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Young: Economic Significance of Environmental Resources

The Economic Significance of Environmental
Resources: A Review of the Evidence

Ralph Young®

The products and services of many environmental resources
do not enter commercial markets and remain unpriced. The
absence of market values presents a major difficulty for
environmental projects in competing for ever-tightening
budgets. In response to the need for assessing costs and
benefits, a number of methods have been devised and
applied to generate estimates of the value of unpriced re-
sources.

This paper reviews briefly the approaches employed for
generating value estimates for unpriced environmental re-
sources, with particular attention being paid to the contin-
gent valuation method. Estimates of value for environmen-
1al products and services for both the United States and
Australia are presented. This evidence clearly demonstrates
that a wide range of unpriced environmental resources have
significant economic value to the community. The paper
concludes with a discussion of the implications for project
development, funding and policy in Australia.

1. Introduction

Population and industrial growth in recent decades
have increased the use of the earth’s natural re-
sourcesand placed increasing pressures on them. In
addition, rising incomes and increased leisure time
have led to increasing demand for the services of
environmental resources, largely in the forms of
tourism, recreation and waste disposal.

The expansion of urbanisation and agriculture as-
sociated with rapid population growth has also had
a supply side effect. The stock of natural environ-
ments has decreased.

The inevitable consequences of increasing demand
and decreasing supply are a rise in the value of
natural resources, and increasing pressure for ac-
cess to and use of these resources and the services
they provide, either as direct inputs into production
processes or in the form of amenity services which
generate utility for consumers.

In Australia, increasing public awareness and con-

cern has beenexpressed particularly since the 1960s
relating for example to exploitation of kangaroos,
saving Lake Pedder, mining and oil exploration on
the Great Barrier Reef and in national parks,
woodchipping, logging of rainforest and the de-
struction of green belts in urban areas. In response
to this concern, a considerable body of legislation
has been enacted by the Commonwealth and States
covering topics ranging from soil conservation,
environmental protection and clean waters, tonoise
abatement and relics preservation (for a chronol-
ogy of environmental events in Australia since
1965, see Department of Arts, Heritage and Envi-
ronment 1986). More recently the establishment of
and proposals for establishing Environmental Pro-
tection Authorities at federal and state levels has
given further substance to the political response to
community concerns.

The growing public awareness has also been re-
flected in rapidly increasing membership of the
National Conservation Foundation in Australia (see
Beeton and Collins 1985). Perhaps a more signifi-
cant event, but not unrelated, has been the formula-
tion of a National Conservation Strategy for Aus-
tralia and its endorsement by each of the Common-
wealth and State Governments with the exception
of Queensland.

At a regional level, there has long been concern
with environmental issues in the Murray Darling
Basin particularly in relation to water quality and
land degradation. The Basin accounts for a major
part of Australia’s rural production, and is the
source of water for large numbers of irrigation
farmers, urban populations and industrial users. In
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recognition of the critical importance of the Basin’s
natural resources, the fact that these extend beyond
legislative and institutional boundaries, and the
urgency for action in addressing key environmen-
tal issues in the Basin, the Murray-Darling Basin
Ministerial Council was formed in 1985. The Coun-
cil has the general objective of promoting and
coordinating effective planning and management
of the Basin’s environmental resources and spe-
cific goals relating to water quality, land degrada-
tion and conservation and preservation of the natu-
ral environment.

The aims of this paper are to present evidence on
the economic value of unpriced environmental
resources, and to consider the implications this has
for resource management. The estimates of value
presented cover a diversity of environmental re-
sources and reflect the ingenuity of economists in
developing methods for assigning dollar values to
the wide range of intangible goods and services
generated by such resources.

To establish a link between the theory underpin-
ning more traditional methods of economic evalu-
ation and the approaches developed to generate
these values, the first part of the paper considers
sources of value and the special characteristics of
environmental resources. On the basis of this pre-
liminary foundation, approaches for valuing envi-
ronmental resources are briefly reviewed, prior to
the presentation and review of estimates of value
for a wide range of such resources.

2. Sources of Value

The capacity to satisfy needs and desires is basic to
the value that individuals place on different goods
and services. The perceived benefits from a given
consumption activity will vary between individu-
als and hence the concept of value is highly subjec-
tive (Brown 1984). Despite this, decisions are re-
quired and are made by producers and resource
managers. These decisions are, by and large, per-
ceived to meet the needs and desires of the indi-
viduals in a society.

The process of choice under the constraint of a

limited budget provides a vehicle for determining
the value to society of different goods and services.
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This process enables the translation of subjective
individual values into more objective estimates of
net social benefit or net monetary benefit.

Environmental resources generate utility directly
for consumers when the services available from
suchresources are combined, for example, with the
activities of tourism and recreation. Utility for
consumers is also generated indirectly by produc-
tion processes involving environmental resources,
such as agriculture and scientific research, which
eventually yield products and services for con-
sumption.

Thus environmental resources are no exception to
the view that their source of value lies in the
benefits they confer on the users of these resources.
Use in this context is broadly defined to include
production and consumption, and to include direct
use, e.g. as inputs to production or consumption,
and indirect use in the sense of using the services
supplied by such resources, e.g. amenity, scenic
beauty. In addition, many environmental resources
possess value unrelated to their use.

Characteristically, many environmental resources
offer benefits which are intangible and qualitative
innature. Assessment of the value of these benefits
is a formidable task. To quote Kellert (1984, p.
355): “... we are confronted by the dilemma of
generating prices for the priceless, of quantifying
the unquantifiable, of creating commensurable units
for things apparently unequatable.” And yet, if the
task is not addressed, the benefits of environmental
and wildlife resources will tend to be ignored by
default. This is because “the lack of empirical
criteria for measuring all environmental and wild-
life values tends to result in (1) little more than
superficial consideration of intangible and qualita-
tive values, and (2) far greater emphasis on quanti-
fiable values, particularly those measurable in
money terms” (Kellert 1984, pp. 356-7).

In the interests of more informed decision making
and efficient resource allocation, it is important to
consider what can be done to resolve the measure-
ment problem. In this context it will be useful to
consider the different components of value.

Following Randall (1985) and Wilks (1990), com-
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ponents of value can be identified as follows:
» current use value;

» future use value - the uncertainty of future use
leads to two kinds of values:

- option value: an individual who expects to
use the environmental resource but is uncer-
tain about the future supply of the resource
may rationally pay a premium to ensure
future supply. If however, the uncertainty
relates to future demand then the individual
may expect a discount in the expectation
that a purchased option may not be used,
and hence the option value may be negative
(see also Freeman 1984). Option value is
unambiguously non-negative only in a case
of certain future demand and uncertain fu-
ture supply;

- quasi-option value: if development is irre-
versible butnew information about the value
of preservation may emerge in the future,
then there is a quasi- option value which is
positive with respect to preservation now.
Quasi-option value is thus the gain from
being able to get information about future
benefits by keeping open the option to pre-
serve or develop, and can be viewed as the
value of information conditional on not pro-
ceeding with development initially (see
Clarke 1991);

» existence value: which is separate from and
additional to use value, is derived from the
knowledge that an environmental resource will
continue to exist, and requires the availability
of information about the resource;

+ bequest value: Walsh et al (1984) identify a
further non-use benefit as bequest value - the
willingness to pay for the satisfaction derived
from endowing future generations with given
environmental resources;

« vicarious value: the utility gained from know-
ing about the consumption of others (Mitchell
and Carson 1989; Pearce et al 1989)!,

The various components may be categorised in a
taxonomy of total economic value. There appears
however to be disagreement in the literature about
the precise nature of the interrelationships between
the components. For example, Pearce etal (1989, p.
62) view vicarious value as a sub-component of
option value. In contrast, Mitchell and Carson
(1989, ch, 3) and Carson (1991) argue that option
value and quasi-option value are not components of
value in their own right, and should be regarded as
technical corrections to ex post total measures of
value to convert them to ex ante values. Mitchell
and Carson (1989) also regard bequest value as a
form of stewardship value which together with
vicarious values are more appropriately catego-
rised as sub-components of existence values.

On the basis of their discussion, a taxonomy of
value can be derived as follows:

Total Economic Value:
» Use Value - Direct Use or Consumptive

Benefit
e.g. recreation, harvesting,
disposal

- Indirect Use or Non-
consumptive Benefit
e.g. aesthetic viewing

- Vicarious Benefit

- Stewardship Benefit
e.g. bequest

« Existence
Value

Non-use or preservation value has traditionally
been defined as the sum of option, existence and
bequest values (Greenley, Walsh and Young 1981;
Loomis 1987a; Sutherland and Walsh 1985; Walsh
et al 1987). Mitchell and Carson (1989, p. 60)
suggest however that “unique estimates of the
different benefit categories and subcategories gen-
erally do not and cannot exist” because they are
interrelated, and hence cannot be considered to be
additively separable without arbitrary restrictions.

Value of course is essentially an outcome of the
interaction of demand and supply. In this context,
Krutilla and Fisher (1975, p. 57) persuasively argue

! Wilks (1990, p.6) however defines vicarious value as “the
inherent consumption of the environmental amenity through
print or other media.”
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that the value of the environment’s amenity re-
sources can be expected to increase relative to that
of commodities:

“The services of amenity resources generally enter
directly the utility functions of consumers. Since
there is no production technology other than natural
processes, we cannot look for advances in the “'state
of the art™ to augment the supply and reduce the
scarcity value of these resources. The value of an
environment’s commodity resources, on the other
hand, may well bereduced through technical progress
which makes substitutes {in production) increas-
ingly abundant.”

