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ABSTRACT

Urbanization and environmental degradation have led to significant declines in water quality and aquatic ecosystem

health, highlighting the urgent need for effective restoration efforts. This study applies an integrated analysis approach to

estimate the economic value and benefits of improvements in water quality and aquatic ecosystem services resulting from

the Ecological Stream Restoration Project. Using survey data analyzed through the choice experiment (CE) method, we

assessed respondents’ preferences for various ecosystem services, including water-friendly services, ecological functions,

water-level control, and water-quality purification. Three empirical analysis models—the Conditional Logit Model (CLM),

Nested Logit Model (NL), and Error Component Logit Model (ECL)—were applied, with the ECL model identified as

the most suitable for this study. From the physical impact assessment, we derived compensating variations to estimate

the annual economic benefits of the project. The estimated annual economic value of water quality improvement due to

the Anyangcheon Ecological Stream Restoration Project ranged from approximately KRW 10.54 billion to KRW 21.44

billion, while the economic value of aquatic ecosystem improvement was estimated to range from KRW 6.05 billion to

KRW 12.30 billion annually. This study provides analytic framework that can inform future ecological restoration projects

and sustainable water management policies.
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1. Introduction

Ecological stream restoration projects aim to restore

the ecological health of streams where water quality has de-

teriorated or habitats for aquatic species have been damaged.

Water quality and stream ecosystem services are critical com-

ponents in creating an environment where humans and na-

ture can coexist, playing a key role in enhancing not only

the environmental value of streams but also their social and

economic value. Clean water quality maintains the ecologi-

cal functions of streams and provides a healthy habitat for

various species. Additionally, aquatic ecosystem services

improve human quality of life by offering benefits such as

biodiversity conservation, climate change mitigation, and

recreational spaces. These ecosystem services may not be

easily quantified in monetary terms, but their impact on local

communities and the national economy is substantial.

In this context, ecological stream restoration projects

go beyond simple water management or physical restora-

tion to create an environment where humans and nature can

thrive together through improvements in water quality and

ecosystem recovery. Today, urbanization and climate change

have led to significant degradation of stream ecosystems,

particularly in urban areas, making this a major concern [1–3].

As a result, ecological stream restoration projects have be-

come essential environmental policies to address these issues

and promote sustainable water management and ecosystem

service enhancement [4, 5]. Restoration projects offer several

benefits. First, improving water quality and restoring ecosys-

tems can enhance the environmental value of the stream [6].

Second, restored streams provide recreational spaces for citi-

zens, improving their well-being [7]. Third, streams that have

regained their natural characteristics enhance resilience to

natural disasters such as floods and play a crucial role in

adapting to climate change [8]. Fourth, restored streams en-

hance scenic value, contributing to the revitalization of local

economies [9].

Since the 1960s in South Korea, various streammanage-

ment projects, such as straightening rivers and constructing

artificial embankments, have been implemented to promote

industrialization. While these efforts maximized water us-

age and flood prevention functions, they caused changes

in aquatic ecosystems, reducing biodiversity and ecologi-

cal health, which significantly lowered the environmental

value of streams [10]. As awareness grew of the need to

restore damaged streams to their natural state, South Ko-

rea’s ecological stream restoration projects evolved from

pollution control efforts initiated in 1987 [11, 12]. Initially, the

primary focus was on improving water quality, but since

2002, the projects expanded into “natural stream restoration

projects” aimed at restoring ecological health [11]. By 2009,

the projects had developed into today’s “ecological stream

restoration projects,” focusing on ecosystem restoration [11].

These projects aim to restore the natural functions of streams

by recreating habitats, ensuring both longitudinal and lateral

connectivity, and achieving natural flood control stability [11].

Ecological stream restoration projects seek to improve both

aquatic ecosystem health and human quality of life. The

diverse ecosystem services provided through these projects

hold economic and social value. Research to measure the

economic value of such non-market goods and services has

been increasing, with choice experiments (CE) widely used

to estimate environmental values and the public’s willingness

to pay (WTP).

Barak and Katz [13] analyzed public preferences for in-

stream and riparian restoration in Israel to evaluate the eco-

nomic value of stream restoration projects. Using choice

modeling, they investigated how much additional tax the

public would be willing to pay for these two types of restora-

tion. Respondents showed a higher preference for riparian

restoration and indicated an average willingness to pay an

additional $66 per household per year. Moreover, the greater

the awareness of stream restoration, the higher theWTP. Kun-

war et al. [14] estimated local residents’ perceptions and WTP

for river restoration projects in Nepal’s Danda Basin. Using

a discrete choice experiment, they examined the impact of

various restoration attributes—such as water quality improve-

ment, ecosystem restoration, and scenic improvement—on

residents’ preferences. Respondents considered water qual-

ity improvement the most important factor and preferred

river restoration managed by local communities rather than

the government. Spatial heterogeneity was also observed,

with urban residents showing a higher WTP for restoration

projects compared to rural residents. Chen et al. [15] applied

a discrete choice experiment to analyze differences in prefer-

ences for river restoration in Guangzhou, China, and Brus-

sels, Belgium. While residents of both cities recognized

the ecological benefits of river restoration, Guangzhou resi-

dents showed greater uncertainty due to scale heterogeneity
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and were more sensitive to costs, whereas Brussels residents

placed higher value on biodiversity and visual naturalness.

Brouwer et al. [16] also used a choice experiment to compare

the benefits of river restoration projects in Austria, Hungary,

and Romania within the Danube River Basin. The results

showed that all three countries had a positive preference for

water quality improvement, though flood risk reduction was

more important in Austria than in Hungary and Romania.

Chen and Cho [17] assessed the impact of environmental in-

formation disclosure on public participation and preferences

for urban river restoration in Shaoguan, China, through a

discrete choice experiment. Passive information disclosure

successfully increased public participation, and simply pro-

viding information increased support for river restoration.

However, active information disclosure increased uncertainty

about restoration, reducing participation. The study also high-

lighted heterogeneity in public preferences for restoration,

with some individuals being less sensitive to costs, while

others responded more to costs than to specific attributes.

