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With the continuous improvement of the rare earth’s international status, the status of rare Chinese earth has gradually become
prominent all over the world. When China enjoys the advantages of large reserves of rare-earth resources, at the same time,
Chinese rare-earth enterprises are lagging in technology and lacking innovation capabilities. The rare-earth industry is mainly
concentrated on the separation and smelting process, which has an indelible impact on the ecological environment around the
mine. Some scholars have carried out research on ecological restoration in mining areas, but there are few studies on interest
subjects in ecological restoration work in mining areas, especially the research based on game theory is more scarce. This article
constructs a trilateral evolutionary game model of the central, local governments, and mining enterprises. This article analyzes the
impact mechanism of policy changes on the rare-earth mining industry and analyzes the three-party evolutionary game model by
adjusting the values of external variables. The research shows that the central government’s subsidies to local enterprises, the
central government’s performance evaluation to the government, the local government’s punishment to enterprises, and the local
enterprise’s reproduction income are important factors that determine the evolution of the trilateral game. Therefore, the central
government should strengthen the supervision of local governments and enterprises when formulating policies related to the rare-
earth industry, and local governments should strengthen their own management and local environmental regulations.

1. Introduction

With the development of economy and society, the ad-
vantages of local governments in the regional resources have
gradually expanded, especially when central governments
and the local government have different development goals.
Local governments are more inclined to sacrifice the eco-
logical environment for GDP growth and get high marks in
local performance. “The Environmental Protection Law of
the People’s Republic of China,” “The Soil Pollution Control
Law of the People’s Republic of China,” “The Mineral Re-
sources Law of the People’s Republic of China,” and several
legal documents were issued around the 18th National
Congress of the People’s Republic of China. These legal
documents promote the construction of ecological civili-
zation to a high status. Gradually, the central government
and local governments generate a game relationship in

environmental governance, and this game relationship is
gradually passed to the rare-earth enterprises along with the
resource chain and information chain [1]. As a new era,
strategic resource, ionic rare-earth was listed as a protective
mining species 50 years ago. Its unique strategic value and
broad market value have attracted much attention from the
ionic rare-earth industry. The ionic rare-earth industry has
become one of China’s core mining industries, with the
continuous deepening of processes such as mining, smelting,
and processing. However, the development of rare ionic
earth in the south of China in recent years is not optimistic
[2]. Current mining technologies have limited the progress
and efficiency of ionic precious earth mining. At the same
time, environmental problems have not been effectively
resolved, for instance, soil fertility degradation, land de-
sertification, heavy metal pollution, landslides, and
groundwater ammonia nitrogen standards. When facing
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increasingly severe environmental governance situations
and international trade pressures, the government needs to
rapidly solve the problem which is developing a practical and
feasible environment mechanism.

In recent years, the rapid development of computing
technology has promoted the depth of academic research, and
using algorithms for predictive analysis of actual cases has
become the mainstream of academic research. Niu et al. [3]
proposed a new short-term electricity price hybrid forecasting
model based on the wavelet transform and differential
autoregressive moving average theory. Qiao et al. [4] offered a
hybrid prediction model that has a better ability to jump out of
local optimum and has higher prediction accuracy when the
amount of data is larger or smaller. Jie et al. [5] performed
analysis to analyze the effects of internal gas pressure and the
ratio of the long axis to the short axis on the stability of SSTW
caverns. Some scholars used the model to accurately predict
PM2.5 based on WT-SAE-LSTM [6], quantum dolphin swarm
algorithm to solve the optimal solution of large-scale functions
[7], and chaotic dolphin swarm algorithm [8] or a novel al-
gorithm based on kernel fuzzy C-means and dolphin swarm
algorithm [9] to solve high-dimensional function optimization
problems, and so on [10-12, 27].

