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Watershed ecological compensation has been widely accepted as a system to promote the cooperation of various stakeholders to
solve the problem of transboundary water pollution, but the existing research does not fully consider the impact of compensation
fee paid by different governments on stakeholders’ decision-making. -erefore, this paper constructs a tripartite game model
between upstream governments, downstream governments, and the central government by using evolutionary game theory and
determines the influence of different factors on the decision-making process of each player through simulation. -e results show
the following: (1) the initial probability significantly affects the decision-making behavior of each player; (2) daily supervision of
the central government and the reduction of the environmental protection cost can promote the implementation of watershed
ecological compensation; (3) the fine to downstream governments makes the decisions of the central government and downstream
governments change periodically; and (4) the increase of ecological compensation fee urges downstream governments to choose
noncompensation, and compensation fee paid by the central government has a critical value.

1. Introduction

As the birthplace of human social civilization, watershed is
one of the main sources of human available freshwater
resources and an important part of natural ecosystem [1].
However, with the rapid development of social economy, the
destruction of watershed ecosystem and water pollution are
becoming more and more serious [2]. Due to the mobility of
water resources, the pollution generated by upstream is
easily transferred to downstream, resulting in the destruc-
tion of the ecological environment of the whole basin [3, 4].
-is process forms transboundary water pollution involving
multiple administrative regions in the basin [5]. -erefore,
how to effectively solve the problem of transboundary water
pollution has become the focus of governments and scholars.

Because different regions in the basin have different
needs, in order to maximize their own interests, upstream

and downstream areas often have interest conflicts around
the development, distribution, and utilization of water re-
sources, resulting in the “tragedy of the commons” [6]. For
example, if upstream areas protect water resources, the local
government needs to pay a high cost; meanwhile down-
stream areas enjoy the good water; they do not pay com-
pensation to upstream areas. -is will eventually lead to the
alienation of regional economic development and living
standards and cause the conflicts [7]. Since transboundary
water pollution usually involves many different regions, it is
difficult for them to take unified action to solve this problem
[8]. In recent years, many scholars have conducted in-depth
research on how to solve transboundary water pollution
problem and proposed many solutions [9]. Among them,
payment for watershed ecosystem services (PWES), as an
effective system that can promote the cooperation of up-
stream and downstream areas to protect watershed
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ecological environment, has attracted extensive attention all
over the world [10, 11].-erefore, PWES provides a practical
way to effectively solve the transboundary water pollution
problem. PWES is the application of payments for ecosystem
service (PES) in the basin, which is usually called watershed
ecological compensation (WEC) in some countries. Because
WEC has the advantages of promoting cooperation between
upstream and downstream areas, it is widely used in major
watersheds all over the world [12–14], such as Yangtze River
and Yellow River in China [15–17], the Elbe River in
Germany, and the Murray-Darling Basin in Australia.

For WEC, scholars have done much research on
compensation identification [18, 19], standard [20–22],
and mode [23, 24], while the key influencing factors and
the decision-making changes of compensation subject and
object have been attached much attention [25, 26]. For the
research of influencing factors, scholars took the com-
pensation subject as research object and combined
econometrics and conditional value method to identify
them. -e studies found that demographic characteristics,
water consumption patterns, the close dependence be-
tween upstream and downstream areas, the awareness of
improving drinking water services, and so forth were the
key influencing factors [27, 28], but these studies mostly
focused on the compensation subject and paid less at-
tention to compensation object. In addition, scholars only
explained the influence results but could not show the
influence process of various factors. For the research of
decision-making, scholars took multilevel governments
(multilevel governments refer to governments with dif-
ferent levels in the government management hierarchy.
-is paper mainly refers to the central government and
local governments, in which local governments mainly
refer to the provincial governments along the river) as the
research object and used game theory for analysis. Some
scholars analyzed the decision-making behaviors by
constructing the static game model between the upstream
and downstream governments and found that it was
difficult to construct WEC between them spontaneously
[29, 30]. However, because the static game assumes that
the players are completely rational, it is difficult to realize
in the real world. -erefore, some scholars have intro-
duced evolutionary game theory [5, 31], but scholars
mainly focused on how to promote upstream and
downstream governments to establish horizontal com-
pensation between governments at the same level, while
ignoring the role of vertical compensation between the
superior and subordinate governments. Moreover, the
existing research has not discussed the matching rela-
tionship between horizontal compensation and vertical
compensation.

Based on these research gaps, this paper constructs a
tripartite evolutionary game model including upstream
governments, downstream governments, and the central
government in WEC, analyzes their decision-making be-
haviors, and identifies the key influencing factors. -e in-
novations and contributions are as follows: (1) -is paper
explores the influencing factors from the perspective of
multiple agents and uses simulation to show the change

process of decision-making. (2) -is paper also analyzes
vertical compensation, horizontal compensation, and their
ratio, which provides a new idea for WEC. -e results can
not only optimize the existing compensationmechanism but
also provide reference for countries or regions that have not
established WEC.

