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Abstract: Ecological compensation for inter-basin water transfer is an effective way of coordinating
regional ecological environment protection and balancing the interest relationship between the
water-source area and the water-receiving area. However, there are still some deficiencies in the
research on the evolutionary game analysis and the compensation behavior of stakeholders. To this
end, a replication dynamic model of evolutionary game analysis was established to analyze the
behavior and mutual influence of the governments of the water-source area and the water-receiving
area. We examined the dynamic evolution process of each strategy, discussed the stability of the
evolution result, and calculated the penalty amount of the superior supervision department through
the market value method and the willingness-to-pay method. The results show that in the process of
independent selection of local governments, the social optimal environmental protection strategy
(protection, compensation) will not reach a balanced and stable state, and the constraint elements
of the superior supervision department must be introduced. If the penalty amount is greater than
the maximum value between the wealth lost in the water-source area due to ecological protection
and the money the local residents in the water-receiving area is willing to pay, the optimal stability
strategy can be achieved most easily. Taking Yangzhou, the water-source area of the east route of
the South-to-North Water Transfer Project, and Jinan, the water-receiving area, as an example, it is
calculated that the loss cost of Yangzhou is 1.304 billion RMB (USD 189 million), and Jinan is willing
to pay 1.753 billion RMB (USD 254 million). Therefore, in order to stabilize the optimal strategy
(protection, compensation) between the governments of Yangzhou and Jinan, the penalty amount of
the superior supervision department should be greater than 1.753 billion RMB (USD 254 million). Our
results could provide a reference for regulating the relationship between stakeholders and promoting
the innovation of ecological compensation system for inter-basin water transfer.

Keywords: inter-basin water transfer project; ecological compensation; evolutionary game; optimal
strategy; restraint mechanisms; penalty amount

1. Introduction

With the development of the economy, global drinking water resources are facing the
great challenge of unequal distribution [1]. The inter-basin water transfer project has begun
to play a role, but problems concerning the balance of interest between the water-source
area and the water-receiving area have followed [2]. The tradeoff between economic devel-
opment and ecological protection is becoming increasingly acute in China [3–5] The uneven
spatial distribution of river basin resources and economic goals leads to unsustainable
development in regions [6], resulting in the spatial separation of resource-based product
production and consumption. Inter-basin water transfer projects transfer water resources
from relatively rich areas to relatively poor areas, which alleviates water shortages in water-
receiving areas to increase the economic growth and social welfare of the regions [7–9].
However, while water-receiving areas enjoy the clean water resources brought by the
water diversion projects, and create huge social and economic benefits, the water-source
areas bear the huge cost of the protection of water resources. Due to ecological protection,
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the development of water-source areas is restricted, and the industrial layout is greatly
adjusted, resulting in the reduction of local tax sources. Enterprise emission standards have
risen, resulting in higher production costs. The construction of water conservancy facilities,
sewage treatment, wetland restoration and protection, as well as a series of compensation,
enterprise relocation and personnel resettlement, has resulted in increased pressure on
fiscal expenditure. The development gap between water-source and water-receiving areas
is widening, seriously endangering social harmony and public security [10,11].

As an important mechanism for the fair protection of water resources and land,
ecological compensation is based on the protection and sustainable use of environmental
services to regulate and protect the interests of stakeholders [12]. In the ecological protection
and compensation of inter-basin water transfer, the water-source areas are responsible for
protecting the water source environment, bearing direct investment and related losses.
The water-receiving areas benefit from the water source protection and make ecological
compensation to the water-source area. The ecological compensation of the water-source
areas and the water- receiving areas have the typical characteristics of a game [13,14].
Only by adjusting the relationship between the protectors of the water-resource areas
and the beneficiaries of the water-receiving areas, regulating the various stakeholders to
enjoy their rights and bear corresponding economic and social responsibilities, realizing
their own interests, can we achieve a positive development situation of mutual benefit.
Solving the interest demands between the water-source areas and the water-receiving areas,
coordinating the development of the two are the current practical problems that need to be
solved urgently [15]. As a model method to study the behavior of the decision-makers and
the decision-making equilibrium, game theory can better simulate the conflicts of interests
in different aspects, combine the characteristics of conflicts, and thus obtain feasible conflict
resolutions [16]. Therefore, applying game theory to the study of ecological compensation
for inter-basin water transfer is particularly important for balancing the interests of water-
source areas and water-receiving areas, and establishing and improving the ecological
compensation mechanism.

