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Services: The Never-Ending Story

BY MARINO GATTO AND GIULIO A. DE LEO

n 1844, the French engineer Jules Juvénal Dupuit
introduced cost-benefit analysis to evaluate invest-
ment projects. This methodology relies on the concept
of consumer surplus (which is the difference between will-
ingness-to-pay and actual payment; see Nijkamp 1977),
which was also defined by Dupuit (1844). The application
of cost—benefit analysis to ecological issues fell out of favor
three decades ago, and it was gradually replaced by multi-
criteria analysis in the decision-making process for pro-
jects that have an impact on the environment. Although
multicriteria analysis is currently used for environmental
impact assessments in many nations, in the last 5 years the
concept of cost—benefit analysis has again become fash-
ionable, along with the various pricing techniques associ-
ated with it, such as contingent valuation methods, hedo-
nic prices, and costs of replacement of ecological services.
For example, during the First World Congress of Environ-
mental and Resource Economists held in Venice, Italy, in
June 1998, 12 of the 88 sessions were focused on theoreti-
cal and empirical problems related to contingent valuation
methods. Overall, almost 100 of 500 contributions were
related to issues of pricing environmental goods and ser-
vices. By contrast, only a small number of papers used
multicriteria analysis. Economists have generated a wealth
of virtuosic variations on the theme of assessing the soci-
etal value of biodiversity, but most of these techniques are
invariably based on price—that is, on a single scale of val-
ues, that of goods currently traded on world markets.
Perhaps the most famous recent study on the issue of
pricing biodiversity and ecological services is that by
Costanza et al. (1997), who argued that if the importance
of nature’s free benefits could be adequately quantified in
economic terms, then policy decisions would better reflect
the value of ecosystem services and natural capital. Draw-
ing on earlier studies aimed at estimating the value of a
wide variety of ecosystem goods and services, Costanza et
al. (1997) estimated the current economic value of the
entire biosphere at $16-54 trillion per year, with an aver-
age value of approximately $33 trillion per year. By con-
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trast, the gross national product of the United States totals
approximately $18 trillion per year (Costanza et al. 1997).
The paper, as its authors intended, stimulated much dis-
cussion, media attention, and debate. A special issue of
Ecological Economics (April 1998) was devoted to com-
mentaries on the paper, which, with few exceptions, were
laudatory. Some economists (Pearce 1998) have ques-
tioned the actual numbers, but many scientists have
praised the attempt to value biodiversity and ecosystem
functions.

Although Costanza et al. acknowledged that their esti-
mates were crude and imperfect, they also pointed the way
to improved assessments. In particular, they noted the
need to develop comprehensive ecological economic mod-
els that could adequately incorporate the complex interde-
pendencies between ecosystems and economic systems, as
well as the complex individual dynamics of both types of
systems. Despite the authors’ caveats and the fact that
many economists have been circumspect in applying their
own tools to decisions regarding natural systems, the
monetary approach is perceived by scientists, policymak-
ers, and the general public as extremely appealing; a num-
ber of biologists are also of the opinion that attaching eco-
nomic values to ecological services is of paramount
importance for preserving the biosphere and for effective
decision-making in all cases where the environment is
concerned (Daily 1997, Pimentel et al. 1997).

In this article, we espouse a contrary view, stressing
that, for most of the values that humans attach to biodi-
versity and ecosystem services, the pricing approach is
inadequate—if not misleading and obsolete—because it
implies erroneously that complex decisions with impor-
tant environmental impacts can be based on a single scale
of values. We contend that the use of cost-benefit analy-
sis as the exclusive tool for decision-making about envi-
ronmental policy represents a setback relative to the exist-
ing legislation of the United States, Canada, the European
Union, and Australia on environmental impact assess-
ment, which explicitly incorporates multiple criteria
(technical, economic, environmental, and social) in the
process of evaluating different alternatives. We show that
there are sound methodologies, mainly developed in
business and administration schools by regional econo-
mists and by urban planners, that can assist decision-
makers in evaluating projects and drafting policies while
accounting for the nonmarket values of environmental
services.
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Type of value Function (examples)

Type of function (examples)

Possible methods for
economic evaluation

Utilitarian value Commercial production

Protection

Pollution control; disposal of waste
products; climate regulation

User value Quality of life
Recreation
Education

Nonuser value Existence/bequest

Hunting; fishing; plant harvesting

Shelter for man-made development;
shelter for other habitats

Absorption of pollution/sewage

Providing natural beauty and a
healthy and enjoyable environment
Bird watching; sport fishing;
walking; jogging

