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Abstract: In this study, we use the Contingent Valuation (CV) method to estimate households’
willingness to pay (WTP) for the aquatic ecosystem health (biodiversity) improvement. This paper
extends CV studies by dealing with the endogenous effect of a proxy variable, namely the subjective
experience of negative environmental quality changes. The results show that the correction for
the endogeneity bias facilitates the efficiency of parameter estimation in the empirical model.
The mean WTP per household accounts for around 46.8% (KRW 79.6) of the current water use
charge (KRW 170 per cubic meter). The total benefit from conserving the biodiversity is around KRW
198.62 billion. We found several factors that affect households’ WTP for fish biodiversity conservation,
suggesting the importance of these factors in the formulation of water policies associated with aquatic
biodiversity. In addition, the inefficient water management costs should be redistributed to other
projects or new programs such as for the fish biodiversity conservation.

Keywords: contingent valuation method; willingness to pay; aquatic biodiversity; bivariate probit
model; endogeneity bias; benefit calculation

1. Introduction

Fish is at the very top of the aquatic ecosystem food chain and is widely used as a water quality
indicator organism [1,2]. Rich fish diversity contributes to not only the provision of social-economic
services, but also to the maintenance of the ecological balance of natural resources [3]. The restoration
of fish habitats and the increases in populations of endangered fish can, thus, contribute to an improved
provision of various ecosystem services [4,5]. On the contrary, decreases in fish biodiversity may have
an adverse impact on the value of cultural services of aquatic ecosystems such as recreation, ecotourism,
and education. Once the cultural value is distorted it can never be replaced [6]. Therefore, fish
biodiversity conservation confers wider environmental benefits and also protects aquatic biodiversity
for future generations [7].

The Han River basin is a primary source of drinking water for the Seoul metropolitan area in
South Korea [8,9]. This basin is considered to have better aquatic biodiversity as a vital component of
the stream food chain such as trophic diatom, benthic macroinvertebrate, and fish compared to other
basins [10]. However, despite continuous efforts of the Korean government, the water quality of the
basin has been an issue for years. The Han River Drinking Water Source Quality Improvement and
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Residents Support Act (hereafter “The Han River Law”) was, accordingly, established in 1999. A water
use charge was introduced as a prime financial source for water quality improvement as stipulated in
the Han River Law. Residents in the mid- and downstream areas in the Han basin (Seoul, Incheon,
and part of Gyeonggi-do) who are supplied with water from upstream water source protection zones
(part of Gyeonggi-do, Gangwon-do, and Chungcheongbuk-do) have to pay a water use charge [11,12].

One of the most severe water quality problems in the basin is attributed to water turbidity. This
problem has occurred along with heavy rain events during the summer monsoon [8,13]. A high level
of soil erosion from mountainous agricultural fields in upstream areas of the basin is also blamed
for the contaminated turbid water problem [8,13]. An increase in turbidity levels is a primary cause
of degrading water quality which leads to the degradation of aquatic ecosystems [14]. The negative
effects of turbid water include, for example, breathing disorders, reduction in fertility, stunted growth,
and destruction or degradation of fish habitat in all layers of the river from top to bottom [15–18].
Although fish diversity provides an important source of nutrition (food), commerce, and recreation
for people [19,20], the frequent contaminated turbid water has accelerated loss in fish diversity due
to the absence of practical policies and finance for the conservation and protection of endangered
aquatic biota [21].

Taking fish diversity to social-economic services and ecological balance into account, endangered
fish species extinction would lead to a severe welfare loss to all communities in the basin. This loss
indicates that fish species endangered by turbid water should have a high priority in biodiversity
conservation and water management decisions which influence social well-being [22]. Consequently,
economic valuation studies on fish biodiversity conservation would provide policy makers with crucial
information for a better understanding of the economic value of fish biodiversity. Such information
can raise the awareness of the significance of aquatic biodiversity conservation.

The contingent valuation (CV) method as a stated preference approach has been widely used
in the literature due to its capability of measuring the non-market value of ecosystem services [5,23].
Accordingly, there have been a number of studies using the CV method in order to measure a public
preference for aquatic biota conservation [24–31]. Most of them are, however, based on single fish
species which have the public’s great attention. Since many people express a strong preference for
conserving their favorite individual species, the WTPs may be overrated by the bias in the valuation
literature. The biased information may result in a failure to fulfill conservation policy aims [22].

Despite its popularity, the CV method has potential problems about proxy variables, e.g., attitudes
toward and satisfaction levels for an environmental quality change as important determinants of
WTP [32]. A proxy variable based on subjective experience of environmental quality changes may be
influenced by the unobserved characteristics of respondents, which affect their WTPs. If the unobserved
characteristics are correlated with both the subjective experience variable and the WTP, the coefficient
of the variable will be biased in a WTP model. This is defined as the endogeneity bias [32]. In other
words, any WTP models with the existence of endogeneity bias would provide inconsistent parameter
estimates [33].

Against these circumstances, we, first of all, investigate the factors that affect households’
WTP for aquatic biodiversity conservation in the Han River basin. Instead of single fish species,
wider assessments of aquatic biodiversity conservation are carried out based on the change in fish
communities influenced by turbid water. Secondly, we examine and correct the endogeneity bias of
a proxy variable underlying unobservable characteristics based on the subjective experience (direct
or indirect) of negative environmental quality changes caused by the turbid water. Finally, we elicit
households’ WTP for aquatic biodiversity conservation and estimate the total benefits.

Our study contributes to the literature in two aspects. Methodologically, we use a bivariate probit
model to improve the statistical accuracy of parameter estimates through correction of the endogeneity
bias, a potential problem of the CV method. Empirically, we calculate the total benefits (monetary
value), which are regarded as an ecosystem service value elicited from the improvement in aquatic
biodiversity due to the policy enforcement, and provide pragmatic settlement for the policy relation.
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Our paper is structured as follows. Section 2 presents the description of case study areas including
the issues associated with the distribution of water use charges and degradation and destruction of
aquatic ecosystems (endangered fish communities). Section 3 describes the methodology of the study.
The empirical results and discussion are presented in Section 4. Section 5 summarizes the conclusions
and policy implications.

