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Abstract: This study estimates the economic value of the Daecheong Dam for the public function
of responding to climate change. It examines the moderating effect of climate change perceptions
on value estimates by applying choice experiments (CE). The study specifies three dam function
attributes—drought management (DM), flood control (FC), and water quality monitoring (WM)—
subdivided into three levels to improve the existing conditions. Survey data from 603 households
living in Daejeon, Chungbuk, and Chungnam have been collected to perform the CE. Subsequently,
two clusters—high-involvement and low-involvement groups—have been extracted, based on the
climate change perception index. The main results of comparing the marginal willingness-to-pay
between the two clusters are as follows. The attributes and price variable significantly affected the
choice probability to benefit from improvements in the rational signs of the coefficients. This does
not violate the independence of the irrelevant alternatives assumption. The improvement values of
high-involvement and low-involvement groups are estimated as KRW 21,570 and KRW 14,572 a year
per household, respectively. Both show the same value intensities in the order of WM, DM, and FC.

Keywords: choice experiments; climate change; Daecheong Dam; public functions; willingness to
pay (WTP); non-market values

1. Introduction

Global climate change has intensified precipitation irregularity, lake and river sur-
face decline, and water quality deterioration [1–3], which in turn has hampered water
management efficiency [4,5]. In South Korea, drought and flood damage keeps recur-
ring [6–8]. Hence, countermeasures against climate change are being promoted. One of
the highlighted issues is dam operation [9,10]. Recently, since water supply and demand
management in response to climate change has become a national problem, a variety of
measures have been proposed for effective water resource management. This includes
restructuring the main role of hydroelectric dams to supply water during drought, and
flood defenses [11]. Efficient dam operation plans are urgently required to manage drought,
flood stress, and water quality. Multi-purpose dams benefit local people, directly and
indirectly, by providing domestic and industrial water, electricity generation, and eco-
tourism as well as drought relief and flood prevention [12,13]. Furthermore, the fact that
the reservoir water condition is highly relevant to drinking water quality and recreational
value for local people has added significance [14,15].

The point of interest here is that water supply and distribution should be government
controlled, since the benefits of using dams are characterized by public goods more than
private goods [16]. Therefore, it has become a major concern to confirm the input cost
validity (The feasibility of the dam project is determined by a cost and benefit economic
analysis, and the result of comparing these two figures affects investment decisions [17].)
when implementing dam operational improvement projects for public use. Such procedural
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justification can be ensured in case the benefit exceeds the cost [17,18]. At this point, as the
operational benefits (including drought prevention, flood protection, and water quality
management) [19–21] are services for unspecified individuals, public interest valuations
are eventually considered for judging government project performance. First, given that
time or cost constraints are unavoidable, examining core factors of value inducement and
identifying influencer priorities might be regarded as important to foster business efficiency.

Several relevant studies have emphasized the importance of identifying climate change
impacts on water management. Vital research problems about the economic value of
drought stress alleviation, flood risk management, and water quality improvement have
been globally discussed, thus, contributing to the awareness of the economic value of the
public benefits provided by dam functions. However, the results of these studies did not
examine the direct value. Furthermore, it is difficult to immediately compare results from
different analysis environments due to different spaces and timeslots.

Therefore, this study primarily investigates the economic value of the role of dams
in coping with climate change and benefiting the public through drought management
(DM), flood control (FC), and water quality monitoring (WM). Thus, it ultimately provides
foundational information through which to highlight the public benefits of establishing
water-resource countermeasures against climate change. Considering the severe damage
caused by floods, droughts, and water pollution by South Korea’s changing climate, dealing
with the three functions is desirable. In addition, the study investigates the moderating
effect of climate change risk perceptions on the economic value of each public function; the
perceived public value can vary significantly according to the climate change awareness
level. Confirming whether there are discriminative values is considered necessary for
highly acceptable policy drives. Some studies (e.g., [22–24]) have shown that climate-
change awareness affects the acceptance of dam operation policies. Thus, generalizing the
results of the study without additional verification regarding the subdivided value might
distort the value judgment.

This study investigates the benefits of the Daecheong Dam. The Daecheong Dam—
completed in 1980 as a multi-purpose dam—is 72 meters tall and is 495 meters wide. Its
catchment area is 4,134 square kilometers with a capacity of about 1.49 billion cubic meters.
The reservoir, formed by dam administrators, is located within Chungcheongnam-do and
Chungcheongbuk-do. As a serious water-bloom phenomenon increased after the 2015 dry
season, there was an emergency in water quality management regarding Lake Daecheong—
the source of drinking water for the Chungcheong region. The waterworks authority
exercised closer monitoring of harmful algal blooms at Daecheong reservoir [25,26], located
in Daejeon metropolitan city, South Korea. The public role of the Daecheong Dam, directly
and indirectly, include the benefits of water supply for agricultural, industrial, and resi-
dential use, as well as the supervision of water quality for drinking and recreation [27–29].
Drought, flood, and water pollution emphasize how crucial dam operation plans can be.
Moreover, this study applied the choice experiment (CE) (The estimation of economic val-
ues for public services is carried out in diverse environmental fields (e.g., [30,31]), and CVM
and CE have been regarded as typical valuation methods. Among the several econometric
methods, the CE designed by Adamowicz et al. [32] has the advantage of subdividing
the value of the estimated object into main attributes. Moreover, progressive values can
be estimated by phases from the lowest to the highest level. The bundle of alternatives
combined by each level of functionality is presented to respondents, after which the most
preferred alternative (including a price level) is selected (this can be calculated as the values
for each level). In particular, where the effects of water resources development plan vary,
CE can be cost-effective by enhancing the feasibility of policy alternatives.) methodology
for valuation, which has the advantage of separating the attributes that affect the value of a
certain good by level and estimating the value of each level [33].

The study concluded that three dam functions are of high importance through several
key pieces of evidence, and verifying them is crucial for South Korea. The role of dams
has been specified through three major attributes: DM, FC, and WM. Furthermore, the
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results of advanced studies (which suggest the perceived seriousness of climate change
significantly affects policy support ratings) indicate that the higher the level of consideration
in climate change, the greater the likelihood of advocating for the enhancement of dam
functions [22–24]. Accordingly, it is expected that people’s awareness of climate change
may cause meaningful differences in the economic values of the dam’s public functions.
Hence, the study conducts empirical analyses to achieve specific objectives as follows:

1. Estimate the economic value of Daecheong Dam by the subdivided attributes (DM,
FC, and WM).

2. Examine the moderating effect of climate change perceptions on the economic
values of the dam’s public functions.

This study contributes to the literature by estimating the WTP of Daecheong Dam’s
functions and how they differ depending on climate change awareness. Taking the
two previously mentioned objects into consideration, the following research questions
are proposed.

Q1. Do the three attributes (DM, FC, WM) of Daecheong Dam have a significant
impact on the increase in the utility of survey respondents?

Q2. Does the MWTP for the public interest function of Daecheong Dam differ depend-
ing on the degree of awareness of climate change among survey respondents?

2. Materials and Methods
2.1. Study Area

The Daecheong Dam basin (36◦28′33.3′′ N 127◦28′31.1′′ E) is 2608 km2, accounts for
more than 1/4 of the total area of 9914 km2 of the Geumgang River basin, and 10 ad-
ministrative districts. It spans Daedeok-gu, Dong-gu, Yuseong-gu, Daejeon Metropoli-
tan City; Cheongju-si, Boeun-gun, Okcheon-gun, Chungcheongbuk-do; Geumsan-gun,
Chungcheongnam-do, Yeongdong-gun; Sangju-si, Gyeongsangbuk-do and Muju-gun,
Jeollabuk-do [34] (see Figure 1). In the Daecheong Dam basin, there are 108,852 residents
from across 43,140 households, and the population density was analyzed to be 163.08 peo-
ple/km. The water supply rate in the Daecheong Dam basin was found to be about 86.0%,
lower than Korea’s total water supply rate, 96.5% (including village water supply, small
water supply facility population) [35].
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Construction for the Daecheong Dam began in March 1975, and it was completed in
December 1980. It is a complex dam composed of a gravity-type concrete dam and a sand
dam with a height of 72 m, a length of 495 m, a reservoir area of 72.8, and a volume of
1,234,000 m3. There exists the main dam with a storage capacity of 1.49 billion m3, and
three auxiliary dams that prevent water in the reservoir from overflowing to other areas.
In addition, there are hydroelectric power plants with a capacity of 90,000 kW and a water
channel to supply water to some areas of the Chungcheong region.

2.2. Literature Review

There is a large body of scientific data linking climate change to hydrologic changes
such as in precipitation, streamflow and evapotranspiration. Climate change’s impact on
the hydrologic cycle poses a severe threat to Korea, an area threatened by periodic floods
and droughts. Climate change-induced increases in streamflow during the monsoon (a
period of significant rainfall, typically May–September) have the potential to exacerbate
flood damage, whereas increases in evaporative losses (due to warmer temperatures)
during the dry period can exacerbate water scarcity in some areas [36].

