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CONTINGENT VALUATION: PAST, PRESENT AND FUTURE
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Abstract:

This paper summarizes the long history of the contingent valuation method, stressing the
important dates and events that influenced its economic applications. It reviews the economic
theory of contingent valuation, highlights the related survey design, alludes to the econometrics
methodology involved and discusses the validity and reliability of this method. In summary, this
paper presents the state of the art of a method that has been applied in the economic valuation of
natural resources for many decades.
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1. Introduction

The economic valuation of natural resources using stated preference (SP) information
has come to be known as contingent valuation (CV), given that the value estimates
obtained are contingent on the information previously provided to the respondent in
the survey. CV is deeply rooted in welfare economics: to be precise, in the neoclassical
concept of economic value under the framework of individual utility maximisation.
CV surveys are capable of directly obtaining a monetary (Hicksian) measure of
welfare associated with a discrete change in the provision of an environmental good,
by substituting one good for another or the marginal substitution of different attributes
of an existing good. There are some other terms that have been used for the value
estimates derived from stated preference information, depending on the elicitation
format used: discrete choice experiment, bidding game, open-ended question, choice-
based conjoint analysis, contingent ranking, single- or double-bounded dichotomous
choice, paired comparisons, payment ca#d,

The history of the contingent valuation method (CVM) can be broadly divided
into three periods. In thiérst period (1943-1989), covering the origins of the method
up to the Exxon Valdez accident, the CVM conforms as an alternative to revealed
preference methods, such as the travel cost method (TCM), especiallyfiigldhef
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outdoor recreation. In the second period (1989-1992), the extensive debate following
the Exxon Valdez oil spill stimulated further research on the theory and empirics of
stated preferences for non-market valuation techniques. Finally, from 1992 onwards,
the CVM has been consolidated as a non-market valuation method, being accepted at
both an academic and a political level.

Back in the 1940s, Bowen (1943) and Ciriacy-Wantrup (1947) werérgteo
propose the use of a public opinion survey as a valid instrument to value public goods,
based on the idea that voting could be the closest substitute for consumer choice. In
what is often considered tHast book on environmental and resource economics,
Resource Conservation: Economics and Policy, Ciriacy-Wantrup (1952) defends the
use of “direct interview methods”. Howeverlirential economists, such as Samuelson
and Friedman, mistrusted survey responses on the grounds of strategic behaviour and
non-rationality of responses (Carson and Hanemann, 2005).

Outdoor recreation was the main force behind early empirical developments of the
CVM in this period. During the 1950s and 1960s, managers of the U.S. National Park
and U.S. Forest Services required information on people’s preferences and willingness
to pay (WTP) for these public services. Similarly, the U.S. agencies building water
projects at that time were interested in recreationalflisria order to make these
projects more attractive under the cost-ffiea@alysis framework. THe'st economist
to implement a CV survey was Davis (1963a, 1963b), in his research on the economic
value of recreation in the Maine woods. The author argues that real market behaviour
could be simulated in a survey by describing alternative facilities available to the public
and then eliciting the highest possible bid. A few years later, CVM and TCM estimates
were for thdfirst time successfully tested for convergent validity (Knetsch and Davis,
1966). Meanwhile, surveys were used to elicit information about preferences for
public goods in théelds of health and transport economics by Michael Jones-Lee and
Jordan Louviere, respectively. Also, the range of applications spanned different types
of environmental goods, such as recreation, air quality, congestion, waste management
and others.

Some developments regarding the CVM'’s ability to measure non-use values helped
to give the methodology substantial advances in the late 1960s. In fact, it was shown
that WTP estimates could include potentially important non-use values: option values
(Weisbrod, 1964), existence values (Krutilla, 1967) and quasi-option values (Arrow
and Fisher, 1974). Existence or passive-use values were found to Wieaignn
environmental valuation since many respondents were showing positive WTP values
for environmental quality changes that were nfiemed in any observable behaviour.