2. The Paldang Lake Case Study

The Han River basin lies on Seoul and Incheon (downstream), Gyeonggi-do (midstream), and
Gangwon-do and Chungcheongbuk-do (upstream) (Figure 1). The area and human population of
the basin are 24,988 km2 and around 20.4 million, respectively. The upstream areas have the highest
proportion of the area (65.6%, 16,398 ), followed by the mid- (31.6%, 7886 km2) and the downstream
areas (2.8%, 704 km2). On the contrary, the downstream areas have the highest proportion of the
population (56.6%, around 11.5 million), followed by the mid- (36.6%, around 7.5 million) and the
upstream areas (6.9%, 1.4 million). The highland area for vegetable production in the basin which
leads to the high soil erosion as a prime cause of the contaminated turbid water problem is 2753 km2.
Around 61.8% (1702 km2) of the vegetable areas belong to the upstream areas. The water source
protection zones in the basin correspond to 191.3 km2 and are predominated around the Paldang Lake
in the midstream area (78.2%) [8,12].
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Figure 1. The study area, Han River Basin in South Korea.

Around the Paldang Lake as a main drinking water source in the Han River, basin pollution
control and waste treatment facilities have been established and expanded year by year in order to
protect or improve water quality. However, it has not been improved and there were growing needs
for more systematic water management. The Han River Law was accordingly promulgated in 1999.
Following the beneficiaries’ pay principle, a water use charge was introduced to arrange finance
required for the Han River management fund. The charge has been increased from KRW 80 per cubic
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meter in 1999 to KRW 170 per cubic meter in 2014 (KRW is the currency unit of South Korea, and at
the time of the survey (year 2014), USD 1 equaled KRW 1053.30) [11]. The residents in the mid- and
downstream areas who receive various tangible and intangible benefits from the Han River have to
pay this charge to the fund [8,9].

The Han River basin management fund is used for (1) construction and operation of waste treatment
facilities; (2) upstream land purchase and riparian zone management; (3) upstream community support
program; (4) water quality improvement programs such as natural stream restoration, non-point
pollution source treatment, eco-friendly clean industry development, and drinking water source
management; (5) operating expenses; and (6) total pollutant load management [12] (Table 1).

Contaminated turbid water which is released from high mountainous agricultural fields in
upstream areas of the basin is still persistent. During the summer season, the highland vegetable
farming is well developed in upstream areas over 400 m in altitude from the Han River basin.
Intensively overusing chemical fertilizers such as nitrogen (N), phosphoric acid (P2O5), and potassium
oxide (K2O) cause the topsoil to be poor. Farmers in the highland areas use 1.4 times of N, 2.4 times
of P2O5, and 2.0 times of K2O more than the standard level of fertilizers recommended by the
government [8,34]. Since about 50% of the highland fields descend steeply (more than 15◦ slope),
soil erosion and nutrient runoff in the highland fields are further accelerated by heavy rain events
during the summer season [8,35]. As stated by Kwak (2005) [36], the annual soil losses in the highland
vegetable fields which have more than 15◦ slope are an average of 624.69 tons per hectare. This is
eight times larger than those in other crop fields. Comparing with the Organization for Economic
Cooperation Development (OECD) norm for annual soil losses (average 11 tons per hectare), only
17.8% of the highland fields (below 7◦ slope) meet the norm and the rest (82.2%) cause serious soil
losses. This has led to a sharp rise in turbidity levels and a decline in water quality, consequently
degrading the aquatic ecosystems of the basin.

The fish assessment index (FAI) is one of the biological indicators for aquatic ecological health
assessment using the composition and diversity of collected fish species. The FAI is classified into
four categories: “A (Excellent): 87.5 ≤ FAI ≤ 100”, “B (Good): 56.2 ≤ FAI < 87.5”, “C (Fair):
25.0 ≤ FAI < 56.2”, and “D (Poor): 0 ≤ FAI < 25.0”. The higher the value of FAI, the better the
ecological health [10,37,38]. Based on the FAI, fish species living in category D (poor water quality)
such as Silurusasotus, Cyprinuscarpio, and Carassiusauratus, which are much less affected by turbid
water, are dominant in the Paldang Lake [21]. The proportion of fish species living in category A
(excellent water quality) of the basin such as Rhynchocyprisoxycephalus, Rhynchocypriskumgangensis, and
Brachymystaxlenok had been sharply reduced from 22.2% in 2008 to 12.5% in 2011 [10].

Stress index (SI) is another useful tool for predicting the effects of the pollution intensity of turbid
water [39]. The higher the value of SI, the more stressful the fish habitat is. Kim et al. (2007) [15]
investigated the impacts of turbid water on the individual number, density, and communities of fish
by comparing the SI of fish habitat in a turbid (Daegi) stream (TS) with that in a non-turbid (Bongsan)
stream (NTS). It showed that the TS with a mean SI of 10.3 has an eighty-four times higher stressful
fish habitat than the NTS with a mean SI of 5.3. The NTS is dominated by Rhynchocypriskumgangensis
(around 86.4%) living in category A (excellent water quality), whereas the TS is dominated by
Zacco platypus or koreanus (around 32.0%), Orthriasnudus, Iksookimiakoreensis, and Pseudogobioesocinus
(around 37.5%) living in category C (fair water quality) and category D (poor water quality). Fish
density in the NTS was 4.1 times higher than that in the TS. Similarly, the fish community in the NTS is
very analogous to that in natural streams of similar size. On the other hand, the TS has totally different
fish communities. These results show that the inflow of massive soil to streams destroys fish habitats
by filling spaces between gravel and crevices in rocks. It also degrades biodiversity through a break in
the food chain caused by burying periphyton and benthos as primary producers. Fish communities may
be considerably changed under strong stresses provoked by contaminated turbid water as aquatic
chronic toxicity, risking the ecological balance of the basin [15,40,41].
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Table 1. Management status of the water use charge.

