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Abstract

Starting from the perspective of multiple governance, we put the central government,
the local governments, and tourism enterprises in the same analytical framework, regard local residents
as the external supervisory force of the water pollution management process, construct a tripartite game
model of water pollution management in the tourism environment of Erhai Lake in China by using
the evolutionary game method, solve the model and discuss the equilibrium of the game, and further
simulate and analyze the impacts of the relevant parameters on the game system by using MATLAB.
It is found that: (1) the stronger the allocation of special funds for environmental protection, the more
it can promote the positive governance of the local governments. However, at the same time, when
the local governments are negatively governed, the value of the administrative penalty imposed by
the central government on the local governments is too small to form a deterrent effect, and the
pressure of the administrative penalty is too high to weaken the confidence of the local government, so
the central government needs to be moderate in the administrative penalty imposed on the local officials.
(2) The higher the proportion of local government environmental protection special funds allocated to
tourism enterprises, the more they can promote the reduction of emissions by tourism enterprises, and
their incentive to reduce emissions will be strengthened when the main business income of tourism
enterprises increases due to the improvement of the tourism environment. (3) Local residents can
influence the environmental behavior of the central government, the local governments, and tourism
enterprises through the reputational feedback mechanism, which can promote the treatment of water
pollution in the tourism environment. (4) The collection of environmental tax by the local government
can motivate tourism enterprises to reduce emissions, but the environmental tax rate should be set at
[0,3.5], and if it is too high, tourism enterprises will lose confidence in reducing emissions.
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Introduction

Tourism is currently one of the most active economic
sectors in the world, and according to the World Travel
and Tourism Council (WTTC), the global tourism
industry will contribute 7.6% to the global GDP in 2022,
creating 2.2 million new jobs. Many regions or cities
promote tourism through the development of tourism
resources in order to promote regional economic
income growth and job creation. However, although
tourism promotes the economic growth of destinations,
tourism activities also cause negative impacts such as
overconsumption of ecological resources and ecological
environment pollution in destinations, among which
water pollution in the tourism environment is one of the
most serious problems. Tourism environmental water
pollution events are not uncommon in the world, such
as water pollution in Venice Canal tourist attractions
in Italy and water pollution in Baikal Lake tourist
attractions in Russia [1]. The development of tourism
resources has caused serious and irreversible losses to
the natural scenery of the world’s scarce water resources.
At the same time, the point that cannot be ignored
is that the destruction of the environment in tourist
destinations has seriously damaged the lives, health,
and living standards of the residents of the destination,
and in the subsequent environmental management
process, filled with the conflict and complex game of
the pluralistic rights and interests of the main body,
and it may even lead to a major social event. Therefore,
how to coordinate the relationship between tourism
development and environmental pollution through
effective water pollution management is a topic worthy
of attention and in-depth investigation.

Over the past decade, China’s Erhai Lake tourism
industry has developed rapidly. From 2013 to 2023,
Erhai Lake received an average of 1.986 million tourists
annually, with tourism revenue growing from RMB
13.19 billion to RMB 36.91 billion. The development
of Erhai Lake tourism is one of the key pillar industries
driving GDP growth in Dali Prefecture, Yunnan, and
Erhai Lake has become an important business card
for China to advertise itself to tourists from around
the world. In order to experience the scenery of Erhai
Lake more closely, tourism enterprises have built hotels,
lodges, and restaurants around the lake, but this has
facilitated the discharge of pollutants from production
and operation. While the number of Erhai Lake tourism
receipts climbed year by year from 2013 to 2018, the
number of months of exceedances of pollutants in the
water increased. In July 2016, China’s Central Ecological
Environment Protection Inspection Group (“CEPIG”)
visited the Erhai Lake and found that the “blowout” of
tourist catering and inns had led to a significant increase
in the number of tourist visits to the Erhai Lake and
a rise in the number of months of exceedances. Since
January 2017, the local government of Yunnan Province
has designated the core area for ecological protection in
the Erhai Lake Basin, suspended the approval of catering

and inns and other business establishments, carried out
remediation and standardization of the existing catering
and inn services, and launched a series of actions to
control water pollution in the Erhai Lake Basin. The
Erhai Lake Basin has successively carried out a series of
actions to control water pollution.

