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HE2S AL B HE RO B T B 0.1137(=0.0994x1.1437) , A AT T 4 {E T K% 2.93%(~0.1137/3.8792x
100% ) o it 22U B A 2, £l 32 30 52 m) B SR 8007 A 41K L 2 S0 R SR ARON T e A4 | S SRR et A
B XTI TR AT 03X — S50 W0 20 R WY, Aol 507 A 2 0 1 SR T BRHE L A R RR AN, . B
WEFTIN R, Al B8 Ab 5 70 Rl 4% 305 s M PR BE S50, Dt R P T 4 ol 2507 A 700 3 5 B0 R Y
F A B THES A BRI | 1T BRI 20 BE 0 5w 9 U5 R 2803 O I 1 o 4 L 4 v 2 7 40
P LA Bk /0 5 ) 7 A T LS 2 495 e ORI B R

*2 ITHRARABFAERMNBER L. THAWBREEHA M
) 3 | @ 5) | (6)
BT LA F TFUFEAL LvEA
co, co, co, co, co, co,
oI -0.5973"" -0.0994" -0.4882"" -0.1936™" -0.5724"" -0.0164
(0.0446) (0.0500) (0.0440) (0.0701) (0.0489) (0.0938)
8 10l 7% o w i w 2= i i
A A w & = = & =
A A5y 1] 2 4K L 7 = [ = [ =
KA 2 12870 12393 15421 14115 7627 6911
R? 0.0226 0.6410 0.0131 0.3892 0.0207 0.4280

TE 455 A 9 KB b7 2w Aol J2 AT G AR A A B 52 5 ok e 3 B 3ROR 10% 5% 1% 19 B F PR R0 LITF 4%
K[

2. EH AT F WA RIS b T A A B HE A A B0

T VR R U A ol TR AR A R B DN 4, SR T KR Al 5 2 AN [ 2 R Y Rt R R
AR BRE A o R AL N DN 4 TR AT AT A0 BN R A A A 2 T R R 0 (R B RN X 5B
2021) o AR Hb R 6 0 28 B SC BT m L BT A R BT A G T RT e A Ak R i 2% SR b i Y I
SN, e Bl 550 I A D07 % ) 4% v (1 LA S o B A AT L SR T i — DA o kg BRI X — [, AR SO
P FE T M SRR AR HEAT 43 BT, P38 [0 43 A R AT IR SR

MCHEEBVESE, LT ARBF NS EFHOLmAREREENHHEELR, AT
A 2% N A M TR R, 3 ST R SR 28K B 75 B A DG M B FRAL SR AE IR TR A0 IR . R 255 (3) .(4) 5]
TCAR T LT 2 )R A SR U Al e HE OS2 e o 55 (3) B AR ABUT AT i il Inl I 25 SR 3R B — 2%
FAAE 35 AR R OE 3R o AEH T Al AP A7 13 i1 7 2850 07 R A DR 42 1 A8 1 )5, 38 (4) 3] [l 9 3R B0 f 1
A Xt HAG BT (HAR R B h . WS (O FMEF R LE, LA AT AR N 14 4x
WE 22, U Al 5% HE TR0 B R B 0.2131(20.1936%1.1007) , A7 X T H ¥ {4 T I 6.63% (~0.2131/
3.2125%100%) . 3% — 4518 2B, Al B7 A0 e 0 S 1) T T WA ML BR HE T, AT 1] s Ak B
T2 (5) (6)FNLM T bl R AL TSt b i A ol d HE B A5 0 o 28 (5) 51 45 3R o, 76 R
BT AT 5 16 T, 5 28 ik 22 )7 7 S 5 19 67 R O 0GR ok g A DGV TR 1 1 s 4 e AR 4 — 3 A 428
Aol A A Ay s AR B R L5 (6) 5 I R A 25 B R, T FECE AR G B O Rt 3 0 ) 1 iE 4
b B HE B L S I e LD ASON IR . AT B E PR LT A R BT e AR R R 1A A
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(1) SEMEZS R AT PR R 36 o D B0 iE b Ti7 2% w) B0 A0 e B xk B B wie s 2 min 1) B g v L AR S
AT T Z MR TR  OF H i 08 B 3T CNRDS S 7 $2 4E A9 B i 28 7 4k 5 ) S A S 7
PR3 H G b, e LR ASUHE AT 0 1 OGO B L SRR, 2 BB R AE (2021) MR L B Al B Ak
BT R AR B o QR e A R R A R R T Y 2 AR SO R HE O A A LA Ry 3 0 Bl HE A
B o GV B HE AL R E, 2 B AF (2019) M8G5 B A il v 2% 3 B A e 9% 1R 2.70
P REBOT A A AR HE R . @3 72 &, B0 doin A E T BOR i i . QIR R
KB R, ikt e B R 2 G RIS A BT 2 i ATl 3 BB R R 0 $E— 2B
[ 5 25500 R 3 ) 47 oMb S T o

