms of utility
functions, expenditure functions, or areas under compensated demand functions. It is the ability
to translate the value measure into areas under compensated demand functions that has been
very important. While the compensated demand functions are unobservable, there is a close
relationship between ordinary demand functions and compensated demand functions. A
standard approach for measuring economic impacts associated with marketed goods then is to
estimate the relevant demand function using observations of actual transactions and then use the
demand functions to recover an estimate of the economic impact of the change being

considered.

This standard approach, however, rests on the implicit assumption that the consumer in
question is only potentially affected by the change in dam operations through changes in the
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price of electricity and possibly the prices of other-goods and services acquired through the
market system. Next we consider the case where the consumer would be affected through the
impacts of the change on the availability of a non-market good. As an example we will consider

changes in the conditions under which she engages in Colorado River recreation.

Use Values of Non-Market Goods

Let us suppose that the change in dam operations would improve the conditions under
which whitewater recreation is conducted. To include this potential impact in the analysis, the
utility function is modified so that utility is a function of market goods and Q, where Q is taken
to represent the environmental attributes that contribute to the quality of a rafting trip in the
Grand Canyon. The price vector; p, and market consumption vector, X, are now taken to
include a basket of market commodities required to make a raft trip using an appropriate
household production technology, defined in the usual way. Modifying the utility function in this
way means that the indirect utility and expenditure functions will also depend on the level of Q.

Assume that under the present dam operations (taken to be the status quo), recreational
quality is summarized in a vector, Q, and that the quality would improve under the possible
change in operating criteria to Q’ (i.e., U(X,Q) < U(X’,Q’), where X and X' are the optimal
vectors of market goods consumed under Q and Q', respectively). While little needs to be said
about quality vectors at the present level of abstraction, they obviously include a very important
set of variables representing what Smith, in his comments in the appendix, calls the "service
flows" from the resources in question. Establishing which variables to include in the quality

vectors will be an important part of any total valuation research under GCES.

If the whitewater rafter in this example does not purchase any market goods whose prices
might be affected by a change in dam operations total value will consist solely of non-market use
values. This total value can be measured as willingness to pay for the improvement in quality.
This willingness to pay is given by C, which can be defined as:
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V(@ L Q) = V(p.1- G Q)
C = e(p, Q V(p, L Q)) - e(p, Q", V(p, L, Q))-

Notice that in this case, we have ignored the effect of the change in operations on the
price of electricity. However, accounting for the fact that our consumer might use both
electricity from Glen Canyon Dam and Colorado River recreational resources presents no
theoretical difficulties. Suppose that the change in operating criteria would result in an increase
in the price of electricity (and perhaps other marketed goods) as well as an improvement in
recreational quality. Suppose further that:

V', L Q) > V(p, I, Q).

Then, willingness to pay would be defined by:
Vi, L, Q) = V(p',I-C, Q).

If the consumer would be worse off, on net, with the combined price and quality changes,
the comparable measure of equivalent variation would apply. There are no difficulties with

integrating market and non-market use values within the same economic framework.

An Initial Look at Total Values, Including Existence Values

The foregoing discussion began with use values associated with market goods and then
broadened the focus of economic analysis to deal with use values of non-market goods. The
next step involves expanding the theory to include total values under certainty, including
existence values. On a relatively abstract level, at least, total values can be defined using a
simple extension of the previous results. The extension is to expand the vector Q to include all
environmental variables for the section of the Colorado River under discussion that could affect
the individual’s utility level. As above, some elements of Q may affect the quality of a raft trip,
for example, the availability of beaches for camping. Other elements, such as the condition of
the population of humpback chubs, might not affect recreational quality but would still be -
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included in Q if they have an effect on the individual’s utility. We assume that the elements of
Q are defined in such a way that an increase in any element of Q increases utility or at least
leaves it unchanged. Finally, we will define a price vector for market goods, p”, such that the
consumer would not make a raft trip or otherwise use the non-market resources of the canyon.
Under our definitions, existence value would be present when Q' > Q implies that V(p*,1,Q) <
V(p*,1,Q’). The same logic used in defining willingness to pay before can be easily extended to
formulate one definition of existence value, EV,, as:

V(p*, 1, Q) = V(p*,1- EV,, Q).

Defined in this manner, EV, is a conditional existence value in the sense defined by Boyle and
Bishop (~1987). It is conditional in that all non-market uses of the resource are constrained to
be zero by definition of the price vector. However, we do not assume that p" is such that
market uses such as consumption of electricity are zero. It seems plausible that the marginal

utility of electricity consumption is not dependent on any of the elements of Q.

For a variety of reasons, a large majority of people, even from Arizona and neighboring
states, never have direct contact with the riparian ecosystems and other resources of the
Colorado River below Glen Canyon Dam. For these people, total value would consist entirely
of existence value and the foregoing formulation of a conditional existence value would be an
appropriate measure of economic value. However, a different formulation is required when
total value may be affected by impacts to use values from changes in the value of recreation and
changes in the price of electricity and possibly other marketed products. Let p and Q be the
price and resource quality vectors under current operating criteria and p’ and Q' hold under
the alternative criteria being evaluated. As before, we assume that, on net, the consumer will be
better off, so that the compensating measure of willingness to pay is appropriate. Following
Randall and Stoll (1983), we define total value, TV, implicitly from the following relationship:

Vi, 1, Q) = V(p', I - TV, Q).

So long as we maintain the assumption of certainty, TV, as defined above, incorporates all
the relevant effects: the value of the electricity price increase, the value of improvement in

recreational quality, and the existence value. For an individual who is linked to the Colorado
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River in only one way (ie., as a power consumer gr -a-recreationist or a non-user concerned
about existence), TV collapses to one of the measures previously defined. If the Colorado River
resources at issue affect well-being in two or more ways, then distinguishing between the
components of total value is more complicated. For example, recreation and power
consumption or recreation and non-use values could be related through relationships of
substitutability or complementarity. Using a resource might make one’s value of preserving it
for future generations higher than if one were a non-user. In such cases, a problem of
"jointness” makes dissecting TV into unique components conceptually impossible. For lack of a
better way to do it, if separating existence value were necessary, the approach that goes back at
least to McConnell (1983) must suffice. Letting UV equal use value,

UV = TV-EV,

For the non-user, EV, equals TV and there is no problem. For the usei', any jointness
between use values and existence values is fully reflected in UV. At first, this may seem like an
unimportant point. Who really cares about a consumer’s motivations for holding UV?

However, if one were to measure a user’s value using the travel-cost method and contingent
valuation, the two might not be equal, since the existence value generated by recreation might
not be fully reflected in the number of trips. Perhaps Hanemann was getting at this sort of
problem recently when he remarked that a more global concept of weak complementarity, rather

than one that applies only to the choke price, is needed.