The water pollution control of the Erhai Lake tourism
environment is not only a technical problem of water
pollution prevention, but also a dynamic evolution of
the collective action of “tragedy of the commons” under
the game of different interests and behaviors of multiple
subjects. Firstly, the local government’s preference
for GDP performance may lead to the selective
implementation of environmental protection policies
and the willingness to shelter polluting enterprises,
thus relaxing the regulation of tourism enterprises [2].
Secondly, in the case of the local government’s laxity
in regulation, the tourism enterprises will continue to
develop the Erhai Lake in an unorganized manner and
continue to discharge pollutants into the sea, resulting
in further aggravation of water pollution in the Erhai
Lake Basin. In this case, relying only on the power of
the local government cannot achieve the best results
in water pollution control in the Erhai Lake tourism
environment. When it is difficult to achieve the goal
of the conventional governance mechanism, which is
based on the local government supervising the local
enterprises, it will be supplemented by the central
government’s inspections. Some studies have shown
that the central environmental protection inspection can
reduce the pollution discharge of enterprises in the short
term, but it is easy to cause the problem of “one size
fits all” by the local government, which slows down the
development of the local economy [3]. Finally, in the
process of Erhai Lake governance, the local residents’
demand for the environment is also an important
driving force for governance, and the resistance of the
local residents will become an external force to motivate
the local government and polluting enterprises to reduce
emissions.

As a matter of fact, it is an inevitable step
in environmental governance to change from a
government-led to a multiple governance model with
government-led, enterprise-led, social organizations,
and the public jointly participating in the environmental
governance system. However, the realization of the
multiple governance model requires certain policy
conditions. For example, what is the range of penalties
set by the CEPIG that can effectively promote the active
implementation of environmental protection policies by
local governments? Are financial means more conducive
to promoting local governments to actively manage
and enterprises to actively reduce emissions? The
environmental tax rate set in what range is effective? All
of these questions need to be examined. The Erhai Lake
tourism environmental water pollution control in China
is a successful case of the multiple governance model,
and the Erhai Lake water pollution control is a dynamic
process of realizing the multiple governance model
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in China. Therefore, this paper selects three
representative subjects involved in the Erhai Lake
governance process, namely the central government,
local governments, and tourism enterprises, and the
local residents of the Erhai Lake, as an external force
influencing the subject’s behavioral decision-making,
and tries to analyze the mechanism of realizing this
multiple governance model and find appropriate policy
tools and institutional design to achieve the macro goal
of environmental governance.

Literature Review

The development of tourism based on natural scenery
must be based on the primary principle of maintaining a
high-quality ecological environment [4]. However, some
studies have shown that the development of tourism
has obviously caused the increasing deterioration of
the ecological environment of tourist destinations [5-
71, which not only affects the beautiful natural scenery
and directly reduces the willingness of tourists to visit
[8], but also destroys the living environment of the local
residents and triggers their dissatisfaction [9]. With water
resource development as the main focus of tourism,
the water environment is more likely to be affected by
tourism activities [10-12]. There are various factors of
water pollution caused by tourism development, among
which pollutant discharge from the accommodation
and catering industries is an important cause of water
pollution in tourism destinations [13]. Ning and He [14]
found that tourism accommodation and catering have
the highest concentration of water pollution, and both
increasing the number of tourists and infrastructure
construction will increase the nutrients in the water and
lead to a decline in water quality. With the development
of the economy, the number of tourists in China has
been increasing year by year, making it necessary to
control the pollutant discharge of tourism enterprises
and strengthen the treatment of water pollution in the
tourism environment.

From the existing literature, the issue of water
pollution control in the tourism environment has
attracted the attention of scholars. From the perspective
of water pollution control technology, Zhao et al. [15]
used a model of the water environment in a tourism area
to simulate the dynamic process of water quality change
caused by tourism activities due to season and tourist
density and emphasized that the scale and intensity
of tourism activities can be effectively controlled
according to the response saturation threshold of the
water environment. Wu et al. [16] believe that it is
necessary to control the growth rate of tourism within
a reasonable range to alleviate water pollution in the
tourism environment. Larsen et al. [17] estimate the
diffusion and influence range of pollutants in hotels
around attractions by tracking pollutants in the water,
find that water pollution in the tourism environment
is the accumulation of many kinds of pollutants,

and think that it is necessary to supervise the investment
in hotels around scenic spots. From the perspective of
the water pollution governance model, Zhuang et al.
[18] found through field research that water pollution
governance in tourist destinations presents a top-
down model, and there is information opacity in the
government, which leads to less than ideal results in
water pollution governance. There is a need to improve
the capacity and cooperation of local and regional
governments and other stakeholders in order to reduce
the gap with the governance objectives [19]. Water
pollution management in the tourism environment is
an action that involves the participation of multiple
stakeholders, including the central government, the local
governments, tourism enterprises, and local residents,
mobilizing the ecological protection motivation of the
participants through a series of institutional rules, which
is also in line with China’s new model of ecological and
environmental management with multiple governance
[20].

