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Abstract

Based on the three-level supply chain composed of a single manufacturer, a single supplier, and a

NES|IH: R, b, R BUN T OSURIE R BRI AN SRR T D]. 1B BRI, 2023, 13(2):
476-489. DOI: 10.12677/0rf.2023.132047


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2023.132047
https://doi.org/10.12677/orf.2023.132047
https://www.hanspub.org/

FEE %

single retailer with premium and penalty of government, considering the multi-lag effect of tech-
nology and publicity as well as the preference of consumers’ online channel, four models of two
reward-penalty mechanisms combined with two dual-channel structures are established. The dif-
ferential game theory and continuous dynamic programming theory are used to obtain the emis-
sion reduction decisions and the optimal profits of different models, the comparative analysis of
the models and sensitivity analysis of key parameters are also carried out with the examples. The
study found that there is a threshold for the time lag. Only below the threshold, the profit will in-
crease with the extension of the time lag. The government’s reward and punishment intensity and
consumer channel preference will have different effects on the income due to different time lag
periods. Therefore, the government and enterprises should comprehensively consider the lag pe-
riod and the market environment when making decisions, and make dynamic adjustments and
timely optimization. Moreover, when the time lag is short, the government only rewards and pu-
nishes suppliers and manufacturers and manufacturers open up online channels, the supply chain
emission reduction, low-carbon goodwill level, and profit are relatively high.

Keywords

Reward-Penalty Mechanism, Three-Level Supply Chain, Dual-Channel Supply Chains, Time Lag
Effect, Differential Game

Copyright © 2023 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|8

2021 4F, EERERUEAT] A ARE IS ) 363 fam, FIEIGK 6%, ##id COVID-19 A HTHIK
e, GRS gm ] Hor, AR I, R E A mIRAPREHATR(2021)) TR & 100
F BT A wl ) AR AR B 44.24 femll, 25 2B ER 44.7%, SAIRSER 13.7%, AR, 4
VB IR TE () B PR A — @ s (2] ANl Ak AT AT R BUR PR R M SR 1 [
(3]s PRk, A ST 7T A3k 3 B0 SOSURE (R B UM S AE ML DA AR AR IR HE S EARATAE 2 B ¥ (1) 3
A =J7H A A, AR SCEREZAR NI = AT TR 1 81 7 =8t B AcA AR T ) S0 &=,
FEEAT TR HT

AR R GO EAR TG . AREKET R TEBUN 25 T Z QS I ER
TR 4]0 SRT P i HEAS BRI SE R IE 7, B R BN A T E R R E G/E. M/NRSE. ZE5E
A F5 AT S HRRG S A 1 = A BB 9RO T 2R 40T (5] [6] [7]. SULREIRS, BEEHREMAKRE, 2
PRI @E T 2 A ERIE, TEROSURIE LN 45 . Matsui K Il Meng Qingfeng 5 #B X XU 8 fit
HERTIT T HEFE[8] [9]o MRS E T30 T 2R TN SR a5 M WURTE it S BEREAT 1 IHERT 7E[10]. Mda gt =
SEWEIL T AR J7 2T BRI A N I R SRR [ 11] [12] BEA AL S5 B 1 AL 90 245 SR R R Bk 5 3t
TR TR _EIRIE A T BTG 2 [13] [14] [15] [16]o BURAIR, A SCRRBT 7C i i 7/ 28
3 IARAE 28 1 B TE FF BRI X A b sk H 5 12 o

IEAE, 5 RERCHE A S BUR AL 3 DIAR SC I pk 2 100 R, SO A 0 2 DL 51 538 B 4 %o Al S i s A o
Hor B 238 2 PR HE TS A T Be e — o AR5 S5 AN AR G 38 55 N AE T DL I Ak B Al gk HF 4%
NBATEACTEZR AT [17] [18]0 18 V-5 18 BF 50 HAT BUR 205 1 A SRR IR IE S 1 SR IUBUR 2 38 ATL

DOI: 10.12677/0rf.2023.132047 477 18 %5 S 2


https://doi.org/10.12677/orf.2023.132047
http://creativecommons.org/licenses/by/4.0/

FEF %

REVEUBN AR VIR B TR (AR [19] 0 FAE-FEEWE T 1 BUR R IAS [R] 2 AT L) T 2% R& (BT U e 5h & BEATL I PR ER
BERLEE L TR 20].