oA T S S /NS S o 2 D N N o R 2 9 6= AL R 5 ¥ 2.8 ot i Rl M TN B i
Xof i ol 1 B i HE TR ) Y AR A M R 38 Ty ECHE AT AR A B AT AR ST A L A E AR T X | R Ui
A Ml e HE TR M 1) B L 3 5 D& T AT PR S A RO A R I K ) e D AR R R, TR R L TR
3t 1 5% P9 2 ek T BE A AE A VS G B AT O, S oA TR ) R e R B U i PR T R S R R )
LAt o QA Al T Y AL T3 22, T AR A BE 0 Ak T Y R AT O R L A L R TS
PerE R r BN AR . DL B R E R 40 45 SR R AR Z e AR D,

(2) PJAEPE R AL #1 . DA SHLSE RN RS2, R ) A ol B8 A 5 78 X8 Al 5 1) R SR 28000, 7T il &2 )
STy PR it A A T A O AR R R T . B X Al B A T B AR AR A B Y T AR B 2 R
FH 4 B B8 ) o 1 85 (O A ) 5 5 — 99 4 [ BB ) L N B (O N ) 22 9 1984 41 1l 9% T 4 5 N [
JE LA (RTESE, 20215 F 54, 2023) . [AFE AR SCH e i A T HAR & v, (42 E 5B
Uiy F1 RO 1984 A1 1 9 T 4 0 N [ 7 R T& B0 ) 1V, (O e — 19 4 ) B 06 0 L Do N 0< 1984 A1 b 2 T 5
TN E iAEEcE) o U SRR OF AT 0 U Ak sk T H AR R 20 T4 80 AR IR,
LTI IR KL SRR B ERE ) BT, BEE 2 BRE BALIREI R 2GR , B K T 1994
ESH 128 KA TCREM R JUR RN ED , DI ALE 3 20 [ 20 AOK g 7 78 55 2 g S F
T DX NS 7 e M B AL AR M4, DU i R A RO B G AE . ik Hoksi
3R T I e A R B 5 A St b B T T AT ) SR R AR B A G . ARG vl
Rl TR Ay A ol R L TR Y GG I 3 B L A Ak B A R B R AL TR ORI BRI, I TR
NS N 28 Hh 0 SO 2 P s e PR A R AR AN AR M DR 3B A TSR Al T A e
Je0 B0 NGB GBS T 3R T S B B P L 1 BB A 58 T 4 [ MK 8 3 11 1 Sy DL AR
'V, T 3N THRARUY, AV, AV, AR 56 25 R Uk 1 ESS e i ] {5

PL B 73 B 25 S0 B Aol B0 1l 5% 289 68 =5 400 ol oMl e R ke L A B 2 19 BRI KO0 L IR BE AT B R
Ui A B B ol BT 1 36 1 28500 S 2 (VL 1 R SO B . AT RE A IR R Al B R e R R
B Bl HE I 52 M L0 TR TS 9 A ol W 22 T 10 5 e 11 38 IR - — S Al B0 Al i A i
AR T 5 T 2O T U AR A ER AR AR AR TR I BT I i oMl e v, X D O R e A
O N R RTINS P e o <10 I 1| 44 2 2 L I i e o1 e 9 2 A A

S)