-e remainder of this paper is arranged as follows.
Section 2 introduces the theoretical background and re-
search framework; Section 3 constructs the model; Section 4
carries out the simulation experiment and gets the results;
Section 5 discusses the results; Section 6 obtains the con-
clusions and proposes suggestions.

2. Theoretical Background and
Research Framework

2.1..eoreticalBackground. Evolutionary game theory is an
important branch of game theory [32]. It breaks through
the hypothesis of complete rationality of players in classical
game theory, integrates the evolutionary theory in biology,
and uses the hypothesis of limited rationality to study the
decision-making behavior of players [33, 34]. -is theory
has a great influence on the study of the interaction be-
tween multiple agents. A complete research paradigm of
evolutionary game theory usually includes the following
parts:

(1) Determination of strategy set: in the multiagent
game, different players have different alternative
strategies. -en, determining the selectable strategies
of each player and forming the corresponding
strategy set play an important role.

(2) Construction of game matrix: game matrix is a
matrix composed of payoffs of different players
under different strategic combinations. -e con-
struction of the matrix can clearly reflect the specific
payoffs of each player under different conditions.

(3) Establishment of replication dynamic system: rep-
lication dynamic system is a set of equations com-
posed of a set of differential equations. It reflects the
proportion of players who choose different strategies
in the group and reflects the decision-making change
of the whole group through the change of the
proportion.

(4) Determination of evolutionary stability strategy
(ESS): ESS is the combination of strategies when each
player reaches a stable state. Under this strategy
combination, each player can obtain its own optimal
utility and will not change its own strategy. Looking
for ESS is the core of evolutionary game theory
[35, 36].

In the WEC, the needs of various stakeholders are dif-
ferent, and it is difficult to maintain complete rationality in
the game process, so it is impossible to determine the op-
timal strategy in a game. -erefore, evolutionary game
theory is suitable for the study of WEC [18, 37], and the
application of this theory can identify the changes of de-
cision-making behavior and the key influencing factors.
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2.2. Research Framework. -e effective establishment and
implementation of WEC need the full cooperation of
multilevel governments, but they have different interest
needs [10]. -erefore, when constructing WEC mechanism,
upstream governments, downstream governments, and the
central government constitute a game. -e game process is
shown in Figure 1.

According to Figure 1, the central government has two
collective strategies: daily supervision and random inspec-
tion. When it chooses daily supervision, it hopes that the
ecological, economic, and social benefits of the basin will be
improved simultaneously, so as to realize the high-quality
development of the basin. However, daily supervision will
make the central government pay a huge cost, which will
make it bear huge capital pressure. -erefore, it will choose
random inspection to reduce the cost and supervise the
establishment of WEC. After that, the upstream govern-
ments also have two optional strategies, namely, protecting
water environment and not protecting water environment.
When upstream governments choose protecting water en-
vironment, this can not only improve the ecological benefits
of the whole basin but also provide high-quality water re-
sources to downstream governments, but it will cost up-
stream governments. When they choose the other strategy,
these costs can be used to develop the economy of the region,
so as to improve the production and living standards of local
residents. Finally, the optional strategy of the downstream
governments is to compensate the upstream ones or not.
When downstream governments pay compensation fee, this
can promote upstream governments to continuously protect
water environment and make downstream obtain high-
quality water resources continuously. In contrast, down-
stream governments think that using high-quality water
resources is their own right and protecting water environ-
ment is the responsibility of upstream governments, so they
choose not to compensate them.

Based on the game involving multilevel governments,
this paper deeply analyzes their decision-making behaviors
and identifies the key influencing factors, so as to provide
reference for the design of appropriate WEC mechanism.
-e research framework is shown in Figure 2.

3. Model

3.1. Hypothesis. In order to fully explain the changes of
decision-making behavior of different governments in the
WEC and identify the key influencing factors, this paper
needs to set the necessary hypotheses before building the
model. -e hypotheses are as follows:

(1) Each player is bounded rationality, not complete
rationality. -is means that it is difficult for each
player to find its own optimal strategy in one game,
but it can find the optimal strategy in multiple games
by learning.

(2) -e goal of each player is to maximize its own
interests.

(3) When the upstream governments protect water
environment, governments at all levels can obtain
ecological benefits.

3.2. Evolutionary Game Model

3.2.1. Variables. -e game model contains many variables,
as shown in Table 1.

3.2.2. Payoff Matrices. Because different players have two
optional strategies, the payoff of each player is different
under different strategy combinations (Tables 2 and 3).