Among the measures used to manage water resources in response to climate change,
the operation of dams and the improvement of their functions has emerged as a major
subject of interest. In the case of multipurpose dams, the importance of dam operation
plans for flood control, drought management, and environmental functions is increasing
as they are directly or indirectly related to the benefits of water for residents, such as
water supply, hydroelectric power generation, and water quality improvement [37,38].
The public interest value of water resources by the dam function makes it difficult to
clearly measure benefits, and the absence of a market has acted as a challenge in efficient
resource distribution, making government intervention inevitable in water supply and
distribution. For this reason, evaluating and proving the validity of non-market value for
dam function and water resource use is considered a task that must be preceded in the
process of controlling and managing it [39].

Because it is concerned with modeling options ranging over a variety of attributes
rather than estimating WTP for a single option, the CE technique presents a potential
chance to quantify the economic values of diverse environmental consequences induced
by big dam development. The CE methodology, similar to the CV method’s referendum
model, has its theoretical grounding in the random utility model, which is compatible with
economic theory [40–42].

The rationale for estimating the values of dam functions regarding DM, FC, and WM
is sourced from various prior studies. First, value estimation studies resulting from drought
mitigation are typically conducted in terms of drought relief for watershed protection [43],
the willingness to pay (WTP) to avoid drought-water constraints for households and busi-
nesses [44], premium payments for agricultural insurance [45], and the value of avoiding
drought water-usage restrictions [46].

Furthermore, in studies on flood-risk reduction values, empirical tests on nation-
wide flood control measures [47], flood risk reduction [48], flood insurance premiums for
rural households [49], and the economic value and determinants of flood defenses [50]
were explored. Moreover, regarding water quality values, various studies on the value
of secure and reliable drinking water [51], the amount of payments to improve in-home
water services [52], the value of water quality improvement and determinants that affect
the value [53], and the quality improvement value of tap water for urban residents [54]
have been carried out. In most of the previous studies mentioned, the contingent val-
uation method (CVM) and CE were used for measurement. It was also noted that
individual characteristics such as gender, age, income level, education level, residen-
tial environment, government trust, and perceptions about disasters affected the value
determination [45,47–51,53,54].

While a variety of economic valuation cases have been globally executed, it has been
confirmed that there are few intermittent studies in South Korea. The precedent studies
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relevant to the three roles are as follows. Hwang et al. [55] estimated WTP to improve the
future status of Korean water scarcity by households using CVM. Thus, Busan residents in
Korea perceived water shortage, and about 70% of them were willing to pay. The average
payment amount per household was about KRW 3572 (USD 4) per household per month.
Choi and Lee [56] calculated home buyer contributions to flood prevention construction
through the hedonic price method. According to the results, the buyer’s WTP for a 1%
reduction in rainfall intensity was KRW 62,101 per square meter, and the WTP for a 1%
reduction in annual rainfall was KRW 36,533 per square meter.

Furthermore, Lee et al. [57] used CVM to evaluate the WTP for a future water shortage
project in Korea, resulting in about 320 million dollars. They, however, concluded that the
project cost was greater than the national utility. Kwak et al. [58] valued WTP for tap-water
quality improvement in Busan, Korea, through CVM; the average amount per household
was KRW 2124 per month. In addition, Um et al. [59] applied the averting behavior method
to estimate WTP to reduce the negative perceptions caused by the discrepancy between the
objective pollution level and perceived level. The results highlighted that perceived risk is
more effective than objective risk, and the USD range of WTP were [0.07; 1.70] to [4.2; 6.1].

Moreover, these three functions act as major factors of dam operations according
to an expert opinion survey that prioritizes the core properties for adapting to climate
change. Furthermore, there is much emphasis on paying constant attention to comprehend
the managerial importance of these factors [60]. So far, it is clear that CVM, CE, and the
hedonic price method were frequently employed as value-estimation methods. CVM,
which measured only the single value of the goods, was used most. In addition, the spatial
and temporal features of the study site and the demographic characteristics of the study
subjects had a significant effect on the estimation results.

2.3. Setting Attributes and Levels

Concerning the attributes from the previous studies, a content validity examination
was further conducted. Thus, those three functions were selected as the final attributes
based on carefully reviewed outcomes by experts (professors and senior researchers on
environmentology, hydrology, and mineral economics). Focus group interviews (with ten
regular people cognizant of Daecheong Dam) were, then, employed to determine specific
levels of the attributes. In this respect, interviewees described the image associated with
Daecheong Dam’s climate change role. Accordingly, functional levels expressible in are cog-
nizable manner were established. Information on techniques relevant to drought mitigation
(such as sedimentation reduction and emergency drainage design), flood reduction (such
as spillway design and dam raise), and water quality monitoring (such as the installation
of devices for reducing non-point sources and sewage treatment facility expansion) was
given to the interviewees in advance.

At the end of the discussion, the decision was that it is too restrictive to manifest the
diffusion of specific technologies at a certain level. Thus, it was desirable to describe the
attribute levels as complementing overall current technologies and creating new crafts
beyond the present structure. Subsequently, each attribute level is classified into three
phases: low-level (to maintain the status quo), medium-level (to complement existing
technologies), and high-level (to develop new technologies along with the complementa-
tion). These demonstrate utilities calculated as per the increase in the improvement levels.
In addition, a preliminary test for 30 respondents regarding WTP was conducted using
open-ended questions to determine appropriate bid levels along with a realistic payment
vehicle. Thus, via the focus group interviews and the reviewed attributes [61–63], it was
determined that three asking prices of KRW 5000, KRW 10,000, and KRW 20,000 within
the range of 15% to 82% of the response distribution [64] should be the annual financial
support. The levels are shown in Table 1.
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Table 1. Description of attribute levels.

Attributes
Improvement Levels

Low Medium High

Drought
Management

(Status quo)
Maintaining current

techniques to prevent
drought disaster

(Partial improvement)
Complementing existing

techniques to prevent
drought disaster

(Substantial improvement)
Complementing existing

techniques and developing new techniques to
prevent drought disaster

Flood
Control

(Status quo)
Maintaining current

techniques to prevent
flood disaster

(Partial improvement)
Complementing existing

techniques to prevent
flood disaster

(Substantial improvement)
Complementing existing

techniques and developing new techniques to
prevent flood disaster

Water quality
Monitoring

(Status quo)
Maintaining current

purification techniques to
prevent water pollution

(Partial improvement)
Complementing existing

techniques to prevent
water pollution

(Substantial improvement)
Complementing existing

techniques and developing new techniques to
prevent water

pollution

2.4. Development of a Measurement Instrument

The survey questionnaire was composed of demographic items (gender, age, marriage
status, education, household income, and resident area), climate change perception index,
and CE elements. Choice sets are first structured based on the derived attributes and
levels to develop the measurement tool for CE. The procedures are as follows. Since the
three attributes of the dam’s public benefit function and the annual financial support,
respectively include three levels, a total of 81 alternatives exist (3 raised to the 4th power).
The study employed a more efficient experimental design using the SAS orthogonal design
program because it is an unrealistic field survey that requires responses to all of the alterna-
tives. Thirty-four optimal profiles were extracted, and 18 choice sets were derived from
each choice profile involving two optional alternatives along with a reference alternative.
Furthermore, the results are confirmed to be statistically significant due to superiority in
terms of efficiency and error (D-efficiency = 2.08; D-error = 0.48) [65]. Presenting a set
of 18 optional alternatives to one respondent may increase non-sampling errors. In this
study, after dividing the entire survey questionnaires into Type A/B/C, six sets of optional
alternatives were assigned to each type.

However, if one respondent evaluates all 18 choice sets at once, the response validity
might be impacted. Thus, the sample was divided into three blocks to enhance the response
validity. Each of the three questionnaire types contained six choice sets. Figure 2 below
shows one of the 18 choice sets. The respondents evaluated the choice sets composed of
each level of the dam’s public benefit function and the annual financial support. Then,
they selected the most preferred alternative among two options for further improvement
along with one “no-choice” option. Here, the level of each attribute in the “no-choice”
option is low (i.e., status quo), and the annual financial support is designated as KRW 0.
Respondents choose the most preferred alternative among the three options after reading
the contents of the current technology level described in the questionnaire introduction.

Prior to the analysis, Option 3. “Choosing neither option” (see Figure 2) in the
questionnaire indicates not selecting any of the two improvement alternatives, implying
that the current condition would be maintained. Therefore, the willingness to pay financial
support is calculated as KRW 0, but the water expense is still maintained.
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2.5. Sample Collection

The study population comprised adults aged 20 and older who, directly and indirectly,
benefit from various water supply and hydroelectric power generation of Daecheong Dam.
For this reason, residents who were aware of Daecheong Dam and living in Daejeon City
or its surrounding areas such as Chungbuk and Chungnam were selected as participants.
The samples were selected according to gender and age-group properly represented the
population (purposive quota sampling). Before the main survey, we conducted a pre-test
to check whether the content, arrangement, and phrasing of the items were clear. We
completed the final questionnaire by correcting and complementing the questions. A total
of 630 questionnaires (210 copies for each type) were distributed under the household unit
of analysis by direct face-to-face street-intercept interviews around Geum River, LOHAS
Park, near Daecheong Dam. After screening, 603 valid questionnaires were employed for
data analyses.

