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Abstract

From the perspective of “input-output”, this study discusses the influence mechanism of digital
transformation of manufacturing enterprises on the performance of green technology innovation.
Based on the data of A-share listed manufacturing enterprises in Shanghai and Shenzhen from 2010
to 2023, this paper empirically analyzes the mediating effect of digital transformation on green
technology innovation performance through R&D investment. It is found that digital transformation
has significantly improved the green technology innovation performance and R&D investment level
of manufacturing enterprises. Further mechanism analysis shows that R&D investment plays a par-
tial intermediary role between digital transformation and green technology innovation perfor-
mance, that is, digital transformation promotes green technology innovation by promoting the in-
crease of R&D investment. In addition, the heterogeneity analysis shows that digital transformation
has a more significant effect on improving the green technology innovation performance of state-
owned enterprises, eastern enterprises and technology-intensive enterprises. This study provides
a new theoretical perspective for understanding the relationship between digital transformation
and green technology innovation, and provides practical guidance for policy makers and business
managers.
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FEAERRAR AR EL K “XUBR B R g 8 5 R, SR OER BT OO ok FER BRI BE
29 SEPLRATHF SR RN ORHBE AR 1], SRR, BERBCTHORIIVR A SR, Bor o e Y 1 5 20 i £
M AP BURTE A, S Sk (AR BT 2 ) PR b (R R i B 2 T 5 M S RTE B £R  SR T
AW TR ZH b T B DAL A R B A R 2t QB SO B [2] (3], R T T MBURF L
o B, FETIZHLE L, BEE R DOE R LT - TE ML S5 R T G AN XA K P A
AR SR OB FEBURHLE] L, Z2HEEFIRET “ BB G R RN EBCR T
W RIFHIT, KB BORTT DB B R BURFIAEG B RE 1 SE LAt ok 2k R B3R -

P E BT FAE R I, IBOUE AR T 5o 5 B B RN St 6 R G137 2 1) P 7E AR FIATLAR] BRI N SRBT A7) 4
AR JEHRMN BN - MR, BT A T dn e e A BRI SR IR B SR B R B
W, SEPUF RS B W E ST SO B D . 0T, Ak ER ORGSR I AR . KA S R R
K5 Fr) 22 b, FLBRISR T A UK BORAS B I JEm, B 7 2T T BRI L B 5 3 A& 4] -
T FT, A RNE B ER AR EEIE . BRI TN LA SRR RS HiE, A
AV BRIRBN RSAENE « RS PEA P RIS 1 AB a5 [6]. Biltn, B R AT i S ) A
LA, FEARER BRI AR A 5 i T 1B 3L = S AN R I 28 B, s iR B & 5k
Rt
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SR, X R, Brr A R R RN R (R A BRI SR B A TR ? e “HORIKEE” 0
AL SE B PE 2R (7 HH 7 I SE R R A N “ BN - 777 IO AL 7 DAARRE . Rk, ARHIE T
REET N -7 A, B G ok B AR R s U EOR BB SRS L], B AR R 8T
WERIP BT R RNAE “H7 - Gt B AR A . IAME B T+ B8 e 54
CHORESHT B TT, I REHIE AR B A F R R rh SEBL SR L FT SR B SE kiR 5, B “ XU
HAR TG s A R .

2. BRSO SMRERE
2.1. BFUHEBEZRERR TS

B e R AR b sRA SR B BoR (R s . N TR RE P o iH 5 XS0 ol
SR IBERE. BRI E G T T RGN AR RS 7]. HAZ O B ARl RS,
FTHALIITES . R RIGTEREUERE S, LGN SRR AL TR A% P /5 oK Tk s
ARBHT I S R AR O BOR . TZRG S BEr, JBR BT S e BN AR, DSl
Try AL RS20 aE A AT R SR A R (8] o

