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In thisarticle we propose theoretically consistent welfare measurement of use and nonuse
valuesfor an improvement in environmental quality with revealed and stated preference data.
An analytical model based on the comparative static analysis of the variation function that
describes the relationship between recreation demand and dichotomous choice contingent
valuation modelsisesimated. Our results show that revealed and stated data should not be
combined under the same assumed preference structure unless the two decisions imply the
same change in behavior induced by the quality change. In addition, our results indicate
scope effects in willingness to pay measures estimated with stated preference data. ! 1997
A cademic Press

I. INTRODUCTION

Confidence in the use of the contingent valuation method (CV M) for measuring
the value of environmental goodsand services increases substantially when willing-
ness to pay (WTP) estimates from sated preference techniques, CV M, converge
with estimates from revealed preference techniques, i.e., the averting behavior,
hedonic price, and travel cost methods. Carson ef al. "6%in a meta-analysis of the
convergent validity literature for quasi-public goods, concluded that W TP estimates
from the CVM are of the same order of magnitude and positively and significantly
correlated with those from revealed preference techniques. These results suggest
that it is inconsequential whether a researcher adopts stated or revealed prefer-
ence techniques for the measurement of use values for changes in environmental
quality.

Given these reaults, in what cases would the CVM be the preferred valuation
approach? One instance iswhen the measurement of nonuse valuesisthe focusof
the valuation study. Another is when individuals do not have experience with the
policy-relevant change in environmental quality and revealed preference data are
not available. A Iso, stated preference data are useful when forecasting beyond the
available range of revealed preference data. One limitation of stated preference
data isthat behavioral intentions are revealed, not actual behavior, when observ-
able behavior isneeded to reveal and measure economic value. When implement-
ing a behavioral intention, individuals may often discover binding economic con-
graints and the intention isnot realized. For example, Neill ef al. "15#found that
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hypothetical satementsof WTP are greater than real payments (revealed) of WTP
for market goods, whereas Loomis et al. "12#found evidence that improved survey
design may increase the correlation between stated and revealed WTP for market
goods. It isa general consensusthat stated preference data can be the most useful
if they are based on some underlying behavior and are consistent with the revealed
preference data.

The purpose of this paper is to demonstrate the conditions for consistently
combining revealed (trip demands) and stated (contingent valuation) data for an
improvement in environmental quality. A single preference sructure can be
assumed for both only when the two decisions imply the same change in future
trips induced by the quality improvement. As a result, information on future
demandsunder current and improved quality isneeded for consistent joint estima-
tion. An analytical model based on comparative static analysis of the variation
function by W hitehead "18#that extends M cConnell& 14 #hodel for environmental
quality improvement isused and modified to describe the theoretically consistent
decisionsin both trip demandsand WTP. A joint estimation procedure, consistent
with the analytical model, is provided. We report welfare estimates for improve-
mentsin quality by considering jointly the information of individualsOstated W TP
for the quality improvement, actual (and intended) recreation trips at the current
quality level, and intended recreation trips taken after the quality improvement.
The consistency in combining the revealed and stated data is tested.

Two additional issues are examined in this study. For comparison, both single-
bound and double-bound dichotomous choices are examined and incorporated in
the joint estimation. It is expected that both will provide similar conclusions with
the double-bound models providing efficiency gains relative to the single-bound
models. In addition, scope effects are tested by combining data that evaluate two
goods in which one is a component of the other. These edgimations and data
treatments are included not only to provide results for meaningful economic
interpretations, but also to ensure the stability of joint estimation. Our results show
that revealed and stated data should not be combined under the same assumed
preference structure unless the two decisions imply the same change in behavior
induced by the quality change. In addition, our results indicate scope effects in
W TP values estimated with stated preference data.

Il. BACKGROUND LITERATURE

There are varioustypesof revealed and stated data (discrete or continuous) that
can be elicited to indicate the same decision, either real or hypothetical. The
problems faced by data pooling can vary with data types. Combining revealed and
stated discrete choices is commonly seen in the transportation and marketing
literature. Through proper scaling, revealed and stated choices of combinationsof
product attributes can be pooled (stacked) to jointly estimate the benefits of the
attributes. The methodology has been applied to value nonmarket goods "1, 2, 13#
An important issue is whether the two types of discrete choices can be pooled
together under a single preference structure. Swait and Louviere "17#developed a
procedure to test for compatibility of revealed and stated choices and to estimate
the relative variancesin these two typesof data. The compatibility of revealed and
stated choicesisoften supported by these studies.
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Considering recreation demand data, Loomis "10#found that stated preferences
about intended trips under alternative quality levels are valid and reliable by
comparing these data to actual trip data. In situations where the validity of stated
preference recreation data is a concern, anchoring stated preference data with
revealed preference data allows stated preferences to converge to the underlying
tenets of utility maximization and revealed behavior. There are several methods
available to jointly utilize recreation demand data revealed and stated by individu-
als. Cameron "S5#combined the trip decision and the dichotomous choices of a
corner solution for an increase in trip costs. In this case, a price change was
proposed to measure the movement along the trip demand. Englin and Cameron
"7#and Layman, Boyce, and Criddle 9 #ombined stated preferences concerning
recreation tripsunder alternative conditionsand actual tripsin recreation demand
models. Both studies find that the efficiency of WTP estimation isimproved when
revealed and stated data are combined.

