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FERE RBA (AR 55 R AR & 1F B8 5 S A0 AN U SR L B %

TR 5% & TE B SL 3% &9 JN 3B & TE 1298
5 SN 3B SN 0 S8k B0 A ax at

FE&E K k& P 3

RBRE: A XLE AL R AR AR E AL M5 B X H T 828 48 X A 3k
HE B A EB T RL, MY B T AR B A 1 Bk B 4% (LC-CSC) M ik 2 48 R AE AL . 4 2 4 &Y 3 4 4 ug
A B RO R T, RA B R B2 BOH 5 R R TS R s AT
MEERNET R R AN N2 EXT AL TR NRBRIELT . A, KUK #E
TLC-CSCH“AEMBEZA”, FIEHZEZAFTHHRANEGEXREZLNTFAHRE
B, RXH—F RN, MW ENIFRN FRETIH LR 02 EFm R RBEHETHRE
FEFE AR R, T RCE B ONBORE A W R AL R R AN, B b AR SO T T BOR A A A
Ja P T AR R AL, DA B3R B R HE A 4 AR A A ek FOA I SR E] AT LC-CSC Ah & AR AP
WRMALE "o AR XEW, B4R LR HE A LB B XK B R R AR e o E R KB
JERL R 58 3 T A F FE a5 e o 3 AT AN R 2, R R R T A ol Bk Rk i 3R e ] AT R
THEFEAEREEEAFTHLSEA . RXEF A A E B Z R 8T 538 AT 8
R, BT A WA,

KEWR KA ER-RLE mRAWMEZE RAFERNE WEZSL HEHEH

—. 5 F

A B BOE 45 )2 0T DAk, i & [ 200y T IR = AU 08UHE L Bk 17 390 48 S A 22 A 38000 AR BIL I
E BT Z AT (R 1355 ,2014) o IS EROR A, BROUA L 36 [ 0 [ 45 28 5 AR 38 0 8 5 1 B i 4 i
KA B8 72 28 S BBk 1T 3 A RO 9 1 A7 HEBR A LA R A W4 A AR & e 221 (Zhang &
Xu,2013) . Sy S BUsCHE B AR, H 2011 AR AL 50 TREERT b U A5 I T Bl 2 R O ik HE A AE &)
BRJE T 2021 4R TF i 42 [ 8k 52 5y T 3, 4F R USSHGk 854470 . BEAG Bk 32 5 T 3% e, Hoxd 47
b 5 s HE A7 A B B 3 0 38Rl HL A e T A2 56 1 (Benjaafar et al., 20125 Tong et al., 2019; Cao et al.,
2021) .
AT b 78 B R B2 HH A, A R RE B TR D HE 0 R 2 BT AT 9 R B 4 N B R A, B 2 DL £
o, AR Bl R AT 45 22 hy 388 00 I B A1 107 85 7 1V 32 T AL (Govindan et al., 2014a) o fEfR T 35 b, (A it
IO 8 B3T3 o B 9 HE R R G A R TR T FE R AR Bl 1 A B ST ik A AR R A5 7 SORBRAR A
B 00 B HE TR, DA T 9 20 A8 B T 37 Wl S Btk HE A B AR, s Al Y 22 B R AR o AR T, B AR B
DBl ftk 55 3 AN JE LA R A O ) A0 A, b I B A DR 0 o S R L P R AR R £ A OC T 19 AR
515 B I B T K6k & 1E L0 4% (low carbon cooperative supply chain, LR fRiFR LC-CSC) , e 1
B b 52 BB J2 T 6149 I8 A ol A 1 4 A 2 WL T A Atk 9 HE A 25 B AT 95 S 890U (Luo et al.,
2016; Wang et al.,2019) . 20224F 7 J , TA5 &6 . B % & ot Z5 M A & BB 300K A & SC Ty 4 3 Atk
*OEREME, LR A R ER A S T AR B, MBS : 250014, FL T E 46 : wangyuyan1224@126.com; bk K BT IR 22
I BB 45 2 Bt , R4 5 - 250014 , B8 F 15 4 : 139690339093 @163.com , 20067433 @sdufe.edu.cn. A B 5815 B [ 5 11 R Bl 24 3t
ATH (72371144) (LR A %8 102 H TREL T (1sqn202211197) KL BrRE T H 32 55 35 Q180 1 BA (202228075) A58 B, 1 3% 1830 B 42
CRiER R3¢ 3 S =i
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A Y

‘i (% %G 45 202455 63

K U S 7 58 ) (T A BRI 17 (202288 5 ) , B A 45 HH 2 DAk 13 B 4% & | i o 146 N 4 4 B AR k0
it & R o AT A A A 58 B icHE B A5 2E 47 20 57 e 3T HE B 00 0 25 K L AR = A ek HE
JE J3 K %5 ] B ( Basiri & Heydari, 2017) , LC-CSC A 51 22 [8] 1] LA 3@ 5 & 1F 56 2 7 A B AR B[] 85007
AT 5 AR b A RE 2, S 0S8 i A5 I a2 7 (BB 4% ,2019) o 4, th A 4% AN [ 2 40 A 4ol
2y 4y B4 k) LC-CSC A 52 BRAR AR £E 7™ 19 SR W 28 15, 4n v [ A A o 4 T 3500 1 %% 2 00 A1 e 381 22 il
T b A A A Y 5 R A VR KR S R G T HE L s HE AR R R A b [ AR 4R
P A 5 ARy Sr TR 25 55 Sk 30 A0 0 7 & kS TCT ey Jo o RVIER ik JR8 1K B i) o 7 4 1 46 17 4 1Y
Bk 7 22 5 15 LA 3 [ 4 it it 72 B3 <, (Schneider Electric) B4, T 90% ik HE & 35k A L 8% T T iF
Aol FEFF R T e R Sy A R R B e v HE B AR R R G T R DL RO A i e SR AR,
SR AE 2025 4 B f7 1000 2243 07 7 3k 285 0 HE 50% 19 H A5 5 e Ah 18 ) B R (BASF) ix — {5 4%
o T A, 25 B2 Tl X 22 Sk o7 e B BE B2, 8] 1 R W Ak £ 5 S Bk HE B b, DAFE 2 7=
SO R QT 1 SRR 30 A v e | A 3 A A 9 1 W S (A8 /-l /2 10 O R Ol N -
FI i LC-CSC, ¥ Wi A7 2 AR T HE R 8% v o (B85 10 B 00 =, /8 Tl 3k 5 R 48 7 57 P 1) 9 HE 1
LC-CSC & K# Tt , (H il TE LI M & 2 s BN # e, SE— il gel T H S
I 25 25 JET SR BUOHL 23 3 SCAT Ay, 061 2 B il 7= ot 50 7 s I AT el K S o8 75 3L il B 53 7 H B 22 1 9
HE S AT, 5% LC-CSC 1Y R & 2E A1 AT 52 M (McCaffrey , 2017) o R, BE 38 45 1 53 R 25 14175 31 23 °F
P B 1) A AR B PR 32 24, DL 29 B LC-CSC K B AL 2 35 AT Ol 038 8 KU, 2 o 36 L W 6% 1 R iR N
A VE WCHE AL ] 11 6 B 264