This study evaluates the impact of the Anyangcheon

Ecological Stream Restoration Project on water quality and

aquatic ecosystems and estimates its economic value. The

objectives of the study are as follows. First, to assess the

social benefits of the restoration project by estimating the eco-

nomic value of changes in water quality and aquatic ecosys-

tems resulting from the project. Second, to demonstrate

the policy relevance of similar ecological stream restoration

projects through this analysis and provide foundational data

for decision-making processes. While previous studies have

mainly analyzed preferences for specific elements of ecolog-

ical restoration, such as water quality improvement, flood

control, or scenic improvement, this study evaluates both

water quality improvement and aquatic ecosystem health,

providing a comprehensive analysis of ecosystem service

changes and their economic value. Additionally, this study

applies integrated environmental and economic analysis, a

method that quantifies the monetary value of physical envi-

ronmental changes, such as water quality or habitat quality.

This re-emphasizes the economic and environmental impor-

tance of ecological stream restoration projects and provides

practical insights for sustainable urban stream management.

2. Study Area

The study area, Anyangcheon, is a major stream flow-

ing through Seoul andGyeonggi Province in SouthKorea and

is one of the main tributaries of the Han River (see Figure 1).

It has a basin area of 286 km² and a stream length of 32.5 km,

making it the second-largest tributary of the Han River after

Jungnangcheon. The Anyangcheon basin encompasses 14

local governments, including 7 cities in Gyeonggi Province

and 7 districts in Seoul, with a population of approximately

3.5 million people [18]. Since the 1970s, industrialization

and urbanization have led to the increase of factories and

population concentration, resulting in pollution from indus-

trial wastewater and domestic sewage [18]. To address this

issue, Anyang City began constructing sewage treatment

facilities and installing water purification systems in 1986,

which led to some improvements in water quality. However,

significant fluctuations in water quality persisted, resulting

in poor living conditions for native flora and fauna, and the

loss of the stream’s functions as a habitat and recreational

space for citizens [18]. In response, Anyang City established

the “Anyangcheon Restoration Master Plan” in the 2000s,

aiming to improve water quality, secure water flow, maintain

the natural stream, and restore the ecosystem. Anyangcheon

was selected as the study area because it is one of the urban

streams where the ecosystem has been severely damaged

by urbanization and industrialization. Additionally, as an

important recreational and environmental resource for res-

idents of Seoul and the surrounding metropolitan area, the

stream offers a valuable case for analyzing the impact of

such restoration projects on the quality of life of citizens.

Figure 1. Study area: Anyangcheon stream. Source: [19].
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3. Materials and Methods

3.1. Survey Outline

This study utilizes data from the “National Survey

on Management and Improvement of Water Quality” con-

ducted byAhn et al. [20] to evaluate the economic value of the

Anyangcheon Ecological Stream Restoration Project. The

survey aimed to assess the public’s awareness and prefer-

ences regarding major ecosystem services of the four major

rivers in South Korea (Han River, Nakdong River, Geum

River, andYeongsan River) and estimate the value of changes

in the quality of individual ecosystem services through a dis-

crete choice experiment (CE). The survey was conducted

with 3,000 households residing in or using the four major

river basins in South Korea. It was commissioned to Ko-

rea Data World Co., Ltd., a professional survey agency, and

conducted using an online survey method. The margin of

error was ±1.79 percentage points at a 95% confidence level,

and the sample design was based on population-proportional

allocation using August 2017 population data. The survey

was conducted over 14 days, with a preliminary survey from

September 27 to 29, 2017, and the main survey from October

10 to 20, 2017. Respondents evaluated their preferences for

various ecosystem service attributes, including water quality,

aquatic ecosystems, hydrological functions, and water level

control, and expressed their willingness to trade off these

services against water use charges. For this study, the re-

sponses of 1,500 households in the Han River basin, where

Anyangcheon is located, were used. The choice experiment

data were re-estimated to fit the purpose of this study, and

based on the estimation results, the social benefits of improve-

ments in water quality and aquatic ecosystems resulting from

the ecological stream restoration project were calculated.

The aim of this study is not to estimate the total value

of all services provided by the Ecological Stream Restoration

Project, but rather to estimate the value of the key attributes:

water quality and aquatic ecosystems. Therefore, choice

experiment data from a case study were used. The survey

was designed to understand the general public’s awareness

and preferences regarding the services (functions) provided

by the four major rivers, rather than analyzing the impact

of a specific policy or project. In other words, the survey

data fromAhn et al. [20] were conducted independently as a

case study, excluding the effects of specific policies, which

ensures the objectivity of the research findings.

Figure 2 illustrates the benefit assessment procedure

used in this study, which is based on survey results from

1,500 households residing in the Han River. The Iraqi River

Water Quality Index (IRWQI) was applied to measure water

quality, and the Hydraulic Habitat Suitability (HHS) Index

was used to assess aquatic ecosystems. To derive the unit

value for changes in water quality and aquatic ecosystem

indexes, the pre-project water quality and aquatic ecosystem

index values were compared with those after the project. The

final benefits were estimated by converting the derived will-

ingness to pay (WTP) into an annual WTP and applying the

total number of households benefiting from the ecological

stream restoration project.

Figure 2. Benefit assessment procedure. Source: [21].

3.2. Choice Experiment Design

The Choice Experiment (CE) is a method that presents

respondents with various scenarios of qualitative changes in

river environments due to restoration projects and measures

their preferences for each scenario. This approach allows

for the estimation of the public’s WTP for changes in each

ecosystem service attribute. In this study, water-friendliness,

ecological functions, water-level control, and water-quality

purification were set as the main attributes, and water use

charges were applied as the trade-off element for these ser-

vices. The choice experiment is effective as it simulates a

consumer’s decision-making process in selecting between

various goods in a market, thus guiding respondents to make

a choice [22–24]. For the experiment design, the pivot-style

design was applied, which reflects respondents’ prior expe-

riences and presents more realistic scenarios [25]. In other
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the respondents are set as the reference alternative, and by

altering these levels, hypothetical alternatives are designed

and presented as choice options. Respondents then choose

their preferred alternative [26]. Table 1 shows the definition,

levels, and change levels for each attribute.