Game theory was launched by John von Neumann, a great mathematician, and Oskar
Morgenstern in 1944. Game theoretical modelling concept and reasoning have been widely
applied in economic, commercial, social, political, biological, and other sciences to help
people analyze social and behavioral phenomena [17–21]. However, the applications of
game theory to solve conflicts in water resources management are comparatively few.
Over the years, few scholars have studied the application of game theory in watershed
water resources management. Ansink et al. [22] evaluated the stability of water resource
allocation agreements by using game theory models, and considered the impact of climate
change and different cooperation conditions on stability. Wang et al. [23] explored how
to distribute water resources fairly in the basin, based on the cooperative game theory
method, to achieve the optimal allocation of water resources. Shi et al. [24] proposed a
cost model of transboundary pollutant emission reduction in the basin, and discussed the
fairness and stability of the four cost-sharing mechanisms. Hu et al. [25] analyzed the
stakeholder decision-making between the upstream and downstream groups of ecological
compensation in the basin by establishing the “reward-punishment” evolutionary game
model. Wei et al. [26] built a differential game between the government and enterprises in
the basin ecosystem and analyzed the optimal dynamic strategy by applying the maximum
value principle. Yi et al. [27] used the Stackelberg game model to study pollution control and
ecological compensation of transboundary basins. The constraint mechanism is introduced
into evolutionary game analysis in our study, which can provide policy recommendations
for regulating the relationship between various stakeholders and building water resources
market system. Our paper has a high research value and application prospects in ecological
compensation of inter-basin water transfer.
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The main contributions of this work can be summarized as follows:

1. Ecological compensation mechanism of inter-basin water transfer project between the
water-source area and the water-receiving area is not clear, and game analysis is rarely
applied to it.

2. Based on the interest demand of the water-source area and the water-receiving area,
an evolutionary game model is constructed to predict the behavioral choice of the
relevant stakeholders, and further introduce the constraint mechanism.

3. Using the market value method and willingness-to-pay method to calculate the range
of the penalty amount of the superior supervision department under the constraint
mechanism can better establish and improve the fair compensation mechanism.

4. It can provide a reference for the ecological compensation mechanism of the east route
of the South-to-North Water Diversion Project (ER-SNWDP) or other inter-basin water
transfer projects.

2. Methodology
2.1. Background

As China’s major strategic infrastructure, the South-to-North Water Diversion Project
(SNWDP) has effectively alleviated the water shortage and ecological environment deterio-
ration in northern China [28]. The project is divided into three lines: east, middle and west.
ER-SNWDP was officially started in December 2002 and completed in November 2013 [29].
As shown in Figure 1, the project takes water from the Sanjiangying section of Yangzhou
in the lower reaches of the Yangtze River, and uses the Beijing–Hangzhou Grand Canal
and its parallel newly dredged river channels as the water transmission routes to provide
production and domestic water to the east of the Huang-Huai-Hai Plain, Jiaodong area
and Beijing-Tianjin-Hebei area [30,31]. The first-class water lifting scale along the Yangtze
River reaches 500 m3/s, and the annual pumping capacity is 8.77 billion m3. Since the
supply of water, ER-SNWDP has alleviated the uneven distribution of water resources
from the north to the south, and promoted the coordinated development of the ecological
environment and regional economy in the northern water-receiving area [32]. Meanwhile,
however, the development of the areas surrounding the water transmission channel and
the control area has been affected, in order to protect the ecological environment of the
water-receiving area.
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2.2. Game Theory

The interests of all parties are very complex in the process of ecological compensation
for ER-SNWDP, so the conflict of interests is the most direct reason for the formation
and intensification of various contradictions. We applied game theory to build a specific
evolutionary game model.

2.2.1. Model Assumptions

Two stakeholders were set up: the government of the water-source area and the
government of the water-receiving area.

