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ComPARING DicHoToMous CHoICE
MobeLs UsSINGTRUNCATED WELFARE
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ABSTRACT

The purpose of this paper is to compare general and truncated welfare meas-
ures for single and double bounded dichotomous choice contingent valua-
tion using data from an empirical example. The case study involves the bene-
fits resulting from preservation of the landscape of a group of natural parks
located in the higher areas of Gran Canaria (Canary Islands). Results show
that double bounded leads to more conservative estimates than single bounded
for general welfare measures. However, normalized truncated welfare measu-
res for the mean and the median reduce the divergences between single and
double bounded welfare estimates and tend to produce more efficient results,
especially if the distribution assumption for willingness to pay is lognormal.

Keywords: Contingent valuation, dichotomous choice, double bounded, sing-
le bounded, truncation, welfare measures.

INTRODUCTION

Dichotomous choice (DC) has become a popular elicitation
method in implementing the contingent valuation method
(CVM). DC was first utilized in valuing environmental
goods by Bishop & Heberlein (1979). The idea is as follows.
Each individual in the sample is randomly assigned a given
bid taken from a set of prices which he or she either ac-
cepts or rejects to trade for the environmental good pre-
sented. By using the binary answers, a probability func-
tion for consumer surplus is estimated from which mean
and median values can be calculated. This idea originated
with survival experiments with drugs which are commonly
performed in medical and biological sciences.! The formal
theoretical model for the DC method was put forward by
Hanemann (1984), thereby establishing a link between the
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! See Collet (1991).
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empirical models and economic theory. Further applica-
tions include Sellar et al. (1985) and Bowker & Stoll (1988).
In addition, Hoehn & Randall (1987) argued that the DC
elicitation method is incentive compatible. The compari-
son with other methods such as open ended questions or
bidding games show that DC tends to produce somewhat
larger estimates, but the differences do not appear to be
significant (Sellar et al., 1985; Kealy et al., 1988; Kristrom,
1993). A more recent development within the DC method
is called the double bounded DC. This method was first
proposed by Hanemann (1985) as a device that would
conduce to more efficient estimates than the single DC
method. It consists of adding a second DC question fol-
lowing the responses to the initial DC question. As a re-
sult of the sequence of binary answers, the individual’s sub-
jective value becomes bounded by an ending interval.
Hanemann et al. (1991) proved both theoretically and em-
pirically the higher efficiency of the double bounded DC
welfare estimates.

Even though there are clear advantages of DC as an
elicitation procedure, the final welfare estimates may be
sensitive to the empirical approach adopted by the re-
searcher. For instance, Bowker & Stoll (1988) used several
empirical models to show the disparities that may result
from using different concepts of welfare measure for the
single bounded DC method. Cameron & Huppert (1991)
and Cooper & Loomis (1992) studied the sensitivity of wel-
fare estimates to the bid vector design. A discussion of the
influence of the bid vector design using simulated data can
be found in Kanninen & Kristrom (1993) and Cooper &
Loomis (1993). A further question raised by the develop-
ment of double bounded DC is how different welfare esti-
mates are when compared with those which would have
been obtained using the single bounded DC method.
Hanemann et al. (1991) detected significant disparities be-
tween single and double bounded DC for some of the goods
valued in their CV survey. In particular, the single bounded
DC tended to produce larger estimates than the double.
These authors attributed the divergences both to the inad-
equate design of the bid vector chosen for the empirical
application and to the higher efficiency of the double
bounded method. It is suggested that the divergences might
be avoided with an optimal bid vector design.
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The persistence of significant differences between sing-
le and double bounded runs counter to the construct va-
lidity of DC CVM (Mitchell & Carson, 1989). Thus, an in-
teresting question is whether these divergences are also
present for the normalized welfare measures suggested by
Boyle et al. (1988). These measures are based on theory and
have the advantage of taking into account only the empiri-
cal data. Past theoretical work by Boyle et al. (1988) and
Hanemann (1989) rejected the use of truncation in favour
of an optimal bid design which would make truncation
unnecessary. Nevertheless, there are several reasons for
which further exploration of truncated welfare measures
may be convenient. First, as Arrow et al. (1993) emphasized,
from a theoretical point of view, it is clear that willingness
to pay for environmental goods is bounded by the indi-
vidual’s budget constraint. This bound implies that the
subject should consider not only her disposable income,
but also the expenditure on other goods or other groups of
commodities. Thus, one could conjecture that there is some
theoretical threshold to the expenditure on the set of envi-
ronmental goods.