In order to more accurately capture respondents’ prefer-

ences, it is important to design the choice experiment so that

respondents can easily understand the information related to

attributes, attribute levels, and changes in attribute levels [27].

This ensures that they can fully comprehend the available

alternatives and select the one they prefer most. Table 2 pro-

vides the definitions of each grade of water quality standards

presented during the survey.

Table 1. Definition of the attributes and levels used in CE.

Attribute Definition Attribute Levels Change

Water-friendliness

• Accessibility and familiarity with the river and

surrounding streams

• Riverside parks, walking trails, ecological

streams, sports facilities, ecological learning ex-

periences, ecological tourism, etc.

Very poor

Poor

Fair

Good

Very Good

One level down

No change

One level up

Aquatic ecosystem

• Degree of eco-friendliness perceived in the river

and surrounding stream ecosystems

• Ecosystem diversity, ecological habitats, ecologi-

cal connectivity, etc.

Very poor

Poor

Fair

Good

Excellent

One level down

No change

One level up

Water level

• Perceived water level in the river and major

streams

• Water level suitable for recreational activities

(e.g., swimming) during the season from June

to September

Very low

Low

Fair

High

Very high

One level down

No change

One level up

Water quality

• Perceived water quality in the river and surround-

ing streams

• Suitability for swimming, fishing, and the degree

of pollution

Very poor

Poor

Fairly poor

Fair
Fairly good

Good
Very Good

Two levels down

One level down

No change

One level up

Two levels up

Cost
• Water use charge that the household pays to pro-

tect water quality in water supply source KRW 170/m3

30% down

15% down

No change

15% up

30% up

Source: [20, 26].

Table 2. Definitions of water quality standards.

Grade Definition

Very poor Water heavily polluted with almost no dissolved oxygen, making it uninhabitable for fish.

Poor Water contains pollutants that deplete excessive amounts of dissolved oxygen, indicating a poor ecosystem where fish are rarely

observed. It is not unpleasant for everyday activities such as walking and can be used as industrial water after special purification.

Fairly poor Water contains pollutants that deplete a considerable amount of dissolved oxygen, indicating an ecosystem that can be used for

agricultural purposes but requires advanced purification for industrial use.

Fair Water contains a moderate level of pollutants that deplete dissolved oxygen, representing a general ecosystem. It can be used as

domestic water after advanced purification and as industrial water after general purification.

Fairly good Water contains some pollutants but has a relatively high level of dissolved oxygen, indicating a fairly good ecosystem. It can be

used as domestic water or swimming water after general purification.

Good Water has a high level of dissolved oxygen and is close to a clean state with almost no pollutants.

Very good Water is rich in dissolved oxygen and free from pollutants, indicating a pristine ecosystem. It can be used as domestic water after

simple purification.

Source: [20].
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3.3. Empirical Model

This study employs three empirical analysis models:

the Conditional Logit Model (CLM) for estimating prefer-

ence consistency, the Nested Logit Model (NL) to account for

correlations among choice alternatives, and the Error Com-

ponent Logit Model (ECL) to address heteroscedasticity and

improve estimation accuracy. The conditional indirect util-

ity is derived when an individual decision-maker (i) selects

one alternative (j) from among the available alternatives that

maximizes their utility. It is composed of two parts, as shown

in Equation (1). Here, Vi,j represents the deterministic term

that can be identified by the researcher, while εi,j represents

the unidentifiable part, which is the random component.

Ui,j = Vi,j + εi,j (1)

In Equation (1), Vi,j =
∑

k βkXi,jk is expressed as the

random component, andXi,jk represents the set of attributes

belonging to the selected alternative (j). βk refers to the

estimated coefficients for each attribute, including the Alter-

native Specific Constants (ASC). In the case of pivot-style

choice experiments, ASC includes the dummy variable Sq

(Status quo), which indicates the selection of the current alter-

native (i.e., the alternative 1 evaluated by the respondent). Sq

is a variable that reflects whether the respondent prefers the

current alternative over the hypothetical alternatives when

all other attributes and conditions are equal. A positive sign

(+) for this variable means that the respondent prefers the

current alternative they evaluated, while a negative sign (-)

indicates the opposite. Each respondent is presented with

three alternatives (j = 1,  2,  3) and repeats the experiment

(n = 1, . . . , 6) six times, with different choice scenarios. In

this case, Equation (1) can be reformulated as Equation (2).

One important point to note in Equation (2) is that the identi-

fiable part of the utility function (U i
1,n) for the respondent’s

evaluated alternative is expressed as V i
1 rather than V i

1,n.

This is because the levels (values) of individual attributes do

not change during the six repeated choice experiments for

each respondent.

U i
1,n = V i

1 + εi1,n

U i
2,n = V i

2,n + εi2,n

U i
3,n = V i

3,n + εi3,n

(2)

While Equation (2) serves as the basis for the CLM,

Hess and Rose [25] pointed out econometric issues that may

arise when using data generated by pivot design. As men-

tioned, the levels of attributes included in the reference alter-

native (the alternative evaluated by the respondent) remain

constant throughout the repeated choice experiments for the

same respondent. This suggests that the basic assumption re-

garding the error term in the CLMmodel may be violated. To

rephrase, there is a high likelihood that the hypothetical alter-

natives (alternatives 2 and 3) will be highly correlated, which

could violate the assumption of Independent and Identically

Distributed (IID) error terms [28]. These econometric issues

can be resolved by applying the ECL [26]. Therefore, in this

study, both the CLM and ECL models were estimated. The

ECL model controls for heteroscedasticity by incorporating

alternative-specific variance into the error term of Equation

(2), as shown in Equation (3).