T PR AL 56 50 43 3 4 108 P 2 DL b [ Tl 28 355 ) 99 355 ( ciejournal.ajeass.com ) Bt 4 o
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EToa AR S 3 | A O N 1o A T E/N S IS e (SR 1) - Y T I g U = EV/AN S R b i
Z ARSI U BE D 3w Ja A B A o BT I 2 ROTRAL A BT R T i Al B9 SR e R B £k
BE 1, SRAL T R WA MR B HLY . T 22 T KR BRSON P VE I, LTl 2 ) B0 A i A AT RE X R U
A ol 8 R A SR TR o R g o e T AR R i ol e TR i A A
I TR A RS 36 b 9 4 T AL

T AL AT

AR i SCHE 3 A7, 30 HE N (0 BRI | 42 B3R A ™ R P SR AR A B0 1 7l 2 R B T e A 52
BB HE R A AL M4 28 A 7 S A A 0 B T2 W) A X 9l A M ik HE TR 52 i AL

1. EHRAREHFHERIR B & Bl HE L E 217

(DERETARAF . AR B BRI TS OHER S 2R MO S, 1T
Al A 3 €84 AR A 5T ik (Barbieri et al., 2023) , 45 F T30 il £l Bk HE . 49 SCHUH Ak 805 1k
e B 4% HE 3l A ol 2 (0 BOR BB 7 AR e B R o Sk (R AU LR A 2R S M Er RS
AR BXRE TR BN B - & A B DR T J5 AT LAARAS PR B - B8 T 00 2K 5 i i 45 B I Ak 2k 6
RUTHAE LA BT 02855 0 15 30 00 4l 2% 6 8 BT Rl T R K 9 2S48 A5 4 1 O B R AR
Al G O AR BT K ICAE Inwent | Tnvent2, & 355 (1) ((2)5 [mlIH &5 RFLBH, F 7T A "/ B 74 iE
B Sl A B SR O EOR AT K X — S8 5 E U5 — B (Su et al., 2023) ., £k B 1L 56 Al
A DL TP A G A L R B (9 B8 )7 (Bouschery et al., 2023) 42 #F £k A i 7 rh 24~
BRGS0 B 55 H2 BB EA R I TSk BRI & . Sy, B ml g
AT KV 52 T3 257 A R e R T2 W A R R R R S RO 1 IO BOR AE A
MR H K- (PD o 865 (3) SN 45 R 3R BT, BT A wl B A e B G2 Al J R i o 5 TR R ML 25
R, R 355 (4)—(6) PN T L BAR 5 7 b A7 Inl 4, 25 R B i 24 wl B AL e UK AR
F PR R SR O EOR BT R, e HE AR .

*3 IH AR BESFERAREHINE KT
- (1) (2) (3) (4) (5) (6)
A
Invent1 Invent2 PI Invent1 Invent?2 PI
DI 0.0325™" 0.0303™ 0.0542™ 0.2866" 0.2566™ 0.9630™"
(0.0083) (0.0075) (0.0137) (0.1435) (0.1234) (0.2768)
75 1] A2 =2 2 2 iz iz iz
il [ 28 b i P G G G
7l I8 58 200 o i = P 7= 2
A5y ] 5 25 L = = = = = =
KP-LM P-value 0.0000 0.0000 0.0000
CD-F 31.3770 31.3770 46.9780
Hansen J P-value 0.8537 0.9785 0.1884
FEA B 12393 12393 12393 11035 11035 11035

H B (4) (5B EET T HEA & IV, IV, IV, 47 [0 )3, 255 (6) F 36T 1V, TV, 347 a5
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(D) EZR AR, Hlr AT AN, 22 R A R4 & AT L) S J5 R Z0R 18
#E(Solow, 1956) , fEHEIM HI AR HE . M P © A BF 78R OP ik bl & B R A =RV, K 4§
(DAENHEER LK, Bl A A ECE AR E R A B 2R R A FAKF, X —450 50 A
Fr—8 O iE5, 2021), F45(2)FHE T T HD S HF TR LS, 25 RAKARE . Kk, k2
T R A 4 B R A R T R M A M B HE I VR PP AR LA B IE® . A Bk e Rk i A 4R
T BT BB IER I 8RB 4 i s Mk — S Ak B HE K (Li and Lin, 2018)

*x4 EEZEFEYHIIH KRG
(1) | (2) (3) | (4)
ROy LA H T A

TFP TFP TFP TFP

oI 0.0597" 0.8480"" 0.0913" 2.2321"
(0.0340) (0.3249) (0.0537) (1.1109)