HHT, TR CL SO TR OGS, TF RS LT o g L b . Al
IR T RN R E EF RN, W LURIRIRTH R BRI STROKT . 58—, okl BURIEX
B T IR SR @A E BB R R, TR NAME B L, SRR SE B E RS
SVERMSE BT, WAL ESI AL ESG HAR, FEREk B A il B L 3R N 2 Sl By [R5 . 7
— 7T, T R, AT DU AT AR L B R SRR SR P R AR 5 3h A
fit, EMBIRRAPIBR, WAL SR IREC ENIELHR, R B B AT AR P B, SR B
Mo AL, SCOLR IR EAIL S, BT R RA I8 8 A, /b BEIRER IS, B v BRI A
R, WTNEREQH R AL s s A SRR R e 9=, @By A, SRTHRREB AR,
WA R A S, LB AR SO, s BERERROR IR A IR, HES) Al AE
PR AEPRERE . REIRE BT I Ak (BT DRIE, ARSCER AN TR R

HI: Hr e R e S m A S BOR BB SRL

2.2. P HEBESMEAHEA

WA N\ (Research and Development Investment, f#FK R&D )& H8 ML AL 785 TF A& 3% 5l AT %
ANBITE, WdETT4. ANJi. PRI S, e ARG F A ™ o+ 2 R B IR AN g, i g A
NV BIET e ST FI5E S T IR DS BEFR FR (9]

BT A AT BT AV AR T BRI B SRR RSB, TG IR BN B —, kR R
BRI e, of AR BN . R8s N TR Re S 5 T R PO e iy LR e B R, 2R
JRATRE RSk K B YIAH G BB A T E AHULED, A3 i A NIKSF, 3] DLid e Al B = A 4T i A%
Grin 7S AR B IS, S5 1L AR RS, R B A5 2 iAs, AT A A ko 55 22 5 B A Al
H5WR. B, S TR F AR AR T E G, BHNEERE, MINRRRFES, K
HEHGHE ZRRE ARG, HIFBEMIE R, AR5 H 2 EEM SR, 18I R0
BREE, RIMRIHTRBAK . =, ENEF RS, w5V 52 A K>,
MHARR . BRSO TASKrE I, Rt A A v] DL AR A I N T BE A ZE ), B i A 2 0 T
FEARNY 53 TH Y A7 B, T IR B A TG BN RN, BEMAR B NPT BB, AR R

H2: P A e ek M R BN .
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2.3. HEBAEZREHEREFHHRI

RN SR OEAR G L QIKEN 1. BRI, IR B RERS B35 32T sk U BOR B8
RET, BARRIA S AR L R AR (K08 AN B3R P R (R 52T+ 8 5 HI[ 1010 — 51T, ARk WA BN
Ko WA B BRI Bl SR I A AN (B R, B A B 08 S R I A AR < . FE 4
RIBEA BN, 7T LIOIERATT A B A AL AR e, WEAR BIBAI AR E VR B0 AT o Alig /s
ORb, AN EIH SR E . ST, WP BRI, AT LU SR E 2 et AGE s, T E AT
PR B8 2 (AR IR EAMIME, SRS 5 L QHT BB\ BEAT SR (BRI, T 45D
Wik, AR R ERRIBEA ™ 1, AT MR BRI SR 2, Al DA =5
REHE . NTEBESEHTHOR, SR SHEA LMY I LR, /b 23 (] BE S RS, PRI
WER BN BIRRARURSE, S WA B IR . DA, ASCHR H B

H3: WA RESR i i ok Sk LR BB 53

2.4. HEBAKPNTIER

HA B 1 N BB 355 Bh A Ml 5SRO T 3 T SRR R B 7 1, ARk A SRR E . 42
THE BB B EEAE AR, AN R BN SRt T B Al26 A, TR K 55 6 50 A SOt BN B ¢ 5
FARQFTH[11]. 55—, B o s B~ MR SR E, BRSIEEAIRREE, 1
PR EALL RIS, BRI RS, A S 5 0 i im (4% 553 Re 0% S 4 b 7 ik 4 6
BIFAT N, W ERINAR AL 35, AR VA 20, SREUCE 2 Bt & N SREH ARG 8
= BRI REEER, B ERBEHEAR NS IR, ISR TR IS E R, SR G
PRSI, A BT A B RN BRI, HRPRA RIS, K 2 R ORI, $R e
BRI R, e ARAH; 8=, Sl CUB S FH AR &S E SR, Flanm] LU D
TE T M B DR T R B R UK, ORI 2R AT, RN R T KA R, 2R
AA BB GEFARCIFES, 80 KENAME, g e AR SREE . Fitt, RRi:

