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Nonparametric Test of Net Economic Benefits by Open-Ended
and Closed-Ended Contingent Valuations : An Application to
Downhill Skiing in Muju, Korea*
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ABSTRACT

The contingent valuation method(CVM) has been used to evaluate the economic value of nonmarket
goods such as forest recreation. There are two commonly used CVM questionnaire formats: open-
ended and closed-ended. This study evaluates the net economic value associated with day use
downhill skiing, using CVM. A random, on-site survey of skiers in Muju, Korea generated the value
estimates. In this paper a nonparametric test is introduced to find whether the difference between
value estimates from open-ended and closed-ended formats are significantly different because the
distributions of WTPs are non-normally distributed.

The results show that the net economic benefits of a skier in Muju varies from W15.131 to W25,332.
The closed-ended values were 1.15 to 1.67 times as large as the open-ended values, depending on
the model specifications. In nonparametric test the mean WTPs of the open-ended and close-ended
applications are significantly different. Its reason may be that closed-ended can be more reducing the
incentive for strategic behavior than open-ended question. However, we cannot conclude that the
closed-ended method is superior to the open-ended method.

Key words : Contingent valuation method, willingness—to-pay, open-ended question, closed-ended ques-
tion, momparametric test.

. 8|

3 Eo] contingent valuation methods AV FfAbst 2+ JETH i (nonmarket goods)®| 7
AR 712 H7)e) de] o] &5 3 glct, o] whHele W43 (open-ended) A E7 34 3 (closed-ended)
A Bo| AFgH R =g, o o] AAA IAE HAF) Hristiate #3 AEH FAE W, @
2hi B o7 AT ALFYEEF 2 5871 F438] FUhste A o ax A 27 AHE
st B2z Ee Av|abe] wlEAEA AN A8 AEL HAse T AErpyzie] FAHEN
ol Zol7} 9l A S JERMBIIRE (nonparametric test)& E3te) H B3t F s,

A Z7A] el tE o] B sHANFES 23 & H4sle AAA skAE HEAT 2
s, ZRIzE A7 AL o]4ste WEAl § Al MESESEES 15,1314 25,3329 7A]

* 3% 19964F 68 20H Received on June 20, 1996.
! Department of Forestry, Kyungpook National University, Taegu, 702-701, KOREA
2 Department of Forestry, Iowa State University, Ames, lowa 50010, USA.

-9 .-



10 BEBCYSH PASRRUERSe! =13 Contingent Valuation®] #UEHH RiEFEel oI JHREETE | TTel2E 2913 2p)

ehgton, AAPATE A4 MEEOREEZ PR A SRk oF 115 elA 1.67M7A A4 o

shdeh, JREBMRE A3 ¢
SRR BESE

AFHe 7ol = FoAdo] el Ao Jelygrl, 7 olf2E #4438
#H 2| (strategic behavior bias)e] WAL Zd F Y& AR xEH
A

v, B oo Angas d48 Ao Auty Ao o agHelzts 2AE 2L 4 ¢k, o
214 contingent valuationg ©]8-3te] JEHpHS] FAZ 712 E 2L H§-, o] F six9) ALY
BE A mestel FAA vMAE AAMerd Aod duxc,

INTRODUCTION

The contingent valuation method(CVM) is one
of the most often used to measure the economic
value of nonmarket goods. This method draws
out individual's maximum willingness to pay
(MWTP) in the hypothetical market. This method
elicits stated preferences from a sample of con-
sumers using either open-ended questions that
ask directly for MWTP, or closed-ended(referen-
dum) questions that present a bid to the consu-
mer, and ask for a “yes” or “no” vote on whether
each bid exceeds the subject’'s willingness to
pay(McFadden, 1994). A single referendum ex-
periment presents only one bid ; a double refer-
endum experiment presents the second bid that
is conditioned on the subject of the response to
the first bid, lower if the first response is “no”
and higher if it is “yes”(Hanemann, Loomis, &
Kanninen, 1991).

Both question formats are used to estimate the
same underlying construct, maximum willingness
to pay, but it is not clear whether the two
methods yield the same contingent values in
practice, Also, questions remain about appropriate
question format when asking about wvaluation
(Boyle & Bishop, 1988).