In the study plan sketched below, however, this concern does not appear to be severe.
The primary emphasis will be on total value rather than the component parts. Some thought
will need to be devoted to the relationships between total values as measured in a separate
study and the recreational and power values that have already been estimated or soon will be.
Our recreation values for the impacts of alternative flow regimes reflect only the short-term
effects of flows on non-market values and thus may not be much influenced by longer run
environmental effects, although some thought will need to be given to whether we can test this
hypothesis. A substantial link between electricity prices, within the range we are likely to be
talking about, and either recreation demand or existence value seems unlikely, although again
possible empirical tests might be considered.
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To summarize, at this level of abstraction, existence values have a sound basis in economic
theory. Existence values are easily integrated with other values in an internally consistent way
so long as total value can be used as the welfare measure. So far, what we have done seems to
us to be fundamentally consistent with all the major theoretical treatments of existence value in
the published (or soon to be published) literature, including the more descriptive treatments
found in Krutilla (1967) and Krutilla and Fisher (1975), and more formal treatments by Randall
and Stoll (1983), McConnell (1983), Madariaga and McConnell (1987), Smith (1987), Boyle and
Bishop (1987), Bishop and Welsh (1990), Brown and Plummer (1990), and Freeman
(forthcoming). If existence-related effects are present in a utility function, the conventional logic

of welfare measurement easily accommodates this new dimension.

Of course, up to now we have been very abstract. When one digs a bit deeper into the
literature, some differences among the contributions of various writers come to light and should
be addressed here. We shall examine, in turn, alternative views (1) about where to draw the
boundary between use and existence values; (2) about the motivations for existence values; and
(3) about how existence values should be interpreted in the context of public decision making.

Boundaries Between Use and Existence Values

Thus far, we have not clearly distinguished between use and existence values. Two
traditions exist in the literature. One, going back at least to Krutilla and Fisher (1975) and
continuing through Smith (1987), makes the break on the basis of whether in situ contact with
the resource is involved. " In the case of existence value, we conceived of individuals valuing an
environment regardless of the fact that they feel certain they will never demand in situ the
services it provides. . ." (Krutilla and Fisher, 1975, p. 124). The other tradition, going back at
least to McConnell (1983), is based on the economic concept of weak complementarity. Use
values are values that include in_situ use but also include off site uses that are linked through
weak complementarity to market purchases. For example, the first tradition would categorize
values of reading about natural environments at the bottom of the Grand Canyon or enjoying

photographs or other visual presentations about them as existence value, while the second would
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categorize such values as part of use values. In the latter tradition, Boyle and Bishop (1987, p.
944) call such values "indirect use values.” '

While this debate is of some theoretical interest, we propose to sidestep it for purposes of
this report by focusing attention primarily on total value as defined above. Total value will
include indirect use, whichever side of the boundary it falls, Economic work under GCES does
include ip situ uses of Colorado River resources: whitewater boating in the Grand Canyon,
fishing below the dam, and power generation at the dam. However, we will not attempt to
separate indirect uses as a separate category of value when working in a total valuation

framework.

While existence values are relatively easily incorporated into the formal treatment of
consumer welfare to form total value, more needs to be said about them. Because they are not
revealed in market and other behavior to the same degree as use values, substantial attention
has been given in the literature to the possible motivations for holding them. Normally,
economists rely heavily on observations of market behavior to identify what should be included
in the utility function. Lacking the ability to observe market behavior stemming from existence
value, motivations are important indicators of underlying preferences. After discussing
motivations, we will turn to some important conceptual issues associated with interpretation of

existence value.
Motivations for Existence Values

Economists have a deep-seated tradition of basing economic values on individuals’ tastes
and preferences. If a member of society behaves as if *.is or her economic welfare is affected by
some variable, that is normally taken as sufficient evidence that his or her welfare is affected by

that variable. Once the concept of total value is adopted and the theoretical possibility of
existence value is admitted, behavior becomes less than a perfect indicator of welfare.
Membership in environmental organizations is often taken as an indication of existence values,
although as Freeman (forthcoming) has recently pointed out, there are mixed messages that
make it nearly impossible to infer much about existence values from contributions and

memberships. Ultimately, the economic researcher must base judgments about whether
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existence values are real or not at least partly on what: people say, rather than what they do. We
economists do not feel very comfortable about taking what people say as economic evidence.
Nevertheless, we feel compelled to ask not only whether people hold values that are not rooted
in use, but also why.

In addition, the study of motivations can help identify and characterize in service flows
that are important to people. As noted previously, it is hard to know a_priori what to put in the
utility function to express the contribution of the resource to welfare. It is probably acceptable
at a theoretical level to put Q in the utility function as we did here. However, as Brookshire et
al. (1986) pointed out, that does not tell us very much about what people are really valuing. For
example, how should the humpback chubs be viewed? Should we simply include the population
of chubs in the utility function? It is intuitively plausible that the loss of a large share of the
population to a natural cause, say a storm event, would have one value for the loss and an equal
population reduction due to a human-caused event such as a chemical spill would have another,
possibly much higher value for the loss. It is important for policy to know as much as possible
about what people are really valuing when they express existence values.

Motivations may also be important because, as Madariaga and McConnell (1987) have:
shown, motives can have implications for the interpretation of existence values in a benefit-cost
framework. As we shall see below, altruism is often taken as one of the motivations for
existence values. Madariaga and McConnell showed that values based on certain forms of
altruism could easily be incorrectly interpreted.

Finally, writers on existence values have been forced to consider the motives underlying
existence values by what we shall here term the "Pac-Man syndrome." Many of our colleagues
have viewed human beings as "consumers" for so long that they are highly suspicious of any
concept of value that is not linked directly to personal physical consumption. Humans are
viewed as machines moving through the maze of life as rapidly as possible and voraciously
consuming everything in their paths until death intercepts them. A good example of this
mentality is to be found in Mendelsohn’s (1984) doubts about existence values.
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. . . there is reason to suspect that existence value may not even exist. After all, why
would people value something with which they have no contact and for which they cannot
anticipate contact. What difference would it make if it was not there? How would they
even know it was not there when it ceased to exist? Clearly, if a lot of us possessed
substantial existence value, it would give a shyster a lot of room to maneuver as he
promised to preserve things but never did. Could we rightfully complain? Perhaps we
could insist on third party verification that the creature remained. Would we pay a lot to
hear a "yes," or would we want to know more. Perhaps a film of the creature and an
occasional book would do. But if this is all we want to know of the creature’s existence,
what would stop the shyster from making several such films and books and then
destroying the creature. It appears that most people’s notion of existence value is
probably another form of use value, and probably should not be added to direct and
secondary use value.

