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Abstract

In order to solve the problem of shirking by all parties in the process of air pollution control,
based on the evolutionary game theory, this paper established a three-party game model of the
central government, local government and exhaust emission enterprises, analyzed the evolutio-
nary stability strategy under the actual situation and proposed an ideal evolutionary state. This
stable state is mainly influenced by policy costs, political penalties, and the income of enterprises
after they choose to reduce emissions. Finally, through the method of numerical simulation, the
paper analyzes how to make all parties in the air pollution control in the ideal state, and puts for-
ward some suggestions to promote air pollution control from different angles.
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T 68 T 9% 247 I TH X 2 2% ) R BRBUR 20 A SRy, o Bl A ik R T B2 8 T 3R IE A N S dimis AL 1]
WK E SRS Y, AR T FRETE RO SRR b i PO R, RS SR ARG L TR EN
FOEE (L] "M IUR 42 2020 FiREHF TAESW. 2021 F “We” « hRAR R EHNL
R WAE— RIS VRO Bk v . B AR H T B (0 e 8 28 [2] o T K005 v BRAE e h AL BiA
g H AR B3R, JEAER, WIEE V2 W A B BEETRIEASE . AR i AR S A R
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A AR AL, FR T RIS YR R, R T KA IR S . I 56
FEE 5138 P 32 A M2 (PCAY AN 2% [a] 3 JE AR (SLMY), S ef [ 30 N8 04T TRUIX AT SIIE 20 #r & B il
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BRI 2 53 2R 7710, INZER S A IR0 J2 TR DR BRIk B Wk s B A 2k REAT 20 AT, it A 2 7D
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SIGGIRHEIEE R, AR TS R T BOR . NN [SIWE AT T IR MR AR A KRS iR
TR BIRMER, I B SR PR A I AE K G v B AR i S AT 1 28R . X 2. M4k AR [91iE
LMDI 73 iy, Suf4x [E AT 30 4484 2000~2010 4E (8] 1) 3 22 K05 Gt A2 gk AT IR 2R o i, IF
A DY RIREPPN I ZE 57, b 1 AR e R B R R . NP ESCER T DA, R 24
Tt 50 T BUR N B T 508 20 b (0 7 VR K5 YR BEEAT IR 9T, AR AR5 B R BURF . B 7 BURT LA
J RS HE A =5 2 R B4R 00 R B HAT A sh A A%, 808 R/ T BUR 5 4005 2 (R g ZE, #
AR AL B R SUBUR 5 1l 7 BURFAE R AS05 Jevh B FE R R 2 . ARSI ZR B R, TEAS BN RR
R, 8T TR RBUR . T BUR DA BRI 2 (B RSRAT N R EAE R, R R U 5 L
AR BT MU S HOT DME AR S 5 b F R AR IR EDIRES o EIEARIL T KIS Yeia B R P S BURF
Hby 75 BURF BA R RS HEUA M 2 18] 9% 2 1R 52 4 M R 12
2. IRBES

N T HATEAR AT, BATEAT — SR AR BE B 177 BUR PSR S 3 A A BR
PEVERIEZRREA, =TS ESIEL RS, = EREAEANREE, BB SRR R K
WARLHR. HRBUFEA A REESE, 20l REBEE SRS RM, 29 AR (Administration-led
Regulation) 1 MR (Market-oriented Regulation), B 5 [r] /& $& B H JLBURF B LRV, R RIS FIBLG
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Bk %

T DL R AR 25 7 2R 0 R S HE R AN 52 2 AR HEAT 085 -7 BURFITT &, G I SR I+
43 )R AR AT FI B AT, 10 SE (Strict Enforcement) il LE (Loose Enforcement), i 47 B % 12
PR B IECSRVE R, I BB B R A MU A T SR R SRR AT R R X TR R A
Wil E, AMWAEISIERE, 7 nl RN R AE AR, iy PR (Positive Response)M! NR (Negative
Response).
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Table 1. Tripartite benefit matrix

%= 1. = HWEER
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W SLBUR 7 BURE
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FERE AT a,a,,a, (by.b,.b,
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a =—-C, +aE-S,
a,=-C,+E-S,
a,=—C,+R +6k+S,+S,
b=-C,+aE-S,
bh,=E-F
b,=-C,+R +6k+S,
¢, =-C —pl
¢, =—C,+F,—(1-p)I
c,=R,-F
d,=-C,+F,
d,=-1-F
d;=R,-F,

e, =aE-F
e,=—C,-S,+E
e, =—C,+R +6k+5S,
fi=aE-F
f,=E-F
f,=—C,+R, +6k
g =-1-F
g,=-C,+F
9 =R, - F
h =—pI-F
h,=-(1-8)I-F
h, =R,