In Krutilla (1967), considered as one of the mofiuiential papers in environmental
economics, the author highlights the importance of irreversibility in environmental
decision making and discusses the possibility that non-use values constitute a main
component of the total economic value of an environmental good (Portney, 1994). Of
course, not including these values would give wrong signals to policymakers and the
only methodology available to capture them was CVM. Furthermore, the theory of
existence value and quasi-option value had a strdhgeirce on the management of
unique and threatened natural resources (Aldy and Krupnick, 2009).

From a methodological point of view, itis important to highlight the paper published
by Bishop and Heberlein (1979), which was fist to incorporate the dichotomous
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format in CV surveys. The dichotomous format (also known as referendum or closed-
ended) gained considerable acceptance because of its incentive compatibiiity (
induces respondents to reveal their true preferences) and its substantiéilcsitigpli

of the cognitive task faced by respondents. The theoretical formulation of the CVM
corresponds to Hanemann (1984), Cameron and James (1987) and Cameron (1988).
The approaches are dual to each other: while the former formulates the problem
through two indirect utility functions, known as the difference in indirect utility
functions model, the latter interprets the response to a CV survey as a comparison
between the bid amount and the respondent’s true underlying value, known as the
variation function model (McConnell, 1990).

The methodology was furtherfieed and gained considerable political acceptance
in the United States in the 1970s and 1980s given that it was accepted as an economic
valuation tool by many federal institutions. Two US federal laws were approved
in these years: the Comprehensive Environmental Response, Compensation and
Liability Act of 1980, with the purpose of identifying potentially threatened sites
and funding their recovery, and its regulatory development of 1986 allowing for the
recovery of lost passive-use values and the use of CVM (Portney, 1994). CV was also
increasingly applied in Europe. All the previous developments were brought together
in an Environmental Protection Agency (EPA) conference in 1984 and they were
incorporated in the ftuential book by Mitchell and Carson (1989). The book included
a coherent theoretical framework and put forward the state of the art of the CVM:
design issues, elicitation formats, potential biases,

That same year, on 24 March 1989, the Exxon Valdez oil spill occurred in Alaska
and, based on the recently developed legislation, the State of Alaska sued the company
for the loss of passive-use values. In the words of Caiseh (2003), ‘the Exxon
Valdez represented the quintessential case in which, to ignore passive use values, was
to effectively say that resources that the public had chosen to set aside and not develop
could be harmed at little or no cost to the responsible party”. On the other hand, the oil
industry started a campaign aiming at questioning the reliability of the CVM. Critiques
against the CVM were exposed in a conference held in Washington D.C. in March
1992 and sponsored by the Exxon Company (Hausman, 1993). Opponents of the CVM
claimed that the reliance on CV surveys in either damage assessments or government
decision making was misguided (Diamond and Hausman, 1994). Later that year,
the National Oceanic and Atmospheric Administration (NOAA) Blue Ribbon Panel
co-chaired by the Nobel Prize awarded Arrow and Solow revised all the theoretical
and empirical works on CVM to conclude tha€7V" studies can produce estimates
reliable enough to be the starting point for a judicial or administrative determination
of natural resource damages including lost passive-use value”. In addition, the panel
established a set of guidelines for CV studies to follow in order to gain reliability. These
guidelines were extremelyfluential in the posterior development of the methodology.
The sometimes heated but always healthy debate that occurred in this historical period
actually helped enrich the methodology by forcing academics to look deeper into the
underlying economic theory and other applied issues. Finally, the acceptance that the
CVM has nowadays at both a political and an academic level has boosted the number
of applications that are reported every year.
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In order to analyse the state of the art of the CVM, the following section will deal
with the theoretical foundations of CV. Issues on survey design will be dealt with in
Section 3; the econometrics of CV will be analysed in Section 4 fiaadly, Section
5 will provide some concluding remarks. A comprehensive overview of this valuation
method can be found in Alberini and Kahn (2006), Carson and Hanemann (2005) and
Haab and McConnell (2002).