Items of Expenditure (Unit: KRW Billion) 1999–2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Waste treatment facility 291.49
(45.9)

147.91
(50.9)

117.93
(43.5)

156.03
(48.1)

123.31
(34.6)

136.91
(45.1)

178.21
(42.5)

203.99
(43.2)

192.06
(46.5)

255.29
(58.1)

253.03
(58.1)

170.16
(39.2)

205.85
(45.0)

Land purchase, riparian zone management 76.29
(12.0)

26.82
(9.2)

51.67
(19.1)

59.69
(18.4)

116.23
(32.6)

54.69
(18.0)

109.47
(26.1)

132.33
(28.0)

94.19
(22.8)

64.85
(14.8)

61.58
(14.1)

129.44
(29.8)

115.28
(25.2)

Upstream community support 198.16
(31.2)

80.80
(27.8)

68.33
(25.2)

72.38
(22.3)

73.24
(20.5)

65.61
(21.6)

77.17
(18.4)

75.48
(16.0)

67.46
(16.3)

66.35
(15.1)

66.15
(15.2)

69.31
(16.0)

69.67
(15.2)

Water quality improvement support 65.03
(10.2)

30.76
(10.6)

28.48
(10.5)

30.70
(9.5)

36.79
(10.3)

38.23
(12.6)

45.37
(10.8)

51.81
(11.0)

49.38
(12.0)

41.90
(9.5)

42.98
(9.9)

53.24
(12.3)

51.70
(11.3)

Operating expenses 4.40
(0.7)

4.48
(1.5)

4.60
(1.7)

5.40
(1.7)

5.90
(1.6)

6.06
(2.0)

6.62
(1.6)

6.66
(1.4)

6.62
(1.6)

6.94
(1.6)

7.27
(1.7)

7.29
(1.7)

8.05
(1.8)

Total pollutant load management 0.00
(0.0)

0.00
(0.0)

0.00
(0.0)

0.00
(0.0)

1.39
(0.4)

2.10
(0.7)

2.35
(0.6)

1.70
(0.4)

3.34
(0.8)

3.89
(0.9)

4.59
(1.0)

4.20
(1.0)

6.65
(1.5) 1

Sum 636.46
(100.0)

290.78
(100.0)

271.01
(100.0)

324.20
(100.0)

356.86
(100.0)

303.60
(100.0)

419.19
(100.0)

471.97
(100.0)

413.05
(100.0)

439.22
(100.0)

435.59
(100.0)

433.63
(100.0)

457.21
(100.0)

1 The values in parentheses are the proportions of each expenditure item to total water use charges.
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Operational problems of the fund have been, in addition, posed along with frequent turbid water
discharge problems in the Han River basin. The wasteful and inefficient use of the fund for water quality
control, e.g., overinvestment in waste treatment facilities, underperforming land purchase of riparian
zones, temporary community support, has been criticized by all local communities (stakeholders) [8,11].
While residents in the downstream areas call for the refusal or abolition of the water use charge,
residents in the upstream areas ask for further compensation for their contributions for providing
aquatic ecosystems services for the lowland areas [8,12].The responsibility for aquatic biodiversity
conservation is still in dispute between stakeholders of the river system, without evaluating the
economic benefits from conservation. Still, not much is known about the economic value of aquatic
biodiversity and also the potential impact of its loss on social well-being [42].

3. Methodology

3.1. Measuring Welfare Change with Contingent Valuation Method Section

Ecosystem services are contributions of ecosystem structure (various species composition making
up the biophysical architecture) and function (capacity to provide goods and services that satisfy
human needs, directly and indirectly) to human well-being [43–45], by (1) creating economic wealth
(income) and (2) preventing damages that impose costs on society. Therefore, both of these issues
should be accounted for in policy assessments [46].

In the Han River basin, current measures and budgets required for aquatic biodiversity
conservation are, however, insufficient to reduce contaminated turbid water from degrading aquatic
ecosystems. There are, moreover, few studies associated with measuring positive and negative effects
of the conservation policy. It is, thus, important to assess the economic benefits (monetary values)
generated by the policy in order to derive optimal levels of conservation. This can help to gain reliable
and objective information on trade-offs between benefits through aquatic biodiversity improvement
and opportunity costs of abandoning economic and recreational activities [14,47].

The economic values of aquatic biodiversity are defined in the context of human welfare [48]
and estimated by exploiting its effects on human welfare [23]. Individuals’ welfare can be affected
by changes in quality of aquatic biodiversity [49]. As noted by Hicks (1943) [50], the concept of
compensating surplus (CS) can be used to measure gain or loss from aquatic biodiversity. This welfare
measure can be interpreted as individuals’ WTP for proposed new programs, improving quality in
aquatic biodiversity which increases their welfare [23,49].

An alternative is the estimation of the willingness to accept (WTA) to compensate for the loss
of aquatic biodiversity. However, it is widely believed that the WTA measure is rarely used in the
stated preference approach (SPA) because the SPA is not incentive-compatible for WTA measure.
The National Oceanic and Atmospheric Administration (NOAA) Blue Ribbon Panel on the CV also
recommends researchers to measure WTP which is likely to provide (cautious) lower values, not WTA
which may provide higher values [50]. We, thus, apply WTP approaches to elicit the individuals’
preference for aquatic biodiversity conservation [51–55].

This method is based on hypothetical scenarios which are similar to real conditions for aquatic
biodiversity conservation. This can be much clearer by considering the relation between the expenditure
function as dual to the indirect utility function and the Hicksian CS measure. The CV approach can be a
way of estimating changes in the expenditure function or in the indirect utility function [56]. It has the
capability of appropriately gaining the CS for an increase in the quality of aquatic biodiversity [23].

3.2. Contingent Valuation Scenarios and Target Population

In this study, we take into account aquatic biodiversity with regard to the abundance of fish
communities, i.e., fish assessment index (FAI) and stress index (SI) showing the condition of aquatic
ecosystems, according to water quality categories. Hwang et al. (2013) [10] indicated that based on the
mean FAI in a recent three year period (2010 to 2012), the Han River basin overall belongs to category
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B (good water quality), but its FAI slightly decreased from 60.6 (2007 to 2009) to 59.9 (2010 to 2012).
A close look at the result revealed that the proportion of category A (excellent water quality) decreased
from 22.1% to 14.6%, whereas the proportion of category C (fair water quality) increased from 26.1%
to 29.5%. As stated by Mills et al. (1985) [57], if the concentration of suspended solids (SS) lasts for
31 days in a range of more than 25 mg·L−1 per year or for 11 days in a range of more than 80 mg·L−1

per year, it causes serious damage to fish habitats in rivers. This is equivalent to a mean SI ranging from
9.8 to 10.0 year−1 corresponding to Kim et al. (2007) [15] (SI of 10.3 in the turbid stream of the basin).