Inconsidering the value of environmental resources,
there are accordingly many factors which need to
be taken into account. The issue of evaluation is
taken up in the following section,

3. Approaches to Evaluation

The assessment of value for goods and services,
over which property rights can be assigned, typi-
cally relies on the identification of market price or
unit value. At a given price, however, there will
tend to be some consumers who would be willing to
pay a higher price than that determined in the
market place, and so an evaluation based solely on
prevailing market price would tend to understate
the value of that good or service. This problem can
beresolved by assessing how market demand would
change with a price change and using the informa-
tion to compute a market demand schedule which
will allow value to be assigned (see Snaith (1972)
for an example of an application to heritage re-
sources, and Thomas and Syme (1988) for an
application to water resources).

The value which a producer places on an environ-
mental resource as an input in the production proc-
ess, e.g. agriculture or mining, may be viewed
analogously to that of consumer demand, with the
demand for the input being a derived demand, i.e.
derived from the demand for the product being
produced.

In theory, the approach to evaluation appears rea-
sonably straightforward, if we sidestep the difficul-
ties associated with the concept of value and the
assignation of value identified by Brown (1984).
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However, many environmental resources possess
characteristics which make their evaluation less
than straightforward.

Many environmental resources provide multiple
benefits which stimulate multiple use. Because
these uses may conflict, e.g. the logging of a forest
may conflict with it’s scientific research and amen-
ity values, the evaluation of that resource cannot
proceed on the basis of simply summing the values
of the benefits associated with the different uses as
if the uses are independent of each other. An
assessment is required of the value in use contin-
genton given values for other levels of use. That is,
the interrelated nature of the benefits needs to be
taken into account. In this context, the studies by
Boyle and Bishop (1987a), Cory and Martin (1985),
and Keith and Lyon (1985) on valuing wildlife are
relevant.

Inasituation in which multiple uses are competing,
the socially-optimal levels of each use are required,
which implies analysis at the margin and the use of
dynamic programming. In an application of this
approach to an irreversible decision problem,
Kennedy (1987) argues that analysis of the actual
decision process is more satisfactory in addressing
decision problems under uncertainty rather than
attempting to assign arbitrary values to quasi-op-
tion value.

The value of a productive resource such as land is
conventionally viewed as the discounted value of
the stream of net benefits over time. In the case of
living resources and renewable non-living resources,
the time scale implied is infinite. To compute the
net present value of the stream of benefits from a
resource which is renewable is likely to involve
questions about intergenerational equity as well as
economic efficiency. The issue of choice of dis-
count rate may also arise given that adjustment of
the discount rate to allow for intergenerational
equity considerations has been practised in the past
- for a discussion of this issue see Pearce et al
(1989), Collins and Young (1991) and Young
(1992).

The holistic nature of environmental systems sug-
gests that indirect as well as direct benefits should
be taken account of when evaluating environmen-



Young: Economic Significance of Environmental Resources

tal resources to reflect the interdependencies of the
system. Indeed, Mitchell and Carson (1989, p. 67),
take the view that individuals make a “holistic
judgement” when asked to value an amenity, and
do not go through “a mental process in which they
value each of the relevant benefit categories and
subcategories and then combine these values in
their minds to arrive at a total value...”. Given also
the inconsistencies identified in the traditional
taxonomies of value components (see Smith 1987;
Boyleand Bishop 1987b; Randall 1987; and Randall
and Kriesel 1988), there may be merit in focusing
on total value measures, since these are typically
what are required for decision making,.

A key concept in the valuation of environmental
resources is willingness to pay (WTP). Total will-
ingness to pay is the sum of consumer expenditures
plus consumer surpluses. Market price is thus only
an indicator of social value. The flatter or more
elastic isthe demand curve, reflecting ahigh degree
of substitutability with other products or services,
the lower will be the consumer surplus value and
the closer will markei price be to a measure of
willingness to pay.

Following Sinden and Worrell (1979, p.33), two
other points can be made. The first is:

Social Value = Utility - Disutility

where disutility represents what has to be given up
to get utility, i.e. the opportunity cost (OC). If for
example, the government decides to preserve a
wildlife habitat rather than clearfell for timber, the
OC s the value of the timber which is not produced.

Again following Sinden and Worrell (1979, p.
119), the conceptual definition of economic value
given above can be made operational by using the
two concepts willingness to pay (or utility) and
opportunity cost (or disutility), i.e.:

Social Value = WTP - OC

The problem is to measure WTP and OC. This may
be done as two separate benefit-cost exercises,
where for example two activities compete for the
use of the same resource. The WTP for one activity
in this situation will be the OC of the other activity.

A recent example is the analysis of the value of
mining in the Kakadu Conservation Zone and the
value of the alternative ‘activity’ of preservation
(see Imber ez al 1991).

It may be noted that for present purposes, it is
assumed that WTP is interchangeable with willing-
ness to accept compensation (WTA) for undesired
changes or disbenefits, and that either WTP or
WTA will be appropriate depending on the circum-
stances being analysed.

The issue of the relationship between WTP and
WTA has attracted the attention of a number of
analysts. Randall (1982) shows that WTA-WTP>0
for normal goods, and indicates that substantial
error may be introduced by use of inappropriate
value measures for proposals involving significant
changes in environmental resources; i.e. WTP
should be used for increments in value and WTA
for decrements (see also Bishop ef al 1983; Randall
et al 1983). Experimental evidence presented by
Knetsch and Sinden (1984) demonstrates a large
disparity between WTA and WTP measures of
value. Coursey et al (1987) however provide quali-
fying experimental evidence which suggests that
the disparity narrows in mature markets in which
individuals can gain experience from repeated trans-
actions. In response, Knetsch and Sinden (1987,
p.694), point out that “the underweighting of op-
portunity costsrelative to out-of-pocket costs, which
give rise to the evaluation disparity, is a very strong
intuition of most people” and that the lack of the
equivalence of opportunity and other costs will
continue to result in disparate valuations which
reflect welfare changes. The implication of this is
that in comparing value estimates, it is important to
compare like with like based on consistent meas-
uremeat,

A range of valuation methods for valuing environ-
mental resources is discussed in detail by
Hufschmidt er al (1983) and Sinden and Worrell
(1979). In the present context, these can be viewed
in terms of three basic categories (Randall 1985,

p.19):
+ inwell functioning markets and for small quan-

tity changes relative to total quantity in the
market, price will be an adequate value indica-
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tor. For large quantity changes, WTP may be
estimated from demand schedules derived from
market data.

» forunpriced goods, there may exist complements
or substitutes whose markets can be analysed to
reveal information about the value of the
unpriced good. The weak complementarity ap-
proaches, such as the travel cost method, and
the implicit price approaches based on the
hedonic -price method fall into this category
(Hoehn and Randall 1987).

« hypothetical or experimental markets can be
devised for unpriced goods and used in survey
or experimental contexts to generate value in-
formation.

Unpriced goods that provide non-use benefits are
rarely exchanged in well functioning markets. In
consequence, the methods covered by the third of
these categories are usually the most useful for the
estimation of non-use benefits.

Three methods which have been frequently used
for the estimation of environmental benefits are the
contingent valuation method (CVM), the travel
cost method (TCM) and the hedonic price method

(HPM).

The contingent valuation method involves asking
individuals in survey or experimental settings to
reveal their personal valuations of increments or
decrements in unpriced goods (see Randall et al
1983; Bishop etal 1983; Mitchell and Carson 1989;
and Bennett 1991 for a discussion of the merits and
weaknesses of this approach). Recent examples
using this approach are listed in Mitchell and Carson
(1989) and Wilks (1990). Walsh et al (1984) for
example describe the measurement of preservation
value of wilderness by CVM by which a survey of
a sample of the affected population was undertaken
to obtain data on maximum WTP contingent on
changes in the availability of wilderness.

The contingent valuation method relies on the
generation of value estimates for hypothetical situ-
ations and responses may be subject to various
types of bias (see Mitchell and Carson 1989; Wilks
1990; Hoevenagel 1991 for a discussion of these).
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Criticalreviews by Schultze eral (198 1b), Heberlein
and Bishop (1986), and Cummings et al (1986)
provide cautious support for the approach. Hoehn
and Randall (1987) demonstrate the theoretical
consistency between CVM and mainstream
microeconomics models of choice, and establish
that satisfactory benefit-cost estimates can be de-
rived directly from CVM data. It is widely ac-
knowledged however that considerable care is re-
quired in constructing a questionnaire and in elic-
iting responses from individuals sampled. The re-
cent debate over the accuracy of the results of the
CVM study for the Coronation Hill mining inquiry
revolved around these issues (Resource Assess-
ment Commission 1991). By way of qualification,
Smith et al (1986, p. 289) point out that judgement
is an inevitable component of any empirical model
of an economic process. Specification selection
and statistical inference typically require subjec-
tive judgement, and this does not render indirect
methods of estimating benefits (as opposed to di-
rect methods such as CVM surveys) infeasible for
practical purposes.

Because CVM is the only available method for
generating non-use values, the accuracy of such
values cannot be tested empirically, and this has led
to the specification of ‘reference operating condi-
tions’ (Cummings et a/ 1986) and a proposal for a
‘best practice standard’ with associated criteria
(Mitchell and Carson 1989, pp. 299-304) as means
for achieving greater validity of CVM results.
Despite the problems, Conrad 1986, (p. 1275),
concludes “contingent valuation is a clumsy awk-
ward elephant. But it scems to be the only elephant
we’ve got”.

