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Abstract: Watershed water environment governance has always been a research hotspot in the field of
transboundary governance. Based on evolutionary game theory, the regional governments of East Dongting
Lake, West Dongting Lake and South Dongting Lake were taken as participants to construct a tripartite game
model, and the game evolution strategies under unconstrained and constrained conditions were explored
respectively, so as to analyze the influencing factors of the construction of synergistic mechanism of water
environment governance in Dongting Lake Basin. The results show that: (1) Under the unconstrained
condition, the stable strategy of the evolutionary game is "two parties govern, one party does not govern".
However, without intervention of external restraint measures for a long time, the players keep learning and
improving according to the game results, and the final synergy mechanism cannot be achieved. (2) Under
constraint conditions, the composition of synergistic mechanism mainly depends on the size of ecological
compensation and punishment given by the superior government and the duration of constraint by the superior
government.

and explored the construction of basin coordination
mechanism. Mahjouri et al. [3] studied the allocation of
high-quality water resources across basins from the
perspective of game theory through the optimal model of
resource allocation, and established the economic
coordination model and environmental standards for water
resources management across basins. In terms of
exploring the mechanism of ecological compensation, Li
Ning et al. [4] used game theory to analyze the decision-
making behavior of compensation stakeholders and found
that a balanced strategy could not be reached without
central intervention. Taking the Lijiang River Basin as an
example, Hu Zhenhua et al. [5] calculated the amount of
ecological compensation based on the evolutionary game
and the actual situation of the Lijiang River Basin. Yang
Guangming et al. [6] built a game model of ecological
compensation behavior between the government and the
central government in the upper and lower reaches of the
Three Gorges Basin, and analyzed the interest demands
and compensation behaviors among the three. In terms of
institutional construction, Ding Shejiao [7] explored
solutions to the "institutional incentive paradox" of river
pollution control from the perspectives of alternative
strategy sets, income structure and information structure
of all parties in the game. Based on game theory, Li Sheng
[8] analyzed the inter-administrative watershed water
pollution control system, aiming to provide rules and
suggestions for improving the water environment quality
of the watershed. In terms of government regulation,

1 Introduction

Dongting Lake is mainly located in the northern part of
Hunan Province, straddling Hunan and Hubei provinces.
In terms of economic benefit, Dongting Lake District is an
important production base of commodity grain, freshwater
fish, cotton and flax in China. On July 31, 2017, the Sixth
Central Environmental Protection Supervision Group
reported to the Hunan Provincial Government that the
water quality of Dongting Lake has deteriorated seriously
in the past three years. The State and Hunan Provincial
Party Committee attach great importance to the water
environment management of Dongting Lake Basin. The
People's Government of Hunan Province issued the
Implementation Plan of the Comprehensive Management
of the Water Environment of Dongting Lake in Hunan
Province (2018-2025) to strengthen the guidance on the
comprehensive management of the water environment of
Dongting Lake. Many researches gave importance to this
problem, Yang Mengjie et al. [1], based on the game theory,
introduced external drive and internal equilibrium, and
discussed the cooperation mechanism to balance the
interest conflicts between the upper and lower reaches of
the Taipu River and to encourage the upper and lower
reaches to realize cooperation protection. Another
researcher [2] took the analysis object and used game
theory to sort out possible game situations within the basin
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Zhang Jun et al. [9] explored and analyzed the
government's regulatory measures in river basin pollution
control by establishing a game model between pollution
source enterprises and the government. In terms of cost-
sharing research, Lai Ping et al. [10], based on cooperative
game theory, built a game model for cost-sharing of
watershed water pollution governance, and innovatively
used binomial half-value solution to solve the problem.
Shi et al. [11] proposed a cost model for emission
reduction of transboundary pollutants in basins. The
fluidity of the river basin will make the pollution of one
administrative area spread to the adjacent administrative
area, and produce negative externality effect. The
systematization of the environment will cause the
environmental damage in one administrative area to have
a knock-on effect and lead to the ecological damage in
neighboring administrative areas. On the contrary, the
improvement of watershed environment governance will
also produce positive external effects. When facing the
problem of river basin water environment governance, the
main players of the game, based on the attribute of
economic man, tend to make behavioral choices and make
decisions of governance or not based on the maximization
of their own economic benefits. The main factors affecting
the water quality of West Dongting Lake are agricultural
non-point source pollution, suspended sediment and point
source pollution of heavy metals. Due to the sustainable
economic development of South Dongting. Based on
evolutionary game, local governments in the east, west
and south Dongting Lake regions constructed tripartite
game models for G;, G: and Gs3, respectively, to explore