Revealed trip demands and stated dichotomous choices for quality improve-
mentscan also be combined. In addition to potential gainsin estimation efficiency,
consistently combining information about recreation demandsand WTP responses
for better quality enables the decomposition of the welfare measure into use and
nonuse values. Niklitschek and Leen “16#combined intended recreation demand
with improved quality and contingent valuation yes$no responses for the same
quality change. However, an apparent shortcoming of their model is the lack of
information on current$past trip demand that results in a potential inconsistency
in the welfare measures. As a result, their use values were calculated indirectly
based on an ad hoc decomposition of the analytical total WTP derived from the
variation function. This discrepancy may explain why their use values are larger
than the total WTP (which includes both use and nonuse values).

Loomis "11#jointly examined the corner solutions of the trip demand and the
dichotomous choices for various quality changes. In hisrandom effects model, a
single preference structure wasused to characterize both the movement along and
the shift of the recreation demand. The assumption of equality of parameter values
assumed without testing the compatibility of data may result in biased welfare
esimates.

M easuring the welfare effectsof a quality change ismore complex than that of a
price change because a shift of the recreation demand must be correctly character-
ized s0 the additional use values induced by the higher quality can be estimated.
Therefore, obtaining information on demand shifts due to a quality improvement
when combining revealed and stated preferencesisessential to accurately measure
willingness to pay for a quality improvement. Even when the information about a
demand shift due to a quality change is available, using a single preference
gructure to describe the change in recreation demand and W TP responsesmay not
be plausible unless the same change in future tripsis implied by both decisions.
Ensuring compatibility of revealed and stated data (continuous or discrete) is
esential to derive meaningful results from joint estimation.

. ANALYTICAL MODEL

Consider willingnessto pay for an environmental quality improvement, WTP %
m(p,q,u) & m(p,q*,u), where m(-) is the expenditure function, WTP(-) is the
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willingnessto pay valuation function, p isthe price (measured asthe travel cost) of
a recreation trip (x), g is the (current) degraded level of quality, and g* is the
(future) improved level of quality. If the reference level of utility isu %! (p, g*, y),
where y isincome and ! (*) isthe indirect utility function, substitution of ! (-) into
W TP yields s % m"p, q,! (p, g*, y)#& y, where s(-) isthe Hicksian variation func-
tion for a change in quality.

Under common assumptions, the variation function can be shown to increase in
income and decrease in the price. A brief description of comparative satic results
is as follows (see W hitehead "18#. If g isa normal good, the effect of income on
the variation function is ds$dy% m,!, & 1% y& 1# 0O, where y% m,!, # 1,
m, isthe marginal cost of utility evaluated at g, and !, isthe marginal utility of
income evaluated at g*. The marginal effect of price on the variation function is
ds$ap% m,' m,!,$ O, where I', is the derivative of !(-) with respect to p
evaluated at g*. Applying Shephard® lemma and RoyG identity, ds$dp %
x"(p,q,y)& yx"(p,q*,y), where x"(-) and x™(-) are Hicksian and M arshallian
demands, respectively. Since x"(-,q) % x™(-, q) at the current quality level g, we
have ds$dp % x™(-,q) & yx™(-,q*)$ 0. The effect of price on willingnessto pay
is a function of the trips taken at different quality levels and is negative if y is
close to 1 (asexpected since m, % 1$! ).

These comparative dtatic results can be used to derive the link between an
individual® stated preferences for an improvement of environmental quality and
the decision of recreation trip-taking. A simple linear variation function isused to
demondrate the relationship: s% o' Bp' ¢y, where the quality change is
congtant across respondents and is captured by the congtant term, «. The coeffi-
cientsin the variation function can be shown to relate to the additional tripstaken
by individuals after a quality improvement. The exact link is the parametric
constraint between the variation function and demand for recreation trips: ds$dp
% B%x"(-,q) & yx"(-,q*) and Is$Iy % ¢ % y& 1. If the marginal utility of
income is congtant, y is 1 and the income variable will drop out of the variation
function and the coefficient of p ismerely the additional tripstaken in response to
the improvement in environmental quality. Thiswill be a testable hypothesisin our
empirical model.