H4: HFR NS FAL 5 b S BOR B S380e] k4% Ve
3. iRt

ARICLL 2010~2023 AEYR A B ETTHBEL A W EEE AR TREA, Bk ST *ST. PT LA GAL
BHRHEARE, MESAEIT 1% KPR R, RASH] 24,344 AREAMNE. HdfkE L
ANV AR E R AR R R TR AR 55T R 2R e B P . O e IR OAT B A LR (R AR 3K
(R A A M TR R, A SR S A AR B i) X0 ] 1] 285 A 2R

S ARBH S (Patent) o BT AV A% 0 LR RIS HCEENEE, [FINHE I 1 BCE SR B B A f i
A

A R(DT). £56 R AES(2021) [12]F0R F255(2021) [13]MIAH T, RHFEREET SCA M, LA
TR R RI(DT_DAE A& B AR &, FERTIE G0 1 FFEE SRR E LAk
Bttt . HREMVERSCRKEZR, DL AT et B A R 2 om0 S R e
T (DT _2)MERLL455(2023) [14] (DT _3)A4 g A A B AR bR T n 1 FFE R0 208 46 B AR &
DARE SR AR M

W RIENPUT _in)o 8IS AV ARE I R BN S A0, R 1 5L SR H AT BRI 4 Rk

PR ES R AR 12 AR = FEE[1I3 )AL, a4l e UILE 1.
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Table 1. Definition of main variables
F1 FETEEN

B Bhr AR X Bi
DT 1 LR a RIS + 1 BB RXT
ER A=t DT 2 B L P B R S
DT 3 B bR it S W41 4555 (2023) [14]ITF 5T
WERIBN PUT in R BN G WERBNEE + 1 (1 HAX 3
GEF RO S Patent SR R GOERRERRE + 11 ERX
size Al B B+ 1 E R
roa SRS R /B A
Tobin_Q Al A T
leverage R AR B
ﬁﬂii boardsize HH LR L K AR
indirecter EF N YN T PPN
share JECA A B TR M 2R R i LU 5P 75 A
liquid T TG =/ B =
HHI A7l 5% 4 FEE i 55 15 IR FR A
Firm 2 ) [ 5 288
Year AR I R RORE

4. STUES AR
4.1. TEMRMEST

2 2 L, REIEFERB AT RS AR A FARHE T, BEalEKRERE K, T+
NV B AL RIFESE, e/ ME AR KB4 T2 0 F1 5.984, $4{E 9 3.178, HFr#EZENY 1.201, #] WAL [A]
B A RIRE S 2 TR (Al b SRR BT SRR S RRIE R 35N J T A7 AE [ 6 1) A, [t
YA o i A B AR 3 AL SR R B SR T B AS T o

Table 2. Descriptive statistical results of main variables

F 2. ERTWEMAMRITER

A EIRbR PEARE e PRtz B/ME i % BKE
DT 1 24,344 3.162 1.201 0 3.178 5.984
PUT _in 24,344 18.12 1.395 1433 18.05 21.98
Patent 24,344 0.404 0.806 0 0 3.738
size 24,344 22.09 1.150 20.06 21.92 25.66
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roa 24,344 0.0430 0.0640 —-0.197 0.0420 0.226
Tobin_Q 24,344 2.084 1.241 0.870 1.683 7.972
leverage 24,344 0.390 0.189 0.0550 0.382 0.852
boardsize 24,344 2.104 0.190 1.609 2.197 2.565
indirecter 24,344 0.377 0.0540 0.333 0.364 0.571

share 24,344 0.149 0.104 0.0140 0.123 0.514
liquid 24,344 0.0270 0.0260 0.00500 0.0180 0.162
HHI 24,344 0.160 0.117 0.0410 0.126 0.705

