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Abstract: This study considers the dual policies of carbon quota trading and "trade in" subsidies, a closed-loop automobile
supply chain consisting of a single automobile manufacturer, a single retailer, the government, and consumers is constructed.
The impact of different "trade in" subsidies on the automobile supply chain and government decision-making is studied using
game theory. The research has found that the "trade in" subsidy policy has a significant positive effect on both the new energy
vehicle and fuel vehicle markets, and retailers increase their profit levels by raising the selling prices of automobiles; The rise
in carbon trading prices has prompted automobile manufacturers to actively innovate in emissions reduction and can also

generate additional revenue by selling surplus carbon quotas; The increase in carbon trading prices can effectively incentivize
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automobile manufacturers to reduce carbon emissions, but it has different impacts on the optimal carbon reduction emissions
depending on the different subsidy recipients of the "trade in" policy. Moreover, reducing carbon emissions only during the
production phase of automobiles is far from enough for the full lifecycle carbon emissions of automobiles. More efforts are
needed to promote carbon reduction throughout the entire lifecycle of automobiles.

Keywords: Carbon quota trading; “Trade-in’; Supply chain decision-making; Carbon emission reduction
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Fig. 2 The influence of P on the demand for cars
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Fig. 3 The influence of P. on carbon emission reduction

HIE 3 WAL, JERBUR G REL “ DLIRHOET” AMNISECR, PR T I s & S P 2
ARG . A8 Dy ks LBk AR AR IR )3 7 AN AN BEAT BRI B, ARAREAT BOR BT 4R i RCR AR
FVSEARBR O JE AR, DGR AR S S T 0, S BRI A il 38 g 2 1) 3 e R 0 % D BB TG 097
BN, JUBRIRHS B SR 1 IR AUl Ul W B NC RIS S ORI 1 T S AL H1) g 2 i 3 7 A Bk
Rt TRZLEN T

36



H2E

M e e O N

%1

—

0.02
0

05

[ 4 P XHR M R BT
Fig. 4 The influence of P. on the profits of automobile manufacturers and retailers
R 2 PR EHIE AT E R KR
Table 2 The influence of P. on the profits of automobile manufacturers and retailers
p. Ty 7y 7y 7y

0.05 0.3062 0.0281 0.3384 0.0442
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1 5.0557 0.0369 5.0914 0.0601
1.5 7.5809 0.0921 7.6355 0.1527
1.9 9.8182 1.6307 10.0406 2.7619

Hi Pl 4 IR 3 AT, BRAE S A AR G A R E B AR, KERIERFNES P
SIS, MR NAERE P FEEE BT RHRAEHIE R R, B3 5 i 1 kA S AR HE
JRATG N, EAE A ATIR I AR AR PR RO (K0 0 B B AR R R (I 1 S Te), A
ARBUHE R AR eI M F R E B, =TT TR SRR, BRSNS AR
MBI RIS AR A, B Bk AR E, AR AR SRS 5 s B R
TG B QU R HUR IS A I T B, A FEE N IR EM RN TE 720, AR
B, JTT T ANE. B B AEREE 5 A B TRRES 5 T AR E AR A T A R R e

Hi P&l 5 AL 6 Wl 0, T REVET AR AR 4% (0 B B 70 R 75 SRR g i JEL T 2 ) e O 98 T vy 8 o
WU AN ELFZ AR 17 93 O SERAS, BT R PSSR IR R, e sk ok &, Tl
LR RS B ORI o (BN B R I 5o 5y — PR AR I ok . Ik,
PRALE PR 4 T 32 RO AR R e IS ) R - B PR R 3