2.6. Analytical Method

The analytical model of CE is based on the indirect utility function theoretically
implied in economics. The function Uij in Equation (1) indicates the indirect utility of any
individual i (= 1, . . . , n), which can be obtained from an alternative j (= 1, . . . , J) among a
choice set Ci.

Uij = Vij (Zij, Si) + eij (1)

Here, Vij accounts for the attribute functions of the alternative (Zij) and the individual
characteristics (Si) of the respondent as the observable elements. In addition, eij means
unobservable errors, which are relevant to the theoretical foundation for composing the
likelihood function.

In the CE analysis, the discrete choice model is applied. If the jth alternative of the
choice set Ci chosen by the respondent i generates a greater utility than another alternative
k [Uij > Uik (k ∈ Ci, k 6= j)], it is logically clear from the above that the alternative j should
be chosen. Thus, in Equation (2), the probability of respondent i choosing alternative j can
be written as:

P(j|Ci)= Pr (Vij + eij > Vik + eik) = Pr (Vij − Vik > eik − eij) (2)
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In the case of estimating the multi-nominal logit model described in Equation (2), if
the assumption about the error term independence is satisfied (per the Type I extreme
value distribution), then the probability of the respondent i selecting alternative j is given
by Equation (3).

Pi(j|Ci) =
exp

(
Vij

)
∑k∈Ci

exp(Vik)
(3)

The multi-nominal responses derived from the CE questionnaire represent the out-
comes where the individuals pursue utility maximization. This is analyzed through the
likelihood function in Equation (4).

lnL = ∑n
i=1 ∑J

j=1

{
Yij ·ln[Pri (j|C)]

}
(4)

In this case, the respondent may or may not select alternative j, where the variable
Yij = 1 indicates that the ith respondent has chosen the alternative j. Here, 1(·) denotes the
indicator function, and “1” is assigned in 1(·) when the jth alternative is selected; otherwise,
0 is granted. Hence, the parameters can be calculated by applying the method of maximum
likelihood estimation to the log-likelihood function of Equation (4) [66].

The indirect utility function Vij of this study can be described as the linear function of
observable attribute vectors: an alternative specific constant (ASC), medium level (DMMid)
and high level (DMHigh) for the DM function improvement, medium level (FCMid) and
high level (FCHigh) for the FC function improvement, medium level (WMMid) and high
level (WMHigh) for the WM function improvement, and financial support (Bid) as shown in
Equation (5). β is an estimated parameter that affects the utility.

Vij = ASC + β1DMMid,ij + β2DMHigh,ij + β3FCMid,ij + β4FCHigh,ij + β5WMMid,ij +
β6WMHigh,ij + β7Bidij

(5)

Moreover, an extended model into which demographic variables are additionally
inserted is estimated for detailed examinations. The model is structured as in Equation (6):

Vij = ASC + β1DMMid,ij + β2DMHigh,ij + β3FCMid,ij
+ β4FCHigh,ij + β5WMMid,ij + β6WMHigh,ij + β7Bidij + ∑S

s=1 γsKsi
(6)

where Ksi is the vector representing the individual characteristics of the ith respondent, s
(= 1, . . . , S) is the demographic variable, and φ is an estimate of the interaction variables.

Thus, the marginal willingness-to-pay (MWTP) for the attributes can be estimated by
Equations (5) and (6), which demonstrate the marginal rate of substitution (The marginal
rate of substitution can be defined as the quantity of one good to be discarded to obtain
another [67], that is, respondents have to pay more for a higher level of improvement.)
between each level of the attributes and the price variable. Therefore, the MWTP, owing
to the vector variation of each attribute, can be estimated as the coefficient ratio of the
corresponding level to the price variable as shown in Equation (7).

MWTPDMMid = ∂Bid/∂DMMid = −β1/β7
...

MWTPWMHigh = ∂Bid/∂DMHign = −β6/β7

(7)

This study employed a climate change perceptions index, proposed by the Korea
Energy Management Corporation [68], to measure the climate change level cognized by the
respondents. An R-type explanatory factor analysis (EFA), based on principal components,
corroborated the measurement item validity. In the factor extraction process, only items
higher than eigen value 1.0 were factorized with a loading of more than 0.4. To measure the
reliability of measurement tools, an internal consistency technique using Cronbach’s Alpha
Coefficient was applied. If the value of the Cronbach’s alpha coefficient is 0.6 or more, the
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reliability can be considered valid, and the entire items can be analyzed by synthesizing
them on a single scale.

3. Results and Discussion
3.1. Demographic Profile of the Sample

The demographic characteristics of the sample are shown in Table 2. In this survey,
a total of 18 choice sets are split into three questionnaire types including 6 sets. Thus, a
χ2 test for the condition of homogeneity between respondents was employed. The results
demonstrated the alternative hypothesis that the collected data was heterogeneous; it was
rejected at the 5% significance level for gender (p = 0.980), age (p = 0.950), marital status
(p = 0.694), education (p = 0.061), occupation (p = 0.497), residence area (p = 0.994), and
income (p = 0.051). Hence, it confirmed that there was no statistical difference regarding
key demographic variables between groups according to the questionnaire types.

Table 2. Demographic profiles.

Categories
Type A Type B Type C χ2-Test

p-ValueFrequency % Frequency % Frequency %

Gender

Male 106 52.2 106 52.5 102 51.5 0.980Female 97 47.8 96 47.5 96 48.5

Age

20–29 57 49.8 55 44.6 57 47.0

0.950
30–39 60 50.2 63 55.4 60 53.0
40–49 55 28.1 54 27.2 54 28.8
50–59 21 29.6 22 31.2 23 30.3

60s or older 10 27.1 8 26.7 4 27.3

Marital status

Single 101 10.3 90 10.9 93 11.6 0.694Married 102 4.9 112 4.0 105 2.0

Education

Middle school or less 6 3.0 2 1.0 6 2.9

0.061High school 78 38.4 53 26.2 74 35.6
College degree 94 46.3 120 59.4 94 45.2

Postgraduate degree 25 12.3 27 13.4 34 16.3

Occupation

Profession 16 55.2 26 56.9 19 57.1

0.497

Clerical work 69 26.6 78 25.2 70 24.7
Production 14 18.2 10 17.8 18 18.2

Service 17 7.9 11 12.9 15 9.6
Civil servant 5 34.0 5 38.6 3 35.4
Teaching staff 4 6.9 3 5.0 4 9.1

Self-ownership 16 8.4 7 5.4 17 7.6
Student 30 2.5 31 2.5 28 1.5

Unemployed 15 2.0 12 1.5 5 2.0
Housewife 17 7.9 19 3.5 19 8.6

Residence area

Daejeon 112 14.8 115 15.3 113 14.1
0.994Chungbuk 54 7.4 51 5.9 49 2.5

Chungnam 37 8.4 36 9.4 36 9.6

Monthly household income (unit: 10,000 won)

99 or less 7 3.4 5 2.5 5 2.5

0.051

100–199 29 14.3 19 9.4 16 8.1
200–299 35 17.2 29 14.4 48 24.2
300–399 38 18.7 42 20.8 29 14.6
400–499 36 17.7 41 20.3 32 16.2
500–599 16 7.9 24 11.9 28 14.1
600–699 14 6.9 6 3.0 16 8.1
700–799 9 4.4 16 7.9 13 6.6

800 or more 19 9.4 20 9.9 11 5.6

Total 203 100 202 100 198 100 -

n = 603
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3.2. Estimating Conditional Logit Model

Table 3 shows the estimation results for the conditional logit model. Model I is a
basic model to which the attributes of the public functions—DM, FC, WM, and financial
support—are solely assigned. Model II is an extended model with additional demographic
variables because individual characteristics need to be used as control variables based
on previous research that found that socioeconomic factors may influence the value es-
timates [69]. Thus, after analyzing 3618 observed data in both models, the basic model
showed acceptable results. LLF was −3515.53 (p < 0.001), and the Pseudo R-squared (The
Pseudo R-squared statistic, which provides an auxiliary explanation for the model fit, is
not high. It is, however, preferable to highlight the figure because it tends to be lower than
usual regression analysis. For instance, according to Brau [70], the 0.11 level is acceptable),
was approximately 11.0%. Moreover, the price variable (Bid) was negatively effective at
the 1% significance level, which satisfies the theoretical direction of the coefficient. All
levels of the attribute variables (The levels named ‘Mid’ and ‘High’ of the three attributes
indicate ‘the change from the low to medium level’ and ‘the change from the low level to
high level’, respectively. Thus, those variables were coded as (1, 0) and (0, 1), where the
low level signifies the reference alternative (0, 0)) have direct impacts at the 1% significance
level (except FCMid significant at the 5% level), which implies that the higher the attribute
level, the greater the probability of choosing the proposed options compared to the status
quo. That is, the enhancement of each function for the dam can increase its utility for
local people.