(1) Compared with the water-receiving area, the impact of water quality on people’s pro-
duction and living conditions in the water-source area is relatively small. The water
quality in the water-source area is relatively good. In the choice of regional economic
development, the water-source area is more likely to affect the rapid economic devel-
opment by damaging the natural environment, as it is easy to cause serious damage to
the ecological environment of the basin. Although the benefits of basin ecological envi-
ronment protection are high, the water-receiving area government has a relatively low
preference for basin ecological environment improvement and generally does not take
the initiative in purchasing ecological environment protection products, compared
with the regional economic benefits lost in ecological environment protection. The
government of the water-source area is the main body of interests in the water-source
area, and the strategy chosen in the process of implementing ecological environment
protection is to protect or not protect.

(2) Compared with the water-source area, the production and living conditions of the
people in the water-receiving area are more affected by the water quality of the basin.
The water quality of the production and living water source has to some extent been
affected by the production and living of the people in the water-source area. Therefore,
the people in the water-receiving area have a higher demand for the improvement
of the water environment in the basin than the water-source area. They are more
willing to contribute for eco-environmental protection products and have a higher
preference for the improvement of the ecological environment in the basin [33,34]. The
government of the water-receiving area is the interest subject of the water-receiving
area, and the strategy chosen is to compensate or not to compensate in the process of
implementing ecological environment protection.

(3) The water-source area government and the water-receiving area government pursue
the maximization of their own interests, and the protection-compensation strategy is
the best strategy expected by the society.

The strategic choices of the water-source area government are to implement ecological
protection or not to implement ecological protection. The government in the water-receiving
area has two strategic choices: implementing ecological compensation or not implementing
ecological compensation. Assuming that the probability of the government of the water-
source area implementing ecological protection is x, the probability of not implementing
ecological protection is 1− x (0 ≤ x ≤ 1). If the probability of the government of the
water-receiving area implementing ecological compensation is y, the probability of not
implementing ecological compensation is 1− y (0 ≤ y ≤ 1). The government of the water-
source area and the water-receiving area are the main stakeholders. Different strategies
chosen by both parties will have different consequences.

2.2.2. Model Building

The replication dynamic equation is the basis of the evolutionary game model. The
average expected revenue can be calculated, according to the strategic choice of the stake-
holders, and the replication dynamic equation of each participant is then obtained. The
payoff matrix of the water-source area and the water-receiving area is shown in Tables 1
and 2 shows the description of the parameters in the model.
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Table 1. Payoff matrix of water-source area and water-receiving area.

Water-Source Area
Water-Receiving Area

Compensation No Compensation

Protection c + l − s, u1 − c l − s, u1
No protection s + c− l, u2 − c s− l, u2

Table 2. Description of parameters in the model.

Parameters Description

s The cost of protecting the ecological environment in the water-source area.

c The monetary amount given as compensation by the water-receiving area to
the water-source area.

l The ecological benefits obtained by the water-source area due to
environmental protection.

u1
The total benefit obtained by the water-receiving area when the water-source
area protects the ecological environment.

u2
The total benefit obtained by the water-receiving area when the water-source
area does not protect the ecological environment.

Note: These five parameters are used in algebraic operations in the model. Assuming that the parameters
themselves are greater than 0, the relevant losses take the opposite number of the corresponding benefits.

(1) The expected revenue of implementing ecological protection in the water-source area
can be calculated from the following:

N1 = y(c + l − s) + (1− y)(l − s) (1)

where N1 is the expected revenue of ecological protection in the water-source area.
When ecological protection is not implemented in the water-source area, the expected

revenue can be calculated from:

N2 = y(s + c− l) + (1− y)(s− l) (2)

where N2 is the expected revenue when ecological protection is not implemented in the
water-source area.

The average expected revenue of water-source area can be calculated from :

Nx = xN1 + (1− x)N2 (3)

where Nx is the average expected revenue of water-source area.

(2) The expected revenue of implementing ecological compensation in the water-receiving
area can be calculated from the following:

M1 = x(u1 − c) + (1− x)(u2 − c) (4)

where M1 is the ecological revenue of implementing ecological compensation in the water-
receiving area.