the construction of synergistic mechanism of water
environment governance in Dongting Lake Basin. From
the perspective of game theory, this paper will attempt to
analyze the factors influencing the construction of the
synergistic mechanism of water environment governance
in the Dongting Lake Basin, and explore and improve the
synergistic mechanism of water environment governance
in the Dongting Lake Basin, in order to effectively manage
the water environment in the Dongting Lake Basin

2 Description and Parameter

2.1 Behavior analysis of participants

According to the analysis, there are altogether 8
combination scenarios, as shown in Figure 1:

2.2 Parameter Setting

Hypotheses: 1. The governance benefits of local
governments are all positive; 2. The game situation of the
remaining two parties is not considered when only one
party does not participate in the governance; 3. The
probabilities of G, G» and G3; participating in governance
are x, y and z respectively (where 0<x<1, 0<y<I1, 0<z<1),
then the probabilities of not participating in governance
are 1-x, 1-y and 1-z respectively.

According to the problem description, set parameters.
As shown in: (Note: all the above parameters are positive.)
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Figure 1: Structure chart
Table 1:Game Parameter Table
S/N Parameter Gl G2 G3
1 governance cost of local government Cl1 C2 Cs
5 short term economic loss brought by local government Lsl Ls2 Ls3
governance
3 the negative external effect of local government's non- NE1 NE2 NE3
governance
4 local governments don't manage losses L1 L2 L3

5 transaction cost of Cooperative Governance TCl1 TC2 TC3
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6 local government governance benefits El E2 E3
7 the positive external effects of local government PE1 PE2 PE3
governance
8 public benefits brought by local government governance PB1 PB2 PB3
9 the ecological compensation given by the superior EC1 EC2 EC2
government
10 penalties imposed by a superior government P1 P2 P3
11 share the externality coefficient al a2 o3
12 share the public revenue coefficient p1 p2 B3
1 (0, 0, 0) Al Az As Unstable
3 Game Analysis of Water Environment 2 (1, 0. 0) A1 A As Unstable
Governance in Dongting Lake Basin 3 (0, 1, 0) A, Az, As Unstable
Under Unconstrained Conditions 4 (0, 0, 1) AL A, -As Unstable
5 (1, 1, 0) -A1, -Az, As-a; ESS
3.1 Replication dynamic evolutionary game 6 (1, 0, 1) -A1, Ar-ar, -As ESS
analysis 7 (0, 1, 1) Arar, -As, -As ESS
The replicated dynamic equation is 8 (1, 1, 1) A, ar-As, a3-As Unstable
Since the evolutionary game strategy at the

Fx) =x x (1 =x) x( Uig—Uin-g)=x x (1 =x)x(-TCi1xyxz+E|
+B1xPB1—Ci—Lsi+ L1) @)

Similarly, the replicative dynamic equations of G, and
G are respectively as follows:

F(x) =y x(1 —y) x(-TC2xxxz+Ex+f2xPB2—Ca—Ls2+ L3);
F(x)=z x(1 —z) x(-TC3xxxy+E+B3xPB3—C3—Ls3+ L3). (2)

Let the value of the replicated dynamic equation be 0,
and since its solution set satisfies, eight special
equilibrium points can be obtained as follows: £; (0, 0, 0),
Ex(1,0,0), E50, 1, 0), E,(0,0,1), E5 (1,1,0), Es (1, 0, 1), E
(0,1,1), Es(1,1,1). The saddle point (x*, y*, z*) is

adeds /Ala:Az e ,A]A;ax
mazds’