School visits; projects

Ecological role; existence for own sake

Option for future use; bequest for
future generations

Monetary market value

Cost of flooding and erosion
resulting from lack of protection;
cost of replacement

Contingent valuation methods;
unknown/indirect

Hedonic house prices; contingent
valuation methods

Travel cost methods

User willingness to pay

Incalculable; indirect
Nonuser willingness to pay

Table 1. A schematic approach to economic evaluation of environmental services (adapted from Tunstall and Coker 1992).

The limitations of cost-benefit analysis
and contingent valuation methods
Historically, the first important implementation of
cost-benefit analysis at the political level came in 1936,
with passage of the US Flood Control Act. This legislation
stated that a public project can be given a green light if the
benefits, to whomsoever they accrue, are in excess of esti-
mated costs. This concept implies that all benefits and
costs are to be considered, not just actual cash flows from
and to government coffers. However, public agencies (e.g.,
the US Army Corps of Engineers) quickly ran into a prob-
lem: They were not able to give a monetary value to many
environmental effects, even those that were predictable in
quantitative terms. For instance, engineers could calculate
the reduction of downstream water flow resulting from
construction of a dam, and biologists could predict the
river species most likely to become extinct as a conse-
quence of this flow reduction. However, public agencies
were not able to calculate the cost of each lost species.
Therefore, many ingenious techniques for the monetary
valuation of environmental goods and services have been
devised since the 1940s (Table 1). These techniques fall
into four basic categories (Pearce 1993):

» Conventional market approaches. These approaches,
such as the replacement cost technique, use market
prices for the environmental service that is affected.
For example, degradation of vegetation in develop-
ing countries leads to a decrease in available fuel-
wood. Consequently, animal dung has to be used as
a fuel instead of a fertilizer, and farmers must therefore
replace dung with chemical fertilizers. By computing the
cost of these chemical fertilizers, a monetary value for
the degradation of vegetation can then be calculated.

Household production functions. These approaches,
such as the travel cost method, use expenditures
on commodities that are substitutes or complements
for the environmental service that is affected. The travel
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cost method was first proposed in 1947 by the

economist Harold Hotelling, who, in a letter to the

director of the US National Park Service (see Prewitt

1949), suggested that the actual traveling costs incurred

by visitors could be used to develop a measure of the

recreation value of the sites visited.

Hedonic pricing. This form of pricing occurs when a

price is imputed for an environmental good by

examining the effect that its presence has on a relevant
market-priced good. For instance, the cost of air and
noise pollution is reflected in the price of plots of land
that are characterized by different levels of pollution,
because people are willing to pay more to build their
houses in places with good air quality and little noise.

This notion can be traced back to David Ricardo,

who, together with Adam Smith, is one of the

founding fathers of modern economics.

» Experimental methods. These methods include
contingent valuation methods, which were devised
by the resource economist Siegfried V. Ciriacy-Wantrup
(1947). Contingent valuation methods require that indi-
viduals express their preferences for some environmen-
tal resources by answering questions about hypothetical
choices. In particular, respondents to a contingent
valuation methods questionnaire will be asked
how much they would be willing to pay to
ensure a welfare gain from a change in the provision
of a nonmarket environmental commodity, or how
much they would be willing to accept in com-
pensation to endure a welfare loss from a reduced provi-
sion of the commodity.

Among these pricing techniques, the contingent valua-
tion methods approach is the only one (Simpson 1998)
that is capable of providing an estimate of existence val-
ues, in which biologists have a special interest. Existence
value was first defined by Krutilla (1967) as the value that
individuals may attach to the mere knowledge that rare
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and diverse species, unique natural environments, or oth-
er “goods” exist, even if these individuals do not contem-
plate ever making active use of or benefiting in a more
direct way from them. The name “contingent valuation”
comes from the fact that the procedure is contingent on a
constructed or simulated market, in which people are
asked to manifest, through questionnaires and interviews,
their demand function for a certain environmental good
(i.e., the price they would pay for one extra unit of the
good versus the availability of the good).