Table 3. Estimates of conditional logit models.

Model Model I Model II

Variable Coef. S.E. t-Ratio Coef. S.E. t-Ratio

ASC 0.151 0.082 1.83 * 0.790 0.316 2.50 **
DM_Mid 0.454 0.065 7.02 *** 0.453 0.065 7.00 ***
DM_High 0.626 0.059 10.57 *** 0.627 0.059 10.57 ***
FC_Mid 0.273 0.059 4.59 ** 0.274 0.060 4.60 ***

FlC_High 0.391 0.060 6.46 *** 0.393 0.061 6.49 ***
WM_Mid 0.567 0.061 9.31 *** 0.568 0.061 9.32 ***
WM_High 0.818 0.060 13.58 *** 0.818 0.060 13.59 ***

Bid −0.938 0.043 −21.58 *** −0.939 0.044 −21.58 ***

ASC*Gender 0.023 0.076 0.30
ASC*Age −0.010 0.004 −2.50 **

ASC*Income 0.047 0.019 2.46 **
ASC*Education −0.025 0.017 −1.47

ASC*Marital Status −0.016 0.077 −0.21
ASC*Occupation −0.123 0.089 −1.38

ASC*Residence Area 0.050 0.077 0.65

LLF −3515.53 −3506.31
Adj. Pseudo R2 0.110 0.113

No. of Obs. 3618 3618

IIA test

Alternative dropped χ2 (df =7) p-value

Option 1 9.166 0.241
Option 2 6.589 0.473
Option 3 12.613 0.082

Note (1) Model I⇒Model II: χ2 (0.05, 7) = 18.44 > 14.07; Note (2) ***, **, *: Significance at the 1%, 5%, 10% levels, respectively.

Moreover, seven interaction variables between the alternative specific constant (ASC)
and the demographic variables (Age, Income per household (unit: million KRW), and
Education (years of education) are the continuous variables. Gender (with female = 0,
male = 1), Marital status (with single = 0, married = 1), Occupation (unemployed = 0,
employed =1), and residential area (Daejeon = 0, Chungnam and Chumgbuk = 1) are
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dummy variables) were computed to identify other influencers on the choice probability
which cannot be examined by the underlying attributes. Consequently, an extended model
fitness was achieved as LLF (−3506.31) and Pseudo-R2 (0.113) improved compared to the
basic model. The age (t =−2.50) and income (t = 2.46) variables had a negative and positive
influence at the 1% significance level. This implies that lower age and higher income levels
mean more choice possibilities for improvement alternatives. However, performing the
Hausman tests for the independence of irrelevant alternatives meant all p-values rejected
the null hypothesis that parameter estimates are heterogeneous at the 5% significance level,
confirming the independence of irrelevant alternatives (IIA) assumption regarding the
independence of error terms had been fulfilled.

3.3. Measuring Climate Change Perceptions and Segmenting Respondents

The analysis revealed that three factors—cause, countermeasures, and effect—were
derived in terms of the level of understanding, as in the theoretical composition. Moreover,
the levels of awareness and practice are each a single factor. Bartlett’s test of spheric-
ity and the Kaiser–Meyer–Olkin values were statistically significant at the 0.01% level
(Appendix A). In addition, the reliability tests showed Cronbach α values for all EFA factors
to be more than 0.77—the level of understanding about the cause (α = 0.776), countermea-
sures (α = 0.795), the effect (α = 0.808), and the level of awareness (α = 0.817)—except for
the level of practice with an α value of 0.667, albeit close to 0.7 [71].

Subsequently, a two-step clustering analysis utilizing five such factors was conducted
to distinguish the climate change perception segments from the whole group (see Table 4).
Two clusters were derived. Due to an independent-samples t-test to reveal the features
of the two clusters, it was classified into segments of high levels (H) and low levels (L)
regarding the five factors. The “H” and “L” clusters were, respectively named as “high
involvement” and “low involvement.”

Table 4. Clustering and t-test according to climate change awareness.

Clusters
Factors

Cluster 1:
High Involvement

Cluster 2:
Low Involvement t-Ratio

Mean(S.D.) Mean(S.D.)

Level of understanding
of climate change:

Understanding the causes 3.46(0.36) H 2.94(0.43) L 15.82 ***
Understanding the measure 3.50(0.38) H 2.88(0.35) L 19.97 ***
Understanding the results 2.74(0.56) H 2.35(0.51) L 8.74 ***

Level of awareness of the behavioral pattern 4.16(0.51) H 3.42(0.56) L 16.29 ***
Level of behavioral style 3.54(0.54) H 2.90(0.50) L 14.68 ***

Note (1) Statistical mean difference: L < H. Note (2) ***: Significance at 1% level.

3.4. Estimating Implicit Prices by Cluster

As shown in Table 5, the coefficients for MWTP calculation of each group were
estimated based on the extended model. The conditional logit models of the two groups
were compared based on the likelihood ratio test [72,73] to clarify the moderating effect
according to climate change perceptions. First, the likelihood ratio test between the two
models showed that χ2 was 65.62. This is larger than the threshold of 30.58 at the 1%
significance level with 15 degrees of freedom, proving that the moderating effect of climate
change perceptions was effective between the two groups.

Regarding the demographic variable interaction with ASC, age (p < 0.05), income
(p < 0.01), occupation (p < 0.10), education (p < 0.10), and residence area (p < 0.05), variables
were solely significant in the high-involvement group, while the effect of age (p < 0.10),
education (p < 0.10), and residence area (p < 0.05) was marginally revealed in the low-
involvement group. Thus, the statistical differences in the determinants between the
models were verified. Moreover, concerning the main attributes, there were significant
effects in both groups, and the directions of influence were also the same. However, since
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there is a limit to the comparison of the variable impacts on the significance or the effect
size, slope tests were performed to address the statistical differences of the effects [74].

Table 5. Comparison of conditional logit models between clusters.

Model High-Involvement Group Low-Involvement Group Coef.
Comparison

Variable Coef. S.E. t-Ratio Coef. S.E. t-Ratio

ASC 0.873 0.523 1.67 * 0.981 0.407 2.41 ** -
DM_Mid 0.637 0.108 5.92 *** 0.361 0.082 4.42 *** 4.17 **
DM_High 0.846 0.098 8.61 *** 0.499 0.075 6.64 *** 7.89 ***
FC_Mid 0.274 0.096 2.86 *** 0.280 0.076 3.67 *** 0.00
FC_High 0.389 0.098 3.98 *** 0.394 0.078 5.08 *** 0.00
WM_Mid 0.638 0.099 6.47 *** 0.522 0.078 6.70 *** 0.84
WM_High 1.005 0.097 10.33 *** 0.702 0.077 9.08 *** 5.95 **

Bid −0.986 0.072 −13.78 *** −0.922 0.055 −16.69 *** 0.49
ASC*Gender 0.095 0.126 0.75 0.051 0.098 0.51 0.08

ASC*Age −0.014 0.007 −2.09 ** −0.009 0.005 −1.75 * 0.36
ASC*Income 0.140 0.032 4.33 *** −0.001 0.024 −0.05 12.20 ***

ASC*Education −0.009 0.027 −0.32 −0.042 0.022 −1.90 * 0.87
ASC*Marital Status −0.009 0.120 −0.07 0.000 0.101 0.00 0.00

ASC*Occupation −0.761 0.164 −4.65 *** 0.151 0.110 1.38 21.46 ***
ASC*Residence Area −0.348 0.133 −2.62 *** 0.227 0.098 2.31 ** 12.15 ***

LLF −1335.46 −2138.04
-Adj. Pseudo R2 0.147 0.103

No. of Obs. 1440 2178

Note (1) LR test b/w two clusters: χ2 (0.01, 15) = 65.62 > 30.58; Note (2) Coefficient comparison w/χ2 (0.01, 1) = 6.63;χ2 (0.05, 1) = 3.84; Note
(3) ***, **, *: Significance at 1%, 5%, 10% level.

According to the main results, an improvement from the low-level to the medium-
level (χ2 = 4.17, p < 0.05), the low-level to high-level (χ2 = 7.89, p < 0.01) of the DM function,
and the low-level to high-level (χ2 = 5.95, p < 0.05) of the WM function showed significant
differences. Thus, the influence on the choice probability was found to be greater in the
high-involvement group than the low-involvement group, although the coefficients had the
same directions. In addition, income (t = 4.33) and occupation (t = −4.65) were statistically
re-examined as being significant variables only in the high-involvement group. Regarding
the local variable residence area, Daejeon region was significantly associated with the
high-involvement group (t = −2.62) while the Chungbuk and Chungnam areas correlated
to the low-involvement group (t = 2.31). However, there was no significant difference in
the effect of age and education variables between the two groups.