U i
1,n = V i

1 + σ1ϕ
i
1,n + εi1,n

U i
2,n = V i

2,n + σ2ϕ
i
2,n + ε

i

2,n

U i
3,n = V i

3,n + σ3ϕ
i
3,n + ε

i

3,n

(3)

In Equation (3), (j = 1,  2,  3) represents the stan-

dard deviation, which is the estimated coefficient related

to the variance of each alternative, and ϕi
j,n is the error com-

ponent that follows a standard normal distribution (ϕi
j,n∼

N[0,1]) [28]. To estimate the model based on Equation (3),

the σj with the smallest variance among the three σj must

be identified and set to 0.

4. Results

4.1. Estimation Results

This study redefined the econometric analysis model

based on the physical environmental impact results of [19] by

incorporating the concept of integrated environmental and

economic analysis. To estimate the model for individual at-

tribute variables, including water quality and aquatic ecosys-

tem variables, we modified Vij of Equation (3) as shown in

Equation (4) to account for the grade-specific model of each

attribute.

Vij = sq +
∑

k βkrekreij +
∑

k βkbio
kbioij

+
∑

k βkwl
kwlij +

∑
z βz_wqz_wqij

+βcostCostij

(4)

Here, sq represents the variable forASC, which is set to

1 for the respondent’s evaluated alternative and 0 for the other
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hypothetical alternatives. re denotes water-friendliness, bio

represents the aquatic ecosystem, wl stands for water level,

wq signifies water quality, and cost refers to water charges.

k(vgood,  good,  nor,  bad,  vbad) indicates the correspond-

ing grade among the five grades for the water-friendliness,

aquatic ecosystem, and water level attributes (see Table 3).

Similarly, z(vgood,  good,  1good,  nor,  1bad,  bad,  vbad)

represents the corresponding grade among the seven grades

for the water quality attribute. In this study, to account for

the nonlinear effects of categorical data, we estimated the

model by treating each attribute level as a dummy variable

for each grade, as shown in Equation (4), rather than treating

the levels as continuous variables.

The CLM, NL, and ECL models were estimated using

NGENE 6.0, and the coefficients for each model were de-

rived through maximum likelihood estimation or simulated

maximum likelihood estimation. The estimation results are

shown in Table 4. In all models, most of the estimated coef-

ficients had signs consistent with expectations and showed

statistical significance within the 5% level. Regarding the

statistically significant variables, the fact that the sq variable

was estimated with a positive (+) sign can be interpreted as a

preference for the current alternative (the respondent’s eval-

uated alternative) over hypothetical alternatives, all other

conditions being equal. The estimated coefficients for the

grade-specific dummy variables of each attribute can be inter-

preted by comparing them to the reference variable [28]. For

example, the coefficients for the variable vgoodre ∼ badre

related to water-friendliness were all positive (+), indicating

that as the level of water-friendliness improved compared

to the reference variable vbadre, the respondent’s utility in-

creased, positively influencing the choice of alternatives.

Other variables can be interpreted similarly. On the other

hand, the cost-related variable cost showed a negative (-)

impact, meaning that as the water use charges increased, the

respondent’s utility decreased.

Table 3. Variables and Definitions Used in the Econometric Analysis Model.

Variable Definition

sq
1: Current alternative (respondent’s evaluated alternative)

0: Other alternatives

vgood_re Water-friendliness. 1: very good, 0: Otherwise

good_re Water-friendliness. 1: good, 0: otherwise

nor_re Water-friendliness. 1: fair, 0: otherwise

bad_re Water-friendliness. 1: poor, 0: otherwise

vbad_re Water-friendliness. 1: very poor, 0: otherwise

vgood_bio Aquatic ecosystem 1: very good, 0: otherwise

good_bio Aquatic ecosystem 1: good, 0: otherwise

nor_bio Aquatic ecosystem 1: fair, 0: otherwise

bad_bio Aquatic ecosystem 1: poor, 0: otherwise

vbad_bio Aquatic ecosystem 1: very poor, 0: otherwise

vgood_wl Water level. 1: very high, 0: otherwise

good_wl Water level. 1: high, 0: otherwise

nor_wl Water level. 1: fair, 0: otherwise

bad_wl Water level. 1: low, 0: otherwise

vbad_wl Water level. 1: very low, 0: otherwise

vgood_wq Water quality. 1: very good, 0: otherwise

good_wq Water quality. 1: good, 0: otherwise

lgood_wq Water quality. 1: fairly good, 0: otherwise

nor_wq Water quality. 1: fair, 0: otherwise

lbad_wq Water quality. 1: fairly poor, 0: otherwise

bad_wq Water quality. 1: poor, 0: otherwise

vbad_wq Water quality. 1: very poor, 0: otherwise

cost KRW 170/m3
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Table 4. Estimation Results of CLM, NL, and ECLModels.

