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Abstract

In the context of global sustainable development, green transition and low-carbon development have
become essential pathways for enterprise growth. Digital transformation, especially driven by technologies
such as big data, artificial intelligence, blockchain, and cloud computing, has become a key driver of
corporate competitiveness and environmental performance. Given that China’s manufacturing sector is a
major source of pollution, a critical research issue is how to improve corporate environmental performance
through digital transformation and green technological innovation. Based on the sustainable development
theory, green technological innovation theory, and other related perspectives, this study constructed a
model to examine the impact of digital transformation on corporate environmental performance, examining
the mediating role of green technological innovation and the moderating effect of environmental regulation.
Using panel data from Chinese listed companies in the Shanghai and Shenzhen A-share markets from
2010 to 2022, fixed effects and threshold effects models were employed for empirical analysis. The results
indicate that: (1) digital transformation has a significant positive impact on corporate environmental
performance; (2) green technological innovation plays a mediating role between digital transformation
and environmental performance; (3) command-and-control, market-based, and voluntary environmental
regulations have a negative moderating effect on the relationship between digital transformation and green
technological innovation, suggesting that excessive regulation may inhibit the effectiveness of digital
transformation; (4) market-based environmental regulation plays a positive moderating role in the impact
of green technological innovation on corporate environmental performance. The study also finds that the
moderating effect of environmental regulation has a threshold, indicating that its impact depends on the
intensity or implementation method. This research provides theoretical support for corporate green and

digital transformation and offers practical insights for optimizing environmental regulation policies.

Keywords: Digital Transformation, Green Technological Innovation, Environmental Performance,

Environmental Regulation
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—EFHRNF RS . Bk, RSO SES T, BRI R SEER AR SR
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b SE I e PR AR S
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AHFFUE I R R I B EAY, SR RBCT LAY . S EBOR GRS IR R A IR B SR
IZEE RGN, BRI E AL A PR G SR SR, FEBD AV TE SEIBC A A R B R B, SR
LGRS SIS AR XU H #R (Porter & VanderLinde, 1995; Ambec & Lanoie, 2008).
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FERUAAARBEAR F G, 52 A 0 BB 0 AN G 7 ) VR 218 A Sl B A e Y, Al
RE A% 54 1y X T 3 A AT AR Al SR kR, AT SEI AT RFSE K J& (Verma et al., 2020).

BEN T 0 RS iV Gk (= b | A e SV B K= U ol SO GEP O R 2482 R SN /R e AT
RAERE, RTPREE LRI BT R DTRR . FRRGTRU PEAN @ LA L HE TS e B . R
THHE 1 28038 LU R PR R A Mt 4 S A o (M BRS843R0 2 A 7 B2 A58 FH R ik HE 7 T 174
R, WU SHE A T4 5764 ) (Horbach, 2008). BT FHEESA, ik
AMUBENS JBAT AL 5T, IEREIRAT AP I T A P B A TF 33 (Klassen & McLaughlin, 1996).

SAOFARAE: SOFEARCIHHE AR AT RN, EERD G, 25
VORI AR, DASEBLE B 3 AR B R I 0UaR . SR B AIH 5 R IE S RER . kA
FELE R TREEICR RS SEEARQEACE B TR RS0, L Rei 58 A
M T3 58 S I AT 4L K FEBE 7T (Freeman, 1987).

B RS G R BURE A 1TBU A KU ST B, x4 =i
ZETERHATE S, LIRS Y RIS IR iy A fEm B T e A
FE R =P iy A1 R PR SR e o LA s v, T T S el TR AN B R B AR i )
SR E R ol B R MU BEAT IR AT (Conrad, 1995).

HinEah

FIRFER R RS PR R R B IR A T R B S ER A R —, ki i
LU MR ARSI BRI YL b2 PR ALt AR B . X — B A E A
RS R ARBIFRGE T B AKYE, fr BB RAETFI KM FEIRT, Nk EHEE Ry, LLSEI
2B ARS8 K (World Commission on Environment and Development, 1987).