The expected revenue without ecological compensation in the water-receiving area
can be calculated from:

M2 = xu1 + (1− x)u2 (5)

where M2 is the ecological revenue without ecological compensation in the water-receiving area.
The average expected revenue of the water-receiving area can be calculated from:

My = yM1 + (1− y)M2 (6)

where My is the average expected revenue of the water-receiving area.
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From Equations (3) and (6), we obtain the replication dynamic equations when eco-
logical protection is implemented in the water-source area and ecological compensation is
carried out in the water-receiving area:

F(x) = x(N1 − Nx) = x(1− x)(2l − 2s) (7)

F(y) = y
(

M1 −My
)
= y(1− y)(−c) (8)

2.2.3. Stability Analysis

Can the optimal (protection, compensation) strategy expected by the society become
a stable state? The stability analysis of the local equilibrium points of the Jacobi matrix
proposed by Frideman [35] can be applied to the test of the stable state of the game system.
For the group dynamic system of the above game, the Jacobi matrix can be calculated as:

J =

 ∂F(x)
∂x

∂F(x)
∂y

∂F(y)
∂x

∂F(x)
∂y

 (9)

The values of the matrix determinant and trace can be calculated from:

Det(J) = ∂F(x)
∂x

∂F(y)
∂y −

∂F(x)
∂y

∂F(y)
∂x (10)

Tr(J) = ∂F(x)
∂x + ∂F(y)

∂y (11)

According to Friedman’s ideology, if the strategy (x, y) is a stable equilibrium strategy,
then there is Det(J) > 0, Tr(J) < 0. If the optimal strategy (protection, compensation) is in
a stable state, (x = 1, y = 1) should be substituted to meet the following:{

Det(J) = (2s− 2l)c > 0
Tr(J) = 2s− 2l + c < 0

(12)

According to c > 0 and Det(J) > 0, we can obtain s− l > 0, then Tr(J) > 0, and it is
obvious that the equations have no solution. It can be seen that without the interference of
other factors, it is impossible to achieve the optimal strategy (protection, compensation)
only by relying on the independent choice between the governments of the water-source
area and the water-receiving area. It is necessary to introduce the supervision of the
third-party higher-level government or the relevant administrative departments at the
higher level, and achieve the optimal stability strategy by establishing the corresponding
constraint mechanism.

2.2.4. Introducing Constraint Mechanism into Evolutionary Game Analysis

The corresponding constraint mechanism is introduced, based on the previous model.
The superior supervision department should impose economic punishment on the gov-
ernment of the water-receiving area if the government of the water-source area chooses
the ecological protection strategy and the government of the water-receiving area does not
make any ecological compensation. The superior supervision department should impose
economic punishment on the government of the water-source area if the government of
the water-receiving area chooses the ecological compensation strategy and the government
of the water-source area does not protect the ecological environment. Clearly, the gov-
ernments of the water-source area and the water- receiving area will restrain their own
behavior if the restraint mechanism of the superior department is set appropriately.

Assuming that the government of the water-source area does not protect the ecological
environment and the government of the water-receiving area gives ecological compensation,
or the government of the water-source area protects the environment and the government
of the water-receiving area does not give ecological compensation, the government of
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the water-source area or the water-receiving area will be subject to economic punishment.
Table 3 shows the payoff matrix with the constraint mechanism.

Table 3. Payoff matrix with constraint mechanism.

Water-Source Area
Water-Receiving Area

Compensation No Compensation

Protection c + l − s, u1 − c l − s, u1 − F
No protection s + c− l − F, u2 − c s− l, u2

In Table 3, F refers to the penalty amount of the superior supervision department. At
this point, when the government in the water-source area chooses to carry out ecological
protection, the replication dynamic equation can be expressed as:

F1(x) = dx
dt = x(N1 − Nx) = x(1− x)(yF + 2l − 2s) (13)

The solutions of F1(x) = 0 are x = 0, x = 1. F′(x) = (1− 2x)(yF + 2l − 2s), when
y > 2s−2l

F , there is F′(1) < 0. At this point, the protection strategy adopted by the
government of the water-source area is stable. When F is large and the proportion of
ecological compensation by the government of the water-receiving area is reasonable, the
condition of y > 2s−2l

F will be easier to meet, and the government of the water-source area
will also be more inclined to adopt an ecological protection strategy.

When the government of the water-receiving area selects ecological compensation, the
replication dynamic equation can be expressed as:

F1(y) =
dy
dt = y

(
M1 −My

)
= y(1− y)(xF− c) (14)

Similarly, F′(y) = (1− 2y)(xF− c), when F is large and the ecological protection
strategies adopted by the government of the water-source area is reasonable, the condition
of x > c

F will be easier to meet, and the government of the water-receiving area will also
tend to adopt ecological compensation strategy.