328 1l 7% o & & 2 &
i ol [ 5 247 = w = g
AT Ml [ 7 %5 i i = i =
AR {7y [ 52 2O = = = =
KP-LM P-value 0.0001 0.0685
CD-F 20.6310 16.4660
Hansen J P—value 0.4847 0.7619
FEAS 8271 7291 8470 7340

2. B AR EF L R BUIR B T i £ Ml RO HE RO B D 53 AT

KAH(3) ()5 AL RFRN], b2 w8yt A e T 35 45w R U ol 4 R AR R R R ]
B2 AL A Y AT L ek BBl A ol A R B T 5 B WAL AR HE . R 3 (3)
(6)F [FEZE R EL R, iy 2wl A A e T 2 fie o R 1, O 1 i £l W SO R PR B i iy i A A
B B 2Ly 45 AT 3 A AL A 7 G ZR B AR XS R, T i A ol B B W L i A M BT e e
T 4 AH 4 v Hh R A R G R, LT W A T 2 e T i Aol T 3 e e 3 1 i 1 2%
(0 LR X BB 4R 5 R WA Ml A B AR R Ml IS AR (2023) B IR AL L3 A7 00 AL 25 f L [
=5 (e T I w5 G (] N Ao N S =

AR N il

HISC AT ie 1T A B AR TR [ B BT Al i HE TR R i, s TR A3 A T AR AL

O BEFAFRGME D RAZRGSERA 5590, 7 B R AL Al Dol 8 InE Bk T 4l BB
THAE . 2% E A IR OP J7 16 #4725 (Olley and Pakes, 1996) , [7l i, i 5% F ACF J7 & #1718 1F
(Ackerberg et al., 2015) , 3 2B IE 5 W 2 R AT (TFP_ACF) , K345 2 WL B Tl 28 5 ) M 3k
(ciejournal.ajcass.com) il .

@ MU RS T 4 3 AR P S i ol B Bl A 2 i i 2 T VL AR (2022) MBS o FEULIERR L, 36 N SEIE A
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AR 25 T AT TN A BT B R R R ALONE 1) S B, A RO T i A M R R A 17 S

1. E A REFAHRS B S B IEHNR RIS

(D =AU . A BT A AUE R T %R AR FEAERNSRMAHA T (& E
2, 2022) , MR b, AS TR T A ] 4 oMb B0 Ab B TR 1 ATl B i T BE AP AE 22 570 RS (1) L (2) 5124
T AT Ak B A S A BT S A B AR AN T R A Al R R RN AN S A RN B R
(HAMABZER D EERRRY, LT SRR BT Ay 4l 807 10 e T 0 3135 544
(Zhou et al., 2023) BBV 4 RAHT (Du et al., 2023) R Z KA R (Su et al., 2023) 55 (15 M £ B A7
TETEA M. TR R B I R — R e K W B2 I i 1Al A 7= A CE R N
PR S AS AT T ARSI A . A LA AT P A SR I T S L, S B 2
YRGB, HA 5 90 XU 8 77 (Zhuo and Chen, 2023) , 68 0037 A M £ ABUF ARG T S 8% A
] B2 0T Ib 2 8 AR T g b 80 [ Al 18 A 7B MR AR A R T 0 s R HE

x5 O RARBFHER B S WHE R0 E =7 RS
st (1) (2) (3) (4) (5) (6)
e = A 4l = A Al INHRAE KA AN ZZH AL
I -0.0321 -0.1884" -0.0687 -0.1528' -0.2048" 0.0105
(0.0582) (0.0955) (0.0659) (0.0854) (0.0789) (0.0658)
5 1 78 b i b P iz 2z
4 ol 8] 7 A =z I= 2 2 2 &
AP I 2 280 b= = = 2 = 2
A 7017 5189 6050 5992 6195 6012
R 0.6314 0.6562 0.6618 0.6684 0.6474 0.6600