Similarly, in the study of rare-earth environmental regu-
lations, researchers have gradually realized the importance of
establishing mathematical models for research. In order to
solve the problem of universal applicability evaluation of green
mine construction standards and effects, Zhong et al. [13]
constructed an evaluation index system for green mines in the
nonferrous metal industry and evaluated the degree of green
mine construction with the fuzzy mathematical comprehensive
evaluation method based on six levels of mining environment
resource development methods, comprehensive utilization of
resources, energy conservation and emission reduction, tech-
nological innovation, and enterprise management. Zheng et al.
[14] took the water environmental cost of ionic rare-earth
mines as a research object, established a water environment
pollution loss model, and quantified the water environmental
costs of 12 ionic rare-earth mines in southern Jiangxi. At the
same time, they analyzed the relationship between the pro-
duction scale of ionic rare-earth mines and the cost of water
environment, compiled measurement formulas, and drawn up
a quick checklist of the cost of the water environment under
different production scales. According to the scale of mine
production, the water environment cost can be quickly found
by every researcher. Su et al. [15] built a set of rare-earth
enterprises’ environmental performance evaluation index
system and fuzzy comprehensive evaluation model based on
the environmental standards of China’s rare-earth industry
combined with the current status and requirements of envi-
ronmental protection and evaluation of Chinese rare-earth
enterprises. They also expected that the model can be used to
quantify the role of rare-earth companies in the environment,
guide rare-earth companies to actively disclose more envi-
ronmental information, conduct environmental performance
management, and achieve sustainable development. Xu et al.
[16] established an evaluation index system for the ecological
security of ionic rare-earth mining areas based on the PSR
framework model and analyzed and evaluated the ecological
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security situation of a rare-earth mining area in Ganzhou from
2011 to 2016. The study found that the overall ecological se-
curity index of the rare-earth mining area showed an upward
trend, indicating that the ecological security status of the
mining area is gradually improving, but the ecological security
status of the area as a whole has not reached the ideal security
status. Yu et al. [17] focused on the typical rare-earth mining
areas in southern Jiangxi, took rock and weathered crust and
tailings and water as the research system and used a multi-
disciplinary and multimethod approach to conduct a sys-
tematic study of the resource-environment effects involved in
the exploitation of ion-adsorbed rare-earth resources. In the
context of environmental regulation and taxation, there have
been an increasing number of studies using evolutionary games
to analyze the relationship between government and enter-
prises. For example, Wang and Zhang [18] used the theory of
planned behavior to explore the degree of internal logic and
interaction between command and control and market in-
centives and the willingness and the role of green technology
innovation in environmental regulation. Feng et al. [19] ob-
tained three factors that influence the local government’s
environmental regulation strategy by exploring the behavioral
evolutionary stabilization strategies of local governments,
sewage companies, and the central government, such as the
cost of implementing environmental regulations, penalties by
the central government, and the cost of pollution control by
sewage companies. Chen and Wang [20] and Pan et al. [21]
analyzed the evolutionary game model of the central gov-
ernment, local governments, and polluting enterprises in the
context of the environmental tax system and found that the
intensity of supervision and environmental taxes will affect the
emissions of polluting enterprises.

By reviewing the existing research results, it can be
known that, in terms of research methods, most of the
literature research focuses on the identification of rare-
earth environmental regulatory indicators, the estab-
lishment of evaluation systems, and cost quantification
[22]. Few studies have analyzed rare-earth mines from a
game perspective, as well as the relative lack of research on
the influencing factors of environmental protection
consciousness and execution ability of mining enterprises
[23, 24]. Although there have been related environmental
regulation studies using game theory, the research
methods are mostly static games, and few studies have
established simulation dynamic models. On the basis of
previous studies, this paper takes the ionic rare-earth
ecological environment in southern Jiangxi as the main
body of interest, constructs a three-party evolutionary
game model of the central government, local government,
and local mining enterprises, and uses evolutionary game
theory to dynamically study the strategic changes among
the three [25]. At the same time, this paper combines the
actual state of ionic rare-earth environment governance in
China, compares the influence of different reward and
punishment mechanisms of the central government on
the behavior of local governments in Gannan and rare-
earth mining companies, and provides a theoretical basis
for the construction of the environmental governance
mechanism in the southern part of Jiangxi.
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2. Constructing Evolutionary Game Models

Hypothesis 1. The three players in the game model are the
central government, local government, and enterprises. The
central government participates in the game as a regulator,
the local government participates in the game as a policy
executor, and the enterprise participates in the game as an
implementer of ecological restoration [26]. In order to avoid
fines, local enterprises will seek opportunities to bribe local
governments to form collusion with local governments. This
action can bring additional benefits to businesses and
governments, but once the central government finds col-
lusion between local governments and enterprises, it will
severely punish local governments and the companies
involved.

Hypothesis 2. In this game model, the central government
has two strategies in the game [27]: the central government’s
strict supervision of the local government is recorded as
x(0<x<1) or the local government’s loose supervision of
the local government is recorded as 1 — x, and the company
will have two strategies: repair the environment, denoted as
y(0< y<1), or not repair the environment, denoted as
1 — y. Similarly, two strategies of the local government are in
the game: monitor corporate behavior is recorded as
z(0<z<1) or not monitor corporate behavior which is
recorded as 1 —z.

