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Abstract

Green credit is a development policy that uses economic leverage to guide environmental protec-
tion. In order to analyze the evolutionary behavior of all players in green credit, the proportional
imitation dynamics of three players in green credit are constructed based on the imitation me-
chanism of evolutionary game and the benefits of government, commercial bank and enterprise
players. Firstly, by using the theory of analyzing stable points in evolutionary game, obtain the Ja-
cobian matrix of dynamic equations, analyze the sign of eigenvalues of Jacobian matrix in each
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equilibrium point, and obtain the stability of each equilibrium point under different profit condi-
tions. Then analyze the influence of different reward and punishment intensity on the strategy
choice of each player, and conclude that the reward and punishment intensity have a great influ-
ence on the strategy choice of the government, commercial banks and enterprises. When the re-
ward and punishment intensity is small, the government, banks and enterprises tend to choose
non-green credit strategy. The greater the incentives and punishments, the greater willingness of
governments, commercial banks and enterprises to choose green behaviors.

Keywords

Evolutionary Game, Green Credit, Imitation Dynamic, Evolutionary Stability, Jacobian Matrix

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

24 Von Neumann I Morgenstern 7£ 1944 &K | (IR S5 AT AY , — R T HRIGIEFIT AN
FORVEAE T, ERW BN EERL, RO NRETHAT N TR HER[1]. R85 5K Nash 7 20 tH4d
50 AR IR R T EME, B 70 EARFIINATRILT 8 T TS B, G505 A 9 ¥ i ) S8R
N B3 2 1) B . AT 1T BON T SRR I AT ROAZ s B N A0 RS I SR AR o vk — TSR TR i 2
IS ) R, AT SR S SRIER A R B ME LARIR . Maynard Smith ) (L 5 ZEI8) BRI %K
() B e WO 5 R B s SO BT A R Lok, R W B iy e 36 1) R Pl D s R o R R B BIrade B fr 24
ek B I AT AR 1 R Ek[2]. Weibull 225 TG EIZE, FEQEAIEZRIR ) e T IEARR E bR,
BT T A 2R ) H 7575 [3]. Sandholm 7 (Population Games and Evolutionary Dynamics) 1M
JURTH A O3 i 7 20 T3l AR, JRIEIR 1R 3ha i J L ME AL 4]

TR RS I 50 KB R i A 2 18D A LR mm S T AR AU RE Y, 2 R A o0 J7 R 4L 0 AT T S ek
JIT o (1 E A I I 8] P38 A SR 73 A g AR e v, R 1 A 2 A I ZE bR dEsh A&, A KR I SOk e
RERNFES . MBI ST, 55617302 dh o) SR 5wk A LbE, BOishas ik
()22 D S I I B kA e . ShRuEE M T —F, & 3UBL; 3 A BB BT 0T T 1) SIS IO 2
AMUE B B WG R ECE ¢, B SRR F UG R ECE O, RN T U A R AR R, AR
b P SR S 0 R B

KT B ShAS BT, SCER[S1H, VB 2087 1 8 SR I 25 v it G I R Zhas,  IR45 tHAS B i v
(07 PN Pl AR 1, T ELAEE — /NI FHE AR A I R T I A I FUYE R R G IR 1 R EARE, IF
TE = SRRSO TR B T, R B R oR 1 Bl A I (3G 0, AR PR FEE R ) A 2= 36 m . 78 SCHR[6]H
TEZTHE T & WU A Zh A AT ¥ s dese v, 13t 2 P AN AH I i ds e MEAAAE I 78 o 261, O
B o 4 SR Al T BUE A AR5