Table 6 shows the results of analyzing the marginal MWTPs for the two groups
(Regarding the level changes of each attribute for the pooled sample (‘Low’ to ‘Medium’
and ‘Medium’ to ‘High’), 4829 KRW and 1848 KRW for DM, KRW 2916 and 1271 KRW
for FC, and 6058 KRW and 2663 KRW for WM were derived, respectively). The 95%
MWTP confidence intervals were estimated using Krinsky and Robb [75]’s Monte Carlo
simulation, and the t-statistics were derived based on the delta method [76]. First, regarding
the DM function, the increments in the two levels of the high-involvement group were
significant with the result. The different between the low to medium level is KRW 6467
(with a 95% confidence range of KRW 4261 to KRW 8673), and the medium to high level
indicates a difference of KRW 2121 (with a 95% confidence range of KRW 382 to KRW 3860).
Meanwhile, the low-involvement group disclosed KRW 3924 (from an interval of KRW
2139 to KRW 5693) in terms of the improvement from low to medium level. However, an
insignificant effect on the change from medium to high level was detected. Regarding the
FC function, there was no statistical difference between the two groups on the change from
low to medium level (high involvement at KRW 2783 vs. low involvement at KRW 3036),
while the medium level did not effectively move into the high level in both groups.



Sustainability 2021, 13, 14060 13 of 19

Table 6. Estimates of MWTP by cluster.

Attribute Level Implicit Prices
(t-Ratio)

Confidence
Interval 95%

Implicit Prices
(t-Ratio)

Confidence
Interval 95%

Drought
Management

Low→Mid 6467
(5.75) *** [4261–8673] 3924

(4.33) *** [2139–5693]

Mid→ High 2121
(2.39) ** [382–3860] 1486

(1.81) n.s. [−114–3098]

Flood
Control

Low→Mid 2783
(2.81) *** [842–4725] 3036

(3.64) *** [1407–4672]

Mid→ High 1162
(1.25) n.s. [−662–2986] 1228

(6.27) n.s. [−353–2824]

Water-quality
Monitoring

Low→Mid 6471
(5.82) *** [4290–8652] 5661

(5.81) *** [3898–7432]

Mid→ High 3728
(3.89) *** [1848–5609] 1951

(2.38) ** [342–3555]

Total MWTP 21,570
(10.26) *** [17,450–25,691] 14,569

(8.75) *** [11,306–17,832]

Note (1) Unit of Marginal WTP: won/year-household. Note (2) ***, **: Significance at 1%, 5% level.

Moreover, the WM function also exhibited significance at each level in both groups as
per the results. This indicates that MWTPs (95% confidence interval) of the high-involvement
and low-involvement groups, respectively showed KRW 6471(KRW 4290–KRW 8652) and
KRW 5661 (KRW 3898–KRW 7, KRW) regarding the change from medium to high level,
as well as KRW 3,728 (KRW 1848–KRW 5609) and KRW 1951 (KRW 342–KRW 3555)
regarding the change from medium to high level. However, the slope test results showed
the intergroup heterogeneity. Finally, the total amount of MWTPs for the high-involvement
group was KRW 21,570 (95% confidence interval: [17,450; 25,691]), and that of the low
interest group was KRW 14,569 (95% confidence interval: [11,306; 17,832]).Thus, there a
merged MWTP difference of around KRW 7000 a year per household between the two
groups exists (in US dollar terms, the converted amount is approximately USD 18.58 and
USD 12.61, respectively, with a difference of 6.06USD based on the exchange rate system of
the Bank of Korea). The large difference in MWTP between high and low climate change
awareness groups is in line with Kim et al. [34]’s study, which found that the Daecheong
Dam basin was one of the most damaged areas in the summer of 2020, and that damage
caused by climate change could worsen in the future.

Both groups showed the same value intensities in the order of water quality moni-
toring, drought management, and flood control. It is difficult to secure drinking water
supplies in neighboring regions, since it continues to suffer from water quality issues such
as non-point pollutant sources flowing from surrounding areas of rivers, which has a
significant influence on the supply of various water types, such as daily and agricultural
water [77]. Based on the findings of these prior research, the greatest MWTP of the survey
respondents’ water quality monitoring attribute is considered as accurately reflecting the
true situation.

The estimated study values indicated results that are different from prior studies [55–58].
Nevertheless, there is agreement on the utility of reducing damages. Granted, the values
were limited to tentative results that further research can rectify. These results, however,
show that the economic value of the dam’s public functions is regulated by climate change
awareness. The estimation results can be differentiated from previous studies since the values
of the dam’s function attributes, corresponding to climate change, can be derived within a
single analysis framework and the utility size between the attributes can be compared.

4. Conclusions

The purpose of this study was to estimate the economic value of the Daecheong Dam
for the public function of responding to climate change. It examined the moderating effect
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of climate change perceptions on value estimates by applying choice experiments. The
study specified three dam function attributes such as drought management, flood control,
and water quality monitoring, and subdivided each into three levels to improve the status
quo. Survey data from 603 households living in Daejeon, Chungbuk, and Chungnam were
collected to perform the choice experiments. Subsequently, two clusters, including high-
involvement and low-involvement groups, were extracted based on the climate-change
perception index. According to the main results of comparing the marginal willingness-to-
pay between the two clusters, the attributes and price variable significantly affected the
choice probability to benefit from improvements in the rational signs of the coefficients.
This result does not violate the independence of irrelevant alternatives assumption. The
improvement values of high-involvement and low-involvement groups are, respectively,
estimated as KRW 21,570 and KRW 14,572 a year per household.

The findings of this study have the following managerial and policy implications.
First, the estimates of the economic value of Daecheong Dam for the public function of
responding to climate change are the same in both clusters, and were found to be in the
order of water quality monitoring, drought management, and flood control. This can be
interpreted as the environmental concerns at the study site being fairly reflected, as serious
water bloom has occurred in Lake Daecheong since the rainy season in 2016, and because
water pollution still needs to be addressed. Moreover, the implementation of a restricted
water supply in the Chungnam area in 2015 raised the awareness of national disasters,
leading to the perception that drought prevention is a more urgent problem, and demands
an immediate countermeasures, in comparison to flood protection. These results show
that public projects, for which the levels of public awareness are sufficiently considered,
will have higher reception because the related economic value can vary according to
public recognition.

As a result, in order to manage future water resources and establish measures to
prevent water disasters in consideration of climate change, it is essential to first identify
the increasing flood volume and decreasing dry-water volume due to climate change
and to establish policies based on citizens’ demands. For example, disaster-prevention
urban planning, the designation and administration of natural disaster risk improvement
zones, and the provision of safe drinking and living water may all boost the policy’s
positive efficacy.

This study has also demonstrated that the economic value of the dam’s public func-
tions are regulated by climate change awareness, which supports the belief that policies
in which the public’s propensity to climate change is considered can positively promote
public welfare. Values of public roles are found for both groups, regardless of climate
change perception, but their degree shows remarkable differences between the groups.
In particular, the MWTPs on functional improvements are not significant at some levels,
suggesting that people may disagree with the use of tax for strengthening its functions;
this implies that the actual importance of the dam’s role in climate change perception has
not been understood fully. Hence, identifying the specific sub-groups according to the
awareness level of climate change and building differential communication strategies for a
paradigm shift is necessary to heighten the feasibility of implementing dam improvement
and development plans. The results of this study can be differentiated from previous ones
in that the values of the dam function corresponding to climate change can be derived
within a single analysis framework, and the utility value between attributes can be com-
pared. We believe that the obtained economic values translate into suggestions for fulfilling
environmental policy needs.

Although it is meaningful, in that this study provides theoretical and practical impli-
cations to identify the core priorities of the dam’s public functions from the perspective of
the value concept, and thus suggest directions of future dam improvement projects, several
limitations need to be addressed in further research. First, this study extracts the three
attributes as the role of dams for climate change measures through the extensive literature
review, expert surveys, and focus group interviews; however, there has been a limit to
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the generalizability of these attributes to all cases even though it is considered reasonable
to generalize the results of the study when the operating conditions of Daecheong Dam
and the demographic characteristics of residents are under similar conditions. Therefore,
it is recommended that more common functions appropriate for general cases will be
further explored in subsequent studies, and socioeconomic variables reflecting specific
regional characteristics will need to be considered more sensitively if the model extension.
Second, the estimated value in this study is limited to the tentative results, not conclusive
ones, as the choice experiments are based upon the questionnaire survey due to the stated
preferences. In fact, since this drawback is an inevitable vulnerability of stated prefer-
ence experiments, future researchers can develop a methodology to calculate the values
of the dam functions using the revealed preference data. Third, at the level setting, the
highest level is the expected value for new technology development, but the problem is
that we could not explain exactly what kind of technology is anticipated. Regarding this
issue, additional research on new technology development will be needed. Fourth, despite
the introduction, attributes, and adequate explanation for each level of the study area
(Daecheong Dam), the possibility of a Hypothetical Bias cannot be discounted. The need
to solve the Hypothetical Bias using various techniques such as cheap talk [78], certainty
follow-up [79] and oath [80] is raised. Additionally, a binary discrete choice question is
incentive compatible, but multinomial repeated choice is not. In subsequent studies, a
research design based on binary discrete choice is required.