The travel cost method has been widely used for
valuing recreational facilities and is based on the
assumption that the time and money spent travel-
ling to a free or low-cost recreation site give a
measure of the consumer’s true valuation of that
site, and can therefore be used to measure the
economic value of an existing recreation site
(Hufschmidt et al 1983, p.171). Examples of TCM
applications are givenin Everett (1979), Desvousges
et al (1983), Sorg and Loomis (1984), Loomis
(1987a) and Pearce et al (1989).

Various refinements to the approach have been
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developed to allow for the existence of “compet-
ing” or substitute sites (see Mendelsohn and Brown
1983) and to measure the area effectively usable for
recreation rather than taking the area nominally
designated (see Clawson 1984). An innovative
approach particularly useful for addressing the
substitute sites problem is the hedonic travel cost
method (HTCM) described by Mendelsohn and
Brown (1983). This approach synthesises the TCM
and HPM by treating sites as bundles of character-
istics and analysing visitor choices between sites in
terms of expenditure incurred for the different sets
of site characteristics. Examples of applications of
HTCM to various forms of wilderness recreation
are given in Sorg and Loomis (1984) (see also
Table 2).

Estimates of benefits have however tended to be
extremely sensitive to the treatment of time (as
opposed to on-site costs) and consensus on the
appropriate approach has still to be reached. A
recent paper proposing valuation of travel time
based on opportunity cost which allows differen-
tiation between individuals with fixed work hours
and those with discretionary time offers hope of
some progressinresolving thisissue (see Bockstael
et al 1987). Nevertheless, the fact remains that
some people have a negative opportunity cost for
travel - that is, they gain utility from the travel
activity and would be willing to pay for more travel
time (see Mitchell and Carson 1989, p.79). How
severe the upward bias this generates in TCM
estimates remains to be resolved.

The hedonic price method, like TCM, estimates
value by inference from consumers’ purchases of
market goods. Statistical analysisis used to identify
the extent to which observed differences in market
values are attributable to environmental differ-
ences. For example, differences in property values
due to air pollution have been used to generate
values for air quality (for a review of the HPM
method, and examples of applications see Streeting
1990; for a recent application, see Coelli et al
1991).

Use of the WTP approach alone as a means of
measuring value of benefits has been questioned by
Cory (1985) and by Bockstael and Strand (1985)
who make the point that benefit estimates are

dependent on existing income distributions, and
questions of equity are rarely considered. The fur-
ther point is made that if the value of benefits
(WTP) exceeds costs (OC), this does not guarantee
that an actual increase in social welfare will occur,
since the use of the WTP criterion withoutcompen-
sation paid will tend to redistribute income to more
wealthy individuals. They conclude that distribu-
tional criteria are required as well as the efficiency
criteria represented by use of WTP and OC.

The actual choice of valuation method should how-
ever be determined by the situation being investi-
gated. Cory and Martin (1985) point out that TCM
and CVM are useful for valuing mutually exclusive
uses. Additional information is required to make
such estimates relevant in a multiple use context. In
their study of valuing wildlife for efficient multiple
use, they conclude that “when outdoor recreation
based on wildlife availability can coexist with
extractive or production-oriented activities, sub-
jectto constraints imposed by the carrying capacity
of land, efficient multiple use management re-
quires marginal valuation estimates of wildlife
numbers to compare to associated net benefit im-
pacts occurring for competing uses”.

In addition, Keith and Lyon (1985) offer the view
that recreation valuation studies focus on variables
which are not appropriate for use in wildlife man-
agement decisions and that information is required
on the value of a change in the stock of wildlife
compared to its cost.

In conclusion it may be said that there are signifi-
cantconceptual and practical difficulties in valuing
environmental resources, but that methods are avail-
able for overcoming these difficuldes in some
degree. If environmental resources are important,
then it is important to make the attempt to evaluate
them and to enable decision makers to incorporate
estimates of their value in the decision making
process. In this way more informed decisionsand a
more efficient allocation of resources can be
achieved for the benefit of society at large.

4. Some Estimates

By far the bulk of the investigations into wildlife
and environmental values have been undertaken in
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the United States (US), although the growing fre-
quency of such studies in Europe and Australia
suggests that the WTP and CVM approaches may
be gaining greater acceptability elsewhere (see
Carson 1991; Hoevenagel 1991; Kuick et al 1991;
and Wilks 1990). The motivation has been partly to
meet a growing demand in resource management
planning to take account of economic efficiency
considerations and partly the development of a
theoretical and empirical basis for a general non-
market valuation framework (Sorg and Loomis
1984, p. 1; Loomis and Walsh 1986),

The environmental resources for which empirical
values have been assessed have ranged from water
and air through wildlife and wilderness to wetlands
and agricultural land. The majority of the US stud-
ies employ the CVM or TCM methods. Some
estimates however are based simply on aggregate
expenditure (e.g. Payne and DeGraaf 1975), while
others adopta more innovative approach. Lugo and
Brinson (1978) for example quote estimated values
of salt water wetlands based on the assessed value
of the energy flow characterising these ecosystems.

Many of the earlier studies represent building blocks
in the development and application of the CVM
approach, designed to establish the credibility and
feasibility of the approach. A feature of earlier
studies was the generation of estimates for the
different components of value and the summing of
these to derive estimates for total non-use (preser-
vation) value and total value. Examples of such
estirnates are given in Table 1.

Characteristic of these estimates is the variation in
values between different resources even after al-
lowing for inflation (see Sorg and Loomis (1984)
for inflation adjusted comparisons of value esti-
mates), both within and between classes of re-
source, e.g. waler quality, wilderness and endan-
gered species. This is of course not unexpected
since many factors are likely to be influential in-
cluding location, significance in terms of unique-
ness, beauty etc. as well as income levels, and price
or cost of access, but it does imply a need to adopt
a case by case approach.

A further characteristic is the tendency for the sum
of non-use values to exceed the direct use (recrea-
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tion) values. In the South Platte River Basin study
cited in Table 1, for example, non-use benefits total
$US76/mouschold compared to $US57/household
for recreation value. Similar comparisons apply for
the wildemess and endangered species studies also
cited.

The practice of summing option, existence and
bequest values to obtain a total non-use value has
however been questioned on at least two counts.
Carson (1991) points out that option value is a
technical correction to convert an ex post estimate
to an ex ante value, and does not form a component
of non-use value. Because CVM estimates repre-
sent expected or ex ante WTP, the future use
component of this WTP will already take account
of the uncertainty covered by option value. The
correct componenttoinclude, according to Mitchell
and Carson (1989), is option price which is consist-
ent with an ex ante value. The wildlife studies by
Brookshire et al (1983) and Stoll and Johnson
(1984) present option price estimates as combined
recreation and option values to address this issue
(see Table 1). Itmay also be argued that bequest and
vicarious values are special forms of existence
value (¢.g. Mitchelland Carson 1989; Carson 1991),
If option and bequest values are ignored in Table 1,
and attention is focused on future use (i.e. recrea-
tion and option values) and existence values as
Brookshire e al have done, then non-use values
will not always exceed (future) use values.

Perhaps a more telling point is that the various
components of value are unlikely to be independent
of each other and hence it is invalid simply to sum
component values toobtain a total value. Boyle and
Bishop (1987a) address this problem by specifying
a functional relationship between total value and
components of value. Until the nature of the rela-
tionship between components of value is resolved,
they argue that the needs of decision makers will be
met by generating estimates of total value, since
that is where the primary interest of decision mak-
ers will lie, rather than in component values (see
also Randall and Kriesel 1988). Nevertheless, one
might expect non-use values to be significantly
larger than use values for certain resources which
are major and unique, e.g. the Great Barrier Reef,
since non-use values will tend to be held by a
significantly larger number of people than those
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able to visit. Willingness-to-pay estimates for the
Great Barrier Reef using the CVM approach (Carter
1987) testify to such a situation (see Table 4).

A further feature in Table 1 is the presentation of
aggregate estimates for the populations from which
samples have been drawn. Even though annual
values per respondent or per household may be
relatively small, the aggregation of these amounts
to population levels produces alarge absolute value.
The Basin aggregate non-use value for water qual-
ity in the South Platte River Basin for example
amounts to- $US35m, whilst the corresponding
Montana State aggregate for Flathead River and
Lake was $US81m. In the case of whooping cranes,
Stoll and Johnson (1984) estimate the national US
aggregate preservation value to be $US573m.

Even allowing for the fact that the total non-use
values shown in Table 1 may be overstated for
reasons referred to above, the aggregate population
values can be expected to be significant. Some
examples are shown in Table 2. The Boyle and
Bishop (1987) estimates for two endangered spe-
cies in Wisconsin, and the Kriesel and Randall
(1986) estimates for control of air and water pollu-
tion at the national level indicate that the commu-
nity places significant values on environmental
resources.

Given that hunting is a major form of environmen-
tal resource use in the US, estimates of value per
activity day for various forms of hunting e.g. big
game (deer, elk, antelope), small game, waterfowl
and various types of fishing, have received some
emphasis. Estimates of value from a number of
studies for such uses are shown in Table 2. The
approaches used to generate these estimates consist
mainly of CVM and TCM and indicate that those
engaged in sporting recreation place a consistently
high value on the environmental resources which
enable them to pursue their sporting activity. This
conclusion appears to apply also to wilderness
recreation activities for which visitor day average
values ranged from over $US12 to almost $US75
(see Table 2).