AT S8 1 £ BE K, A 7 e 8 el HE AT S EL A B AR R4 7 e AR AL SR 68 7 0 FR e N AT
J R S kR 2 2T R, BVAE AR 1E AP0 (Govindan et al.,2014b) o R, BURFAE 5% s HE 4 35 2, 130 )
FHAM I B3 AR 3R B4R LC-CSC B9 HEAT N (Fowlie et al.,2016) . 40, HEZE20164E 1 A 1 HIT A
Xof R AR EhL T B AV Bl 5 S AT FEL A e U ISR S A A AT R e 2 7 RN SR AT N R R cHE &
5 B T, A5 2022 45 b R L R A B S H(58.4% ) MR T 2015 4F(70.3%) FRET 11.940H
G 05 U T A SR B AT A B HE o R op e HE AR W BOR B R b TR R A B B OF
A S A B A AN AN B AL, — R L T B E RO . R A A
LC-CSC A1 84U AL 2 02 28 47 ol Wl HE 0k 250 £ e 1 [ 18 22 —

Wb, R ST B T B LC-CSC A P b 3 22 24 AN AN S R AL, AR SCR B LR = AN [l L 5
— HEREE TR U R 5L A AR U S R b RS P TR AR L T A R T 3 B A G PR 2R X B G 9 HE
AT ERERRE 2 5 WAl A O B R LC-CSC N R B R AT A AR HE e 5 =, EORF A AT DA AR R
B R 0 s ML R LC-CSC I HEAT A7 DAL 3 (] {8 R 3 1), AR SCH & T LC-CSC P8 A% B
2Z B A3 3 R A7 43 53] LA LC-CSC I S5 R Ak RN 25 i i Dl HE A1 358 P I 1) 4 25 4 1) S5 A o i
DU, fife BT 4SS 750 349 467 oF s S i R 26, M LC-CSC IR A VE DR 3 207 0 Besh , i EOR 5 s fn 3 )5
IO O S ML DA 52 B A 2 A R Bt Ol H AR T LC-CSC AN e L “ #b s S b Ll 7 o Fe s, )
FH v 3T e SO 2R A7 R O L, 36 UE S AR AR A R

AL S PR BTN F

55— R IR 4 25 BT A AR BT LA I IR 80 R B AR X BR T AE AE T8 A8 KU i1 B, — i,
AR SC P T R R A A e A R e ) BAR PI IR OR 3 A8 DX ) R B ek HE AR AR A
Y R G BIF 5T (X 18 345, 2016 ; Ebrahimi et al., 2022) , 1 & 76 & VE CHE oP — J7 B 5% 8 i i 1 R 3
R YRR RN AL A B A T B AR TH IR A LC-CSC A HE R DT B AR T 55 — 7 el e AR o X
Fofr Jli A B3 [ 800 5 A7 AE T Al Z [ 9 A 7E & & (Edmans et al.,2011) . 5% — i, 558 & 1F B
TR RR AL 5% A 1 B BIF 9T (28 A R 45,2014 Xu et al., 2017) A ], 7 356 0 T 45 57 B A B3 76 15 B
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FERE RBA (AR 55 R AR & 1F B8 5 S A0 AN U SR L B %

ANKIFRAT 56T A7 AE T A KURS: I (g P SR . FEUG S 5T, T A 51 T B TURIRS 5 8 SR L 5 A
B 51 B AR AL LC-CSC B AR R Sy H bx , (HAE SE BRERAE b, X7 8 2 2 5 78 LLGE SR B 5 I B
KA R 2 o B FEAT UM P, DT 7 A T XK o B RS IR [ 5500 45 15 R A X R AL AL, U
T BRI B e b N B A O RO R SRAT Ry, S BT B B 2 T 1 A A IR P B AR AT RE
WEFEAR L A B3 [R) RN A AR MR T LC-CSC S 5% Bk AR 55 1, 0 B it N AR 1 D 8] 32 24 7 5C
FRN R . B, A i A X HE 2 BT, R BRAE BN X RRTR B O U HE B ) B EE AR T 5 A AR BOR
Ao B R B A 5% 7E B2 FR I rh i GE S S s HE SR e B TR 2 W R T BART
PR B 7 AR Bl 45 A 0T ) 7

55 NN B TR I 55 A1 T Ik ) S0 ER R AR A O BT B R R ML o LAAE B B AR R
BE B LG AR Y O R R I B R B AR T AL BE N R ) B R BL I (Ding et al.,2016; Han & Wang,
2018) , 3% & J& AN AR £ 43 M B L ( Wang et al.,2020; Nie et al.,2022) , it = 5 {5 )i 8 Py 355 5 18
S HNER B AL PEAT A DL ZE & o AR ACE PSS URIRATT, B —HL ) 2 B T IR R B A
A b AR SCRE F A3 AT AS R S (84S R X 65 A i B, B 53 P RIS A R 49 A X6 R R s 0 1 S
B2 FHOLC-CSC L B A TR AR S5 T AN o 28 Tl AR SCHR H W DA LC-CSC A AP AN £ B2 5 1A B
SLLAVFIBALE] L LA PN AR VE 0 8 32 2 R A5 S5 AN 0 R 5 SR I XU ™, DL A AN I SRR AL
7 153 R HE 15 1 R Tl 3 2k A7 il LC-CSC 7 B Yo HE r 3B GHOUE B B3 =2 ) 1 A 1 I R R
WL JZ T A 2 AR R R A