4.2. EEEFRIE

23 H T FEUE A B AR IR Hr A5 R () AFIQ)E B L L T IMAEHAEE, DT 1 5 Patent
I (1) SR BB AE 1% 7K B2 35 R 0E , U6 B 3G A b 250 A 3 2 8 2 R T SR R BB 588, (B8 HT AR
MFNG)ZHNA) R AT AL, BT SRR R BRI B35 8 1E, BB L 2 (g a3
ANFEE, B H2 L. FIGS)FBI6)FIZE REE, LB mAEGAE, PUT in 5 Patent [7] 1) 5%
NIE, BARIRAS 1% T 1535 M S 5, 6B 3 b BF R BN 538 1T DA T SR e i R BB gk, R H3
FROT

Table 3. Benchmark regression test result

3. FERVFARIEER

_ (M @ 3) “4) ®) (6)
A
Patent Patent PUT _in PUT _in Patent Patent
0.038" 0.032"™ 0.116™ 0.035™
DT 1
(6.72) (5.66) (14.22) (5.24)
0.061°* 0.053"""
PUT _in
9.18) (6.82)
0.285"* -1.092"* 17.756™" 0.064 -0.696"" -1.176"*
_Cons
(15.99) (—3.96) (682.70) (0.19) (=5.81) (—4.30)
Controls NO YES NO YES NO YES
Firm YES YES YES YES YES YES
Year YES YES YES YES YES YES
N 24,072 24,072 24,072 24,072 24,072 24,072
R? 0.697 0.697 0.872 0.908 0.697 0.698
Adj R? 0.652 0.652 0.853 0.895 0.653 0.653

He TSN L TR RIRIRTE 10%. 5% 1% KK Egiit 2, TR
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4.3. BEMRE

4.3.1. AEEIBE S
AR FH A [ 58 2R B REAE — B R s/ AR ), (B R i AL 5 S R A1 2 TR AT R
A BEAFAE IO R ) @, DRt A e — 2B 0 B AR S (L.DT_1)iE47 7 5 A,

Table 4. Endogenous test results

4. REMRELER

(6] 2 3 “
AR i Je — 3] 2SLS Bt 2SLS  Fr B
Patent Patent DT 1 Patent
0.174™*
DT 1
(3.87)
0.032"* 0.028"*
L.DT 1
(5.15) (4.33)
0.042™*
Mean DT 1
(16.76)
0.317"" -1.222"
_Cons
(16.00) (—3.80)

Controls NO YES YES YES
Firm YES YES YES YES
Year YES YES YES YES

N 19,991 19,991 24,072 24,072
R? 0.709 0.710
Adj R? 0.663 0.663
Kleibergen-Paap tk LM (P-value) 293.977 (0.000)
Cragg-Donald Wald F 357.300
Kleibergen-Paap Wald rk F 280.767
Stock-Yogo 35 T. B AR EAG 56 I A4 16.38 (10% maximal IV size)
Hansen J statistic 0.000
Anderson-Rubin Wald test F (P-value) 15.53 (0.0001)
Stock-Wright LM S statistic (P-value) 18.11 (0.0000)

#¥: ivreghdfe BB RME B BLH A0, R2ZAVEIESE R2,
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L ATNHMF QR ER, LDT_ ARG BEREREFHATHIAE, R85 BEERHAKR, K
TEEX ARG R, HECPA BN b S e AR QT 0 s B 5 1t . fERLIERT |, SHEKE S
(2022) [15) B 5T, ik — A 2 ) DX ) A M ) 4 P Aol (R B A e R B2 8 fE (Meean_ DT _1)fE R T HAR
B, KM TRZEW BAGTHEQSLS) AT Y A 1 i

M 4 FIQ)FIFN @ISR E, BB CAZEEARRE 1%/KFEFEMK, W TALE
HPAsRmEMRN, FoMBRATESREENAE 1% K FREEMEX, WHTATEEFRAAGH
PE, BD2E RN AR R A JS 8 A b B A B TR AR B B R SR R B S8R T . LM Geih &t
1%KL 82, AR ®; Btz 4h, Cragg-Donald Wald F it =1 Kleibergen-Paap Wald rk
F it &% 08 KT 9 CHAASMINFE, HA55 THER/RIK.