Lastly, the conditional logit model requires a strict assumption that it must be accepted
by IIA. Accordingly, in this study, the Hausman test was conducted to verify that the
IIA assumption was fulfilled, and the conditional logit model was selected as the final
research model. Many studies [81–83] stated that IIA assumption is too dependent on the
parameterization of the model. The mixed logit model can be considered as an improved
alternative that can describe choice probabilities across a given mixing distribution in an
adaptable and flexible manner. Various mixing distributions, such as normal, log-normal,
triangular, or uniform, can be used, depending on prior information on the taste variation
among the decision makers [84]. In subsequent studies, it is necessary to carefully consider
these points and select a research model.
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Appendix A

Table A1. Factor analysis of climate change perceptions.

Factors and Items Loading

Level of understanding of climate change
Understanding the causes (EFA α = 0.776; Eigen value = 2.568; Variance explained = 21.40%)

Recent catastrophic events have been caused by the climate change. 0.792
Scientific information about the climate change should be provided to every citizen. 0.776

This is the time to discuss how to adapt to climate change, not to argue. 0.723
The national counter strategy against the climate change is too passive. 0.629

Understanding the measures (EFA α = 0.795; Eigen value = 2.555; Variance explained = 21.30%)
Preparation for the climate change must be a primary objective of national policy 0.852

Recent catastrophic events have been caused by the climate change. 0.797
Scientific information about the climate change should be provided to every citizen. 0.776

This is the time to discuss how to adapt to climate change, not to argue. 0.740
Understanding the results (EFA α = 0.808; Eigen value = 2.363; Variance explained = 19.69%)

Recent catastrophic events have been caused by the climate change. 0.808
Scientific information about the climate change should be provided to every citizen. 0.767

This is the time to discuss how to adapt to climate change, not to argue. 0.692
The national counterstrategy against the climate change is too passive. 0.621

KMO = 0.860; Bartlett’s test of sphericity: χ2 = 2489.81; df = 66; p = 0.000

Level of awareness of the behavioral pattern (EFA α = 0.817; Eigen value = 3.166; Variance explained = 52.76%)
The environmental protection helps improve the quality of life. 0.770
With the environmental protection, everybody wins eventually. 0.765

The health threat of air pollution is more serious than people perceive it to be 0.721
Global warming is still ongoing. 0.715

Protecting the environment is beneficial to my health. 0.694
The climate change is affecting everyone in real time. 0.690
KMO = 0.820; Bartlett’s test of sphericity: χ2 = 1171.84; df = 28; p = 0.000

Level of behavioral style (EFA α = 0.677; Eigen value = 2.363; Variance explained = 39.33%)
The environmental protection helps improve the quality of life. 0.784
With the environmental protection, everybody wins eventually. 0.749

The health threat of air pollution is more serious than people perceive it to be 0.602
Global warming is still ongoing. 0.562

Protecting the environment is beneficial to my health. 0.535
The climate change is affecting everyone in real time. 0.468
KMO = 0.678; Bartlett’s test of sphericity: χ2 = 664.285; df = 15; p = 0.000

References
1. Kim, B.T.; Brown, C.L.; Kim, D.H. Assessment on the vulnerability of Korean aquaculture to climate change. Mar. Policy 2019, 99,

111–122. [CrossRef]
2. Qin, B.; Zhu, G.; Gao, G.; Zhang, Y.; Li, W.; Paerl, H.W.; Carmichael, W.W. A drinking water crisis in Lake Taihu, China: Linkage

to climatic variability and lake management. Environ. Manag. 2010, 45, 105–112. [CrossRef]
3. Trenberth, K.E. Changes in precipitation with climate change. Clim. Res. 2011, 47, 123–138. [CrossRef]
4. Carvalho-Santos, C.; Monteiro, A.T.; Azevedo, J.C.; Honrado, J.P.; Nunes, J.P. Climate change impacts on water resources and

reservoir management: Uncertainty and adaptation for a mountain catchment in northeast Portugal. Water Resour. Manag. 2017,
31, 3355–3370. [CrossRef]

5. Gosling, S.N.; Arnell, N.W. A global assessment of the impact of climate change on water scarcity. Clim. Chang. 2016, 134, 371–385.
[CrossRef]

6. Chang, H.; Franczyk, J.; Kim, C. What is responsible for increasing flood risks? The case of Gangwon Province, Korea. Nat.
Hazards 2009, 48, 339. [CrossRef]

7. Kim, B.S.; Chang, I.G.; Sung, J.H.; Han, H.J. Projection in future drought hazard of South Korea based on RCP climate change
scenario 8.5 using SPEI. Adv. Meteorol. 2016, 1–23. [CrossRef]

8. Nam, W.H.; Hayes, M.J.; Svoboda, M.D.; Tadesse, T.; Wilhite, D.A. Drought hazard assessment in the context of climate change
for South Korea. Agric. Water Manag. 2015, 160, 106–117. [CrossRef]

9. Kim, J.; Park, J.; Jang, S.; Kim, H.; Kang, H. Improving Reservoir Operation Criteria to Stabilize Water Supplies in a Multipurpose
Dam: Focused on Nakdong River Basin in Korea. Water 2018, 10, 1236. [CrossRef]

http://doi.org/10.1016/j.marpol.2018.10.009
http://doi.org/10.1007/s00267-009-9393-6
http://doi.org/10.3354/cr00953
http://doi.org/10.1007/s11269-017-1672-z
http://doi.org/10.1007/s10584-013-0853-x
http://doi.org/10.1007/s11069-008-9266-y
http://doi.org/10.1155/2016/4148710
http://doi.org/10.1016/j.agwat.2015.06.029
http://doi.org/10.3390/w10091236


Sustainability 2021, 13, 14060 17 of 19

10. Park, J.Y.; Kim, S.J. Potential impacts of climate change on the reliability of water and hydropower supply from a multipurpose
dam in South Korea. JAWRA J. Am. Water Resour. Assoc. 2014, 50, 1273–1288. [CrossRef]

11. Park, S.Y.; Yoo, S.H. Necessity of changing the dam management policy in preparation for climate change. J. Water Policy Econ.
2018, 30, 67–78.

12. Gleick, P.H. China dams. In The World’s Water; Island Press: Washington, DC, USA, 2012; pp. 127–142.
13. Lempérière, F. The role of dams in the XXI century: Achieving a sustainable development target. Int. J. Hydropower Dams 2006, 13,

99–108.
14. Loomis, J. Quantifying recreation use values from removing dams and restoring free-flowing rivers: A contingent behavior travel

cost demand model for the Lower Snake River. Water Resour. Res. 2002, 38, 2-1–2-8. [CrossRef]
15. Waitt, G.; Lane, R.; Head, L. The boundaries of nature tourism. Ann. Tour. Res. 2003, 30, 523–545. [CrossRef]
16. Koontz, T.M.; Steelman, T.A.; Carmin, J.; Korfmacher, K.S.; Moseley, C.; Thomas, C.W. Collaborative Environmental Management:

What Roles for Government-1; Routledge: London, UK, 2010.
17. Arrow, K.J.; Cropper, M.L.; Eads, G.C.; Hahn, R.W.; Lave, L.B.; Noll, R.G.; Portney, P.R.; Russell, M.; Schmalensee, R.; Smith, V.K.;

et al. Is there a role for benefit-cost analysis in environmental, health, and safety regulation? Science 1996, 272, 221–222. [CrossRef]
[PubMed]

18. May, P.J. Politics and policy analysis. Political Sci. Q. 1986, 101, 109–125. [CrossRef]
19. Choo, T.H.; Huh, J.Y.; Yoon, H.C.; Yun, G.S.; Son, J.K. Method for new conceptual securing water resources: A case study of the

Miryang multipurpose dam in Korea. Environ. Earth Sci. 2016, 75, 857. [CrossRef]
20. Shin, H.J.; Kim, H.N.; Jeon, C.H.; Jo, M.W.; Nguyen, T.T.; Tenhunen, J. Benefit transfer for water management along the Han River

in South Korea using Meta-Regression Analysis. Water 2016, 8, 492. [CrossRef]
21. Zhang, Y.; Xia, J.; Liang, T.; Shao, Q. Impact of water projects on river flow regimes and water quality in Huai River Basin. Water

Resour. Manag. 2010, 24, 889–908. [CrossRef]
22. Bostrom, A.; O’Connor, R.E.; Böhm, G.; Hanss, D.; Bodi, O.; Ekström, F.; Halderf, P.; Jeschkeg, S.; Mackh, B.; Qu, M.; et al.