SUEERGIHELS . I ERIBEEARGH, FEARSGEE ARG, RILMETHK
FORBERAF ARG o S A AR BB A RERE B i ol R BRI R P AR, SRRk ¥ B I HEAK
M HEE M IR G, X —EIE AW B A RS RS S 2 B4t 1 52 4% (Freeman,
1987).

HNERPER R AN TR, AR SRETF R I FR, A= A S RS 1Y
AR, BIGAAMEE . FRESRUHIE S —FhBUN T BL w7 DU A X Se e, R AE
MV G, RIS . ANV B U8y B A PR B ] 7 B A e B RN 4 (R BT 1
At 7 EIREHESE (Pigou, 1920).
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WEFC R, R B AL A i s MRS, HE B g G R A R RO, B
FIESRL (Delmas & Montes-Sancho, 2011). [, 2 H LN B %

HS: HIBARE I B 8 5 A S 5 R B E AT A

iy A P R R SR B BR BUHT5 AL IR SO0k R I S 1R

Indexed in the Thai-Journal Citation Index (TCI 1)



228 Chinese Journal of Social Science and Management Vol. 9 No. 2, 2025

FE—SE T, iy 4% I B R BE B A AT S LB R BRI B 2E5)) ) . Porter
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FEARTE bR dE: R OREE AT FEVE, AR SCIKHE AR FRAEREREAS . D HEBRTEREA WL 4%
SRR G ST 8 *ST Myflk: 2 HIBREIRERIIE A B, JLRIEH 311 Kl
TERLT 4043 ANME RO, BIOR T REAR 1) 52 BRI R M

TRENSER

AR SR R SCHR i WL A VE X S TR R AT E AR, BRI

PR IR BESA (CEP): SR FH A b ST B HRS 9 B IS ) b B Sk e it
WIEER, % T RE TSR s, Ax08:

CEP = LN (fE N a i)/ LN (S 37

RS B BT (DD: AXZ% Wu et al. (2021) $EH UL, THHE A
TR R NLRERE . KPS ORI, M@ B A e H, PR
il 0-20 45+

PN RS EEARAH (GTE: 5% Wu F Li (2023) FIBFFE, RS LRI
HE B AR AT B L O EOR BB ITERR, 1280 M 28 22 25t P A Aol 8 T ) A Hh 3R
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F1ARRE LR
R AR i & X
ffREAL B Al PR Bk CEP LN (AMENE SN/ LN (HEG 3%
e Re A Bt 1y DT LN GHEENESINERE + D
oA OB AH GTE LN (ROEHEE + 1D

Indexed in the Thai-Journal Citation Index (TCI 1)



Chinese Journal of Social Science and Management Vol. 9 No. 2, 2025 231

ZEIG i ) X
[ RTES S s 3 TEicEes: Pk E it o ERC PRI SN AL G 2 A T

T 37 8 il TR P S5 1 i ERK LN CGEURFAMI / Ay D
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Hr, CEP AMAIRSUL, DT NECT L RFEEL, Controls il A2 itk
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ZEOBAR A P AR BT

P RNAR A AR 1 AR TR AL AT B SR AR SR B A e A S Al A
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CEPit = a + f1DTit + B2Regulationit + B3 (DTit x Regulationit) + Y, Controlsit + ui + €t

TR RN . 222% Hansen (1999) HYMHEIAR I THERERY, 32— D PRI IASRRL R A2 AN [F) 9 5 R
IR EA, IO ZIAEORRA R — T THE R, HA R 21
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P ARV ) RO R A AL (R A TR P SR [ 22 . D9 pRIX — [, AR T
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BB s R (3R 2) TWor, BPAEdEE] 7 e 8N, B i RO R S a0 A
ERERFE, i IR R B R 0.072 F110.210, 37E 1% R E K R 23,