As with the range of values specified for recreation

activities, the range of values for other environ-
mental resources shown in Table 2, wetlands, and
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visual air quality in selected national parks, is wide
and reflects the influence of a number of factors.
For example, it seems likely that in the case of
national parks, the uniqueness, or non-substitut-
ability, and significance of a resource such as the
Grand Canyon accounts for an important part of the
differences in value.

With regard to the study of the impact of reduced
ozone levels on US agriculture by Adams et al
(1986), the estimate of benefits from increased
yields provides an interesting and significant per-
spective to the not uncommon view that the cost of
fixing the environment will be large. Such a view
ignores the substantial level of costs already being
incurred by the continuing degradation of the envi-
ronment, and hence the substantial potential ben-
efits of fixing the environment, and reinforces the
notion that rhetoric needs to be replaced by credible
analysis. Costs need to be weighed against benefits
for informed decision making to take place.

The evidence presented in Tables 1 and 2 suggests
that the US community places a substantial value,
in terms of both use and non-use benefits, on
environmental resources, and that the range of
resources over which significant values are held is
both wide and varied.

The question then arises whether such a statement
applies to Australia. Certainly, the evidence is
more limited because fewer studies have been
conducted in Australia. This perhaps reflects the
relatively recent development of more widespread
public awareness and appreciation of the environ-
ment as well as scepticism on the part of profes-
sional economists and policy makers about the
validity of the valuation approaches used. Never-
theless, the issues of resource use and lack of data
on the value of benefits of unpriced environmental
resources are common to both the US and Aus-
tralia, and the growing number of studies present-
ing value estimates attests to the growing demand
for such information.

A selection of estimates from studies conducted in
Australia is presented in Tables 3 and 4. Because of
differences in orientation and measurement, not all
of the estimates are directly comparable. For exam-
ple, damage cost estimates are not a direct measure



Young: Economic Significance of Environmental Resources

L861 doysig pue ojfog -

(SN$ ¥861) WZ1$0 :s1okedxer UISUOISTAL [[B 10] onjeA uoneaIdsald o1e3a183y WAD Joulyg paduig
(SN$ ¥861) WYT$2 s1ahkedxer UISUOISIA [[B 10J onjea uoneardsald 91eSoisdy WAD o8ed preg
s919adg pasaduepuy
WdH/WOIH

(SN$ T86T) 8L'SLS 01 98°Sz$ woxy pajues Sununy Kep Ananoe 1od onfea oeioay /WDI/NAD nv

(SN$ 2861) 89°'61$ 01 18'81$ woiy pafura Fununy Aep Ananoe 1ad onfea ageroay WOL/WNAD adojauy

(SN$ 861) LE'9ES - Bununy Kep Lanoe 1od anfea a3esony WAD b HC |

(SN$ T861) 08'TEIS 0 Op*81$ wosy pafuea Bununy Kep Ananoe 1ad onfea aferoay WDL/NAD I3
861 SIwWo0T pue 810§ - :owred Sig

WdH
(SN$ Z861) £L'¥8$ 01 9791$ woy pofuer Sununy Kep Aianoe 1ad onjea oferoay MDL/NAD V861 SIWOOT pue 310G - [MOJIIIEA
WdH/WD1H
(SN$ 861) 8S'TH$ 01 pL°S1$ woxy pafurr Sununy Aep Ananoe 13d anfea 9FeroAy MDL/NAD ¥861 StwooT pue §10g - swred [fews
elep
‘WSS - ¥L61 Ut SN W armipuadxa 1504p TeI0], ampuadxyq  GL61 JERIDIQ pue Juked - SpIIq SuRSUON
uornouny
uononpoxd
(SN$ T86T) OF$ - 193p 2UO JO ouaq Teurdre PIoyssnoy $861 UOAT pue \IdYy - 199p SjnW e
(SN$ $861) LES - opred yoeoxdde
Junodwod 0§ onfea Jurpuodsariod ((SN1$ 6£61) 90T$ - N[0 JO 1J2UIq 19U [ENUUER Teurdrepy Sutwurerfoig $861 unepy pue L10) -
($ SN 8L-LL6T)

$6$ S 01 T woug Y[9 Jo sFuny3Is ur 9seaIdur U Jo wnuue od Ioyuny 13d onfea 93eioAy WAD 0861 P 12 anysyooig - Y[
AP

anfeA pajeunisy POYPRIN Apmg

SABWSH S() PAIIINAS :SIDIN0SIY [EJUIWUOLAUT JO IN[BA T JqBL

239



Vol 59, No. 3 December, 1991

Review of Marketing and Agricultural Economics

(SN$ 0861) SyT$ - Lep L&red 10usiA rad yuowrdoraasp jusasid o) Led 0) ssouduIIpn

(sns
0861) 78$ O L§$ - wnuue 13d ployasnoy zod Ayifenb e [ensia 9a10s01d 01 Ked 01 ssouurm

(SN$0861) $6°7$ - wnuue 13d proyasnoy 1ad Lyrpenb Jre fensia 2a19521d 01 Ked 01 ssouSurfia

(sns
0861) $8% 01 0¢$ - wnuue 1od proyasnoy sod A1rfenb sre fensia aaasaid 01 Ked 01 ssouSurpm
(SN$ 0861) 98¢ - wnuue 12d pjoyosnoy 2ad Airenb Jre rensia sazasaxd 01 Aed oy ssouBuriIpn

(SN$ 8961) 9S7$ - uoseas tod 1opumy sod anjea 9Feray
(SN$ LL61O) o108 19d G16$ - Sn[eA JENUUE :)$210] IACISUEBN
(SN$ £L612) 2108 33d (S T1{$ - SNfeA [enUUE ;ysIew [epr],
(SN$ 1L612) arde 1od 0OESS - ON[EA [ENUUE :PUBNIOM PASIIO]

(sng zL61)
2108 13d Q191§ - $11J9uaq JO [9AS] ,UMIPOW, € SPUB[IOM JO anjeA [enuue paewnsyg

(SN$ S861) 45°1$ - ALF0IITe oG enuUy

(SN$ S861) $8°T1$ - 98erIoae ployasnoy
AIQiuop :oxe ] ouopy Jo uonadoud 105 I1q 391em JySty € Ked 01 ssouSurIm SUSPISII RIS

(SN$ 9L61) 0z$ - Kep 1o[8ue 1od onea oferoay

WAD qI861 [P 12 9ZINYOS - SUMCIUNOA ZOWAf

yied [euoneN
IWAD Q1861 [P 12 97INYSS - uojFuTLTe]
WAD Q1861 [P 12 3ZIOYDS - [[9MOJ BT
WAD qQI861 1P 12 2ZINYDS - SIDWOY) MO,
WAD BI8G1 [P 12 9ZINYDS - UoAuwr)) pueis)

syaed [euOnEN - A)ifeny) 1y [ensiq

INAD  $L61 UMOI{ pUe YOBWUIEH - SPUBIOA, 9LIElq

yoeoxdde 861 uosuug pue 03n7 ur pajonb sonfea
amo[) A810u5  poddns oj1] pauodas - spuepam 1atem 1eS
1509 G161 11504 pue eidny) -
Lnunuoddp STIOSOYORSSER ‘SPUE[Iom JOBMYSIL]
Spuelem

WAD QL86T STWOOT - BIWIOJITE)) ‘9Ye] OUCIY

u)S£s0dy e

WOL  S861 ZUSIN pue us[py - AI9ysy yOepuospy
#861 S1woo] pue 810§ - uo1FuTyse |

(SN$ 7861) 20°66$ 01 26'ST$ Wwoiy paguer Kep Aande sod senea ofesony WOL/WAD pue U021 ‘oyep] :peayradS uounes
(SN$ 6L61) 61$ 01 11$ way padues Aep 1oj3ue rod anjea oFerory WOL 861 [1ossny pue uey3neA - 0L
(SN$ SL61) 61% - Aep 1913ue 1od onfea oferoay WAD 8L61 ABH pue nesuuoqrey) - sseq
(SN$ SL61) 1Z$ - Aep Jo[3ue 1od anfea aferoay WAD 8L61 AeH pue nesuuoqrey) - IN0I,
ysty
anje;p paewnsy POYRIA Apmg

("1u02) S3jRUIISH S() PINIINAS :SIVINOSIY [BJUIWUOIIAUF JO IN[RA T IQEL

240



Young: Economic Significance of Environmental Resources

0861 v 12 ystem -
10°61$ uspuodsal/moyy Jo 13 1oe/an[eA SN$ 8L61 [euISIB WAOD Opelo[o)
6L61 [P 12 1dqne( -
$L°S1$ nuapuodsar/moy Jo 13 1oe/on[eA SN§ 8L61 TewBrepy WAD OpeIojo)
MO[] weaysuy

(SN$ 9861) 19491 %0E 10§ WL 9P

01 [9A9] %6 10] W/ '97$ woiy poduer uonearnsaid 10] 1A fenuue Jedoidde amig yein

(sng

9861) SSULIIP[IM SE YBI[) JO % (€ JO UONEBAIISANA J0J [7'T6$ 01 SSIUIOPIM SE YEIN JO %6 JO
uortearasaid 10§ 7176 $ wory pafuer wmuue sad pjoyasnoy 1od Led o1 ssouSurjim o8ei0ay WAD 0661 sauof pue adoJ - yvin

u0321Q ur Supyoedyoeq
10J £6°¢L$ 01 opeIo[0D) Ut Furyiy 10§ g/ 71$ woij paSuer Aep 101s1A Jod anfea 93eroay WOLNAD $861 SIWOOT pue 310§ - UONEBIIISY
SSAUIPIAA
“(S1ST) TLLTS Pue (STT0) 6572 219M ANSUSp 91 ZunsIxo JOJ AN[EA JO SBWNSI 6861 10 12 US[BM -
WO.L 8urpuodsaio)) s11jauaq ur uonoNpal 3,891 € SeM 9I3Y1 ANSUSP 301 UISSO[ 3 ()Z BI0] SureyumoyA Y203 OpeIo[0)
(SN$ 0861) 08°07$ -Ansusp 2an Sunsixs 18 din sod Ked 01 ssouBurim a8eroay WOLNWAD 911 Jo 93Ukl JUOIJ Y] UT UOTIBIINNY
JudwWdFRUBIAl 152101