IV. ESTIMATION PROCEDURE

In this study, the stated and revealed preferences for quality improvement are
analytically consistent since the own-price effects on WTP are directly related to
the measures of recreation behavior change. A joint estimation procedure is
proposed to estimate the variation function model and the change in recreation
demand. Two recreation areas for which one is a component of the other are

A linear variation function impliesa linear utility function "14# Thisin turn impliesa constant and
exogenous demand for trips. If s isassumed quadraticin p, s% a' Bp' Ap?' (y& 1)y, then the
trip change function should be 9s$dp% B' 2Ap % x& yx* and the likelihood function must be
derived accordingly. A s pointed out by a referee, this form is attractive because it is consistent with
economictheory of demand functions with different elasticities under each quality level. U nfortunately,
the quadratic functional form doesnot fit these data well, so we rely on the simpler linear form. Other
functional formsfor the variation function could also be examined; however, we only consider the linear
form for simplicity.
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examined. To test for scope effects, dummy variables are included in both the
variation and trip change functions. The relationship between the variation func-
tion and the change in demand for recreation trips for respondent i can be
presented in the following regression model:

5;% a' Bp,' (v& 1)y,' 8,D' ey, (1)
x; % B’ Y(X';' 8,D" &), (2)

where €, isa random variable to indicate the unknown variation among individu-
als, x isthe ex-pos (past) or ex-ante (planned) number of trips taken under the
degraded environmental quality, x*' €, isthe ex-ante (planned) number of trips
dated by a respondent with a quality improvement, €, isthe measurement error
from the mean predicted number of trips (x*), and D is a dummy variable to
indicate the component good. The nonzero value of either of the &sindicates the
presence of scope effects which are assumed not to be equal in the trip and
variation functions. The variation function (1) alone can be estimated by the
discrete responses to WTP quegtions in the CVM using simple logit or probit
models "3# Suppose that respondents are asked to answer yesor no to a payment
(¢) for a quality improvement. The response is yes if the respondent@ WTP is
greater than ¢, the single threshold. Let ®(:) be a cumulative distribution function.
Assume that the distribution is symmetric (e.g., a normal distribution). Then
1& P(a) % P(& a):

€1

P(yes) % P(s;# t) % P

1& a& Bp,& (y& 1)y,& 5113)

01 01

t& a& Bp; & & 1)y; & 6,D
%1&(1)( Bp (v )Y 1 )

o3

, (3

&t' o' ! & 1)y,' 6,D
%(I)( :sz (y )yz 1 )
g,

where P(:) isthe probability, r isthe dollar amount requested in exchange for the
improvement of environmental quality, and o, isthe standard deviation of €;. The
coefficient of 7 is 1$0y; hence, the variance of €, isestimable in thismodel.? The
trip change equation (2) can be estimated by the usual ordinary least squares
providing that the information on x and x* is available.

It isreasonable to assume that €, and €, follow a bivariate normal distribution
with a nonzero correlation coefficient, N(0,0, o2, 02, p). The assumption of a joint
digtribution implies that the unobservable factorsthat affect the decisions of how
to answer the WTP question and whether or how many more tripsto take given the
quality improvement are correlated, in addition to the congraints imposed in
parameters. The different scale parameters (o, and o,) indicate the possible
heteroscedastic errors between the two decisions. The joint distribution of s and x

%A's pointed out by a referee, the coefficient on ¢, by construction of the probability model, is
naturally restricted to unity that enables the identification of oy. The parameter value cannot be
recovered if the probability model is constructed based on utility differences.
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for the respondent i can be written as

0'12 ’Y‘HzU' (4)

2 2
Y01, Y O3

[Slll N a' Bp;' ('Y& 1y" 8D
. B' yx;' v8,D

where o, % p$(o,0,). The joint distribution can be written as the product of
the distribution of s, conditional on x; and the distribution of x;: f(s;, x;,) %
fGs; (x))f(x,). The conditional distribution of s, can be shown as

s; (x;! N(a' Bp;" (y& 1)y, &,D

x,& B& yx; & y8,D

YO,

)(1& pz)af). (5)

Po'l(

The joint digtribution of the (continuous) tripsand the discrete W TP responses can
be written as the product of a Bernoulli distribution conditional on the trip
decision and the density function of trips:

P(yes(x;) " P(no (x,)"* " f(x,)

% f(x;)P(s;) ti(xi)lip(xi$ ti(xi)l&l'

x;& B& yx; & y8,D
%¢( - 2
2
&t' o' Bp' (v& Dy 8D  x& B& yx; & y8,D
p
g1 Yo
% CI) 2 1$2
(1& p%)
&t' o' Bp' (v& Dy 8D  x & B& yx; & y8,D el
p
T Yo
%|1& @ : = : . (6)
(1& p?)