2. Economic Theory of Contingent Valuation

From a welfare economics perspective, public intervention may bé&gdstinder
the notion of a potential Pareto improvement: that is, if the overalfibeoé public
intervention exceed its costs. In this context, public intervention may guarantee greater
efficiency in resource allocation. However, the sum of socialftiemequires, on the
one hand, the estimation of an individual's &send, on the other hand, aggregating
these benfés to the relevant population. The precise measure sought in the process of
estimating an individual’s befits is the net change in income that relates to a change in
the quality or quantity of a non-market good. That is, precisely, the linkage between the
survey instrument and economic theory, because the CV survey provides information
to trace the WTP distribution for a proposed change in an environmental good. CV
combines economic theory associated with the structure of the utility function and
econometric theory associated with the way that disturbances enter into the process.
In fact, the structure of the utility function will be affected by the assumptions made
about the distribution of the error component.

CVM obtains an individual's WTP for or willingness to accept (WTA) the change
in environmental quality through the survey instrument. The utility theoretical model
explained in the introduction to this research provides the basic framework for
interpreting the responses to a CV study. Given that these responses are usually treated
as random variables, the economic model needs to incorporate a stochastic component
and the WTP distributions need to be linked to the survey response probability under
the assumption that an individual maximises her utility (Carson and Hanemann, 2005).
The cumulative distribution function of WTE; -, and the corresponding probability
density function,g., depend on the form of the survey question. In the case of an
open-ended question format, where individuals are asked to state their maximum WTP
directly, 4, the probability that the individual's WTP is equaltas:

PriZTP =A)=g-(4) .

In the case of a closed-ended question format, where individuals are asked whether
they would pay a certain amount of mongythe probability that their WTP is equal
to or greater than this amount is:

Pr(VTP > A) =1- G (A).

In order to obtain a WTP distribution two approaches have emerged. Early
literature based on the open-ended questions format assumes a linear regression on
some covariates4y ) and a normally distributed random term1)( so that WTP is
also normally distributed:
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WITP = ptyrp +€ =2y +¢.

The second approach incorporates a random term directly into the utility function,
in what has been known as random utility models (RUM) (Hanemann, 1984). In the
RUM framework, the individual knows with certainty his utility function (this implies
that he knows his WTP) but, given that these preferences are not entirely observable to
the researcher, they are treated as a random variable, so that the error term is directly
included in the (indirect) utility function. Following the closed-ended single-bounded
CV question format, the probability that the respondent answers “yes” can be written
as:

Pr(yes) = PI’{WTP(qO, ql,p,y; £)> A=

Privigh, p.y—4;8)2v(q° b,y &)} =1- G (4) .

wheregq, andg, are scalars for the item being valued at the initial (O) femed (1)
situationsp is the vector of the prices of the market commodiies, the person’s
income and4 is the amount of money being offered in the valuation question.
Let wyrp = EIWTP(q°, ¢4 p, v €)1, ofgp =VarlWTP(¢%,q%, p, v;¢)] and let G(-) be the
cumulative distribution function of the standardised varatgW TP — uyp) ! oyrp; the
probability function can be rewritten as:

Pr(ves)=1- G(MJ =1-G(~y+84) = H(4) ,
Owrp

wherey = u,.p/6,,» ando = Vo, . This expression, where the response to a closed-
ended CV survey is a function of a monetary amount, is consistent with an economic
model of maximising behaviour “if and only if it can be interpreted as the survivor
function of an economic WTP distribution” (Carson and Hanemann, 2005). The
probability model can be parametric or non-parametric as long as the relation between
the bid amount and the probability of responding “yes” is non-increasing. The graph
showing the response probability function can be considered a demand curve for the
change in the environmental good.

In the parametric approach to the sfieation of a response probability model,
the probability of a “yes” response is a known function of the bid amount, while in the
non-parametric approach it is treated as an unknown function. Two further differences
can be made between the two approaches. Firstly, the non-parametric approach treats
the bid levels as separate experiments. Secondly, the non-parametric estimation is
capable of obtaining a probability distribution for some points, but in order to obtain
welfare measures these points need to be connected. Different ways of connecting
these points have been proposed in the literature: linear interpolation (Kristrém, 1990),
Kaplan—Meier—Turnbull estimation (Carseru!/., 2003) or smoothing (Copas, 1983).
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3. Designing and Administering the Survey Instrument
3.1 Survey Design