[epou
wnuqrmbs
(SN$0861) AL TS - SPAIA PasLaIour B1A SUOZO JUSIQUIE ()G UT UOIONPAI %GT JO SIjauag Teneds 9861 [v 12 Suepy - aIMNOUZE M)
(SN$ ¥861) Qv"09$ - uoneu ayy Joj <eda13se - (SN$ ¥861) T +69$ - wnuue 1d 9861 [Tepuey
pIoyasnoy xad - :speoy uonnjjod pue ire euomneu U 3SBIIP %7 J0] Aed 01 ssouSurim WAD pue [osa1ry - uonnjjod Jotem pue Iy
[onuo)) uonnjjog
an[eA pajewsy poyIaN ApmiS

(‘3u03) SajeWIISH SN PIIIINIS :$3IINOSIY [BJUIWUOLAUT JO IN[EA :7 IqEL

241



Review of Marketing and Agricultural Economics

Vol. 59, No. 3 December, 1991

of use value, whereas WTP estimates as repre-
sented for example by the payments made for
habitat preservation and eucal ypt preservation (Ta-
ble 3) are likely to encompass both use and non-use
values, In addition, the annual estimates are not
directly comparable with present value estimates,
which represent a capitalisation of the stream of
annual values. Present value estimates are shown in
Table 3 for the value of benefits from tourism on
Kangaroo Island (Lothian 1985) and in the form of
an increase in land value attributable to soil conser-
vation works (King and Sinden 1988). However, as
with the estimates for the US shown in Tables 1 and
2, the aim in Tables 3 and 4 is to present estimates
of value for a range of resources which are indica-
tive of the magnitude and variation in values char-
acterising environmental resource valuation in
Australia.

A common feature of many of the Australian stud-
iesis their policy orientation and their concern with
the damage costs of resource degradation. In par-
ticular, there has been a strong focus on two of
Australia’s critically important productive re-
sources, soil and water (Table 3). For example, the
average annual damage cost of salinity in water
supplies in the Murray Darling Basin was esti-
mated to be $36m, whilst the annual damage cost of
dryland salinisation in Australia was estimated to
be $22m. The order of magnitude of annual damage
cost due to soil degradation on arable land appears
to be even higher judging by the Sinden et al (1986)
estimate for soil erosion in a single New South
Wales shire (Manilla Shire) of $33.3m and the
estimated cost of lost production in Western Aus-
tralia of $94m quoted by Upstill and Yapp (1987).

Most of the estimates in Table 3 take the form of
annual damage costs representing the loss in com-
mercial production due to environmental degrada-
tion. For rural producers, damage costs translate
directly into an upward shift in the supply curve and
hence can be interpreted as losses in consumer and
producer surplus. The relative magnitudes of these
losses will depend on the elasticities of supply and
demand for the commodities concerned. A similar
comment applies to the damage costs borne by
local government as exemplified in the study by
Sinden et al (1986) on the cost of repairing sedi-
mentation damage. To the extent that damage costs
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translate into higher rates and taxes, surplus losses
will result for both producers and consumers.

In the case of damage costs borne by consumers, for
example as a result of more saline water causing
increased maintenance costs of appliances, there
will be a loss of surplus associated with the effec-
tive increase in the price of water consumption,
apart from any direct reduction in utility associated
with altered taste and visual attributes of the water.

In terms of environmental resource values, the
estimates of damage cost represent only indirect
indicators of use value. In the literal sense, they
represent reductions in use value. They may also
however be interpreted as upper bound values of
benefits from conservation measures, and hence
provide a positive indication of use value at the
margin. In this sense, they are likely to form lower
bound estimates of use value for the resource in an
undamaged state. To the extent that users also
attribute non-use values to the same resource, then
their WTP for conservation may of course exceed
the damage cost estimate. In the case of the study of
tree retention in the Loddon catchment (Greig and
Devonshire 1981), the salinity damage costs of
clearing for example are likely to be an underesti-
mate of the actual value of the trees to the commu-
nity in that catchment because there are likely to be
additional sources of use and non-use value associ-
ated with trees.

Thus estimated damage costs provide relevant in-
formation on the value of benefits of improving the
management of environmental resources but repre-
sent only an indirect estimate of the value of such
resources to the community. They dohowever have
the advantage of being based on market informa-
tion. A similarcommentapplies to most of the other
estimates of benefits relating to national parks and
vegetation in Table 3, The study by Ulph and
Reynolds (1981) which produced an estimated
recreation value for the Warrumbungle National
Park of $100 per visitor day is noteworthy as one of
the few TCM studies conducted in Australia (see
also Carter 1987). Despite their ad hoc nature, the
value estimates provided for wombat habitat pres-
ervation by Sinden and Mackay (1979), and for
eucalypt preservation by Sinden (1986), provide
examples of community concern about existence
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values. The other studies cited in Table 3 relate to
use benefits of environmental resources.

For decision making, however, it is total value
which is likely to be of primary interest, and for
unpriced environmental resources, the application
of CVM is necessary. Again the number of CVM
studies conducted in Australia has been relatively
small but growing. The results of a sclection of
these are presented in Table 4.

Many of these studies also have a strong policy
orientation, ranging from forest management and
soil conservation to pollution control, water pricing
and scientific research. However, the magnitudes
involved at the aggregate level appear substantial
and reflect the extent of the significance placed on
environmental resources by the community. For
example, the study on the Great Barrier Reef (Carter
1987) reports an aggregate WTP of over $50m for
reef management, whilst the WTP aggregates for
Australiafor the Kakadu Conservation Zone (Imber
et al 1991) and for forest preservation on Fraser
Island (Hundloe et al 1990) are substantially higher.

The estimates in Tables 3 and 4 appear to be
broadly consistent with the corresponding US esti-
matesin Tables 1 and 2, in terms of magnitudes and
degree of variation. The considerable variation
between case study estimates appears to reflect the
influence of similar determinants, particularly
uniqueness and significance of the resource. A
woodland in northern New South Wales, or ¢ven
the South Eastern Forests in New South Wales,
would not on that basis be expected to generate
existence benefits of the magnitude expected for
the Great Barrier Reef or Kakadu or Fraser Island,
and the estimates in Tables 3 and 4 tend to support
that view. Itis of course conceivable thatif aunique
biological organism or a significant aboriginal sa-
cred site were to be identified in the woodland, then
perceived values may change to a level commensu-
rate with those of the national heritage resources.

Apart from the effect of inflation, two other factors
noted by Carson (1991) which account for varia-
tion in value estimates are reporting variously by
household, by visitor group or by individual, and
reporting either mean or median values. Carson
(1991) suggests erring on the conservative side and

proposes that WTP estimates be reported by house-
hold at the median level.

The responses to the CVM results for the Kakadu
Conservation Zone (Imber et al 1991; Resource
Assessment Commission 1991) suggest that ac-
ceptability of the CVM approach in Australia is not
widespread. The underlying issue concerns the
accuracy of responses in a hypothetical market
framework in which payment is not actually made.
This in fact has been a focus of much of the
empirical work based on the CVM approach. An
important aspect of this work has been the testing
for the significance of different sources of bias
(examples include Boyle et al 1985; Boyle and
Bishop 1988; and Sinden 1988). A comprehensive
discussion of the various sources of bias and their
significance is contained in Mitchell and Carson
(1989). At this point in time, it seems that most of
the bias problems have been addressed by refine-
ments to questionnaire design, including adoption
of a discrete choice format (see for example Imber
et al 1991), to survey design and sampling, includ-
ing the use of the referendum approach (see Hoehn
and Randall 1987; Hundloe et al 1990) and to data
presentation, It would however be premature if not
foolhardy to conclude that the CVM represents
nirvana in approaches to the valuation of environ-
mental resources.

Issues which remain to be resolved and which lie at
the heart of the debate in Australia include those of
framing bias, or mental account bias asitis referred
to by Hoevenagel (1990), and the related problem
of aggregation, and the relationship between atti-
tudes, as reflected in CVM responses, and actual
behaviour.

The framing issue refers to the potential bias due to
failure to make the respondent aware that the re-
source for which a response is being sought is not
the only one which the respondent should mentally
take into account, and as a result the income con-
straint may not properly apply. If for example, an
individual in year 1 offers a WTP amount of $x for
forest preservation, and the following year offers
the same amount in response to a CVM question-
naire on national park preservation, and the sum
$2x exceeds the respondent’sdiscretionary income,
does it necessarily follow that the responses are
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untruthful?

Carson (1991) states that it is not appropriate to
treat public goods as independent and then to sum
the WTP amounts to get a total WTP. Because of
income and substitution effects, total actual WTP
will be less than the sum of ‘independent” WTP
values. Presumably the same point can be made
about aggregation of WTP amounts across studies
at an aggregate level as well as at an individual
level. But such a point then begs the question: do
the individual study WTP’s represent anything
more than an expression of an attitude which has no
real monetary significance?