Evolutionary game theory is more and more widely
used to reveal the game relationship between multiple
stakeholders in ecological environment governance
[21-23]. As the regulator of the environment, local
governments can prompt enterprises to reduce emissions
by means of environmental subsidies and environmental
taxes [24, 25]. However, it is difficult to achieve the
desired results of environmental governance by relying
only on the participation of local governments and
enterprises. On the one hand, there will be the possibility
of ineffective regulation by local governments, and the
political promotion of local officials is based on GDP
performance as the main indicator [26]. When tourism
becomes a major source of GDP revenue generation,
local governments will have the willingness to shelter
polluting enterprises in their jurisdictions [27]. On
the other hand, both the improvement of production
technology and the construction of wastewater
treatment facilities increase the operating costs of
enterprises. In the case of lax oversight by local
governments, companies, as rational entities pursuing
profit maximization, find it challenging to have the
motivation for emission reduction. Some scholars have
found that strengthening the gaming power of the
central government can effectively reduce the efficiency
loss brought about by the self-interested behavior
of local governments; at the same time, the public’s
concern for environmental protection will also drive the
environmental protection behaviors of enterprises, and
public participation can make up for the shortcomings of
the market mechanism in the government intervention
[28-30].

Using exiting literature, this paper decides to
adopt the evolutionary game method for research for
two reasons. Firstly, the evolutionary game model has
dynamic characteristics. The Nash equilibrium reached
by each subject in the game system at the beginning is
not the Pareto optimal result, but gradually optimizes
strategic choices to obtain benefits in the process
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of continuous imitation, learning, and improvement,
which is in line with the complexity and dynamics
of Erhai Lake water pollution control. Secondly, the
evolutionary game model has the assumption of an
incomplete rational man, which is in line with the
information asymmetry that exists between the central
government, local government, and tourism industry
operators, and there may be concealment or collusion
in the game of each subject pursuing its own interest
maximization, making it difficult to achieve the ideal
Pareto optimal state of water pollution management.
At present, there is a lack of literature studying water
pollution management from the perspective of multiple
governances and analyzing the mechanisms of its role.
The marginal contribution of this paper is to study the
multi-body interest game in water pollution management
in the Erhai Lake tourism environment from the
perspective of multiple governance, which provides
a theoretical basis for the multiple governance model.
At the same time, this paper adopts numerical simulation
technology to explore the realization path of the multiple
governance model, analyzes the role of different policy
tools on water pollution management, reveals the impact
factors of different policy tools on the water pollution
management of the tourism environment in the Erhai
Lake in China, and provides a realistic and effective
policy basis for water pollution management.

Research Model
Problem Description and Theoretical Analysis

China’s central government is the maker of
environmental policy, and the central government
allocates special funds for environmental protection
each year to encourage local governments to carry
out watershed management. At the same time, the
central government sends environmental protection
inspection teams to supervise the environmental
management of local governments in Erhai Lake, and
the central government will impose administrative
penalties such as interviews, demotion of leaders of the
relevant responsible departments for failing to meet the
water quality standards, or withdrawal of the special
funds for environmental protection as a financial
penalty.

According to the Environmental Protection Tax Law
of the People’s Republic of China promulgated in 2018,
local governments are required to collect environmental
taxes from tourism operating enterprises. At the same
time, local governments can adopt the means of subsidy
incentives to prompt tourism enterprises to take emission
reduction measures. The local governments can decide
on their own the proportion of the central environmental
protection special funds allocated to enterprises for
emission reduction subsidies. If the tourism enterprises
reduce emissions in accordance with the requirements of
the local government, they can obtain subsidies from the

local government, and if they don’t reduce emissions,
they can’t obtain subsidies for emission reductions.

Local residents can defend their rights through
network exposure, complaints, and reports and
indirectly participate in water pollution control actions.
When tourism enterprises do not reduce emissions
and are found by local residents, they can expose
their pollution behavior through the network or to the
local government to complain or report. The active
governance of local governments will put pressure on
the tourism enterprises to suspend their business, but the
local governments may also not act. At this point, local
residents can further report to the local environmental
protection inspection team, which will strictly monitor
the accountability and punishment of enterprises and the
local governments.

To summarize, in the tripartite game model, the
set of strategies that tourism enterprises can choose is
{reducing emission; not reducing emission}. The set
of strategies that the local governments can choose
is {positive governance; negative governance}. When
they choose the positive governance strategy, they
strictly follow the central government’s environmental
protection policy to carry out governance actions, and
when they choose the negative governance strategy,
they may have sheltering behavior. The central
government can choose a strict regulation strategy to
comprehensively judge whether the local government
has whitewashed behavior and to hold it accountable and
punish it, or it can choose a lax regulation strategy to
let the local government’s negative governance behavior
go, and the central government’s strategy set is {strict
supervising; lax supervising}.