The design of the questionnaire is a key issue in CVM given that, as mentioned before,
the obtained values are contingent on the information provided. The information
provided in the questionnaire should be, on the one hand, consistent wittiis@eti
expert knowledge and, on the other, comprehensible to an average citizen who probably
knows little or nothing about the good under valuation. This apparently simple task is
complicated because the analyst needs to be trained in survey design, something that
economists are not usually trained in. Interested readerfimaaiyrther details on CV
survey design in Mitchell and Carson (1989), Louvigre!. (2000) and Bradburer
al. (2004). In the following, some key features of survey design will be given.
Producing a high quality CV study requires a substantial part of the work to be
dedicated to designing the questionnaire. Previous work with scientists and experts,
focus groups and in-depth interviews with potential respondents are essential in order
to provide a plausible and understandable description of the good under valuation and
its context. Feedback from these agents should be used iteratively in the revision of
the questionnaire. The development and testing of CV surveys, as with all primary
data-collection methods, requires iterative face-to-face pilot testing. Much effort
should be devoted to translating expert knowledge into understandable and valuable
information for respondents. Face validity is also a desired property of a well-designed
survey. It basically means that the information provided in the survey instrument
should be clear, accurate andfsiént in order to make a decision and the proposed
trade-off plausible.

The current state of practice of CV survey design usually structures the questionnaire
in six sections (Carson, 2000):

1. Thefirst section is devoted to introducing the survey purpose, the context for
making a decision.

2. The second section provides a clear and detailed description of the good to be
valued. This section usually also collects some previous knowledge and attitudes
towards the good from the respondents.

3. The third section presents the CV scenario including the current or baseline
situation (status quo) and possible future states of the natural resource in the case
of no implementation of the proposed policy, including the institutional context in
which the good will be provided and the payment vehicle.

4. The fourth section or elicitation section asks for the respondents’ maximum WTP
to obtain the environmental good or the minimum WTA for giving it up.

5. Thefifth section analyses the respondents’ understanding and certainty of the
answers provided.

6. The last section is devoted to some déilmgequestions on the socio-demographic
characteristics of the respondents.
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So, in thefirst place, the researcher needs to evaluate the amount of information
needed in order to construct afstiently informative and credible questionnaire. This
may be especially ditult in cases where prior knowledge about the good in question
varies substantially among the relevant population.

Secondly, the core of the CV study is the valuation scenario presented in the
guestionnaire. The valuation scenario should give clear information on the change
to be valued, how it would come about, who would pay for it and how, and other
information relevant to considering the change. In developing the survey instrument,
the baseline or status quo situation and the outcomes of the proposed policy should
be carefully analysed. The elicitation part of the questionnaire provides the researcher
with information to estimate the preferences of the individuals.

Several elicitation methods have been proposed (see Table 1). In the open-ended
format, respondents are directly asked to state their maximum \W&Pntuch would
you be willing to pay for this item?” Alternatively, individuals may be presented with
a discrete choice question attempting to identify if their true value is lower or higher
than a given bid. The simplest form of a discrete choice question is a take-it-or-leave-it
offer, which can also be framed as a referendum question. In the dichotomous or
closed-ended format, respondents are asked for a yes—no answer to the WTP question
“would you be willing to pay €A for this item?” In the referendum question format,
respondents are usually informed about an environmental programme that would be
implemented only if 50 % of the population favours it, in which case all the members of
society should pay. The simplicity of the closed-ended question format contrasts with
the fact that the estimation of welfare measures is more complicated, the statistical
efficiency is lower and the results are sensitive to the modefiga¢ioin (Niklitschek
and Ledn, 1996). The elicitation format was extended in the early 1990s to a sequence
of paired comparisons or to a single multinomial comparison, also known as a choice
experiment. (For a review, interested readers may refer to Hoyos, 2010.)