In this respect, it is evident that the habitat of aquatic life in the basin has been influenced by
contaminated turbid water, which indicates that fish communities are most likely to change under
significant environmental stress caused by contaminated turbid water. Thus, we evaluate the WTP
stated by households directly or indirectly associated with the basin in order to improve current levels
of the mean FAI and SI. In the hypothetical market scenario, respondents are asked to choose a bid
proposed or state a value for the improvement of the levels of mean FAI and SI (1) by increasing the
proportion of water quality category A by around 15% (from 14.6% to 30.0%) and decrease that of
category C by around 15% (from 29.5% to 15.0%), and (2) by reducing or keeping the concentration of
SS below 25 mg·L−1 per year which have no negative impact on the habitat of aquatic life, consequently
leading to abundance of fish communities (aquatic biodiversity) in the basin.

Following Whitehead et al. (1995) [58], the mid- and downstream on-site users of water from the
Paldang Lake in the Han River basin are surveyed in this study. This is based on their acquaintance
with the goods, and also with the fact that the WTPs of on-site users are more reliable because non-users
do not take into account their income constraints when presenting their WTP. The CV results developed
with direct knowledge of the goods, which narrows the gap between hypothetical and real markets,
are valid [59].

To elicit households’ WTP, we use the single-bounded (SB) dichotomous choice question format in
which respondents are asked for a yes-no answer to the WTP question developed by Alberini (1995) [60],
Bishop and Heberlein (1979) [61], Haab and McConnell (2002) [56], and Hanemann et al. (1991) [26].
Compared to the double-bounded (DB) format in which respondents are asked a second dichotomous
choice question that depends on the answer to the first, the SB format derives less information from
respondents and is thus less efficient. It is, however, less complex to implement the survey and to
analyze the data, and is relatively free from potential preference anomalies such as anchoring and shift
biases that the DB format has [3,26,62].

To set up a good bid level (or starting point), which promotes respondents to reveal their true
WTP [63,64], we first had discussions with two focus groups which include each 20 household heads
over 19 years old. The heads are randomly selected from the mid- and downstream target population
in order to gain information on (1) the preference for water use and water quality; (2) the perception
of water use charges and aquatic biodiversity conservation; and (3) the level of WTP for the aquatic
biodiversity conservation. Based on this preliminary analysis using data gathered from the focus
group meetings, the bid levels for the WTP are Type A-20% (KRW 34), Type B-40% (KRW 68), Type
C-60% (KRW 102), Type D-80% (KRW 136), and Type E-100% (KRW 170) of the current water use
charge (170 KRW per cubic meter). Table 2 shows each type of bid level proposed and the proportion
of respondents’ acceptance and refusal for each bid.
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Table 2. The bids proposed and the proportion of acceptance and refusal for each bid in the contingent
valuation survey.

Type of Bid Levels (KRW) Type A Type B Type C Type D Type E

20% (34) 40% (68) 60% (102) 80% (136) 100% (170) 1

Acceptance proportion 0.75 0.52 0.37 0.21 0.23
Refusal proportion 0.25 0.48 0.63 0.79 0.77

1 The values in parentheses are the amounts of money corresponding to each type of bid level (proportion of
the standard water use charge). They were provided together for the convenience of respondents choosing a
bid proposed.

3.3. Survey Design and Administration

A quota sampling approach as a non-probability sample technique is used in this CV study.
The main advantage of this quota sampling is to provide further information at a lower cost and in a
faster time than a probability sample approach [65,66]. Setting up three quotas such as age, gender,
and regional population, the sample size of 500 households with ±5% sampling error was decided
based on the 2013 demographics of the mid- and downstream areas in the Han River basin. To prevent
one bid level from being concentrated in one district, each type of bid level is evenly and randomly
distributed to each district: midstream-288 (Type A-57, Type B-57, Type C-56, Type D-58, and Type E-58)
and downstream-212 (Type A-43, Type B-43, Type C-42, Type D-42, and Type E-42).

The survey was carried out via e-mail instead of face-to-face interviews because it is being touted
as a cost-effective and efficient survey implementation tool in many studies [67–72]. Specific tracking
of the number of lost e-mails and the time the e-mail survey was started, replied to, and deleted
can improve sampling procedures [73]. The e-mail survey can also increase response quality. This is
because respondents are prone to give longer, more detailed, and plainer responses by e-mail compared
to other types of surveys [73,74].

3.4. Data Analysis

We use a bivariate probit model to examine the determinants of households’ WTP. The probit
model not only generates predicted values between 0 and 1, but also fits well to the non-linear
relationship between the probabilities and the explanatory variables [75,76]. The probit model is
defined as:

y∗j = βXj + ε j,

{
yj = 1 i f y∗j > bidj

yj = 0 i f y∗j ≤ bidj
(1)

where y∗j represents the unobservable jth respondent’ actual WTP for aquatic biodiversity conservation;
Xj is a vector of the explanatory variables; β is a vector of parameters of explanatory variables; ε j is
the unobservable random component distributed N (0, σ); and yj is the discrete response of the jth
respondent to the bid, bidj, payment question (yes = 1 or no = 0).

As stated by Whitehead (2006) [32], the WTP model for an improvement in aquatic biodiversity
is WTPj = βX1j + θsej + ε1j, where sej is a subjective experience (both direct and indirect) of the
environmental quality change, and θ is a parameter of the subjective experience. If the subjective
experience variable is omitted, the WTP model is WTPj = βX1j + e1j, where e1j is the new error term:
e1j = θsej + ε1j. If the subjective experience variable is correlated with any of the components of X1j,
e1j is not separate from the independent variables, thus leading to a bias in parameters of the X1j due
to the correlation with the subjective experience of the quality change.