R 2 ISR a1 IR [ )5 25 5%

Y pr @ ()
#iJ5 CEP Wi )5 CEP
G DT 0.072" 0.210"
(0.016) (0.025)
Lev 0.104" 0.082"
(0.006) (0.008)
ROA 0.102" 0.106™
(0.010) (0.016)
BM 0.041" 0.047"
(0.005) (0.006)
_cons 0.575™ 0.604"*
(0.005) (0.006)
Year A ANt
N 3732 3732
2 a 0.3908 0.3189

¥%: Standard errors in parentheses

p<0.1,"p<0.05,"p<0.01

WL R

fEIRYEGT o B

XF 2010-2022 4F 311 F il AL R TE SR T o, AVAEMESTRL (FA1E 0.675),
SRR GYME0.080. Hrrfb#A (4 0.059) LLEIAEEME] (ERC. ERK. ERS) J5Hif7
TE R 725 o IR SRR S VA E SO RE KT EIANE 1, NG SeSE T B8se T 560
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xR 3 LERMIAIES T
Variable N Mean S.D. Min Max
CEP 4043 0.675 0.069 0.453 0.985
DT 4043 0.059 0.042 0.05 0.993
GTE 4043 0.084 0.045 0.05 0.463
ERC 4043 0.002 0.001 0.001 0.006
ERK 4043 0.733 0.460 0.391 29.620
ERS 4043 0.482 0.500 0 1.000
Lev 4043 0.482 0.178 0.029 0.979
ROA 4043 0.038 0.057 -0.965 0.381
BM 4043 0.324 0.148 0 1.043

¥E: CEP A4, DT Fr b Al GTE S AREIH . ERC a2l A M H| FeAr . ERK 17 8 ih A
WEEHIFERR. ERS HIEAEEMAITEFR. ROA BRIGE 1. LEV AL . BM KR TIE L. STATE F=BUPER

ZEFLL R

FERFFEA, M ORIENA S BT I HER M, ASSCHT T 2 SRR RS KRR 4, PR AR
I VIFEERT 1, Ho—Hi# 10, VIF F¥{ER 1.160. KL, W LLEfiA 2 SEILZ A2
S [ U 43 AT 1 45 R

R4 ZEILEMRHCGE

Variable VIF 1/VIF
Lev 1.55 0.644
BM 1.31 0.765
ROA 1.23 0.814
DT 1.07 0.936
ERS 1.06 0.946
ERC 1.05 0.952
GTE 1.04 0.963
ERK 1.01 0.988
Mean VIF 1.160
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FARED BT

FEREAL BT, XARRAHRNE TR, Brr bR, sxOaoRAH . A 2RISR
RS AT A S5 K 5 AP A B S R B 35 IR AR (AR 228 0.074-0.404, p {HE1/N T 0.05).
M i T G 5 Al PR B S A8 TR SR R AN -0.023, p fE KT 0.05).

RS EMRIED TR
B CEP DT GIP ERC ERK ERS Lev ROA BM
DT 0.304™ 1
GIP 0.186™ 0.165™ 1
ERC 0.054™ 0.133™ 0.089™ 1
ERK 0.126™ 0.045™ 0.028 0.042™ 1
ERS 0.291™ 0.092" 0.069™ 0.097™ 0.057™ 1
Lev 0.404™ 0.111"™ 0.0617"  -0.073™ 0.079™ 0.057™ 1
ROA 0.074™  -0.010 0.012 -0.001 -0.037" 0.038™ -0.373™ 1
BM -0.023 0.018 -0.017 -0.011 -0.010 0.111"™  -0.415™ -0.013 1

H: ¥ p<0.01,** p<0.05,*p<0.1

£ JTE AT

BEHERA SIS

ASCAEA 2010-2022 SRR E S, @i Hausman £856 (p 5 = 0.000) 88T [E & 24
RAERL, RN RN AR 22 AR B b i RS R . 3R 6 R T 1A 4

R 6 P[RR
TE 0] @ (©))
CEP GTE CEP
DT 0.040™ 0.083" 0.036"
-0.015 -0.017 -0.015
GTE 0.051°
-0.015
Lev 0.086™ 0.008 0.086™
-0.005 -0.006 -0.005
ROA 0.128" 0.015 0.127"
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Ko HMAIHAER (8:3)