The rationale underlying contingent valuation methods
can be understood in the context of the classical approach
of welfare economics (e.g., Herfindahl and Kneese 1974).
In this approach, each individual has a certain utility,
which is a measure of his or her welfare and is a function
of the various goods and services that are available to him
or her. To simplify, suppose that the welfare of each indi-
vidual depends on only two quantities: the consumption
(Y) of market-priced goods, measured in dollars, and the
availability (X) of an unpriced environmental good, such
as the water quality of a river, measured as dissolved oxy-
gen concentration. Figure 1 shows the “indifference
curves” (i.e., the geometric loci of all X and Y correspond-
ing to the same utility for a certain consumer). The indif-
ference curves are downsloping because the same individ-
ual welfare can be achieved by a smaller consumption of
marketed goods and a larger provision of environmental
goods: Instead of buying a ticket to a movie theater, one
can enjoy the same welfare by strolling along a river with
good water quality. In general, indifference curves are also
convex, as well as downsloping, because lower and lower
levels of environmental quality can be compensated for
only by larger and larger increases in the consumption of
marketed goods.

Assume that the initial river quality is X and that the
government wants to increase this quality by AX. If this
increase could be achieved at no expense, the individual
utility would jump from U, to U*. However, consumers
know that this increase cannot be achieved at no expense
and therefore are prepared to give up some money in
exchange for a higher-quality river. The maximum
amount of money an individual is willing to pay is the
amount that returns him or her to the initial utility, U,
(Figure 1). Conversely, suppose that the authorities want
to start a development project that will decrease the river
quality by the same AX. If the income of each individual is
not raised, the project implementation will result in a
decrease of the utility, from U, to U~. The minimum
amount of money an individual is willing to accept for
compensation is the amount that returns him or her to the
initial utility, U, (Figure 1). Because of the convexity of
indifference curves, “willingness to accept” is larger than
“willingness to pay” (see Hanemann 1991 for a thorough
discussion).

In practice, indifference curves are very difficult to esti-
mate. Furthermore, they differ for each consumer because

Y

o

L=l

-3

[

)

o

&

)

3 WTA

%

«

By

« Yo

]

‘E < WTP Utility = u*
]

B

g \ Utility = U,
g Wf U

Xo— AX Xo Xot+ AX Unpriced

environmental good
(water quality)

Figure 1. Indifference curves of a hypothetical consumer
whose welfare depends on only two goods: a nearby river,
with water of quality X (measured, for example, by its
dissolved oxygen concentration) and the consumption, Y
(measured in dollars), of market-priced goods. Each
indifference curve is characterized by the same value of the
utility function, which is the function that maps X and Y
onto individual welfare. The open circle marks an initial
condition that is characterized by water quality X,
consumption Y, and utility U, The figure shows the
willingness to pay for an increase AX of water quality that
would increase utility to U* and the willingness to accept
a decrease AX of water quality that would decrease utility
to U,

each human has a different perception of welfare. There-
fore, contingent valuation methods are intended to elicit
the willingness to pay or willingness to accept through
questionnaires or interviews of a sample of consumers.
The results of the sampling are then extended, through
appropriate statistical methods, to all consumers, and the
sum of all individual willingnesses to pay (or willingness-
es to accept) is the monetary benefit (or cost) to be used in
cost—benefit analysis. Once all the effects of a proposed
project—be they environmental, social, or aesthetic—are
converted to monetary benefits or costs, cost-benefit
analysis requires simply that actual cash flows, such as
costs of construction, and the benefits and costs evaluated
by the above pricing techniques be algebraically summed.
If the net benefit is positive, then the project is considered
to be acceptable in all respects. If there are alternative pro-
jects, then the optimal project is the one with the maxi-
mum net benefit.

The limits of cost-benefit analysis were discussed in the
1960s, after more than two decades of experimentation
(for review, see Nijkamp 1977). In particular, many
authors pointed out that cost—benefit analysis encouraged
policymakers to focus on things that can be measured and
quantified, especially in cash terms, and to disregard prob-
lems that are too large to be assessed easily (Adams 1992).

April 2000 / Vol. 50 No. 4 + BioScience 349



Roundtable

Therefore, the associated price might not reflect the “true”
value of social equity, environmental services, natural cap-
ital, or human health (Sagoff 1998). In particular, econo-
mists themselves recognize that the increasingly popular
contingent valuation methods are undermined by several
conceptual problems, such as free-riding, overbidding
(MacMillan et al. 1998), and preference reversal (Chilton
et al. 1998).