Ak, IS A AR S & AT R AR E AL, R TR UR, A I8 . Chen
SR T — AN G R R B I SR Y ) XU R B AR () B AR [21]. PRARESE S Sun SEFIE Y
TSI T IRHERCRAEAE N IR T AR R [22] [23] [24] o XUHT S5 h Y HE AN B A% B A7 AL I i N B0 45 1 e
WERBAT THEFL[25].

Table 1. Comparison of some important literature

F 1. —EEEEAIELR

I i RUE S| BURF R A

Lk BormgE SOONEE o enmn Bl (BB HLED

2 b IR TE i i

B EE([4] J
] N R (5]
BT
LERAE(6]
AR 225 [22]
U [24]
XHTEF[25] EZ DR
BRE#4E10] V BLGE Y
WS 11] e
FHERASE[16] NG| V
T FA[19] v FLLH
T F4[20] v ENEDIE

AL V V Z I ENGER ENGLI] ¢

BN
LN

B D

(e o5t 3R SRR DAL 1) 3R SRR 20 8 R 9 B A2 E IR TEAR S B R R O — R 2 FEpL
DT Aok HE S S B BE SRR, AR DA SCRRKS AN [F) 45 4 XUSRAE A 3 R AN [R] S SR AT LA 45 15 06T B T4 4
MV HE B BRI BE SR ROR s 2) AR T FURE IR LR 9% 8 D18 fin S 43 15 25 8 2 XU IR 17 e ik
HHEE: 3) REHCCEHRZ BN EERIY. S35 00 BERT FU 06 RRE Atk (8, T kg He2 — A
KIS IF H 28O LB B BE A W Fo 5, 208 77 i HEAS RE UK SERIiE v, 38
e EITERIIE ST S (2

LR LR, A SORAN R 5 R SR TE AR A A R A 25, JF BB PRI B AL A AE I A LR
LUK Bl AN [R) SRTE Ml 0 (0 = 2R B 0B, 403 DU SROUUR A (3 S B I 20 I AR, T S BURT SR AN (] 22 7
AL T X LA 2 I i RO [ = 20 00 SR Pk o B e 5 (] A SRIE 45 4 A 2 SR T AL IR SR A, 220
BL] + SRIERE” RFERIL SRR “BUF + 4k 3% FRHE T e .

2. HEMESHEXER
RSB B AT R R&R LI . EABRRTIUR T, =GP — SR, — M

DOI: 10.12677/0rf.2023.132047 478 1B 512


https://doi.org/10.12677/orf.2023.132047

FEE %

AN ANTAR TR, 132 7o A0 2 A5 T A I 2% TR TE A% e ORI 1 65 1 220 D [RI SR RIS (U e o 0 R i 4
H EEATURE R TAR, R AR R OV EREE A, 0 0T AR i E AR
e, PHEMIRE il i AN 2 T N R SR H b AR B SR I R . ARFRBUR 38 T SR R i 7 A
P R/ =3 R A ) LA B AN [ SRETE 85 4 (1 3 e DO T/ 2 ) LT ) A1 & BRI A A, i 1 s

G: Bt Pu),
St kR s SM,E
M: iR
R: ZERH S,
C: HIH M P,
50 P,
rrrrrrr > & LRE P
—> &TFRH gL

Figure 1. Four model structure diagrams
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Figure 2. In the four categories, emission reduction and goodwill change with time
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Figure 3. The change law of profit with the time lag
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Figure 4. The change law of profit over time
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Figure 5. The change law of profit with the intensity of rewards and punishments
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Figure 6. The change law of profit with the channel preference
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