TH @ (2 3

CEP GTE CEP
-0.009 -0.01 -0.009

BM 0.024™ -0.005 0.025™
-0.004 -0.005 -0.004

_cons 0.592™ 0.060™ 0.589™
-0.004 -0.004 -0.004

year & 2 &

N 4043 4043 4043

R? 0.645 0.25 0.647

Adj-R? 0.614 0.185 0.615

¥%: Standard errors in parentheses

*p<0.1,** p<0.05, ***p<0.01

S5 R RN, B R (DT XV 5130 (CEP) B RERIE R . BARRK I,
Br A AR I — s, R STECR $E = 0.04 ML, SCRF TR HI.

T8

NIRVT R OB BRSNS B E T, A SCRA o RN
REAT T e SR EIR, B AL R ZE (Lt T SO EORENET (B2 R 40 0.083, p<0.0D,
HETTE I 2R R QIR ST 1 ISR, B (3) IV IEC 7 A B R 25 i
BE 7R OEORANE, JFEEX AR, BE BRI T AR ST BT ARG
TIBE A U T SRS, Il ok 1B R U a5 et SEal 7 IS 40t
PRI R THT o A R0 A MV A B SR (0 B RS A Tk 55, (BB, RIS R QIR £
RORAE T AR, SCRF TR H2.

R 7 Bootstrap HH /RN K5

W H Observed Bias Bootstrap [95% conf. interval]
Coefficient std. err.
EIEE 2 0.070579 0.00198 0.014007 0.050066 0.104619 (P)
0.048912 0.103809 (BO)
BRI 0213212 -0.00110 0.024016 0.164324 0.256138 P)
0.163155 0.255379 (BO)

¥E: P: Percentile, BC: Bias-corrected

Indexed in the Thai-Journal Citation Index (TCI 1)



236 Chinese Journal of Social Science and Management Vol. 9 No. 2, 2025

NV B A R B E R T SRR, B TR AER, BRI T ek
G AWMU VI8 E A il TR, &yl k 7 # kR =0
MGG, SEHL T MBS 25 09X & T -

A

=
%

ABEFCERL B AR T i ISR (ERO. WU 2 A5 M| (ERKD LK H
JERIAET L] (ERS) (LB RN S hBOR GRS bR B S i i (R PR, Ak
SR BT R 8 Pr.

R 8 RN o Hr— AR m] 5 45 51
e GTE (1) GTE (2) GTE (3) CEP (1) CEP (2) CEP (3)
T 0.187%%% 0.180%** 0.145%%% 0.089%** 0.140%%* 0.070%**
(0.024) (0.037) (0.024) (0.022) (0.034) (0.022)
22.625%* -2.836%*
ERC - - B, }
(1.319) (1.210)
-49.014%%* 22259k
DT _ERC - - - -
- (8.525) (7.816)
0.001 0.023 %%
ERK - - - ;
(0.001) (0.004)
0.691 %% -0.707*%*
DT _ERK - - - -
a (0.238) (0.218)
-0.004%** 0.003**
ERS - - - B}
(0.002) (0.001)
0.151 %%
DT _ERS - - - - -0.003116
(0.045)
L 0.007 0.007 0.008 0.086%** 0.086%** 0.085%%*
(5%
(0.006) (0.006) (0.006) (0.005) (0.005) (0.005)
ROA 0.015 0.015 0.016* 0.127%%* 0.127%%* 0.126%**
(0.010) (0.010) (0.010) (0.009) (0.009) (0.009)
BM -0.006 -0.006 -0.005 0.024%% 0.025%%%* 0.024%%%*
(0.005) (0.005) (0.005) (0.004) (0.004) (0.004)
0.061%%* 0.056%** 0.058 %% 0.595%% 0.587%%* 0.591 %%
cons
- (0.005) (0.004) (0.004) (0.004) (0.004) (0.004)
Year eyl il il i i i
N 4043 4043 4043 4043 4043 4043
R2 0.258 0.252 0.254 0.647 0.649 0.647
Adj-R2 0.193 0.186 0.188 0.616 0.618 0.615

YE: FRUERIEREE R, p<0.1, % p < 0,05, p < 0.01*
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AR A 4 RS R A S 45 R, R HR B e 2 5 e IR SR S8 T ) Ok &
FEAE B U E R (REN -0.49, p < 0.0, X3 BI7E SR ] 1 PR I8 b 8 i O 1 L
B A B AU A MY PR STRU 1E T sE M B A58, 7T R F T Ik B AR 8 T Al A B A
iz dl, g 7 AT e AR AH s 7.