55 = WBUR LA Bt 7 0 LC-CSC B Ja0HE A4 < 517 AN A =5 J5 4+ I AL, JF 28 ) 5 Ao 4
W Sl L) 35 P 1 25 o DAEE SCHROW BOR AU i BIF 7Y, R EGE i — AN RE &, B X 43 BL S
J 07 AFAE (0 S T AN Y 2 S #R I (Schultes et al., 2018 5 BGa 45 , 20185 % 5§ 45 ,2022) . H5E |,X
& A B VR FHSICR 22 94RO 55 00 2 F 40 #% #h I (Toshimitsu, 2010) BB B 47 40 15 ( Resnier et al.,
2007) B AT FE S8 A (7], AR SCAE & U ANV B Y 52 PRl 2 |, 32 1 58 35 e 8 20 2L IR Al Bt ) = A1
A AIL R L DL K AR 48 Al Bl i HE WS 25 BE ) AT R 8 B S IS AN BILR o R INE B 5 LU RE s AR R B AR
JEEOU) it 20 R A Tt U I TC 2 6 Al Bt 79 AR B v B I R S AN AL 5 )2 2, AR
I AL BEAIG o X AN AT R T A I A U B R 5 T A BB HE 2R, s Sy RS ) S o G B Bl D HE B
I BORAR AL T A ) BB A .

T\ SCHR [ B

5 AR SOM O B WF 5% 3 AL FE < N B v 4 X030 T8 1 XU | PSS I 8 5 24 R AR R U S ML A

(— ) R 38 7 XU

XL B T RCES 2 48 A5 B XEAR T A A 38 SR RN B KAk 2 5 3000 A R HE JE %% (Lafontaine,
1992) , FEAL R 85 S rh, b [ A (Zhou et al.,2012) 1 A4 JE I 2 F1 56 3E ME J (Chen & Chen,
2020) % 2 AL R AT 0 i 25 R AR B A L 51 R U A8 XU o 3k 1 55 418 1 4 1) 38 FE R0OR (Take-
moto & Arizono,2020) , 3 i A= 72 AR (FELT45,2016) , BH 5% A% 52 18] (49 813 4 7E (Chen & Chen,2020) .
SR g X R T 7 UK, Corbett et al.(2005) 45 H , 38 2o 5 31 a7 L A £k P 32 24 ] ~F- 4 (3t 10 % g 51 9 %% )
BCAS o ML, o TR AR EE AR (2013) 4R 58 1 & YRR & 2 T & fig J) Ak I Re 0 9 o L 4t
Be#2 2y, ook, B b3 %% 1 shHL (5K 74 A X045, 2008) A 72 AR (FR 41045, 2016) DL AR J K 1 (B
S A, 2022) 55 P 2R Bk I S 2 5 i X G 1 XURS: T R B PR S R Y R R . BT DL B
B AR SCIR BT T OB T XU T LC-CSC P38 U 32 2 F0 A0 3 BL D

(=) N ol 32 24

At AL 17 5% PR S PR 90 B2 249 %) A DG B 5% 0TS 57 0, 22 Bl HE U R 32 24 AR B R B B S AN AR 3
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AN S I 5 — A S A R AR R B AL 2 B AT R S R R 32 . Qi et al.(2017)1A
N, BN R A B S AT Ly AT LS RAE R . i — 2P Hh, Wang et al.(2020) 45 1 2% F& R Ath I 4
S ) J2E 0 B % S A B 24, 4 AN FlL T B P AL 7 R Y AT A AR LR B R I AR (2016) 7E IR X AR
15 BT BT e 78 ST 32 2 5 Bl Ak R 4 A 4 DU S8 IS B AR 2 A R IR RO LI &R
B . L AT BASK BRI EE N e B8 S A5 B2 24 B B R0 i A %5 E

O T, BUAS AR R A N 4 A M 2 TR URHE A 4% LG G e B P R B2 2 IZ Y B AE B R AR Bk
b 3 £ B 03 22 () %) 9 HE AR, DT AR 2 5 BB D80 HE (5K DUTE A%, 2015) (4 41 850 R 41 8L /E R (Ta-
leizadeh et al.,2020) . 4R £ T 15 B AXFR T LN 55 195 1E & R, Morasch(1995) W 2 Hi 5 51 2
(8] & 7E 5 A TR Z0% o )5 , Edmans et al.(2011) %800 & LA 1E— T 1% 1 &K 5 sk
53 %5 I3 LA, Belhaj & Deroian(2019) 45 Hi BUAS B3 [ 2800 % 0 8 32 2947 4 T 34 520 . [A G , AR
T G HEAT AR TR 76 AR B AN X BRI 25 58 oA 5 A B 5L A AR B[] 800, 54 AR Ry 5 o 1A R
BAETMA R L MR R R A LC-CSC B 2 1R A7 78 X T8 78 XU 11 75 5%

O = W S TR At 0 R D WA AR e L B 43 TBC Y IR R B 24 L B RRORT 2 RE A (2020) MU A
JETE WY T AE B T 3 b iz B2 % A VR AR 6 R BT B IRAE T B A Ok o AR SO i B O R 2 A R
LC-CSC b1 /) — B Y 25 2L 2" Pp 8 32 25 (0 X0 F DAAE AR 58 0 02 i LA 45 5 % 18 T TR XS T
BAS PRV RCNE B 53 e HE DT R 0T RE AR A AR A R R N A SRR

(=) AP FRAM I il

R AE R D HEAT A 0 4 3l 3 WA 8 A T A DA ol A1 308 38 kb s B 5R X  HE AT R R AT Ul
(Schultes et al.,2018) o 4 Hij A 5 BURF A0 5 40 W 85l 0 B (b 107 45 ok 1R ) A9F 5%, 22 46 v T b I AL 7] 3
T Horr EOEOR S (2018) B it 1 BB A A% A G R0 — UPERM I, I 3R B — UM I 7 PR R T AR
rh R AR A Ml K 3 B O B DR SO, T A% AR UG S ] T XUR B AR, Dou & Cao(2020) 5T
T B 1K SR 48 s I U ATL T 55 0 56 A0 G B B B 1 R 1 R A R St , A OG5 4 10 KRR SR T
B A, B B AR (2022) $8 T — Pl B E W R AL R HE Y BRI AL . E A AR ER
B U A G B3R L I U, B8 T e O B A B A T AS B 58 AN LC-CSC o HE Y 3 115 F 3 J5
PSRt R B T B SR IR 55 R4 38 By LU 4G R 34 18 R R RI U S8 AL o, O 2 1 SRR SR FH T A
DU S ML 3 FH A% R AR T SR B4 D 0 SRl WL TR A T R AT S