where I, isthe O-1 variable to indicate yes$no answers for respondent 7, and ¢
and & are the normal density and cumulative distribution functions. The two
equationsin (1) and (2) can now be jointly estimated using constrained maximum
likelihood methods. The log-likelihood function contains two components: a stan-
dard log-likelihood function for estimating a continuous predicted trip change
function and a probit type model for linking individualsOdiscrete W TP answers to
the preference structure, conditional on the change in trips due to a quality
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improvement. The likelihood function can be written as

n 10 ({1 B . ’
log L% & E|Og(2’770'22)& =Y ||l-x& —& x, & 8,D| /0,
Y Y

i%1

(& t' a' Bp (v& 1)Xg' aiD)$‘71
. i 1, log| @ " p((1$y)x;& (B3Y) & x; & 8,D)$0,
%1 (1& pz)l$2

(&ti' a' Bp' (v& 1)y’ 8z‘D)$0'1
" p((1$y)x; & (B$Y)& x; & 8,D)$0,

© Y (1& I)log|1& @ =

%1 (1& p?

(7)

The model can be extended to analyze discrete WTP responses with a follow-up
(double-bound) contingent valuation question by replacing ®(¢,) with d(z,,),
(1) & B(1,,), P(t,,) & P(z5;), and 1 & D(¢,;) for the combined yes$yes, yes$no,
no$yes, and no$no answers, where ¢,; and t,; are the two bids presented to
respondent i to bound WTP.2 The underlying assumption is that the error
sructure isidentical in both WTP questions. It can also be extended to assume two
separate and correlated error terms for the two WTP questions. The likelihood
function in that case will be congtructed based on a trivariate normal distribution.

Thislikelihood function (7) for estimating the value of a quality change isa close
analog to Eq. (7) in Cameron "5#that is used to measure the value of a price
change. However, the analytical background which inducesthe specification of our
likelihood function is different and the probit model is extended to analyze
double-bound contingent valuation questions. Furthermore, both the variances of
€, and €, will be identifiable in our model and the hypothesisof constant marginal
utility of income can be evaluated by testing y% 1. If constant marginal utility of
income isimposed, the regression model isrewritten as

s; % a’ Bp;' 6D €y,
X, & x; % B' 8,D' ey,

where the expected additional trips induced by higher environmental quality are
equal to the constant marginal price effect in the variation function. The estima-
tion procedure will be exactly the same as described above.

The key issue in this model is whether the variation and trip functions consis-
tently indicate the same change in trip demand for the higher quality. If so, the
parameter restrictions acrossthe two equationscan be imposed to indicate a single
underlying preference structure. One hypothesis is that respondents answer the
dichotomous choice WTP questions when thinking of the difference between the

%The likelihood function that jointly estimates the trip demand and the double-bound choice
responsesisavailable upon request from the first author.
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planned future (ex-ante) trips at the current quality level and the ex-ante trips at
the higher quality; that is, a respondent® stated WTP for the improvement of
environmental quality represents his$her ex-ante benefit esimate of improved
guality. If the hypothesisistrue, then using the (revealed) ex-post trip data asthe
proxy for ex-ante tripsat the current quality level will be incorrect (assuming these
data are significantly different). To test thishypothesis, two separate models—one
using ex-post trips at current quality and the other using ex-ante trips at current
quality—are estimated. M ore general modelsthat relax the parameter restrictions
acrossthe two functions, i.e., allowing B and v to differ in the two equations, are
also egtimated to test for the consistency of the model.

V. DATA

The data for this study are from a 1995 telephone survey conducted by a
university survey research center. The survey used a random digit dialing sampling
scheme. The sample of eastern North Carolina households was obtained from a
professional sampling firm and interviews were computer assisted. Of the house-
holdsthat were contacted, 1077 respondents provided data for an overall response
rate of 75%. There are two main versions of the telephone survey. Version 1
contained a contingent valuation market for a quality improvement for the Pamlico
Sound and version 2 contained a contingent valuation market for the Albemarle
and Pamlico Soundsin North Carolina. We use both versionsin this article to test
for scope effects. The survey contains six types of question for each version: (1) a
question to determine knowledge about the Sound(s); (2) recreation questions to
determine recreation participation and intensity; (3) contingent valuation scenario
questions to explain the pollution problem and the policy that will be valued and
also to get respondents thinking about their values for the policy; (4) contingent
behavior quedtions to get respondents thinking about how their behavior might
change with the policy; (5) contingent valuation questions to generate WTP data
with a follow-up response; and (6) debriefing questions after the contingent
valuation questions.