RZZHM TSI T RO G EIE, HIFH— RN R SCER[7]NH — SRR R SRR R
PV AR AT R R G A5 DR L A R A% o SCBR[B]RI[O)ZE AL 2R o N SR W A 3B T TR 90, 20 b e
AT AT SR G DR S 5200 o SCHR[101EEAL 1 BUR « BRAT FIA LI = 7 AL 2R Y, 15 2
FUFBURT (1) 22 i FIARAT R 4% €15 DR A0 BT LA A bR FH 6 it S %
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BT R 9 28 €5 DT =07 [ R STIR[1L] TR AR B i, R AR5 Db =128 7 I as A
T MR THSRMR ST AT, ARSI =R AT RS, AR R R I BEHLE A
oA T AT X T SRS IR AT ORI REN 15 45 VR R W 2 B K N AT DA AR AT A Al
SATEROASIREOGR, T BT o 3RS 5 984T N

LB SR OB DT ZE A eh s Il BOFE S 0 R 1 AR AR L 7 3h & TR, IBRAR IR M FE 7 M
DRI AL AR . BATH H R MR fAEANT, BT aOERPBUG. AT AL 2R 5 1
e d 5 ALl AS T R, 5 A R AR R M, MR =AM SRS L BT B ST RE
BT BT R AEAFISCRE 261 T IORRSE R, FFI M A A B 24 7 X % 1 35 07 S 1L 3 s A (R 2

2. ZEEFNEAGRTSER
2.1. BiiaiisEuRR
58725, BTSSR R MER —E NS ER B SRR, MR RE 8 SR T
A, H I8 — 8 MR SCR B T RO SEE o DA SR X AR I ZE 90, R ST AERE Y :
A (a c
B (b d)
0 x AL A BIRER, 7, NSNS A fOdicas, T (1-x) AR SENE B IMEEE, 7, N SR
W& B HY s, FATH
7y =ax+c(1-x), 75 =bx+d(1-x).
IRAE AT BN A8 S, A I SR A T AR FRO0r A5 H SR B IR, U At ey 5 A 52 1) 5% B Y
ML Fyy » TERTTIIIWE T, BUTEE Py — RS SADIRES ST G oy M g B, HEDR:
Fae (X) = F (75 (%), 75 (%)) .
ARAE A TR b (A0 P, FRATTRT AR B ZR B sh A T T
dx/dt = X (1= X)[ Fgs (X) = Frg (X) ]

= x(l—x)[F(;zB (X), 75 (X)) = F (0 (X), 7 (x))}

TEILSE ARG R, {825 7 #0w i) B WA o i P S, U BRSSP 8 F(u,v)=uvﬂ, TR 258 g A
IR TR VST
ma (%) -7 (X)

dx/dt = X (1 X)[ Fgy (X)— Fg (X) ] = x(l—x)”B ()77, (x)

2.2. BUE. sRITRIEN = Feam S HiRiE

R 1 #77 BURAIA (2 3 4% C A5 DERIAMIE T 4 A5 D2 P 3R

B, HOTEUR T BURARSRCE LIS S, B W S G BRI, RIAME B4t
FOTHIRE, XS T BT BURF 2SR ki) BB T, (Ha% B ERBUFIET of,, o RoRRRE
TN H 0<a <1, B 3RIR M SO A6 1 15 51 S 400

Foxk, MITBUR Y T RN [ SRR R RIS A E SR AT L, T SEAR AR RO,
I SER G T AC R, ERAEOLT, M7 BUFZAE 2 B P G R M B SRR AT AT SR (U5 DR ML
PR AR ST A A e, R AR SR Ak O A 7, DT BURF 4R Al — E BB S, BB AR N
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(1-p)T, pERBWHRILHIH0< p<1; WRRATRATEROAFWEER, 7 BUFSIRAT € 5S4
ySs y ARAERI IR .

s 2: ERMRAT A AT SR R BRI SEAT S (A5 DT P SR

N TIBRENAE, ERERAT A AT SRS DTG, TRAT AT Al 4% 1E 5 R A B8 ) B M
ly» (EUIRITTBUFE S OE AR, AT 22 BT BURF KT aP, ;