(1) When the central government chooses daily super-
vision, upstream governments choose protecting
water environment and downstream governments
choose compensation.
-e payoff of upstream governments is

V1 − C1 + H1 + H2. (1)

-e payoff of downstream governments is

V2 − H1. (2)

-e payoff of the central government is

V3 − C2 − H2. (3)

(2) When the central government chooses daily super-
vision, upstream governments choose protecting
water environment and downstream governments
choose no compensation.
-e payoff of upstream governments is

V1 − C1 + H2. (4)

-e payoff of downstream governments is

V2 − F2. (5)

-e payoff of the central government is

V3 − C2 − H2 + F2. (6)

(3) When the central government chooses daily super-
vision, upstream governments choose not to protect
water environment and downstream governments
choose compensation.
-e payoff of upstream governments is

H1 − F1. (7)

-e payoff of downstream governments is

−H1. (8)

-e payoff of the central government is

F1 − C2. (9)
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(4) When the central government chooses daily super-
vision, upstream governments choose not to protect
water environment and downstream governments
choose no compensation.
-e payoff of upstream governments is

−F1. (10)

-e payoff of downstream governments is

−F2. (11)
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-e payoff of the central government is

F1 + F2 − C2. (12)

-e payoff matrix with daily supervision of gov-
ernments is shown in Table 2.

(5) When the central government chooses random in-
spection, upstream governments choose protecting
water environment and downstream governments
choose compensation.
-e payoff of upstream governments is

V1 + H1 − C1. (13)

-e payoff of downstream governments is

V2 − H1. (14)

-e payoff of the central government is

V3. (15)

(6) When the central government chooses random in-
spection, upstream governments choose protecting
water environment and downstream governments
choose no compensation.
-e payoff of upstream governments is

V1 − C1. (16)

-e payoff of downstream governments is

V2. (17)

-e payoff of the central government is

V3. (18)

(7) When the central government chooses random in-
spection, upstream governments choose not to
protect water environment and downstream gov-
ernments choose compensation.
-e payoff of upstream governments is

H1. (19)

-e payoff of downstream governments is

−H1. (20)

-e payoff of the central government is

0. (21)

(8) When governments choose random inspection,
upstream governments choose not to protect water
environment and downstream governments choose
no compensation. -e payoffs of them are 0,
respectively.
-e payoff matrix with random inspection of the
central government is shown in Table 3.

Table 1: -e variables in the game model.

Variable Definition
C1 Total costs of upstream governments to protect water environment
C2 Additional costs paid by the central government when choosing daily supervision

F1
-e fine imposed by the central government on upstream governments when upstream governments do not protect water

environment
F2 -e fine imposed by the central government on downstream governments when downstream governments do not compensate
H1 -e ecological compensation fee paid by downstream governments
H2 -e ecological compensation fee paid by the central government
V1 -e ecological benefits obtained by upstream governments in protecting water environment
V2 -e ecological benefits obtained by downstream governments when upstream governments protect water environment
V3 -e ecological benefits obtained by the central government when upstream governments protect water environment
Notes: all variables listed in Table 1 are positive.

Table 2: -e payoff matrix of each player with daily supervision.

When the central government chooses daily supervision strategy
Downstream governments

Ecological compensation Nonecological compensation
Upstream

governments
Downstream
governments

-e central
government

Upstream
governments

Downstream
governments

-e central
government

Upstream
governments

Protecting
water

environment
V1 − C1 + H1 + H2 V2 − H1 V3 − C2 − H2 V1 − C1 + H2 V2 − F2 V3 − C2 − H2 + F2

Not protecting
water

environment
H1 − F1 −H1 F1 − C2 −F1 −F2 F1 + F2 − C2
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3.3. Replicated Dynamic Equations. According to hypothe-
ses, each player maximizes its own interests through learning
in multiple games.-erefore, this paper uses x, y, and z (x, y,
and z ∈∈[0, 1]) to represent the initial cooperation proba-
bility of upstream governments, downstream governments,
and the central government choosing the strategies of
protecting water environment, ecological compensation,
and daily supervision, respectively.

In addition, it is assumed that πmn represents the ex-
pected payoffs of each player choosing different strategies,
and πm refers to the average payoffs of each player. m

represents each player, where m� 1, 2, and 3 denote up-
stream governments, downstream governments, and the
central government, respectively; n refers to the different
strategies for each player, where n� 1 and 2 denote the first
strategy and the second strategy, respectively. -e de-
scription of each symbol is listed in Table 4.

According to the above analysis of the payoff matrices,
we can get the payoff of each player under different strat-
egies, as shown below.

For upstream governments, the payoffs are

π11 � y × z × V1 − C1 + H1 + H2(  + y ×(1 − z) × V1 − C1 + H2( 

+ y ×(1 − z) × V1 + H1 − C1(  +(1 − y) ×(1 − z) × V1 − C1( ,

π12 � y × z × H1 − F1(  + y ×(1 − z) × −F1(  + y ×(1 − z) × H1,

π1 � x × π11 +(1 − x) × π12.

(22)

Based on π11, π12, and π1, the replicated dynamic
equation of upstream governments is as follows:

F1(x) �
dx

dt

� −x ×(x − 1) × V1 − C1 + F1 × z + H2 × z( .

(23)

For downstream governments, the payoffs are

π21 � x × z × V2 − H1(  +(1 − x) × z × −H1(  + x ×(1 − z)

× V2 − H1(  +(1 − x) ×(1 − z) × −H1( ,

π22 � x × z × V2 − F2(  +(1 − x) × z × −F2(  + x ×(1 − z) × V2,

π2 � y × π21 +(1 − y) × π22.