To test for existence value, it is necessary to eliminate potential use from consideration.
For example, how much would you pay a millionaire who owned his own island to
preserve some small fish in the middle of his property if it was clear that public access
would never be granted to the area. ... Casual empirical evidence suggests that true
existence value is zero. (Mendelsohn, 1984, p. 10)

Mendelsohn treats bequest value separately, pointing to a possible double-counting
problem:

. . . the present value of use is the discounted value of all future use of the resource. It is
very difficult to tell in what way bequest value differs from the string of discounted future
benefits of users. Bequest value appears to be future user value called by a different
name. ... If future use is properly incorporated into direct use measures, bequest value
is redundant and should be ignored. (Mendelsohn, 1984, pp. 10-11)

Taking up Mendelsohn’s challenge, let us ask why people might place a value on
maintaining a resour.e even if they would not personally benefit through use. Altruism has
played a key role in the conceptual literature on existence value (see, for example, McConnell,
1983, and Randall and Stoll, 1983), and rightly so in our opinion. In an earlier paper, Bishop
and Heberlein (1984) suggested that existence value might stem from several kinds of motives.
One is benevolence toward relatives and friends. Giving of gifts to friends and relatives is very
common and would appear to stem partly from altruism. Why should such activities not extend
to natural resources use opportunities? If Alpha would enjoy knowing that her neighbor, Beta,
has the opportunity to watch birds in a certain marsh, both could benefit from marsh
preservation. If Beta actually goes bird watching there, he receives a use benefit, but, contrary
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to what Mendelsohn seems to be saying, the value would not end there. Alpha would also
benefit personally, and counting only Beta’s use value would miss this existence value that
accrues to Alpha.

Bishop and Heberlein also noted that existence value could be motivated by sympathy for
and empathy with people and animals, by environmental linkages, by feelings of environmental
responsibility, and by bequest goals. They pointed out (p.10):

Even if one does not plan to personally enjoy a resource or do so vicariously through
friends and relatives, he or she may still feel sympathy for people adversely affected by
environmental deterioration and want to help them. Particularly for living creatures,
sympathy may extend beyond humans.

Those who have watched the animal rights and anti-hunting movements cannot help but
be impressed by the intensity of feeling that some people exhibit in that context, and potential
future use values could hardly explain their motives. Such concerns may partly motivate Randall
and Stoll’s (1983) so-called Q-altruism. Environmental linkages relate to the "you've-got-to-stop-
’em-somewhere” attitudes. Environmental concerns are widespread, and environmental events
at Location A, which a given individual does not use, may cause her/him to feel more or less
confident about events at Location B, which the individual does use. Motives based on feelings
of environmental responsibility have to do with people’s concerns about the effects of their
consumption on environments that they do not personally plan to use. For example, if Gamma’s
consumption of electricity would contribute to deterioration of Grand Canyon beaches, then she
might be willing to pay something to reduce or eliminate this effect so that she is not
responsible for such harm. Bequest motives are a temporal extension of motives relating to
benevolence toward relatives and other people into the temporal realm. Again, it seems that
Mendelsohn and others miss the point. Yes, the beneficiaries may well receive use benefits and
those use benefits are quite correctly counted. The point, however, is that the benefits do not
end there. If the benefactor’s utility function depends on the bequest, an additional value is
created and this additional value is missed if the beneficiary’s use value alone is included in
benefits.
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Of course, the ultimate actuality of existence values and their underlying motivations are
empirical issues. The point here is that they cannot be ruled out a priori. Nor do we see any
merit in the direction taken in the previously mentioned paper by Brookshire et al, (1986).

They tried to argue that existence values, though they could represent real willingness to pay,
should not be considered as economically relevant because they may reflect ethical
considerations other than the efficiency ethic that underlies benefit-cost analysis. To the
contrary, ethical considerations must be viewed as very important foundations for the tastes and
preferences that influence economic activity within the market and outside. Brookshire et al, try
to establish that commitments to some ethical stands can lead to "counter-preferential choices"
(p-1510 and elsewhere), but surely this runs contrary to the whole concept of revealed
preference. 'No one would propose discarding a portion of the compensating variation
associated with the availability of a market good at a stated price simply because some
purchasers wish to use the good for charitable purposes. Why try to establish such an exception
for the existence of public resources simply because those who are concerned about it are basing
those concerns on altruistic motives? Similar objections should be raised with respect to
Kahneman and Knetsch’s (forthcoming) afgument that existence values should be disregarded
because they involve the purchase of "moral satisfaction."

The consideration of motivations does help us address one issue that has already been
raised by some people in the context of GCES. Why do we limit existence values to the
environment? Isn't it just as conceivable that non-environmental items might also have
existence values? The case in point is electric power. It seems to us that if alternatives under
consideration as part of GCES would involve increases in the cost of power or affect reliability
of service or otherwise affect the final consumers of electricity, an existence effect cannot be
ruled out a priori. One might speculate that the effects on the overall power system, in terms of
the prices of power to final consumers, reliability of the system, etc. will be so small that they
will be of little consequence for non-use values. However, if the power system modeling
suggests that there will be large impacts to consumers of electric power and people care about
these impacts for purely altruistic motives, consideration will need to be given to how this might
be addressed empirically in a total valuation framework.

To summarize the theoretical discussion so far, there seems to be a growing consensus
about the basic structure of the theory of existence values and how existence values are related
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to other categories of values. Some minor differences in the taxonomy of values remain but
they do not appear to be relevant to the study contemplated in this report. Because there are
no market or market-related behaviors associated with existence values, the study of existence
values has inevitably drawn economists into the unfamiliar area of motivations. Nevertheless, a
fairly well-articulated set of hypotheses about the motivations underlying existence values has
evolved. Nothing we have considered so far would rule out existence values as theoretically
valid values that are fully integrable with other economic values within a total valuation
framework. We now turn to a different set of issues that surround how existence values ought
to be interpreted in the context of public decision making,

Interpreting Existence Values

The decision to include existence values as a valid portion of total value does raise some
issues of interpretation. To explore these issues let us propose, as a working hypothesis, that
one important source of existence values is a general concern about the environment. Polls have
repeatedly shown that such concerns are widespread in the United States and have remained so
for many years. If an individual, Delta, has a general concern about the environment, he might
be willing to pay something to protect Grand Canyon riparian resources because this would be
one way "to do something” about environmental degradation and its effects on wildlife, which he

sees as deleterious to his well-being. Even before we begin to worry about what is being
measured in contingent valuation studies, we can see here one aspect of existence values that
troubles some economists. Assuming that Delta’s expression of willingness to pay stems from
this source, does it really represent the value that he places on the Grand Canyon resources or
does it represent some broader value that he holds for preservation of the environment as a
whole?

Perhaps this question can best be addressed on the theoretical level using the concept of
substitutes. Economic values always depend on the prices and availability of substitute goods
and services. The value one places on one’s automobile depends on the prices of other
automobiles and other means of transportation. The higher the prices of these substitutes, the
higher value one would place on his or her car. This principle is certainly true for use values
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associated with non-market goods such as the recreationally exploited trout population just
below Glen Canyon Dam. As an example, Alpha’s consumer surplus for guided fishing trips in
Glen Canyon depends on the price of such trips and the prices of other substitute recreational
activities available to Alpha.