Secondly, looking at past applications of DC CVM, it is
possible to interpret the empirical distribution as a trun-
cated distribution (Maddala, 1983). The reason is that the
data generation process usually does not produce reliable
information for prices beyond the bounds of the empirical
bid vector. Some strategies for designing the bid vector in-
volve the expectation that the probability of answering yes
to the lowest price goes to one, and the probability of ac-
cepting the highest price approaches zero. The researcher
conveniently chooses the range of prices for which she
wants to have information from the sample. If the empiri-
cal distribution turns out to have fat tails for the expected
bounds, then it could be that only a section of the distribu-
tion has been investigated. Even if the offered bids are kept
out of the tails of the assessed distribution (Kanninen, 1995),
the researcher may not want to consider prices on the nega-
tive side and/or beyond the theoretical threshold.

Thirdly, a practical problem with DC welfare measures
is the potential bias due to misspecification errors in the
estimated probability function — either due to the wrong
functional form or to the wrong parameters (Kanninen,
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1995). The influence of this bias may be even more impor-
tant when there is need to consider predicted probability
estimates for the tails of the chosen distribution. The em-
pirical estimates may be biased as the result of two related
factors:

a) because the bid vector design is inappropriate, and

b) because the estimated probability function fails to re-
flect the empirical data.

Therefore, by considering only the range of feasible obser-
vations, normalized truncated measures may reduce the
biases in welfare estimates which are due both to misspe-
cification errors and to the limitations of the empirical bid
vector. These sources of bias lead to prediction errors for
prices outside the feasible range. In this sense, truncation
may avoid the prediction errors for unreliable prices or
prices outside the empirical bid vector. Thus, even if the
researcher fails to get the right bid vector design, she is
not misled by projecting the estimated probability func-
tion for unfeasible prices. However, the dependence of the
results on the choice of the truncation point introduces a
caveat in the use of truncated measures.

This paper explores the divergences between single and
double bounded results for general and truncated welfare
measures using data from an empirical example. The case
study aims at estimating the benefits deriving from pres-
ervation of the landscape of a group of natural parks in the
island of Gran Canaria (Canary Islands). In the following
sections, we first outline general and truncated welfare
measures using DC CVM. We then present the design of
empirical application. Finally, we report the comparison
between welfare estimates and close with a discussion of
the main results and some concluding remarks.

Dicaoromous CHoOICE WELFARE MEASURES

In a dichotomous choice model individuals are asked a bi-
nary question regarding a monetary transaction for a given
environmental good at a given price. Let us presume that
the environmental good is the preservation of the landscape
of some specified natural parks. It is suggested that there
is to be a potential reduction in the quality of the land-
scape and the individual is asked whether he or she would
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pay a given amount of money in order to avoid this change
through an efficient environmental policy. Following
Hanemann (1984), F,(AV)is the cumulative distribution
function representing the probability of an affirmative an-
swer to the option of buying the policy protecting the land-
scape assuming payment of a specific quantity B, where
AV is the deterministic utility difference dependent on B,
and 7 is a random variable.

Although F,() is an increasing function oAV, it must
be a decreasing function of the bid price. ThereforeF,(-) may
be interpreted as a survival function over the offered price.
If negative prices are ruled out then should FT(AV(O)) ap-
proach one, and FT(AV(B)) should approach zero as B in-
creases substantially. Welfare measures for the proposed
environmental policy may be obtained by defining the mean
and the median of the bid price. For instance, for the me-
dian, the researcher is interested in knowing the price at
which 50% of the sample would accept the offered envi-
ronmental policy. In general, the welfare measure depends
both on the empirical specification of AV and on the trun-
cation of the distribution function. Johansson et al. (1989)
noted that the mean for a distribution function defined in
R can be written as follows

M=E[B]= ]iFT (AV(B))dB - }[1 ~F,(AV(B))]dB (1)

0

For instance, for a linear specification of AV, ie. AV =
o — BB, Kristrom (1990) shows that the mean coincides with
the median and takes the expression o/B. For a loglinear
specification of AV, i.e. AV =y - 0 In B, the mean can be
obtained from expression (1) by dropping the negative part.
The median B is exp(y/0).2