= BERYILRR E

Reynaert(2021) 45 i, 4y 5% i HE 70% B9 RCRIT N Tl 3 EARZ BT . 5% Fidk
AR SR B AR AR AL 07 i 4 0 RN A A SE R R TSR AT O . X AR AR S RN IURBELTE
LC-CSC i 5% 2Z 18] (14 J AR b IR 85007, 30 1A 304 16 2 ok R v & 4 B 03 38 0 H B R o AR 1 [ B
0 23 155K LC-CSC & 44 1 F i B R Bl 23 4 A1 e A

(— ) I JE 4t i

FE LC-CSC A, LA REAS R 7 (S) FLE A il 7 (M) SRy 1), B3 6 1 U 18 35 e e 3 5 9 358
A 1) o e (1 R 1) ok R A A B B P AT R T B A R
BB TP 7 A 7 e R R A B R 3 R X T A O A SR K R LA PR R 5 it
fiif 72 S BB P B A E R . VTE LC-CSC AN, BIF 9T % 18 BRI 5 b W ML 03843 LC-CSC
AR HEFT Ry o AL, B R BE T T 3 R B 58 5 T L BT IR S Y LC-CSC AR A AT DA i i
P A ARAF U RS 17 Lt PR B HE IO A 0% 7= AT S SR AR AR A, BN P 1 TR

D FHEHEAE R TR B LA B2 7 o BT A 2 o[ ) 7 B2 41 7 100 B 7 o e, 2 ) £ S T T 45
f 90 J22 W&, % T G 43 29 T EccoStruxure Power 4 H) BB 45 2 e Jr 6, IR 99045 BE WA A
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S BLBRTCAT

Y
{8 (R

)

W53 . .
(Hfe) Ll

e BRI

I \ )

G IRTT D S e & s
5 \ A | | B
LSS /‘ wh T st T
L) \ )
BRAC 5 ik e '
(R

E1 BEHH~REH FLC-CSCREMBMBAFNXER
(DS HRHE
AR AIF 5 ) A, SCFE AR AN T R AT S AR B, He A BT I 2 0 i b T LB . @
L UBCHEAT R A e S8
Bt R 7 55 3 B AE S LC-CSC R b1, il it $2 T B B Ul HE S I R B e (0 = S, M), SL R B0 TR
I A 7 B AR A e HE R . T A B AT (R0 4255, 2020) K43 B R (R DL S5 IR B e, 5
LC-CSCHARGRITHE K h I BN h(eg, ey) = kyes + kyeyo X—RIRARILH LC-CSC YR AR U HE K
VSR 53 B DR 8% ) AR R IR, ke 22 B S ep A& B R T A A Sl B R IR R HE H AR . Horb,
k, > 0,27~ BN i ok il 3 77 5% 00 R 6T R U HE 1Y DT K 2R 8K, B R D HE B ) R LA A Y At %
U5 A% A 359 38 2o 5Tk R BOE W HE KT DA B S BE LC-CSC R B Uy TG I W E% B X O i 8% 0 A
B 1B A2 3] LC-CSC 8 Ak Jai HE K F 7o
T HE AR €, 5 HESS 1B e M (Wang et al.,2021) , % J& W AS B[R] 2% 87 R 435 17 7 A i)
R IHE A R BN C (e, e) = (e, = £,0,)12(j = M, S)o Hor,m, > 0,40 M5 55 1 A R %0
0 < e, <1, 8RB R ALG i 8% 7 AR (52 ), B RSCAR BRI R0 L 24 &, = O B, Ud IS 7 76 BLA By [
RO 5 [V, Ry RAE AR I [RS8 (0 A b TR R e, — 20, > 00 DEAM (B2 BTHR R Bk, 5 AR R B
0, B ECAE N 6, , B R B3 i o B 9l Hll 7K SF 1) A1) 3 i 7 o
2. kT S A 2 28
B 15 b 107 5% A D HE B (49 70 s e HE SOK TR b BT B T 3 2 8 5 e HE TR S B K D Al i
P HE B T S ML, DR 1T 2 1 O 4 (3 10 S A B B 400 /I T U I A0 200 8 B I TR K S B B RE
A B HE TR 38 5 A% K po % B LC-CSC By TFARAR AR 7=, st ik J5 A9 Ul A7 A 0B O 45 A,
ZRKFHIERHE R hy, B by — hy + h(eg ey) > 0o X BT, LC-CSC AT LU 1 H 8 5 HEHOBR A
3. T AL S8
LR A 7 B 7 AR A Ay e, G ] 1 3 R AR AL A R REER R Ry o5 T3 R ] T 3 4
HE SR BN S po BRI, R R Lo 3 B R LC-CSC B8R 72 S A M w — ep — w Flp — ¢
W Ah T T 3 X a8 B O T B H g5 4G, 2 5 8 AR (2016) AT, F R T /oK
D(es,ey)=a —bp + dh(eg ey)e i a HHTIGIGTET R b AWAGTYE  p R 7= A&, d RORIH B34
XA 7™ it P9 O 4, BIDAER 5 O e 4 A sl 7™ o il A 7K T A T 2% A R 7 1 R R
4. PR U IR SIS B Rl 1 A 56 S5k
M LC-CSC PR %, F T8k HE K ey, e, ) A R 5 R 5 789 00 HE 5% 7 e s, B WU 2807
PR T B, 2 K00 0 2 1 LA o) U0 3 28 A O B 8 1
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Ik HE WA £ 46 =2 bR B2 24, O i o e LL il g M B, e By + By = 1, Ho B = 0,8, > 0. ML LC-CSC b
T &, BRI AIL I Ay SR AN (M) =R S AN (M) B AR SRR R ML

(=) B 25 44

TEMIZE A AR v, 2% 18 LC-CSC i 5t Z [ A7 75 6 15 B AN R FR [m) . (b 107 7 R ) 3 7 104 2k 3R SR oAy
T VL HE 5% 3 B2, AR 199 1R SR R sy s 850 A1) AR s 56 s

FE LC-CSC P8 , A1 Ry i R 3 i S B 22 05 N, Lh3E SR B B R o K AR T 3R 00 29 45 o
BEF3X — o, AR SC DA AR 7 A ] AN AR T A A AL 0 A KRS AR, — &, L LC-CSC
AR Fe A bR eRBOR PR SRR | B A R 5 A L IO R R 3 3 SR A AR 25 A [ R ey S
IR R I N 4 Y R DA R o R WP UECHE AN R A i, DA S B A 2 4 R e A Sy I D) A A T g A
BB AR RIS AEBIEHE TS 52 F , Q] S SRR 25 Aat SRR 25 . @RI IR L T 2 53 W
A9 000 SR W, TS5 5 T o 7 e D HE % ) R B I IRV 2R T T LC-CSC N R B AL B VE D 32247

