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Model of Mine Environmental Treatment Based on Evolutionary Game Theory
LI Hongbing', LIU Xiaoxiao®
(1.School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan, Hubei 430070, China;
2.School of Civil Engineering, Central South University, Changsha, Hunan 410083, China)

Abstract: The project of mine environmental treatment is an important link to promote green development, and it is very
important to study how to game and coordinate the relevant stakeholders to promote the green development of mines. First of
all, based on the perspective of stakeholders of mine environmental treatment, with the help of evolutionary game tools of
limited rationality, a tripartite evolutionary game model of mine environmental treatment was constructed among local
governments, mining enterprises and local residents. Secondly, the actual operation data of a mine company in Xiangxi, Hunan
Province were introduced, and the long-term dynamic game process of stakeholders was modeled and analyzed in combination
with system dynamics, so as to study the influencing factors of the behavior strategy of the main body of mining environmental
treatment, The research results show that the five influencing factors of the intensity of government subsidies to enterprises.
the intensity of government punishment on enterprises. enterprise public relations costs, additional cost-benefit differences for
enterprises, and residents’ supervision will all have an impact on the strategic choices of stakeholders. From the perspective of
stakeholders, targeted measures and suggestions for mine environmental treatment are formulated according to five influencing
factors, in order to provide reference for decision makers’ mine environmental treatment strategies. According to the research
results, it is expected to put forward the optimal operation mode and sustainable development path of mine environmental
treatment, and promote the sustainable development of mine in economy, society and environment.
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Tripartite relationship among local governments, mining enterprises, and local residents
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Table 1 Parameter settings for the tripartite evolutionary game
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Table 3 Determination of stability of equilibrium points
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Table 4 Value assignment of game parameters for subjects in mine environmental treatment
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Fig.3 Evolution path of behavioral strategies of local

governments, mining enterprises and local residents
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Fig.5 The impact of the intensity of government punishment

on enterprises on the choices of tripartite strategic entities
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Fig.8 The impact of the intensity of residents’ supervision

on the choices of tripartite strategic entities

3 ZwHEN

AR SCE I AT L RN PR A AH G A L i 1
A7 R PR ) 38 A0 2R TR Rl R N B 7
UM ™ Al 25 3 s B =05 3 Al I ZR A A, I 45
B RGBT 2A% M 2 A DG R B A TR R i AT
THEBCR AT . ARG S BT AR A AT IR A
A RFEE S R TN 0T 3t 7 BORF A L Al T2
F= 5 R g R AR H DUR XS I,

(1) Xk 77 BUR A9

Xt 75 U L R X B L Al 68 98l A
T 0 B G A A 3 AT O B9 B A .
RAEST I3 B2 b J7 BOURE AT LSS A L4l (9 38 A
PHRGAS , B A LA b 2 ASUAE A1) 2 T 32 4% BRI B
TR T LAt o R ) ol 3R 85 0 AT O (A
T BEAN B O A5 U2 S A b ARURK A 9538 T



FU R, FATREAEEGT LDIRAGERXAR]F LHREL FL,2025,45(11). 207

AR . TR RS L X BB AT Lk
T B Al o M BRI 45 T3 2 R L iR AR G
B ek 71 BE . e Ab M 7 B AT L G 0 A
TR T M AE A & B Ry 2, ik A
S H SRR T AR R

XF T WAl b 5 BOR W] LU & T 5 306
U PR 55 KL L A5 B T 3 19 T Bk 52 i Al 1 e
A RR B | A AR S O 58 i T 3 4R ok
Jih Ak A & AT IR IE B AR AR . T R
B H 7 BURF A] DASF & B TR PR R L 38 i 57 3
RZ 5 W RLE 75 (8 2 1 s B B XS 9 1 Al
HEAT W 28 s DA A b 19 T AR AT R 2R AT 29 55 [
A3 2 | = W B 78 5 3 ) S R 2R NN
T ) G B X 1Ly Al WK TR B H AT OGRS
WEBE 3G L i ol 7 A T S e B R 6 B L, A
117 35 B RLTE A 1 Al PR 55 76 BRAT M A 8502 .

