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Table 3 Eigenvalues of Jacobian matrix at each equilibrium point

Y R FHIEAE 2, FHIEAE 4, FEEAE 4,
E,(0,0,0) —0Cp=0Cpg yPg—aCqy ARy +BSetyPe—Cy
E50,0,1) ICps+0Cg yPg—aCqy ARy+BStyPetoQ-C
E4(1,0,0) —0Cp=0Ch aCq=yPg AR+fSe+yPe—Cy
E,(1,0,1) 0Co+0Chg aCq—yPg AR +fSq+yPq—Cy
E£0,1,0) -aCs—pSg AL=0Cp=0Cpq —(ARAfS+yP—Cy)
E(1,1,0) aCqtfiSs AL=0Cp=0Cpq —(AR;+fSq+yPs—Cy)
E40,1,1) —aCs=pSs SCp+0Co—AL —(ARg+BStyPe—Cr)
Ey(1,1,1) aCgtfSs ICost0Co6—Aly —(ARHBSHyPetoQ-Cy)

E(x,y,2) Bk

32 =HEFRENIM

FR A A AR S5 M s AR (R 2, X T R R
J 1917515 Det J<0 A3k Tr J<O [FJEH# 2B, UiBIL
ISR ERE MY o B2 PRI SRR .

FHIEE A, EESZBEOCo6. 0Chs aC . fSe K,
FRAE AT S5 B8 AT A, UL 4 S EEE AR T,
PRICRAE 2, POAF S AR 2 S i

FRIEA Ay OAF 5 5 MR B Al A0 23 10 ff

17 7N D s SR < 1S D | e e
@@%Eﬂ‘ BORAMI WSS o BRIBUR AN SIS |
AN S it 453 €8,/ 2 B 79 S K P RS R T R T ol S it
SREALE A, I, R AN 2 St Ak
B 0] LLAE BT AR ABSHyP—C>0, M T %5 5 4
ARAPSHyPo+00-C>0. XTI E UL, HtES
55T L R R A ol S it g £ 40,2 T AR AT 9 A5 A D PR B
Welas, BERTHG RS 52 A, E
HREREES 5k, B L AL-0Co—0Che>0.

M 3k 3 AT R Es~Eg X BLRFAEAE 2, AT, X
T RE KL, HPES ST R R S htsk 4
BEMAPFIF BN TEBEE N 2, SR T HAR B
ZERMMINBA, SNEREANBRES 5k, B
S AL=6Co6—0Co6>0. M5 15 E~E, X} I FFAEAE A, 1
ﬁ%‘z%ﬁxﬁ%%ﬁ yPo—aCq FIFF 5, k& BUN 7E

=S O RS SER ORI N R A ORI E/

SEUNHTAB A RN C R . MU LR W48 SR
T, AR SR AR (1 F R Al ST O T BUR I
WEARE, Bl yPe>aCq, WHLIE yPe—aCq>0, B H|Wr
S E~E, RPN ARIEE A, AR5, I RIEE 1;
MY BUR R AN T, Rt e
R STECN T BN BT AR, B yP<aCq, 1
& yPo—aCe<0, LRI HIr I8 i E\~E, XTI RHE

{8 4, KFFS, iCHTEE 2.
P RHAEEAT S a5k 4 PR
F4 FBHEHEESS RBE LI
Table 4 Eigenvalue symbols and stability judgment of

each equilibrium point

Y1 A . A et
E,(0,0,0) - +(FED,-(FE2) + JefaE A
E5(0,0,1) + (B, -(HE2)  + b3y
E(1,0,0) - (B, +(1FE2)  + JefaE A
E,(1,0,1) + (B, +(HE2)  + JefaE A
E40,1,0) - + - B VEg
E(1,1,0) + B VEg
E0,1,1) - - - g
Ey(1,1,1) + - - AEAeE B
E(x,y,2) Det J<0, TrJ=0 E/3

AL LA BB R, R R AR A A — Y 2
M E5(0,1,1), FLFTXS N AR E AR, (Rl
AR AR E RIS U, BURFTHBRE .
F it O ke | T ES S T R SR A
I =5 A TR RS E A

4 ZHEFEHEGRESHT

H G AT BN . B T 2R B R
WRRHAT THS T S T R S ey TR Y
HAREREYE, H Matlab FARE =5 AT AR Sems

M 3.2 75 F8 2 LB 55 AF AL=0Co—0Co6>0 FlI
AR ABSc+yPs—C>0, LI RIEHIZhA I (10) ~ (12)

} R EOE R, XA O S B AT IRE: % =02,
Cs=80, f=0.5, S;=60, y=0.5, P;=80, AR.=60,
C.=60, 0=0.5, 0=30, AL,=50, 0=0.5, Cp;=20,
6=0.5, Cp=20.