TE LC-CSC AN, % bb 43 A7 e Joil LC-CSC & A4 i B B3 ¥ B 5 56 55 4 2 2 LA R e O 0 B3 £
Ml A 08 3 e R B B3 P R HE 5% T SR SR AR Y B o E— 2B M, B AR R Y
P70 s 0 25 i 0 O R b S0 D I S ML, I LA e R R B AR 2 B BUR R T LC-CSC Bk
ok 795 o &1 58 I 00 95 il AL o £ 3 FH 20

M. LC-CSC N # - i ik S 32 2

A 4 Al el AR T R R 2 T ) UL T DR AR Y ST B A A% B SR A B R B R AR
I, il LC-CSC R AR ] i i R fol 4 2 4 A1) i 0 ) ol HIE 250 8 SR s 5 A o VR DI 9 32 24 o TR A o FE
FEUNET 2 B o T LC-CSC A ERANFF 7 2 %) 42 AL 19 Z= BN, Al AR A 20 e 7 2O A 5 [ i
JRVBS: T BE S B BIL 2> 3 SCAT g AR BR TP 2 20 FC R T RETE o 48 T 0, A T 3k T 0 o 5 2808 Y i
U], &5 5 A4 187 5 0 83 7 ) TR A IS B R 00, B3 LC-CSC N R A e DIE 45 A B i 32 24

A "fté‘i%l‘ﬂ\" R U&HF&I‘%MKE

LR R A
BTN, LIE SR
TR AL, I
LC-CSCHEEARFNE K,
SRS HERS i

AR R A P A
“RHNT L, UAY
FlAERRAC LR,
GBS ARA R AT,
SRARRIHEF A

AL R i 7 LA
LC-CSCHEMAFIE

R B, 3K
FUHE 25 SR

v

_______________________________________________________

B2 XihiEE R R R

(— ) XA T 7 XL 462 25
20 A 7 RS R 6 B A S LC-CSC R b3 #EAT 6 15 I LU PR A e KA Dy FUAR BEA7 DS, an (1)
XI5 Bk AR 55 T 68 B it e F ey, S —dRe o T LC-CSC LB BT (915 B A 7T BE A8 2 5¢€ 42 %
P, FTREXS & A X T (5 B R A FE 00 IXREA MR LR O TSR A B FE AT RE 2 AR ST 2L
it At 53 AR AR TE 2 AR BT AT o bl B | A R T A RURS: , RIVFE P S O B 24 4y 5 A R LA
W i 1 0T A A 3 T A 1S3 SR AR e R T A AL, R R A B A i Rk . Coo-
per & Ross(1985) 45 Hi AU 18 12 KUK T 14 44 7 i & = Z0 a5 Ui AS =2 A R FT e O L R e, 30 3 7 XL
S AR A L LC-CSC A 5 B A0 Ul HE 5% 71 K S ey e, 2 A K #E1: (individual rational ) F1E fil AH 25
(incentive compatibility) £ 5 T 5 Kb LC-CSC B AR R IE o Ho v, fb 0 75 F0 i 8 7 A9 4> 44 3Pk 20
(Z 520 (2)2X, 57 5 o Zah O 7 5% nl 5% A B FE R T % 5 X7 B BRI AH 28 29 0 (3)
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3, B SO N ER TR B2 (B, B,,) T REM A 1 Bl 53 5230 A B A fe KAk 0% 35 5 i o e R, 5K
I LC-CSC e (AT i) $5c KAk 1) e 38 1) i G (1) —(4) =X
) m%XB I e =(p-c)D(egey,) + Ph[h_o = hy+ h(es,ew,)} = Cy(egey) = Cyley,e) (1)

st IL=B{(p—c)D(esey) + P/,[h_o —hy + h(es’ew)] i Ci(eﬂej) >0 (2)
e; € argmax II, = ﬁz{(}’ = c)D(es ey) + Ph[h_'o = hy + h(es’eu)]} - C;(el»e]) (3)
Bs+By=1 (4)

BEAh , LC-CSC K 51 A ARk HEAT 4 tho 25 45+ 2 R A B2 45 O 1 iy SR Dl HE A B R o B, A A i
G2 R TE 77 Ml P SR R 1 7l 1 AR (B 81 55 R R 2, 2009) Bk D HE 1) 43 TR] ¥R 800 (Li &
Wang,2022) Lk K ARBAT SR 0T LAY/ BORE HB 170 76 Bk HE R T 7 180 %) JF B S Hh (PR R 45, 2016) 45 . &
A RV S8 (2013) X P AR EB AL LRV (e, ey) = Ah(eg,ey)o Horft A > 0387 i Jall HE
My R 1Y 15 SR AR o

R R 9 W0 T A AU T AL 23 S (1 P SR 7] 8, 2 % Fathi & Bakhshoodeh(2021) , #4 € DL A= 7= %
Tl % U o 2 R0 A R0 9B HE S M 2 R At S AR A eR AR, an (5) BT R . o AR AR (PS)
LC-CSC H& 1A FITE 5 1 2% & ol 45 (CS) S BT A 77 i 45 T8 2% 35 4 R 00 8 R 25 7 B A& L B €S = (o, -

plla = bp + dh(eg, e, )]o WA, R PRUETH 2% & JE W K 7= i W6 I v, > po % T U M LIAE S5 4R
F Je O S g e SR ), v, H RS BRI EICH (5) 20, A9 R (2)—(4) K.
max(\‘e”.p,ﬁﬁwﬁ”USU(‘[HI =PS+CS+ V(es’ esw) =10 + (”0 - p)D(es’ esw) + V(es’ ew) (5)

() B4y ity 54 w5 AL 08 3 38 52 24

i 1A KA gt TR LV IC I 2 LA LC-CSC R AR Sy H AR 2 LAk £ 4 A e KAk Sk A L
GY A RO R R A 50 (B, By o BEBE (B, By) AL IR A —EAF1E T — IR Y
x1 HANERENHBEERREY