\.*,
x*= — y¥= ) Z
\[A]aza; \ aideas

Where A1=E1+ﬁ1XPBI—C1—LS1+
L, A,=E>+f>:xPB,—Cs—Ls>+ L,, A3=
E1+ﬁ3XPB3—C3—LS3+ Ls, a;=TCa,=TCyas;= TC; (4)

3)

3.2 Model analysis

According to Friedman's criterion method of stable
equilibrium point, it can be obtained by local stability
analysis of Jacobian matrix. The Jacobian matrix of the
system is:

(-2(—ayz+A) —az(1-X) —ay(l—x)
J=|  —az(l-)y) (-29)Nax+4) —ax(1-y)
—a)z(1-2z) —axz(l-z) (1-2)—axy+4)

Table 2: Analysis of the Characteristic Root of Governance
Game under Unconstrained Condition

Characteristics of the

Result
root

S/N Equilibrium

equilibrium point of the game must be a pure strategy, the
stability of the replicated dynamic equation can be judged
only based on 8 special equilibrium points. When the
eigenroot of the replicated dynamic equation is less than 0,
it is the evolutionary equilibrium point of the evolutionary
game system.

It can be seen from table 2 that £5(1,1,0), Es(1,0,1) and
E#0,1,1) are evolutionary equilibrium points, that is, "if
one party does not govern, two parties govern". The results
of the game model show that, under the unconstrained
condition, when two parties participate in the governance
of the water environment in Dongting Lake Basin, the
third party will get a large positive external effect, and the
"free rider" phenomenon will occur, which is not
conducive to the formation of the situation of three-party
cooperative governance.

4 Game Analysis of Water Environment
Governance

4.1 Game analysis of payment matrix and
replication dynamic

In the constrained condition, that is, on the basis of the
influence of original factors, the higher level government
will intervene and give ecological compensation to the
government that participates in the governance, and
punishment to the government that does not participate in
the governance.

Thus, the replicative dynamic equations of, are
respectively:

F(x)=x-(1-x)-(-TC1yz+E\+ECi+81-PB1-Ci-Lsi+Li+P1)  (5)
F(y)=y-(1-y)-(-TCxxz+E2+ECa+B2-PB2-Co-Lsa+L2+P2)  (6)
F(z)=z-(1-2)-(-TCsxy+E3+EC3+(33.-PB3-C3-Ls3+Ls+P3)  (7)
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Eight special equilibrium points of the dynamic
equation system are obtained, which are E;/(0,0,0),
E>'(1,0,0), E5'(0,0,1), E// (1,1,0, 1), E5' (1,0,1), E5'(0,1,1),
E/ (1,1,1), andEs’ (1,1,1).

4.2 Model Analysis

Similarly, according to the criterion method of stable
equilibrium point proposed by Friedman, it is the point
that makes the replicated dynamic equation less than 0.
Among them,

Bi1= E1+EC1+1-PBi-Ci-Lsi+L1+Py ®)
Bi= E2+ECo+f2-PBa-Ca-LsatLo+P2 9)
Bi= E3+ECs+f3-PB3-Cs-Ls3+L3+P3 (10)

Table. 3 Analysis of Characteristic Roots of Governance Game
under Constrained Conditions

SN | Equilibrium Clt)ag?}(l:;e;:)sottlcs Result
1 (0, 0, 0) B, B,, Bs Unstable
2 (1, 0, 0) -Bi, B,, B; Unstable
3 (0, 1, 0) By, -B,, -B; Unstable
4 (0, 0, 1) Bi, B,, -B; Unstable
5 (1, 1, 0) -Bi, B,, Bs-a3 Unstable
6 (1, 0, 1) -B,, By-a, B; Unstable
7 (0, 1, 1) B-aj, -B,, -Bs Unstable
Ai-By, 2By,
8 (1, 1, 1) T B, ESS

As shown in 3 it is easy to find that under the constraint
conditions Es’ (1,1,1) is the evolutionary equilibrium point
of the replicated dynamic equation, corresponding to
"three-party governance". The results show that the
evolutionary game system of water environment
governance in Dongting Lake Basin will converge along
the asymptote of the saddle point in the direction of Es’
(1,1,1) under the constraints of the superior government.
Based on the superior government and the long-term
perspective, the optimal strategy for water environment
governance of Dongting Lake Basin is Es’ (1,1,1).