Hypothesis 3. When the mining enterprise carries out the
rare-earth mining work, the net income is ASp,. When an
enterprise adopts the “repair” strategy, the costs of pur-
chasing pollution treatment equipment and introducing new
technologies are recorded as Cp;, the social benefits of the
enterprise are documented as Sy, the income from tech-
nological innovation for energy conservation and envi-
ronmental protection are recorded as Sy,, and the local
government is actively carrying out ecological restoration,
and mining enterprises are given administrative rewards
which are recorded as Fp;; when the company does not
repair the environment, if the local government performs
supervision duties, the company will face penalties, which
are recorded as Kp,, including fines or warnings, and the
hidden loss of corporate reputation due to environmental
damage [28]. The social benefits are recorded as Kp,. Of
course, as a rational player in profit-seeking, if there is an
opportunity recorded as 6 for the enterprise to successfully
bribe local government personnel, the enterprise will be
exempted from punishment when the ecological restoration
is not carried out, and the cost of bribery will be recorded H.

Hypothesis 4. When the local government adopts a “mon-
itor” strategy, it will strictly monitor the environment of
rare-earth mines. When mining companies do not carry out
the ecological restoration work, the government receives the
taxes which are recorded as T, paid by mining companies,
the environmental management costs are recorded as Cg,
the compensation for residents in the surrounding com-
munities are recorded as Cy,, and the cost of supervision is
recorded as Cg,. Because the mining enterprises expand
reproduction, enterprises gain additional tax paid recorded
as T;, and when the local government does “not monitor”
the strategy, the enterprise does not repair and the local
government’s credibility recorded as Cg; is lost [29].

Hypothesis 5. The central government’s revenue from the
local government and corporate taxes are recorded as S,.
The central government’s penalties for unregulated local
governments are recorded as K,;. When the government
and the enterprise collude, the central government will
increase the punishment recorded as «, and the timely
punishment of the local government has also increased the
trust, recorded as K,,, of the public in the central gov-
ernment. The central government ordered the local gov-
ernment to provide economic compensation to the residents
around the mining which is recorded as C,;. When the
central government chose the “easy supervision” policy, it
led to public doubts about the ability and level of govern-
ment departments to work, recorded as C,,, which led to a
decline in social credibility. When the mining company has a
good repair work, the cost of organizing personnel to study
at the central government is recorded as C,;, and admin-
istrative rewards for local enterprises are recorded as Fp,. In
the actual supervision process of the central government, the
supervision cost is C,. Table 1 and 2 are the game strategy
combinations of the central government, local governments,
and enterprises.

3. Analysis of Evolutionary Game Strategy

This section first calculates the evolutionary analysis of the
strategic choices of the central government, local govern-
ments, and mining enterprises, then comprehensively an-
alyzes the evolutionary stability strategy of the entire game
system, and analyzes the influencing factors of the evolu-
tionary stability strategy of the game system in detail [30].
Before doing evolutionary game analysis, the expected
returns of participants choosing different strategies and the
average returns of all strategies need to be calculated. First,
calculate the benefits of the central government’s choice of a
“regulatory” strategy U,:

U, =92(S20~Cpg=Cp3 = Fpy) + y(1=2) (S50~ Czy— Cp3 = Fpy + Ky + Kzp) +2(1 = 3)(Sz0 — Cp
+0(aK, +Kyp) +(1=0)Ky) + (1= y)(1=2) (S0 —Cro + Ky + Kpp)
= —yz(0(aKy; + Ky,) + (1= 0Ky,) = y(Cys + Fp) +2(0(aKz + Kyp) = 0Kz = Kpp) + 80 = Cpp + Ky + K.

(1)
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TaBLE 1: Tripartite game strategy combinations under the supervision (x) of the central government.

Enterprise repair y

Enterprise does not repair 1 — y

Sz0 = Cz = Cys — Fpy;
ASpy = Cpy +Sp1 + Spy + Fpy = Tgo + Fps ASpy —Tgo + 0(Sgs — H) —

Local government monitor z

TGO _CGO _FEl

Sz0=Cypo+0(aK, +Kyp) + (1-0)Kyp;
(1-0)(Kg; +Cpy) — Kpys

Tgo—Cgo = Cg1 = Cyy + 0(H - aKy; = Cgs)
+AT g, + (1 - 0Ky

Local government does not monitor
-z

Sz0=Cz0 = Cys = Fpy + Ky + Kpp;
ASpy = Cpy +Sp + Spp + Fy = T3
Tgo—Cgo— Kz1 = Cos

Sz0 = Czo + Kz + Ky
ASpy = Tgo + Spz — K3
Tgo—Cy — Ky = Cas

TaBLE 2: Tripartite game strategy combinations without supervision (1 —x) by the central government.