A IRIAE 7 H3 R, Ui R fir & P BRI E — e RE B B 59 T B A B 3
B SR SCE AR

A IR (ERC) AT U AL A SR (ERKD % b 5t ta i R G HT 2
[ OC R RIS B A m T ER . FIHZ5RK, DT ERC A1 DT _ERK [ 5R£05 7108 -49.014
F-0.691, BITE 1% HIBZEMAT FEE. X250 FWT, S0 A 137 B B4 R 555 00 1l mT
T Al He e R S e e B RGBT RE 70, BRIk, R HAL H7. H10 RAERAL.

Sy 5T, TR B AR SR B AR QR S A B S R R B B IR R
WAERA . GTE_ERK HIRECN 0936, HAE 1% MEEMHKT FEE. MR T IRI% HS
(RIRSE, 2B T 3 U R A B L R 5 A0 sk BUAR QIO A b PR B S5 A1 1 e 5

eAh, HBBIHE S (ERC) TERF AL 5 G (i R QT e A IR S0 8] (R 4
VEFRREE . A4 & 8, GTE_ERS M1 DT _ERS HJ & %0455 0.038 1 0.076, {HARE @ T
VRS, XA BRI B AR 20 & b I T R A I B R, S8Rk H11 RAg
AT, TR BE HI2 158 T S0 H

THIAR | R A28 43 H

N T IRANAR BT ILE A 5 A 5 B G e AR BT RS P (KRR, AR 5 R
TR ) HEASS R AT 23 BT o 3883 Bootstrap VA 3 VERT G, 25 5% B i 2 YR BRI A1 7 37 U 2
PSR TE B A Y 5 BB R QB 2 (R A 1E B2 I B — T TR R (3R 90,

R 9 IR 2 A

TE iRt F{& PE  EFE 10%) KEFHE %) wHE 1%)
i A BRI R ) B 109.13 0 46.667 54.696 78.391
T 33l B F i) TR 89.2 0.003 61.169 67.318 75.309

FIHRAEAL T 25 B R, Ay BUIREEREH A0 T THE(E A 0.0020, T 37 38 2R 00 il () 1T TR A Ay
0.7103, 7E 95% I EEXEIN (& 10).
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R 10 [ TR THE LB AF X

ZE R I IHEAETHE 95% CI
i A BRI FL BT 0.0020 [0.002, 0.002]
RiRZR YT BT 0.7103 [0.709, 0.712]

AR 1D [T DR AR ) o i 466 SR BT, B R ) ) 8 4 2 I o EL o P8 A A i A A e 3
AL, Hdn S RIABEIR T T IE I, O B e B 0 O 1 o 2E 0, (B RE TTAR
EHJE, XRPEEMIERES (R 1. 17 33l A A A6 K 3 TR A N S e AN 2 2, (B ] R
)5, BRI S LR BT A I A R 2 2 5. (3R 12).