Within this context, this article evaluates net
economic benefits of day use downhill skiing in
Korea and compares the WTP outcomes obtained
by open-ended and closed-ended questions. In re-
cent years, demand for downhill skiing in Korea
has rapidly increased. In the light of the growth
of downhill skiing, information of the net econo—
mic benefits of the downhill skiing placed on it
by participants is useful to land management and
outdoor recreation planners(McCollum, Gillbert
1990).
information this study analyzed data gathered

and Peterson, To obtain this valuation

from a random on-site survey of the skiers at
Muju resort in Korea.

The paper is structured as follows : Section I
describes and contrasts the open-ended approach
with closed-ended suggested
Bishop and Heberlein(1979), Hannemann(1984),
Boyle and Bishop(1988), and Kristrom(1990).
Section I analyzed the net economic benefits of
the case of downhill skiing in Muju using a
random on-site data. Section IV compares the
open-ended estimators with the closed-ended.

in literature by

WELFARE MEASUREMENTS OF OPEN-
ENDED AND CLOSED-ENDED QUESTIONS

Open-Ended Format

Open-ended questionnaires ask directly people
to specify for their MWTP-"how much would
you be willing to pay?”. The argument in favor
of this approach is that it is the simplest MWTP
to interpret. An open-ended question produced a
, n) for the
»n respondents in the sample. An estimate of the

set of welfare measures W{i=1, -

total value of the welfare change for the popula-
tion from which the sample is drawn can be
obtained by calculating the sample mean W* and
multiplying by the total population.

However, the open-ended format has several
weaknesses. Freeman(1993) indicated major prob-
lems with this approach. First, it confronts peo-
In most real
market settings, individuals faced with choices
among sets of goods with listed prices. People

ple with an unfamiliar problem.

have difficulty dealing with the open-ended form
of direct question. Second, surveys using this
form of elicitation method typically result in non-
response and zero responses(so-called protest zero
values) to the valuation question. Zero responses
occur when respondents reject some aspect of
the constructed market scenario by reporting a
zero value even though they place a positive



WEMEEE 86(D%. 19974 3A 11

value on the amenity or resource being valued.

Following standard practice in open-ended ques-
tion analysis, the responses were screened to
remove nonresponse and zero responses bias,
Freeman(1993) suggested one way that individuals
giving a zero WTP were asked which one ap-
plies ; 1)this was because I can't afford to pay
for the goods, 2)because the goods are not impor-
tant to me, and 3)because I don't think that I
should have to pay for the goods. Respondents
of those choosing the third statement would be
classified as protest zeros and deleted from the
sample, while responses of those choosing the
first and second would be considered valid
zeros.

Closed-Ended(Referendum) Format

In recent years, referendum procedures have
tended to replace open-ended elicitations, because
they circumvent a relatively high incidence of non-
response found in open-ended studies(McFadden,
1994). dichoto-
mous choice(DC) using discrete response valuation

Among referendum procedures,

questions is one of the most often used methods.
This approach has several advantages as indicated
by Freeman(1993), it mimics our day-to-day mar-
ket decisions more closely than the open-ended
questions and reduces the incentive for strategic
behavior. The second advantage is that since
only a “ves” or “no” answer is required, the ref-
erendum question format poses a relatively sim-
ple decision problem for individuals., The third
advantage is that there is no reason to expect
starting point bias of iterative bidding game.
However, these advantage come at the price of
being forced to use fairly involved statistical
procedures, such as the goodness-of-fit and mis-
specification test of the model(Kristrom, 1990 ;
Ozuna, Jang, and Stoll, 1993).

DC approach was first used by Bishop and
Heberlein(1979). It is simple to administer because
no interviewer is required. In this approach the
respondent is asked if they would be prepared to
pay a specified amount. They respond “yes” or
“no”, and this response is recorded. Thus this
has a dichotomous choice dependent variable. To
move from this binary response model to deter-

mining MWTP requires making inferences of
MWTP from the observed pattern of “yes” ver-
sus “no” responses. The response to Bishop and
Heberlein's question is a discrete variable ;
hence, they use logit analysis and estimate this
curve by logistic regression, and proceed by
observing that the area under this curve can be
used to infer mean WTP. They calculate this
area by numerical integration, ranging from ( to
maximum in the used bid-set.