(2) X 1Al i E#E L

XA 1L A ol ke v, AT DL3E a4 i 4 R T 9ok
REAR AL 37 BB AS o 8 Ll Al B 36 B A i A Ui 25
22 SR PR A LR A E AR R ) — AN E R R, %
(BB /N o B L Al 3R AT 1R 52 6 B TAR A 30 0l iR
177 B AT B AR T DA 3800l /N 2508 . AR 1L &2 06 28
AT LA 3 a0 08 5 R L 4 2 Aol Wk 52 TR B
ARETHG, sxsesk @& 2 H AR N, BB E T
T r X B SR AT A FH P R R B B AR
WAL 36 B 25 AR R L IR A P RS R R

W1l Al AT LA 3% Ll 9 45 B0 A BN 45 5 36 5
TR AR . BT ER B B AL AR R AR SR Il Ak AR
W T R IR B TAE M — AR B R A . 7 1Ll
IR 1L 53 B A B IR AR AL TR
WL 52 H AR A A 55357 KUl 2 0 %l 36 33 AT BA
TE BB LK 236 B ZR 5 0 L A alk T DL g T
WA FPEAN R R SEi 4R B HE e, R ] gE Lk
IR T AEM AL S AW B RS IR B e KAk

(3) XY ih B HE L

4 b J RN 4R R T LU PR BT A H R SR AL R B
PRI TR . MR RW AR R AR X, R B

55 B FZ R At AT AT A 37 B 2 Al fY BT AT
o HEE Y HE R AT IL0E B I SR Ak R B R
ST HA EERE X, L, Bk R FUR S L5102
BinBImH g Y m R R RN, BRER
o3 A B R BN W B R R Al N RAT Y R
B DA B AR )38 i B W AR M 5| 5 i R AR ST

PROTAER RIS, Ok BB i B B2 4 4 L A ol R 5
AT R 0 JE R AT L4 T RH L A ) BT Dl L LA AR
24 4 5 B Y M B AR AR
A T E RS 5 T AT DL FE R
AR A 1A R JT e 1 IR B R B,
5, T L8 73 ) I A0 B T3 5 A5 T 0 A 1) 2% F
B0 0 LRI BLAE B, 10 24 s 1R RE 8 S i 2k
WM OCAR B o FOWR, AT AAEDT DX B 28 4R A R
AF G2 4T 11 Y FL 5 R0 H, - R R A AE R O R R
IR M 7B R 2 . P, A ST AR A ke T TR R 2
XTI PR A B G B b i 2 Gy N A L Al
NGB0 I &R AR ZUR Y s AL R 2 5,
PRA™ L PR 5506 B T AE 9 B AR, J8 X 2 Ty
2 B e e BB S LA Ml AR AR T A 1L ER
BRE T AE.
% % 3LHK (References) :
(1] il SRk OB SE R S0 XRE A 8 L8 B HRBE R &
RO AR 5E 5 9F & 2024, 44(10) 1 181-188.
XU Hai, NIE Gang, DENG Xiaoli. Research and application
of comprehensive technology for ecological restoration of an
abandoned mining area [ J ]. Mining Research and
Development,2024,44(10) :181-188.
[2] W& HRSOM. bR fb” T BB J s w1 gt ik iy 48 i
(LA M, 2018,34(4) . 1-4410.
SHEN Jinwen, ZHANG Wenhui. Discussion on the green
mine construction based on “standardization” means[]].
Modern Mining,2018,34(4) :1-4+10.
[3]  AZ ML, X7, % BT Eag ™ (L 2k 5 & R
BT ES.2020,29(2) :59-64.
SI Xiang. ZHANG Yinghong, LIU Li, et al. Thoughts on
the construction and development of green mine in China in
the new era[J]. China Mining Magazine,2020,29(2) : 59-64.
[4] B4 Phmess o 1l A 2508 5 04 Al 53 AH OG5 20 i Ktk [/l 2
SE ] A E T, 2020,29(8) :47-54.
WEI Baoxi, SUN Xiaoling. Analysis of stakeholders in mine

ecological restoration and suggestions for joint participation
[J7]. China Mining Magazine,2020,29(8) : 47-54.