To determine F, the Jacobi matrix can be calculated from:

J =
[
(1− 2x)(yF + 2l − 2s) Fx(1− x)

Fy(1− y) (1− 2y)(xF− c)

]
(15)

The purpose of establishing the basin ecological compensation constraint mechanism
is to ensure that the optimal strategy (protection, compensation) is a stable equilibrium
point. That is, the following equations hold:{

det.J(1, 1) = (F + 2l − 2s)(F− c) > 0
tr.J(1, 1) = −(F + 2l − 2s + F− c) < 0

(16)

By solving the above equations, the range of F of the superior supervision depart-
ment to the government of the water-source area or the water-receiving area is obtained
as following: {

F > 2s− 2l
F > c

(17)

2s− 2l can be regarded as the wealth lost in the water-source area due to the adoption
of ecological strategy; c can be regarded as the amount of ecological compensation that
the water-receiving area is willing to pay. It can be seen from Equation (17) that F must be
greater than the maximum value of c and 2s− 2l.
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2.3. Contingent Value Method

The contingent value method (CVM) is based on a questionnaire survey, which uses the
good conditions assumed at the beginning to guide people to put forward their willingness-
to-pay (WTP) for protecting or improving something, or the willingness-to-accept (WTA)
to ensure their own interests, so as to evaluate the public value and public property of
resources [36,37]. The advantage of using CVM lies in its wide range of availability, clear
purpose and high feasibility [38]. Affected by personal factors, the conclusions may have
some deviations. In order to solve this problem properly, the questionnaire design should
be comprehensive, reliable, scientific and reasonable.

The questionnaire should generally include the following aspects. The first part
is the description of the questionnaire. In this part, the interviewees should be briefed
on the interviewer’s identity, the purpose and significance of this survey, and they are
expected to cooperate actively. The second part is the influencing factors of the survey
objectives, including the respondents’ social background, environmental awareness, current
life satisfaction and so on, which is used to calculate the amount of payment of the sample
at the end. The third part contains the hypothetical conditions of this survey, which give
appropriate guidance to the respondents who enjoy or protect the ecological environment
to show their WTP.

The calculation of WTP is based on the parametric method and nonparametric method.

(1) Nonparametric estimation

For the interval value, according to the reasonableness of statistics, the median value
of each interval is used instead, A value of 2000 RMB and above is replaced by an endpoint
value of 2000. Combining the nonparametric calculation method and the cumulative
frequency distribution of respondents’ WTP, the expected values of WTP can be calculated
using the following model:

E(WTP) =
n

∑
i

PiVi (18)

where Vi represents the bid value selected by the respondents; pi represents the probability
that the respondents choose the bid value.

Considering that any rational person pursues the maximization of their own interests,
simple arithmetic means are susceptible to extreme values at both ends of the sample, so
certain corrections are needed to obtain a more representative overall mean. Therefore, our
study adopts the 5% trimmed average value to represent the overall mean of the sample.
The 5% trimmed average value means removing the top and bottom 5% of the data and then
calculating the mean so that it is less susceptible to extreme values and more representative
of the population.

(2) Parameter estimation

Expected value of WTP can be calculated from:

ln WTP = aX + µ (19)

In the above formula, the median value within the range of the selected areas of the
respondents is taken as their WTP for ecological compensation, which will cause errors to a
certain extent. In this study, the above formula is modified and the probability model with
double boundaries is used for analysis [39].

The probability that the respondents will answer “yes” can be calculated from:

Pr(“yes”) = Pr(WTP ≥ TL) = 1−QWTP(TL) (20)

The probability that WTP falls within [TL, TU ] is QWTP(TU)−QWTP(TL), where TL
is defined as the minimum value of WTP of the respondents, TU is defined as the maximum
value of WTP of the respondents, so the interval of WTP of the respondent is [TL, TU ].
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The log likelihood function is obtained as following:

ln(L) =
n

∑
i=1

ln[QWTP(Tui)−QWTP(Tli)] (21)

It can be obtained from the Equation (21) that QWTP(Tui)→ ∅(Li/σ) ,
QWTP(Tli)→ ∅(Li/σ− aXi/σ) , Where ∅ is the standard normal cumulative frequency
distribution function, a and µ can be obtained by Equation (19). According to the distri-
bution of ln(WTP)→

[
O, σ2] , the mean WTP of the respondents can be obtained by the

following formula:
E(WTP) = EXP

(
aX + σ2/2

)
(22)

where X is the socio-economic characteristic attribute of the respondent; X is the mean
value of the independent variable; σ is the standard deviation of normal distribution;
a is the coefficient to be estimated, µ is a random variable subject to normal distribution of[
O, σ2] , ln(WTP) also obey the distribution of

[
O, σ2].