Such effects may be present for existence values as well. Preservation of Grand Canyon
riparian resources might be considered as only one of many ways to satisfy consumer demand
for protection of environmental resources that are not used by the person under consideration.
Improving water quality at location X, cleaning up the air at location Y, or protecting wildlife
habitats at location Z could reasonably be viewed as substitutes for protecting riparian resources
in the Grand Canyon. Just as in the cases involving market and use values, the strength of the
effect of any one environmental protection project on the values of others will depend on the
extent of the substitutability (or complementarity) between the alternatives.

If this is an adequate picture of how existence values for environmental protection work,
then it does not present a new theoretical problem. The non-use value of the Grand Canyon
resources in question will be more or less depending on what is happening with respect to
environmental quality at locations X, Y, Z, and elsewhere. Just as the value of an automobile
depends on the prices of other automobiles and other methods of transportation, so the value of
avoiding damage to the riparian ecosystem below Glen Canyon Dam depends on the availability
of substitutes that will satisfy a demand for environmental protection. Delta’s demand for
transportation, given the price and availability of substitute forms of transportation, is satisfied
~ partly through the automobile he currently owns. Likewise, his demand for environmental
protection, given the price and availability of substitute forms of environmental protection, could
be partly satisfied by suitable modifications in Glen Canyon Dam operations that will reduce
damages to the resources in question. The theory applies to both use and non-use values (such
as existence value) in a parallel fashion.

Nevertheless, when the theory is applied, some issues do command specific attention. We
will deal with them here as the "project-selection problem" and the "adding-up problem." If
there are a great many ways to satisfy the demand for environmental protection, and the
different ways of doing so are considered to be nearly perfect substitutes, then this would have

important implications for benefit-cost analysis of projects to achieve alternative forms of
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environmental protection. "Project” is used here in.the very broadest sense to include

Q,M alternative policies and regulations, as well as activities involving capital expenditures. Changing
the criteria for operating Glen Canyon Dam would be considered a "project” for purposes of this
discussion. The project-selection problem occurs because many different environmental
protection projects would be capable of satisfying environmental demands, at least to some
degree. That the benefits of cleaning up the water at location X exceed the costs may not be a
very convincing economic case for doing so if benefits of cleaning up the air at Y and of
preserving wildlife habitat at Z exceed the costs of projects at those locations. Within a budget
constraint, the problem is not simply to identify a project having positive net benefits, but rather
to find out which combination of projects satisfies environmental demands in the most
economically efficient way. To the extent that projects at X, Y, and Z are nearly perfect
substitutes, the project-selection problem boils down to one of finding the most cost-effective
way of satisfying some part of the demand for environmental protection within limited public
budgets.

The adding-up problem is closely related to the project-selection problem. Suppose that,
in separate studies, we accurately estimate the existence values for water quality improvements
at X, air quality improvements at Y, wildlife habitat protection at Z, and all the other

environmental "good things" that might generate existence values. The sum could be a very
large number, perhaps an implausibly large number.

However, once we recognize that the different environmental protection measures might
be substitutes, we see that Delta’s willingness to pay for the three projects combined would not
equal the sum of the individual project values. It would be theoretically incorrect to add up the
three values calculated in isolation. Theory would lead us to expect that Delta would be willing
to pay less for the three projects combined than the sum of the three individual project values.

This problem is certainly not limited to existence values, but is inherent to valuation
generally (Hoehn and Randall, 1989). The value a person would place on a rapid transit system
in his city will be different depending on whether on not he actually owns an automobile. The
economic logic of calculating values is the same regardless of whether market or non-market

values are at issue and whether the values are use values or existence values.
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Note also that the adding-up problem is not too severe when dealing with today’s values.
Today’s values are dependent on the prices and availability of substitutes (and complements) as
they exist today. In our example, the current value of improving water quality at X, depends on
actual conditions at Y and Z. But when we try to make projections into the future, values then
will depend on whether Y and/or Z have been added in the meantime. Who can say what sorts
of environmental protection measures might be put in place in the future that would reduce the
future value of X. Likewise, environmental problems that are unknown or non-existent today
may enhance the value of X in the future.

Whether our working hypothesis of high substitutability for the existence of many
environmental good things is valid is an empirical question that needs to be investigated. In the
meantime, thinking about the possible implication of the project selection and adding-up
problems for GCES, two points need to be made. First, as has already been stressed, this is not
a problem that is unique to existence values. It is true to a greater or lesser extent for all efforts
to establish economic values. Second, at least some of the effects that we are addressing in
GCES involve potentially irreversible impacts on the relatively unique natural and cultural
resources of Grand Canyon National Park. Concerns relating to adding-up and project selection
become less severe as the uniqueness of the resources in question increases. Uniqueness
reduces substitutability. Even writers on the topic who have been most skeptical of existence
values have admitted the potential relevance of existence values in such cases. For example, in
remarks specifically focused on non-use values associated with damages to natural resources
from spills of oil and toxics, Harrison and Hausman (1989, p.10) asserted that,

the site damaged should be, in some important sense, unique and well known or
significant, if not at a national level, then at the re zional level. . . . Similarly, it makes little
sense to assign existence value to individual animais of a species if the losses involved
pose no threat to the survival of the species in the general area.

Beers ¢t al, (1989, p.15) conclude that, "there is wide agreemént that the concept of non-
use values for'most practical purposes relates only to certain unique, irreplaceable resources.”
In support of this conclusion they cite an attached statement by Freeman who pointed out (p.3),
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The long literature on nonuse and existence values emphasizes the following issues: the
uniqueness or specialness of the resource in question and the irreversibility of the loss or
injury. For example, economists have suggested important nonuse values in preserving the
Grand Canyon in its natural state and in preventing the global or local extinction of a
species or the destruction of a unique ecological community. On the other hand,
resources such as ordinary streams or lakes or a subpopulation of a widely dispersed

wildlife species are not likely to generate meaningful nonuse values, because of the
availability of close substitutes.

We suspect, given our discussions of potential motivations, that limiting existence values to
irreversible effects on unique resources is premature and difficult to justify without empirical
evidence. However, in the current context, such concerns may be irrelevant. The point is that
the more irreversible the effects and the more unique or special the resources involved, the

more relevant are existence values.

All this has important implications for empirical work under GCES. Some individuals
working for federal agencies have suggested that when people talk of the uniqueness of Grand
Canyon National Park, they have in mind the dramatic views and geological wonders visible
from the rims and along the trails of the park. They would argue that most people are not
particularly interested in the riparian resources in the bottom of the canyon and would not
include those resources when speaking of the unique resources of the Grand Canyon. Others
~ would argue that riparian resources are viewed by many members of the public as having
existence values because they are interested in preserving ecosystems of the park as well as the
visually and geologically unique resources. Stated differently, significant numbers of people may
feel that the resources that are the focus of GCES take on "specialness” or uniqueness simply
because they are part of Grand Canyon National Park in addition to whatever value they might
have if they were not part of that broader set of resources. The role of Colorado River
resources in people’s perceptions of the park therefore needs to be investigated as a part of any
research into existence values. Results will be relevant for evaluating the potential severity of
the adding-up and project selection problems in interpreting the economic value arising from
any total valuation study conducted under GCES. |
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Up to now, the discussion has assumed certainty. As a final step toward total valuation, in
the next section we consider option value by modifying the valuation model to allow for

uncertainty.