URERAT AT SR B DTBOR, BB EAT IR, $FRIRAN D, R RARSR G A A~ 7 T
AR N, RAGER A AR NGERAE N, (1> 1), R BT REESTUEN RIS, )R
TR — E SIS R,

Bise 3. Az Al BE R AR A 7 MR 2R 8 2R 7 P S

N T IB SR M A B AR 5 G BA, AN SERE SR A, 2 52 BT BUR T aPy o A
AR S Ak AR, AT B SRR ARAT I DL PR A, (BB AT REIRHEIE 2, C o AL
WANFE, ElsZHANC, .

HF R, IS AR S RE T ke, WE 1.

Table 1. The payoffs of government, bank and enterprise under each state
= 1. B, RITAELESE MRS TR

Al
BURF RAT St (2) ANt (1-2z)
(1-B)T-G-ys T-G
AT (Y) I,-D+R+7S l,-D+R
F-C,-1,-C,—(1-p)T F-C-li—ak-T
R (x)
(1-B)T-G T-G
AEAT(1-y) l,-aP, I,
F-C,—-1,-C,—(1-8)T F-C,—li—aP,-T
T-aP, T-aP,
AT (Y) I,-D+R l,-D+R
F-C,-1,-C,-T F-C,—I,-T-aP,
TMEF(1-x)
T-aP, T-aP,
AEAT(1-y) I, - aP, I,
F-C,-1,-C,-T F-C,—1,-T—aP,

2.3. B SRITAIA GRS ER 4T
1) BUR RIS a5 R 5
BUR B S SR U 2«
my=y2((1-B)T-G-yS)+y(1-2)(T-G)
+(1-y)z((1-B)T-G)+(1-y)(1-2)(T -G)
=T-yzyS—z26T -G
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BB AME T S U A
7, =yz(T—aR)+y(1-z)(T -aP)
+(1-Y)2(T -aR)+(1-)(1-2)(T -aR)
=T -aP,
TSR BB Bh 78 77 RN
—w(1_ 7 (X) = 73, (X)
dx/dt = x(1 x)ﬂll(x)+”12(x)
:X@—X) aP, —yzyS-zpT -G
2T —yzyS—zT -G —aP,’
2 dx/dt =0 i, RES x BEEIESMRERE, W RMNXAREF G RGA TR ahEl, HAR
GER AT LS H
A) Y x=0m, Hdx/dt=0, ATl x=02FRGM—MaEIRE;
B) i x=1K, Hdx/dt=0, bl x=1RRZFH—MERE;

C) HaP,-yzyS—-zpT -G =0Hf, ﬂjEﬂ%w%aﬂ‘, dx/dt=0, FEXFELT, i
Y

FPRA x #RAERA, MERAERXMER T, REAFTHEHEL:
D) Y aP -yzyS—zB8T -G =00, ZHIMWMINR: & aP —yzyS—-zT -G <0, Ndx/dt<0, Fr
PAx ] x =07k; 45 aP, —yzyS—zBT -G >0, Ndx/dt>0, FrLhxmx=21%1, WK 1.

X

Figure 1. The phase diagram of government

Bl 1. BZ 5B REAE

2) AT RIS PR
BT SAT S O B HMR A 2
7 =x2(l, =D +R+yS)+x(1-2)(l,-D+R)
+(1-x)2(1, ~D+R)+(1-x)(1-2)(1,~D+R)
=1, +R+xzyS-D-z(I,-1,)
BATAIAT S OAE DTS 2 A -
7 = X2 (I —aPRy )+ x(1-2) 1 +(1-x)2(1, — @By )+ (1-x)(1-2) 1,
=1, -zaP,

WERAT IR B & T RE N :
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dy/dt = y(1- y)%

R+xzyS-D-z(l,-1,)+zaP,
21, +R+xzyS-D-z(1,-1,)-zaP,’

=y(1-y)