5 SIMULATION ANALYSIS

The Matlab software is used to conduct dynamic
simulation of the evolution trend of the game system.

5.1 Variable Assignment

Combined with the actual situation of local governments
in the eastern, western and southern Dongting Lake
regions and the analysis of characteristic roots in Tab. 2,3
and Table. , parameters in the model were assigned [12],

and TC;, TC; and TC; were all set as 1. E;, E> and E; were
1.5, 1.2 and 0.57, respectively. 5;, B2 and S5 were 0.5, 0.3
and 0.35, respectively. PB;, PB;and PB;were 0.4, 1 and
0.8, respectively. C;, C> and C; were 1, 1.06 and 0.69,
respectively; Ls;, Ls» and Ls; are 1, 0.8 and 0.8,
respectively. L;, L, and L; were 1, 0.7 and 0.75,
respectively. EC;, EC, and EC; are 0.2, 0.3 and 0.4,
respectively. The values of P;, P; and P; are 0.3, 0.4 and
0.6, respectively. The initial probability xy, ypand zy of the
given three parties' participation in governance are 0.5, 0.3
and 0.35 respectively.

5.2 Simulation water environment governance
behavior

In the absence of superior government constraints, the
simulation results of the evolutionary game of the three-
party government are shown in fig. 2 a-d, Fig 2a shows the
simulation of the evolutionary game of the three-party
government without superior government constraints. As
the time cycle progresses, the gradual trend points are
(1,1,0). In Fig 2, z finally converges to 0 when 7C =1. As
time progresses, x and y increase continuously and
approach to 1 gradually, in which x approaches to 1 earlier
than y. Further raise 7C to 10, simulate the condition that
there is almost no basis for cooperation in the early stage
of problem management, and find that the time for x to
converge to 1 is slow, y tends to evolve below the initial
governance probability in the early stage, and the time for
z to approach 0 is faster. In Fig 2c, x¢, yp and zy are adjusted
to 0.2, 0.1 and 0.1 respectively. After reducing the initial
governance probability, the time for x and y to converge to
1 becomes longer, while the time for z to converge to 0
becomes shorter.

Under the constraint of the superior government, the
simulation results of the evolutionary game of the three-
party government are shown in Fig 2a-d, Fig 3 is the
scenario simulation of the three-party government
evolution game under the constraints of the superior
government, which reflects the evolution process of the
interaction behavior of the three-party government. The
gradual trend points are (1,1,1), and the Nash equilibrium
is finally reached. In addition, it is found in fig 3 that some
points cluster at (1,1,0), (1,0,1) and (0,1,1), indicating that
all the tripartite governments have had short-term
cooperative governance behaviors before reaching Nash
equilibrium. As shown in fig 3, the convergence rate of x
and y to 1 becomes slower after the reduction of the
constraint intensity of the superior government. z
converges to 1 under the condition of high constraint
intensity, which tends to be high in the early stage and
tends to be close to 0 in the later stage, and finally the
three-party cooperative governance cannot be achieved.
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Fig. 2: a. Simulation of tripartite governments without constraints, b. Simulation of tripartite governments after TC change, c.
Simulation of tripartite governments after the change of initial governance probability d. Simulation of tripartite governments after
the change of superior government's binding force
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Fig. 3: Simulation of tripartite government under the constraint

6 RESULTS ANALYSIS AND
SUGGESTIONS

Based on the above analysis, the conclusion is as
follows:

(1) For a basin like Dongting Lake with obvious
differences and prominent contradictions among different
lakes, it is not necessary to limit the traditional upstream
and downstream game analysis. Based on the reality and
considering the characteristics of the lake region, an
appropriate game model can be constructed to make the
equilibrium strategy more practical.

(2) With or without constraints, the formulation of
strategies of game players is related to governance costs,
governance benefits and transaction costs of cooperative
governance. In addition, the basis of cooperative
governance mechanism and the initial willingness of the
subjects to participate in governance have a direct impact
on the achievement of the situation of tripartite
cooperative governance.