Option Value

Weisbrod's original paper on option value was so influential because its point was so
intuitively appealing. Using Sequoia National Park as an example, Weisbrod posed the problem
of whether the trees in the park should be cut if the value of the resulting wood products
exceeds the value that consumers place on use of the living trees for recreational and aesthetic
enjoyment. He reasoned that there could be many people who are not currently using the trees
for recreation and aesthetic enjoyment who would nevertheless place a value on the option of
using them for such purposes in the future. However, options to enjoy Sequoia National Park in
the future cannot be purchased in the market. Once cut, the trees cannot be replaced~ for
centuries if demand for their enjoyxhent turns out to be large in the future. Maintaining the
option of future enjoyment takes on public goods characteristic in that not cutting the trees
makes the option of future enjoyment available to all. Hence, economic assessment of the
relative values of cutting the trees and preserving them would not be complete without including,

on the preservation side of the ledger, the value of the options for future enjoyment.

For such a seemingly obvious point, Weisbrod’s conclusion has generated a large
literature. More than a dozen important contributions are easy to identify (Long, 1967; Lindsay,
1969; Byerlee, 1971: Cicchetti and Freeman, 1971; Schmalensee, 1972; Graham, 1981; Bishop,
1982; Freeman 1984, Chavas, et al,, 1986; Smith 1987b; Hartman and Plummer, 1987; Cory and
Saliba, 1987) and many other papers could be cited as well. The issue, and it has turned out to
be a difficult one, has been the relationship between willingness to pay for options and the
traditional welfare measures as discussed earlier in this report. At its root, the debate has
centered around the appropriate way to measure economic values of individuals who are
uncertain about future values of economic parameters affecting their welfare. Some basic
definitions and theoretical conclusions have emerged.
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First, let us revise the indirect utility function fo be V[P(s), I(s), Q(s), s]. The variable s is
Added to represent various states of the world that may occur in the future. Prices, income, the
status of service flows from the resource, and preferences themselves may depend on the state
of the world. Thus, V() is a conditional indirect utility function. For each state of the world,

s, we can define a compensating measure of the welfare change, C(s), in the usual way,

V [P(s), I(s), Q(s), s] = V [P'(s), I'(s) - C(s), Q' (s), 8,

where P(s), I(s), and Q(s) represent the values of economic parameters in the absence of the
modification in dam operations or other steps to reduce adverse impacts of dam operations.
Adding primes to these symbols signifies the values of the par@etem if the modifications were
made or other steps taken. Lettihg E symbolize the expected value operator over s, E[C(s)] is
the expected value of C(s). The Hicksian equivalent measure of value could be defined in a
parallel fashion. Once uncertainty is introduced, such values are termed ¢x post values because
they are realized only after the state of the world, s, is known. In the terminology being used
here, these are ex post measures of total value. :

An alternative measure of the welfare to the ex post measures C(s) (one value for each
state of the world) and E[C(s)), is option price (OP), which measures the total value ex ante,
before the state of the world is known. To simplify the exposition, assume that the consumer
maximizes the expected value of utility. If

E{V [P(), 1), QGs), sl} < E{V [P'(s), I's), Q'(s)s s}

then the consumer is said to be better off ex ante if the proposal is adopted. If the inequality is
reversed, he or she is said to be worse off ex ante. In either case, the compensating measure of
OP is implicitly defined as: ~

E{V [P(s), I(s), R(s), s]} = E{V [P'(s), I'(s) - OP, R'(s), 5]}

The option price is a state independent payment. That is to say, OP does not depend on
s. If the proposal would increase the expected value of utility, OP is interpreted as the
maximum sure payment that this consumer would pay ex ante (before the state of the world is
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known) to see the alternative in question adopted.-If the proposal would reduce the expected
value of utility, then OP would be negative and is interpreted as the minimum sure
compensation the consumer would have to be paid ex ante to get him or her to acquiesce to the
adoption of the proposal.

Finally, OV, which symbolizes option value, has come to be defined as
OV = OP - E[C(s)]

That is, option value is taken to be the difference between option price (the ex ante measure of
total value) and the expected value of the ex post measures. It might be interpreted roughly as
an adjustment for the risk preferences of the consumer. Risk preferences affect how the
consumer assesses the relative risks of paying the option price ¢x ante and signing a contract to
pay C(s) ex post, where the value of C(s) will depend on the particular state of the world that
ultimately occurs. It is now well known that the sign of option value cannot be predicted a
priori except in special cases. Furthermore, it is conceivable that option value could be
substantial in absolute value (Freeman, 1984). Many today are questioning whether expected
utility maximization is an empirically justifiable assumption. If expected utility maximization is
-rejected and a more general definition of option price adopted, then option value could
conceivably take on any value, positive or negativé, large or small, depending on how consumers
actually deal with uncertainty.

It is now clear that option value is not a separate value at all, but the difference between
two alternative welfare measures under uncertainty. Defining the non-use portion of total value
as option values plus existence values is not justified.

Just how welfare changes ought to be valued in the presence of uncertainty is not a simple
question. One approach would be to use ex post measures such C(s) or E[C(S)]. Alternatively,
some ex ante measure like option price could be used. The trend in the literature seems to be
in the direction of ¢x ante measures (Graham, 1981; Cory and Saliba, 1987; Bishop, 1986;
Freeman, 1986; Smith, 1987b; Freeman, forthcoming). The problem is that ex ante measures
other than option ﬁrice have been suggested. Without going into detail, let us simply suggest

that this work is not sufficiently mature to draw ironclad conclusions. In our judgment, a
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a concept like option price that allows for additional theoretical issues such as project financing
will ultimately win out (Ready, 1990). In addressing the empirical problems associated with
GCES, we would propose to let option price serve as the guiding theoretical construct.

The most important implication of all this for GCES has to do with the wording of
contingent valuation questions. To the extent that it is possible to do so, contingent valuation
scenarios should be written from an ex ante perspective so that they will reflect option prices
rather than ex post values. |

Taking Stock

Economic theory is very important for applied economic analysis. It guides the questions
asked, the analyses performed, and the interpretation of results. If we had found that the theory
of non-use values was poorly developed or poorly integrated with the main body of accepted
theory or that economists were engaged in a full scale theoretical debate over fundamental
issues, then this would have posed major questions about the wisdom of conducting non-use
value studies under GCES. Instead, non-use values have been easily integrated into the body of
welfare theory through the concept of total value. To the extent that there is any theoretical
debate, it tends to focus on taxonomic issues regarding the boundary between use and non-use
values and the possible motivations for existence values. We have been unable to locate a single
attack on the theoretical fundamentals of existence values that is having or should have much
influence on the thinking of those who are leading in the conceptual development of existence
values. Where we find potentially relevant theoretical issues in the interpretation of existence
values for public decision making, as in the case of the adding-up problem, it becomes apparent
that such issues are not unique to existence values but are present to a greater or lesser extent

for market and non-market use values as well.