Efficiency in the elicitation of WTP can be increased if repeated questions are
used. In the bidding game format, respondents are iteratively asked to state their
maximum WTP: “would you be willing to pay €A for this item?”. If the answer
is positive, a new question with a higher value for A is asked, and if the answer is
negative, a new question with a lower value for A is asked. The bidding game ends
when the respondent switches from “yes” to “no” or from “no” to “yes”. As opposed to
the previous single-bounded format, a double-bounded format has also been proposed
in order to overcome the econometric precision that closed-ended questions lose
compared with open-ended questions. A variant of the double-bounded approach is
the spike model in which, prior to the elicitation question, individuals are asked if they
would pay anything (Hanemann and Kanninen, 1999). In order to overcome some
problems arising in the double-bounded approach, the one-and-one-half-bounded
approach has also been proposed (Coapét, 2002). In this case, the second bid is
only presented if it is consistent with the respondent’s previous answer. Finally, in the
payment cards format, respondents face a card with a list of bids (either point estimates
or interval ranges) and choose their maximum WTP.
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Table 1
Typology of Elicitation Methods

Actual WTP obtained Discrete interval of WTP obtained
Single Open-ended/direct questions Take-it-or-leave-it offer
uegstion Payment cards Spending question offer
q Sealed-bid auction Interval checklist
Iterative Bidding game Take-it-or-leave-it offer (with a follow-up
questions Oral auction question)

Source: Mitchell and Carson (1989).

Thirdly, the payment vehicle needs to be credible, coercive and incentive compatible.
Another related decision is whether to propose a one-time payment or a recurrent payment.
In practice, a one-time payment should be used when the valuation exercise involves
a capital investment, while recurrent payment should be used when the provision of the
good requires recurrent maintenance.

Fourthly, the analyst should address the bid vector design. Pre-test and pilot studies with
open-ended questions can help provide some information on the bounds of respondents’
WTP. The bid vector containing four to six levels of the monetary payment is considered
reasonably efficient (Carson and Hanemann, 2005).

Finally, the analyst should consider the reliability of the responses and try to minimise
the divergence between the stated survey scenario and the respondent’s view of this
scenario. Gathering information on the motives behind the responses may also help explain
the differences encountered in WTP responses. Another related issue is the certainty of
respondents regarding the response provided. It is important that the respondent feels that
his answer will have policy implications so that he feels comfortable favouring or opposing
the proposed policy. For this purpose, questionnaires usually include some reasons to
favour or oppose the policy before the valuation question, and at the end of the survey the
possibility to revise her answer is sometimes included.

3.2 Survey Administration

Another important issue in designing a survey refers to the way it is administered.
Some important issues related to the survey administration includefthiiate of

the relevant population, the survey mode, the sampling approach and the sample size.
The population of interest is the potential buyers or users of a public good under the
circumstances exposed in the CV survey. This is not an easy task so, in practice, two
approaches are used: a legal/political perspective, where the relevant population is
confirmed by the jurisdiction of the institutidimancing the CV study, or a cost—bfhe
approach, where the relevant population fsrael in terms of the costs and biétseof
sampling further away from the resource in question.

The public survey may be administered in three ways: mail, telephone or in person.
New technologies have also progressively been incorporated in the form of Internet
surveys or computer-aided interviews. Obviously, in order to administrate a survey the
first thing that the researcher needs to have in mind is the cost of sampling but other
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issues are also important, namely, the capacity of the survey administration mode to
account for the relevant population, the different ways in which the stimuli will be
presented and the degree of control that the researcher holds over these stimuli. Malil
and telephone surveys are cheaper but they have two limitations: visual stimuli cannot
be presented and sample selection bias may appear. In-person interviews, on the othel
hand, are more expensive but they are nfl@sdble and reliable. Finally, computer-
aided interviews may be helpful for giving visual stimuli or when experimental designs
with a high number of choice sets are used.

Sampling approaches may also differ depending on the particular good under
valuation. A random sample of the relevant population is best for deriving appropriate
inference, but this is not always possible (for example, on-site recreation demand
surveys will be affected by sample selection problems). In any caséicsttatn of the
sample increases itsfigfiency. This strafiication strategy is usually based on political
boundaries, age, gender¢. Stratfication is usually accompanied by some sort of
clustering so that some locations where the survey will be conducted are previously
selected in order to reduce the interviewer’s travel time and costs. Finally, the sample
size should be decided taking into account the level of precision aimed to be achieved
and testing the hypotheses of interest.