Enterprise repair y

Enterprise does not repair 1 — y

Sz05
Local government monitor z

ASgy = Cpy +Spy + Spy + Fpy = T3

SZO_CZZ;
Spo—Tgo+0(Sgs —H) — (1 -0)(Kg, +Cpy) — Kgys

Ty~ Coo ~ Fpr Ty =Coo = Ca1 +0(H = C3) + Ty + (1 - O)Ky,
Sz03 Sz0 = Cz
Local government does not monitor 1 —z ASpy —Cpy +Sp1 +Sgx — Teos ASgo +Spzs — Kpy — Teps
TGO TGO — CG3
Then, calculate the benefits of the central government’s dx _
choice of “no regulation” U, _,: ar F(x)=x(U,-U,) =x(1-x)(U,-U,)

Uiy = ¥2(Sz0) +2(1 = 9)(Sz9 = Cz,) + y(1 = 2)(Sz)
+(1=»)(1=2)(Sz~Cz) = Sz0~ Cpa
(2)

The average expected return of the central government is
£

x*

E,=xU,+(1-x)U,,. (3)

Therefore, it is possible to calculate the replication dy-
namic equation of the central government’s choice of the
“supervision” strategy:

y

=x(1-x){-yz[0(aK, +Ky,) + (1 - 0K ]
~y(Cyzs + Fpy) + 2[0(aK 4 + K,) = 0K 5y — K]

+K, + Ky}
(4)

Furthermore, calculate the benefits of mining companies
choosing the “repair” strategy U :

U, = x2(Sgo = Cpy + Sy +Spy + Fpy = T + Fpy) + x(1=2) (Sgy — Cpy + Sy + Spy + Fpy = Tgzp)

+2(1 = x)(Sgy = Cpy +Sg1 +Sgy + Fy = Tgp) + (1 =) (1 = 2) (Sgy — Cgy + Sy + Sgy — To) (5)

=XxFp +2Fp + Sy — Cpy + Sp1 + Spy — T

Then, calculate the benefits of mining companies
choosing “not repair” U,_,:

Uiy = x2(Spy — Ty + 0(Sgs = H) = (1= 0) (K +Cp,) = Kpp) + x(1 = 2) (Sgo — T + Sp3 = Kpa)
2(1=x)(Spo — Tgo +0(Sps — H) = (1 = 0) (Kg; + Cpy) = Kpp) + (1= %) (1 = 2) (Sgo + Sp3 — Ky = Tz0) (6)

y

= Spo +Sp3 — Ky = Too-
The average expected return of a mining company is
E,;E, =yU,+ (1-yU,.,. (7)

(7) Therefore, the replication dynamic equation of the
mining company’s “repair” strategy can be calculated as

d N
B F) = (0,-0) 500,01

= y(1 = y)(xFp, + 2Fg; + Sg; + Spy = Sp3 + Ky = Cpy).
(8)
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Finally, calculate the benefits of the local government’s
“execute” strategy U,:

U, =xy(Tgy—Cgo— Fp1) + x(1 = 9)(Tgy = Cgp — Cg1 = Czy + 0(H — aK 5 — Cg3) + Ty + (1 - 0)Kp, )
+y(1=x)(Tgy ~ Cgo = Fy) + (1 =x)(1 = ) (Tgy — Cgo = Cgy + 0(H — Cg3) + Ty + (1 - 0)Ky,)
= xy0aK z; — x0aK 7, + y[Cqy — 0(H — Cg3) = Tgy = (1 = 0)Kp; = Fpy ] + T — Cgo = Cgy + 0(H — Cg)
+ T + (1-0)Kg.

9)

Then, calculate the benefits of local governments
choosing not to execute U,_,:

Uy, =x2(Tgo—Cgp — Kz = Cgs) + x(1 = y)(Tgy — Cgo = Kz = Cg3) + y (1 = x) (Tgo) + (1 =) (1 = ¥) (T — Cg3)
= —xyCqs = x(Cgp + Kz1) + yCq3 + Ty — Cas.

(10)
The average expected return of a local government is E,,. Therefore, it is possible to calculate the replication dy-
E =zU.+(1-2)U,_. (11) namic equation of the local government’s “execute” strategy:
dz _
e F(z2)=z(U,-U,)=z(1-2)(U,-U,_,)
=z(1 - 2){xy (0aKy; + Cgs) + x(Cgo + Kz = 0aKy,) + y[Cqy = 0(H = C3) = AT, = (1= 0)Kpy — Fpy - Cgis] (12)

+Cg3 —Cgo—Cg1 +0(H = Cg3) + AT, + (1 - 0Ky, }.