(3) In the absence of constraints, "one party
governance, both sides don't governance" of public
benefits and positive external effect is small, even if one
party governance cost - benefit analysis is positive, to
make the management behavior decision, the other two
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party governance is lost is greater than income, unable to
reach management synergy mechanism, not governance
party on apanage management responsibility
implementation also can appear "policy, The negative
phenomenon of "there are countermeasures" will
eventually lead to "tripartite non-governance" due to the
transfer of pollution from the untreated party. And "two
party governance, one party is not governance" of public
benefits and positive external effects, participants based
on their own benefit maximization, will appear "free-
rider" phenomenon, in the dongting lake, east dongting
lake due to the special geographical position most likely
to take "free rider" behavior, in the end, no constraint
conditions, the evolutionary stable strategy game for the
"two party, one party does not control".

(4) Under constraint conditions, the stability strategy
of the evolutionary game system converges to "three-party
governance". The income difference between players
participating in governance and those not participating in
governance is positively correlated with the size of EC and
P imposed by the superior government. At the same time,
compared with the return difference between governance
and non-governance of the game subject under the
unconstrained condition, the key to the return difference
with the involvement of the superior government is the
participation of EC and P. In addition, when the restraint
intensity of the superior government decreases, the
tripartite cooperation situation reached in the early stage
may degenerate into "two-party governance and one party
does not govern" due to the reduced restraint intensity and
considerable public benefits and positive external effects
generated by the two-party cooperative governance.
Therefore, the success of the construction of synergistic
mechanism of water environment governance in Dongting
Lake mainly depends on the size of £C and P given by the
superior government and the durability of the constraints
imposed by the superior government. The results show
that the government has a certain intrinsic motivation to
deal with the cross-regional watershed environmental
governance issues, and at the same time, it is obviously
affected by external driving factors.

Accelerate the integration process of regional
development of Dongting Lake. On the one hand, the
integration of regional development will internalize
external pollution, promote regional governments to share
interests and risks, and strengthen the motivation of
internal governance. On the other hand, the promotion of
integration of regional development provides the
cooperation foundation for regional collaborative
governance, reduces the transaction cost of regional
collaborative governance cooperation, and promotes the
establishment of regional cooperative governance
mechanism. First, strengthen regional legal integration
[13] The present research will improve the mechanism for
joint law enforcement and prevention and control of water
environmental pollution in the Dongting Lake Basin. First,
the policy plan for emergency joint prevention and control
of Dongting Lake Basin shall be formulated and
introduced in accordance with the Guiding Opinions on
the Establishment of Joint Prevention and Control
Mechanism for Emergent Water Pollution Incidents [14-

16] in the Upper and Lower Waterways of Trans provincial
Waterways, and the goals, responsibilities and measures of
pollution prevention and control of the regional
government shall be clearly defined in the plan. Second,
the organization system for emergency joint prevention
and control in the Dongting Lake Basin shall be improved,
which consists of the joint emergency committee for water
environment in the Dongting Lake Basin, the special
emergency headquarters and the working mechanism for
joint prevention and control set up by the regional
government to coordinate and guide the water
environment management in the Dongting Lake Basin.
Third, the system of emergency joint prevention and
control in the Dongting Lake Basin should be optimized,
and regional emergency joint teams should be set up to
realize joint decision-making, information exchange, team
coordination and material sharing, so as to form joint
management force. Fourth, we should build professional
mediators and professional supervision and law
enforcement teams, strengthen the selection and training
of professional mediators and professional supervision
and law enforcement personnel, form professional teams
to mediate cross-border disputes, strictly supervise law
enforcement, enhance governance capacity and improve
governance efficiency, we should innovate data
information monitoring methods, make full use of big data
and block chain technology to track, collect and analyze
local government watershed governance information, and
strengthen information supervision. Thirdly, the relevant
information communication channels should be
unimpeded, the system of regular dialogue and
communication and joint meetings should be established,
and the consultation channels should be unimpeded.
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