2.3. BB AT

231 PREFEHSHIESH
AU, R RBUMILEEE “BUORTR” R R, U R RBUFES “ilpTm 7 5k r e
ezd, U 2 REUF R, WA

U, =yza +Yy Je +(1-y)b +(1-y)(1-2)d,
0.+

(1-y)zf, +(1-y)(1-z)h
U =xU, +(1-x)U,_,

X

(l—z
U, =yze +y(1-2)

753 SR BURT IR ) 3 T3 R i (1) K
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F(x)=g = x(U,-0)=x(1-x)(U, -U,,)

= x(1—x){y[z(ﬂ| +F,-(1-B)1)+(-B1 -F, +(1-B)1)] (1)
+2(-S,—F,— B1)-C,+F, + Bl + F;}

1 5 B2 7 R AR E MR E B
b sy OSSR A-GHREAIR] o E o s TR x AR
2(Bl+F,—(1-B)1)+(-BI —-F,+(1-B)1)

RS, BRI RBUR T IR 1L BT AR “ BUR S IR 7 SRS A 2 LA 5E SR o

2) Ho<y<y I, H F’(x)|X:(J <0, F'(x)| >0, T5&x=0istbiue sng, /=it yBuifikse
CTERGHAT” SRR N T Y I, R R A S IR A AR TS SR N

3) H0<y <y<iif, HF'(x) >0, F(x)| <0, THx=1yifukaesns, H2Hhymrik
B TERRPAT Y RIS KT YR, P ORBUR IR A SR R CBOE SR S

A DA B el 0, 2 b SBURT AR A, SETBUR S 7] BB AR /D, Bl 0 A b i 25 550 hn
IREGIA B o B LU 4R AE G BRVE I, PTRDA 2 )4k, W RBUM HISRIS IEFR 2 “Thig Fim”
N “BURTR” .
2.32. WHBREFIRSHESH
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Weas, VM T EUR RS RS, A
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V, =2xb, +2(1-x) f, +(1-2)xd, +(1-2)(1-x)h,
V =y, +(1-y)V,,
753077 BUR IO = 32577 B (2) 24

F()=2 = y(v,-7) =y )y, v,

=y (1= y){2[X(-B1 +(1-B)1) +(-S, - F, (1= B)1)] @
+X(+B1 =(1-B)1)=C, + F, +(1-B) 1 + F,|

1 52 B2 7 R A E M E B
“[X(+B1-(1-B)1)-C, + F,+(1-B) 1 +F, |
X(=B1+(1-p)1)+(=S, - F, —(1-B)1)

SERAS, BRI ITBUR TG IR I B TR AR “ kg AT 7 NS B R I ARG 5 SRS o

2) %0<z<z M, HF(y) <0, F(y) >0, FRy=0lfthesns, MoHbit
B RN AREER/NT 2, MO BUR S R ERIT .

3) Ko<z <z<1if, HF(y) >0, F/(y) <0, T/y=Llyfekasins, o ksl
WP RIS MR KT 2, T BUR SEaE  CBURHIT .

B A BT AT AN, 5 BUR AR AT AT RO A, 3 7 BURF R AR TN B, SO0 HES Al i)
LTI, PREEVG B A LU 4R R S BEVE L DL 7 BUR AR BRI, T RU A2 3) Aok,
TT UM e 2R i “RRRAAT 7 SR .

1) Hz=

=7 W, F(y)=0, BUREMPAN y B2k
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2.3.3. BESHB I SHIEAEES
AW, B RAH AR R BRI R” SEng R A, W, RS HEB A B AR N SR
WSS, W R R S HEBA L A R e 2, A
W, = xya, + x(1-y)b, +(1-x) ye, +(1-x)(1-y) f,
W,_, = xyc, +x(1-y)d; +(1-x) yg; +(1-x)(1-y)h,
W =2W, —(1-2)W,_,