[5] WM, RHIES, D, 55 AR S W@ AT AL B

S R X DL T @ B B[] 4 @i, 2024
(3):258-268.
PAN Bin, ZHAO Yanling, WANG Shaoqing, et al.
Identification of key areas of mine ecological restoration
from the perspective of ecological network construction: a
case study of Jianping county Liaoning province[ ] ]. Metal
Mine,2024(3) : 258-268.

[6] FEa . &FE . DY, % 07 1004 S8 5 BTl L), 7 v i
AR ,2023.29(H Hi] 2):593-599.



208

F R L5 TR

2025,45(11D)

(7]

(8]

9]

[10]

[11]

YAN Shi, MENG Xiangfang, MA Yan, et al. Evaluation of
mine ecological restoration effectiveness [ J ]. Clean Coal
Technology,2023,29(Suppl.2) :593-599.

Eib AR AR A G DA A IR B R IR B RS
SRRV DUE AR LD e 7 X 1 L) ] R 9 5 B, 2024,
46(2) :34-39.

WANG Rang, XU Gongquan, WU Shaojing. Discussion on
landscape restoration mode in mine ecological environment
restoration : taking the Hongshaling mining area in Jiaozuo as
an example [ ] ]J. China Energy and Environmental
Protection,2024,46(2) :34-39.

B OE AR KK BE KR T ISM M ANP B9 JE #256 + 97 134
AR B R A )] 8 &R #HR, 2021, 29 (2)
306-314.

HUANG Kaigiang, XU Shuitai, XUE Fei. Analysis of the
influential factors on the treatment effect of abandoned rare
earth mine based on ISM and ANP[J]. Gold Science and
Technology,2021,29(2) :306-314.

XUTRI I 0 8 Al 18 2 0 AR T ol A 2 ST A B8 ) 45 10 9
BRI E . 2020,29(11) 1 61-71.

LIU Yiging, CHEN Cheng. Research on the benefit
coordination of mining ecological civilization construction
from the perspective of evolutionary game[]J]. China Mining
Magazine,2020,29(11) :61-71.

BUNE IR, S SOH, S T AR I IR T X R b
B sms M (0] A [, 2021, 30(2) :57-66.

LATI Xiaojun, HUZhenqi,» GUO Jiaxin, et al. Analysis of
supervision strategies for land reclamation in coal mines
based on evolutionary game[]]. China Mining Magazine,
2021,30(2):57-66.

ST RS L b BT R A G B A A 2R R
g DML P 2R R 222 41, 2023, 43(2) 1 380-387.

(12]

[13]

[14]

[15]

[16]

[17]

SHI Yufang, DU Jiarong. Subject evolution game and

interest coordination of mine geological environment
management project [ J ]. Journal of Xi’an University of
Science and Technology,2023,43(2) :380-387.
MAHDEVARI S, ABADI A F A. A model based on the
evolutionary game theory for implementing green mining
principles in riverine sand and gravel resources[J]. Journal
of Cleaner Production,2023,428:139501.

KA R RCE A T ARS G EF W ESBEEEE
T 50 IR 3R 90« LA 56 4 1l 4 7 DX S 461 [ D)L A M - AR il
iR, 2023.
GUAN Zhao.

Public’s willingness to participate in the

ecological restoration of mining wasteland from the
perspective of stakeholders: a case of Zijinshan mine area
[D]. Fuzhou:Fujian Normal University,2023.

FRIEDMAN D. Evolutionary games in economics [ ] ].
Econometrical ,1991,59(3) :637-666.

LYAPUNOV A M. The general problem of the stability of
motion[ ] ]. International Journal of Control,1992,55(3):
531-534.

AR AR AR AE ST, PIAE %2 3 T SD K = Ty 1 25 A A1 ik 416 1 e
T2 08 R BRAE L], Tolk TR 2021, 24(4) : 150-159.
L1 Xiaohua, SHAO Juping, SUN Yan’an. A research on
vitality stimulating of low-carbon supply chain consumption
market based on SD and tripartite game [ J]. Industrial
Engineering Journal,2021,24(4) :150-159.

EDEAL. B 7 BT LA LU PR A8 50 1 2 AR SR N BT Y
(D1t st b mt B k4, 2020.

YAN Guangli. Research on game and strategy of
environmental remediation evolution in Ion-Type rare earth
mines[ D]. Beijing: University of Science and Technology

Beijing. 2020.