When it comes to monetary valuation of the goods and
services provided by natural ecosystems and landscapes
specifically, a number of additional problems undermine
the effectiveness of pricing techniques and cost—benefit
analysis. These problems include the very definition of
“existence” value, the dependence of pricing techniques on
the composition of the reference group, and the significance
of the simulated market used in contingent valuation.

The definition of “existence” value. A classic exam-
ple of contingent valuation methods is to ask for the
amount of money individuals are willing to pay to ensure
the continued existence of a species such as the blue whale.
However, the existence value of whales does not take into
account potential indirect services and benefits provided
by these mammals. It is just the value of the existence of
whales for humans, that is, the satisfaction that the exis-
tence of blue whales provides to people who want them to
continue to exist (Holland and Cox 1992). Therefore,
there is a real risk that species with very low or no aesthet-
ic appeal or whose biological role has not been properly
advertised will be given a low value, even if they play a fun-
damental ecological function. Without adequate informa-
tion, most people do not understand the extent, impor-
tance, and gravity of most environmental problems. As a
consequence, people may react emotionally and either
underestimate or overestimate risks and effects.

Therefore, it is not surprising that five of the seven
guidelines issued by the National Oceanic and Atmos-
pheric Administration (NOAA; Federal Register 4601
1993) about how to conduct contingent valuation discuss
how to properly inform and question respondents to pro-
duce reliable estimates (e.g., in-person interviews are pre-
ferred to telephone surveys to elicit values). Of course,
acquisition of reliable and complete information is always
possible in theory, but in practice strict adherence to
NOAA guidelines makes contingent valuation methods
expensive and time consuming (Portney 1994).

Difficulties with the reference group for pricing.
Pricing techniques such as contingent valuation methods
provide information about individual willingnesses to pay
or willingnesses to accept, which must be summed up in
the final balance of cost-benefit analysis. Therefore, the
outcome of cost-benefit analysis depends strongly on the
group of people that is taken as a reference for valuation—
particularly on their income. Van der Straaten (1998) not-
ed that the Exxon Valdez oil spill in 1989 provides a good
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example of this dependence. The population of the Unit-
ed States was used as a reference group to calculate the
damage to the existence value of the affected species and
ecosystems using contingent valuation methods. Exxon
was ultimately ordered to pay $5 billion to compensate the
people of Alaska for their losses (Van der Straaten 1998).
This huge figure was a consequence of the high income of
the US population. If the same accident had occurred in
Siberia, where salaries are lower, the outcome would cer-
tainly have been different.

This example shows that contingent valuation methods
simply provide information about the preferences of a
particular group of people but do not necessarily reflect
the ecological importance of ecosystem goods and ser-
vices. Moreover, the outcome of cost-benefit analysis
depends on which individual willingnesses to pay or will-
ingnesses to accept are included in the cost-benefit analy-
sis. If the quality of the Mississippi River is at issue, should
the analysis be restricted to US citizens living close to the
river, or should the willingness to pay of Californians and
New Yorkers be included too? According to Krutilla’s
(1967) definition of existence value, for many environ-
mental goods and ecological services that may ultimately
affect ecosystem integrity at the global level, the prefer-
ences of the entire human population should potentially
be considered in the analysis. Because practical reasons
obviously preclude doing so, contingent valuation meth-
ods will inevitably only provide information about the
preferences of specific groups of people. For many of the
ecological services that may be considered the heritage of
humanity, contingent valuation methods analyses per-
formed locally in a particular economic situation should
be extrapolated only with great caution to other areas. The
process of placing a monetary value on biodiversity and
ecosystem functioning through nonuser willingness to pay
is performed in the same way as for user willingness to
pay, but the identification of people who do not use an
environmental good directly and still have a legitimate
interest in its preservation is problematic.