The potential endogeneity bias can result from the inclusion of the subjective experience variable
as a proxy variable. The level of the experience of the quality change is a subjective judgment which
differs across individuals. The model of the subjective experience can be denoted as sej = πX2j + ε2j,
where X2j is a vector of variables which present the level of the subjective experience of the change in
environmental quality, π is a vector of parameters of the X2j, and ε2j is a normally distributed error
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term. By putting the subjective experience model, sej, in the former WTP model, the new WTP model
can be generated as WTPj = βX1j + θ

(
πX2j + ε2j

)
+ ε1j. If the common unobservable factors have an

impact on both the subjectively perceived quality and the WTP, the correlation between ε1j and ε2j
leads to another correlation between the subjective perception variable and the error term in the WTP
model [32].

If there are, in other words, the same unobserved characteristics of the individuals that influence
their likelihood of gaining subjective experience of the environmental quality change and their WTP as
well, basic (naïve) probit models may cause the biased and inconsistent parameter on the subjective
experience variable because they would reveal the mixed effect of the subjective experience and
unobservable attitudes towards the environmental quality changes. The endogeneity bias would be
positive or negative if the sign of the effect of the unobserved characteristics of the individuals is the
same or opposite, respectively [33].

The potential endogeneity bias may lead to unreliable estimates of households’ WTP. In particular,
the relation between the subjective experience of the quality change and the response to the bid
payment question (WTP) may be biased. Therefore, we used a two-equation bivariate probit model as
follows [77,78].

y∗1j = β1X1j + ε1j

y∗2j = ωy1j + β2X2j + ε2j,
(2)

y1j(experience) =

{
1 i f SE∗

j > 0
0 i f SE∗

j ≤ 0
, y2j(acceptance) =

{
1 i f WTP∗

j > bidj

0 i f WTP∗
j ≤ bidj

y∗1j and y∗2j are latent variables and are not observable. SE∗
j indicates the inclination to have the

subjective experience of the environmental quality change, WTP∗
j shows the inclination to accept the

bid proposed in the payment question, implying the WTP for the aquatic biodiversity conservation.
The two latent variables can be, however, observed from the dichotomous variables, y1j (whether
a respondent has directly or indirectly experienced environmental quality changes) and y2j (actual
answer of a respondent to the bid payment question). SE∗

j and WTP∗
j can be, thus, associated with the

two reciprocative and observable dichotomous variables, experience and acceptance.
Following Cappellari and Jenkins (2003) [79], the relation between experience and acceptance

was modeled along with a bivariate probit model using the mvprobit in STATA. This can enable the
unobserved variables, SE∗

j and WTP∗
j , to be jointly distributed as a multivariate normal with a free

correlation coefficient, ρ [33]. We first derived the determinants of WTP using the naïve model (Model 1)
where acceptance is the dependent variable with the explanatory variables including experience. We then
attempted to control the potentially endogenous experience using the bivariate probit model. One
equation where experience is the dependent variable and the basic WTP equation (accept) simultaneously
included in the multivariate probit model (Model 2). The variables in the experience equation would
reflect only on SE∗

j , but not on WTP∗
j after correcting for parameters of other variables in the model.

The variation in SE∗
j which is not correlated with the variation in WTP∗

j may enhance the elicitation
of the relation between experience and acceptance, while correcting for the correlation between the
experience and the error terms in the WTP model.

Following Ahlheim and Schneider (2013) [80], Farolfi et al. (2007) [81], Jones et al. (2008) [82],
Mendonca and Tilton (2000) [83], Ojeda et al. (2008) [84], Phuong and Gpalakrishana (2003) [85],
and Zhongmin et al. (2003) [86], we hypothesize that the households’ WTP for the aquatic biodiversity
conservation are affected by (1) five socio-demographic variables for their characteristics: gender
(male or female, dummy variable), age (year), children (whether to have children residing together,
dummy variable), current residence of respondents (Gyeonggi-do: midstream, Seoul and Incheon:
downstream, dummy variable), and income (low, med, high, dummy variable) and (2) two proxy
variables for the quality change such as the perception of water quality (a 5-point Likert scale with
a range from (1) very bad to (5) very good), and the subjective experience of environmental quality
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changes (yes or no, dummy variable). Table 3 presents the descriptive statistics (variable definition,
mean, and standard deviation) of those variables used in the bivariate probit model.

Table 3. Descriptive statistics of variables used in the WTP (willingness to pay) model.

Variable Definition of Variable Mean Value Std. Dev. Classification Proportion (%)

gender Gender of respondent (1 = male,
0 = otherwise, dummy variable) 0.50 0.50 1. Male

2. Female
49.6
50.4

age Age in years 42.41 11.47

1. Less than 30
2. 30 to less than 40
3. 40 to less than 50
4. 50 to less than 60
5. More than 60

19.0
21.4
22.6
32.2
4.8

children
1 if respondent resides with
children together,
0 = otherwise (dummy variable)

0.34 0.47 1. No children
2. Residing with children

66.2
33.8

region_d1

1 if respondent lives in
Gyeonggi-do belonging to the
midstream area in Han River basin,
0 = otherwise (dummy variable)

0.09 0.29

1. Gyeonggi_do
2. Seoul
3. Incheon

57.0
33.0
10.0region_d2

1 if respondent lives in Seoul
belonging to the downstream area
in the Han River basin,
0 = otherwise (dummy variable)

0.58 0.49

region_d3

1 if respondent lives in Incheon
belonging to the downstream area
in the Han River basin,
0 = otherwise (dummy variable)

0.33 0.47

lowincome_d1
1 if income of respondent is less
than KRW 30 million,
0 = otherwise (dummy variable)

0.23 0.42

1. Less than 20.0
2. 20.0 to less than 40.0
3. 40.0 to less than 60.0
4. 60.0 to less than 80.0
5. More than 80.0

10.4
29.2
31.2
17.0
12.2

medincome_d2

1 if income of respondent is
between KRW 30 million to less
than KRW 50 million,
0 = otherwise (dummy variable)

0.33 0.47

highincome_d3
1 if income of respondent is more
than KRW 50 million,
0 = otherwise (dummy variable)

0.44 0.50

wqpercep (water
quality perception)

Respondent’s current water
quality perception (1 = very bad,
2 = bad, 3 = normal, 4 = good,
5 = very good)

2.94 0.77
1. Bad
2. Normal
3. Good

27.0
51.4
21.6

experience

1 if respondent has directly or
indirectly (media) experienced
environmental quality changes
(turbid water, perish of fish, algal),
0 = otherwise (dummy variable)