Choice Model

Model CLM NL ECL

Vriable Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error

sq 0.5201*** 0.0329 0.7004*** 0.1043 0.7212*** 0.0357

vgood_re 0.9098*** 0.0889 1.1064*** 0.1517 0.8436*** 0.0975

good_re 0.7983*** 0.0744 0.9725*** 0.1303 0.7335*** 0.0792

nor_re 0.7148*** 0.0703 0.8510*** 0.1114 0.7070*** 0.0715

bad_re 0.1915*** 0.0684 0.2644*** 0.0882 0.1468** 0.0715

vbad_re reference reference reference

vgood_bio 0.4755*** 0.0906 0.6208*** 0.1291 0.6549*** 0.1053

good_bio 0.4474*** 0.0663 0.5872*** 0.1035 0.6090*** 0.0712

nor_bio 0.4473*** 0.0628 0.5401*** 0.0886 0.6001*** 0.0649

bad_bio 0.0344 0.0601 0.0684 0.0723 0.0718 0.0651

vbad_bio reference reference reference

vgood_wl 0.2179*** 0.0801 0.2827*** 0.0958 0.1257 0.0875

good_wl 0.1694*** 0.0629 0.2180*** 0.0759 0.1417** 0.0677

nor_wl 0.2099*** 0.0588 0.2596*** 0.0714 0.1844*** 0.0618

bad_wl 0.1073** 0.0539 0.1500** 0.0617 0.0511 0.0554

vbad_wl reference reference reference

vgood_wq 1.1924*** 0.0781 1.5166*** 0.1952 1.4112*** 0.0762

good_wq 1.0033*** 0.0640 1.2508*** 0.1581 1.2019*** 0.0656

lgood_wq 0.9566*** 0.0549 1.1689*** 0.1308 1.1316*** 0.0499

nor_wq 0.7624*** 0.0561 0.9118*** 0.1073 0.9343*** 0.0548

lbad_wq 0.1412*** 0.0548 0.2322*** 0.0814 0.2110*** 0.0586

bad_wq 0.0714 0.0594 0.1203 0.0755 0.1008 0.0658

vbad_wq reference reference reference

cost −0.0011*** 0.0003 −0.0014*** 0.0004 −0.0023*** 0.0003

IV parameters

Branch1 1.0 fixed

Branch2 1.2324*** 0.1276

σ1 1.3976*** 0.0483

σ2 1.1781*** 0.0609

LL −8810.48 −8808.58 −8344.84

Pseudo R2 0.109 0.075 0.156

Note: ***, ** indicate statistical significance at the 1% and 5% levels, respectively.

The NL model allows for the correlation of error terms

among hypothetical alternatives (alternatives 2 and 3) by

grouping them in the same nest. In the NLmodel estimation,

the current alternative was assigned to Branch 1, and the

hypothetical alternatives (alternatives 2 and 3) were assigned

to Branch 2. The estimated coefficients of the NL model

showed little difference from the CLM model in terms of

statistical significance or the magnitude of the coefficients.

However, the IV parameter for Branch 2 was estimated to be

greater than 1. According to Hensher et al. [29], this violates

the assumption of global utility maximization. One possible

solution to this problem would be to reassign the alternatives

to a new nesting structure. However, in this study, since

there is only one current alternative and two hypothetical

alternatives, it is not feasible to reorganize the nesting struc-

ture. Therefore, considering the NLmodel results for further

analysis may not be appropriate.

To estimate the ECL model, the alternative with the

smallest variance among the three alternatives must be iden-

tified [30]. Preliminary analysis revealed that the current alter-

native (the respondent’s evaluated alternative) had a smaller

variance than the hypothetical alternatives, so the standard

deviation of the error term for the current alternative was

normalized to 0. When comparing the ECLmodel estimation

results with the CLM model, there were some changes in

the magnitude and statistical significance of the coefficients

for each attribute. For example, vgoodwl and badwl were

statistically significant in the CLM model but no longer sta-

tistically significant in the ECL model. Additionally, the

statistical significance of some variables decreased. Notably,

the magnitude of the cost variable increased by more than

double (in absolute terms).

The estimated coefficients related to the variance of

hypothetical alternatives 2 and 3, σ1 and σ2, were both sta-

tistically significant and had positive signs. The estimated

coefficient values for σ1 and σ2 were 1.3976 and 1.1781,

respectively, indicating that while the variance of the current

alternative π2

6 remains constant, the variance of hypothetical

alternatives 2 and 3 is larger, as indicated by π2

6 + 1.39762

and π2

6 + 1.17812. When comparing the statistical fit be-
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tween the ECL and CLM models, the ECL model, which

accounts for heteroscedasticity among potential choice al-

ternatives, was found to be more suitable. The Pseudo R²

was also higher for the ECL model (0.18) compared to the

NL model (0.156). Overall, these findings suggest that the

choice of model can influence the estimated coefficients,

which in turn can affect the benefit calculations based on

those coefficients. Therefore, when analyzing pivot-style

data, it is important to consider models that can control for

potential biases.

4.2. Benefit Analysis

In this section, the economic value of improvements in

water quality and aquatic ecosystem levels (grades) result-

ing from the Anyangcheon Ecological Stream Restoration

Project is estimated, and the benefits are calculated by consid-

ering the final beneficiaries. According to Choi and Choi [19],

when water quality changes were categorized into grades

using both the CCMEWQI and IRWQI methodologies, both

methods showed a two-level improvement in water quality

due to the ecological stream restoration project (Table 5).

Table 6 presents the changes in weighted usable area for tar-

get fish species before and after the restoration. The results

indicate that the ecological stream restoration significantly

improved habitat availability for the target species [19].

The benefit calculation alternatives are shown in Table

7. The water quality grade before the restoration project (in

2001) was evaluated as ‘fairly poor’ according to the inte-

grated water quality index (IRWQI), while the current grade

(in 2018) after the project was evaluated as ‘fairly good,’ indi-

cating a two-grade improvement. For the aquatic ecosystem,

the HHS Index assessment estimated that the grade improved

from ‘poor’ before the project to ‘fair’ in 2018, indicating a

one-level improvement. The ECL model was used for the

benefit analysis.

Table 5. WQI Before and After the Ecological Stream Restoration Project.

WQI Grade (Score)
Method

Before (2001) After (2006) Present (2018)

CCMEWQI Marginal (55.59) Good (88.56) Good (87.67)

IRWQI Poor (49.53) Good (77.81) Good (76.53)

Source: [19].

Table 6. Target species and their weighted usable Area and hydraulic habitat suitability.

Weighted Usable Area (m2)
Target Fish Species Total Area (m2)

Before (2001) After (2006) Present (2018)

Zacco koreanus 5,844 10,317 10,003

Zacco platypus 6,653 9,693 9,433

Coreoleuciscus splendidus 1,542 3,684 3,781

Pungtungia herzi 6,430 10,622 11,054

Acheilognathus yamatsutae

144,047

9,902 18,432 16,041

Total Weighted Usable Area 30,371 52,748 50,312

HHS Index 21.08%

(low)

36.62%

(medium)

34.93%

(medium)

Source: [19].

Table 7. Benefit calculation alternatives.