(24)

Table 3: -e payoff matrix of each player with random inspection.

When the central government chooses random inspection strategy
Downstream governments

Ecological compensation Nonecological compensation
Upstream

governments
Downstream
governments

-e central
government

Upstream
governments

Downstream
governments

-e central
government

Upstream
governments

Protecting water
environment V1 + H1 − C1 V2 − H1 V3 V1 − C1 V2 V3

Not protecting water
environment H1 −H1 0 0 0 0
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Similarly, based on π21, π22, and π2, the replicated dy-
namic equation of downstream governments is as follows:

F2(y) �
dy

dt

� y ×(y − 1) × H1 − F2 × z( .

(25)

For the central government, the payoffs are

π31 � x × y × V3 − C2 − H2(  +(1 − x) × y × F1 − C2(  + x ×(1 − y)

× V3 − C2 − H2 + F2(  +(1 − x) ×(1 − y) × F1 + F2 − C2( ,

π32 � x × y × H2 +(1 − x) × z × 0 + x ×(1 − y) × H2 +(1 − x) ×(1 − y) × 0,

π3 � z × π31 +(1 − z) × π32.

(26)

Similarly, based on π31, π32, and π3, the replicated dy-
namic equation of the central government is as follows:

F3(z) �
dz

dt

� z ×(z − 1)

× C2 − F1 − F2 + F1 × x + F2 × y + H2 × x( .

(27)

-e replication dynamic system can be obtained by si-
multaneous equations (23), (25), and (27), as shown in the
following equation:

F1(x) �
dx

dt
� −x ×(x − 1) × V1 − C1 + F1 × z + H2 × z( ,

F2(y) �
dy

dt
� y ×(y − 1) × H1 − F2 × z( ,

F3(z) �
dz

dt
� z ×(z − 1) × C2 − F1 − F2 + F1 × x + F2 × y + H2 × x( .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(28)

Table 4: -e description of different symbols.

Symbol Description
x -e probabilities that upstream governments choose to protect water environment
1− x -e probabilities that upstream governments choose not to protect water environment
y -e probabilities that downstream governments choose ecological compensation
1− y -e probabilities that downstream governments choose nonecological compensation
z -e probabilities that the central government chooses daily supervision
1− z -e probabilities that the central government chooses random inspection
π11 -e expected payoffs when upstream governments choose to protect water environment
π12 -e expected payoffs when upstream governments choose not to protect water environment
π21 -e expected payoffs when downstream governments choose ecological compensation
π22 -e expected payoffs when downstream governments choose nonecological compensation
π31 -e expected payoffs when the central government chooses daily supervision
π32 -e expected payoffs when the central government chooses random inspection
π1 -e average payoffs of upstream governments
π2 -e average payoffs of downstream governments
π3 -e average payoffs of the central government
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3.4. Evolutionary Stability Strategies. Because each player
needs to play games for many times in order to achieve ESS,
the initial probabilities change with time; that is, x, y, and z

are functions of time, so they are represented by x(t), y(t),
and z(t). In order to obtain ESS of the replicated dynamic
system, we make the differential equation (28) equal to 0,
respectively. Because x(t), y(t), and z(t) ∈ [0, 1], the space
for the solution of the replication dynamic system is a cube
with side length of 1. By solving the above differential
equations, nine equilibrium points (E1(0, 0, 0), E2(1, 0, 0),
E3(0, 1, 0), E4(0, 0, 1), E5(1, 1, 0), E6(1, 0, 1), E7(0, 1, 1),
E8(1, 1, 1), and E9(x∗, y∗)) can be obtained. E9(x∗, y∗) can
be obtained by solving

V1 − C1 + F1 × z + H2 × z � 0,

H1 − F2 × z � 0,

C2 − F1 − F2 + F1 × x + F2 × y + H2 × x � 0.

⎧⎪⎪⎨

⎪⎪⎩
(29)

Although nine equilibrium points are obtained in this
paper, it is uncertain whether they are ESS. Since ESS must
be a pure strategy Nash equilibrium, E9 must not be ESS,
because E9 represents a mixed strategy equilibrium. -en,
we only need to judge whether the other eight points are
ESS. According to Lyapunov’s System Stability -eory
[38, 39], the eigenvalues of the coefficient matrix of dy-
namic system can help to judge the stability of the system.
When all eigenvalues are negative, the system reaches a
stable state; when the eigenvalue is nonnegative, the system
is in an unstable state. -erefore, firstly, this paper cal-
culates the Jacobian matrix of the replicated dynamic
system; secondly, the coordinates from E1 to E8 are
substituted into the Jacobian matrix to obtain the corre-
sponding eigenvalues. Finally, ESS is determined according
to Lyapunov’s stability theory. -e Jacobian matrix with
each equilibrium point can be obtained (J1 to J8), as shown
in the Appendix.