Hanemann(1984) reconsidered the Bishop and
Heberlein approach and investigated the theoreti-
cal motivation for DC model. He provides both a
utility difference approach and a alternative deri-
vation based on the relationship of the individu-
al's unobserved true valuation compared to the
offered threshold sum. Following Hanemann, we
observe a yes-answer to a suggested cost A for
an environmental change 2° to 2’, where z is a
vector describing the environment before and after
the change if :

V2, Y-A,s)+ea2WV' Y, s)+e& o))

where V(-) is the indirect utility function, Y is
the individual's net income, s is a vector of
household characteristics, and €{i=0, 1) is iden-
tically, independently distributed(i. i. d), random
variables. This representation is often interpreted
in terms of information about the utility function
from the researcher's point of view. The utility
function is assumed known by the individual,
but can only be recovered up to a random com-
ponent by the researcher. The probability that an
individual accepts a given cost follows directly
from (1) and can be written in two ways :

Probfindividual willing to pay}=Fy( Jv) 2)

where Fy( - ) is the cumulative distribution func-
tion of n=(e&;—&y), Av is a utility difference,
V2, Y—Ai;s)— V(.Y s). Thus, by the defi-
nition of the expected value of a non-negative
random variable

E(WIP) = | CFAVIA)) dA 3)
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Boyle and Bishop(1988) suggested that an al-
ternative estimate of value is obtained by trun-
cating the tenth percentile of the distribution of
WTP. Also, Hanemann(1989) agrees to base a
welfare evaluation truncating the tenth or quar-
tile percentile of the distribution of WTP. Thus,
an alternative estimate is as follows :

Proi

Price !
E(WIP) = | FIAV(A)} dA @

0

Kristrom(1990)
approach for discrete response valuation experi—
ments. These functions suggested by Bishop and
Heberlein(1979) and Hanemann(1984) are faced
with the risk of misspecifying the distribution

introduced the nonparametric

function because an assumption is made about
something we possibly cannot observe. It is well-
known that, in general, the maximum-likelihood
estimates of the parameters in F; will be incon-
sistent if the distribution assumption is incorrect.
Nonparametric approach of the functional form of
the cumulative distribution function F(-) of
WTP is not specified, but is instead estimated
by a piecewise linear function. Kristrom(1990)
used a Distribution Free Maximum Likelihood
(DFML) estimator of the probability for accep-
tance. This approach has two main advantages
with the proposed estimator;it is extremely
simple to compute and robust against distribu-
tional misspecification.

AN EMPIRICAL APPLICATION

Study Design and Data Source

The theoretical definition of the value to be
measured, the Hicksian equivalent variation, A,
is defined as

U=V Y-A ;o) =V, Y s

)
is an indirect utility function, s is a vector of
other observable attributes of the individual which
might affect preferences, Y is an income, 2’ is

where, U is the defined level of utility,

the existing travel cost level of skiers' day trip,
and p’ is the increased travel cost that day use
skiers'

are assumed to face given increased

travel cost, and trail fees. Thus, A is inter-

preted as WTP of Hicksian equivalent variation.
The data for this study were collected by on-
site personal interviews with day use recreation-
ists at the Muju resort downhill skiing site dur-
ing Dec. 1995 to Jan. 1996. The study was con-
ducted using both open-ended and closed-ended
(double-bounded dichotomous choice) approaches
and direct interviewers contact with skiers.
Among 150 open-ended questionnaires, 5 people
were unusable because they had chosen the third
statement suggested by Freeman(1993). In 150
DC questionaries, 3 people were deleted from the
sample, because they had refused to participate.

Empirical Results

Open-Ended Format

The mean WTP for open-ended questions is
%15,131.03 with a standard error of 1,463.94
(n=145). The median WTP is %10,000.

Closed-Ended(Dichotomous Choice) Format

Dichotomous choice values are derived using
respondents answers with the first bids and
second bids to estimated a logit model. The
result is presented in Table 1.

To estimate the model AV within a logit
framework produced the parameter estimates, we
introduced four approaches ; Bishop and Heberlein
(BH), Hanemann(HA), Boyle and Bishop(BB),
and nonparametric approach suggested by Krist-
rom(KR).

Table 1. Proportions of yes-answers.