0.69 0.46 1. Experienced
2. Inexperienced

69.2
30.8

4. Result and Discussion

4.1. Profile of the Surveyed Households

Of the 500 households surveyed in this study, the average income was in the range of KRW
40.0 million to less than KRW 50.0 million per year per household. In general, higher income
households may not be significantly affected by a deduction from their total income for the bid
amount. The household member variable is likely to have a negative influence on WTP. As household
member increases, budgets tighten for larger families and their WTP decreases [80,87]. Gyeonggi-do
is close to the Paldang Lake as a prime water source and has the largest benefits from the use of
water resources (i.e., drinking, fishing, recreation, etc.) provided by the Paldang Lake. They are also
close to the upstream area (Gangwon-do) including most of the high mountainous agricultural fields
as a prime source of non-point pollution. Water quality deterioration caused by turbid water may
lead to a decline in the benefits of the household in Gyeonggi-do [88,89]. If households have greater
negative experiences and perceptions of the current water quality and fully recognize that the Paldang
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Lake provides diverse benefits to them, they may be more willing to pay for the aquatic ecosystem
conservation program [13] (see Table 3).

Nearly all of the respondents (99.2%) felt the necessity of the aquatic biodiversity conservation
program for the aquatic ecosystem health improvement in the Han River basin, whereas around 73.0%
of the respondents accepted the program. The prime reason for the refusal (27.0%) of the program
was that respondents are highly skeptical of the effect of the program (74.0%), followed by uncertain
benefits of water users gained from the program (19.3%). This consequence shows that the mid- and
downstream residents tend to distrust existing water management policies including the water use
charge. They also doubt the benefits they will receive from the new programs proposed.

4.2. Correcting the Endogeneity Bias and Identifying the Determinants of WTP

To explore anomalous answers to the dichotomous choice (closed-end) question, respondents
are asked with the open-ended question to specify their maximum WTP at the last stage of the CV
survey. Respondents who are certain of their WTP in the closed-end question may respond to the
open-ended question consistently. Those who aberrantly reveal their WTP in the closed-end question
may, on the contrary, respond inconsistently [8]. We did not find any inconsistent results between the
accepted closed-end bid in intervals and the open-ended WTP value. Since the accepted bid in the SB
question is at broader intervals compared to that in the double-bounded (DB) question, there might
be to some extent a limit to minutely detect aberrant responses through the comparison of the two
questions. We, nevertheless, tried to reduce any possibility of other biases affecting respondents’ WTP
in the CV data. Since the result shows that the inconsistent response bias might not be present, we,
thus, focused on controlling the endogeneity bias in this study.

Table 4 shows the results of Model 1 which does not consider the endogeneity bias versus Model 2
(combination of experience and acceptance equations) which controls the bias. Based on the Wald test in
Model 2, the null hypothesis that the correlation coefficient, ρ, among the two dichotomous variables
experience and acceptance is equal to zero is rejected. The latter model considering the endogeneity bias,
therefore, results in a statistically significant improvement in model fit.

Table 4. Variable Parameter estimates of the naïve probit model versus the multivariate probit model.

Variables
Model 1 Naïve Model Model 2 Multivariate Model

Acceptance Experience Acceptance

bid −0.011 *** −0.008 ***
experience 0.245 ** −1.159 ***

gender −0.001 0.220 *** 0.108
age −0.001 0.006 0.001

children 0.373 0.281 0.408 ***
neardistance_d1 0.308 ** 0.012 0.262
middistance_d2 −0.194 ** 0.020 −0.132
fardistance_d3
lowincome_d1
medincome_d2 −0.234 *** −0.011 −0.201 ***
highincome_d3 −0.222 *** −0.052 −0.212 ***

wqpercep −0.200 *** 0.210 ** −0.060
constant 1.396 ** −0.673 ** 1.501 ***

ρ 0.825 ***
Log-likelihood −289.400 −589.420

Wald test of ρ = 0 x2(1) = 5.894 ***
Observations 500 500

*** p < 0.01, ** p < 0.05, * p < 0.10.
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The result of the Model 1 can be contrasted with that of the Model 2. As discussed earlier, the
higher the level of the bid proposed increases, the higher the probability of accepting the bid decreases.
The bid, accordingly, has negative and significant parameter estimates across the two models. We can
confirm that the effect of experience on WTP is significant in both models. However, its sign conversely
changed from being positive in Model 1 to negative in Model 2. This is because the positive correlation,
ρ, between experience and the error terms in Model 1 exists. Due to the correlation, the true effect of
experience on WTP is most likely to be biased.

The parameters of the explanatory variables estimated from Model 2 are associated with the
correlation between the error terms of the experience and acceptance equations. In other words, if the
respondents have the subjective experience of the negative aquatic ecosystem changes, the presence
of their unobserved characteristics is more likely to encourage the variables to advocate the aquatic
biodiversity conservation (positive effect). If the unobserved characteristics leading to the endogeneity
bias are, however, corrected, the sign of the effect of experience turns negative. It is assumed that despite
the contribution of the mid- and downstream residents to the water use charge aiming at water quality
control, many of them have observed and heard about the damage from contaminated turbid water to
aquatic biota. It makes them skeptical of the effectiveness of the water use charge. Thus, they have a
fairly negative attitude toward any levies on new programs.

The respondents who are aware that the Paldang Lake provides tangible and intangible benefits
such as drinking water, recreational activities, and aesthetic amenities for them were not only favorable
to the aquatic biodiversity conservation program, but were also more likely to pay for the program.
The long term turbid water discharge problems have, however, made it harder for the mid- and
downstream residents to have those benefits. In particular, the residents who have observed and
heard negative changes in environmental quality may try to find alternatives where they can enjoy
outdoor activities again (experience). Those who already contribute to finding the alternative solution
and regaining the benefits in different areas may be less likely to accept the payment proposed for the
aquatic biodiversity conservation in the Han River.