Therefore, according to the above analysis, the replica-
tion dynamic system can be composed of public an-
nouncements (4), (8), and (12):

’%:F(x):x(Ux_U_x):x(l_x)(Ux_Ul—x)

=x(1-x){-yz[0(aKz + Kz)+ (1-0)Kz] = y(Cz3 + Fpy) + 2[0(aK 4, + Kz,) = 0Kz = K] + Ky + K,

dy _
T F(y) :)/(Uy_Uy) =y(1 _)’)(Uy _Ul—y) = y(1 = y) (xFp, + 2Fp; + Sy +Sg, = S + Kpy = Cpy),

%:F(z) =z(U,-U,)=2z(1-2)(U,-U,_,)

=2z(1-2){xy(0aK;; + Cgs) + x(Cgo + Kz = 0aK ) + y[Cg = 0(H ~ Cg3) = Ty — (1 = 0)K gy — Fpy — Cgs]

+Cg3 = Cgy —Cg1 +0(H = Cg3) + Ty + (1= 0)Kp, }.
(13)
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At the same time, let the coefficients in formulas (4), (8),
and (12) be equal to zero, for example, let the three equations
(14), (15), and (16) be equal to zero:

~yz[0(aK 7 + Kz,) + (1= 0)K 5] = y(Cys + Fpy) +2[0(aK 7, + K5,) = 0K 7y = K5,] + K7y + K, = 0, (14)

can be obtained separately three equation (17), (18), (19):

XFpy, +zFg +Sp +Spy — Sp3 + Ky —Cp =0, (15)

xy(0aK ) + Cgs) + x(Cgp + K7y = 0aKz;) + y[Cgy = 0(H = C3) = Ty = (1= 0)Kpy — Fpy = Cgs]

(16)
+Cgs = Cgo — Cgy + 0(H — Cg3) + Ty + (1= 0K,
y* = ((z[e(“Km +Kyy) = 0Ky — K] + Ky + Kzz)) (17)
(2[0(aKy + Kpp) + (1-0)K ] +Cyy + Fry) )
—xFpy — Sp; — -K
= (( XFp, —Spy — Spy + Sg3 E2 +C51)>, (18)
Fp

can get

X" = (—J’[Ccl - 0(H - Cg;) = ATgy — (1 = 6)Kpy — Fgy — Cgs] = Cgs + Cgp + Cgy — 0(H = Cg3) = AT, — (1 - Q)Km).
y(0aK 2y +Cgs) + (Cgo + Kzy — 00K z,)

(19)
Based on the replication dynamic system, the Jacobian
determinant can be calculated as J [31]:
[OF (x) OF(x) OF(x)
Ox oy 0z
OF OF OF
] - (y) 0F(y) OF(y) ’ (20)

ox oy 0z

OF (z) OF(z) OF(z)
| ox oy 0z |
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among them

( OF (x)
ox

OF (x)
dy

OF (x)
0z

OF (y)

EP =y(1-y)Fp,

OF (y)
dy

OF (y)
0z

=y(1-y)Fp,

0F (z)
ox

OF (2)
dy

0F (z)
0z

The determinant of the Jacobian matrix det] and the
trace of the matrix tr] can be obtained by calculation
(Table 3).

Based on the relevant data, this paper substitutes for-
mulas (4), (8), and (12) into the regulatory change rate,
repair rate of change, and execution rate (Figure 1), and at
the same time, the basic data are substituted into dozens of
external variables (Table 4).

4. Simulation Analysis Assignment

Based on the system dynamics simulation model, according to
the assigned data, we can get Figure 2-Figure 17. The eco-
nomic activities of rare-earth mining companies are limited,
and they are more concerned about whether repairing the
environment can bring higher economic benefits to the
company. When the company does not carry out ecological
restoration, it can obtain higher economic returns than when
it chooses not to repair it, and after paying the central and
local government’s fines, the company still has a profit. Then,
mining companies will take the risk and choose not to repair

=z(1-2)[y(0aK,; +Cg;) + Cgo + Kz — 00K 4],

= (1 -2x){-yz[0(aKy, + Kpz,) + (1= K] = y(Cys + Fry) + Z[0(aKy + Kp) = 0Ky = K] + Kyy + Ko},