HiE | REAR j
T 0 U HE 1 A W AEERY
% | BFALK )
*_ o MuAs + EysMsAs
eh‘—[(p ¢)d+P1.:| 2
o Ny (1 = &g,845) \
(— % &AM) * NsAs + egumuiy
. ey =|(p-c)d+p,|————""—
Le-esc ! |: I:|77577M(1 - EguEns)
k3%
o ot = [(P —)d+p :|9_9A|A4 + 0,854,545
s = h 2
A 5= As(1 = egy8,5)
(=) e =[(p - c)d + p, | Sudets * OsEuu Ay
A1 = &gy8y5) Bi = ¢
. 0,4, A, + 0,e,5A,A, A1 = egieys)
es—ﬁ:x:[(”o_c)d*']]/z+)‘:| - ] Y
As(1 = eg845)
. 0,A,A, + 0,e4,A, A . Ay A
& o e},,m:[(v“—c)d+ph+/\] o8 * UsFon i Ls ﬂu—ﬁ
\ = Al = ey ens) 5 su€us
%ﬁ: 5 SM € M
2 —
« Asz(l - EEys) (ho - ho)
P = ] ] - A= (v, —¢)d
[0,A, A (A5 + 0,A5) + 0,A,A°(As + 0,A,) ]

BN ERRA A, = 0y = Oge,5.4, = 05 = Oyeg Ay = by + eysho Ay = kg + ek Ag = 05k, + 0,k JLOD, HERIEBS B,
WA AE AR, B IEA, > 0,4, > 0K 2[),

@ DR T IR 28 R A ) S0 A S DL AS ) 0 s A B S 2.
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(BB MET (B, By)e TERZI(BL,BY) T, LA LC-CSC & 1A ) e fz K b il XU T8 73 IR #5274 o {6
JOL R A A 3 B A SR IC R (el, e ), 3% 5 (eys ey ) AR A B (0 A i o [R) B8, 5 DUAR 2 B
H b B8 B B 18 1 X e A 1R 1Y) % 4 (C M I o N | ah Bhattacharyya & Lafontaine
(1995) 45 Hhi & 1 B O 78 KURS: v P 1 R50 T8 7288 XL e A5 R v, 2 0 T 1) B0 ) o e 0 110 o ik P A
A1,

AT 12 (B, By ) 2 M IV R AR T 365 78 o ol P B A0 P9 B S MR B R B2 2

(=) E S LB by

18 3 75 ¢ A D[] 800 9 Bt A AR RIS Bk TG A A Al R SRR R b R R AR R
Rl H1E 5% 0 R 8 R DA S DI 8] 24 A ke SIS 22 R) R OC AR LA B LU T IR

HEIE 1: LC-CSC b1 — 77 B8l HE 55 R 5 1 B WA B3 R) 800 S TE AR G 5 {EL 1 B iR 55 ) 72 J
551 J7 LA IR [ 5800 04 56 2R A2 1 B A IR [R]85 0 B 5 ) o LA, > 1 B AR B[R] S50 /N B Al
J7 AR B R REONE 5 B % O AR R R OG s R R A,

e 1R W, AR A DRHE 85 )RR e 2 B A B AR R [RS8 g, BN TR 384 O 5 (HL AR N R
MW HESS TR e 5 e,y LT LB ey, M3 I, 500805 B A0 R 30 @R, 24 [ & B [ 4
IOE X B B AS B Il 8 R /NI S B SR B At Dy O [ R N, s A L T 8 R E R A B
SRR Pl T AT, T A BB 85 15 2 E B 0 [R] B0O0 0T R B A B 0D ROCR R
B3 R HE R A [ AR I R L O, Sy 3 SR U HE BE e W A, A B A At D7 P [ 00 1 i, e 2 3 A
8 HE 55 ) B B LUK IO R o 2% b R P [ R0 B e 5 Y ek HE A 00 55 ) R R R
A S I 1) 250 0 4 21 9 HE Y M3, T o K 5K 2% AL AR £ 55 T bt T 7 B8 <0 EcoStruxure 2244, fill A
22 5L AE DB R B R TTT AR B AR 1100 ML AR 2022 4R, H B A2 00 B 85 A0 B U HE R R Gk
22.2%

IR 2 D8HESS IR AL B i g 7 i i Y C R AT« (1) LC-CSC A 51 %5 ) 2 2 5 e i A
L IEA S 5 (2)LC-CSC M b1 55 1 72 B2 5 71 2t 4 W AR B 7™ il 9 O 4 522 TEAH O

Hei6 2 B BUR AT 38 5 B 5 A0 R B LC-CSC R 5 FF 47 BB DL 5 LAk, 7= i Tl 3 v 2
X AR 7 ity 1) O 4 25 98Ul LC-CSC i 5% A I8CHEAT o

I8 3 NERGAE MR A 582 5 i 3 7 b T 5 T 56 B A5 AR U IR OB A7 5G . HL AR L, By
A B2 2y W4 53 TC HE S 8 B AR B R) 400 BAE B, 55l J7 AR BR8] 800 B o

AR TE 3 AT 0, N TR G VR B U B2 2 7 A X AR E Y, TR A B T 3 R T S A O S U AN
SR AT AV B U S22 AR W RS A T L B AN L B G AR BRECT AL, — O X S — 5 j AR
PR RN &, R, G 5% i 38 3k in K B f8 B A 55 ), RE 68 T Dyt 2 b IR 53— O LB 8 ik DA
BEAS o 3 TR BRI HE B T X S5 — T 85 IR AR e i R e B O, L B 6L i A
B LA b [R) S5O0 60 35, W 25 B I R KB W G N o X B, AR B 322 (B, By ) AR A
HA®FE,

IS 4 55E M 5 OREC A L 1E SMEE L B T 9 2 Ak A e 1 2 F AR OG .