Contrary to the result from Model 1, the regional difference in WTP among the mid- and downstream
areas (region_d1, region_d2, region_d3) and the perception of current water quality (wqpercep) were not
significantly correlated with households’ WTP in Model 2. Our expectation was that as households
have benefits from the Paldang Lake and have more negative water quality perception, the possibility
for bid choice increases. The reason is because they gain more benefits from using water resources
provided by the Paldang Lake. They also recognize that the aquatic biodiversity conservation program
will have a direct and positive impact on water quality and their local economy [13]. However, after
correcting for the bias of experience in Model 2, the effects of region and wqpercep on WTP were not
significant. They might be affected by the (true) change in the sign and the effect of experience. This
means the two variables’ parameters derived from Model 1 may be inaccurate due to the impact of
experience which have endogeneity bias, resulting in the biased WTP estimates. In fact, there would be
no WTP difference among the mid- and downstream areas in the Han River basin since all residents
along the river would have experienced the turbidity problems.

It is usually considered that income (lowincome_d1, medincome_d2, highincome_d3) should be
positively correlated with WTP [50,90,91]. The sign of the income variable was, however, negative in
Model 1 after controlling the endogeneity bias contrary to our expectation. There can be a different
interpretation of this consequence as low and middle income households would be willing to pay
more for the aquatic biodiversity conservation program than high income households. In other
words, the low and middle income households are more susceptible to water quality and aquatic
ecosystem conditions. If the water quality and the aquatic ecosystem conditions are, for instance,
improved through the program, the low and middle income households can decrease not only the
costs of drinking water purification, but also transfer costs of enjoying the recreational activities in
different areas. By contrast, the high income households can easily find alternatives [9]. Our results
are consistent with Stevens et al. (1991) [92] and Shin (1994) [93] who reported the negative income
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effects on WTP. Stevens et al. (1991) [92] discovered the negative effect of income in both closed-end
and open-ended Tobit models in estimating the existence value of wildlife using the CV method. They
stated that most of respondents who would pay revealed behavior contradictory to the neoclassical
theory underlying the CV method [24] (p. 399). Shin (1994) [92] also detected the negative sign of
income in identifying conservation values of environmental goods indicating that the option value
in trading practices for possible future use of wilderness resources seems to be more vital to low
and middle income people. The parameter of the income variable estimated in our study, thus, has
statistical and economical significance.

Many empirical CV studies show results where the stated WTP decreases along with an increase
in household members (children) (negative effect) [93–95]. However, our results show that the larger
households are, particularly having more children, the higher their WTPs are. This means the variable
children has a positive effect on the WTP. It is particularly the younger members who will be able
to enjoy the benefits derived from the aquatic biodiversity conservation since those benefits will be
available only in the distant future. Larger households should, thus, have a higher WTP for the
program than smaller households. Some of the members of larger households will enjoy these benefits
longer than the members of the smaller households. Most of them are most likely to be children and
will live longer after the implementation of the aquatic biodiversity improvement program and its aim
accomplishment [80].

4.3. Willingness to Pay and Benefit Calculation

Another focus of this study lies on the elicitation of households’ WTP for the aquatic biodiversity
conservation in the Han River basin. Along with the mean WTP, values and numbers observed on
the variability of the WTP elicited from the two models are presented in Table 5. Based on Model 2,
the proportion of the monthly mean WTP per household was estimated at around 46.1% (KRW 78.4)
of the current water use charge (KRW 170 per cubic meter), which was around 8.2% (KRW 13.9) higher
than that of Model 1 (around 38.0%, KRW 64.6). After accounting for the correlation (endogeneity bias)
between the experience and the error terms in the WTP model, each of the parameters of the explanatory
variables changed. The effect of correcting the endogeneity bias could be dependent on the size of the
relevant target population, which means the change in the mean WTP affecting policy decision making
could be different for the level of the correction effect according to the relevant population [33].

Table 5. Values and numbers observed on the variability of the WTP derived from Model 1 and Model 2.

Distribution 5% 25% 50% 75% 95% 100% Mean

WTP
Model 1 33.56 52.07 56.18 75.69 101.48 129.73 64.61
Model 2 12.61 52.21 53.25 126.02 165.67 185.24 1 78.47

Observation 25 100 125 125 100 25 500
1 Each of the WTP values elicited from Model 1 and Model 2 are presented at 5%, 25%, 50%, 75%, 95%, and 100% in
ascending order. The observation is the numbers observed at each range of the percentage levels.

It apparently seems that the mid- and downstream residents gain a lot of benefits from the fish
biodiversity conservation seeking aquatic ecosystem improvement, whereas the upstream residents
do not. Under these circumstances, the total benefits from the conservation, which entirely belong to
the mid- and downstream areas, are calculated in our study. Table 6 presents the results of the benefit
calculation. Based on the water use charge (KRW 170 per cubic meter) in 2014, the actual payments
of mid- (Gyeonggi-do) and downstream areas (Seoul, Incheon) were at around KRW 193.93 billion
and KRW 230.48 billion, respectively. Based on the proportion (46.1%, KRW 78.4) of the monthly
mean WTP per household estimated in this study and the regional real payments for the water use
charge, the total benefits were calculated to be around KRW 195.65 billion per year. The residents in
the downstream areas obtain the highest benefits at around KRW 106.25 billion per year. The benefits
of the midstream residents are around KRW 89.40 billion per year (Table 6).
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Table 6. Total benefit of the mid- and downstream areas generated by the aquatic biodiversity
conservation in the Han River basin.

Administrative District
Water Use Charge

(Billion KRW/Year)
Mean WTP (%) Total Benefit

(KRW/Month/Cubic Meter) (Billion KRW/Year)

Gyeonggi-do Midstream 193.93
46.1 (78.4)

89.40

Seoul
Downstream

178.54 82.31
Incheon 51.94 23.94

Total 424.41 1 195.65
1 The total sum of regional water use charges in 2014 was around KRW 443.46 billion. Since we consider the benefits
of only three administrative districts, the payments of K-water (KRW 19.06 billion) as a government organization
were excluded from the total water use charge.

Despite the implementation of the water use charge since 1999, there are still some problems
regarding the distribution of the benefits along with contaminated turbid water resulting in the
destruction or degradation of aquatic biodiversity. As we discussed earlier, the inflow of massive soil
loss from the highland fields to the basin is regarded as the primary non-point pollution sources which
negatively affect water quality and aquatic biodiversity. To solve this problem, land use management
in the highland fields such as the upstream farmland purchase should be a priority among all the
programs supported by the water use charge. In particular, a preferential purchase of the highland
vegetables fields, which have more than 15◦ slope causing severe soil erosion, can reduce soil losses by
more than eighty-fold [36]. This is consequently likely to decrease nutrient runoff (N, P2O5, K2O) and
pollution intensity of turbid water (SI), resulting in improvement of aquatic ecological health (FAI) in
the basin.