2 An alternative definition of the mean for the linear model is given by Hanemann
(1989) under the assumption of no negative prices. This involves integrating the
positive side of the estimated probability function for probit or logit models as-
suming a linear utility difference. This way of truncating the normal or logistic
distributions at zero does not lead to an appropriate definition of the truncated
mean if F(AV(0)) <1 because it does not consider normalization.
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However, in practice willingness to pay is bounded by
the individual’s budget constraint.? This implies that con-
sumer choice is restricted not only by disposable money
income but also by the prices of other goods and necessary
expenses. Well designed constructed markets often put
emphasis on presenting all the elements which are condi-
tioning consumer choice. The introduction of a new good
in the choice set is expected to produce readjustments in
the optimal solutions. Following Deaton & Muellbauer
(1981), it may be speculated that there is a given expendi-
ture that the subject allocates to the group of environmen-
tal goods. It may be unreasonable to presume that the sub-
ject would spend all his/her income on the particular en-
vironmental good presented in the contingent market. That
is, there must be some threshold below income which sets
a limit to the highest price that the subject would pay. This
threshold would define the point at which the probability
of an affirmative answer to the policy approaches zero. On
the other hand, although negative prices are theoretically
feasible, most empirical applications do not obtain re-
sponses to the prices on the negative side of a general dis-
tribution.

The latter considerations have important implications for
the empirical estimation of welfare measures. When deal-
ing with fat tails in the empirical distribution one should
place limits on the process of integration in order to re-
duce the bias which would follow from considering prices
which are high in excess or negative. Thus, truncation of
the distribution function may provide more accurate re-
sults when facing wide tails in the estimated distribution
leading to unrealistic mean values of willingness to pay.
Wide tails can follow as a result of both a suboptimal bid
design and the incidence of misspecification errors. Obvi-
ously truncation would not be needed if the probability
function were to approach zero for the theoretical thres-
hold and one for the zero bid price.

3 The essential variable limiting willingness to pay for an environmental policy
is disposable income. This does not apply to the concept of willingness to accept
because it may diverge substantially from willingness to pay (Hanemann, 1991)
and is far more difficult to be measured empirically.

36



JourNAL oF FOrResT EcoNnomics 2:1 1996 CoMmPARING DicHoToMous CHIOCE....

A controversial aspect of the empirical use of truncated
measures is the choice of the truncation point. Boyle &
Bishop (1988) suggest choosing the maximum between the
highest offered bid and the 90th estimated percentile. The
choice of the truncation point is also relevant for Ayer’s
nonparametric estimator (Kristrom, 1990). With this ap-
proach, an empirical distribution is constructed using the
binary responses to the prices randomly distributed in the
sample. There is no need to assume a given parametric dis-
tribution. However, the definition of mean willingness to
pay involves integrating the distribution until some thres-
hold. Clearly, truncation will not affect the results if the
empirical distribution contains the point at which the pro-
bability of acceptance reaches zero. In general, it seems ob-
vious that the choice of the truncation point may involve a
value judgement. Nevertheless, it could be argued that one
should not consider values that individuals would never
pay. For these prices the probability of acceptance will be
nil. They will not count for the definition of mean willing-
ness to pay. Thus, a rule of thumb may be the maximum
price that could ever be paid for the good in question. An
open ended question may certainly help to determine the
truncation point.

The possible arbitrary decision as to choice of the trun-
cation point has led to the theoretical rejection of truncated
welfare measures (Boyle ef al., 1988; Hanemann, 1989). The
underlying argument is that optimal bid design would
make it unnecessary to rely on truncation. Nonetheless, the
practice of applied welfare economics may find the theory
of optimal bid design difficult to implement because of the
information needed as to the true distribution (Kanninen,
1993; Alberini, 1995). Further, information about the rel-
evant bid vector design seems to be important for an accu-
rate estimation of welfare benefits. A suboptimal bid de-
sign may not only influence the parameter estimates but
also the choice of the parametric distribution. That is, the
bid vector design clearly defines the values for which ac-
tual responses are observed. An inappropriate design may
lead to a parametric model which does not fully represent
the true distribution.

Considering the integrated distribution only up to the
highest offered price leads to the following definition of
the threshold mean:
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B™

M’ =E[B']= [ [E.(aV(B))| dB (2)

where B" is the maximum bid price offered. Similar defini-
tions have been utilized in some empirical studies (Bishop
& Heberlein, 1979; Seller et al., 1985; and Bowker & Stoll,
1988). We will consider (2) in the empirical application only
for the purposes of comparison.