Bid(Won)  Proportion Yes Probability(‘ves’)
1000 11/ 12 .9166
2000 10 / 12 .8333
3000 12/ 15 .8000
5000 16 / 34 4705
10000 16 / 47 .3404
20000 8/ 31 .2581
30000 10/ 35 . 2857
40000 2/10 .2000
50000 6/ 41 .1463
70000 2/ 22 .0909

100000 2/ 24 .0833
200000 0/11 .0000

Note. Bid is given in Won(¥), where Won is
monetary unit in Korea($1=%780 in 1996).
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Table 2. Logit estimates of AV=c+ 4 - n(A)

Estimate Stg;i) :;rd s(qzllllzll;e Prob

@ 8.1939 1.1890 47.49  0.0000

B -0.9294 0.1247 55.52  0.0000

Likelihood Ratio(D) 6.83 0.7417
Log-Likelihood -147.7180

Table 3. Logit estimates of AV=0¢+ 4 - A

Standard Chi-

Estimate Error square Prob

a 0.3114 0.1940 2,58 0.1084

B -0.00004  7.039E-6  32.20 0.0000

Likelihood Ratio(D) 24.03 0.0075
Log-Likelihood -156.3217

Table 4. Estimates of not monotonic points.

Bid Proportion Yes Probability('yes’)
20000 8/ 31 .2727*
30000 10 / 35 2727

* (ki+ki+1)/(ni+ni+1). Where, ki is the num-
ber of accepting the cost Ai, and ni is the
number of sub-sample the cost Ai.

The BH estimate is computed via numerical
integration. Estimating the model AV=¢+ & -
n(A) within a logit model produced the para-
meter estimates as shown in Table 2. In order
to show the goodness-of fit of the model, the
generalized likelihood ratio test (D) was intro-
duced. The resulting model goodness was fitted.

The BH estimate is computed via numerical
integration from ( to maximum bid amount.
Then, the BH estimate was computed as fol-
lows ;

200, 000
B(WTP)= [ [1+Exp-(a+ & - n(A)}1 dA

Also, BB estimate is obtained by truncating
the tenth percentile of the distribution of WTP.

71,708
E(WTP)= fo [1+Exp-{a+ 4 - In(A))]-1 dA
Hanemann(1984) suggested two functional
forms : linear logit function and log-logit func-
tion. Linear logit model, AV=ae¢+ £ - (A), pro-

duced the parameter estimates, as shown in
Table 3. The resulting goodness-of-fit test of

Probability(Yes)

0 20 40 60 80 700 120 140 160 180 200
Bid (1,000 won)

Fig. 1. The Empirical Survivor Function.,

the model was not fitted(Likelihood Ratio=
22.58). In log-logit model estimates(Table 2),
the relevant integral does not converge because a
sufficient condition for convergence of relevant
integral is A <-1(Hanemann, 1984)1),

In nonparametric approach, Kristrom(1990) used
the linear interpolation between not monotonic
points. Table 4 presented the distribution-free
estimates of the not monotonic points. We will
assume that probability 1 at the A=(. Therefore,
the mean of WTP can be obtained by the area
under this rough curve(Fig. 1).

The mean and median WTP estimates for the
two question formats are summarized in Table

5.

A TEST OF OPEN-ENDED AND
CLOSED-ENDED VALUES

In the comparison of the value estimates for
the two question formats of CVM, one important
point must be noted whether respondents' socio-
economic characteristics in each question format
are homogeneous because sociceconomic charac-
teristics can influence an individual's willingness
to pay(Walsh, 1986). Socio-economic factors in-
clude respondent’'s income, travel time, level of
education, and age. Hence, this study was tested
by statistical analysis(F-test) for two sample
groups ; 145 respondents of the open-ended, and
147 respondents of the closed-ended approach.
The resulting test is not significantly different
at the (.15 level because homogeneous hypothesis

) mean WTP= [(1+Exp-e- 4  In(A)) "dA =Exp

(-a/8) - {(n/8)/sin(-n/ 8)}
where, 0>(1/8)>-1 - B<-1
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Table 5. Estimated willingness to pay.

Methods mean WTP median WTP n
Open-ended 15,131.03 10,000.00 145

Closed-ended
Bishop and Heberlein(BH) 25,332.00 6,743.49 294
Hanemann(HA) N.C. 6,743.49 294
Boyle and Bishop(BB) 17,412.30 6,743.49 294
Kristrom(KR) 24,988.90 4,821.40 294

N.C. = Integral does not converge.