Choi et al. (2016) [8] show that total benefits derived by the implementation of the highland
agriculture restriction policy are much higher than the costs related to land use management policies.
This means that the economic activities of the upstream areas are patently restricted by the land use
policy, while the mid- and downstream areas have the total benefits from the policy. Based on this
result, the land use policy may significantly contribute to aquatic biodiversity improvement resulting
in a considerable increase in social welfare.

However, the actual purchase of the upstream vegetable fields, the major source of non-point
pollution, has not been implemented well. This is because due to the concern for significant income
loss, the highland farmers are not willing to abandon their summer crop cultivation which is a major
source of their income. To improve and conserve the aquatic biodiversity (ecosystems) in the basin, it
is necessary to take further aggressive measures including increase in the (unit) costs for the highland
purchase [8].

Since interest in aquatic ecosystem services has increased along with frequent turbid water
discharge problems, there is a growing need for aquatic biodiversity conservation aimed at improving
both aquatic ecosystems and social welfare. It is, thus, necessary and very important to more actively
implement highland farmland purchases for aquatic biodiversity (ecosystem) conservation and
improvement in the basin. If the practical costs could be reallocated to new or other items such
as the highland purchase program, ongoing disputes between stakeholders regarding operation or
management of the water use charge would be settled.

5. Conclusions and Policy Implications

This study aimed (1) to identify the determinants of households’ WTP for the fish biodiversity
conservation aimed at improving aquatic ecosystems (biodiversity) in the Han River basin,
(2) to investigate and correct the endogeneity bias of a proxy variable such as a subjective experience
(direct or indirect) of negative environmental quality changes caused by the contaminated turbid water,
and (3) to derive households’ WTP, examine differences in the WTP before and after controlling the
endogeneity bias, and calculate the total benefit generated from aquatic biodiversity conservation.
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To elicit the WTP (preferences) for aquatic biodiversity conservation, we used the contingent
valuation (CV) method, as a popular economic valuation technique in biodiversity conservation.
The CV method, however, has some potential problems. In particular, the omission of variables
considering heterogeneity in perceptions of respondents of environmental quality levels between
the status quo and hypothetical changes described in the CV survey increases the error of the WTP
estimates. To solve the problem, proxy variables such as a subjective experience of environmental
quality changes (experience) can be included in the WTP model. However, the correlation between
experience and WTP affected by the unobserved characteristics of respondents may cause the
endogeneity bias, leading to inconsistent parameter estimates.

We used a bivariate (multivariate) probit model (Model 2) in order to correct the potential
endogeneity bias. The results show that Model 2 has greater statistical accuracy in parameter estimates
compared to the naïve probit model (Model 1) without considering the bias. The coefficient of
experience was endogenously biased (positively correlated) with WTP in Model 1. In Model 2, its sign
and effect changed to negative (true effect). We assume that respondents who have observed and
heard about damages to aquatic life due to the contaminated turbid water may be more skeptical of the
effectiveness of the water use charge and also negative about that of newly proposed water policies.
Since the long-term turbidity problems have been experienced by all districts along the Han River
basin, there may be no WTP difference between residents of the mid- and downstream areas in the
basin. In addition, those who have already found the alternatives or regained the benefits in different
areas are less likely to accept the aquatic biodiversity conservation policy in the basin.

Households who reside with children (children) and have a lower income level (lowincome) may
be more willing to pay for the aquatic biodiversity conservation. It seems that the higher income
households can afford to find alternatives for enjoying their outdoor activities, which means that they
are less responsive to environmental quality changes. If the Han River basin is qualitatively improved
through the conservation program, the lower income households can save travel time and costs by
enjoying the outdoor activities around the basin close to their residences. They are, thus, more affected
by changes in the environmental quality. Since the younger household members will live longer after
the policy enforcement and the attainment of its goal, they will be able to enjoy the benefits of the rich
aquatic biodiversity longer. The households residing with children are likely to have a higher WTP for
the aquatic biodiversity conservation than those without children.

The mean WTP per month per household is estimated at around 46.1% (KRW 78.4) of the current
water use charge (KRW 170 per cubic meter). Based on the mean WTP per household and the real
annual payments (KRW 424.41 billion) of the mid- and downstream areas for the water use charge
in 2014, the total benefit from the improvement of the aquatic ecosystems generated by the fish
biodiversity conservation is calculated at around KRW 195.65 billion.

Due to harm of the contaminated turbid water to aquatic biota, more positive highland purchases
to improve and conserve aquatic biodiversity (ecosystem) is becoming a necessity in the basin.
Obviously, the land use management policy contributes to preventing massive soil loss from the
highland vegetable fields and its inflow to the basin. Above all, the purchase of the highland vegetable
fields having steep slopes (more than 15◦) and causing drastic soil erosion (more than 8 times) is
significantly able to contribute to maintaining a good aquatic ecological balance (biodiversity) of the
basin by reducing the stress of fish habitats (SI) and improving fish diversity (FAI).

Although the benefits from aquatic biodiversity improvement should be equally distributed
among stakeholders in the basin, the mid- and downstream areas have almost all the benefits.
On the contrary, the upstream areas (highland farmers) are under restrictions of their economic
activities. For the efficient implementation of the highland vegetable field purchase, it is necessary
that appropriate compensation for the abandonment of their highland cultivation causing significant
income loss is guaranteed through practical measures such as a rise in unit costs for the highland
purchases. To settle contentious issues on operation or management of the water use charge,
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reallocation of the realistic costs to the highland purchase program for the aquatic biodiversity
conservation and improvement should be taken into consideration.

Society is provided a wide variety of ecosystem services such as food provision, biodiversity,
recreation, drinking water, etc. from water bodies [96]. The total benefit calculated in our study
is involved in only one service, aquatic biodiversity improvement created by the fish biodiversity
conservation policy.
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