One solution is to treat the WTP responses as being
equivalent to the net benefit estimates of traditional
benefit costanalyses which are typically conducted
in isolation. It is then up to the decision maker to
prioritise across the choice set. In the case of public
goods, Carson (1991, p. 27) proposes that “It is the
Job of government to look at the possibilities for
providing new public goods that most of the public
wants and to provide these goods at the lowest cost
possible so as to maximise the public’s consumer

surplus”.

Nevertheless the suspicion may remain that WTP
responses which are constrained by income only at
a single point in time are not quite the same as
revealed preference behaviour for market goods. To
help address this problem, Wilks (1990, p. 20) in
acknowledging that actual payment is dependent
on ability to pay, proposes that respondents may
require explicit instructions to think about their
ability to pay and alternative uses they might have
for their discretionary income. In a complementary
approach to the problem, Young and Carter (1990)
include in their CVM questionnaire on WTP for
research on the South East Forests,a WTP question
for all Australian forests. The attempt is thus made
to specify a framing strategy which makes the
respondent aware of the need, identified by Carson
(1991, p. 43), to avoid the enhancement of the
environmental resource being considered in isola-
tion from other public problems.

The issue of the intluence of information provision

on WTP estimates from survey respondents is a
concern of a number of commentators. On the one
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hand, the ability of respondents to comprehend
complex issues in a questionnaire is perceived to be
limited, whilst on the other the need for the re-
spondent to understand and become familiar with
the good being valued is recognised. But if the
value of an environmental resource is a function of
information aboutit (see Sharples et al 1986; Carson
1991), does that make estimates of its value less
valid than say the value of a marketable resource
the value of which may also change as more infor-
mation about it becomes available? Information
bias, like payment vehicle bias, is no longer widely
regarded as a matter for concern, because the infor-
mation presented forms an integral part of the CVM
scenario and the WTP response is contingent on all
the information presented in the questionnaire
(Hoevenagel 1990, p. 20). Admittedly, the main
concern of Sharples ez al (1986) secms to be that the
analyst can manipulate values by the amount of
information provided, particularly where “the non-
use component of total value is proportionately
large.” (p. 307). The risk of manipulation by the
analyst however is also present in virtually all other
forms of economic and scientific research and
represents an ethical issue to be addressed by the
profession concerned.

Clearly, there is scope for further work in the area
of behavioural responses within a CVM frame-
work. Whilst the development of the CVM ap-
proach has already benefited from socio-psycho-
logical input (see Wilks 1990, pp. 18-20), psycho-
logical research indicates that individuals in process-
ing information to arrive at a decision under condi-
tions of uncertainty may not conform to the behav-
iour of the expected utility theory, which underlies
the CVM. On this basis Hoevenagel (1990) pro-
poses that further research is required on how
individuals’ preferences are formed and implicit
prices determined for environmental public goods.

Despite these qualifications, the evidence to date
suggests that the CVM currently has the potential to
generate order of magnitude estimates of the value
of environmental resources which can validly as-
sist decision makers o arrive at more informed
policy decisions onresource use involving unpriced
environmental resources. The response to Carson
(1991, p. 29) that “The key question then is not
whether there are potential contingent valuation
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biases - clearly the answer is yes - but rather
whether these biases can be avoided to the extent
that useful information about the public’s willing-
ness to pay ..... can be obtained using contingent
valuation.” isaccordingly in the affirmative. Given
however the scope for further research, particularly
of a multidisciplinary nature, the assessment by
Hoehn and Randall (1987) that CVM represents a
“program in progress” seems eminently appropri-
ate.

Overall the evidence reviewed in this paper sup-
ports the conclusion that the community places a
significant positive value on many environmental
resources. A second conclusion is that the methods
developed by economists to measure these values
can validly provide policy makers and resource
managers with information which will assist them
in their decision making.

5. Concluding Comments

It has been clearly demonstrated by the evidence
presented that a wide range of unpriced environ-
mental resources have significant economic value
to the community. In considering options for re-
source management therefore, it is highly desirable
that such values be taken account of in the decision
making calculus. Arguments for preservation and
conservation should be supported by value esti-
mates rather than mere rhetoric.

Such an approach would be consistent with the
proposal by Charlesworth (1987) to develop “hard-
nosed” arguments rather than rely on what he
termed “sloppy” arguments exemplified by “pri-
meval is good” and “technology is bad”.

Many of the issues being faced by resource manag-
ers in developing resource management strategies
relate to natural resources which have no market
price tag. In competing for funds in a tight budget
situation, there would be considerable advantage in
generating credible dollar values forunpriced envi-
ronmental resources in the evaluation of options
which address these issues. The studies initiated by
the Resource Assessment Commission in this con-
text represent an important step in this direction.
The lessons learned can be viewed as the pay off to
this initial investment and the time seems ripe to

capitalise on that investment.

In terms of policy making, there is considerable
scope for greater economic input. In addressing
environmental resource managementissues to date,
much of the running has been made by scientists
and engineers. The plea however is not for eco-
nomic input to replace or supplant the professional
input of other disciplines, but for evaluation which
is the outcome of multidisciplinary effort.
Pontification from professional cave dwellers or
ivory tower recluses must give way to cooperative
analysis and assessment. There are indeed some
encouraging signs that this is already happening in
a number of areas including the economic evalua-
tion of scientific research, and the extension of
economic modelling to include technology and the
environment.

Some top down pressure from policy makers would
also help. For example, if policy advisers are re-
quired to provide professional multidisciplinary
assessments of value, then an effective stimulus to
the provision of more rigorous and balanced advice
would result.

Recent evidence suggests that such pressure may
be forthcoming. The Primary Industries and Re-
sources document which appeared as part of the
1988 May economic statement (Department of
Primary Industries and Energy 1988, p. 18) con-
tained the following: “With a view to maximising
the net benefits to the community from the nation’s
resources - both economic and other benefits - the
Government will seek to develop processes that
provide for the equitable consideration of the costs
and benefits in the process of reconciling develop-
ment and conservation goals™.

The work of the Industry Commission and the
Resource Assessment Commission represent im-
portant steps in the implementation of that state-
ment of intent. There are however many resource
use issues which are not considered by these agen-
cies. The wider application of benefit cost proc-
esses to these issues and the publication of the
results may do much to help resolve the resource
use conflicts which continue to dog decision mak-
ing in Australia.

249



Review of Marketing and Agricultural Economics

Vol. 59, No. 3 December, 1991

References

ADAMS,RM.,S.A. HAMILTON and B.A. MCCARL (1986),
“The benefits of pollution control: the case of ozone and US
agriculture”, American Journal of Agricultural Economics
68(4), 886-93.

AUSTRALIAN ENVIRONMENT COUNCIL (1982), Pubiic
Willingness to Pay for Clean Air; A Survey of Community
Attitudes, AGPS, Canberra.

BEETON, R. and R. COLLINS (1985), “The economics of
national parks and the conflicts which surround them”,
Conservation and the Economy Conference 1984, Sum-
mary Report and Proceedings, AGPS, Canberra.

BENNETT, J.W. (1984), “Using direct questioning to value the
existence benefits of preserved national areas”, Australian
Journal of Agricultural Economics 28(2&3), 136-52.

BENNETT, J. (1991), “Valuing the environment”, Evaluation
Journal of Australia 3(1), 3-11.

BERGSTROM, J.C.,B.L. DILLMAN and J R. STOLL (1985),
“Public environment amenity of private land, the case of
prime agricultural land”, Southern Journal of Agricultural
Economics 17(1), 139-49.

BISHOP,R.C., T.A. HEBERLEIN and M.J. KEALY (1983),
“Contingent valuation of environmental assets: compari-
sons with a simulated market”, Natural Resources Journal
23,619-33.

BOCKSTAEL,N.E.,and LE. STRAND (1985), “Distributional
issues and nonmarket benefitmeasurement”, WesternJour-
nal of Agricultural Economics 10(2), 162-69.

BOCKSTAEL, N.E., LE. STRAND and W.M. HANEMANN
(1987), “Time and the recreational demand model”, Ameri-
can Journal of Agricultural Economics 69(2), 293-302.

BOYLE, K.J. and R.C. BISHOP (1987a), “Valuing wildlife in
benefit-cost analyses: a case study involving endangered
species”, Water Resources Research 23(5), 943-50.

BOYLE, K.J. and R.C. BISHOP (1987b), “The total value of
wildlife resources: conceptual and empirical issues”, in G.
PETERSON and C. SORG (eds.), Toward the Measure-
ment of Total Value, USDA Forest Service, Rocky Moun-
tain Forest and Range Experimental Station, General Tech-
nical Report, Fort Collins, Colorado.

BOYLE, K.J. and R.C. BISHOP (1988), “Welfare measure-
ments using contingent valuation: a comparison of tech-
niques”, AmericanJowrnal of Agricultural Economics 71(1),
20-28.

BOYLE, K.J.,R.C. BISHOP and M.P. WELSH (1985), “Start-

ing point bias in contingent valuation bidding games”, Land
Economics 61(2), 188-94,

250

BROOKSHIRE, D.S., D.L.EUBANKS and A. RANDALL
(1983), “Estimating option prices and existence values for
wildlife resources™, Land Economics 59, 1-15.

BROOKSHIRE, D.S., A.RANDALL and I.R. STOLL (1980),
“Valuing increments and decrements in natural resource
service flows”, American Journal of Agricultural Econom.
ics 63, 165-77.

BROWN, T.C. (1984), “The concept of value in resource
allocation”, Land Economics 60(3), 231-46.