Ex-post and ex-ante outdoor recreation participation waselicited with a series of
revealed and contingent behavior questions (Table 1). In the survey, we described

TABLE |
Data Summary

Standard
Variable M ean deviation M inimum M aximum

Travel cost (p) 86.76 56.97 6.95 356.06
Ex-pogt trips(q) 1.08 3.48 0 25

E x-ante trips(q) 1.59 4.35 0 40

E x-ante trips(g*) 2.38 5.56 0 52
Income (y) 31,766 21,414 5000 85,000
Bid 1(¢,) 236.99 114.20 100 400
Bid 2(z,) 252.35 207.63 50 800
Y esl (1) 0.42 0.49 0 1

Y es2(1,) 0.28 0.45 0 1
Pamlico dummy (D) 0.55 0.50 0 1

Sample size % 511
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the degradation of water quality in terms of the reduction of fish catches (60%)
and closure of shellfish beds(25%) in the Soundssince 1981. W e also described the
causes of the water degradation and asked if respondents would pay for tougher
laws to restore the quality back to the 1981 level. There isa set of eight questions
to elicit respondentsOrecreation participation and three questions to explain the
pollution problemsand the policy that will be valued before the actual valuation
questions. D ebriefing questions are asked after the contingent valuation questions
to identify the reasons for paying or not paying for the tougher laws. In a preteg,
respondents showed a clear understanding of the good being valued.

We discarded respondents who stated that they would take fewer trips with
improved quality than without and those in the 95th percentile of trip intensity
(who reported an unusually large number of trips). The average number of ex-post
trips was 1.08 and the average number of ex-ante trips with current quality in the
following 12 months was 1.59. T his difference is statigtically significant at the 0.01
level using a signed-rank test. The average number of ex-ante trips taken with a
quality improvement was 2.38. Travel costs were calculated asthe shortest driving
distance to water access on the Pamlico Sound or the Pamlico or Neuse Rivers
which feed the Sound. Time wasvalued at the wage rate, the average driving speed
wasassumed to be 50 milesper hour, and average cost per mile was $0.20. A series
of questions edtablished the contingent valuation market with double-bound di-
chotomous choice questions and reasons for the CV answers. O utliers, protedts,
and respondents who answered @on® know®about their yes$no answers were
flagged and discarded for this study. The percentage of @es®responses was 42%
(28%) for WTP question 1 (2). Household income was elicited in categories. W ith
income levels coded at the midpointsof the income ranges (the upper range was
coded as $85,000), the mean household income was $31,766.

VI. ESTIMATION RESULTS
Independently Estimated Models

The recreation demand model is first estimated to determine whether our
contingent recreation behavior data are consistent with theoretical expectations
(Table I1). We employ negative binomial models, with only travel costsand income
as determinants of participation and the number of trips "8# The models for
ex-post tripsand ex-ante tripsat the current and improved quality levels behave as
expected with negative travel cost coefficientsand positive income coefficients. The
consumer surplus per trip ranges between $57 and 85, with the largest value being
for trips with improved quality. Annual consumer surplus is calculated using
predicted tripsand islargest with improved quality.

A dummy variable isincluded to indicate different versions of survey question-
naires and used to test for scope effects. There isan insignificant increase in trips
when the Albemarle Sound isadded to the Pamlico Sound asan aggregate site. We
also tested models which had an additional variable to test for different demand
slopesfor the two site definitions. No differences were found between the Pamlico
Sound and Albemarle$Pamlico Soundsrecreation site definitions.

The trip change model isestimated with both the ex-post and ex-ante number of
trips at the current quality as the independent variable (Table IIl). The two
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TABLE Il

Recreation Demand: N egative Binomial Regression?

249

V ariable Ex-post trips(q) E x-ante trips(q) E x-ante trips (g*)
Congtant & 0.055 0.49* 1.07***
(& 0.123) (1.65) (5.74)
Travel cost & 0.018** & 0.014*** & 0.012***
(& 2.42) (& 2.92 (& 4.16)
Income 0.000039** 0.000030** 0.000022+**
(2.10) (2.40) (2.78)
Pamlico dummy 0.23 0.11 0.02
(0.63) (0.40) (0.10)
a 12.36** 7.44%%* 4.29%**
(6.71) (8.65) (10.74)
X2 1462.90 1798.25 2105.60
Consumer surplus $57.11%** $72.05%** $84.78***
per trip (2.42) (292 (4.16)
Predicted trips 1.26 171 243
Annual consumer $71.96 $123.21 $206.02
surplus
“t-statigtic in parentheses.
*Significant at the 0.10 level.
**Significant at the 0.05 level.
***Ggnificant at the 0.01 level.
TABLE 111