2.4. Market Value Method

From different analysis angles, the accounting methods of the value of water resources
can be divided into the following categories: the hierarchical accounting method and
the comprehensive accounting method [40,41]. From the quantitative evaluation of the
economic value of resources, by judging whether the market information of resources is
complete, the accounting of water resources value can be divided into the market value
method, the alternative market method, and the hypothetical market method, etc. Among
these methods, the market value method is used to determine the value of environment
and resources based on the market price. The water-source area in the SNWDP provides
clean water resources, so the market price can be monetized directly. Therefore, the market
value method was selected to calculate the value of water resources in our work.

According to the market value method, the calculation formula is as following:

P = Q× C× δ (23)

where P is the water ecological compensation amount, Q is the water-transfer volume, C is
the market price of water resources, δ is the water quality discrimination coefficient (when
the water quality is better than class III, δ= 1; when the water quality is lower than class V,
δ = −1; otherwise δ = 0).

We used the market value method to calculate the amount of ecological compensation,
and believed that the water-receiving area should compensate the efforts made by the
water-source area to protect the ecological environment by implementing the inter-basin
ecological compensation policy. According to the Surface Water Quality Standards, it is
determined that the quality of the water supplied by the water- source area should reach
class III. If the water quality supplied by the water-source area to the water-receiving area
reaches class III, no compensation will be made between the water-source area and the
water-receiving area. If the water quality is better than class III, the water-receiving area
should compensate the water-source area. If the water quality is lower than class III, the
water-source area should compensate the water-receiving area.

3. Results and Discussion
3.1. Evolutionary Game Analysis

This study took Yangzhou, the water-source area of ER-SNWDP, and Jinan, the water-
receiving area, as examples to calculate the penalty amount. The Yangzhou government
and Jinan government, the two stakeholders, make decisions on ecological environmental
protection and compensation from the perspective of maximizing interests.
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From the results of the evolutionary game model, it can be seen that the penalty
amount (F) is mainly related to the wealth lost (2s− 2l) of the water-source area due to the
ecological environment protection strategy and the amount of ecological compensation (c)
that the water-receiving area is willing to pay. Therefore, in order to determine the stability
conditions of the evolutionary game, it was necessary to determine the range of the penalty
amount (F) when realizing the optimal stability strategy in the constraint mechanism.

It can be seen from the result of the above model that the range of F can be obtained
when the optimal stability strategy is realized in the constraint mechanism, according to
the amount of ecological compensation that Jinan is willing-to-pay and the wealth lost by
Yangzhou due to the ecological environment protection strategy.

3.2. Estimation of Ecological Compensation Amount in Jinan
3.2.1. Questionnaire Investigation

In May 2021, the CVM was used to conduct a questionnaire survey on the residents of
the areas greatly affected by the project in Jinan (Shizhong District, Lixia District, Tianqiao
District, Huaiyin District, Licheng District, Changqing District and Zhangqiu District).
These seven areas basically cover the area of the water transfer line. A total of 457 question-
naires were distributed in this survey, including 48 in Shizhong District, 86 in Lixia District,
79 in Tianqiao District, 47 in Huaiyin District, 120 in Licheng District, 37 in Changqing
District and 40 in Zhangqiu district. Figure 2 shows the distribution of questionnaires.
Three hundred and eighty-three valid questionnaires were collected in this survey, with an
effective rate of 83.81%.
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Although the labor cost and time cost of face-to-face survey are higher than other
methods (telephone and Internet), the results of face-to-face survey can reflect the public
willingness more truly and effectively. Therefore, the face-to-face questionnaire survey
method was adopted (Supplementary Material). Seven surveyors had also received pro-
fessional training. The importance of truthful answers was clearly emphasized to reduce
hypothetical market bias [42].
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3.2.2. Calculation of WTP Value

The cumulative frequency distribution of respondents’ WTP is shown in Table 4. The
adjusted frequency refers to the ratio of the number of residents whose WTP falls within a
certain interval to all residents who are willing to pay, and the cumulative frequency refers
to the ratio of the number of residents whose WTP is less than or equal to a certain interval
to all residents who are willing to pay. Among 383 valid samples in Jinan, 254 respondents
had WTP, accounting for 66.3%, among which 88.6% of residents had WTP less than
599 RMB per person per year.