TE X BT 23 AT L] R B2 VA 0, a5 R A TE B 2 =7

(2) MUASE S T o DR RMASE A b 388 A B AT 507 A1 e 280 1) B 0l R 2% < — T i, R Al B B 58 2
25 AR GEIR , BB A T Z 0008 & ) MEOR SCRPRCA U B o BC7 A e BUAEAE 75 2R AL
BRI B AR O o SRR B I AR X SO R R IR . AL T /AL 1 G
ARFIN T BE VAR XS AT B, K7 A 7 T8 4 W8 IR AT RS2 B KR, e Bk S N AR XS B85 0 95— 7 T, K
A e BRSO ) T S 05 R R T g A B A U A R ) A ik R0 B AT B R 4 RIS 2
B o AR A A2 7 MU ER O , B A B T mT LA T 22 A 7 B A R R A R R SONE , A B RR P AR Y
P& BETRTH FE I BB A A5 o AHEEZ T AN Al 9 2B 7= SR/ | G ik 2000 119 BB AR A B . ] DL
ST, R A Ml 8 A TR R B 0 B A o AR B A ) e (8 IR A AR R 23y R Al L/
MAEAR o 32555 (3) ((4) 50 1ml U 45 58 B, R A Il 280 Al A 2 1 3 Bl 000 58 T /IvAll

(3) P8 L 57 b o 3 — AL AR HE TS B AR Wb oA 18 g 19 B SREY SR R AR Rl 23 S P 2 . 32 3R
S LA B2 W (KRR AN AN 52 58 1L 16 52 W) PR R A G 6 AN () B 5 1L A i JBE T b i 2% RO A L
BRSNS o 1k o 2 i R e — S AR HE T 2 A o die v X — MR RGO Al — A AR
TRRA R S [ AR o) Y5 5K 3R R0 G 5, 2023 ), AN [i] P 55 R 1 5 FEE T i b i Al e 280 1% o e 500 g T
BEAFAE W FEZE S . R SH(5) . (6) 5 [l A 45 R LW, AN 52 IR 85 KL 52 W) )RR AR Aol B Al e B )
R B R0, B9 o T R T Dt B2, HR 3 A0k A B B X i b ¥ e T B B A R TR A SR R i g T L A
G HET AL WA IR AL , TXRE , 52 P 858 R ) 2 W) A R A Al T e B K B4 DR I T AR AT R BRI 2
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SN AR a3 A B YR T TR 15 B 1 3K, AT RE 2 el A 1 B A e B O il i B AR T R
PERCT A B Y B SBOE o AS 32 B35 FL A 2 Wi B9 A 7S A olb A e 90 S HR B RIS, T DR B 22 %
U EC N b N T2 QA T

2. BT 2 R AL R B X T i oA ol A HE AR M B9 = B S AT

CORUBES e o LT 24 7] 505 A % R0 o Bt A 6 10 B 14 D[] A0 88, 70 K50 A B i rp g s
14 {3t R B F- 15 R BT 9 S AR A 3R AR /N Aol S AR 00 4 b IR) AN X e A9 ML 2 o it 5 BT mLOT
FESAE /Al T LA S 45 B B e A5 0 R 02 6 I 246 v, A B 2 (10 ol ML 2 R IR, 488 5 i ek I
MRBAS BT T A B4 Sy o L, LUE P 5T 7 IS v A B ELH R A K o o R0 0 /s B
B RO (1) () SN EIALE R B, by 2 7 B (A SO /N IR P S s vy 41 o8 A4 T 5
W3 TR BORGUHT Y AL AR R R XU (A5 R 22 0 A ol A R A B R RS A
CATEARH AN ELBET T XA, — BUNEUREE BB i S B L 2 W R Y N A 3 T &
W ISC A A, T BE RS 41 i A 7™ 008 A T B BB SO o X R UL P T 5, A )RR B AR (%
xS i XA 00 S ) 46 0 T TR L IR B0 0 R A T RE RN AL , T 2 ) BT A B A i L 5
i A7 B o

=6 LA B B A B RS T A Ml B CHE AR T B B RIS S AR

.- (1) (2) (3) (4) (5) (6)

' INE RE i N e R B AR5 5 B o B U S
oI -0.1845" -0.1041 -0.4005™" -0.1207 -0.2239" -0.1097

(0.0856) (0.1108) (0.1510) (0.0871) (0.1352) (0.0840)