P33 R S HE AR 1) B 3025 5 R an(3) 3K
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1 2 Y2
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2) MO<x<xXH, HF(2)] <0, F/(2)] >0, T/ 2 =0 Ml ans, Woftusofrk i B
KM FMERNT X B, RAHIE 2 # i m e “ AR 7 S .
3) H0<x <x<1Bf, HF'(2) >0, F'(2)_ <0, THz=LRuukaEsmns, U REULeE
“BORSM” FIMER KT X B, JRAHEBA Y 20 ik 5 < AR 7 SRnE
H UL Mol A, 2R A HRAR Y B AR AR, R ACHE TSR M7 B B i i 92l IR ASCHETR
P AR e 5 A B, BRI SR AN R 3 22, X R ACHE AR M 3 AR e 8 B PR 5 0 = DA & AT
SRIFIANME Ay, AR 2R R R HER A R IR B AR B SR

24. ZHEWERB O

MR L b A, FRATAT LR p e BURF, OB, RS =07 K SIS TR AR A B
R4, A1) (2) Q) =AH#MET 0, MITARBZINA RGN P4 A, M5 Weibull A1 Ritzberger A FL[10],
FATEEH (0,0,0), (LL1), (10,0). (0,40), (0,01), (L10). (L01), (011)MIHiLAasE PEHEATIT
W, AR AU IR SN TR . #R4E Friedeman A FE[11], FRATATLAFIH Jocabin HipE
X Bl R G raE MEHEAT F, 30 RSEH Jocabin FFEANT
oF (x) oF(x) oF(x)

OX oy oz
oF(y) oF(y) oF(y)
OX oy oz
oF (z) oF(z) oF(z)
OX oy oz

1) #x=

(4)

o BUR «
oF (x)

=(1—2x){y[z(ﬂ| +F,=(1=p)1)+(=B1 -F, +(1- p)1)]
+2(-S,~F, = B1)-C,+F, + Bl +F,}

DOI: 10.12677/aam.2021.1011432 4070 IR Esid


https://doi.org/10.12677/aam.2021.1011432

oF (x)
oy

oF (x)
oz

=X(1=X)[ 2(B1+F, = (1= B) 1) +(-BI = F, +(1- B)1)]

= x(1—x)[y(ﬁ| +F,—(1-B)1)+(-S, - F, - Bl )]

H 75 BUR -

%m:(l—ZY){Z[X(—ﬂI +(1—ﬁ)|)+(—32 —F,—(1-B)! )]

#X(+B1-(1-B)1)=C, +F, +(1-B)1 +F)
Xy (1 y)2(-p1+(2-p)1)+ (-8, - F-(1- B)1)]
oy (1o y)[x(-p1+1-A)1) (-8, - F-(1-A)1)]
JEAHIB AR -

oF (2)
1674

=(1—2z)[—xy|:2 +X(S,+F,)+Y(S, +F,)=Cy + R, + 6k - Rz]

oF (2)
OX
oF (2)

o - 2(1-2)[ xR, +(S, + F,)]

1 Liapunov 25— #E[12]501, &R s it Aa e s, W Frxt R Jocabin 55 FERIRFIEM A, , 4, »
A HISERR/NF 2, NHBATA SIS RSP S T fase b, 4550~ 3% 2 ik

=2(1-2)[-yR +(S,+FR,)]

Table 2. Stability analysis of equilibrium point
2. FELREMSN

, FHAEE ,
ai: I A 3 ) A AT
(0,0,0) -C,+F,+ Bl +F, -C,+F,+(1-8)1+F, -C,+R +6k-R,

(1.0,0) —(-C,+F,+ Bl +F) -C,+F,+pl+F S, +F-C,+R +6k-R,

(0,1,0) —C,+(1-p)1 +F, +C,—F,—-(1-B)1 -F, S,+F,—C,+R +6k—R,

(0,0,) -S,-C,+F, -s,-C,+F, C,—R -0k+R, j<g

<
2

(11,0 -(1-8)1+C,-F -pl+C,-F -F, $+S,+F,-C,+R +6k-R, 2,<0
(1,0,1) 5+C -F S,+C,-F -S,-F,+C,-R -6k+R,

(0,1,1) -S,-C,+F, s,+C,-F -S,—-F,+C,—R -0k +R,

(111) S, +C —-F S,+C,-F —(S,+S,+F,—C,;+R +6k—R,)

A SCHIESE H A T LB R Al AR STEOR B, DL B T DL T E R AL
SRR BN SR R E AL B1(0,0,0), (L1), (L01), (011).
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BRE %