= x(1-x){-z[0(aKy, + Kz,) + (1= 60K, ] = (Czs + Fo)}s

=x(1-x){-y[0(aKz + Kz,) + (1= 0)Ky | + [0(aKz, + Kz,) - 0Kz — K]},

= (1-2y)(xFpg, + 2Fg +Sg; + Sgy — Sps + Ky = Cpy)s

=2z(1-2)[y(0aK 4 +Cg;3) + Cgy = 0(H = Cg3) = Ty — (1 = O)Ky = Fy = Cgs),

= (1-22){xy (62K + Cg3) + y[Cq — 0(H = Cg3) = Ty — (1 = 0)Kpy = Fp = Co3),

+x(Cgo+ Ky —0aK )+ Cgs —Cgy—Cgr + 0(H —Cgs) + Ty + (1 - O)Kp |

(21)

the strategy and abandon the repair work of rare-earth mines.
The central government and local governments will punish
the offending companies when they choose not to repair the
strategy. However, the central government and local gov-
ernments have not imposed severe penalties. The payment of
fines by rare-earth mining companies will not affect their
business activities, so the rare-earth companies will continue
to mine rare-earth and refuse to repair the ecological envi-
ronment (Figure 2). This situation shows that the central and
local governments have certain shortcomings in the ecological
environment reward and punishment mechanism, and low-
intensity economic punishment measures are difficult to
change the current situation of difficult ecological environ-
ment restoration. This section will perform a numerical
analysis of various influencing factors, find out the key factors
that affect the choice of the three-party game strategy, and
provide theoretical support for the government to formulate a
scientific and reasonable rare-earth environmental gover-
nance policy.
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Central government
supervision costs C,

Central government
learning costs Cy5 —a

stop-loss income K,
Central government
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residents C,, Central
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Q#» supervision probability X
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FIGURE 1: Tripartite evolution of system dynamics.
TABLE 4: Assignment table.
Parameter Assignment Meaning
Sko 2.4 Enterprise mining income
Cp 14 Enterprise repair costs
Sk 0.6 Corporate reputation gains
N 0.55 Corporate reproduction benefits
Fp 0.5 Local government reward companies
K, 1.8 Local government fine companies
Kg, 0.4 Corporate reputation loss
K, 0.4 Central government stop-loss income
C,, 0.9 Central government compensation to residents
Cy,, 0.2 Public happiness index drops
Cys 1.3 Central government learning costs
Fp, 0.65 Central government subsidies to enterprises
Tao 0.43 Corporate tax
Ca 1 Government environmental governance costs
Cp 0.7 Technology upgrade saves costs
Cso 0.62 Local government supervision costs
To 0.2 Corporate reproduction tax
Css 0.8 Loss of credibility of local governments
S0 1.5 Central government tax
K, 1.2 Central government punishment for the local government
Cyy 0.52 Central government supervision costs
0 0.35 Company violation probability
H 0.9 Bribery cost
o 0.75 Central government punishment
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FiGUure 2: Initial state probability curve of the tripartite game
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FIGURE 3: The impact of repair costs on central government
strategy choices.

Figures 3-5 can be obtained by changing the repair cost
quota of rare-earth mining enterprises. These three maps,
respectively, represent the central government, mining en-
terprises, and local governments affected by the repair cost
quota. As can be seen from Figure 3, the central govern-
ment’s sensitivity to the cost of repair is extremely low, and
the central government’s strategy has only slightly changed
in five cases. However, it can be seen from the change trends
of the curves in Figures 4 and 5 that the changes in the repair
cost of the enterprise have the same change trend for the
mining enterprises and local governments, but the change
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FIGURe 4: Impact of remediation costs on strategic choices of
mining enterprises.
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FIGURE 5: Impact of repair costs on local government strategy
choices.

direction is the opposite. When a rare-earth mining com-
pany chooses not to repair the ecological environment
strategy, the local government will take measures to su-
pervise the rare-earth mining company, but when the
mining company chooses to repair the ecological environ-
ment strategy, the local government will gradually choose a
nonsupervision strategy to reduce financial pressure. When
the repair cost of a rare-earth mining company is 4 million
or more, the rare-earth mining company will choose not to
repair the strategy, and the local government will choose a
regulatory strategy. The repair cost of rare-earth mining
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FIGUure 6: Impact of technology upgrade cost savings on central
government strategy choices.