Premises and Payoff Matrix of the
Evolutionary Game Model

In the Erhai Lake governance tripartite game
model, there are three types of game subjects: the
central government, the local governments, and tourism
enterprises. Based on the theoretical analysis in the
previous section, the following four basic premises are
made:

Premise 1: All participants are of bounded
rationality. The strategy set for the central government
includes “strict supervising” and “lax supervising”. The
strategy set for the local governments includes “positive
governing” and “negative governing”. The strategy set
for tourism enterprises includes “reducing emissions”
and “not reducing emissions”. This paper categorizes
“strict supervising”, “positive governing”, and “reducing
emissions” as positive strategies. On the other hand,
“lax supervising”, ‘“negative governing”, and “not
reducing emissions” are considered negative strategies.
The proportions of choosing positive strategies among
the central government, the local governments, and
the tourism enterprises are respectively x, y, and z
(0=x,y,z<1). Hence, the proportion of people choosing
negative strategies is respectively 1-x, 1-y, and 1-z. In
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addition, assuming the initial payoffs of the three-party
game subjects are R, R, and R..

Premise 2: In the three-party game system of
Erhai Lake governance, assume that the central
government’s vigor of supervision is o (0<a<l). When
the central government supervises strictly, a=1, the
cost of supervision at this point is C|; when the central
government is lax in supervision, the cost of supervision
is axC. Assuming that the local government’s
governance effort is f, when the local government is
positive governing, f = 1, the cost of action of positive
governing at this time is C,; when the local government
is negative governing, the cost of action is fxC,. C,
indicates the cost of abatement to tourism enterprises.
The special funds granted by the central government to
local governments for ecological environment protection
are V. A indicates the proportion of local government
environmental protection special funds allocated to
subsidize emission reductions by tourism enterprises.
When the negative governance of the local government
is detected by the central government, the central
government will withdraw the funds earmarked for
environmental protection, and at the same time, the local
government officials may be subject to administrative
penalties such as political depreciation, assuming that
the value of the penalty is P.

Premise 3: Local governments levie environmental
tax on tourism enterprises in accordance with the
water pollutant equivalent discharged by the taxpayers
as stipulated in the Environmental Protection Tax Law
of the People’s Republic of China multiplied by the
corresponding tax rate, assuming that the environmental
tax rate is ¢, the water pollutant equivalent discharged
by the tourism enterprises when they reduce emissions
is H, and the water pollutant equivalent discharged by
the enterprises when they do not reduce emissions is /1,
(H<H,). When tourism enterprises reduce emissions,
local environmental quality improves, and the local
government gains from it as B. When tourism enterprises
do not reduce emissions, local environmental pollution
makes the local government bear the environmental loss
of L. 6 (0<0<1) denotes the coefficient of influence of the
local environmental gain on the national environmental
gain. The main business income of tourism enterprises
is affected by the quality of the local environment,
with §, denoting the main business income of tourism
operators when they reduce their emissions and S,
denoting their main business income when they do not
reduce their emissions.

Premise 4: When the tourism enterprises do
not reduce emissions and are exposed, complained
or reported by local residents on the Internet, the
reputation of the tourism enterprises is damaged,
assuming that the loss of corporate reputation is M,;
for the local government, the local residents evaluate
the government’s pollution control work, and the local
government’s negative governance will lose credibility,
while the positive governance will enhance credibility,
assuming that the value of the local government’s

credibility gain or loss is M,; for the central government,
the central government’s lax regulatory attitude will
make the local residents dissatisfied, the government’s
credibility loss, the central government’s strict
supervision will enhance its image in the eyes of
local residents, establish the authority of the central
government, and then enhance the credibility, assuming
that the central government’s credibility gain or loss
value is M. Combined with the actual situation, the
central government represents China’s environmental
protection enforcement authority, so it is considered that
the central government’s credibility gain or loss value
M, is greater than its accountability cost C,, i.e., M>C,.

According to the parameter settings in the premises
above, the payoff matrix of the game model is
determined as shown in Table 1.

Game Equilibrium Analysis

This paper uses the replicator dynamics method for
game analysis. According to the payoff matrix in Table
1, the replicator dynamics equations for the tripartite
game of Erhai Lake water pollution control are listed as
follows:

F(1)===x(1-1)[la-1)C; + 2]

G(y) = 4 =y(1- )M, + (-2 +(1- P)t(H, +(1-2)H, - C,]+ [x+(1—x)a]P}

H(z):%:z(l—z){m—C3+SI =8, +(H, - H)y+ (- )1+ AV}

(M

., d d d . .
With —x=0,—y=0, and =0 in equation
dt dt dt
group (1), the local equilibrium points of the game
system are £,(0,0,0), £,(1,0,0), E (0,1,0), E,0,0,1),
EQO.LD, E(L0.D, E(LLY, E(LLD, and Efx'y'2),
where (x",y",z") is the solution of equation group (2).