Pt A 4 = = = = = =
i ol ] 5 2K i = = = = = =
ATy 7] 52 2K i 2 s & 2 & &
A 6668 7046 4246 9485 5497 8267
R? 0.4466 0.4608 0.4741 0.4337 0.4713 0.4175

(2)FE B3 5 Bk o Al 85 5 1k % B AT LA 5 IR by 242 24 () BR ), 02 3 Sk R0 TR AT K BE B 1% %
(Forman and Zeebroeck, 2019) , 248k | i B 05 8 3 i , o] GE A A T BabE AR Ay s i o Bt iR 2 N
BT AR B OB — Bl TR AL 2 AR A A 2 Al HE LA g i B 2 T8 vk 2 A G R, L RE T
Ao LA B T o8 T2 i ok ARAT , J0 0k i A S e T R R BEA R AL R B R A . 5 WA IR A
LU, I8 1R 3k B A T A Mk B 2 B b & 44 B O B SR 4 HY (Forman and Zeebroeck , 2019),
AT LAIA O 807 A e B AR M 5 7T 30 Al B9 B 2 50 i B B A0, o 6 T T 28 vl A5 T i Aol 3t PR ER 5
B A BSOS AR AR Gy S I B G EE . R 65 (3) (M) MG R R, Y BT AR 5% R
2B ARV Qi DI B /ARSI 6 o e < 1ol A= 2 3 (B E R N R A e~ VR Ol e i IR o AR T E S
RAEAR B AT RIS AR R S #5258 T S0 T, Aol B0 1 R AR 588 0 2% 7 R 5 ) e Bl 9 A B A
W S5 1) R ) 202 R AH BB AV (b RN 240, 2023)

(3) BE IR B TP o T 90 Aol o 7 3 DX B8 IR B [R] , R Bl N A7 R 22 57 0 BTl A F B A
B R ORI W Al B 7 S ey SR AL T BRAIL o AR U S I DX A I T I R 24 T, 5 AR BT Y
Bl 3 S5 B 1) T AR FE RO A I T Al 9 R R R R 2 W R AL B URCT BRI, AL
FHRMAE B L &R, hodt Al A 77 883, S T BRI o e 6 50 S5 s DX 7 1 2 0 5 T e W 1 4
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Pl 75 B s U IR, SRR AR BAR R s Z 8B g o AT AT Aolk B0 A A X i
A 8 S TR b, X ol 99 e AR P 0 6 AR SOt # AR ) g DX D R GE AT R R 3 6 5
(5) . (6)FNEE R, L7 2w K7 P i 50 58 55 3 3l 90 9 9 U0 25 W 3 DXl 19 B T 280 7, 1 10
o 5% VR L DX M B R T SR AN 2

. #H—F e

I SC A3 AT RAAR b Ak A7 B8 T8 3 FE 4 530 0 53 — AR A Rk HE T it L SRAE B R HE L, F R A R W) BT
N FVEUT AR R S E B TR RRHE . A BT AR R A O R BCTF RN, 21T
BN TR L DX HRAE R HG A A A A s R T AR A B R R AR A 2 R T T #E (Zheng et al.,
2023 ) , BT A0 IR 55 R 1 e AR VR T SR AN EL 0 T AR A A AT BE 5 B0 422 B HE LW 4G 0 (Du et al.,
2023) , X FE, Al BT A e T 3 2ok e R 25 A5 AL 0 ] B HE T 3 A T R I T T AR L 1
1R/ i G P D A S AR 8 v e P ] S R /NI B R A R L K AU B2 & 3 R APy L D i
T X (1] 22 sk I 78 1) 3 4m 2