Table 4. Cumulative frequency of WTP of respondents.

WTP (RMB) Absolute
Frequency/Person

Relative
Frequency/%

Frequency of
Adjustment/%

Cumulative
Frequency/%

Over 100 RMB 62 16.19 24.41 24.41
100–199 RMB 61 15.93 24.02 48.43
200–299 RMB 32 8.36 12.60 61.02
300–399 RMB 28 7.31 11.02 72.05
400–499 RMB 10 2.61 3.94 75.98
500–599 RMB 32 8.36 12.60 88.58
600–699 RMB 9 2.35 3.54 92.13
700–799 RMB 2 0.52 0.79 92.91
800–899 RMB 0 0.00 0.00 92.91
900–999 RMB 1 0.26 0.39 93.31

1000–1499 RMB 9 2.35 3.54 96.85
1500–1999 RMB 1 0.26 0.39 97.24

2000 RMB and above 7 1.83 2.76 100
Willing to pay (WTP > 0) 254 66.32 100
Refuse to pay (WTP = 0) 129 33.68

total 383 100

The average value of WTP calculated by the nonparametric method is 228.33 RMB per
year, according to Equation (19). The average value of 5% trimming is 170.11 RMB per year,
considering the influence of extreme values at both ends. The average value of WTP calcu-
lated by the parametric method is 164.88 RMB per year, according to Equations (20)~(23).
The nonparametric method obtains two results of the average value and the 5% trimmed
average value, and the parametric method obtains one result of the model estimated
average value. The three results were added and the average value taken, in order to
describe quantitatively and make the results more scientific and reasonable. Table 5 shows
the results.

Table 5. Nonparametric and parametric estimation results.

Evaluation Method WTA (RMB Per Year)

Nonparametric method Average value 228.33
Average value after 5% correction 170.11

Parametric method Mean value of model estimation 164.88
Nonparametric method + parametric method (mean) 187.77

The mean value of WTP was estimated to be 187.77 RMB per year by combining
nonparametric method and parametric method, accounting for 4% of the disposable income
of the people in Jinan. Some papers on ecological compensation of water resources show
that the average value of WTP is between 150 and 350 RMB per year [43–46], so it is
considered that the results of this study are within the acceptable range. There are studies
that show that in China, the mean value of WTP for smog mitigation was 1590.36 RMB
per year [46], while the mean value of WTP for the development of solar energy was
70 RMB per year [47], perhaps the degree of scarcity and substitutability of goods will
have an impact on the WTP [48,49]. In addition, we found that there was no significant
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difference between developed and developing countries in the WTP for water resource
improvement [50–55]. In 2021, the permanent resident population of Jinan at the end of the
year was 9.336 million, and the average WTP obtained in this study was 187.77 RMB per
year. Therefore, it is estimated that the total amount that the permanent residents of Jinan
are willing to pay each year is 1.753 billion RMB.

3.3. Cost Evaluation of Ecological Protection in Yangzhou

The amount of water transferred from ER-SNWDP in Jinan in 2020 was 790.31 million m3,
according to Jinan Water Resources Bulletin in 2020. The water supply price of SNWDP
in Jinan was 1.65 RMB/m3. On 13 December 2020, the water quality of water diversion
source protection area in Yangzhou Sanjiangying reached class II in 12 months of the year,
which is the drinking water standard, according to Yangzhou Water Resources Bulletin. The
corresponding water resources compensation can be calculated by substituting the relevant
data into Equation (23), and the result was 1.304 billion RMB.