e, XL B R R AR 50 vk, A5 AR AN

-13 -



[B €1 %= = f PACKAGING JOURNAL
2023 £ £ 15 % % 3 #i Vol. 15No. 3 May 2023

LFRe T RT AR, R EME— LR E
#CO,1L1 ), RIBUR | s Rl | T 2 AR 2 (11
WA, St O, 25 ) R E A Wl L,
PrIER S & O R A e e o gt —2, H
BAARN . el et s 25
MEOLS, X T BT LR 210 1) e 229%
MRS b, MR E X5 5B E AT

B 1 R 50 REDSLIRE

Fig.1 Three-dimensional picture of 50 evolutions

SRR . R R T B A A SR A T
O R =TT R RIIRER  BIKAE 4 0.2, 0.5, 0.9,
PrRE RN 2~4 F7R .

MIE 2 AT LUR H, ANERIIREER N2, BEE
RS, BUNSRIS PRI T 0, Wal/2E
IR { TR RS ) AOSREmS

MIE 3 FOIE 4 FTLIE H, BEE I E RS, R
AV 2% A SR R MR IEIE T 1, Wl
HURT AR B { fRptar e ) M2 E IS (=
5} SRS . RN H, WInAsEoR, BT
1 FR 3 R

i i =7 B AL SRS oA, LR RR R T AT
e E SO (0,1,1) HIZEE.

1.0

0.8

BURFARENE R

1 Il 1 Il
0 0.2 04 06 0.8 1.0
I$1)

B2 BAEERERCEHE

Fig. 2 Evolution trend of government regulation strategy

0.8

e
=

LR Al SR e R

e
)

1 1 1 1
0 0.2 0.4 ‘ 0.6 0.8 1.0
i

B3 mEtlIHEEaRRBELESE
Fig. 3 Evolution trend of green packaging strategy

implemented by e-commerce enterprises

04 0.6
Ii$1a)
El4 EHBESERBEELESE

Fig. 4 [Evolution trend of consumer participation strategy
5 #4515

ARSCiE AL R G, M T DIBUR . HURT 4
by T B TR =D AR, Gl =y
A R AR AT | SR T S 2 D A R W] B I 4 03
Br, $ T =0r AL SRR E Y, R i
BTt — A MARAIE . MR, =5 iR e A
SEBUMTHEE . iR s G | HvES
Ho MFTBUGARDE, QR Rg el BRI A B A 4R
e @Al EREA ST, HaHIR AR
B (IR A A R AT EAR A M,
FUTT B PRGBS N BRI A R A Bk . (X
B, M TFHEUGADL, N5 A Aot Al
T 2 BB ) ¢ (0 40 2% A9 U R SRl o,
7] LA 114 P 4 ot 2o €450 194 St o (6
XFF UL, MMM g &, AW oE 4
ORHUNEE . XA E ARG, MR A S S50
AR, SERIREIR.

- 14 -



15 g
ETHRAEZNRERBHRAERLBER

R 54

ARSI =5 KA AR ek, 2 F—2

AETE, WA ISEUNBA I EE | BT TIE | K
TIBE, VIR 382 515 RS 2R BESF A R
X% 7 SRS BRI

Sk

(1]

SAVASKAN R C, BHATTACHARYA S, WASSENHOVE
L V. Closed-Loop Supply Chain Models with Product
Remanufacturing[J]. Management Science, 2004,
50(2): 239-252.

FrEfR, ¥ W, & J7. BUMAMIET SRR 2G40
1% FE W A S SE (0], AR, 2020, 12(3)
60-68.

LUO Dingti, LUO Juan, LU Fang. Recycling Models of
Pesticide Packaging Waste in Villages Under Government
Subsidy[J]. Packaging Journal, 2020, 12(3): 60-68.
FIEZ, 5k 5% B MZE PSRRI T Ak Ao
P F ) IO AR BEPFMAT ST (0], A28, 2019,
35(3): 68-72.

LI Zhengjun, ZHANG Zhen. Research on Evaluation of
Enterprise Packaging Waste Recycling Mode Selection
from the Perspective of Supply Side Structural Reform[J].
Ecological Economy, 2019, 35(3): 68-72.

By, £ A&, FER, & FER AT
WA i e B 2 A 2 RO R SR (0], ("2 I,
2020, 12(6): 59-69.

LUO Zican, CUI Jie, LUO Dingti,
Sharing Contract and Packaging Size Decision Under
2020,

et al. Revenue

Retailer Recycling Model[J]. Packaging Journal,
12(6): 59-69.

& 7, ¥ . RIEFY I [)
4, 2017, 9(5): 69-74.