FRAJE L 7 47 58 — S A i HE i R £400.997 (B« T 58 — AU AR Rk /T FU B ) L T T3 A ol — S Ak B HE ik
B CHERR L 3R AR PR RS R Aol ), 45 X Bk Ak B O s ol ] 32 B HE R FS BR (CE) o AR 3%
Ch E BB IR SR 1141 % ) (2022) 45 BB IE T A7 M 225 2R 501 o D T 53 S b v 1T Aol F g B U8 31
FE (AL ) | X 85 Ak A 3R A il Fi 7 B IR IS #EHE A (Elec) o 32 TICAR T B2 R C# b %
DG IS [E= N R 1IN (o A A RTEE = DO AT e 8z 3 g 0 p- AL I A @ D - o s N (ol A WA BT R <l
55 (2) 3 WoR il # 7 T FE X R B R HERCA e . MG THES R E , B A R i
RUAR FE B 3G 0 1A A5 UE 25 A ol [] 32 ik HE RO B 3 i 0.0963 (~0.0842x1.1437) , i 8] 42 e HE i 1
{H R 1.63%(~0.0963/5.8987x100% ) . A bt T b i1 2> R A7 A0 5% T X [ B 4k A7 B8 5 11 AF 19 B A A
RO 0.1137, W0 H F7 78 8 7= 2 10 18] J22 30k 1 B 6 T4 0.0963 , ¥+ 8505y 0.0174, o i $ ik i ke o #3418
190.45% . %5 (3) () FNZ5 5 BoR, T iAol i 77 B8 8 3 #E | 1) B2 i HE il 24 & 1 35 38 5 28 (5) . (6)
G S T N o1 o A A R B AN TR 3 V3 O S R RT3 DI

x®17 i ol 5 = 44 B BY it £ olle BB 7 3 HE A0 1) R R HE AL Y 2l
) 3 | @ 5 | (e
s i LA T Al LAl
Elec CE Elec CE Elec CE
or 0.0695" 0.0842" 0.0321 0.0401 0.1131 0.1442
(0.0408) (0.0503) (0.0625) (0.0777) (0.0866) (0.1052)
il A ik 2 2 £ 2 £ 2
A M 52 20 2 £ 2 2 2 2
A 5 RN £ £ £ 2 £ £
FEA 12033 12033 13155 13155 6539 6539
R? 0.6733 0.6736 0.4881 0.4859 0.5268 0.5314
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Enterprise Digital Transformation, Carbon Emissions and Supply Chain Spillovers
TU Xi-wei, ZHANG Ping-dan

(Business School, Beijing Normal University)

Abstract: The green and low-carbon transformation of the supply chain is very important for
China to achieve the “dual-carbon” goal, upgrade the modernization of the supply chain, and promote
high-quality development. The “dual-carbon” goal is faced with challenges such as large emission
reduction, heavy transformation tasks, tight time window, and constraints on core technologies. At
present, digital empowerment in green and low-carbon transformation is becoming increasingly
prominent. Under the new round of technological revolution and industrial change, the study of the
carbon reduction effect of enterprise digital transformation and the supply chain spillover has important
practical guidance significance and economic and social value.

Compared with previous studies, this paper examines the impact of enterprise digital
transformation on the carbon emissions of its upstream and downstream enterprises from the perspective
of the supply chain network, deepens the analysis of the mechanism of the carbon reduction effect, and
enriches the study of the impact of enterprise digital transformation on direct and indirect carbon
emissions. This paper utilizes the three-level supply chain network database of listed companies from
2008 to 2016 to conduct empirical research, and finds that the digital transformation of enterprises can
significantly inhibit their carbon emissions, with a significant forward spillover carbon reduction effect.
Mechanism analysis shows that enterprise digital transformation achieves carbon reduction by
improving enterprise green technology innovation and total factor productivity (TFP). Enterprise digital
transformation leads to carbon emission reduction in downstream enterprises by improving their TFP.
Further research shows that the carbon reduction effect of digital transformation on direct carbon
emissions is partially offset by the carbon increase effect of power consumption, although this
offsetting effect does not significantly spill over to downstream enterprises.

The results of this paper suggest that the continuous promotion of enterprise digital transformation
helps realize the carbon reduction effect of digital transformation. In the steady and orderly promotion
of “double carbon”, it is necessary to outline the effectiveness and blockage of the carbon reduction
effect of digital transformation in the supply chain network as a whole, optimize and focus on the
direction and priorities of digital transformation, and form the momentum of carbon reduction. In
addition, the enterprise digital transformation puts forward new requirements for the cleaner and
greener transformation of energy and power structures. Therefore, promoting the transformation of
clean energy and power structure to meet the demand for clean power in enterprise digitalization can
effectively reduce indirect carbon emissions. The findings can provide policy references and practical
support for upgrading the modernization of the industrial chain and supply chain.

Keywords: enterprise digital transformation; supply chain; carbon emissions; total factor
productivity; green technology innovation
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