43.2. BmBpTE

AR T 45 S B AR, A OB B AR BT RIS . W 5 SERATA, AR ERY
BARERE KNS E AT ESR, BEmTHSac—8, M ERgREehn 5, MRS REE
Fafid 4

Table 5. Substitution independent variable measurement method

F5 BHREBTENERR

_ 1) ) (3) )
B
Patent Patent Patent Patent
120.667" 106.009"**
DT 2
(4.50) (3.94)
0.028™" 0.024™"
DT 3
(5.93) (5.1
0.376™" -1.100"" 0.350"" —-1.093"™"
_Cons
(54.79) (=3.99) (36.27) (=3.97)
Controls NO YES NO YES
Firm YES YES YES YES
Year YES YES YES YES
N 24,072 24,072 24,072 24,072
R? 0.696 0.697 0.697 0.697
Adj R? 0.651 0.652 0.651 0.652

4.4. RERMS T

426 FIH T AP BUR FEAT S PR s 2R . FI(DABIQ)E R AT A, okt EA ek isse ok
[ A Ak, B e R RE et sx O BOR BT SRR T, (HRAE EA Ak etV Wl . Wl RERY
JRRAE T, BEAT b A G SEAREE, A KBNS 28 GBI, AT LA A2 Al 2k (iR AT
MBI R, HEA AL e SRR A, RS, RIS LR AU A th L AR A Al A% A
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i, AT kA N B R a5 (0 R R 7, A RFERI T AL, £ 24 Ak S HERE RO i (14 ) S it
FErf, AT DU LR BB S A, R BT RS R GG S, BRRRTHECRIES, DUE 5 2R 5|
H2NA, PR O BAR QIR S SE it FE, B — MR Rk, HAMA
AHHTE, ERAEROHSTUE, BEE K" HAoinEEdt, NS RN KEREIT RS
AR, Jymis BRI ERE.

Table 6. Heterogeneity analysis results

6. REMDER

M @ 3) “ ®) (6) (M ®)
PR B b X 57 o (R 22 3
e . . o ERE ‘
ESEE AEEA ARHR S it e WAREN FREER
Patent Patent Patent Patent Patent Patent Patent Patent
0.056™" 0.022" 0.038"" 0.037" 0.031™ 0.027"" 0.038"" 0.043™
P (4.34) (3.41) (4.50) (2.73) (2.25) (3.44) (3.63) (3.31)
0.236 -1.856™"  —1.307""" -1.111" —0.129 -1.238""* —0.366 -1.793"*
_Cons
(0.42) (-5.73) (-3.92) (—1.90) (=0.15) (—2.60) (-0.52) (—4.65)
Contros YES YES YES YES YES YES YES YES
Firm YES YES YES YES YES YES YES YES
Year YES YES YES YES YES YES YES YES
N 6169 17,742 17,266 3940 2783 4759 4481 14,787
R? 0.738 0.679 0.705 0.707 0.634 0.616 0.610 0.724
Adj R? 0.703 0.624 0.660 0.664 0.581 0.555 0.549 0.681

FIB)EHN(S)ZERATH, B AR 2R 50 o A 8 A Al 2R 0 BOR BB SR S TH RN ) 48 2%,
HASARER A AR IS5 . AT RER RN, AR BRI SR AR, Al b B, AR hs, A KRR IH,
A DA R SR O EOR QIR BER TR K A, RIS b BB RO, RS MR UK, Berm A
SRR HOERERLN, T IE d Hg A R H 48 77 Al A e Al ¢ iR BT SRR T 32T

F(6)EIN(®)ERERH, B e R = BRI e WV SR R QT UK BT RN ) 2%, H
AR NV VR S 8. ATREAVIRAIAE T, SRS SRR RIRABOR L E R, A B B8
BRRGMEH B, EIEEROEROE, WEESIT R MM R EHES), I HEE
BT BRBLBIE, LR BRI, SR G 5 T+t 5 n i 2