LU Fang, LUO Juan. Research on Packaging Waste
2017, 9(5):

1. f%E

Recycling Mode[J]. Packaging Journal,
69-74.

SINGH G, PANDEY N.
Packaging that Influence Buyers’

The Determinants of Green
Willingness to Pay
a Price Premium[J]. Australasian Marketing Journal,
2018, 26(3): 221-230

trogn, EORE, XURAE . DB RO L B
O EOSE (0] PSR 3REE, 2017, 27(1):
111-119.

XU Hong, WANG Hui,
the Express Waste Recycling Industry Chain Based on

LIU Xujun. Simulation of

Circular Economy[J]. China Population, Resources and

Environment, 2017, 27(1): 111-119.

(8]

(9]

[10]

[11]

[12

—_—

[13]

[14]

-15 -

filglie T, TGS . BUMNZS T P Al R ml ik
AL IR 5 07 RS (0], @A #2020, 12(3):

51-59.

HE Yanzi, DING Zhipeng. Evolutionary Game and
Simulation Study on Low-Carbon Packaging Recycling of
Logistics Enterprises with Government Participation[J].
Packaging Journal, 2020, 12(3): 51-59.

AXT, FEE T 7 IR A PR e
Fr 1 B ST (0], BRSO RR A, 2021,
47(5): 16-19.

DIAO Yuyu, GUO Zhida. Research of Motivation
Mode of Express Packaging Waste Recycling Based on
Tripartite Game Model[J]. Environmental Protection
Science, 2021, 47(5): 16-19.

it , IR . A BRAS ) PR 60250 1 Wi — s
WA A BT (0], Tl TR 545 3, 2021, 26(1):
157-164.

HE Hailong, LI Mingkun. A Tripartite Game Analysis
on Reverse Logistics of Express Packaging Under
Restricted Control Policies[J]. Industrial Engineering and
Management, 2021, 26(1): 157-164.

B, B R BUNSRAERRU T R R A Ty
AL R 5 05 LA AT (7], LA TRE, 2022, 43(11):
272-282.

CHENG Zaoping, MA Liang. Evolutionary Game
and Simulation Analysis of Express Packaging
Recycling Behavior Under Government Rewards and
Punishments[J]. Packaging Engineering, 2022,
43(11): 272-282.

FilgE, kT, KW, & ORZGEREFYPE
W A I ZE 5T (0], B S 40, 2022, 35(1):
106-110.

WANG Haizi, ZHANG Ning, ZHANG Shibin, et al.
Evolutionary Game Study on Collaborative Recycling of
Pesticide Packaging Waste[J]. Science & Technology and
Economy, 2022, 35(1): 106-110.

2o RN P AR A ISGRUR LER [1]. b
SRR S22 (RESRRARR) |, 2017, 19(4): 35—
40.

LI Ping. Recycle Incentive Mechanism of Express
Packaging Under Game Model[J]. Journal of Beijing
University of Posts and Telecommunications(Social
Sciences Edition), 2017, 19(4): 35-40.

BB, WAL, ZEART . R E N E N U b
WU 1y b 3 £, 2 (] g S W BIF 5T [U]. AR AR T%, 2020,

36(9): 204-209.
LI Lulu, TIAN Liping, LI Dongning. Research on
the Recycling Strategy of Express Packaging Under the



[B €1 %= = f PACKAGING JOURNAL
2023 £ £ 15 % % 3 #i Vol. 15No. 3 May 2023

Government Subsidies Based on Patent Protection and MIAO Xiujie, JI Fengqi. Evolutionary Game Analysis

Differential Pricing[J]. Ecological Economy, 2020, of Government and Express Packaging Supplier in Green

36(9): 204-209. Technology Innovation[J]. Logistics Technology,
(151 BiFEAN, LCRUHE . R R e B0 R 7E 2% (L ER 2022, 41(2): 30-37.

QU B AL GRS D], W, 2022, 41(2):

30-37. (FTAEGa Hh: TFAAE)

Analysis of Chinese E-Commerce Green Packaging Stability Strategy

Based on Evolutionary Game

XIE Caihong"?, ZOU Xiao"’

(1. College of Business, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Hunan Packaging Economy Research Base, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Implementing the green packaging is an urgent problem to be solved in the rapid development of
e-commerce. Under the assumption of evolutionary game theory, a three-party game model is constructed containing
the government, e-commerce enterprises and consumers. The expected return model, the replication dynamic equation
and the Jacobi matrix formed by the three parties are discussed. The equilibrium point of the three-party game model
is analyzed and the stable point is determined. Finally, it is verified by numerical simulation. The research result shows
that the strategy set composed of passive government regulation, green packaging provided by e-commerce enterprises
and consumer participation is the stable point of the three-party evolutionary game.

Keywords: evolutionary game; e-commerce; green packaging
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