37



$2% B S 1M

2 1.7
r Vrs‘ 16
£ 18 i =
3 J 15
& & 5 ¥
% 16 fL 14 - ”
= g ’
£ 13 ——
E14 i or
= 12 -
k2 4
= ”
12 ¥ 1 i
= s
w1 " Jaa
T - - - - - = 7
09’
0.8 0.8
0 0.2 0.4 0.6 08 1 0 0.2 0.4 0.6 0.8 1
S S,
n f
B 5.8, Fl SRR EMHE IR
Fig. 5 The influence of S, and Sy on car sales prices
0.8 1
q | q°
. 08 = =g g 22 =t
- = -
P » -
1 = 06 s
04 22 -,
E e il
£ 2 04 -
¥ 02~ - pria -
1 ot ¥ 7 -
= Mg 5 02 -
& & e
= °F e 2 i T
.4 ~ ¥ L~
3 o o ¥
& 02 LI ;I 02
Bl ~ B
* ~ ~ <+
-04 04
~
~
-06 06
0 0.2 04 0.6 0.8 1 0 0.2 04 06 08 1
s S,
n f
VY &
B 6.5, f S HREFRRERILM
Fig. 6 The influence of S, and Sy on the demand for cars
1571 0.045
[F8] (B
004 ¥l
!
& 0035
X 05f P
l £ oo
g Lh :
0.025
08}
0.02 1
-1 0015‘
0 0.2 04 0.6 08 1 0 0.2 0.4 06 08 1
Sn sf

B 7S, A0 S5 BIRHER RIS

Fig. 7 The influence of S, and Sy on carbon emission reduction
EENES R ATPA PR U N (S 2% T I X S W R /2 66 =00} 2 P e N TN P 7277 5 b YRy I
I, EASZ S, (R . TR RE IR G B0 70 F R B R R R A BRSO AT R R
BARE R BB E R, AUEBUR M7 R R W R TE I3 AL B UBHE R ZEK o TRV 2 (R R B LA
P LB o HL G O AT BB HER AR O LR 5 S, AN, SRR R R B, o
RHESE I T BB SRR o BB I B AEAE B R R X 4 1 4 o A S BR HETBOR 2
AN, TR IO A5 B8 5 B A U TR Sl R 7 Ml AR B A R AN £ e Y

38



B2 M e e O N %13

0.8

] |
S I "
- ——
R 1} R

=08/
jj:joav,
f.f:es» 2 o6}
& 04l
203'

o2} -’ 2 oo

- -

B 8 5., F1 S 0K R A A R B R IR T

Fig. 8 The influence of S, and Sy on the profits of automobile manufacturers and retailers

FHIE 8 mr %, BE “LUIRSH” #M S BER3E N, REWIE M ZErm REdgm, “LUH
HH 7 AN AN A RN 7 SR 5 T B R B3, BURT IR 2 A S B T 3 1 0 A B RS 7 AR
HERZE P KR
5 &k

ASFETIRBCHUE B BUR S 52 T, MR T BRI 2 BUR T A TG “ CAH#H 7 FRG ) oesk g5
AL, FEor T IRAE G A AIAME AR BRI B A . FRoRE . B EAALNE K sem, S2100F
itk

(1D BUR “ LB # MBS B eIV R SR E T 3 BA B8 e 3EEH .
HERRC T BB WL A, A RO T PIRIRER T ®R R J5 RIS AR s, ~AE
BT P B BN AR IR TR AP A T A 8] (HBUR RS A AR E T R SEhrtE i, Bldle &
BRPRMN IR, (R EER R 3 S A Rk

(2) BRECANAE 5 BUR A SOHES) 1 VR R r I B B SRR BB . TRAS 2 A% 1 K Bl iR
PR B BT R DR G, 38 T A R AR RO AT R AR R . KIRE, BRECAE S
BRIV ZE & B B TR PRI RS, HEShVR ZEAT MR HE O AR T [

(3) WA Wi Tk Be A 80U ah VR ZE 3 v B AT s RE 0%, el A2 7= B B VR R e HE TR
SR, DUIRHRT 7 AN G EAN [B] 7= A AN [F] R0, SRRV R R R U B8 (i ik e oA F = 3R T
TR 3T BRI ZE TR U DU B DR HE s i A PR, (R BB AR I AR HE IR RE AT e 2 8% 7. [RIk,  BURF Y.
BHEwR i Z R WAMIETT 58, S ERERAS i, DASCIER TR EcHE B AR A et .