Category Details

Analysis Method Benefits from changes in water quality and aquatic ecosystem grades due to the Ecological Stream Restoration Project

IRWQI grade

Before(2001) After(2018)Water Quality

fairly poor fairly good

HHS Index

Before(2001) After(2018)Aquatic Ecosystem

Poor fair

Benefit Analysis Model ECLModel

Source: [20].
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Based on the physical impact assessment results of the

Anyangcheon water quality and aquatic ecosystem following

the Ecological Stream Restoration Project, the benefits were

estimated using the compensating variation (CV) concept in

Equation (5). In Equation (5), β1good_wq and β1bad_wq rep-

resent the estimated coefficients from the ECLmodel related

to the ’fairly good water quality level’ and ’fairly poor water

quality level,’ respectively, while βnor_bio and βbad_bio repre-

sent the estimated coefficients for the ’fair aquatic ecosystem

function’ and ’poor aquatic ecosystem function’ variables,

respectively.

CV water quality = − (β1good_wq−β1badwq )

βcost

CV aquatic ecosystem = − (βnor_bio−βbad_bio)
βcost

(5)

The results of the estimated annual benefits from im-

provements in water quality and aquatic ecosystem levels

are shown in Table 8. The benefit estimation process is ex-

plained as follows. First, theWTP (KRW/m³/household) was

derived using the coefficients estimated from the ECLmodel.

To convert this into the monthly WTP (KRW/month/house-

hold), the average monthly water usage per household in

the Han River basin (approximately 20 m³) was considered.

While previous studies typically use 12 months to calculate

the annual WTP (KRW/year/household), Ahn et al. [31] ap-

plied an empirical conversion factor of 5.9 months based on

the environmental value database (DB). This study applied

both methods, referencing Ahn et al. [31], to estimate the an-

nual WTP (KRW/year/household). Finally, the number of

households in Anyang City was considered as the benefi-

ciary group for the improvements in water quality and the

aquatic ecosystem resulting from the Anyangcheon Ecologi-

cal Stream Restoration Project. This is because the middle

section of Anyangcheon, which is the focus of this study,

belongs to Anyang City, and according to Anyang City’s

“Anyangcheon Restoration Master Plan” [18], the Ecological

Stream Restoration Project was targeted at residents within

the Anyangcheon basin.

The estimated annual benefits from water quality im-

provements were approximately KRW 21.44 billion using

the general conversion method (12 months) and approxi-

mately KRW 10.54 billion using the conservative conversion

method (5.9 months). For the aquatic ecosystem, the annual

benefits were estimated at approximately KRW 12.30 billion

with the 12-month method and KRW 6.05 billion with the

5.9-month method. The values estimated in this study rep-

resent the benefits accruing to beneficiaries over one year.

However, considering that the benefits from water quality

and aquatic ecosystem improvements due to the Ecological

Stream Restoration Project continue to accrue each year, the

estimates derived in this study are significant.

Table 8. Estimated Annual Benefits from Improvements in Water Quality and Aquatic Ecosystem Grades.

Category WTP
(KRW/m³/household)

WTP1)

(KRW/month/household)
WTP(A)

(×12;KRW/year/household)
WTP(B)2)

(×5.9;KRW/year/household)

Number of

Households

(C)

Annual Benefit
(A×C; billion KRW)

Annual Benefit
(B×C; billion KRW)

Water

Quality

400.2 8,005.0 96,059.5 47,229.2 223,172 214.4 105.4

Aquatic

Ecosystem

229.7 4,594.3 55,132.2 27,106.7 223,172 123.0 60.5

Note: 1) WTP (KRW/month/household) = WTP (KRW/m³/household) × 20 m³ (the average monthly water usage per household in the Han River basin).

2) To calculate the annual WTP, a conversion factor of 5.9, derived from the environmental value database, was applied to the WTP (KRW/month/household) value.

5. Discussion

This study provides a comprehensive economic assess-

ment of the Anyangcheon Ecological Stream Restoration

Project by quantifying the value of improvements in water

quality and aquatic ecosystem services. Leveraging survey

data fromAhn et al. [20] and applying CE methods, this study

evaluated the public’s preferences for key ecosystem service

attributes such as water-friendliness, ecological functions,

water level control, and water quality purification. Through

the choice experiment design, water use charges were used as

the primary trade-off element, allowing the study to capture

the monetary value that respondents assign to each improve-

ment in ecosystem services. This approach offers valuable

insights into public perception and willingness to pay for

ecological restoration, which is critical in understanding the

social demand for ecosystem service improvements.

The study’s use of multiple benefit analysis models,

including the CLM, NL, and ECL, provides a robust foun-

dation for the valuation of non-market ecosystem services.

Among these, the ECL model emerged as the most suitable,

as it accounts for preference heterogeneity and allows for
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a more precise capture of individual variability in choices.

This choice model’s robustness reflects the complexity of

environmental choices where respondents may have varying

degrees of preference strength and trade-offs based on factors

like environmental awareness, personal value systems, and

prior experience with environmental services. By using a so-

phisticated model that incorporates these nuances, the study

yields a more realistic and comprehensive valuation of the

ecosystem benefits derived from restoration projects, which

has implications for the application of economic valuation

in environmental policymaking.

The findings highlight that the public places significant

value on qualitative improvements in ecosystem services

provided by the restoration project. Specifically, the annual

economic benefits from water quality improvements were

estimated to range between KRW 10.54 billion and KRW

21.44 billion, and the benefits from aquatic ecosystem en-

hancements were estimated to range from KRW 6.05 billion

to KRW 12.30 billion annually. These values underscore

the economic importance of the Anyangcheon Ecological

Stream Restoration Project beyond its environmental ben-

efits, showing that such projects are perceived as valuable

public investments. This economic valuation aligns with

global trends that prioritize ecosystem service improvements

within urban and environmental planning, as well as with

initiatives aimed at integrating natural capital considerations

into national accounts. By emphasizing the economic returns

associated with ecological restoration, this study reinforces

the notion that environmental investments, particularly in ur-

ban areas, yield tangible benefits for both nature and society.