4. Econometrics of Contingent Valuation

In this section, we will focus on modelling the most common elicitation method, the
single-bounded closed-ended format questions. More details on the econometrics of
CV can be found in Haab and McConnell (2002).

The RUM developed by Hanemann (1984) provides the basic framework
for analysing closed-ended single-bounded responses. This approach proceeds
by specifying an indirect utility function and a particular distribution for the error
component. The indirect utility function for respondgeint statei of the change to be
valued (= 0 being the status quo and 1 the final state) can be written as:

;= (v, 2, &),

where y, denotes the respondent’s income levelis anm-dimensional vector of

the individual's characteristics including questionnaire variationssansl the error
component. In this case, utility is assumed to arise from income and the presence or
absence of the environmental change. It is referred to as the indirect utility function
since utility is a function of income and not goods (it is sometimes known as the
conditional indirect utility function since utility is conditional on the choice made).
Based on this model, the probability of observing a positive response to fespeci
amountr, would be:

Pr(ves;) =Pr{uy(y; —t;,z;,61;) >uo(y;,2,,60;)} -

Parametric estimation of the probability statement above requires two modelling
decisions: the functional form of utility and the distribution of the error term. The
utility function is generally spefted as additively separable in deterministic and
stochastic preferences, that is:
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uy=uy;, z, &) = vy, z) + &

Consequently, the probability of a “yes” response for resporidemomes:

Pr(yesj) = Pr{vl(yj —tj,zj)-i-glj >v0(yj,zj)+8(”.} .

So, in order to understand the decision to answer positively, the utility difference
between the “yes” and “no” states needs to be examined. In other words, the probability
of a certain response is examined as a function of the differences in the utilities at the
base andinal states. Given that the random term can be rewrittenas;; - ¢, , the
probability of a positive response is:

Pl’(yesj) :1_Fg[_(V1(J’j _tj!zj) _vO(yj!Z_/'))] )

where F, (a) is the probability that the random varialaeis less tham. In the linear
utility function spedication the deterministic part of a respondent’s preferences is
linear both in covariates and income:

Vi=az;+ By,

where «; denotes am-dimensional vector of parametets,is anm-dimensional
vector of characteristics of the individual including the characteristics of the given CV
scenario,y; is the respondent’s discretionary income ghds the marginal utility of
income. Denoting by; the bid vector for the CV scenario, the deterministic utility for
the initial and final state is:

Vo (V,) = 00z, foy;

Vy (V,) = alzj+ﬁ1(Y/_tj)
and assuming that the marginal utility of income is constant in the quality chiange (
Bo = B1), the change in deterministic utility for respondecén be written as:

Vi =Vo; = (o —ao)z_,- +ﬂ1(y]' —f_,') —ﬂoyj' =az; —ﬂfj )
and the probability of a “yes” response becomes:
Pr(yes;)=Prloz; - pt; +&; >0).

As mentioned before, parametric estimation of the parameters of the change in the
utility requires some assumptions about the nature of the random term. The general
assumption that, are independently and identically (lID) distributed with mean
zero facilitates the wide use of two symmetric distributions: the normal and logistic
distributions. In the former, when the error term is thought to be a standard normal
random variable, the response function becomes a probit model; in the latter, when the
error term is thought to be a logistic random variable, the response function becomes
a logit model.

The advantage of the logit model is that it has a closed-form solution, which
facilitates its calculation. However, recent computational developments have minimised
this difference. From a statistical point of view, both distributions are symmetric,
although the logit has thicker tails. It is important to note a fundamental characteristic
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of dichotomous dependent variables: the estimated parameters will always be divided
by an unknown variance.

Once the response model to the CV responses is built, a measure of vielfare (
people’s WTP for the change to be valued) may be estimated. Given tlidteithe
response model was derived from an underlying WTP distribufionthe underlying
WTP distribution can be recovered from tfig¢ed response model. However,
calculating WTP with linear random utility models requires two sources of uncertainty
(parameters and preferences) to be taken into account as well as the variability induced
by the covariates included in the model.