SE R

[1] K2R, BT, BHEHE. SIS 5 BOK T IR AERE 1 JHE RS £ )]. 8 3 LR 2, 2022, 36(01): 172-180.

[2] Mao H Y, Wang W B, Liu C H, et al. Effects of the carbon emission quota policy on the quality and sales of
manufactured and remanufactured products[J]. International Journal of Production Economics, 2023, 266: 109058.

[3] XUKGfl, ZEpHYR, LR, BRICHE Z AL T 56 S A ARBR B AR Y H—3 T 5 R MR AL 2R 1 (0], R
TREH R 55, 2024, 44(02): 684-703.

[4] 2= M&, Z V99, 2R, BRECH N BRSZ 5 X B R RS R 5 i B Wiv R AL I 0], o R R, 2024, 32(08):
250-261.

[5] FhARIE, 90 B, R, % WS T HIES FHILERAR AR L W sh S RHETT )], RAERE 5%0°%, 2024,
44(12): 3718-3739.

39



=

F2 UM S ERE

(6] AR, Br . FAEBLREE R CAR B iR 1 it JE )], RS LA HG 52K, 2022, 42(04): 1072-1085.

[71 Li W L, Tian L P. Optimizing prices in trade-in strategies for vehicle retailers [J]. Expert Systems with Applications,
2023, 238: 122004.

8] /& &, A M, ke, 5. BT 424 F B BUR (R85 AN BCRIE R T]. R4 LRSS Sk, 2024,
44(10): 3280-3293.

[9] Liao B'Y, Sun M, Y Zhu X X, et al. Investigation of discriminatory government subsidies for fuel vehicles and new
energy vehicles by considering trade-ins[J]. Journal of Combinatorial Optimization, 2025, 50: 26.

[10] %% 55, BRAESE, B . WUMAIG T 3O St (57 ) 3 7oy o ok SR S LA [0, o A BB 272, 2022, 30(06):
87-98.

[11] Cai J H, Jiang F Y. Decision models of pricing and carbon emission reduction for low-carbon supply chain under
cap-and-trade regulation[J]. International Journal of Production Economics, 2023, 264: 108964.

[12] /5 WF, BER. BURMEE R RO B R HE & 8 1 He sk s ma[)]. i se 508, 2025, 55(09): 1-16.

[13] 5k4&2R, £ %, XKF. RZH 5 XYFEHOR T ™ M ARER AR R ST 7T )], & TRR AR, 2025, 39(04):
239-250.

[14] SEARW, FECE, X &, & WA S EUR N X ERBEROR /436G B85 € 0 5 IR SR R[], R AR,
2025, 34(02): 363-376.

[15] E/NEE. WA G AL N 25 RE LA 45 A Ul ) AR (RS2 % R AN 5 R D SR (D], B 22 K2, 2020.

[16] Tao Z Y, Li J B, Liu Z X. Trade-in for carbon emission reduction under tax regulation[J]. Annals Operations Research,
2025, 347(1): 367-404.

[17] Ferrer G, Swaminathan J M. Managing new and remanufactured products[J]. Management Science, 2006, 52(1): 15-26.

HEEWH: IR A A4 L IR AD23026317), B 5 [E SRR 3 4 X R 3 4 T H
(72461004), J~ 74 B4 K 22 18 4 3 4 10 H (20S08), )78 B K 2E 0 A0 AE OB A HT i R H
(GKYC202537)

VELEERA: BBIE (1989 , o, WL, mlEER, WA BARSEE. REdE. HORTP
4. E-mail: yuyan 517@126.com.

* BWAEER N FFER (20000 , &, LR, VRIS, BT R S YR TR

E-mail: wangfengjun1210@163.com.

40