Zdy/dt =0 I, REy REMEIEFERS, WERMNXMRETFERFEATREIFHEEHL, HR
Getby T LS H
A) By=01f, Hdy/dt=0, Frbly=0RRFEN —MEERE:

B) M y=1K, Hdy/dt=0, FFibly=1RZFH—MERE;
2(1,-1,-aP,)-(R-D)
zyS
ZHELLS, A RPRE y HERRERE, BRRAEIMER T, REAATREL,

D) % R+xzyS—-D-z(l,—1,)+zaP, =0, SHIWAIME: & R+xzyS-D-z(I,—-1,)+zaP, <0,
W dy/dt<0, FrLhy [l y=0%ifk; # R+xzyS-D-z(l,—-1,)+zaP, >0, Wdy/dt>0, Fithy my=1
A, WA 2.

C) XiR+xzyS-D-z(l,—1,)+zaP, =0k}, HALZE x= if, dy/dt=0, 7E

Figure 2. The phase diagram of bank
B 2. BEARITHEME
3) Al A 7 R £
A b I it 2 £ A P (RN B N
Ty =Xy(F-C,—1,-C, —(1-B)T)+x(1-y)(F-C,—1,-C, —(1-B8)T)
+(1-x)y(F-C,-1,-C,-T)+(1-x)(1-y)(F-C,-1,-C,-T)
=F-T-C,—-C,— 1l +y(l,—1,)+xpT

A VAN I it o 2 7 AW e A
7y =Xy(F-C,—1l,—aP,-T)+x(1-y)(F-C,-1,—aP,-T)
+(1-x)y(F-C, -1, -T—aP,)+(1-x)(1-y)(F-C, - I, -T —aP,)
=F-C,—1,-T-aP,
DU AV A 075 B 25 TR N -
T\ Z)— 7y (2
dz/dt=z(1-z 7(2) =7 (2)
/ ( )7Z31(Z)+7[32(Z)

y(l,—1,)+xBT +aP,-C,
2F +y(I,—1,)+XAT —2T —2C, -2, -C, —aP,’

=z(1-z2)
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Mdz/dt =01, RE z REGIANRERSE, BERMNZARETFE RGEA T RIFHEL, HR
G R LA

A) Hz=0, Hdz/dt=0, Frllz=02RGH M ERE:

B) Hz=1if, fdz/dt=0, Jrblz=12RGHN MRS

C) B y(l,—1,)+xBT +aP,—C, =00}, By - S=OR=XAT w  qrgi=0, 7EiFHHRT,

1 2
PR HPIRES z MR ERE, BRREXMBEN T, REAATHHENL:

D) 2 y(l,—1,)+xpT +aP,—C, #0 I, SHIMHAIER: & y(l,-1,)+XBT +aP,—C, <0, NI
dz/dt<0, Fbhziaz=0%fk: & y(l,—1,)+xBT +aP,—-C, >0, W dz/dt>0, Frllzmz=131, W
K 3.

POTBUR . AT B 20 A& T FE T 13

aPB —yzyS—-z76T -G
2T —yzyS—2fT -G -aP’

F(xy,z)=dx/dt=x(1-x)

R+xzyS-D-z(l,-1,)+zaP,

G(xy,2)=dy/dt = y(1- '
(x.y,z)=dy/dt=y( y)2|1+R+xzyS—D—Z(|1_'2)_20’P2

M)