(@-1)C +2M, =0
M, +(1-22)V +(1- B)[t(zH, +(1-2)H, - C,]+[x+ (1-x)a] P=0
M, -C+8, -8, +1(H, - H)[y+(1- )+ yV; =0

2

Since the stable solution in a multi-population
evolutionary game must be a strict Nash equilibrium
solution [31], this paper focuses on the equilibrium
points. According to the method proposed by Friedman
[32], the local stability of the equilibrium point can be
determined by the characteristics of the system Jacobian
matrix. The Jacobian matrix of the game system is in
the form of:
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Table 1. Payoff matrix of the tripartite game model.

Tourism enterprises
G rticipant
e PR The local Reducing emission Not reducing emissions
governments
R-C-V+0B+M, R-C -V+6B+M,
Positi ’ >
gogilﬁll\illfg RZ_C2+BHH1+(1_’1)V+M2, Rz_cz—L+tH2+V+M2,
Strict R, —C,—tH + AV +§, R, —tH,—M,+S,
supervising R—C10B+M R—C oL
Negati > >
coverning R, + B+ ptH, - pC, ~P—M, | R,—BC,+ptH,~P-L-M,
R, —Cs-piH, + R, —ftH, + S, - M
The central , =G - Pl + 5, . — PtH, + S, 3
t
governmen R —aC +0B-V - M, R —aC -0L-V-M,
Positive ’ ’
govem?ng R, =G+t + B+(I-AW+M, | R -C—L+tH,+V+M,
Lax R, —C,—tH + AV +§, R —tH,—M,+S,
supervising R -aC +0B-M, R -aC -0L-M,
N t. ’ 2
comine | RemPCy+ B=aP+ il =M, | R,~fC,~aP~L+ piH, ~M,
R, —C;+S§, - ptH, R, —ptH, —M, +S,

OF /ox OF /0y OF/oz
J=|0G/ox 0G/oy 0G/oz
OH/ox OH/oy OH/oz 3)

Where the core part of the mathematical judgment is

F,= OF(x) _ (1= 2x)[(er = )C, +2M,]

o (4)

¢ 800)_
U—W—(I—Zy){ZMZ +H(1-2 +(1- B)HH, +(1-2)H, ~C )+ [r+(1-x)a]P}
(%)

6H(z)
F33=7:(1_22){M3 =Gy +8, =8, +i(H, - H)[y+(1-y)p1+ yV}
(6)

The local stability of equilibrium points in the multi-
party game system can be determined using Lyapunov’s
criterion. By applying this method, the local stability of
E ~ E, can be analyzed, resulting in Propositions 1 to 5.

Proposition 1. Regardless of parameter values,
E, (0,0,0), £, (0,1,0), E4 (0,0,1), and £ (0,1,1) are either
saddle or unstable points; their stability is all unstable.

Proof of Proposition 1. Substituting (0,0,0) into
equation group (3), the Jacobian matrix of £ is obtained
as:

M +a-1C 0 0
J5 0 VM saP+(-PIH,-C) 0
0 0 MG+ 8-S, 4 fi(H, - H,)|

Q)

From the conditions for the determination of
Lyapunov’s criterion for Evolutionarily Stable Strategy
(ESS), this equilibrium point is an ESS when and
only when the values on the diagonal of the Jacobian
matrix are all negative. The conditions for the unstable
point are when, and only when, the values on the
diagonal of the Jacobian matrix are all positive, and
the rest of the cases are saddle points. By definition,
2M Ho-1)C >0, V+2M +aP+(1-p)(tH,-C,) is unable
to determine positive or negative, and M,-C +S -
S, tpu(H,-H)) is also unable to determine positive
or negative. According to Lyapunov’s criterion,
regardless of whether V+2M +aP+(1-p)(tH,-C,), M,-
C,+S -5, +p1(H,-H)) is positive or negative, £, (0,0,0) can
only be a saddle or unstable point. Similarly, £, (0,1,0),
E,(0,0,1), and E,(0,1,1) are all either saddle or unstable
points.

Proposition 2. When conditions (1-o)C-2M,<0,
V2M,+P+(1-B)(tH,-C,)<0 and M,-C,+S -S,+p1(H -H,)<0
are met simultaneously, £, (1,0,0) becomes the ESS
for the game system. When (1-0)C-2M <0, 2M,+(1-2)
VAP+(1-p)(tH -C)<0, and C,-M+S,-S+pt(H-H,) <0
are met simultaneously, £, (1,0,1) becomes the ESS for
the game system. When (1-a)C-2M <0, (1-p)(C,-tH,)-
2M,-V-P<0, and M,-C.+S-S,+1(H-H) +AV<0 are met



Author Copy ¢ Author Copy ¢ Author Copy ¢ Author Copy ¢« Author Copy ¢« Author Copy * Author Copy * Author Copy * Author Copy

Mechanisms for the Evolution of a Multiple...

simultaneously, E. (1,1,0) becomes the ESS for the game
system.