Contingent Behavior and V aluation: Independently Estimated M odel®

Ex-ante trips

Variable (g*)
Constant 1.32%**
(5.24)
Ex-post trips(q) 1.18***
(24.33)
E x-ante trips(q)
Pamlico dummy & 0.37
(& 1.10)
2] & 1.10%%*
(& 4.96)
é 0.85***
(24.33)
) 3.79
R? 0.54
XZ
WTP

Ex-ante trips W TP (single
(g*) bound)
0.74*** 132.76**
(3.76) (2.03)
1.09***
(36.48)
& 0.16 & 90.77*
(& 0.60) (& 1.65)
& 0.68*** & 1.09*
(& 3.66) & (1.69)
0.92*** 1.0046**
(36.48) (2.43)
293 467.82%**
(4.18)
0.72
26.86
$184.06***
(433

W TP (double
bound)

135.30%**
(4.74)

& 58.92%*
(& 2.35)
& 0.55**
(& 1.97)
1.0031%**
(1325.26)

251.99%**
(19.16)

24.19
$187.85***
(10.05)

“t-statigtic in parentheses.

*Significant at the 0.10 level.
**Significant at the 0.05 level.
***Ggnificant at the 0.01 level.
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estimated trip change models behave as expected, with tight correlations between
trips at the current and improved quality. The variation function model is egti-
mated for both single-bound and double-bound data. For the variation function, we
use the probit approach of Cameron and James "3#and Cameron 4 #o construct
the parameters of the variation function and the WTP estimate. The models
perform adequately with negative price and positive income effects, and the inverse
of the coefficient on the price and tax variable (o) being significantly different
from zero. The WTP edimates are also significantly different from zero. In
general, the parameter estimatesin the double-bound model are more efficient. In
particular, the coefficientson price and income are only significant at the 0.10 level
in the single-bound model.

The egtimates of B are not significantly different, whereas those of y are
significantly different across the trip change and variation function models. This
raisesan important issue concerning whether the same preference structure can be
imposed on both trip demand and choice functions when characterizing a demand
shift due to a quality change. One may assume either the first trip change model
(ex-post trips as the independent variable) or the second trip change model
(ex-ante tripsat the current quality level asthe independent variable) in Table 111
to anchor the stated preference dichotomous WTP response data. Hence, joint
egimation of dichotomous WTP responses with either of the trip change models
can be considered. Note that the model combining dichotomous choices and the
second trip change equation will be a joint contingent behavior and valuation (both
stated preferences) model.

Use and Nonuse Values

Usinga combination of resultsin Tables!l and 111 we can decompose total WTP
into point estimatesof use and nonuse values. In Table Il we find that the change
in annual consumer surplus with the quality improvement is $134.06 (% 206.02 &
71.96) when ex-post trips are considered and $82.81 (% 206.02& 123.21) when
ex-ante trips are considered as the baseline number of trips. One check on the
validity of our contingent valuation estimatesisfor the use valuesto be lower than
the total WTP values. The total WTP predicted by the single-bound model is
$184.06 (Table 111). Given that the increase in consumer surplus (use value)
predicted by comparing the ex-post trips and the ex-ante trips at higher quality is
$134.06 it implies a positive nonuse value of $50. If the predicted change in
consumer surplusis calculated based on comparing the intended trips at different
quality levels ($82.81), the nonuse value accounts for 55% ($184.06& 82.81) of
total WTP. In the double-bound model, the total WTP for the higher water quality
is derived to be $187.85 (Table Il11). Again, the predicted nonuse values are
positive.

Jointly Estimated Models

We edimate eight joint models (Tables IV and V). Both single-bound and
double-bound dichotomous WTP choices are used. In general, econometric effi-
ciency of the parameter estimates improves with the double-bound models. In the
trip change model, both ex-post and ex-ante tripsat current quality are used asthe
baseline number of trips. Parameter resrictions on B and vy across the two
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TABLE IV
Single-Bound Joint Estimation of Revealed and Stated Preference D ata®