0.8

0.4

Mining enterprise repair probability Y

0.0 L e —
40 50 60 70 80 90 100
Time (month)

(=]
—_
(=]
[
(=]
[
(=]

—m— Technology upgrade saves ~ —%— Technology upgrade saves

5.1 million 6.6 million
—e— Technology upgrade saves ~ —#— Technology upgrade saves
5.6 million 7.1 million

—a— Technology upgrade saves
6.1 million

FIGURE 7: Impact of technology upgrade cost savings on mining
companies’ strategic choices.

enterprises can change the strategic choices of local gov-
ernments and mining enterprises, but it has little effect on
the central government, which indicates that the indepen-
dent behavior of the enterprises has a smaller scope of in-
fluence, and local governments and rare-earth mining
enterprises pay more attention to their own interests. The
central government is more concerned about the state of
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FIGURE 9: Impact of central fines on central government strategy
choices.

development of the whole society. How to deal with local
ecological environment governance through restoration
costs will become an important factor in dealing with the
game between local governments and mining enterprises.
By changing the technology upgrade of the rare-earth
mining enterprises to save costs, Figures 6-8 can be ob-
tained. These three maps represent the central government,
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mining enterprises, and local governments, which are af-
fected by the technology upgrade and cost savings. It can be
seen from Figure 6 that, in the initial stage of the project, the
cost savings of technology did not have a strong impact on
the central government’s strategy. At 70 months, the high
cost of technological savings caused the central govern-
ment’s strategy to begin to evolve towards the direction of
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FiGure 13: The impact of central subsidies on mining companies’
strategic choices.

nonregulation. As can be seen from Figures 7 and 8, the cost
savings of different technology upgrades in the early stages of
the project made a difference in the strategic choices of
mining companies and local governments. With the de-
velopment of the project, for the mining companies, the
technological cost saving increasing means increasing the
probability of mining companies choosing repair strategies
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FIGURE 15: The impact of local fines on central government strategy
choices.

and speeding up to equilibrium. When the strategic choice of
rare-earth mining enterprises changes, local governments
are under financial pressure and environmental governance
considerations, which will gradually reduce the intensity of
supervision of enterprises, and over time, local governments
gradually prefer nonregulated strategic choices. It can be
seen from the comparison of the three pictures that the cost
savings of technological upgrades will have a certain degree

13

Mining enterprise repair probability Y

50 60 70 80 90 100
Time (month)

—=— Local government fines 5 million for violating enterprises
—e— Local government fines 5.5 million for violating enterprises
—a— Local government fines 6 million for violating enterprises
—v— Local government fines 6.5 million for violating enterprises
—4— Local government fines 7 million for violating enterprises

FiGUure 16: The impact of local fines on the strategic choice of
mining companies.
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FiGure 17: The impact of local fines on local government strategy
choices.

of influence on the strategic choices of the three parties.
Technology upgrades have lower cost savings, but the main
reason that can affect the choice of the corporate strategy is
that the cost can affect the future financial situation of the
enterprise in the form of depreciation in the financial
statements of the enterprise and then affect the strategic
choice of the enterprise. When the amount of technology
cost savings rises to a certain level, it will have a strong
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impact on the strategic choices of the central government,
mining enterprises, and local governments. It can be seen
that mining enterprises should improve the conversion and
application of science and technology in the mining,
smelting, and separation of rare-earths, reduce the cost of
expenditures, and reduce the loss of the ecological envi-
ronment by the rare-earth industry. Local and central
governments should also introduce relevant incentive pol-
icies to encourage rare-earth mining companies to invest in
technology upgrades.

Figures 9-11 can be obtained by changing the fines im-
posed by the central government on mining enterprises. These
three maps represent the trends of the central government,
mining enterprises, and local governments affected by the
fines imposed by the central government on local govern-
ments. It can be seen from Figure 9 that, in the early stage of
the project, the fines of the central government did not have a
strong impact on the choice of the central government’s
strategy. At 60 months, the high central fines prompted the
central government’s strategy to start to evolve towards
nonregulation. From Figures 10 and 11, it can be seen that
local governments and mining companies are more sensitive
to central fines. With the change in the central fines, when the
central fines are 4 million, mining enterprises are more in-
clined to choose environmental remediationstrategies. Dur-
ing the same period, the central government maintained a
regulatory posture, which eventually prompted mining
companies to choose a strategy to repair the environment
steadily. When mining companies choose not to repair, local
governments will choose surveillance strategies. On the one
hand, they are worried about the inspection and punishment
of the central government, and on the other hand, they are for
the local ecological environment. When mining companies
begin to choose environmental remediation strategies, local
governments will reduce the intensity of surveillance and
eventually choose strategies that do not. At the same time, it
can also be seen from the change in the value of the central
fines that the greater the central government’s punishment for
speculation by local governments, the faster the mining
companies can reach a stable state of restoring environmental
strategies. This shows that even under the supervision of the
central government, as long as mining companies are willing
to repair the environment, local governments may have
speculation. The main reason is that the rationality of local
government managers is limited, and local government of-
ficials will not only worry about their units’ financial pressure,
but also want to save money and effort in a way to get better
results in higher-level assessments.