M4 -5, ~C,+F, <0, —S,-C,+F, <0, C,—R —6k+R, <0, L (0,0,1) iz
Mo WA 1(a). BPrpoBUMIESE i T SREE, HUOTEBUMIGEE CRAEAT” SEeE, HRE Al ES)E
BAT IR XAMETE T, BRI T BUM A ik B TR T A,  E R RS AR T8 R SR
IS FRJUAT 2 DR T AR 3D I SCHE IS i s, BT DA 32 Bl el PR SR X P T — e AR AT KRR
SRR, (HJ2 T = o U S5 O BUN S5 2, RSN RE R KA R AR RSO 8
N T IR XA E RS BARH — B BMRAER, EIFAZ AR .
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Figure 1. Evolutionary game diagram

B 1 RHEEE

ML S, —C, +F, <0, S,+C,—F, <0, -5 —F,+C,—R —6k+R, <O R, P45 (0,1,1) &
thAasE s, i 1(b). BIFRREUIERE “THdg3m” 5, HoyBURERE R HAT” Sk, 1R A HE
AP IERE R B SRS . FEIXFRIETE N, HO7BU SRR, N SHEBA R gt — (AR,
TR S HEB AR AR B AT R, W5 & EAT R — @ B EX KA SR B E R (e g E A, H2H T 6t
b rh SR B 40 5 e A DL BUR DRI, AR 22 ALk HE AT S DA K T U B B 8 25 o A RS, R ARIX
e REARRIER.
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Ml R &S, +C —-F, <0, S,+C,-F <0, -S,-F,+C,—R —6k+R, <O, “Fsi(1,0,1) &
WAEsE s, wlE 1(c). BIAREUMGESE “BUR TR HE0E, HOTBURMGESE “REERAT” KN, mRHE
ARV IERE AR RN . K brid R by AL

MR AFS, +C - Fy, <0, S,+C,—F, <0, —(S,+S,+F,—-C,+R +6k—R,) <O, P (1,11)
FEHARE AL WA 1(d). BPHORBUGESE “BORS R KN, HUOTBUMIESE AR HAT 7 e, TR
BRI )R” SREE . IXFIEBL T, =5 3REUME, R BUR IR e KRS G R, 4R
PEBCR RS, b7 BUR P A% AT BRI ELINsons B ACHE A i WA, 1 R S H i AR AR R ) )32 5
FERAT IR, RIS YR TR R X RYEIEIMEAR S T A R aE, 2 — A AR e R
[ 1% 5% F AR X Fh R e ARAS () S o

3. BHULR

FETASCHWIFTHE B, Oy 7 REAE R E TS R B RO G B, AT B SR R U T AL B e PR
AR RA N, BUSEARE RO (LLY) o 6k, JRATTRI U 07 E A 5 VB4 Ik — R IR 2 R 1)
PR AR RS REAT A . MRAESEBRIE DL, FAVAFRI - RBUM N TRER IS AR, G 7 20
SRUAS &t . Ht, AT RBUF S “BERT R K.

FESLIEI N, BATR S SHEATHUBIE T, 2R — A R (1L,0,1) . (L1,0) FES K%
DL T HEAC R B IR B IRAS . = 5 WIIRREALEGIiC y x =05, y=05, z=05, BHERITRAE
RN i, RFFHASEBUE S VI EM R, R S S A — e Y B RO R I EUE, 285
HIH Matlab BEAT BB AT 30, WS =J7 R e SR A2 1L .
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PIEIAFIE, SRR Z A BAEE 2 foR. TTULEHY S, WERBCKK, FRBUFER
“HURT” NG, HOTBUMIGEE BT SN, RARHPR e R BRI R SRR BEE S,
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Bk %

WM ESH, 4C =3,C,=4,C,=3,1=5,E=3,a=01, R =15, R, =23, k=4, 0=05,
F,=5, FR,=6, =05, §=2, S,=3, HTHBUTILEEE LE oM Z 2 WEAET FE—E it
WIEHCREIIE, HAMSEURFA B Z R HAR 2K 3 fivm. WTLAE 2 Fy BBV, s RBURFE S <
SRR SRS, HOTBUMIEEE CRNEEAT” JENE, RS B BRI N SN B Fy AT
Ry HTTEUR TSRS A N, TFURHRAR SIS A3 T A8 AT” T AL, BRI O B AR AR
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