Causal thinking and support for climate change policies: International survey findings. Glob. Environ. Chang. 2012, 22, 210–222.
[CrossRef]

23. Carlton, S.J.; Jacobson, S.K. Climate change and coastal environmental risk perceptions in Florida. J. Environ. Manag. 2013, 130,
32–39. [CrossRef]

24. Leiserowitz, A. Climate change risk perception and policy preferences: The role of affect, imagery, and values. Clim. Chang. 2006,
77, 45–72. [CrossRef]

25. Back, S.; Park, J.; Park, J. Modeling for estimation of algal bloom in Daecheong Lake using the satellite imagery. In Proceedings of
the 2015 International Conference on Environmental Engineering and Remote Sensing, Phuket, Thailand, 23–24 August 2015; Atlantis
Press: Dordrecht, The Netherlands, 2015. [CrossRef]

26. Huh, J.H.; Choi, Y.H.; Lee, H.J.; Choi, W.J.; Ramakrishna, C.; Lee, H.W.; Lee, S.-H.; Ahn, J.W. The Use of Oyster Shell Powders for
Water Quality Improvement of Lakes by Algal Blooms Removal. J. Korean Ceram. Soc. 2016, 53, 1–6. [CrossRef]

27. Ahn, J.M.; Jung, K.Y.; Shin, D. Effects of coordinated operation of weirs and reservoirs on the water quality of the Geum River.
Water 2017, 9, 423. [CrossRef]

28. Chung, S.W.; Hipsey, M.R.; Imberger, J. Modelling the propagation of turbid density inflows into a stratified lake: Daecheong
Reservoir, Korea. Environ. Model. Softw. 2009, 24, 1467–1482. [CrossRef]

29. Liu, Z.; Joo, J.C.; Choi, S.H.; Jang, N.H.J.; Hur, J.W. Assessment of Surface Water Quality in Geum River Basin, Korea using
Multivariate Statistical Techniques. Int. J. Appl. Eng. Res. 2018, 13, 6723–6732.

30. Min, S.H.; Lim, S.Y.; Yoo, S.H. The environmental benefits of reducing thermal discharge from nuclear power generation. Energy
Environ. 2017, 28, 885–894. [CrossRef]

31. Xu, Z.; Shan, J. The effect of risk perception on willingness to pay for reductions in the health risks posed by particulate matter
2.5: A case study of Beijing, China. Energy Environ. 2018, 29, 1319–1337. [CrossRef]

32. Adamowicz, W.; Louviere, J.; Williams, M. Combining revealed and stated preference methods for valuing environmental
amenities. J. Environ. Econ. Manag. 1994, 26, 271–292. [CrossRef]

33. Hanley, N.; Wright, R.E.; Adamowicz, V. Using choice experiments to value the environment. Environ. Resour. Econ. 1998, 11,
413–428. [CrossRef]

34. Kim, Y.J.; Yum, J.E.; Lee, K.I.; Sung, H.C.; Jeon, S.W. Application of the HEC-HMS Model for Prediction of Future Rainfall Runoff
in the Daecheong Dam Basin of the Geum River. J. Clim. Chang. Res. 2020, 11, 609–619. [CrossRef]

35. Ministry of Environment. Final Report on the Establishment of the Foundation for Underground Water Quality Management in
2015. Available online: https://sgis.nier.go.kr/newsgis/do?board_uid=1363&A=20&C=BBS&bbsId=pdsboard&searchCategory=
P03 (accessed on 5 February 2021).

36. Alam, S.; Ali, M.; Rahaman, A.Z.; Islam, Z. Multi-model ensemble projection of mean and extreme streamflow of Brahmaputra
River Basin under the impact of climate change. J. Water Clim. Chang. 2021, 12, 2026–2044. [CrossRef]

37. Kwon, O.S. Valuing Recreational Benefits of Dam Lakes Using a Choice Experiment Approach. Environ. Resour. Econ. Rev. 2006,
15, 555–574.

http://doi.org/10.1111/jawr.12190
http://doi.org/10.1029/2000WR000136
http://doi.org/10.1016/S0160-7383(02)00104-4
http://doi.org/10.1126/science.272.5259.221
http://www.ncbi.nlm.nih.gov/pubmed/8602504
http://doi.org/10.2307/2151446
http://doi.org/10.1007/s12665-016-5598-1
http://doi.org/10.3390/w8110492
http://doi.org/10.1007/s11269-009-9477-3
http://doi.org/10.1016/j.gloenvcha.2011.09.012
http://doi.org/10.1016/j.jenvman.2013.08.038
http://doi.org/10.1007/s10584-006-9059-9
http://doi.org/10.2991/eers-15.2015.25
http://doi.org/10.4191/kcers.2016.53.1.1
http://doi.org/10.3390/w9060423
http://doi.org/10.1016/j.envsoft.2009.05.016
http://doi.org/10.1177/0958305X17734049
http://doi.org/10.1177/0958305X18776547
http://doi.org/10.1006/jeem.1994.1017
http://doi.org/10.1023/A:1008287310583
http://doi.org/10.15531/KSCCR.2020.11.6.609
https://sgis.nier.go.kr/newsgis/do?board_uid=1363&A=20&C=BBS&bbsId=pdsboard&searchCategory=P03
https://sgis.nier.go.kr/newsgis/do?board_uid=1363&A=20&C=BBS&bbsId=pdsboard&searchCategory=P03
http://doi.org/10.2166/wcc.2021.286


Sustainability 2021, 13, 14060 18 of 19

38. Ryoo, K.S.; Cha, K.U.; Kim, J.S.; Park, J.H. Economic Effects of Rainfall in Dam Operations. In Proceedings of the 35th Annual
Conference and 2009 Civil Exposition, Gangwon, Korea, 21–23 October 2009; Korea Society of Civil Engineers Publication: Seoul,
Korea, 2009.

39. Korea Water Resources Corporation (K-Water). Performance Prediction for Gyung-in Ara Waterway Projects; Korea Water Resources
Corporation: Daejeon, Korea, 2012.

40. Batsell, R.R.; Louviere, J.J. Experimental analysis of choice. Mark. Lett. 1991, 2, 199–214. [CrossRef]
41. Louviere, J.J. Conjoint analysis modelling of stated preferences: A review of theory, methods, recent developments and external

validity. J. Transp. Econ. Policy 1988, 93–119.
42. Han, S.Y.; Kwak, S.J.; Yoo, S.H. Valuing environmental impacts of large dam construction in Korea: An application of choice

experiments. Environ. Impact Assess. Rev. 2008, 28, 256–266. [CrossRef]
43. Pattanayak, S.K.; Kramer, R.A. Pricing ecological services: Willingness to pay for drought mitigation from watershed protection

in eastern Indonesia. Water Resour. Res. 2001, 37, 771–778. [CrossRef]
44. Hensher, D.; Shore, N.; Train, K. Water supply security and willingness to pay to avoid drought restrictions. Econ. Rec. 2006, 82,

56–66. [CrossRef]
45. Abugri, S.A.; Amikuzuno, J.; Daadi, E.B. Looking out for a better mitigation strategy: Smallholder farmers’ willingness to pay for

drought-index crop insurance premium in the Northern Region of Ghana. Agric. Food Secur. 2017, 6, 71. [CrossRef]
46. Metcalfe, P.; Baker, W. Willingness to Pay to Avoid Drought Water Use Restrictions; London School of Economics and Political Science

Working Paper: London, UK, 2011.
47. Zhai, G.; Sato, T.; Fukuzono, T.; Ikeda, S.; Yoshida, K. Willingness to pay for flood risk reduction and its determinants in Japan.

JAWRA J. Am. Water Resour. Assoc. 2006, 42, 927–940. [CrossRef]
48. Brouwer, R.; Akter, S.; Brander, L.; Haque, E. Economic valuation of flood risk exposure and reduction in a severely flood prone

developing country. Environ. Dev. Econ. 2009, 14, 397–417. [CrossRef]
49. Abbas, A.; Amjath-Babu, T.S.; Kächele, H.; Müller, K. Non-structural flood risk mitigation under developing country conditions:

An analysis on the determinants of willingness to pay for flood insurance in rural Pakistan. Nat. Hazards 2015, 75, 2119–2135.
[CrossRef]

50. Gravitiani, E.; Susilowati, F. Vulnerability and Willingness to Pay for coping with flood in Klaten Regency, Central Java, Indonesia.
J. Bus. Econ. Rev. 2017, 2, 38–44.

51. Vásquez, W.F.; Mozumder, P.; Hernández-Arce, J.; Berrens, R.P. Willingness to pay for safe drinking water: Evidence from Parral,
Mexico. J. Environ. Manag. 2009, 90, 3391–3400. [CrossRef]

52. Casey, J.F.; Kahn, J.R.; Rivas, A. Willingness to pay for improved water service in Manaus, Amazonas, Brazil. Ecol. Econ. 2006, 58,
365–372. [CrossRef]

53. Polyzou, E.; Jones, N.; Evangelinos, K.I.; Halvadakis, C.P. Willingness to pay for drinking water quality improvement and the
influence of social capital. J. Socio-Econ. 2011, 40, 74–80. [CrossRef]

54. Chatterjee, C.; Triplett, R.; Johnson, C.K.; Ahmed, P. Willingness to pay for safe drinking water: A contingent valuation study in
Jacksonville, FL. J. Environ. Manag. 2017, 203, 413–421. [CrossRef] [PubMed]

55. Hwang, Y.S.; Um, M.J.; Kim, T.Y. Evaluating the enhancement of the future water shortage situation using CVM in Korea. In
Proceedings of the International Conference on Water, Environment, Ecology, Socio-Economics and Health Engineering (WEESHE), Seoul
National University, Seoul, Korea, 18–21 October 1999; Water Resources Publication: Seoul, Korea, 1999.