Matters are somewhat less settled once uncertainty is introduced. The process of
convergence toward widely accepted welfare measures under uncertainty is still evolving.
Nevertheless, considerable progress has been made toward agreement that ex ante measures are
appropriate. Further refinements to incorporate such issues as project financing are in the
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offing. In the meantime, option price will serve as a_sound theoretical foundation for current

applications.

At first glance, this rather optimistic view seems at odds with statements that one finds
occasionally in the literature. For example, Freeman (forthcoming, p.2) has stated, ". . . there is
very little agreement among economists as to terminology, definitions, [or] what motivates
people to hold nonuse values. . ." Such conclusions are at least partly motivated, not by the
literature on which we have built Section 1 of this report, but by the more empirically oriented
literature that will form the basis for Section 2, below. Substantial progress has been made on
the theory of total valuation during the last decade. Some of the empirical studies of non-use
values were done before the theory had evolved to its current point. In other cases, applied
studies have been performed without careful attention to theoretical concerns. The result is
flawed research.

Our conclusion is that the theory is sufficiently well developed and integrated with the
main body of economics to form the foundation for a total valuation study under GCES.

While accepting the theoretical validity of non-use values, it is important to realize that
they can be included in real world evaluations only if they can be measured reliably. Because of
their very nature, existence values can not be measured using any technique relying on weak
complementarity. In the present state of resource and environmental economics, this means
that measurement of total values will require the use of the contingent valuation method.
However, the ability of contingent valuation to reliably measure economic values has been the
focus of substantial debate. The next section will review the contingent valuation literature with
specific attention to studies exploring the accuracy of the method and past applications of the
method to the problem of measuring total values.

HBRS, Inc.




29

SECTION 2: CONTINGENT VALUATION OF
TOTAL VALUES

As discussed in the theory section, total value is comprised of use and non-use values.
Depending on the perspective used to define existence or non-use values all (or at least a
portion) of non-use values can not be measured using direct market based methods nor any of
the non-market valuation methods based on the assumption of weak complementarity. As a
result, empirical studies of total value in which non-use values comprise some or all of the total
value, have relied on the contingent valuation method. In the first part of this section we will
review studies that have provided estimates of non-use values. It is important to bear in mind
when reading this section that some of the studies reviewed were conducted rather early in the
development of the contingent valuation method and the theory of non-use values. As a result,
while these studies will be illustrative of the magnitude of non-use values found in various
settings, they do not all adhere strictly to the definitions used in this report.

There has been substantial debate among economists (and other social scientists) over the

prospects that the hypothetical expressions of willingness to pay collected using the contingent

- valuation method provide valid inferences about the economic value of the non-market good
being studied. This debate has sparked several attempts to compare the values obtained using
contingent valuation to values obtained in experimental markets in which actual transactions
occur. Because of the central role that contingent valuation plays in any study of non-use values
the validity of the contingent valuation method is a key issue. To this end, the second part of
this section contains an overview of literature addressing the validity of the contingent valuation
method.

This section will close with a discussion of the issues raised by the literature review, which
must be addressed in any study of non-use values.
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Table I: Review of Studies Presenting Non-Use and Use Value Estimates

Ratio of Non-Use
Source Item Valued Non-Use Value Use Value to Use Value
Meyer (1974)* Preservation of salmon, $502.00 $928.00 0.54
= Fraser River, British Columbia
Horvath (1974)* Wildlife attributes, $1,574.00 $2,824.00 0.56
Southeastern U.S.
Dornbusch & Falcke (1974)" Water quality improvement, $-- - .75-2.03
U.S. water bodies ‘
Meyer (1978)* Preservation of sailmon, $360.00 $287.00 1.26
- Fraser River, British Columbia
Walsh et al. (1978)" Water quality improvement, $66.00 $126.00 53
South Platte River, CO _
Mitchell & Carson (1981)* National water quality $121.00 $258.00 47 L
improvements
Desvousges, Smith, and Changes in water quality, $34.00 $52.00 .65
McGivney (1983)" Monongahela River $28.00 $62.00 44
Cronin (1982)" Changes in water quality, $30.00 $42.00 )
Potomac River $84.00 $125.00 67
Cronin (forthcoming)® Changes in water quality, $35.00 $44.00 .80
Potomac River $66.00 $137.00 48
Brookshire et al. (1983) Increase in Grizzly population $15.20 $5.80 2.62
in Wyoming requiring 15 years
Increase in Grizzly population $7.40 $15.60 0.47
in Wyoming requiring S years
Increase in Grizzly population $6.90 $11.10 0.62

in Wyoming requiring 15 years

| £3



Table I:

Review of Studies Presenting Non-Use and Use Value Estimates (Continued)

Ratio of Non-Use
Source Item Valued Non-Use Value Use Value to Use Value

Walsh, et al. (1984) 1.2 million acres in $10.9 $17.6' 0.62
wilderness areas in Colorado
2.6 million acres in $14.6" $27.0 0.54
wilderness areas in Colorado
S million acres in $19.7¢ $41.2¢ 0.48
wilderness areas in Colorado _
10 million acres in $24.8 $68.4' 0.36
wilderness areas in Colorado

Walsh, et al. (1985) Presentation of 11 wild and $61.00 $33.00 1.85
scenic rivers in Colorado

Sutherland and Walsh (1985) Presentation of present water $46.25 $18.08 2.55
quality levels in Flathead, MT

Hageman (1985) Whales $2294 . $2.34 9.80
Dolphins $16.35 $2.21 740
Otters $18.33 $2.49 7.36
Sea Elephants $17.66 $1.16 15.22

Stoll and Johnson (1985) Whooping Crane Survival $1.03 $1.40 0.74

Boyle and Bishop (1987) Bald Eagle presentation in $28.00 $47.00 0.60
Wisconsin '

King, et a|, (1988) Desert Bighorn Sheep population $24.00 $-2.20 0°

near Tuscon, AZ
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Table I1: Review of Studies Presenting Non-Use and Use Value Estimates (Continued)
Ratio of Non-Use
Source Item Valued Non-Use Value Use Value to Use Value
Loomis (1989) Mono Lake, CA: Alternative 1 $4.72¢ $6.70? 0.70
versus Alternative 2°
Mono Lake, CA: Alternative 2 $4.12 $8.03 0.51
versus Alternative 3¢
Boyce, et al. (1989) Norfolk Island Pines $2.00 $4.81 0.42
Welle (1990) Presentation of Minnesota Lakes $65.00 $67.00 0.98

from acid rain damage

*  See Fisher and Raucher (1984).