According to J1 to J8, a22 of J3 and J5, and a33 of J8 are
positive (alr refers to the eigenvalue shown in the l th row
and the r th column of the matrix), so E3, E5, and E8 are not
ESS. Other equilibrium points cannot directly judge whether
they are ESS but need to introduce constraints for further
judgment. In contrast, only E6 is most in line with the actual
situation, because the WEC fee is mainly paid by the central
government, and most of the downstream governments do
not actively participate in the WEC. -erefore, this paper
takes E6 as the object for in-depth research. In order to make
the system reach this stable state, the constraints (equation
(30)) are added.

C1 − H2 − V1 < 0,

F2 − H1 < 0,

C2 − F2 + H2 < 0.

⎧⎪⎪⎨

⎪⎪⎩
(30)

4. Results of Simulation

According to the above analysis, the final stability of rep-
lication dynamic system is E6(1, 0, 1). Under equation (30),
this paper uses numerical simulation technology to study

decision-making of each player and the influencing factors.
-e initial value of each parameter is shown in Table 5.

4.1. Initial Probabilities. Since the initial probability of each
player is the function of time, in order to analyze its impact
on the decision-making process of each player, this paper
divides the initial probability into high probability group
and low probability group for comparative analysis. -e
results are shown in Figure 3.

In Figure 3, we can find that, whether in the high
probability group or in the low probability group, the system
is finally stable at E6 (1, 0, 1); that is, upstream governments
choose to protect water environment, downstream gov-
ernments choose not to carry out ecological compensation,
and the central government chooses daily supervision. In
addition, it can be observed that the time for upstream
governments and downstream governments to reach a stable
state is shorter, while the time for the central government to
reach a stable state is longer. In the high probability group,
the initial probability of the central government has expe-
rienced a change process of first decreasing and then in-
creasing, which indicates that the central government
initially tends to choose random inspection and then turns
to daily supervision.

4.2. Environmental Protection Cost. In order to reflect the
influence of environmental production cost (C1) on each
player, this section regards it as a variable and takes values of
1, 3, and 5 respectively, while other parameters are constants
(as shown in Table 6). Under this setting, this paper sets both
high probability group and low probability group to simulate
the system, and the results are shown in Figure 4.

According to Figure 4, it can be found that the envi-
ronmental protection cost has an impact on upstream
governments and the central government in the low
probability group (the initial probability is 0.4) but has little
impact on downstream governments. In Figures 4(a) and
4(c), the impact of environmental protection cost on up-
stream governments and the central government is opposite.
For upstream governments, the increase of environmental
protection cost will prolong the time to reach a stable state.
For the central government, the increase of environmental
protection cost shortens the time to reach a stable state in the
low probability group.

4.3. Fine. In order to illustrate the impact of fine, this paper
takes fine (F1 and F2) as variables, respectively, with values
of 5, 7, and 9, and sets other parameters as constants (as
shown in Table 7). On this basis, this paper still carries out
system simulation for high initial probability group and low
initial probability group, and the results are shown in
Figure 5.

According to Figure 5(a), the fine on upstream gov-
ernments (F1) has a certain effect on themselves. Whether
the initial probability is high or low, when the fine increases,
the time for upstream governments to reach stable state 1 is
shortened. In Figure 5(c), F1 only affects the decision-
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making of the central government in the low initial prob-
ability group; that is, when the fine increases, the time for the
central government to reach stable state 1 is shortened to a

certain extent. In contrast, F1 has almost no impact on
downstream governments. Similarly, according to
Figures 5(d)–5(f ), F2 has little impact on upstream

Table 5: -e initial values of parameters.

Parameter C1 C2 F1 F2 H1 H2 V1 V2 V3

Value 3 2 7 7 8 4 7 10 13

�e Effect of Initial Probability on Each Player
in �e Low Probability Group
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Figure 3: -e effect of initial probability on each player in two groups. (a) -e effect of initial probability on each player in the low
probability group. (b) -e effect of initial probability on each player in the high probability group.

Table 6: -e values of parameters in the simulation of environmental protection cost (C1).

Parameter C2 F1 F2 H1 H2 V1 V2 V3

Value 2 7 7 8 4 7 10 13
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Figure 4: -e effect of environmental protection cost (C1) on each player. (a) Effect of environment protection cost (C1) on upstream
governments. (b) Effect of environment protection cost (C1) on downstream governments. (c) Effect of environment protection cost (C1) on
the central government.
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governments and has a great impact on downstream gov-
ernments and the central government. When F2 changes
from 5 to 7, the time for downstream governments to reach
stable state 0 increases. When F2 equals 9, the decision-
making of downstream governments fluctuates periodically
and finds it difficult to reach a stable state. In Figure 5(f),
when F2 changes from 5 to 7, the central government
changes from state 0 to state 1. When F2 increases to 9, the
decision-making of the central government also shows
periodic changes.

4.4. Ecological Compensation Paid by Downstream
Governments. In this section, ecological compensation paid
by downstream governments is regarded as a variable and
taken as 6, 8, and 10, respectively, while other parameters are
taken as constants (as shown in Table 8). In addition, the
system is simulated in high initial probability and low initial
probability groups, respectively, and the results are shown in
Figure 6.