HHETE 4 0 B, Bk TC A/ ) sk AT T Y b R AT 2 O 1Y A 5 T 3 R 5 B i R
E AR B D) O HE AT S AR A 0 Ak 2 AR AOHT B AR o AT Bk T 3 6 A B U HE AT SR B )
WOVE R, R B HE B 4 2 A BT R B o e Ah AR T S R, 22 B LT B AR 7 O B SR E

@ PRI ATRR M08 1 I8 2 I8 3 TS 4 R S UE W AR 5C N 45 T DA i) 199 358 65 3 1 B SR 3
@ AIEFRE AR SCFER IR A B X5 — 5 j A YRR RN & B R B B AR DRI BN o R 5 — T X A B i AR
B I RASE &, B T WA B IR 00
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FERE RBA (AR 55 R AR & 1F B8 5 S A0 AN U SR L B %

M 5 00AH 26, 2l T T B K O G R R 7 T 3 6 U HE AT A 04 3 B, B R T
2RI TR T AR R AR | T B 52 B A R A SR B T S R A T B, N 5 R T 3 e SR 04 R T 4R
T K B e P A T 3 R B R a R R s D) B A R, X LC-CSC O HE AT R A i AR R B i

HEIE 52 (1) B30 T8 7 KBS 5 B0 LC-CSC B B3 Ak vl HE 1) 8% 1 A5 B8 T B 5 (2) Wl HE 1E 410355 1 1 15
LC-CSC 53 B D HE 1) %5 73 A8 BE 9 /b

WIS SC R I FEAR BOR X FR AT 38 1 JXURS: filf 43k 107 7 0 ol 1 A sl 5% 0 2 M 4R F
15 B FR A 1 DL T 29980 /0, BB LC-CSC B 53 78 Ak D HE 1) b A% b A7 76 8 i #5427 S L &
F AT R KR AE T & T Al ) A AR BHE 64 R AR U] 6 oK e S B, SR AE G SR
H B 4 B K AL F LC-CSC 3% 1 %0 A e R Ak 22 18] 77 A6 08 & T 3 B o 498 S (2) Uk B, 4 2% &
LC-CSC ik ¥ HE 1E &1 38 2L i B, LC-CSC A 53 i fe AR e W HE S IR A e HE /AR . X &K
h, LC-CSC S i AT LA [ B (9 88 1k e S A 4l oK 2% 1 2 al HF 1E A0 38 vk, DT 7= A T 3 2k
RME

ZE LR, CEEREE RN AR AR, 5l RIS E X AT E SN A
A P 30 32 24 7 Sk 8 AR B3 1A A A VR HEAT o TR b HE AN R S B T B e R 4 4 A5 3t
o7 e AT A 3 TR R TR N FE G B R AL £ 2 AR A B O B A HE S AR L BT
[vi) B S JB5T 1) S AR 10 i R R ) Wi e R Ak B U HE 55 0 B B X BOTE WA A B U B AL R
) 3 T A 0 HE A AE B ) O R R B o 3X R T B UG K U HE IE Ah M 52 B AE AR, DL Ok
G TF Ul HE 2% 3 R R R A 05 o ST b, 25 IR LC-CSC A8 % A 5% 8 HEAT by a#E 47 b I 35 Jalh
SN E Y o

T, LC-CSC AMEB < UM #I G 35ah HL

FE U HE FE B K PR BE R, BUR o B RS T 002 M U B SO AR 2 7 (R 2R, 2014) o AR
BRI R G 3LC-CSC AL I HESS F7 7K AR AL A AE 25 (KIS 5) , 38 23 #4925 Rl b I ML Tl
il Ak O 7 R o 3 R 0T O L O AR 2 4 R e R A R E AR I R U ML SR 4 3 2 A

(— ) 2 0 I —— P 2528 R 55 1 4D U 5l L 7

B X LC-CSC e 3 HE T H ) = 15 R0 I, — A 2 38 2k B8 B 28 e 0 48 R 55 (B 2 32 5 XA 2 T 4
b ) FH IR 4 A4 2 S P A 3R i R AR 55, SR 11 B U HE 4 8 A (OIS TR B 4%, 2021) 0 T
I R T AR S 7 S AT ORAS A OB e s O FRT AN A, KR M, = R + S, ()
Hod R > 0, F 8 B 3R ABEICHEZS 677 50 B P2 AR I S 20T 50 < b < 1, SO AR B A e HE R A 3%
BUM AN S TN . 2B E 5% (2019) AFSE I S, (b) > 0,8,,(0) =+, HIfE S;,(¢) <0,
Spe(b) > 0, 787K = {7 AN W AR AS Bt 25 %ot s HE 24 7 BE 1 — o MO T3 i, LC-CSC At 1 A0 i R
(4 HE A bR BTSN C (e, e0) FIGC (e eg)o IR, A5 A 3B B8 94 32 29 F0 25 17 40 U HL 1 T /4
LC-CSC #1131 fre K AL R & (i BEBERL) 4R .

max, ., oI oo =(p = c)D(egey) + pulhy = hy + h(egey) 1= d[Cilesey) + Cyleyes) ]

(6)

s.t. Hi = BL{ (P - C)D(es’ey) + Ph[h_o = h, + h(es’ew) 1} - (bci(ei’e_/) =20 (7)
€; € argmax IT, = Bz{ (P - C)D(es* esw) + P/,[h_n = h, + h<es’3u) 1} - d)Ci(ei’e/) (8)
Bs+By=1 (9)

BF B B Fe A ey ey, S W R 2, WM 4450 (B, By )e XL AT Al ey <
172



‘i (% X% {i’k 2024 5 6 1

s e sey < ey 53K R W FT AN HLE X LC-CSC ﬁi%ﬁ%ﬁfﬁ@?ﬂ?ﬁ@wﬁfﬁo 4k, Al
AP TR AN AP TR VE S B T H R R T D e w =es poey m =€y po T ARG =
[(p—c)d+p, M (vy—c)d + p, + AL, FH A RN E A & 3l 2 « 78 =5 1 4N B0 T 4R R 5 A0 o 13 77 %) s
HESS 3, 55 T 3 LC-CSC R 53 ) A4t 2 48 ) die KAG IR A R S5 g o X BT Al L 1) 7 T 1Y
FHT AN AL H] AT VR AMER 5(2) T LC-CSCISHESS A R MBS . 25 LA 13 2,

iy 8 2. B AT AN W B H M, A B T OLC-CSC Wk HE AT O, HoP M, =R+
Sm~(( (p-c)d+p, )

vy —c)d +p, + A

*2 7 A 2k AR 0 34 AR 4 B A I R AL AL ©
Aok % A 1 6 HE 3 4 R b8 2 I AL #
e‘;k_mﬂ _ [(p _ C)d i Ph] O,A A, + 0,6,5A,A,

A (1 - g€, )
54 A I dA; su€ s Mo =R+S.
BF BF
o _ —d 0yA A5 + O85,A A,
elf—le‘[(P ’7) +P/z] >
PAS(1 = egy8y5)
OsA Ay + 0y8,54,4; -
As(l_gw“}ws)z M:F:[(7’0_P)d+)”(h0_hn
OuArAs + O585uA, A, +kse:— T kmej‘;—/-;x)
A (1 - gwf;wf

(p-c)d+p,
(vy—c)d +p, + A

e w=[(p-c)d+(1+8)p,]
A

e:—w' = [(P - (")d +(1 + B)Ph]