H(x,y,z)=dz/dt=2(1-2) y(l = 1) +XBT + @R =G,
V2= - 2F +y(1,—1,)+XxBT -2T —=2C, -21,-C, —aP,’

z

Figure 3. The phase diagram of enterprise
B 3. BHEAeLREAE

3. REXMWTHEEHRREMSTSHIERR
31 PERREMMSHSNE

ARG BT A R, ARG RIS T, BRI R G & A AT s 4G, P
A BT R RGP 0

(0,0,0),(0,0,2),(0,1,0),(1,0,0),(0,1,1),(1,0,1),(1,1,0),(111).
WA B 2510 R 40 )7 FEIK Jacobian 4[5 A
Ju Jp s 8F/8X 6F/8y GF/GZ
3={3, 3, J,|=|0G/x oGjey oG/az |.
Jy Jao Jg 6H/6X 8H/6y 8H/5Z
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Hrre
aPB —yzyS—-zp8T -G
2T —yzyS— 2T -G -aP,’
22yS(aP,-T)
(2T —yzyS—2T -G -aPR)’
2(zyS+pBT)(aP,-T)
(2T —y2yS—28T -G -aPR,)"’

3y, =(1-2x)

Jp, =x(1-x

Jis =x(1-

2zyS (1, —zaP,)
(21, +R+x2yS-D-2(I,~1,)-zaR,)"
R+xzyS-D-z(l,—1,)+zaP,

Jz1 = y(l_ y)

Jy, =(1-2 ,
2 =( y)2I1+R+xz;/S—D—z(I1—Iz)—zaPz
2{1,(xyS +aP,)+aP,(R-D)—(1,-1,)(1 P
3= y(i-y) {1(x}/ +aP,)+aP,( ) (1, 2)(1+22a 2)}
(2, +R+xzyS-D-z(l, - 1,)-zaPR,)
2BT(F-T-C,—I,—aP.
Jy=2(1-2 Zall C, -l —aR) R
(2F +y(l,—1,)+xBT —2T —2C, -2, -C, —aP,)
2(1,-1,)(F-T-C,~I,—aP.
33222(1_2 (1 2)( 2 0‘3) -
(2F +y(1,=1,)+xBT 2T -2C, - 21, -C, —aP,)
‘J33:(1_2Z) y('1—|z)+XﬁT+aF’3—C1

2F +y(I,—1,)+XBT 2T -2C, - 21, -C, —aP,’
I BRSSP AR Jacobian JE B A SRIGFAEFERFIEM, L% 2.

Table 2. The eigenvalues of Jacobian matrix under each equilibrium

%2 2. & PS4 Jacobian KB PEHY4HEE

A 5 Ay A A
(0,0,0) aP,-G R-D aP,-C,

T 2T-G-aP,' 2I,+R-D'2F -2T -2C,-2I,-C, - aP,

(0,01) aP, - AT -G R-D—(l,-1,)-aP, aP,-C,

" 2T -pT-G-aP, ' 21,+R-D—(I,-1,)-aP,’ 2F-2T -2C,-2I,-C,-aP,
(0.10) aBh-G  R-D (I,-1,)+aP,-C,

- 2T-G-aP' 2I,+R-D 2F +(I,-1,)-2T -2C,-2I,-C,-aP,

(0 11) aPl_}/S_ﬂT_G _ R*D*(|17|2)+(ZP2 B (|17|2)+aP37C1
. 2T-yS—-pT-G-aR' 21,+R-D—(l,-1,)+aP,’ 2F+(l,—1,)-2T-2C,-21,-C,—aP,
(10,0) __aR-G R-D aP,+ BT -C,

" 2T-G-aP,' 2I,+R-D" 2F + AT -2T -2C,-2I,-C,-aP,
(£01) aP - fT -G R+7S-D—(I,—1,)+aP, aP,+ T -C,

2T -pT-G-aP, 2l,+R+yS-D—(l,-1,)+aP,” 2F+ AT -2T -2C,-21,-C, —aP,
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Continued

(LL0) aP-G  R-D (L,—1,)+ BT +aP,-C,
- 2T-G-aR’' 21,+R-D'2F+(l,—1,)+ AT -2T -2C,-21,-C,—aP,
(111) apl_ys_ﬁT_G R+}/S*D7(|17|2)+(ZPZ (|17|2)+ﬂT+aP37C1