Figures 12-14 can be obtained by changing the subsidy
of the central government to mining enterprises. These three
maps represent the trend of the central government, mining
enterprises, and local governments affected by the central
government’s subsidies to mining enterprises. It can be seen
from Figures 12-14 that the change in the subsidy quota of
the central government has a strong impact on the strategic
choices of the three parties: the central government, mining
enterprises, and local governments. As can be seen from
Figure 12, lower central subsidy quotas cannot wholly
change the central government’s strategic choices, but with
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the increase of central subsidy quotas, the situation of each
subsidy quota will slow down the central government’s
speed of achieving regulatory stability. However, the high
amount of central subsidies has made the central govern-
ment’s strategy unstable, and with the increase in the
number of seed subsidies, the instability of the central
government’s strategic choices has gradually increased.
Similarly, comparing the strategic choices of mining en-
terprises with those of the central government, we can see
that the fluctuation of the central government’s strategic
decisions is caused by the transformation of the mining
enterprises’ strategic choices. The low amount of central
subsidies is not enough to change the mining company’s
strategic selection. Although a small number of mining
companies choose to repair the strategy, once the central
subsidy ceases to be issued, the mining company will
gradually decide not to repair the procedure. The high
subsidies allow mining companies to obtain sufficient
economic benefits, so when the central subsidy is no longer
issued, mining companies will still choose a repair strategy.
However, this strategy will increase the financial pressure of
the central government, which is not conducive to the
sustainable development of the mining industry’s ecological
industry. When the mining company’s strategic choices
begin to move closer to the restoration strategy, local
governments will gradually reduce the intensity of super-
vision and eventually choose a nonsupervision policy.

By changing the subsidies of local governments to
mining enterprises, Figures 15-17 can be obtained. These
three maps represent the central government, mining en-
terprises, and local governments, respectively, and are af-
fected by local government penalties for mining enterprises.
It can be seen from Figure 15 that, in the early stage of the
project, local government fines did not have a substantial
impact on the central government’s strategic choices. At 65
months, the high local fines prompted the central govern-
ment’s strategy to start to evolve towards nonregulation.
This shows that local fines have a lower impact on the central
government’s strategic choices. From the comparison be-
tween Figures 16 and 17, it can be seen that local govern-
ments and mining companies are more sensitive to the
factors of local fines. With the increase of local fines, mining
companies will gradually choose repair strategies in order to
reduce economic losses. Similarly, the higher the local fine,
the faster the mining company can reach a steady state of the
repair strategy. It can be seen that local governments must
strengthen their behavioral control over mining enterprises
in order to improve the local ecological environment and
promote the green transformation of enterprises.

5. Conclusion

This article constructs a three-party evolutionary game model
for the central government, local government, and local
enterprises. Through progressive stability analysis and system
dynamics simulation models, it explores the evolution process
of the three-party primary body strategy selection and finds
out the key factors that affect the environmental management
of rare-earths. The simulation results show that the central
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government’s punishment to local governments, the central
government’s subsidies to mining enterprises, and the local
government’s punishment to local enterprises are the key
factors affecting the environmental management of rare-
earths. By adjusting the reward and punishment measures, the
model finds that it can effectively change the state of the
strategy and promote the ecological restoration of mining. At
the same time, this study brings the following enlightenment
to management: (i) the central government should establish
and improve the central government’s supervision and
management mechanism for local governments and mining
enterprises as soon as possible. At the same time, the central
government should also strengthen the reward mechanism
and punishment mechanism to improve the economic and
social benefits of rare-earth mining enterprises and local
governments in restoring the ecological environment. (ii)
Mining enterprises should have the courage to take re-
sponsibility for ecological environment management. Gov-
ernment departments wanting rare-earth mining companies
to participate in the restoration of the ecological environment
truly, they must implement a double reward-punishment
measure, which not only pressures the rare-earth mining
companies but also can alleviate the pressure on the com-
pany’s ecological restoration to a certain extent and promote
enterprises to voluntarily and autonomously geo-ecological
restoration road. Local governments should implement the
decisions of the central government, increase their supervi-
sion over rare-earth mining enterprises, and raise their own
level of supervision. Local governments must severely punish
mining companies that have violated regulations, and at the
same time, they must commend ecologically repaired rare-
earth mining companies and promote related enterprises to
trigger a chain reaction. The article analyzes the game based
on the tripartite subjects of the central government, mining
enterprises, and local governments. However, in the actual
operation process, the reality is often more complicated, and it
is necessary to consider the relationship between neighboring
enterprises and the work and the interaction between
neighboring regions in many aspects. This point is also the
future direction of this research.
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