As can be seen from Figure 6(a), the ecological com-
pensation paid by downstream governments (H1) has little

Table 7: -e values of parameters in the simulation of fine (F1 and F2).
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Figure 5: -e effect of fines (F1 and F2) on each player. (a) Effect of fines (F1) on upstream governments. (b) Effect of fines (F1) on
downstream governments. (c) Effect of fines (F1) on the central government. (d) Effect of fines (F2) on upstream governments. (e) Effect of
fines (F2) on downstream governments. (f ) Effect of fines (F2) on the central government.
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impact on upstream governments. In contrast, in
Figures 6(b) and 6(c), when ecological compensation paid by
downstream governments increases, the speed of down-
stream governments and the central government reaching a
stable state is significantly shortened. At this time, down-
stream governments will choose no compensation, while the
central government will choose daily supervision.

4.5.EcologicalCompensationPaidby theCentralGovernment.
In this section, ecological compensation paid by the central
government (H2) is regarded as a variable and taken as 2, 4,
and 6 respectively, while other parameters are taken as
constants (as shown in Table 9). In addition, the system is
simulated in high initial probability and low initial proba-
bility groups, respectively, and the results are shown in
Figure 7.

From Figure 7, ecological compensation paid by the
central government has little impact on upstream govern-
ments but has a greater impact on downstream governments
and the central government. In Figure 7(b), when H2 in-
creases, the time for downstream governments to reach
stable state 0 is shortened. In Figure 7(c), when H2 changes
from 2 to 4, the time for the central government to reach
stable state 1 is extended. However, when H2 increases to 6,
the stable state of the central government changes from state
1 to state 0 and stabilizes at state 0. Because the stable state of
the central government has changed greatly, this paper
further simulates H2, taking values from 4 to 5.4, and the
step value is 0.2. In Figure 7(d), when H2 is equal to 5, the
decision-making curve of the central government becomes a

horizontal straight line, which shows that 5 is the critical
value of the change of the central government’s strategy.

5. Discussion

5.1. Initial Probabilities. From Section 3.4, it can be seen that
the initial probability is the key factor for determining ESS.
-erefore, the simulation of the initial probability will help
to understand the sensitivity of each player’s decision.
According to the results in Section 4.1, in different initial
probability groups, the final stable state of each player is the
same; that is, the upstream governments choose to protect
water environment, the downstream governments choose
not to compensate, and the central government chooses
daily supervision. However, there are some differences in the
trend of each player reaching a stable state. For upstream
governments, the time to reach a stable state in the high
probability group is significantly shorter than that in the low
probability group. For downstream governments, the time
to reach the steady state in the low probability group is
shorter than that in the high probability group. For the
central government, the times to reach a stable state are close
in different groups, but, in the high probability group, the
curve shows a downward trend first and then an upward

Table 8: -e values of parameters in the simulation of ecological compensation paid by downstream governments (H1).
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Effect of Ecological Compensation
Paid by Downsteram Governments (H1)

on Upstream Governments

1 2 3 4 50
Time

0

0.2

0.4

0.6

0.8

1

In
iti

al
 P

ro
ba

bi
lit

y

H1=6
H1=8
H1=10

(a)

Effect of Ecological Compensation
Paid by Downsteram Governments (H1)

on Downstream Governments

1 2 3 4 50
Time

0

0.2

0.4

0.6

0.8

1

In
iti

al
 P

ro
ba

bi
lit

y

H1=6
H1=8
H1=10

(b)

Effect of Ecological Compensation
Paid by Downsteram Governments (H1)

on �e Central Government

0

0.2

0.4

0.6

0.8

1

In
iti

al
 P

ro
ba

bi
lit

y

1 2 3 4 50
Time

H1=6
H1=8
H1=10

(c)

Figure 6: -e effect of ecological compensation paid by downstream governments (H1) on each player. (a) Effect of ecological com-
pensation paid by downstream governments (H1) on upstream governments. (b) Effect of ecological compensation paid by downstream
governments (H1) on downstream governments. (c) Effect of ecological compensation paid by downstream governments (H1) on the central
government.

Table 9: -e values of parameters in the simulation of the eco-
logical compensation paid by the central government (H2).

Parameter C1 C2 F1 F2 H1 V1 V2 V3

Value 3 2 7 7 4 7 10 13
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trend. It can be seen that upstream governments have strong
willingness to participate in WEC, downstream govern-
ments have weak willingness to participate, and the central
government chooses daily supervision. At present, the water
resources protection funds of upstream governments in-
clude the transfer payment of the central government and
the self-raised funds of upstream governments. Due to the
slow economic development and weak financing capacity of
upstream governments, the water resources protection funds
are mainly borne by the central government. -is reflects
that the vertical compensation is the mainstream of WEC in
China. At this stage, the central government hopes to build
horizontal compensation between upstream and down-
stream governments to supplement vertical compensation,
but, from the simulation results, the downstream govern-
ments are the key to establish horizontal compensation, and
their willingness to participate is not high. -erefore,
downstream governments need to fully understand the
contribution of upstream governments protecting water

resources and improve their willingness to participate in
WEC, which will change the current situation of the lack of
horizontal compensation.