The study also underscores the critical role of post-

evaluation in environmental policy and project implemen-

tation. Post-evaluation involves analyzing the differences

between anticipated and realized benefits after a project’s

completion, which is essential for evaluating the effective-

ness of the project and identifying areas for potential improve-

ment. Such evaluations provide a mechanism for validating

whether the environmental and economic benefits predicted

during the planning phase have been achieved, and they en-

able policymakers to make data-driven adjustments in future

projects. Through post-evaluation, decision-makers can as-

sess the project’s long-term impacts on water quality and

aquatic ecosystems, verify its sustainability, and refine ap-

proaches to maximize its effectiveness. This feedback loop

is especially valuable in environmental policymaking, where

outcomes may vary significantly based on contextual factors,

including geographic location, local ecological conditions,

and community engagement.

The application of integrated environmental and eco-

nomic analysis, as utilized in this study, adds further value by

providing a quantitative foundation for policy development.

By estimating the economic value of physical environmental

changes, such as improvements in water quality and habi-

tat quality, the study offers policymakers a robust tool for

cost-benefit analysis. This type of analysis is instrumental in

justifying public expenditures on ecological restoration and

provides policymakers with a clear basis for understanding

the economic returns of environmental interventions. The

choice of compensating variation as a valuation metric en-

hances the utility of this analysis, as it translates non-market

environmental benefits into economic terms that are directly

applicable in resource allocation decisions.

However, the study’s focus on a single case—

Anyangcheon—limits the generalizability of its findings.

While the results provide strong evidence for the economic

and environmental value of ecological restoration in this

context, it is essential to conduct comparative studies across

different regions to validate these findings more broadly. Dif-

ferent ecological characteristics, socioeconomic factors, and

urban pressures may influence the outcomes of restoration

projects, and understanding these variations is key to devel-

oping adaptable and region-specific policies. Future studies

that analyze multiple cases could reveal patterns and factors

that influence the success of restoration projects, offering a

more comprehensive understanding of how diverse contexts

shape restoration outcomes.

Additionally, the study highlights the importance of

accounting for long-term influences, such as urban expan-

sion and climate change, in evaluating the economic value

of restoration projects. Urbanization can intensify pressures

on water quality and ecosystems by increasing pollution lev-

els, altering natural hydrological patterns, and generating

increased runoff. Similarly, climate change presents a sig-

nificant risk to water quality and ecosystem stability, with

potential impacts ranging from extreme weather events to

changes in precipitation patterns. Restoration projects that

incorporate adaptive management strategies and long-term

resilience planning can better withstand these dynamic en-
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vironmental influences. Addressing these factors in future

studies can ensure that the economic value of restoration

projects is preserved over time, making them sustainable

investments in urban resilience.

In summary, this study contributes to a growing body

of research on the economic valuation of ecosystem services,

demonstrating that ecological restoration projects like the

Anyangcheon Ecological Stream Restoration Project provide

substantial societal, environmental, and economic benefits.

By emphasizing the value of integrated environmental and

economic analysis, this study offers policymakers a frame-

work for assessing the multifaceted impacts of ecological

restoration, supporting the development of policies that prior-

itize sustainable water and ecosystem management in urban

settings. This focus on long-term adaptability and public

value positions ecological stream restoration as a critical

component of urban sustainability, balancing the needs of

human development with environmental stewardship.

6. Conclusion

In conclusion, this study quantitatively evaluated the

economic benefits provided by the Anyangcheon Ecological

Stream Restoration Project, affirming its positive impact on

both local residents and the environment. The results demon-

strate that ecological stream restoration projects offer substan-

tial environmental benefits and play a key role in improving

quality of life and fostering sustainable urban environments.

This study’s findings serve as valuable foundational data

for future restoration planning and implementation, offering

insights for formulating long-term environmental policies

that support ecological restoration.

To build on these findings, future research should un-

dertake comparative studies of ecological stream restoration

projects across different regions to derive more generalized

policy insights. Such research will allow policymakers to

adapt restoration approaches based on the unique ecological

characteristics of each region. Furthermore, analyzing the

influence of long-term factors, such as urban expansion and

climate change, on the economic value of restoration projects

is essential. Climate change poses a significant threat to wa-

ter quality, aquatic ecosystems, and water resources, making

it crucial to develop adaptive policies that address these dy-

namic influences.

Ultimately, this study reinforces the value of ecologi-

cal stream restoration projects not only for environmental

enhancement but also as key contributors to resilient and

sustainable urban planning. By emphasizing the economic

and social benefits of ecosystem service improvements, this

study highlights the importance of integrated environmental

and economic approaches in crafting effective water man-

agement and urban development policies.

Author Contributions

Conceptualization, H.N.K.; methodology, H.N.K.; data

analysis, H.N.K.; validation, H.N.K.; writing, H.N.K.; re-

viewing, H.N.K.; supervision, H.N.K.; investigation, H.R.;

writing, H.R.; reviewing, H.R.; editing, H.R.All authors have

read and agreed to the published version of the manuscript.

Funding

This paper was funded by Korea Environmental Indus-

try & Technology Institute (KEITI) through Wetland Ecosys-

tem Value Evaluation and Carbon Absorption Value Promo-

tion Technology Development Project of Korea Ministry of

Environment (MOE) (RS-2022-KE002025).

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Not applicable.

Acknowledgement

This paper is based on the findings of the research

project “An Integrated Assessment to Environmental Valua-

tion via Impact Pathway Analysis (GP2019-10),” which was

conducted by the Korea Environment Institute (KEI).

482



Journal of Environmental & Earth Sciences | Volume 07 | Issue 01 | January 2025

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Deason, J.P., Dickey, G.E., Kinnell, J.C., et al., 2010.

Integrated planning framework for urban river reha-

bilitation. Journal of Water Resources Planning and

Management. 136(6), 688–696.

[2] Paul, M.J., Meyer, J.L., 2001. Streams in the urban

landscape. Annual Review of Ecology and Systematics.

32(1), 333–365.

[3] Violin, C.R., Cada, P., Sudduth, E.B., et al., 2011. Ef-

fects of urbanization and urban stream restoration on

the physical and biological structure of stream ecosys-

tems. Ecological Applications. 21(6), 1932–1949.

[4] Feld, C.K., Birk, S., Bradley, D.C., et al., 2011. From

natural to degraded rivers and back again: A test of

restoration ecology theory and practice. InAdvances in

ecological research. Academic Press: Cambridge, MA,

USA. Volume 44, pp. 119–209.