In dealing with these sources of uncertainty, itis usually assumed that the parameters
are given and measures of central tendency over the distribution of preferences are
pursued, mainly mean and median WTP. The expression for the expectation of WTP
with respect to preference uncertainty is:

oz
EE(WT])] |a,ﬂ,Zj) :7
The median of the distribution of WTP with respect to preference uncertainty is
obtained by solving the expression that the probabilitfinafl utility greater than initial
utility is 0.5:

@z
Md,(WTP; |a,B,z;) =7 .

So, in the case of linear utility functions and symmetric distributions or error terms, the
mean and median WTP are equal. It is important to note that the supfmripe previous
expressions suggests that each respondent has an expected or median WTP with respect t
preference uncertainty.

Linear utility models are the most common sfieation in empirical applications. The
only problem with linear utility models is that the marginal utility ofincome is assumed to be
constant across the CV scenarios. In practice, linear models diegusii the grounds that
the payment in CV studies usually consists of a very small share of income. Nevertheless,
other models allowing differences in income have been proposed: the random utility model
log linear in income, the random utility model with Box—Cox transformation in income,
etc. Other parametric and non-parametric models for CV are analysed more deeply in Haab
and McConnell (2002).

Some further econometric issues are relevant to the processing of CV ddfiastThe
issue refers to the structure of the WTP distributions, given that this is the main output of
a CV survey. No matter whether a parametric or a non-parametric approach is adopted,
some model spefecation decisions need to be taken: (1) whether negative WTP values
are allowed, (2) the potential existence of corner solutions (spike at zero WTP), (3) how to
ensure weak monotonicity of the WTP distribution to increases in the monetary amount,
(4) the smoothness of the WTP distribution as it departs from zero and (5) how to deal with
the right-hand tail of the WTP distribution (Carson and Hanemann, 2005).

A second issue concerns the bid design, that is, the set of bids that will be randomly
assigned to respondents. The optimal bid design should have as many design points
placed along the cost space as model parameters. Usually, these points are placed so a
to maximise the determinant of the information matrix in what is known as a D-optimal
criterion (Cooper, 1993). Alternatively, given that our welfare estimate of interest is the
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ratio of two parameters, C-optimal designs have also been proposed with the objective of
minimising the cofidence interval for the mean WTP (Alberini, 1995). Other proposed
designs include Bayesian designs, minimax designs and sequential designs (¥asquez
al., 2007). In practice, the model parameters are unknown so the bid vector used in a CV
survey is generally obtained from pre-test and pilot studies. Four to six bid points produces
reasonably efficient and robust estimates (Carson and Hanemann, 2005).

Another frequent empirical problem relates to the treatment of don't knows and
protest answers. It is clear that the uncertainty of the respondent about the answer to a CV
study provides low quality data and that is the main reason why the Blue Ribbon Panel
recommended including a “don’t know” option in addition to the typical referendum question
(Arrow et al., 1993). However, recent literature on this issue has shown that allowing for
a “don’t know” option does not sidgincantly affect the quality of the survey responses but
it reduces substantially the amount of information collected. In any case, these answers
need to be econometrically treated and three options are available: exclude these answers
from the data set, recode them as “no” responses or impute them using sorfie speci
model. Dropping “don’t know” answers is equivalent to allocating them proportionally
into positive/negative responses. Nevertheless, Carsan (1998) analyse in depth the
issue on voting uncertainty, concluding that these answers tend to be “no” responses and
so they would be better treated as negative answers. Protest zeros, on the other hand, are
those answering “no” but a follow-up question on the reasons for this answer suggests that
they might have some positive WTP. Typically protest answers are those claiming that the
government or the one causing the damage should pay for its recovery. These answers are
usually dropped from the data but some authors argue that given the contdit-spaaie
of the CV survey these respondents would more probably vote against the proposed policy
and they are better treated as “no” responses (Carson and Hanemann, 2005). It is important
to note that recoding “don’t know” answers and protest zeros as “no” responses provides
more conservative estimates of WTP, which might be interesting from a policy perspective.
Sample selection models have also been proposed in order to take into account both zero
values and protest answers in the model estimates (Strazzér2003).