5.2. Environmental Protection Cost. -e establishment and
implementation of WEC need the cooperation of govern-
ments at all levels, and upstream governments need to invest
much direct cost and opportunity cost in protecting water
environment. -erefore, this cost is the key factor to WEC.
According to the analysis in Section 4.2, the higher the
environmental protection cost is, the longer upstream
governments take to reach the stable state. Downstream
governments are hardly affected. In the low probability
group, the central government reaches a stable state faster
with the increase of environmental protection cost. -e
reasons for the above changes are as follows: first, when
protecting the water environment, upstream governments
not only have to pay a lot of costs for the construction of
environmental protection infrastructure but also need to
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Effect of Ecological Compensation Paid by the Central Government (H2) on the Central Government
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Figure 7: -e effect of the ecological compensation paid by the central government (H2) on each player. (a) Effect of the ecological
compensation paid by the central government (H2) on upstream governments. (b) Effect of the ecological compensation paid by the central
government (H2) on downstream governments. (c) Effect of the ecological compensation paid by the central government (H2) on the
central government. (d) Effect of the ecological compensation paid by the central government (H2) on the central government.
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implement other measures to maintain the protection effect
of water environment, such as limiting the expansion of
polluting enterprises and changing the planting structure of
local agriculture. -erefore, the higher the cost paid by
upstream governments is, the more difficult it is to imple-
ment sustainable water environmental protection. Second,
due to the continuous increase of environmental costs,
upstream governments have the motivation to choose not to
protect water environment. In order to ensure the health of
water environment in the basin, the central government has
to request upstream governments to protect water envi-
ronment by daily supervision and paying certain compen-
sation. -erefore, effectively reducing the environmental
protection cost of upstream governments is the key to
promote the sustainable protection of water resources. At
present, the Chinese government is reducing the cost of
water environmental protection through the following ways:
(1) Introduce new green technologies to help upstream
governments improve the efficiency of sewage treatment.
For example, the central government selects sewage treat-
ment companies with technology and experience through
investment to assist upstream governments in building
sewage treatment plants. (2) Establish enclaves in the
downstream areas and relocate high polluting enterprises in
the upstream areas to enclaves and give them corresponding
tax relief. On the one hand, it can ensure the normal op-
eration of these polluting enterprises, and, on the other
hand, it can reduce the amount of local sewage.

5.3. Fine. -e central government’s fine to upstream and
downstream governments is one of the environmental
regulation ways to promote them participating WEC.
According to the simulation results in Section 4.3, the fines
imposed on upstream governments have no impact on
players, while the fines imposed on downstream govern-
ments have a great impact on the downstream governments
and the central government. When the fine increases to a
certain degree, the decision-makings of downstream gov-
ernments and the central government change periodically.
-e reasons for the above phenomena are as follows: firstly,
the fine will increase the additional cost of downstream
governments and increase the income of the central gov-
ernment. -erefore, the decision-making changes between
downstream governments and the central government have
strong relevance. Secondly, when upstream governments
choose to protect water environment, downstream gov-
ernments try to “free ride” without paying compensation to
upstream governments, because it can not only obtain high-
quality water resources but also pay no price. However, to
ensure the continuous protection of water environment by
upstream governments, the central government will adopt
daily supervision to urge downstream governments to pay
certain compensation fee to upstream governments. At this
time, in order to deal with daily supervision of the central
government, downstream governments will have the ten-
dency to pay compensation. -erefore, the downstream
governments will weigh the impact of “free riding” and
“daily supervision,” so their decision-making curve

fluctuates periodically. Finally, the central government will
make corresponding adjustments to the strategic changes of
downstream governments and finally form periodic changes.
However, the central government is more sensitive to the
fine of downstream governments, because when F2 increases
to 9, the central government’s strategy curve changes pe-
riodically, which can be seen from Figure 5(f). According to
the above analysis, the fine of the central government is
indispensable for the establishment of WEC mechanism. If
downstream governments are sensitive to fine, they can
choose compensation by establishing a strict punishment
mechanism. However, at present, there is no legislation on
ecological compensation in China, so the horizontal com-
pensation between upstream and downstream governments
is mainly established through consultation, while the central
government only guides. -is makes it impossible to punish
downstream governments for their no compensation. On
September 12, 2021, General Office of the State Council of
the PRC issued the opinions on deepening the reform of
ecological protection compensation system, which clearly
emphasized the use of legal means to regulate ecological
protection compensation. -erefore, WEC law will be
conducive to the establishment of punishment mechanism,
which will promote downstream governments to participate
in the construction of WEC.

5.4. Ecological Compensation Fee. Ecological compensation
fee is the core to ensure the long-term implementation of
WEC. Due to the implementation of WEC, both the
downstream governments and the central government will
benefit, so how to determine the proportion of compensa-
tion funds is the key problem.