4.5. RN D

47 B AR A AN A RO S U BOR BB SRR R R A5 R . MG R AT R, 2 E AR R R TS
BRI SR ORGSR R A AR, B E A B A R St BOR QBT SR 152
HABGRIEE, Al F Ry R B, Al R 2 B NI 18] 4 BEA3 B i L.
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Table 7. Lag effect analysis results
F 7. HREM TR
1 @) 3) “ (%)
AR
Patent Patent Patent Patent Patent
0.028""
LDT 1
(4.33)
0.022"**
L2.DT 1
(3.20)
0.022"**
L3.DT_1
2.97)
0.015™
L4.DT 1
(1.97)
0.012
L5.DT 1
(1.43)
—-1.222"* -1.059"" -1.528"" -1.511™ -1.335"*
_Cons
(—3.80) (-2.87) (-3.60) (-3.14) (-2.59)
Controls YES YES YES YES YES
Firm YES YES YES YES YES
Year YES YES YES YES YES
N 19991 16934 14506 12370 10120
R? 0.710 0.719 0.731 0.749 0.765
Adj R? 0.663 0.673 0.683 0.699 0.716
4.6. AV

HA KON 2 R SR (2014) [ 16110 =B85, 45N 8 Fin. 7% 8 NHERFEN H A 208 A6 56
i, BRI RETH, WERIBNSESIE L EC A R S R G S8R KPR 7 A E
M. BRGNS, ZI(HAIFIQ)H, DT 1 MRECNIE, HIE 1%KF LR, Bfls s Brr e i e 550
THEOEARBIE S Hk, EFIG)MFNE@)H, DT 1 ERBE 1%KF FEERNE, ST SR
FZIREIRIENKT. &5, FIG)MBI6)F, DT 1 MARKE 1%/KF EEENIE, NFa)MFIER)H
DT 1 &%, PUT in [ REHEAE 1%KF FRENIE, BB BTG L R BN, 2
BRI EB RO, I RIENLE NG VB 8 5 G H AR QI SR AR 5 B
%9 FR NN NARI S . MR AN, BN L TR RN AT 2N ) 28 8 X TR 48 AN
B0, HIRAF 1%KF 1R TS, BIUBIE AR A3 N A 800 0 BB 0 [ kB AN i R 38 W 3, [RL Ut
WERFENAE G ML B A 5 B 5 SR BRI SO R 2 A BT, R HA BT,
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Table 8. Test results of intermediary effect of R&D investment

8. RN P NLAEE

_ ) (@) A3) “ (% (6)
A
Patent Patent PUT _in PUT _in Patent Patent
0.038™* 0.032"* 0.116™" 0.035™* 0.031™* 0.030""
DT 1
(6.72) (5.66) (14.22) (5.24) (5.52) (5.34)
0.057°* 0.051™"
PUT in
(8.52) (6.60)
0.285"" —-1.092"* 17.756"" 0.064 —-0.722"* -1.095™"
_Cons
(15.99) (—3.96) (682.70) (0.19) (—6.02) (—3.99)
Controls NO YES NO YES NO YES
Firm YES YES YES YES YES YES
Year YES YES YES YES YES YES
N 24,072 24,072 24,072 24,072 24,072 24,072
R? 0.697 0.697 0.872 0.908 0.698 0.698
Adj R? 0.652 0.652 0.853 0.895 0.653 0.653
Table 9. Mediation effect testing parameters
9. PAYERIESH
Sgmediation3 &7 Coef Std Err z p [95% conf. interval]
Indirect effect 0.001819 0.000385 4.72543 0.000 0.000927 0.002825
Sobel Direct effect 0.030481 0.005869 5.19374 0.000 0.018977 0.041984
Total effect 0.032300 0.005870 5.50264 0.000 0.020795 0.043806
Bootstrap (1000) ind_eff 0.0018195  0.0004513 4.03 0.000 0.000935 0.002704
N =24,072 .
dir_eff 0.0304806  0.0059257 5.14 0.000 0.018867 0.042095
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(3) SRR AN 5 AR RSB H SR A A B e, SR Al A e B R T o
FHEE FE o Al IR X R Bt P Lo i 1 SR TH R IR BN B BURTRE 77 SR QU AR SR B, SRS “ 01
WLRE + ARG T E” MBS AR, SR/ FIESET, TR R R BT A
RJE ISR AA H RS 518, TP R AT R THT S, e T A M SUE A TIPS, B
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