Proof of Proposition 2. Substituting (1,0,0) into
equation group (3), the Jacobian matrix of £, is obtained
as:

(I-a)C -2, 0 0
J= 0 VM saP+(-pYiH,-C) 0
0 0 M,-C,+5,-8,+ pi(H, - H)

®)

By Premises 1-4, (1-)C -2M,<0 clearly holds. The
condition for V+2M +P+(1-p)(tH,-C)<0 to hold is (1-5)
C>V2M +P+(1-f)tH,. Thus, the cost of negative
governance to local governments is greater than the
sum of the environmental taxes collected from tourism
enterprises, the loss of local government’s credibility, the
funds earmarked for environmental protection allocated
by the central government, and the administrative
penalties imposed by the central government for negative
governance. The condition for M,-C.+S -S +ft(H -H,)<0
to hold is that the sum of the abatement cost of the
tourism enterprises, the main business income after
the abatement, and the environmental tax paid without
the abatement is greater than the sum of the corporate
reputation lost without the abatement, the main business
income without the abatement, and the environmental
tax paid after the abatement. At this point, the game
system converges to the evolutionary stable strategy of
{strict supervising; negative governing; not reducing
emission}. Similarly, it can be proved that when (1-0)C| -
2M <0, 2M,+(1-HV+P+(1-p)(tH -C)<0, and C,-M+S,-
S +pt(H -H,)<0 are met simultaneously, £, becomes the
ESS for the game system. And when (1-a)C-2M <0,
(1-pUC,-tH,)-2M -V-P<0, and M,-C+S -5 +t(H,-H))
+TAV<0 are met simultaneously, £, becomes the ESS for
the game system.

Proposition 3. When (1-0)C-2M <0, (1-B)(C,-tH,)-
2M-(1-A)V-P<0, and C-M+S,-S+t(H-H)-AV<0 are
met simultaneously, E, (1,1,1) becomes the ESS for the
game system. The three-party game system converges
to the Pareto optimal state.

Proof of Proposition 3. The Jacobian matrix of £,
is:

(-a)C,-2M, 0 0
J= 0 (1-PNC-H)-2,~(1- A -P 0
0 0 C,-M+,-5 +1(H - H)- ¥

)

By Premises 1-4, (1-a)C,-2M <0 holds. The condition
for (1-$)(C,-tH,)-2M,-(1-A)V-P<0 to hold is that the cost
of negative governance to local governments is less than
the sum of the environmental tax collected from tourism
enterprises when they do not reduce emissions, the loss
of credibility of local governments, the special funds
allocated by the central government for environmental

protection, and the administrative penalties imposed by
the central government for negative governance. The
condition for C,-M +S,-S +(H -H,)-2V<0 to hold is that
the sum of the abatement costs of tourism enterprises,
their main business income after abatement, and the
environmental taxes they would have paid if they had
not abated their emissions is less than the sum of their
lost corporate reputation if they had not abated their
emissions, their main business income if they had not
abated their emissions, and the environmental taxes
they would have paid if they had abated their emissions.
At this point, the game system converges to the stable
strategy of {strict supervising; positive governing;
reducing emission}, and the tripartite game system
towards the Pareto optimal state.

Table 2 summarizes the local stability of equilibrium
points in the game system, as inferred from the
propositions above. E|, E,, E, and E; are either saddle or
unstable points. If and only if specific conditions are met,
E,E,E, and £, can become the ESS of the tripartite
game system. Through the game equilibrium analysis,
the ideal evolutionary stabilization strategy under the
multiple governance model should be {strict supervising;
positive governing; reducing emission}. However, how
can this ideal evolutionary strategy be realized? How
can the national macro-control system incentivize or
urge the environmental protection governance entities
to adopt active governance strategies? For this reason,
we carried out the numerical simulation analysis using
MATLAB.