CARSON, R.T. (1991), “The RAC Kakadu Conservation Zone
contingent valuation study: remarks on the Brunton, Stone,
and Tasman Institute critiques”, in RESOURCE ASSESS-
MENT COMMISSION, Commentaries on the Resource
Assessment Commission’s Contingent Valuation Survey of
the Kakadu Conservation Zone, Canberra,

CARTER, M. (1987), The economic impacts of the Crown of
Thoms Starfish on the Great Barrier Reef, paper presented
at 57th ANZAAS Congress on Science Values and Mean-
ing, James Cook University, Townsville.

CHARBONNEAU, 1.J. and M.J. HAY (1978), Determinants
and economic values of hunting and fishing, Transactions
of 43rd North American Wildlife and Natural Resources
Conference, Phoenix, Arizona.

CHARLESWORTH, M. (1987), Summing up, paper presented
to session on tropical rain forests, 57th ANZAAS Congress
on Science Values and Meaning, James Cook University,
Townsville.

CLARKE, HR. (1991), Risk, uncertainty and irreversibility:
implications for sustainable development, paper presented
to “Intersectoral Issues: Second Technical Workshop”,

Ecologically Sustainable Development Working Groups,
Canberra.

CLAWSON, M. (1984), “Effective acreage for outdoor recrea-
tion", Resowrces 78, 2-7.

COELLI, T., J. LLOYD-SMITH, D. MORISON and J.
THOMAS (1991), “Hedonic pricing for a cost-benefit
analysis of a public water supply scheme”, Australian
Journal of Agricultural Economics 35(1), 1-20.

COLLINS, D. and R. YOUNG (1991), “Taking account of the
future: the role of discounting and intergenerationa} eq-
uity”,in Economic Analysis for Responding 10 Greenhouse
Climate Change, Proceedings of a workshop sponsored by
the Department of Arts, Sport, the Environment, Tourism
and Temitories, Canberra.

CONRAD, JM. (1986), “On the evaluation of government
programs toreduce environmental risk”, AmericanJournal
of Agricultural Economics 68(5), 1272-75.

CORY, D.C. (1985), “Income-time endowments, distributive
equity, and the valuation of natural environments”, Western
Journal of Agricultural Economics 10(2), 183-86.



Young: Economic Significance of Environmenial Resources

CORY, D.C. and W.E. MARTIN (1985), “Valuing wildlife for
efficient multiple use: elk versus cattle”, Western Journal
of Agricultural Economics 10(2), 282-93.

COURSEY, D.L., 1.L.. HOVIS and W.D. SCHULZE (1987),
“The disparity between willingness to accept and willing-
ness to pay measures of value”, Quarterly Journal of

Economics 102(3), 679-90.

CUMMINGS,R.G.,D.S.BROOKSHIRE and W.D.SCHULZE
(eds.) (1986), Valuing Environmental Goods: An Assess-
ment of the Contingent Valuation Method, Rowman and
Allanheld, New Jersey.

DAUBERT,J.,R.A. YOUNG and L. GRAY (1979}, Economic
Benefits From Instream Flow in a Colorado Mountain
Stream, Completion Repont 91, Colorado Water Resources
Research Institute, Colorado State University, Fort Collins.

DEPARTMENT OF ARTS HERITAGE AND ENVIRON-
MENT (1986), State of Environment in Australia, AGPS,
Canberra.

DEPARTMENT OFPRIMARY INDUSTRIES AND ENERGY
(1988), Primary Industries and Resources - Policies for
Growth, A Government Policy Statement, AGPS, Can-
berra.

DEPARTMENT OF RESOURCES AND ENERGY (1983),
Salinity Issues: Effects of Man on Salinity in Australia,
Water 2000, Consultants Report No. 8, AGPS, Canberra.

DESVOUGES, W., V.K. SMITH and M. MCGIVNEY, (1983),
A Comparison of Alternative Approaches for Estimating
Recreationand Related Benefits of Water Quality Improve-
ments, Report to the EPA by Triangle Research Institute,
Research Triangle Park, North Carolina.

DWYER, L. (1984), River Murray water quality management
study, Working Papers E and F, River Murray Commission,
Canberra.

EKANAYAKE, R. and J.A. SINDEN (1985), Identification of

needs and preferences of a rural community for indigenous
woodland, paper presented to ANZIF conference, Hobart.

EVERETT, E.T. (1979), “The monetary value of the recrea-
tional benefits of wildlife”, Journal of Environmental Man-
agement 8, 203-13.

FREEMAN, A.M. (1984), “The sign and size of option value”,
Land Economics 60(1), 1-13.

GREENLEY, D.A., R.G. WALSH and R.A. YOUNG (1981),
“Option value: empirical evidence from a case study of
recreation and water quality”, Quarterly Journal of Eco-
nomics 96, 657-72.

GREIG, P.J. (1979), Murray River red gum forests: estimates of
gross market values of annual outputs, mimeo.

GREIG, P.]. and P.G. DEVONSHIRE (1981), “Tree removals
and saline seepage in Victorian catchments: some hydro-
logic and economicresults”, AustralianJournal of Agricul-
tural Economics 25(2), 132-148.

GRIEVE, A M., E. DUNFORD, D. MARSTON, R.E. MAR-
TIN and P. SLAVICH (1986), “Effects of waterlogging and
soil salinity on irrigated agriculture in the Murray Valley:
areview”, Australian Journal of Experumental Agriculture
26, 761-77.

GUPTA, T.R.and J.H. FOSTER (1975), “Economic criteria for
freshwater wetland policy in Massachusetts”, American
Journal of Agricultural Economics 57(1), 40-45.

HAMMACK, J. and G.M. BROWN (1974), Waterfowl and
Wetlands: Toward Bioeconomic Analysis, Resources for
the Future Inc., Johns Hopkins University Press, Baltimore.

HEBERLEIN, T.A. and R.C. BISHOP (1986), “ Assessing the
validity of CV: Three field experiments”, Science df the
Total Environment 56, 99-107,

HOEHN, J.P. and A. RANDALL (1987), “A satisfactory ben-
efit cost indicator from contingent valuation”, Journal of
Environmental Economics and Management 14, 226-47.

HOEVENAGEL, R. (1990), The validity of the contingent
valuation method: some aspects on the basis of three Dutch
studies, paper presented at the congress: Environmental
Cooperation and Policy in the Single European Market,
Venice, Tialy, April 17-20.

HUFSCHMIDT, M.M., D.E. JAMES, A.D. MEISTER, B.B.
BOWER and J.A. DIXON (1983), Eavironment, Natural
Systemsand Development: An Economic Evaluation Guide,
Johns Hopkins University Press, Baltimore.

HUNDLOE,T.,G.T.MCDONALD,R.BLAMEY, B. WILSON
and M. CARTER (1990), Socio-Economic Analysis of Non-
Extractive Natural Resource Uses in the Great Sandy
Region, a report 10 the Queensland Department of Environ-
ment and Heritage, Institute of Applied Environmental
Research, Griffith University.

IMBER, D.,G. STEVENSON and L. WILKS (1991),A Contin-
gent Valuation Survey of the Kakadu Conservation Zone,
Resource Assessment Comnmission Research Paper No. 3,
AGPS, Canberra.

JOHNSTON, B.G. (1982), Extemnal benefits in rural research
and the question of who should pay, paper presented to 26th
Annual Conference of the Australian Agricultural Eco-
nomics Society, University of Melboumne.

JUNOR, R.S. (1984), The extent of the degradation problem,
paper presented 10 Soil Degradation - The Future of Our
Land Conference, ANU, Canberra.

KEITH, J.E. and K.S. LYON (1985), “Valuing wildlife man-

agement: a Utah deer herd”, Western Journal of Agricud-
tural Economics 10(2), 216-22.

251



Review of Marketing and Agricultural Economics

Vol. 59, No. 3 December, 1991

KELLERT, S.R. (1984), “ Assessing wildlife and environmen-
tal values in cost-benefit analysis”, Journal of Environmen-
tal Management 18, 355-63.

KENNEDY,J.0.S. (1987), “Uncenainty, irreversibility and the
loss of agricultural land: a reconsideration”, Journal of
Agricultural Economics 38(1), 75-80.

KING, D.A. and J.A. SINDEN (1988), “Influence of soil
conservation on farm land values”, Land Economics 64(3),
242-55.

KNETSCH, J.L. and J.A. SINDEN (1984), “Willingness to pay
and compensation demanded: experimental evidence of an
unexpected disparity on measures of value”, Quarterly
Journal of Economics 99, 507-21.

KNETSCH,J L and J.A. SINDEN (1987), “The persistence of
evaluation disparities”, Quarterly Journal of Economics

102, 691-695.

KRIESEL, W. and A. RANDALL (1986), Evaluating national
policy by contingent valuation, paper presented at the
Annual Meeting of the American Agricultural Economics
Association, Reno, Nevada.

KRUTILLA, I.V. and A.C. FISHER (1975), The Economics of
Natural Environments, Johns Hopkins University Press,
Baltimore.

KUICK, O.J., HM.A. JANSEN and J.B. OPSCHOOR (1991),
“The Netherlands™, in J.P. BARDE and D.W. PEARCE
(eds.), Valuing the Environment : six case studies, Earthscan,
London.

LOOMIS, J. (1987a), “The economic value of instream flow:
methodology and benefit estimates for optimum flows™,
Journal of Environmental Management 24, 169-79.

LOOMIS, J. B. (1987b), “Balancing public trust resources of
Mono Lake and Los Angeles’ water right: an economic
approach”, Water Resources Research 23(8), 1449-56.