According to the simulation results in Sections 4.4 and
4.5, the compensation paid has little impact on upstream
governments but has a greater impact on downstream
governments and the central government. First, when
compensation fee increases, upstream governments are al-
most unaffected, which is different from common sense
because compensation fee is an additional benefit to up-
stream governments; when it increases, upstream govern-
ments should reach a stable state faster, but this is not
reflected in the simulation. -is shows that upstream gov-
ernments need to pay huge costs for protecting water en-
vironment, which cannot be compensated by compensation
fee. However, due to the policy pressure of the central
government, upstream governments have to protect water
environment. -erefore, upstream governments are not
sensitive to limited compensation fee. Second, compensation
fee is an additional expenditure for downstream govern-
ments. When compensation fee increases, downstream
governments will choose not to compensate, which is the
same as the simulation results. Finally, when compensation
fee paid by downstream governments (H1) increases, the
central government will reach a stable state faster
(Figure 6(c)), which is also different from common sense,
because if downstream governments pay compensation fee
in time, this can form a virtuous cycle of protecting water
resources between upstream and downstream areas, so the
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central government no longer needs daily supervision.
However, in the practice of WEC, downstream governments
believe that using high-quality water resources is their own
right, so they are unwilling to pay compensation fee and
continue to choose no-compensation strategy (Figure 6(b)).
-en, the central government can only continue to adopt
daily supervision to request upstream governments pro-
tecting water environment. In addition, when compensation
paid by the central government (H2) increases from 2 to 4,
the time to reach stable state 1 will be extended. When H2
further increases to 6, the central government will change
from daily supervision to random inspection. -is shows
that the central government has an upper limit on com-
pensation fee (Figure 7(d)). Once the compensation fee
exceeds the upper limit, the central government will change
the strategy. -is is consistent with the reality of WEC. At
present, the compensation fee paid by the central govern-
ment is the main source of funds to maintain WEC, which
will bring huge financial pressure to itself. -erefore, the
central government is also stepping up its research on how to
promote the spontaneous construction of ecological com-
pensation mechanism upstream and downstream of the
basin, so as to free it from the huge pressure of compensation
fee. At present, the Chinese government has carried out
horizontal compensation pilot projects in Xin’an River,
Chishui River, and other river basins and has gained a lot of
practical experience. In addition, it has successively issued
guidance on supporting the establishment of horizontal
compensation in large river basins such as Yangtze River and
Yellow River. Attracting social capital (such as enterprises
and the public) to join horizontal compensation is an ef-
fective way to increase compensation funds. Improving the
trading of water rights and emission rights between up-
stream and downstream areas is also an important way to
effectively promote horizontal compensation.

6. Conclusion and Suggestion

6.1. Conclusion. -is paper takes upstream governments,
downstream governments, and the central government as
the research object and analyzes the changes in the decision-
making process and key influencing factors. -is is of great
significance to the rational design and implementation of
WEC. Our results show that the initial probability signifi-
cantly affects the decision-making behavior of each player.

Daily supervision of the central government and the cost of
water environmental protection play an important role in
the establishment of WEC. -e fine imposed on the
downstream governments will lead to periodic changes in
the decision-making of themselves and the central gov-
ernment. -ere is a critical value for the ecological com-
pensation paid by the central government, which means that
reasonably determining the matching relationship between
vertical compensation and horizontal compensation can
effectively promote the establishment and long-term
implementation of WEC. Although this paper has obtained
some interesting results, there are still the following limi-
tations: (1) this paper does not include polluting enterprises
and the public into the analysis framework; (2) this paper
uses simulation technology to study the decision-making
process of each subject in WEC but does not introduce
actual cases for comparative analysis. In the future, we will
use multiagent simulation to include stakeholders such as
polluting enterprises and residents in the research frame-
work. Meanwhile, we will obtain the data of actualWEC case
through questionnaire survey combined with econometrics
and statistical analysis to further verify the theoretical model
and conclusions in this paper.

6.2. Suggestion. According to this paper, the following
suggestions are put forward: (1) at this stage, the central
government should continue to implement daily supervision
to ensure the implementation of WEC; (2) improving the
initial willingness of governments at all levels to participate
in WEC significantly improves its success rate; (3) upstream
governments should study newmethods and paths to reduce
the cost of protecting water environment; (4) the central
government should strengthen the supervision and fine on
downstream governments; (5) the central government
should build a new scheme to promote upstream and
downstream governments to spontaneously establish a
horizontal compensation mechanism. -e implementation
of the above suggestions will effectively promote the es-
tablishment and implementation of WEC.

Appendix

-e Jacobian matrices of eight equilibrium points are as
follows:
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J1 �

V1 − C1 0 0

0 −H1 0

0 0 F1 − C2 + F2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

J2 �

C1 − V1 0 0

0 −H1 0

0 0 F2 − C2 − H2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

J3 �
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0 H1 0
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⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

J4 �

F1 − C1 + H2 + V1 0 0

0 F2 − H1 0
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⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

J5 �
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⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

J6 �

C1 − F1 − H2 − V1 0 0
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⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

J7 �
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⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦,

J8 �
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0 0 C2 + H2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
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(A.1)
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