Results and Discussion

This section uses MATLAB to numerically simulate
the behavioral evolution of the participating subjects in
the three-party game system. The number of iterations

for the simulation is 1000.
Initial Value Setting of Simulation Parameters

According to the actual situation of Erhai Lake water
environment management, the cost of environmental
management by the local government C, is set at 13,
the cost of supervision by the central government C, is
5, the cost of emission reduction by tourism enterprises
C,is 2, and the central environmental protection special
fund V'is 6. The calculation of the tax ¢z per hundred tons
of pollution equivalent for water pollutants is 3.5, and
the pollutant equivalent of Erhai Lake is about 150 tons.
Based on this, it is assumed that the pollutant equivalent
H, discharged by tourism enterprises without emission
reduction is 160 tons, and the pollutant equivalent
H, discharged by tourism enterprises with emission
reduction is 130 tons. Referring to Chu et al. [33], we set
the initial values of the main business income of tourism
enterprises S and S, as 10 and set the initial values of
A, 0, and £ as 0.5. In addition, referring to the valuation
idea of Pan et al. [34] for government credibility and
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Table 2. Equilibrium point analysis of the game system.

Equilibrium Point (F, F,p, ) DetJ TrJ Stability Judgement
E,(0,0,0) (+, +/-, +/-) TBD! -or+ Saddle or unstable point
E,(1,0,0) (- +/-, +/-) TBD -or+ Saddle point or ESS
E,0,1,0) (+, +/-, +/-) TBD -or+ Saddle or unstable point
E0,0,1) (+, +/-, +/-) TBD -or+ Saddle or unstable point
E(0,1,1) (+, +/-, +/-) TBD -or+ Saddle or unstable point
E(1,0,1) (- H/-, +/-) TBD -or+ Saddle point or ESS
E(1,1,0) (- H/-, +/-) TBD -or+ Saddle point or ESS
E(1,1,1) (-, +/-, +/-) TBD -or+ Saddle point or ESS

' “TBD” stands for “to be determined”.

corporate reputation, it is assumed that M, is 6, M,
is 6, and M, is 2. At the same time, it is assumed that
the administrative penalty P imposed by the central
government is 1 when the local government governs
negatively. The above initial conditions simultaneously
satisfy the parameter conditions in Proposition 3. Except
for studying the effect of the initial proportion of positive
strategy on the evolutionary path, the initial proportion
of positive strategy of the game participants is set to 0.5.

The Influence of Initial Positive Strategies
Proportion on Evolutionary Trajectories

The evolution paths of the game system under
different initial strategy proportions are illustrated in
Fig. 1, where the X, Y, and Z axes respectively represent
the proportions of the central government choosing the
“strict supervising” strategy, the local governments
choosing the “positive governing” strategy, and the
tourism enterprises choosing the “reducing emission”
strategy. As can be seen from Fig. I, regardless of
the initial strategy ratio of each game subject, it will

——(0.10.10.1)
1- +(0.30303)
——(0.50.5 0.5)
——(0.70.70.7)
—-—(0.90.90.9)

N 0.5+ hr

Fig. 1. The evolutionary trajectories with a variation in the initial
proportion of positive strategy.

eventually evolve to the (1,1,1) point, forming countless
evolutionary paths from all directions to the (1,1,1) point,
i.e., the stable convergence to the Pareto optimal state
of (strict supervising, positive governing, and reducing
emission). This aligns with the analysis of Proposition 3,
confirming the accuracy of the model derivation.

The Effects of V, A, P, and t on Evolutionary Paths

As can be seen from Fig. 2a), when V is 0 or 1,
the game system converges to the point (1,1,0), and
with the increase of V, the speed of convergence
becomes slower; while when 7 is 5, 8, and 12, the
game system converges to the point (1,1,1), and with
the increase of V, the speed of convergence becomes
faster. To sum up, the V' can promote the game system
from convergence to the (1,1,0) point to convergence to
the Pareto optimal state (1,1,1) point, and as the amount
of funds continues to increase, the game system’s
convergence to the Pareto optimal state of speed will
continue to become faster.

From Fig. 2b), when 1 is 0.1, the game system
converges to (1,1,0); and when 1 is 0.3, 0.5, 0.7, and
0.9, the game system converges to (1,1,1), and with
the increase of 4, the speed of convergence gradually
becomes faster. In summary, the A can promote the
game system from convergence to the (1,1,0) point to
convergence to the Pareto optimal state (1,1,1) point,
and with the increasing proportion 4 of environmental
protection special funds allocated to the Pareto optimal
state of the game system convergence, the speed will
continue to become faster.

From Fig. 2¢), when P is 0 or 2, the game system
converges to the point (1,0,0), and the convergence
becomes slower with the increase of P. When P is
6, 10, and 15, the game system converges to the point
(1,1,1), but the convergence becomes slower with the
increase of P gradually. In conclusion, P can promote
the game system from converging to the (1,0,0) point
to converging to the Pareto optimal state (1,1,1) point,
but there exists a threshold value for this kind of
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Fig. 2. The evolutionary trajectories with variations in different factors: a) V; b) 4; ¢) P; d) «.

promotional effect, and after exceeding this threshold
value, with the increase of P, the convergence of the
game system to the Pareto optimal state will be slowed
down. Therefore, the central government needs to
penalize the local agent’s failure to meet the standard
of environmental protection regulation on the one
hand, and on the other hand, it also needs overly harsh
penalties to combat the enthusiasm of local governments
to implement the central environmental protection
policy.