Table 6. Nonparametric test of the difference of mean WTP for open-ended and closed-ended,

Closed WTP-Open WTP

Difference of mean WTPs

T-test(t-value) Signed-rank test(W)

BH estimate - OEQ;' 10200.97
BB estimate - OEQ; 2281.27
KR estimate - OEQi 9857.86

6.9681*** 3403.5***
1.5582 1670.5***
6.7337*** 3037.5*"*

' OEQ : individual's willingness to pay from the open-ended questions.

*** indicates significance at the 1% level.
is not reject. The results of F-test would not be
mentioned in this paper.

The open-ended approach can find the distribu-
tion of individuals’ WTPs while the closed-ended
mean WTP,
Therefore, the difference of mean WTP estimates

format can find one estimates,

by question methods can be tested whether the
mean WTP difference made by subtracting indi-
viduals’ WTPs of open-ended question from mean
WTP of the closed-ended is significantly differ-
ent,

By the way, the general assumptions of the
distribution are concerned largely with data where
the underlying distribution is normal. If we do
specify the normal distribution of individuals'
MWTPs, with
T-test. However, the distribution of individual's
MWTP in the hypothetical market is not easily
specified. If we do not specify the normal distri-

then we will ordinary deal

bution, we will deal with nonparametric test.

In order to show distribution of individuals'
MWTP, a Shapiro-Wilk normal test(1965)2 whether
the distribution of individuals' MWTPs is normal

2) Shapiro-Wilk statistic, W, is the ratio of the best
estimator of the variance to the usual corrected sum
of squares estimator of the variance. The null hy-
pothesis of the data values is a random sample from
a normal distribution. W is obtained by Royston's
(1982) approximate normalizing transformation
Zo={(1-W)"-u} / o
where, Z, is a standard normal variate, v, U, and o
are function of n, obtained from simulation results.

or not is used. The resulting test hypothesis of
normal distribution is rejected at the 0.15 level
(W : normal=0.7838).

Therefore, a nonparametric test was considered.
The test is based on Wilcoxon's signed-rank-test
of open-ended and closed-ended WTP responses
asked of the homogeneous sample of downhill
at Muju resort, The test
results are presented in Table 6. Based on the
nonparametric test, the mean WTPs of the open-

skiers, in Korea.

ended and close-ended applications are signifi-
cantly different at the 0.01 level.

CONCLUSION AND DISCUSSION

Open-ended and closed-ended CVMs were used
to estimate the net economic benefits of day use
skiers at Muju resort, Korea. CVM estimates
were based on the Hickian equivalent variation
using two question formats. The results show
that the net economic benefits of a skier in Muju
varies from W15,131 to ¥25,332. The closed-
ended values were 1.15 to 1.67 times as large
as the open-ended values, depending on the
model specifications.

In this paper, the distribution of individuals'
MWTP based on open-ended question format is
not specified as normal. Therefore, a nonparamet-
ric test is introduced to find whether the differ-
ence of net economic benefits between open-ended
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and closed-ended contingent valuations are signi-
ficant. The mean WTPs of the open-ended and
close-ended applications are significantly differ-
ent.

It is not clear what question format is appro-
priate to value the welfare measure. However,
Seller, Stoll, and Chavas(1985) suggest that the
closed-ended question format should be more reli-
able than the open-ended format, because people
are familiar with market situations where they
face a particular price and must decide whether
to pay it. Also, Mitchell and Carson(1989) argue
that the closed-ended method is considered easier
for respondents to answer than any other elicita-
tion formats that use the open-ended question.

Our test reveals that the value estimates are
sensitive to question formats. According to
Freemann(1993), it may be that closed-ended can
be reducing the incentive for strategic behavior
by the respondent relative to the open-ended
question. However, as Kealy and Turner(1993)
indicate though the closed-ended question format
people are placed in relatively familiar social con-
text, they cannot conclude that the closed-ended
method is superior to the open-ended method.

Considering CVM, it would be wise to con-
sider both estimates obtained by two question
formats until it is clear how best to resolve the
inconsistency in welfare estimates based upon
question format.
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