() Z i A —— e 2 Hb 91 3R 18 1) 0 I 35 Bt AL 71

R Al T AR LC-CSC 7Ei i 3 10 25, 4% Lo 8 2E 47 Bl HE AT o 9 )5 A0, BIDXT LC-CSC el HE
B R SR HEAT i . 5 R BURF X iZ T A S S AN U S M, = 8p, [ hy — h + h(egey) o HP 65K
BURE X LC-CSC e Y HE 42 1 (4 40 U5 E 1) BB, = J5 A0 W SR T LC-CSC A fe K Ak ) B8 (i hy AF
R AN
maxcvc”_ﬁ\_ﬁunif_(‘.S(; =(p-c)D(egey,)+ (1 + 5)]),][h_0 - hy + h(ey, 61,)] - Cyes,ey) — Culeyes)

(10)

st. I, =8.{(p—-c)D(ey, e”)+(l+5)p,[h_n—hn+h(eS ey) ] }—C[(et,ej)BO (11)
e;eargmaxIl, =B,{(p —c)D(egey) + (1 +8)p,[ hy— hy + h(es, ey) 11— C.(e,e;) (12)
Bs+By=1 (13)

AP BUSL B3 0L el 0, BILTE 2, RN 20 000 B, — I T AT e, <
e e < ey IR WBON (9 R AN HL A BB R LC-CSC R B 11 B HE A 0 1 5
%,aes,“ 108 > 0,de, 108 > 07N, i J5 AN AL 1 Wk BOR BE A AN LR S S T SR . S
T M el = el ey = ey B AT LUK I SN S EOSS A  R R #G
Bl 6" = [ (v, - pm+AyMol%‘T%mL

B3 RSN BLAR M, A7 R R T L.C-CSCIRAHERT o , LI 20 5 S 2 1 s L 1 1 2
IR . FErt M = [0 = p)d + A] (hg = by + el + hyen )

(=) S 1 R s L

P L AT 24 T BOR LA 062 367 1 O 2 e W 6 L.C-CSC A Wk A 513 80 37 74
A 2 R AL o) 00230 35 5 0 0 T A0 2 0 55 90 3 02 S 1
Bt AT F ST 6 T 430 s A LA 59 2 < 170 5 5 T, T AR A 30—
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Internal Cooperation Coordination and External Subsidy Mechanisms

in Low-carbon Cooperative Supply Chains
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Summary: In the pursuit of dual-carbon goals of carbon dioxide peaking and carbon neutrality, enterprises emerge as the
principal entities responsible for carbon reduction. The onus for emission reduction has thus extended across the entire
supply chain, fostering the development of low-carbon cooperative supply chains (LC-CSCs). However, several factors,
such as moral hazard, information asymmetry, and market externalities, hinder the effective implementation of coopera-
tive emission reduction with in these chains. Addressing the following issues is critical: How do factors such as cost syn-
ergies among LC-CSC members, along with product and carbon markets, influence emission reduction decisions? How
can LC-CSC members be effectively coordinated to collaborate on emission reduction? What external subsidy mecha-
nisms should the government design to incentivize LC-CSC members’ emission reduction behaviors?

To address the aforementioned issues, this paper integrates the perspectives of internal cooperation coordination and
external subsidy incentives within the low-carbon supply chain, taking into account information asymmetry and carbon
emission externalities. It constructs and analyzes the equilibrium strategies and influencing factors of a bilateral moral
hazard model for LC-CSCs, deriving the optimal “cooperation coordination contract” within LC-CSCs. In response to
market failures, two governmental subsidy incentive mechanisms—pre-subsidy and post-subsidy—are designed, with spe-
cific scenarios provided for each, thereby optimizing the external “subsidy incentive mechanism” for LC-CSCs. The pa-
per also validates the model’s effectiveness through numerical analysis using data from pilot carbon trading cities in
China.

The study elucidates that cost synergies, carbon pricing, and consumers’ preferences for low-carbon options substan-
tially motivate LC-CSC members to reduce emissions. However, “opportunistic behaviors” induced by moral hazard
among members can undermine these efforts. In such scenarios, implementing a “cooperation coordination contract”
proves to be equitable and effective in cultivating cooperative relationships among LC-CSC members. Furthermore, “mar-
ket failure” caused by the positive externalities of emission reduction may result in insufficient efforts by LC-CSC mem-
bers to reduce carbon emissions, necessitating the timely introduction of government “subsidy incentive mechanisms” for
compensation. Specifically, a pre-subsidy strategy is advisable when the public infrastructure for emission reduction is
relatively complete; otherwise, a post-subsidy strategy better enhances social welfare.

This paper contributes to the scholarly investigation of internal coordination and external incentives for LC-CSCs in
three key aspects.

Firstly, addressing scenarios characterized by moral hazard alongside cost synergies and information asymmetry, this
model intricately examines the challenges of mitigating moral hazard within the framework of cost synergies and informa-
tion asymmetry. Departing from conventional methodologies that merely aggregate members’ emission reduction costs,
the study highlights the cost synergies, whereby heightened emission reduction efforts by one party alleviate the reduction
costs of others. This elucidates the nuanced decision-making dynamics among supply chain members under the combined
influence of information asymmetry and cost synergies.

Secondly, to cultivate emission reduction behavior within LC-CSCs, a coordinative incentive mechanism is devised,
emphasizing internal coordination and external incentives. The research advocates for an approach that integrates internal
coordination contracts with external subsidy incentive mechanisms. This holistic strategy aims to alleviate moral hazard
and address market failure stemming from information asymmetry, thereby fostering micro-level cooperation coordina-
tion and optimizing macro-level social welfare.

Thirdly, from the perspective of the government, pre-subsidy and post-subsidy mechanisms targeting LC-CSC car-
bon emission reduction have been designed, with the applicable conditions of both subsidy mechanisms clearly delin-
eated. In comparison to traditional price subsidies or carbon quota subsidies, this paper proposes pre-subsidy strategies in-
volving enhancing public infrastructure and post-subsidy strategies based on the proportion of enterprise emission reduc-
tion benefits. This offers theoretical support for the governmental formulation of rational carbon emission reduction sub-
sidy policies, thus expanding the theoretical framework for the design of such policies.

Keywords: Low-carbon Cooperative Supply Chains; Cost Synergy; Bilateral Moral Hazard; Coordination Contract; Sub-
sidy Incentive
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