From Fig. 2d), when ¢ is 0, 2, and 3.5, the game system
converges to the point of (1,1,1), and with the increase of
t, the speed of convergence gradually becomes slower;
while when ¢ is 5 and 8, the game system converges to
the point of (1,0,0), and with the increase of ¢, the speed
of convergence becomes faster. In summary, the # can
make the game system from converging to the Pareto
optimal state point of (1,1,1) to converging to the point
of (1,0,0), and with the increasing of ¢, the game system
will converge to the point of (1,0,0) and continue to
become faster. It can be known that when the ¢ is in the
interval of [0,3.5], it is favorable for the game system
to evolve towards the Pareto optimal state of (1,1,1), but
when the ¢ exceeds 3.5, the game system will converge
to the point of (1,0,0).

The Effects of M, M, and M,
on Evolutionary Paths

As can be seen from Fig. 3a), when the central
government’s credibility gain or loss M, is 6, 8, 10,
12, 14, the game system converges to the point (1,1,1),
and with the increase of M|, the speed of convergence
gradually becomes faster. To sum up, as the M,
increases, the game system will converge to the Pareto
optimal state faster.

From Fig. 3b), when the local governments credibility
gain or loss M, is 0 and 2, the game system converges to
the point (1,0,0), and with the increase of M, the speed
of convergence becomes slower gradually; while when
the local governments credibility gain or loss M, is 5,
7, and 9, the game system converges to the point (1,1,1),
but the speed of convergence gradually slows down
with the increase of M. In summary, M, can promote
the game system from converging to the (1,0,0) point to
converging to the Pareto optimal state (1,1,1) point, but
there is a threshold value of 5 for this kind of promotion
effect, and after exceeding this threshold value, with the
increase of M,, the speed of the game system converging
to the Pareto optimal state will slow down.

From Fig. 3c), the game system converges to the
point (1,1,0) when the M, of the corporate reputation
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Fig. 3. The evolutionary trajectories with variation in government credibility gains or losses and corporate reputation: (a) M ; (b) M,;

(©) M,

of tourism enterprises’ loss is 0. The game system
converges to the point (1,1,1) when the M, is 2, 3, 4,
and 5, and the convergence speed becomes faster with
the increase of M,. Therefore, M, can promote the
game system from converging to the (1,1,0) point to
converging to the Pareto-optimal state (1,1,1) point, and
as M, increases, the speed of convergence of the game
system to the Pareto optimal state will become faster
and faster.

Conclusions

Water pollution management in the tourism
environment is a joint action of multiple stakeholders
that need to consider the impacts of multiple factors on
water pollution management, such as the government,
tourism enterprises, and local residents, and explore
the effective conditions for the behavior and decision-
making of each subject. This paper adopts the method
of evolutionary game, puts the central government, the
local governments, and tourism enterprises in the same
analytical framework, and constructs a three-party
evolutionary game model of water pollution control in
the Erhai Lake tourism environment. Meanwhile, local

residents are regarded as the external supervisory force
of the water pollution control process, and the influence
of relevant parameters on the game system is analyzed.
This paper derives the following conclusions:

(I) Water pollution control in the tourism
environment still needs the financial support of
the central government. In the case of the central
government’s financial resources, the greater the
allocation of environmental protection special funds,
the more it can promote the positive governance of
the local governments. But at the same time, the
central government needs to grasp the administrative
supervision of the local governments. When the local
governments negative governing, the central government
of the local government’s administrative penalty value
is too small, which is not conducive to the formation of
the deterrent effect, and too high administrative penalty
pressure also weakens the confidence of the local
governments. Therefore, the administrative penalties
imposed by the central government on local officials
need to be moderate.

(2) The higher the proportion of local government
environmental protection special funds allocated to
tourism enterprises, the more they can promote emission
reduction by tourism enterprises, and their incentives
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to reduce emissions will be strengthened when the main
business income of tourism enterprises increases due to
the improvement of the tourism environment.

(3) Local residents are able to influence the
environmental behavior of the central government, the
local governments, and tourism enterprises through a
reputational feedback mechanism, which can promote
the treatment of water pollution in the tourism
environment.

(4) The collection of environmental tax by the
local government can motivate tourism enterprises
to reduce emissions, but the environmental tax rate
should be set appropriately. The environmental tax rate
in [0,3.5] is a more reasonable range; too high will make
the tourism enterprises lose confidence in reducing
emissions.
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