Ex-post (¢) & ex-ante (g*) trips Ex-ante (g, ¢*) trips
Model Unconstrained Constrained Unconstrained Constrained
) 130.86** 136.83* 128.37* 135.19**
(1.99 (1.87) (1.84) (1.98)
pvm) & 0.90 & 1.39%** & 0.91 & 0.86%**
(& 1.42) (& 5.68) (& 1.40) (& 4.61)
B (trips) & 1.16*** & 0.72% %+
(& 5.06) (& 3.80)
®(CVM) 1.0044*** 1.0053*** 1.0045*** 1.0042%**
(530.21) (617.50) (513.42) (684.03)
® (trips) 0.87*** 0.94%**
(24.20) (35.64)
@1 & 99.56* & 103.86 & 102.91* & 104.72*
(& 177 (& 1.63) (& 173 (& 1.77)
8, 0.36 0.20 0.15 0.12
(1.07) (0.60) (0.57) (0.45)
&, 484.89* ** 537.06* ** 500.29*** 504.67***
(4.12 (4.1 (3.99 (4.18
&, 3.78x** 3.83*** 2.92%** 2.95%**
(31.95) (31.96) (31.94) (31.97)
0] 0.29%** 0.31%** 0.28*** 0.32%**
(3.69) (4.07 (3.08) 373
LLF & 1730.11 & 1735.92 & 1601.02 & 1603.84
Likelihood ratio 11.62 5.26
WTP $193.92%** $185.77+** $192.38*** $195.03***
(4.54) (3.93 (4.28) (4.42)
Predicted trips(g*) 2.58 245 2.46 244

“t-statigtic in parentheses.

*Significant at the 0.10 level.
**Significant at the 0.05 level.
***Gignificant at the 0.01 level.

functions are tested by estimating both the unconstrained and constrained models.
The first two columns of Table IV are the uncongrained and constrained joint
estimation of the variation and trip change functions based on the ex-post trips.
The parameter restrictions are rejected ( 2% 11.62 "2 d.f.# at the 0.01 level which
indicates an inconsistent measure of the trip change. The last two columnsare the
unconstrained and constrained joint estimation of the variation and trip change
equationsbased on the ex-ante trips. The redrictions cannot be rejected at the 0.01
significance level ( 2% 5.26 "2d.f.#. The resultsare consistent with the hypothesis
that when answering the dichotomous choice question, these respondents consid-
ered the difference between the ex-ante trips with current and improved quality,
not the difference between ex-post trips and the ex-ante trips with improved
quality.* Similar results are seen when jointly estimating the double-bound varia-

‘One possible reason is that the expected future income differs from the current income which
results in different marginal utility of income in the two time periods. Imposing a constant marginal
utility of income in comparing ex-post (past) trips and the ex-ante (future) trips with the improved
quality will be incorrect. D ifferencesin the marginal utility of income are not an issue if only the future
tripsat current and improved quality are considered.
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TABLE V
Double-Bound Joint Estimation of Revealed and Stated Preference D ata”

Ex-post (¢) & ex-ante (g*) trips Ex-ante (g, ¢*) trips
Model Unconstrained Constrained Unconstrained Constrained
® 134.15%** 144.79*** 135.08*** 141.71%**
470 (5.04) 4.7 (4.99)
@(CV M) & 0.46* & 0.99*** & 0.44 & 0.71***
(& 1.66) (& 5.14) (& 1.59) (& 4.44)
B (trips) & 117+ & 0.73***
(& 5.05) (& 3.83)
®(CVM) 1.0030*** 1.0039*** 1.0030*** 1.0035***
(1336.18) (1462.16) (1334.22) (1538.48)
® (trips) 0.87*** 0.94%**
(23.76) (35.53)
@1 & 62.50** & 56.63** & 65.07** & 62.42%*
(& 2.48) (& 2.19) (& 2.55) (& 2.44)
5’2 0.36 & 0.19 0.15 & 0.03
(1.06) (& 0.64) (0.57) (& 0.19)
&, 254.14*** 258.50* ** 257.21*** 259.76* **
(18.99) (18.84) (18.344) (18.24)
@, 3.78*** 3.84*** 2.92%** 2.95%**
(31.95) (31.85) (31.93) (31.94)
o) 0.20*** 0.21*** 0.25*** 0.28***
(3.35) (3.68 (3.36) (3.90)
LLF & 2081.23 & 2090.04 & 1949.72 & 1953.13
Likelihood ratio 17.64 6.82
WTP $190.79*** $182.95+** $193.21*** $189.67***
(10.19) (9.6 (10.13) (10.04)
Predicted trips(g*) 2.58 2.06 2.46 2.29

“t-statigtic in parentheses.

*Significant at the 0.10 level.
**Significant at the 0.05 level.
***Gignificant at the 0.01 level.

tion and the trip change functions in Table V. The parameter restrictions are
rejected when combining ex-post trips and ex-ante dichotomous choices ( x?%
17.64 "2 d f.# at the 0.01 level, but cannot be rejected at the 0.01 significance level
(x?% 6.82"2d.f.# when ex-ante tripsand ex-ante choicesare combined.® Further,
the hypothesisof constant marginal utility of income (y% 1) isrejected at the 0.01
significance level in all single-bound and double-bound models.