Significance of the simulated market. Contingent
valuation methods are contingent on a market that is con-
structed or simulated, not real. It is difficult to believe in
the efficiency of what Adam Smith called the “invisible
hand” of the market for a process that is the artificial pro-
duction of economic advisors and does not possess the
dynamic feedback that characterizes real competitive mar-
kets. Is it even possible to simulate a market where units of
biodiversity are bought and sold? As Friend (1997) stated,
“these contingency evaluation methods (CVM) tend to
create an illusion of choice based on psychology (willing-
ness) and ideology (the need to pay) which is supposed,
somewhat mysteriously, to reflect an equilibrium between
the consumer demand for and producer supply of envi-
ronmental goods and services”

Many additional criticisms of pricing ecological services
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are more familiar to biologists (e.g., Ehrenfeld 1988, Rees
1998). For many ecological services, there is simply no
possibility of technological substitution. Moreover, the
precise contribution of many species is not known, and it
may not be known until the species is close to extinction
(see O’Neill and Kahn 2000). In addition, specific ecosys-
tem services, as evaluated by Costanza et al. (1997), should
not be separated from one another and valued individual-
ly (Norgaard et al. 1998) because the importance of any
piece of biodiversity cannot be determined without con-
sidering the value of biodiversity in the aggregate. And
finally, the use of marginal value theory may be invalidat-
ed by the erratic and catastrophic behavior of many eco-
logical systems (Holling 1992), resulting in potentially
detrimental effects on the health of humans, the produc-
tivity of renewable resources, and the vitality and stability
of societies themselves (Rees 1998).

Despite the efforts of many economists, we believe that
some goods and services, especially those related to
ecosystems, cannot reasonably be given a monetary value,
although they are of great value to humans. Economists
coined the term “intangibles” to define these goods.
Cost—benefit analysis cannot easily deal with intangibles.
As Nijkamp (1977) wrote, more than 20 years ago, “the
only reasonable way to take account of intangibles in the
traditional cost-benefit analysis seems to be the use of a
balance with a debit and a credit side in which all intangi-
ble project effects (both positive and negative) are repre-
sented in their own (qualitative or quantitative) dimen-
sions” as secondary information (p. 147). In other words,
the result of cost-benefit analysis is primarily a single
number, the net monetary benefit that comprises all the
effects that can be sensibly converted into monetary
returns and costs.

Commensurability of different objectives
and multicriteria analysis
Cost-benefit analysis includes intangibles in the decision-
making process only as ancillary information, with the
main focus being on those effects that can be converted to
monetary value. This approach is not a balanced solution
to the problem of making political decisions that are
acceptable to a wide number of social groups with a range
of legitimate interests. We also recognize that this argu-
ment against cost-benefit analysis is not new: For exam-
ple, Herfindahl and Kneese (1974) wrote that “a final
approach [to the problem of multiple planning objec-
tives] is that of viewing the various possible objectives of
public policy as being substantially incommensurable on
any simple scale and therefore necessitating the genera-
tion of various kinds of information, not summable into
a single number, as a basis for political decision” (p. 223).
It is unfortunate that more than 20 years later, the opin-
ion of these distinguished economists is still over-
looked.

However, even if the attempt to put a price on every-
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Figure 2. Possible outcomes (in terms of biodiversity and
monetary net benefit) of hypothetical mining projects
located in a natural area. Mining the whole area by the
most cost-effective technology corresponds to maximum
monetary benefit and no biodiversity (point A). Not
developing the project corresponds to no profit and
maximum biodiversity (point B). The gray region
corresponds to the set of projects that are feasible, given
available technology. There is a tradeoff between profit and
biodiversity along the feasibility boundary, which coincides
with the Pareto set. Indifference curves (see Figure 1) are
shown for a developer who has some consideration for
environmental problems (dashed lines) and for an
environmentalist who cares also about monetary benefits
(solid lines). Indifference curves closer to the origin
correspond to lower utility. The developer would favor
project C because it maximizes his or her welfare; the
environmentalist would favor project D for the same
reason. Alternatives on the Pareto set that fall between C
and D represent the real dilemma for the deciding
authority. By contrast, cost-benefit analysis would give a
green light to project E because it corresponds to positive
net monetary benefit.

thing is abandoned, it is not necessary to give up the
attempt to reconcile economic issues with social and envi-
ronmental ones. Social scientists long ago developed
multicriteria techniques to reach a decision in the face of
multiple different and structurally incommensurable
goals. The most important concept in multicriteria analy-
sis was actually conceived by an Italian economist, Vilfre-
do Pareto, at the end of the nineteenth century. It is best
explained by a simple example. Suppose that a natural area
hosting several rare species is a target for the development
of a mining activity. Alternative mining projects can have
different effects in terms of profits from mining (mea-
sured in dollars) and in terms of sustained biodiversity
(measured in suitable units, for instance, through the
Shannon index). Profit from mining can be corrected
using welfare economics to include those environmental
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