The fact that we have defined the highest bid price for
the truncation point does not mean that this should be used
in practice. The appropriate truncation point is the theo-
retical threshold price. This threshold is related to income.
The highest bid may be considered only if the answers to
this price would all reject payment, and any positive re-
sponse can be attributed to strategic behaviour or yea say-
ing. In other cases we must determine the level of expendi-
ture on environmental goods which must be bounding in-
dividual’s choice. We can offer two strategies which are
feasible: a) the researcher might ask this bound directly to
the subject, and b) the researcher might rely on statistical
evidence from general expenditure surveys as to propor-
tion of income allocated to related groups of goods — not
necessarily environmental expenses.

As Boyle et al. (1988) argued, the definition in (2) is in-
correct because it is not consistent with the properties of a
cumulative distribution function. A statistically appropri-
ate definition of the truncated mean should consider the
normalization of the cumulative distribution function, i.e.
a truncated or conditional distribution. In general, trun-
cating a given survival distribution between B' and B* leads
to the following definition of the truncated mean:*

c_ 1 <B<B? :Bz BfT[AV(B)]
M° =E[B|B' <B<B’| é[FT[AV(Bl)]_Pr[AV(Bz)]

dB  (3)

where f,(AV(B)) is the density function.

4 See Nelson (1982) for a presentation of truncated distributions and their mo-
ments.
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Assuming F,(AV(0))=1 ,  the conditional or
normalized mean can be defined by

e P

dB  (4)

If B" takes a value such that F, (B"’): 0 then expression
(4) results in (2). Expression (2) overestimates willingness
to pay with respect to (4). Since F,(B) is less than one and
decreasing with respect to B, it can be shown that normali-
zation implies a downward shift of the survival distribu-
tion, therefore reducing the area corresponding to the mean
value. This relationship can also be derived by rearrang-
ing equation (4) as follows

M’ =M" +F[aV(B")[B" - M"] (5)

Another of the consequences of truncation is the con-
sideration of the truncated or normalized median. We can
define the median of the truncated distribution as the bid
price for which the conditional cumulative probability is
0.5. That is, for a rightward truncated distribution at B",
the median B" satisfies the following expression

R (av(p"))

ier o]

For a linear specification, the normalized median is (t-o.)/B,
where t is the value of AV for which the cumulative prob-
ability is 0.5[1-F(B™)]. For a loglinear specification the re-
sult is exp((t—7)/9).

Pr[AV(B") =1 AV(B)2AV(B" )] =05 (6)

Finally, several strategies of data generation have been
utilized in the literature to estimate the distribution F_(- ).
The most common are single and double bounded DC ques-
tion formats. A potential problem of using empirical data
is that significant disparities between both estimation proc-
esses have previously been detected (Hanemann et al.,
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1991). Both approaches should in theory produce the same
welfare estimates, with double bounded producing more
efficient results than single bounded. Thus, we can con-
sider whether the possible disparities between single and
double bounded would be reduced by using the concept of
normalized truncated mean. Let M; and M, be the thres-
hold means for single and double bounded respectively, and
M and M; the corresponding normalized truncated means.
Define d' = M| — M, and d" = Mj —M}. Then it follows

a"=d' - [F[av(B")|B" - M) - E[av(B")|B" - M) (7)
Therefore, if d'> 0 and if

B[av(s")] B M
E[av(s")] B"-M;

(8)

then d'> d". It can be seen that if F,(AV(B™)) tends to zero
then M!'=M; (i =1,2) and therefore d'=d". That is, the choi-
ce of a truncation point so high that the accepting prob-
ability is zero for both estimated distributions will make
no difference in the estimated mean by normalization. In
other words, assuming d'> 0, the divergence between sin-
gle and double bounded welfare estimates may be reduced
by normalization only if the truncation point is effective
for the single bounded estimated distribution.

For a more general concept of welfare measure such as
the nontruncated mean of a nonnegative random variable,
let M, and M, be the results obtained with single and dou-
ble bounded respectively. Then, it can be shown that

d'=d-g-1, 9)

whered =M, - M, ,
g=F[av(B")|B" - My)- E[av(B")|(B" - M3)
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and

I= T[P1 (AV(B))- E,(AV(B))] aB.

B™

Thus, if d > 0 the following cases would lead to d" < d:
i)g>0,1>0;
ii) g>0,1<0, |I[|<g

iii) ¢ <0, 1> 0, 1> |g| . By definition, cases i) and ii) imply
that condition (8) is satisfied.