These results suggest that to value an ex-ante quality change by joint estimation,
the change in ex-ante tripsdue to the improved quality must be used, not only the
ex-ante trips with improved quality as implied in Niklitschek and Leen "16#% The
ex-ante trip change implied by the dichotomousW TP choicesisconsisent with the

SWhen the double-bound choices and ex-ante trips at current quality are combined, the parameter
regtrictions cannot be rejected at the 0.01 significance level, but can be rejected at the 0.05 significance
level. N ote that the resultsreported in the article are based on the data that exclude all protest bidsand
outliers. A dditional models with various criteria to control protest bids and outliers are conducted to
examine the sensitivity of our results. Among four sets of jointly estimated models, three sets support
our findings that combining revealed and stated data isrejected. One model that includes respondents
who would take fewer trips with improved quality accepts parametric restrictions in the single-bound
models but rejectsthem in the double-bound modelsat the 0.05 level of significance.
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difference between the intended tripsat current quality and the intended trips at
higher quality, since the same preference structure (same parameter values) can be
assumed in both equations. The rejection of a single preference structure for the
joint model combining ex-post trips and dichotomous choices indicates that the
additional use value of improved resource quality predicted by the differences in
consumer surplus between the ex-post and ex-ante recreation demand models (in
Table 11) can be biased. In our case, it isoverestimated.

Scope Effects

The @cope effect®in this article refers to the positive relationship between
WTP to the @cope@of the public good being measured. The broader the scope,
the larger is the WTP or number of trips. The quality of the Pamlico and
Allbemarle Soundsis of broader scope than it is for the Pamlico Sound only. An
implicit assumption for pooling data from the two versionsof questionsin our joint
egtimation is that trip changes and WTP differ in the two versions through the
intercept termsonly. A dummy variable is added to each of the trip change and
variation functions in the joint estimation to identify the two versions of the
questions. The dummy variable in the variation function isnegative and significant
at the 0.05 level in the double-bound models, indicating that there are significant
scope effects. The hypothesisof significant scope effects can be rejected at the 0.05
level for the single-bound model. Across all esimated models, WTP is $60-100
higher in the Pamlico and Albemarle Sounds version compared to the Pamlico
Sound only version.

Vil. SUMMARY AND CONCLUDING REMARKS

At least four characterigtics distinguish our study from the existing literature on
joint estimation to combine revealed and stated preference data about recreational
trips and WTP for quality improvements. First, use of the ex-ante recreation
demand data at the current quality level enablesusto conduct joint estimation of
trip changesand dichotomousW TP responsesunder a single preference structure.
Second, our model utilizesthe information on trip demandsby users, nonusers, and
potential new users if resource quality improves. Both corner and noncorner
wlutionsof recreation demandsare considered. Third, double-bound dichotomous
responsesto WTP questionsare used in the joint estimation to improve estimation
efficiency. Fourth, we test for scope effectsin jointly estimated models.

Our results show that there is possibly an inconsistency in jointly estimating
current recreation demand and dichotomousCV M responses when the underlying
preference structure is assumed the same. This is supported by the rejection of
parameter constraints across trip change and variation functions in the joint
esimation. A decision-consistent joint estimation should consider jointly the differ-
ence between intended ex-ante trips at current and improved quality, and the
dichotomous WTP responses for the same quality change. Also, double-bound
dichotomousresponsesare used in the joint modelsand the efficiency of parame-
ter estimation is improved. Scope effects are detected in the dichotomous re-
sponsesto CV questions.
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There are several potential extensions to be pursued based on our results. A
theoretical consistent random effects probit model that incorporates the ex-ante
trips at current and improved quality and the dichotomous responses to the two
WTP questions can be estimated and compared with the results in this article.
Also, in this article the recreation demand decisions are assumed predetermined
and used to derive the increase in tripsdue to the quality improvement in the trip
change equations. Thisassumption can be relaxed by specifyinga demand model to
incorporate individual characteristics. This augmented trip change demand model
can be jointly estimated with the dichotomous responses and the resulting total
W TP estimate can be decomposed based on the use value predicted by the demand
model (as shown in the independently estimated modelsin this article). At last, a
more complex covariance sructure (i.e., resulting in the bivariate probit) can be
assumed when combining the two dichotomousresponse WTP questions. These
extensions are beyond the scope of this article and are left for future research.

In conclusion, our results suggest that the joint estimation of revealed and stated
preference data designed to improve the validity of stated preference data and
improve the efficiency of welfare measurement must proceed with caution. Testing
for the assumption of a single preference structure across revealed and stated
preferences must be conducted when individual responses are not clearly based at
the same reference level. Stated WTP for quality improvements seems to be
related to changes in ex-ante behavior under different conditions, not to differ-
encesin ex-post and ex-ante behavior.
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