56. Choi, M.J.; Lee, J.W. Hedonic valuation of flood. WIT Trans. Ecol. Environ. 2016, 204, 187–195. [CrossRef]
57. Lee, Y.; Chang, H.; Hong, Y. Is a costly river restoration project beneficial to the public? Empirical evidence from the Republic of

Korea. Desalination Water Treat. 2015, 54, 3696–3703. [CrossRef]
58. Kwak, S.Y.; Yoo, S.H.; Kim, C.S. Measuring the willingness to pay for tap water quality improvements: Results of a contingent

valuation survey in Pusan. Water 2013, 5, 1638–1652. [CrossRef]
59. Um, M.J.; Kwak, S.J.; Kim, T.Y. Estimating willingness to pay for improved drinking water quality using averting behavior

method with perception measure. Environ. Resour. Econ. 2002, 21, 285–300. [CrossRef]
60. Chae, Y.R.; Kang, J.; Bae, H.; Lee, J.; Cho, K.; Jo, H. Prioritization of Climate Change Adaptation Measures by Sector; Korea Environment

Institute: Sejong, Korea, 2012.
61. Lee, H.C. Valuing the Gyung-an Stream Space Using a Choice Experiment. Korea J. Tour. Res. 2015, 39, 47–60. [CrossRef]
62. Lee, H.C.; Kang, J.W.; Han, S.P.; Kim, K.H. Valuating the Mangyeong River Space Using a Choice Experiment. J. Environ. Policy

Adm. 2016, 24, 1–24. [CrossRef]
63. Kim, S.Y.; Lee, H.C.; Choi, S.Y. Valuing the Functionality of Leisure in Gyungin Ara Waterway Using Choice Experiment Method.

Korea J. Tour. Res. 2013, 37, 33–54.
64. Hanemann, M.; Kanninen, B. The statistical analysis of discrete-response CV Data147. In Valuing Environmental Preferences: Theory

and Practice of the Contingent Valuation Method in the US, EU, and Developing Countries; Oxford University Press: Oxford, UK, 2001;
p. 302. [CrossRef]

65. Zwerina, K.; Huber, J.; Kuhfeld, W.F. A General Method for Constructing Efficient Choice Designs; Durh. NC: Fuqua Sch. Bus.
Duke Univ. 1996, pp. 39–59. Available online: https://www.semanticscholar.org/paper/A-General-Method-for-Constructing-
Efficient-Choice-Zwerina-Huber/c68f0b58abf2b60a0b39b49ed9742bfd424a8f0c (accessed on 5 March 2021).

66. Greene, W.H. Econometric Analysis, 5th ed.; Prentice Hall: Upper Saddle River, NJ, USA, 2003; pp. 89–140.

http://doi.org/10.1007/BF02404072
http://doi.org/10.1016/j.eiar.2007.07.001
http://doi.org/10.1029/2000WR900320
http://doi.org/10.1111/j.1475-4932.2006.00293.x
http://doi.org/10.1186/s40066-017-0152-2
http://doi.org/10.1111/j.1752-1688.2006.tb04505.x
http://doi.org/10.1017/S1355770X08004828
http://doi.org/10.1007/s11069-014-1415-x
http://doi.org/10.1016/j.jenvman.2009.05.009
http://doi.org/10.1016/j.ecolecon.2005.07.016
http://doi.org/10.1016/j.socec.2010.06.010
http://doi.org/10.1016/j.jenvman.2017.08.008
http://www.ncbi.nlm.nih.gov/pubmed/28821010
http://doi.org/10.2495/SC160161
http://doi.org/10.1080/19443994.2014.923209
http://doi.org/10.3390/w5041638
http://doi.org/10.1023/A:1014537330423
http://doi.org/10.17086/JTS.2015.39.9.47.60
http://doi.org/10.15301/jepa.2016.24.3.1
http://doi.org/10.1093/0199248915.003.0011
https://www.semanticscholar.org/paper/A-General-Method-for-Constructing-Efficient-Choice-Zwerina-Huber/c68f0b58abf2b60a0b39b49ed9742bfd424a8f0c
https://www.semanticscholar.org/paper/A-General-Method-for-Constructing-Efficient-Choice-Zwerina-Huber/c68f0b58abf2b60a0b39b49ed9742bfd424a8f0c


Sustainability 2021, 13, 14060 19 of 19

67. Sueyoshi, T.; Goto, M. Returns to scale, damages to scale, marginal rate of transformation and rate of substitution in DEA
environmental assessment. Energy Econ. 2012, 34, 905–917. [CrossRef]

68. KEMC. Development of Climate Change Perceptions Index; Korean Energy Management Corporation: Yongin, Korea, 2008.
69. Yoo, S.H.; Kwak, S.J. Measuring the economic benefits of protecting the Tong River in Korea: A contingent valuation study. Int. J.

Environ. Pollut. 2009, 39, 142–158. [CrossRef]
70. Brau, R. Demand-driven sustainable tourism? A choice modelling analysis. Tour. Econ. 2008, 14, 691–708. [CrossRef]
71. Taber, K.S. The use of Cronbach’s alpha when developing and reporting research instruments in science education. Res. Sci. Educ.

2018, 48, 1273–1296. [CrossRef]
72. Hensher, D.A.; Rose, J.M.; Greene, W.H. Applied Choice Analysis: A Primer; Cambridge University Press: Cambridge, UK, 2005.
73. Loomis, J.; King, M. Comparison of mail and telephone-mail contingent valuation surveys. J. Environ. Manag. 1994, 41, 309–324.

[CrossRef]
74. Allison, P.D. Comparing Logit and Probit Coefficients across groups. Sociol. Methods Res. 1999, 28, 186–208. [CrossRef]
75. Krinsky, I.; Robb, A.L. On Approximating the Statistical Properties of Elasticities. Rev. Econ. Stat. 1986, 68, 715–719. [CrossRef]
76. Espinosa-Goded, M.; Barreiro-Hurlé, J.; Ruto, E. What do farmers want from agri-environmental scheme design? A choice

experiment approach. J. Agric. Econ. 2010, 61, 259–273. [CrossRef]
77. Kwon, Y.H.; Han, S.I.; Lee, J.B. Pollution loadings in DaeChungHo watershed. J. Korean Soc. Water Wastewater 2002, 16, 581–595.
78. Penn, J.; Hu, W. Cheap talk efficacy under potential and actual Hypothetical Bias: A meta-analysis. J. Environ. Econ. Manag. 2019,

96, 22–35. [CrossRef]
79. Whitehead, J.C.; Cherry, T.L. Willingness to pay for a green energy program: A comparison of ex-ante and ex-post hypothetical

bias mitigation approaches. Resour. Energy Econ. 2007, 29, 247–261. [CrossRef]
80. Jacquemet, N.; Joule, R.V.; Luchini, S.; Shogren, J.F. Preference elicitation under oath. J. Environ. Econ. Manag. 2013, 65, 110–132.

[CrossRef]
81. Fry, T.R.; Harris, M.N. A Monte Carlo study of tests for the independence of irrelevant alternatives property. Transp. Res. Part B

Methodol. 1996, 30, 19–30. [CrossRef]
82. Fry, T.R.; Harris, M.N. Testing for independence of irrelevant alternatives: Some empirical results. Sociol. Methods Res. 1998, 26,

401–423. [CrossRef]
83. Cheng, S.; Long, J.S. Testing for IIA in the multinomial logit model. Sociol. Methods Res. 2007, 35, 583–600. [CrossRef]
84. Shi, H.; Yin, G. Boosting conditional logit model. J. Choice Model. 2018, 26, 48–63. [CrossRef]

http://doi.org/10.1016/j.eneco.2012.04.003
http://doi.org/10.1504/IJEP.2009.027148
http://doi.org/10.5367/000000008786440201
http://doi.org/10.1007/s11165-016-9602-2
http://doi.org/10.1006/jema.1994.1050
http://doi.org/10.1177/0049124199028002003
http://doi.org/10.2307/1924536
http://doi.org/10.1111/j.1477-9552.2010.00244.x
http://doi.org/10.1016/j.jeem.2019.02.005
http://doi.org/10.1016/j.reseneeco.2006.10.001
http://doi.org/10.1016/j.jeem.2012.05.004
http://doi.org/10.1016/0191-2615(95)00019-4
http://doi.org/10.1177/0049124198026003005
http://doi.org/10.1177/0049124106292361
http://doi.org/10.1016/j.jocm.2017.07.002

	Introduction 
	Materials and Methods 
	Study Area 
	Literature Review 
	Setting Attributes and Levels 
	Development of a Measurement Instrument 
	Sample Collection 
	Analytical Method 

	Results and Discussion 
	Demographic Profile of the Sample 
	Estimating Conditional Logit Model 
	Measuring Climate Change Perceptions and Segmenting Respondents 
	Estimating Implicit Prices by Cluster 

	Conclusions 
	
	References