SURVEY DESIGN
Area of Study

The area of study is a group of natural parks located in the
higher hinterlands of Gran Canaria which are popularly
known as the ‘Cumbre’. Gran Canaria is one of the seven
islands in the Canary Archipelago. The parks are Cuenca
de Tejeda, Tamadaba, Cumbres, and Inagua. They cover a
total of some 28,000 hectares of which 29% is pine forest,
58% thicket, 9% agricultural land and 4% unproductive.
There is no productive use made of the forest resources.
The total area represents about 18 % of the extension of Gran
Canaria. It represents the forest reserve of the island and
is regularly visited by the local population and foreign tour-
ists. The landscape of this area has been progressively
transformed by the construction of houses and roads. At
present, there is controversy as to the extent of further regu-
lation designed to set limits on later private use of the land.
A stronger and more effective regulation of the use of the
land may benefit the local population and contribute to the
sustainability of tourism. The measurement of the benefits
to be derived from preservation may be used in cost-bene-
fit analysis in order to decide upon the appropriate regu-
latory policy for private use of this land.

Data Sources

A CV survey was carried out over an adult population of
506,230 individuals in Gran Canaria in the last quarter of
1993. The interviews were conducted by telephone. This
method limits the extension of the interview and the des-
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cription of the good to be valued. However, its choice is
justified because of the high familiarity of the local popu-
lation with the good to be valued. A pretest survey of 60
cases supported this conclusion and allowed us to intro-
duce some changes in the final design. The final sample of
573 individuals was chosen by stratified random sampling
according to the parameters of age, sex, and county popu-
lation published in official statistics. The sample frame was
the list of the national telephone company, Compaiiia
Telefénica de Espafia, published in 1993. The interviews
were carried out by 6 professional interviewers who be-
longed to a specialized survey company. The number of
phone calls which led to the final sample was 1,542, imply-
ing 37% participation. The reasons given for refusing to
participate included lack of confidence in the possibility of
an efficient interview over the phone (60%), and being too
busy for the interview at any time (20%). Interviews lasted
on average 6 minutes and varied between 3 and 15 minu-
tes.

The Survey Instrument

The survey instrument first presented the area in point then
formulated some questions as to recreational activities at
the site, e.g. number of visits and reasons for the same.
The second set of questions were about monetary valua-
tion. The final sections sought the subjects’” opinions with
respect to the policy of protecting the landscape of Gran
Canaria, and further questions with respect to possible fu-
ture visits and sociological profile.

The valuation scenario contained all the elements of the
contingent market including the payment vehicle and the
elicitation method. Individuals were informed as to the aim
of the valuation in order to give them time to ponder their
answers in monetary terms. The scenario presented a land-
scape subject which was being threatened by environmen-
tal deterioration due to the construction of houses, roads
and stores in the surroundings. Subjects were told that eve-
rybody would have to pay for the protection of the land-
scape. This was expected to reduce strategic behaviour. The
budget constraint was explicitly recalled in order to reduce
hypothetical behaviour. Payment for the preservation
policy was justified by the need to raise money to compen-
sate the people affected. The payment vehicle was a con-
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tribution to a fund for preserving the landscape. This vehi-
cle was preferred because it was viewed as least contro-
versial by the general public. The exact wording of the valu-
ation question was as follows:

“The next question is about how much you value in money terms
the landscape of this area of parks. Our aim is merely to ascertain the
maximum amount you would pay in order to preserve this landscape.
(Take into account that there may be other places in Gran Canaria,
such as the beaches or the coasts, that you may also consider worthy
of preservation and for which you may be willing to contribute money
to the same purpose).

With reference to the landscape in the area of the ‘Cumbre’, this
may be transformed due to the construction of houses, commercial
stores, and roads. Suppose that you were asked for a contribution to a
fund designed at preserving the landscape in its present state. Think
that everybody will have to pay and that the money will be well in-
vested in compensating the people affected. Taking into account your
personal and family income and your necessary expenses, would you
be willing to contribute __ pesetas per year to preserve the landscape
in its present state?”

The sentence in brackets in the introductory paragraph
was randomly omitted for approximately half of the sam-
ple in order to ascertain whether a reminder of potential
substitutes influenced willingness to pay. In implementing
the DC question format, we have used an initial five bid or
price vector. These prices were chosen following the
method of equal loglinear intervals which arose as the re-
sult of the empirical distribution of the open ended answers
in the pre-test survey. We intended that the probability of
payment of the highest bid offered should tend towards
zero, whereas for the lowest bid this probability should ap-
proach one.’ In order to obtain double bounded estimates
of willingness to pay, a second DC question was put to
individuals conditional on the answer to the first DC ques-
tion. If the answers to the initial price were affirmative
(negative), then the second price was substantially higher
(lower). Table 1 shows the five versions of questionnaires
which resulted from the initial five bid vector and their
follow up.