Uncertainty may also be spécally treated in analysing responses to CV surveys. The
identification and treatment of respondent uncertainty is also a new trend in environmental
valuation. Carson and Hanemann (2005) encounter some problems in the introduction of an
extra source of uncertainty into CV statistical mod@istly, there is no room for adding an
extra source of uncertainty in the RUM model without adding more structure to the model,
secondly, identifying the extra source of uncertainty by modifying the utility function
is complicated because parametric models already allow for some form of deviation;
and thirdly, identifying the extra source of uncertainty by including a typically Likert
psychometric scaled question is potentiallyfidifit. Allowing for heterogeneity in the
error component may be another way of approaching these phenomena. Finally, parametric
and non-parametric approaches are used to test for differences in WTP distributions due
to scope. More recently, convolutions and bootstrap approaches have been appked (Poe
al., 2005).

Validity and reliability have been the centre of the debate between proponents and
opponents of the CVM. Validity refers to the extent to which what one wishes to measure
corresponds to what was actually measuteda measure of accuracy. Reliability, on the
other hand, refers to the replicability of the obtained results. Testing validityfi suldif
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because, given that the maximum WTP is inherently unobservable, there is no correct
measure for results to be compared with. As a consequence, validity is usually determined
through construct validity (sometimes referred to as internal validity) and convergence
validity (sometimes referred to as external validity). Construct validity tests compare
the consistency of the measurement made with factors, such as economic theory, while
convergence validity tests compare the measurement made with the results of a different
valuation technique. Reliability is usually tested in two ways: the stability of WTP measures
over time and test—retest reliability, where a sample of respondents is interviewed twice
with the same survey instrument.

5. Conclusions

The literature on CV since the early 1960s is vast. Carson (2007) collects over six
thousand papers from one hundred countriddtinyears of CV history. Such a large
amount of applications allows us to extract two conclusions about the state of the
art of the method: on the one hand, despite some interesting debates in the 1990s,
CV is generally accepted at both an academic and a political level; and, on the other,
diffi culties in discriminating the nature and the quality of the survey instrument make
any general valid statement about the properties of CVM impossible. In any case, the
controversies surrounding the use of CVM have actually promoted “the most serious
investigation of individual preferences ever undertaken in economics” (Cargbn

2001).

Almost fifty years of CVM have provided a strong theoretical and empirical basis,
although there is room forfiaement in the coming years. Many of the critics have been
proved to be erroneous while others, being correct, are not C\fisg®dirather inherent
problems of the neoclassical framework. The theoretical inconsistency of empirical CV
results have mainly been due to incorrectly transferring the theoretical framework for price
changes to the imposed quantity changes that characterise most environmental goods anc
services. However, as Carson and Hanemann (2005) point out, welfare estimation with
stated preference methods requires a correct understanding of the differences between
private and public goods:

Public goods are a special case of quantity rationed goods and, as a result, the focus should be on
a quantity space with an inverse demand system rather than price space with an ordinary demand
system where consumers are free to choose their optimal consumption levels.

The main challenge posed to economists by the widespread use of CVM refers to the
correct design of the questionnaire, given the fact that they are not usually trained in this
matter. A reliable CV survey is complicated to design and expensive to administrate but,
as Carsofet al. (2001) argue, many of the alleged problems with CVM may be solved by
careful design and administration. CV surveys should be properly and carefully conducted
and they should include internal consistency tests so that the validity and reliability of the
results can be further tested.

The main advantage posed by the use of CVM in environmental economics has been
its ability to measure the befits of environmental changes in a large amount of situations.

It can also aid at public decision making by better understanding the good under valuation
and individuals’ preferences for this good. Acknowledging the imprecision of obtained
welfare measures, it may still be more dangerous to leave public decision making in the
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hands of politicians or “experts”. While experts may determine the physical damages or
the costs of restoration of a natural resource, only the public can assess what this change
is worth. In the words of Hanemann (1994)#én the public valuation is the object of
measurement, a well-designed CV survey is one way of consulting the relevant experts, the

public itself’.
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