[5] Kurth, A.M., Schirmer, M., 2014. Thirty years of river

restoration in Switzerland: implemented measures and

lessons learned. Environmental Earth Sciences. 72,

2065–2079.

[6] Yoon, Y.Y., Hwang, Y.H., Shim, M.J., 2024. Influence

of stream restoration on water quality in the gap stream,

Daejeon, Korea. Desalination and Water Treatment.

317, 100083.

[7] Van Andel, J., Aronson, J. (Eds.), 2012. Restoration

ecology: The new frontier. John Wiley & Sons: Hobo-

ken, NJ, USA.

[8] Dharmarathne, G., Waduge, A.O., Bogahawaththa, M.,

et al., 2024. Adapting cities to the surge: A comprehen-

sive review of climate-induced urban flooding. Results

in Engineering. 22(19), 1–15.

[9] Aronson, J., Clewell, A.F., Blignaut, J.N., et al., 2006.

Ecological restoration: Anew frontier for nature conser-

vation and economics. Journal for Nature Conservation.

14(3–4), 135–139.

[10] Verdonschot, P.F.M., Verdonschot, R.C.M., 2023. The

role of stream restoration in enhancing ecosystem ser-

vices. Hydrobiologia. 850(12), 2537–2562.

[11] MOE, 2021. Ecological Stream Restoration Technical

Specification; Ministry of Environment: Sejong, Re-

public of Korea. (In Korean)

[12] An, J.H., Park, K., Lee, H.K., 2022. Evaluation on

the restoration effects in the river restoration projects

practiced in South Korea. Water. 14(17), 2739.

[13] Barak, B., Katz, D., 2015. Valuing instream and ripar-

ian aspects of stream restoration–Awillingness to tax

approach. Land Use Policy. 45, 204–212.

[14] Kunwar, S.B., Bohara, A.K., Thacher, J., 2020. Pub-

lic preference for river restoration in the Danda Basin,

Nepal: A choice experiment study. Ecological Eco-

nomics. 175, 106690.

[15] Chen, W.Y., Hua, J., Liekens, I., et al., 2018. Prefer-

ence heterogeneity and scale heterogeneity in urban

river restoration: A comparative study between Brus-

sels and Guangzhou using discrete choice experiments.

Landscape and Urban Planning. 173, 9–22.

[16] Brouwer, R., Bliem, M., Getzner, M., et al., 2016. Val-

uation and transferability of the non-market benefits

of river restoration in the Danube river basin using a

choice experiment. Ecological Engineering. 87, 20–29.

[17] Chen, W.Y., Cho, F.H.T., 2019. Environmental infor-

mation disclosure and societal preferences for urban

river restoration: Latent class modelling of a discrete-

choice experiment. Journal of Cleaner Production. 231,

1294–1306.

[18] Anyang City, 2001. Anyang-Cheon Stream Ecological

Restoration Report. Anyang City: Anyang, Republic

of Korea. (In Korean)

[19] Choi, B., Choi, S.S., 2021. Integrated hydraulic mod-

elling, water quality modelling and habitat assessment

for sustainable water management: A case study of the

Anyang-Cheon stream, Korea. Sustainability. 13(8),

4330.

[20] Ahn, S., Kim, H.N., Kim, C., et al., 2018. An Inte-

grated Assessment to Environmental Valuation via Im-

pact Pathway Analysis. Korea Environment Institute:

Sejong, Republic of Korea.

[21] Kim, H.N., Ahn, S., Kim, C., et al., 2019. An Inte-

grated Assessment to Environmental Valuation via Im-

pact Pathway Analysis. Korea Environment Institute:

Sejong, Republic of Korea.

[22] Börger, T., Hattam, C., 2017. Motivations matter:

Behavioural determinants of preferences for remote

and unfamiliar environmental goods. Ecological Eco-

nomics. 131, 64–74.

[23] Boxall, P.C., Adamowicz, W.L., 2002. Understanding

heterogeneous preferences in random utility models:

A latent class approach. Environmental and Resource

Economics. 23, 421–446.

[24] Pakalniete, K., Aigars, J., Czajkowski, M., et al., 2017.

Understanding the distribution of economic benefits

from improving coastal and marine ecosystems. Sci-

ence of the Total Environment. 584, 29–40.

[25] Hess, S., Rose, J.M., 2009. Should reference alter-

natives in pivot design SC surveys be treated differ-

ently? Environmental and Resource Economics. 42(3),

297–317.

[26] Kim, H.N., Ahn, S., Ji, S. et al., 2018. An Economic

Analysis of Converting Highland Agricultural Areas

into Environment-Friendly Land Use for Water Quality

Improvement. Korea Environment Institute: Sejong,
Republic of Korea.

[27] Champ, P.A., Boyle, K.J., Brown, T.C., 2017. A primer

483



Journal of Environmental & Earth Sciences | Volume 07 | Issue 01 | January 2025

on nonmarket valuation, 2nd ed. Springer: Berlin, Ger-

many.

[28] Kim, H.N., Boxall, P.C.,Adamowicz,W.L., 2016.Anal-

ysis of the impact of water quality changes on residen-

tial property prices. Water Resources and Economics.

16, 1–14.

[29] Hensher, D., Shore, N., Train, K., 2005. Households’

willingness to pay for water service attributes. Environ-

mental and Resource economics, 32, 509–531.

[30] Walker, J.L., 2001. Extended discrete choice models:

integrated framework, flexible error structures, and la-

tent variables. Department of Civil and Environmental

Engineering, Massachusetts Institute of Technology:

Cambridge, MA, USA.

[31] Ahn, S., Kim, H.N., Kim, C., et al., 2017. An Inte-

grated Assessment to Environmental Valuation via Im-

pact Pathway Analysis. Korea Environment Institute:

Sejong, Republic of Korea.

484


	Introduction
	Study Area
	Materials and Methods
	Survey Outline
	Choice Experiment Design
	Empirical Model

	Results
	Estimation Results
	Benefit Analysis

	Discussion
	Conclusion