®  This ratio represents the simple mean of 11 different ratios from the eight studies as presented by Fisher and Raucher (1984)

Tables 1 and 5. For one of the studies, Fisher and Raucher presented a range of ratios and we used the mid-point.

€ See text for explanation of the alternatives.

4 Loomis (1989) cbtained values from both an "original® and a "retest" survey to test the reliability of contingent valuation. We

present original values here.

©  Since a negative use value would be impossible and since the difference between the existence value of non-observers ($21.80
with standard error estimated at 2.6) and the total value of observers ($24.00 with estimated standard error or 5.0) are not

statistically different, we set this ratio equal to zero rather than -10.90.

! Unlike elsewhere in this table, where values are presented on a per household or individual basi

millions of dollars for all Colorado residents combined.

these figures are measured in
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Brookshire, Eubanks, and Randall (1983) estimated option prices and existence values for
grizzly bears and bighorn sheep in Wyoming. Values were collected using open-ended
contingent valuation questions. This study was based on a sample of Wyoming residents holding
elk, deer, or antelope hunting licenses. In the questionnaire respondents were asked if they ever
planned to hunt or observe the species in question at any point in the future. The values
elicited from individuals with no plans to hunt or observe the species in the future were
interpreted as existence values. Values solicited from all others were interpreted as total valu-.3
that could potentially include current use, certain future use, uncertain future use, and existence
values. Values in the table are for portions of the sample that claimed they would not hunt
grizzlies and bighorn sheep even if they had an 6pportunity to do so. Values involving
improvements in the populations requiring five and fifteen years are given. "Observer" values
apply to individuals who expressed the expectation of observing grizzlies and/or sheep if the
population were improved. As before, we assume that the existence values of observers and
non-observers are equal. To see how the ratios were figured, consider the Grizzly bear numbers
for a fifteen year time horizon. Mean annual existence value from survey results for non-
observers was $15.20. Total value for observers averaged $21.00, implying, under the assumption
that existence values of observers equals that for non-observers, that use value must be $5.80.
Thus, the ratio is $15.20/35.80 or 2.62. The negative use value for grizzlies with a five year time
horizon is either a statistical fluke or raises questions about the assumption that observer
existence values equal non-observer existence values. If, as this result would imply, non-
observers have higher existence values for these species, then the ratios are overestimated across
the board for the Brookshire et al, study.

Next we turn to a series of studies performed tv Pichard G. Walsh and various students
and «lleagues. This series of studies all followed very sunilar practices in applying contingent
valuation. Respondents were first asked using an open-ended contingent valuation question, to
state their total willingness to pay for the resource under study. Respondents were then asked
to allocate their total value among use values, option values, existence values, and bec :est values
in percentage terms. This practice raises certain theoretical and survey methodological
misgivings, but these do not rule out their usefi.ness in illustrating the range of empirical
estimates of non-use values. One problem that needs to be considered in order to ensure
greater consistency with the other results in Table 2 is the definition of option value used in
these studies. Respondents were asked to allocate a portion of their total values to reflect their
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willingness to pay for future use of the resource. ’Ifus, responses to this part of the exercise
should be interpreted as option prices rather than option values under the more standard
theoretical definitions used in this report. Such option prices are likely to contain some future
use values and, indeed, may be dominated by future use values, with option value proper
perhaps playing a small role. Thus, in calculating the ratios in Table 2, we lump current use
values and option prices ("option values® in the terms of Walsh and his co-authors) in the
denominator. The ratios are then to be interpreted as the existence value under our definition
(including both existence and bequest values of Walsh and co-authors) divided by use value,
which includes current use values plus respondents’ option prices for future use.

Walsh, Loomis, and Gillman (1984) estimated preservation values (including "option
values" for future use and existence values, where the bequest values were estimated separately)
for the preservation of wilderness areas in Colorado, using contingent valuation. The study was
based on a random sample of Colorado households. In the questionnaire, respondents were
asked to state a value that they were willing to pay for preservation of four different total
acreages of wilderness in Colorado. This particular study deviated somewhat from the
procedures in the other Walsh studies in that current use values were estimated using a travel-
cost model. The travel-cost method provided use value estimates on a per activity day basis
while contingent preservation values were on a per household per year basis. Walsh et al,
calculate the aggregate use benefits for wilderness and the aggregate non-use benefits of
wilderness to Colorado households and these values are presented in the table and are used to
calculate the four ratios presented in the table. The contingent valuation portion of this study

was based on a mail survey sent to a random sample of 218 households. The response rate was
89 percent.

Walsh, Sanders, and Loomis (1985) focused on the preservation of wild and scenic rivers in
Colorado. Here, current use values and preservation values (option price and existence and
bequest values) were all estimated using the contingent total values and percentage allocations

as described above. This study was based on a questionnaire mailed to 214 randomly selected
Colorado residents.

Sutherland and Walsh (1985) estimated the willingness to pay of a sample of residents of
four Montana cities for maintaining currently high levels of water quality in Flathead Lake,
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Montana. Total values were elicited and divided into various use and non-use categories using
percentages. This study employed a mail survey with a sample size of 280. The response rate
was 61 percent.

Hageman (1985) studied the value of marine mammals in the coastal waters of California.
The study employed a payment card version of the contingent valuation method. Outliers were
identified and eliminated from the analysis as were individuals specifying a zero willingness to
pay. Respondents were asked to allocate their willingness to pay among three categories, non-
consumptive uses (viewing), maintaining options for potential future use, and preservation of the
species without any possibility of viewing the animals. For the purposes of this review, the
amounts allocated to the last two categories were classified as non-use values. The ratio of non-
use to use values ranges from 15.22 per household for sea elephants to approximately 7.40 per
household for dolphins and otters. The Hageman study was based on a mail survey sent to a
random sample of 1,000 California households. Hageman reported an overall response rate of
21 percent.