5 The purpose is to cover approximately the entire range of willingness to pay.
This is expected to nail down the tails of the distribution. Results based on the
theory of optimal bid design suggest that there is no need to obtain information
from the tails (Alberini, 1995; Kanninen, 1995).
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TaBLE 1. MODELS OF QUESTIONNAIRES BASED ON THE BIDs (PESETAS)
FOR DouBLE BOUNDED DC FORMAT.

MobeL First Bip  SeconDp Bip/Yes First Bip SeconD Bip/No First
Bip

A 1000 5000 500

B 5000 10000 1000

C 10000 20000 5000

D 20000 40000 10000

E 40000 60000 20000
REsuLTS

Subjects were not informed previously that there would be
a second DC question following the first DC question. Thus,
we can assume that the responses to the latter satisfy the
exogeneity condition for a single bounded DC approach.
The answers to the prices in the first bid vector are used to
estimate the single bounded model. Model development
and estimation methods for both single and double
bounded models follow the maximum likelihood proce-
dures in Hanemann et al. (1991).° A normal distribution as-
sumption has been chosen for the error component of the
utility function. If the specification of AV is loglinear, this
leads to a lognormal distribution of willingness to pay.
These distributions were found to be the best representa-
tion of the empirical data for both single and double
bounded models when compared within the context of a
more general distribution such as generalized gamma.” In
this section, results are presented for the computations of
welfare measures using the estimated models without
covariates. The introduction of sociological and opinion
variables produced slight changes in both welfare estimates
and their confidence intervals.?

¢ The alternative parameterisations by Cameron & James (1987) and Cameron &
Quiggins (1994) for single bounded and restricted double bounded models res-
pectively are known to lead to the same welfare estimates (See Patterson &
Duffield, 1991).

7 See Ledn (1995) for double bounded results involving fully specified models
with covariates.

8 According to McFadden & Leonard (1992) pp. 18, this would validate the imp-
licit assumptions of the CV method, since “the unconditional average of WTP
over a representative sample takes the effects of covariates into account, and is
a consistent estimate of mean WTP in the population”.
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TaABLE 2. ESTIMATION OF AV. (STANDARD ERRORS IN PARENTHESIS)

VARIABLE  LINEAR LINEAR LOGLINEAR LOGLINEAR
SINGLE DoUBLE SINGLE DoOUBLE

Intercept  0.32671 0.3461 2.9272 4.240
(0.0742) (0.0164) (0.4035) (0.2269)

Bid -0.270E-04 -0.439E-04 -0.33231 -0.50326

(-0.400E—05) (~0.188E—05)  (-0.04420)  (~0.02655)
LogL ~372.25 ~797.17 ~366.4 ~763.64

Table 2 presents the estimation results for the linear and
for loglinear specifications using both single and double
bounded DC models. Both the intercept and the bid vari-
able are significant at the 0.01 level. The negative sign of
the bid variable indicates that the probability of an affirma-
tive answer for willingness to pay decreases as the bid of-
fered raises across the sample. Looking at the maximum
loglikelihood, it would seem that the loglinear specifica-
tion fits the data better, since this statistic is higher in the
aforementioned assumption. An appropriate way of com-
paring both functional forms in R" is by utilizing a Box-
Cox transformation for the bid price variable (Cameron &
Huppert, 1989). This is done by redefining the bid price as
((B)*~1)/\. The parameter A takes the value 0.083 for single
bounded and 0.354 for double bounded, with respective
standard errors 0.221 and 0.057. Thus, the linear specifica-
tion implied by A =1 is rejected for both models whereas
the loglinear specification (A = 0) is rejected only for the
double bounded model. Therefore, the single bounded data
is represented better by the loglinear functional form, i.e.
a lognormal distribution for willingness to pay. However,
both specifications are rejected after use of double bounded
data. As expected by definition, the double bounded model
leads to more efficient and more significant parameter es-
timates than the single bounded for both specifications.