According to the market value method, the cost paid by Yangzhou to protect water
quality was 1.304 billion RMB. The methods used to calculate wealth loss in water-source
areas include opportunity cost method [55], hydro-ecological response method [56] and
ecosystem service values method, etc. These methods have their own characteristics. In
this study, we adopted a relatively simple method to study the loss cost of the water-source
area. Compared to the methods mentioned above, market value method was simple,
with less input data. However, the market value is not equal to economic value. We
estimated loss cost of the water-source area by means of the market value approach, but
the method does have some limitations. The water in the water-source area may still
have significant potential value for various purposes, such as recharging groundwater,
transporting sediment and fertilizing inundated areas. These values are not dependent on
alternative uses and not considered in this study. It was reasonable in terms of residents’
WTP for ecological compensation in Jinan. The results were also relatively close to the
benefit per unit discharge of ecological base flow in the Wei River obtained by Yue et al. [57],
which were USD 0.19–0.87/m3, so it can be assumed that the results of this method were
basically rational.

4. Conclusions

According to the setting of the game scenario between the government of the water-
source area and the water-receiving area, an evolutionary game model of ecological com-
pensation for inter-basin water transfer was constructed after the constraint mechanism
was introduced. The range of penalty amount (F) when the state of the social optimal
environmental protection strategy (protection, compensation) is stable was determined
theoretically: which is greater than the maximum of C and 2s− 2l? Our work took ER-
SNWDP as the research object, taking Yangzhou and Jinan as the representatives of the
water-source area and the water-receiving area, respectively. The loss cost of Yangzhou
and the compensation amount of Jinan were calculated by using the market value method
and the willingness-to-pay method. The cost paid by Yangzhou for the protection of water
quality was 1.304 billion RMB (USD 189 million), and the amount of willing-to-pay by
Jinan residents was 1.753 billion RMB (USD 254 million). Therefore, in order to stabi-
lize the strategy (protection, compensation), the penalty amount should be greater than
1.753 billion RMB (USD 254 million).

5. Suggestions

In order to better carry out the ecological governance of inter-basin water transfer, the
superior supervision department can set up a certain reward mechanism while supervising
and punishing. In China, there is a game between local governments and developers
regarding the construction of sponge communities. The policy objectives can be achieved
by adopting incentive measures to guide developers to build high-quality sponge commu-
nities. The ecological incentive mechanism of “Award by bird numbers“ in Nanji Wetland
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of Poyang Lake is a new mode of ecological protection in China. Through activities such as
“Award by bird numbers“, the loss of community fishermen is compensated, and the en-
thusiasm of community people to participate in bird protection is improved. The activities
also engendered trust between managers and community people. Therefore, when the
government of the water-source area chooses ecological protection and the government of
the water-receiving area chooses ecological compensation, it can give a certain reward and
compensation, which will greatly help the improvement of the ecological environment of
the river basin.

In order to solve the problem of inter-basin water pollution, the United States promul-
gated the Clean Water Act. The Clean Water Act has special provisions that emphasize
the responsibility of each state to its neighboring states. The upstream states need to
consider the water quality standards of the downstream states and jointly comply with
the sewage discharge standards. The downstream states can require licensing standards
in upstream states that affect downstream water quality. States can consult with each
other, but consultation is only a part of it. More importantly, it is guaranteed by law. The
Clean Water Act gives the United States Environmental Protection Agency the regulatory
power [58–61]. And the National Environmental Policy Act is a law that supervises and
restricts administrative decision-making. It supplements the legal obligations and respon-
sibilities of all federal administrative agencies to protect the environment [61]. China’s
Environmental protection law, the Law on the Prevention and Control of Water Pollution,
and other laws or regulations all propose establishing and improving the ecological com-
pensation mechanism for water environment in water source areas, but have not made
clear provisions for specific implementation and supervision. The lack of legal guarantee
hinders the smooth progress of ecological compensation. Therefore, in order to ensure
the strategic development (protection and compensation) of both the water-source area
and the water-receiving area in the inter basin water transfer project, it is necessary to
further improve the laws and regulations on ecological compensation and improve the
legal guarantee of the ecological compensation system.

The stakeholders involved in the ecological compensation of inter-basin water transfer
are relatively complex, and it is difficult to calculate the compensation amount with a
unified method. In our study, the market value method and willingness-to pay-method
also have certain limitations, so it is necessary to further strengthen the research on the
calculation method.

Supplementary Materials: The following supporting information can be downloaded at: https://
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