2T —yS-fT-G-aP,' 2, +R+yS-D—(I,—1,)-aP," 2F +(I,~1,)+ AT —2T —2C, - 21, -C, —aP,

FEE12] AV A PTA R HA 1958, Jr4ldx/dt= Ax, A=(a;), i=n, j=ni%Mm
FEHTIEARE R o

lserh, JZETT RS OV IERG I A R AEMEL Y 2 BEE O B IR DT U < R, BT O BEES R
IEHG Bl R 5 AL 7 T HF5 5t al 45 T 4146 i

21 HaR-G<0, R-D<0, aP,—C <0K, “Ffisi(0,0,0)#nfae, WEZF4#(0,0,0)
REBETER, LA 4.

it 2. MaP-pT-G<0, R-D—(I,-1,)-aP,<0, aP,—C, >0, “FH#:%(0,0,1)#iiLfaseE,
W ED P47 45 (0,0,1) &AL AR E I, WA 5.

458 3: HaP-G<0, R-D>0, (l,—1,)+aP,—C, <0, P (0,10)#nLfaE, WA
#.(0,1,0) LA E R, WK 6.

Zit4: M aPB-yS-pT-G<0, R-D—(I,—1,)+aP, >0, (I,—-1,)+aP,—C, >0, F#isi(0,11)
WIIEARSE, WRR T A (0,0,1) REMAER, W 7.

it 5: X aR-G>0, R-D<0, aP,+pT-C <0, “F{ijx(1,0,0)#nLfie, ER P
(L,0,0) LA EHI, LI 8.

450 6: M aR-pT-G>0, R+yS-D—(I,—1,)+aP, <0, aP,+pT-C, >0, “F4isi(10,1)#i
UTkasE, RSP T (1,0,1) R ke, ILE 9,

& 7. %aPR-G>0, R-D>0, (I,—1,)+pT +aP,—C, <0I, “FH#im (1,1,0)#nafee, WAZ
AT (1,1,0) AR E K, WA 10,

it 8: MaPR-yS-pT-G>0, R+yS-D—(l,—1,)+aP,>0, (I,-1,)+ AT +aP,-C, >0k}, F
i (L,1,1) #LAe e, WAL P74 (L,L1) —EARER, WA 11,

Figure 4. System evolves to (0, 0, 0)
E 4. Z%@(0, 0, 0p&E L
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Figure5. System evolves to (0, 0, 1)
5. R%E)(0, 0, 1&E L

Figure 6. System evolves to (0, 1, 0)
6. &4tm(0, 1, 0)F L

Figure 7. System evolves to (0, 1, 1)
7. BRZE(0, 1, 1)5&EK
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\\X///

0 o
Figure 8. System evolves to (1, 0, 0)
8. RZME(L, 0, 0)FEK

0.8
0.6
0.4

0.2

Figure 9. System evolves to (1, 0, 1)
9. &% ME(L, 0, 1)iEK

Figure 10. System evolves to (1, 1, 0)
10. &%E(L, 1, 0)y&EML
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0.8.

0.6.

0.4

0.2

0 o

Figure 11. System evolves to (1, 1, 1)
11. R&gE(L, 1, 178K

32. RENEXNPERREMIER
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Figure 12. The dynamic for punishment intensity is 0.1
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Figure 13. The dynamic for punishment intensity is 0.8
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Figure 14. The influence of difference punishment intensity for govern-
ment’s strategy selection
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Figure 15. The influence of difference punishment intensity for bank’s strat-
egy selection
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Figure 16. The influence of difference punishment intensity for enterprise’s
strategy selection
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Figure 17. Dynamic diagram of the evolution of a system with little award
intensity
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Figure 18. Dynamic diagram of system with large g but little y
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Figure 19. Dynamic diagram of system with large $ and large y
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Figure 20. The influence of different y for bank’s strategy selection
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Figure 21. The influence of different § for enterprise’s strategy selection
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