The estimated welfare measures of equivalent surplus
for the preservation of the landscape of the natural parks
are shown in Tables 3 and 4 both for the linear and for the
loglinear specifications. The limit value of willingness to
pay chosen for the truncated welfare measures is the high-
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TABLE 3. MEAN AND MEDIAN VALUES OF WILLINGNESS TO PAY FOR THE
LINEAR SPECIFICATION OF AV,

WELFARE SINGLE 95% CONFIDENCE DOUBLE 95% CONFIDENCE

MEASURE BOUNDED INTERVAL BOUNDED INTERVAL
M 12100 (7775,16266) 7815 (5252,10278)
M' 16782 (15252,18527) 12741 (11598,13920)
M" 10013 (8004,11658) 10403 (9344,11427)
B" 1491 (-9137,6729) 5620 (3038,7743)

est bid offered in the first DC question, that is, 40,000 pe-
setas.” The confidence intervals for the welfare estimates
were calculated employing the Monte Carlo approach sug-
gested by Park et al. (1991), which is based on Krinsky &
Robb (1986). This procedure consists in taking random sam-
ples for the parameter estimates based on a multi-variate
normal distribution with the estimated mean and
covariance matrix. For each welfare measure we have car-
ried out 1000 draws. For each draw, the welfare measure is
calculated and ranked in an ascending order. The intervals
are obtained by using the method according to Efron (1981).

The results demonstrate the higher efficiency of double
bounded estimates for all welfare measures, since their con-
fidence intervals are shorter than those obtained with the
single bounded model. On the other hand, the confidence
intervals for the linear model are in general larger than
those obtained for the loglinear specification, although the
differences are not relevant for measure M'. Furthermore,
the normalized truncated welfare measures tend to pro-
duce more efficient estimates than the truncated welfare
measures without normalization and the nontruncated
welfare measures. For instance, whereas the 95% confidence
interval for the loglinear specification using the double
bounded procedure for the threshold mean M' is
(10292,13038), the result for the normalized truncated mean
M" is (6452,7533), which implies a reduction in the length
of the interval of 60%.

° This choice has been influenced by the fact that for the single bounded model
this is the upper limit of the sample observations. The conclusions that follow
were found not to change by using a higher limit such as 60000 pts, which is
above the 90th percentile for all models but for loglinear single. No attempt has
been made in this study to determine the theoretical threshold for the bid price.
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TABLE 4. MEAN AND MEDIAN VALUES OF WILLINGNESS TO PAY FOR THE
LOGLINEAR SPECIFICATION OF AV.

WELFARE SINGLE 95% CONFIDENCE DoOUBLE 95% CONFIDENCE

MEASURE BOUNDED INTERVAL BOUNDED INTERVAL
M 16500 (14409,17572) 11580 (10292,13038)
M" 6748 (5450,7860) 7069 (6452,7533)
B! 6692 (4735,9268) 4561 (3773,5414)
B" 2310 (1137,3438) 3235 (2683,3762)

The estimated point of willingness to pay depends both
on the specification of the utility difference model AV and
on the particular welfare measure. For the linear specifica-
tion, the mean/median M using single bounded is 12100
pts, whereas for double bounded the result is 7815, i.e. 35%
lower. This would suggest that the latter model leads to
lower welfare estimates than the former. This conclusion
also applies for welfare measure M’ for both assumptions
of AV. For instance, for the linear (loglinear) specification,
M' is 16782 (16500) for single bounded and 12741 (11580)
for double bounded. Nevertheless, using the normalized
truncated mean M" leads to similar results between single
and double bounded for both specifications of the utility
difference. In respect of the median value of willingness to
pay for loglinear, the welfare measure B is significantly
higher for single bounded than for double bounded. The
concept of normalized median B" produces similar results
for the loglinear specification.

On the other hand, the divergences which may result
from choosing some of the parametric distributions which
can be fitted to the empirical answers can be ascertained
by comparing the welfare measures obtained with the lin-
ear and the loglinear functional forms. For the single (dou-
ble) bounded, the median for the linear model (M) is 80%
(70%) higher than the median for the loglinear model (BY).
One reason for this disparity is that the normal distribu-
tion imposes symmetry on the empirical data whereas the
lognormal distribution allows to model the asymmetry
which results from a large mass probability concentrated
in the lower bid prices. Using the normalized truncated
median (B"), the disparities are still present but become less
emphasized since the linear model leads to a result which
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is 35% (42%) lower (higher) than the loglinear model esti-
mates. However, this reduction in the divergences using
the normalized concept does not apply to the truncated
mean. That is, whereas M'leads to similar results for both
specifications, the normalized truncated mean (M") implies
that the estimated value is 47% higher for the linear than
for the loglinear functional form.