LOOMIS, J. and R.G. WALSH (1986), “ Assessing wildlife and
environmental values in cost benefit analysis: state of the
ant”, Journal of Environmental Management 22, 125-31.

LOTHIAN, A.(1985), “A costbenefit study of national parks on
Kangaroo Island South Australia”, Conservation and the
Economy Conference 1984: Summary Report and Pro-
ceedings, AGPS, Canberra.

LUGO, A.E. and M.M. BRINSON (1978), “Calculations of the
value of salt water wetlands”, in Wetland Functions and
Values: The State of Our Understanding, American Water
Research Association, 120-130.

MCDONALD, L.G.T., L. WILKS and J. MORISON (1980),

The Economic Significance of Cooloola, Institute of Ap-
plied Social Research, Griffith University.

252

MENDELSOHN, R. and G.M. BROWN (1983), “Revealed
preference approachesto valuing outdoor recreation”, Natu-
ral Resources Journal 23(3), 607-18,

MITCHELL, R.C.and R.T. CARSON (1989), Using Surveys to
Value Public Goods: The Contingent Valuation Method,
Resources for the Future, Washington D.C.

MULLEN, LK. and F.C. MENZ (1985), “The effect of acidifi-
cation damages on the economic value of the Adirondack
fisherytoNew York anglers™, Americal Journal of Agricul-
tural Economics 68 (1), 112-19.

OSTER, S. (1977), “Survey results on the benefits of water
pollution abatement in the Merrimack River basis”, Water
Resources Research X111, 882-84.

PAYNE, B.R. and R.M. DEGRAFF (1975), “Economic values
and recreational trends associated with human enjoyment
of nongame birds”, in Proceedings of the Symposium on
Management of Forest and Range Habitats for Nongame
Birds, General Technical Report WO-1, USDA Forest
Service, Tucson, Arizona.

PEARCE, D., A. MARKANDYA and E.B. BARBIER (1989},
Blueprint for a Green Economy, Earthscan, London.

POPE, C.A. and J.W. JONES (1990), “Value of wilderness
designation in Utah”, Journal of Environmental Manage-
ment 30, 157-74.

RANDALL, A. (1982), “Economic surplus concepts and their
use in benefit cost analysis”, Review of Marketing and
Agricultural Economics 50(2), 135-63.

RANDALL, A. (1985), An economic perspective on the valu-
ation of biological diversity, mimeo.

RANDALL, A. (1987), “The total value dilemma”, in G.
PETERSON and C. SORG (eds.), Toward the Measure-
mens of Total Value, USDA Forest Service, Rocky Moun-
tain Forest and Range Experiment Station, General Techni-
cal Report, Fort Collins, Colorado.

RANDALL, A.,J.P. HOEHN and D.S. BROOKSHIRE (1983),
“Contingent valuation surveys for evaluating environmen-
tal assets”, Natural Resources Journal 23, 635-48,

RANDALL, A. and W. KRIESEL (1988), Evaluating national
policy proposals by contingent valuation, mimeo.

RESOURCE ASSESSMENT COMMISSION (1991), Com-
mentaries on the Resource Assessment Commission’s Con-
tingent Valuation Survey of the KakaduConservation Zone,
Canberra, June.

SCHULZE, W.D., D.S. BROOKSHIRE and M.A. THAYER
(1981a), National parks and beauty: a test of existence
values, paper presented to Annual Meeting of the American
Economics Association, Washington, DC.



Young: Economic Significance of Environmental Resources

SCHULZE, W.D.,, R.C. D’ARGE and D.S. BROOKSHIRE
(1981b), “Valuing environmental cornmodities: some re-
cent experiments”, Land Economics 57(2), 151-72.

SHARPLES, K.C,, J.A. DIXON and M.M. GOWEN (1986),
“Information disclosure and endangered species valua-
tion”, Land Economics 63(3), 306-12.

SINDEN, J.A. (1986), Community support for soil conserva-
tion, Final Report No 1 from the project Estimation of
Unpriced and Social Benefits of Soil Conservation, mimeo.

SINDEN, J.A. (1988), “Empirical tests of hypothetical bias in
consumers’ surplus surveys”, Australian Journal of Agri-
cidtural Economics 32(2,3), 98-112.

SINDEN, J.A. and A.D. JONES (1983), Facing the eucalypt
dieback problem: a New England case study, Proceedings
of the Institute of Foresters of Australia 10th Triennial
Conference, 127-29.

SINDEN, JA. and DR. MACKAY (1979), “Wombats are
worth $30,000: a success for environmental preservation”,
Western Victoria Journal of Social Issues 3, 59-71.

SINDEN, J.A., AR. SUTAS and T.P. YAPP (1986), Damage
costs to land degradation: Australian perspective, paper
presented o International Conference on the Economics of
Dryland Degradation and Rehabilition, ANU, Canberra.

SINDEN, J.A. and A.C. WORRELL (1979), Unpriced Values:
Decisions Without Market Prices, Wiley, New York.

SINDEN, J.A. and T.P. YAPP (1987), Opportunity costs of land
degradation in New South Wales: a case study, paper
presented to 31st Conference of Australian Agricultural
Economics Society, Adelaide.

SMITH, VK. (1987), “Intrinsic values in benefit cost analysis”,
in G. PETERSON and C. SORG (eds.), Toward the Meas-
wrement of Total Value, USDA Forest Service, Rocky
Mountain Forest and Range Experiment Station, General
Technical Report, Fort Collins, Colorado.

SMITH, V.K., W.H. DESVOUSGES and A. FISHER (1986),
A comparison of direct and indirect methods for estimat-
ing environmental benefits”, American Journal of Agricul-
tural Economics 68(2), 280-90.

SNAITH,R. (1972), “What price heritage? Estimating the price
elasticity of demand for National Trust properties (and
some related issues)”, in G.A.C. SEARLE (ed.), Sympo-
sium on Recreational Economics and Analysis, Lon gman,
London.

SORG, CF. and J.B. LOOMIS (1984), Empirical Estimates of
Amenity Forest Values: A Comparative Review, General
Technical Report RM-107, USDA Forest Service, Rocky
Mountain Forest and Range Experiment Station, Fort
Collins, Colorado.

STANDING COMMITTEE ON SOIL CONSERVATION,
WORKING PARTY ONDRYLAND SALTINGIN AUS-
TRALIA (1982), Salting on Non-irrigated Land in Aus-
tralia, Soil Conservation Authority (Victoria), Melboume.

STOLL, J. and L.A. JOHNSON (1984), “Concepis of value,
nonmarket valuation and the case of the whooping crane”,
49th North American Wildlife and Natural Resources Con-
Jference, Wildlife Management Institute, Washington DC,
382-93.

STREETING, M.C. (1990), A Swrvey of the Hedonic Price
Technique, Resource Assessment Commission Research
Paper No. 1, AGPS, Canberra.

SUTHERLAND, R.J. and R.G. WALSH (1985), “Effect of
distance on the preservation value of water quality”, Land
Economics 61(3), 281-91.

THOMAS, J.F. and G.J. SYME (1988), “Estimating residential
price elasticity of demand for water: a contingent valuation
approach”, Water Resources Research 24(11), 1847-57.

TISDELL, C.A. (1985), “Conserving and planting trees on
farms: lessons from Australian cases”, Review of Marke:-
ing and Agricultural Economics 53(3), 185-94.

ULPH, AM. and J.K. REYNOLDS (1981), An Economic
Evaluation of National Parks, Centre for Resource and
Environmental Studies Monograph 4, ANU, Canberra.

UPSTILL, G. and T. YAPP (1987), “Offsite costs of land
degradation”,in A. CHISHOLM and R. DUMSDAY (eds.),
Land Degradation: Problems and Policies, Cambridge
University Press, Melboumne.

VAUGHAN, W.J. and C.S. RUSSELL (1982), “Valuing a
fishing day: an application of a systematic varying param-
eter model”, Land Economics 58, 450-63.

WALSH, R.G., R.D. BIONBACK, D.H. ROSENTHAL and
R.A. AIKEN (1987), “Public benefits of programs to pro-
tect endangered wildlife in Colorado”, in Issues and Tech-
nology in the Management of Impacted Western Wildlife,
Thome Ecological Institute, Boulder, Colorado, 65-71.

WALSH,R.,R.ERICSON, D. AROSTEGUY and M. HANSEN
(1980), An empirical application of a model for estimating
the recreation value of instream flow, Colorado Water
Resources Research Institute, Colorado State University,
Fort Collins.

WALSH, R.G., J.B. LOOMIS and R.A. GILLMAN (1984),
“Valuing option, existence and bequest demands for wil-
demess™, Land Economics 60(1), 14-29.

WALSH,R.G.,F.A. WARD and J.P. OLIEN YK (1989), “Rec-
reational demand for trees in national forests”, Journal of
Environmental Management 28, 255-68.

WILKS, L.C. (1990), A Survey of the Contingent Valuation

Method, Resource Assessment Commission Research Pa-
per No. 2, AGPS, Canberra.

253



Review of Marketing and Agricultral Economics Vol. 59, No. 3 December, 1991

YOUNG, R. (1992), “Evaluating long lived projects: the issue
of intergenerational equity”, Australian Journal of Agricud -
tural Economics (forthcoming).

YOUNG, R. and M. CARTER (1990), The economic evalua-
tion of research: a case study of the South-East Forests,
paper presented to the 34th Conference of the Australian
Agricultural Economics Society, University of Queens-
land.

254