Stoll and Johnson (1985) examined the value of preserving whooping cranes. The study
employed a sample consisting of three groups: visitors to Arkansas National Wildlife Area in
Texas, which is the wintering grounds - the whooping crane, a sample of Texas residents, and a
sample of residents of four major U.S. cities outside of Texas. Using the dichotomous choice
technique of the contingent valuation method, Stoll and Johnson estimated use and non-use
values and presented several different estimates depending on the type of value and the group.
The data were further analyzed in a paper by Bowker an< Stoll (1988), but the Stoll and
Johnson figures ars ~ctter suited to the sort of compr = ns we need to make here. The figures
in Table 2 were derived as follows. The first valuation . estion addressed to Arkansas visitors
asked about willingness to pay for an annual permit to visit Arkansas. Responses were analyzed
to estimate an average annual use value of $4.47 per visitor. Next, Arkansas visitors were asked
about their willingness to pay for this same permit if there were no opportunities to view the
cranes during visits. The average value here was $3.07, implying that the cranes contribute
about $1.40 per year to use values of ' = refuge. Another question addressed to all three
groups surveyed asked respondents to assume that government programs to maintain the
whooping crane population were to be terminated, "a decision which would virtually insure the
extinction of the whooping crane” (p.389). Respondents were then asked about their willingness
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to pay membership fees to "an independent foundi—t_f;n that would purchase and maintain refuge
land so that the species might be preserved for the future® (p.389). The responses of greatest
interest to us here are those of Texas residents who did not expect ever to visit Arkansas
(averaging $1.03), since a pure existence value for whooping cranes would be the most plausible
interpretation of the results based on their responses. The ratio given in the table should be
interpreted as the ratio of the pure existence value of Texas non-users of the whooping crane to
the use value of current users. However, it is interesting to note that visitors to Arkansas
.reported an average existence value of $9.33 while the residents of the four out-of-state cities
reported an average existence value of $1.24. This may constitute evidence that individuals
having direct personal experience with the resource in question tend to have higher non-use
values. The Stoll and Johnson research was based on initial samples of 800 surveys distributed
to visitors at Arkansas, 1,200 to Texas residents, and 600 to non-Texas metropolitan area
residents. Stoll and Johnson report a response rate of 67 percent for Arkansas visitors and a

response rate of 36 percent overall for the 1,800 mail surveys sent to non-visitors.

Boyle and Bishop (1987) estimated the value of preserving two Wisconsin endangered
species: the bald eagle and the striped shiner. For the purpose of understanding the relative
magnitude of use and non-use values, the values associated with preservation of bald eagles are
most relevant. They estimated the total value of preserving bald eagles as well as a conditional
value of preserving bald eagles given that the preservation would occur only in areas offering no
opportunities for viewing the eagles. A random sample taken from Wisconsin tax roles was split
according to whether or not the individual had contributed to a wildlife preservation fund and
whether or not the individual had ever taken a trip whose purpose had been to observe bald
eagles. Values were estimated using the dichotomous choice format of the contingent valuation
method. The total value figures for those who had taken trips to view eagles were interpreted
as a combination of use values, option values, and existence values. The conditional values for
both groups can be interpreted as pure existence values. For those who had contributed to the
wildlife preservation fund and had previously taken a trip to view eagles, the total value was $75
if eagles were viewable and $28 if the bald eagle were preserved in Wisconsin but could not be
viewed. The $47 difference between these two values should be interpreted as use value plus
possible option value for future viewing opportunities. The $28 can be taken as a measure of

average existence value for the bald eagles in Wisconsin. The Boyle and Bishop study.was based
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on a mail survey of 1,000 Wisconsin residents. They ;epbned an overall response rate of 81
percent.

King et al, (1988) focused on the value of preserving a herd of desert bighorn sheep in a
wilderness area near Tucson. This study employed open-ended contingent valuation questions.
A random sample of households in the Tucson metropolitan area was used to estimate the use
and non-use value of the herd. The authors noted that very few of the current users of the
wildlife area view bighorns during their trips, and that the viewing of the sheep did not seem to
be an important motivation for trips. They suspected that existence value would comprise a
significant proportion of the total value that individuals hold for the preservation of the sheep.
The respondents were asked about their willingness to pay to preserve the desert bighorn sheep
under two conditions. The first condition was that the sheep population would be maintained,
rather than being lost due to human activities, and could still be viewed with about the same
frequency as curréntly. The second condition was that the sheep population would be
maintained, but people would be excluded from areas in which the sheep live. Values solicited
under tne first condition, which averaged $17.14 per respondent per year, were interpreted as
total values of preservation and the values solicited under the second condition, averaging
$15.14, were interpreted as existence values. This would imply use plus option values of $2.00
and a ratio of existence to use plus option value of 7.57, a very high ratio, but not a surprising
one given how rare it is for the sheep to actually be seen. The King et al, study employed a
ma:’ ~rvey. They report an initial sample size of 1,000, with a return of 550 surveys
repr- 1ing a response rate of 59 percent of deliverable surveys.

Loomis (1989) examined the use and non-use “alu:s associated with maintaining various

* water levels at Mono Lake in California. Three alternative lake levels, depending on water

diversions, were valued. Alternative 1 involved low diversions and resulting high, biologically

productive lake levels; Alternative 2 dealt with moderate ecological damage to the lake through

moderate diversions and intermediate lake levels; and Alternative 3 involved high diversions, low

lake levels, and resulting large environmental damages. Those surveyed in this study consisted

of a sample of visitors to Mono Lake and a general population sample of California households.

Values were estimated using the open-ended technique of the contingent valuation method.

Values associated with California households were interpreted as consisting primarily of non-use

values while the values reported for visitors reflect both non-use values and use values. Values «
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reported in the table assume that general population-values are pure existence values, since
relatively few Californians visit Mono Lake, and that Mono Lake visitors have the same
existence values as Californians in general. The Loomis study employed two mail surveys. For
the random sample of California households, Loomis reported a response rate of 44 percent for
the 502 deliverable surveys. For the random sample of Mono Lake users, Loomis reports that
84 percent of 152 surveys were returned.

Boyce et al, (1989) studied the use and non-use value of Norfolk Island pine trees, a
common houseplant. Because this study will be important in evaluating the validity of the
contingent valuation method we review the basic features of their research plan in greater detail
than for the other studies reviewed in this section. Subjects for this study were 115 staff
members of the University of Colorado. Participants in the study were divided into four groups.
Members of two of the groups participated in a contingent valuation exercise in which they were
given a Norfolk Island pine and then asked the amount of compensation they would require to
give it up. Members of the other two groups were asked to state what they would be willing to
pay to acquire one of the pine trees. All participants were asked to state their bids as if they

were participating in an auction. The rules of the auction were designed to be incentive
compatible.

Existence values entered through a threat to destroy the trees not taken by the
respondents. That is to say, participants in one of the willingness-to-pay groups were told that
any trees not purchased by the study participants would be destroyed. Likewise, participants in
one of the willingness-to-accept-compensation groups were told that trees they sold back to the
researchers would be destroyed. The difference between values obtained when nothing was said
about the trees and values obtained when the trees were threatened with destruction can be
taken as a measure of the non-use values of the trees. Boyce et al. found that the threat to kill
the trees increased the average willingness to pay from $6.06 to $16.80 and increased the
average compensation demanded from $14.12 to $26.07.

As is often the case, the researchers encountered some difficulties in obtaining the
compensation-demanded measures of the value of the trees. In particular, approximately 13
percent (four of thirty) of participants not getting information about the ultimate fate of the
trees refused to state a bid in the hypothetical auction. When the trees were threatened with
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destruction, nearly 50 percent (14 of 29) of participants refused to state a bid and one
participant stated a bid of $5,000. Regardless of these difficulties, the researchers demonstrated
that the ultimate fate of the pine trees had a significant impact on the vaiue of the trees as
collected using a contingent valuation exercise.

Welle (1990) studied the damages associated with acid deposition in Minnesota. The study
employed both the dichotomous-choice and the open-en