DiscussioN

The disparities between single and double bounded esti-
mates for nontruncated and some truncated welfare mea-
sures have been detected in past work by Hanemann et al.
(1991) for some of the goods valued in their CV survey.
These authors argued that the disparities were due to the
poor bid design and the higher efficiency of double
bounded estimates. To this end, further research into the
development of optimal bid design strategies, such as the
methods proposed by Cooper (1993) and Kanninen (1995)
may lead to a reduction of the disparities in welfare esti-
mates.

A second related factor which might lead to empirical
divergences between single and double bounded is the
learning process which may be occurring in the double
bounded dichotomous choice format. In theory, since the
answers correspond to the same individuals there is no rea-
son for the empirical divergences. However, double
bounded gives more information about the behaviour of
individuals facing alternative prices. Therefore, we may
rightly expect more accurate estimates resulting from doub-
le bounded data. Cameron & Quiggins (1994) have inter-
preted the answers to the double bounded format as re-
sulting from a bivariate distribution. A more coherent in-
terpretation to be considered for further research could look
at modelling the learning process which might be occur-
ring through the first and second DC questions.

A third reason for the differences in the results is the
incidence of model misspecification bias. The estimated
parameters may be biased because of the omission of rele-
vant covariates and/or because of the failure of the con-
stant variance assumption for the disturbances across the
sample (Ozuna, 1993). Further, if the estimated distribu-
tion function does not reflect the true distribution the re-
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sult will be a misspecified functional form. The error as to
estimated willingness to pay obtained using the estimated
rather than the true distribution may be higher for general
welfare measures than for truncated welfare measures. This
might be the case if the estimated distribution were to pre-
dict large probabilities of willingness to pay for unfeasible
prices. Truncated measures avoid the use of extreme price
prediction errors which would result from the use of the
wrong functional form and/or the wrong parameters. If
the integral defining mean willingness to pay does not con-
verge for the theoretical bounds or for the available data,
then there would be a need for information for prices placed
in the tails of the distribution. Since this information is not
generally available, the common solution involves projec-
ting the estimated results on prices for which actual res-
ponses have not been observed. In this respect, normali-
zed truncated measures have the advantage of conditio-
ning estimation to the feasible range actually investigated
by the researcher.

A final remark must be made with respect to the possib-
le difficulty encountered in empirical application of DC of
a bid vector design which would allow estimated probabi-
lity of acceptance of the highest bid offered or the thres-
hold price to be nil for both single and double bounded.
Relatively small departures from this zero probability may
lead to unrealistic welfare estimates with no useful vali-
dity for policy purposes. Unexpected factors such as stra-
tegic behaviour and yea saying could result in wide tails
with the need to predict the probability estimates for prices
outside the feasible range of willingness to pay values. Fi-
nally, the introduction of a scaling factor with the norma-
lized concepts may increase the statistical homogeneity of
both estimated distributions, which may lead to a reduc-
tion of the disparities between single and double bounded.

CONCLUSIONS

The empirical application presented in this paper aims at
producing welfare estimates for the preservation of the
landscape of a group of natural parks located in Gran
Canaria (Canary Islands). In practical terms, the estimated
benefits of preservation can be compared to the costs of
the same to ascertain whether or not it is in the interest of
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society to accomplish a policy toward this end. The results
have demonstrated that, in terms of benefits, the conclu-
sions might have differed substantially if instead of a dou-
ble bounded approach the researcher had decided to use a
single bounded approach based on the same bid vector
design. In support of the double bounded method, it can
be argued that this allows individuals to participate in a
learning process which leads to more accurate information.
However, this may affect the principle of incentive com-
patibility, which is the most relevant advantage of the DC
format.

Therefore, we consider it convenient to explore the dis-
parities between single and double bounded DC CVM for
the variety of welfare measures available to the researcher
on non-market valuation. The comparison based on data
from this specific case study shows that for the more com-
mon welfare measures used in the literature, double
bounded estimates tend to be lesser than single bounded
estimates. However, the use of normalized truncated wel-
fare measures has led to a reduction of the disparities and
to more efficient results. The latter measures have the ad-
vantage of being based on available empirical data. There-
fore, the prediction errors for prices placed in the tails of
the distribution which would result from model misspeci-
fication and poor bid design are not considered in the esti-
mate of environmental benefits. If double bounded DC is
to be useful for policy purposes, it needs to provide reli-
able welfare estimates to be consistent with single bounded
DC. We conclude that further research is needed in deve-
loping design mechanisms which will lead to consistent re-
sults between single and double bounded models.
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