RN A TP R A TR I ] ) A2 7

TR E3 0 FRUER t P 95% B X [A]
DT (ERC < 0.002) 0.348 0.056 6.20 0 0.238, 0.458
DT (ERC > 0.002) 0.092 0.054 1.73 0.084 -0.012, 0.191

2R 12 T 370l LA S A T AR 1A [ A A AR

TR E3 0 PRUETR t P 95% BfZXE
DT (ERK < 0.7103) -0.042 0.104 -0.40 0.69 -0.247, 0.163
DT (ERK > 0.7103) 0.167 0.092 1.82 0.07 -0.014, 0.348

WEFERM], iy < BRG] AT 37 350l R R £ R AL e TR 5 e (B R G (5% & P A7
FE S5 TR RN o 2 FRRL A P i RS T AR > 8 A A 0] 2 B S R B3I P A 170 52
U5, T T S R B R R TR, 9 XA IR R . X RBLSCRE T BB HS A
H8 YR, AR WIANRIZRAL A PR B ] 78 5 1 98 5T X ioll (0 B 7 A B R AN SRt BOR BT 77 A
AN RIS o

R FAERE, BT R AV SRR B IR R, SR EOER G
HRORIE T AR . RIS, i 2 B ISR 1 0 K7 A e B 5 AR SR ) Ok A S B A
TER, T3l ZE A SR U R B L I e R OR . B IR AT R R AN R . AT
SERNEU AR SREOBOR BT LA B P SR R L SRt 7 SEIESCH
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it

RBFSLAHT T 2010-2022 4F 1 311 Fblit lr oMb FOUR, 4878 T LR . Stk el
FAIERE AR Al SR ORI . Stk L, B 9E 4 R R AL S Al R B L
REMEFIRT, 3 FLECH 0TI G BOR O 5] T 598, SO T IR HLL 2 A
M3, SN, FREHUBIND THSRORE A BT 0T, i 4 BRI Sl SR B M 3 5 5 0 T
i, S LR S G R QU R T BB, 308 T B HS A HS.

SHATCHR B0 AT T AL R IR B AR, R
AR E AR, % — 8B T — BRI, AT, BIGERILT — ek o
W, (AR

4 TR T W T PR BB 0 S A IR HAL 7. H10D: SR8 Al A
SRS AT REE T, SR RO S TR A R, AE R TN T 0 A B AR A T 1
Jetk . il T REN VEURE S0 T AU R R TTRD T XU RN BN, ST B
MORAHIE

EUB AR EGRT E CIBE HID: RN S i 52 I M L3 5 43
R B SR B IR F KT AR B8 M SR B2 I, (o TR S 4
10 RO ARG, M L7 2 SR P B

S5 L 3 S R B S A O — B, (IR T 7R E L R, SRBE
TR A U 2R

RV 5 S5 B SCAR BT R R TR . 6 B R QR S AU A B AT o
AR R G R QR TE T SR EESO, TIE T R BB R BE 15 205 XU I 3
(R TR, SRBERUBIG0 VAT RS — 25 S0 5 T AP B REER 8, BLIR TR B e 23
ST LA 2 R SR BN B TERRARAL T 5 0 SEE S

st

AW FCIEIE R 2010-2022 ] 311 FEE N AR EE 4, IRANERDT T Hr A i 2L
LR AR GH AR EE RS A R SR 5 . B 7T 45 AR

Hr AR A IS SRR RE MIE R, IRl ORI —h N, H—D
BE5R T MR R X R, BRI EE S A A AR P IR A B, IEE
HESH AV AEPR LSRR HIPE T, SR B A0 a5 A5 Rt R UL o

SR A R A e T 5 S 0 B R BRI SRR S8 T BRI R R I R . dm %
RUFI T 3 W0 B BA B R R AR K B — 8 TTHEEL S . R B0 A e Y 10 I 1) 5 10 A 1 555 0 i,

(ayay
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1117 RS 2 A B ) A e S 25 R IR B R AR KSR ISR ) e v 5 St 5 BE I R, LA K
fRABE AV Y AT F5 B S o

W R I ER 73 R AR BE L, G A iy AT T 47 80l B A S5 00 1 A RS e A 45 1 3o €13
ot AR, ) Re S MR N S RS AR E R s i AT Ok BAh, B IS RUAS L 15
Wi F 555, 2 WY LA S B N rhRT R R = A2 0 (1A ) g AT

2

BUR OB BB M BCC RS T8, HEsh it = i s AR, 1T R
HEES), SEOURTRFSORRE. TR, (EHEAETEIN, NP a8 T B A B IS A
HIAIRSE, B ORI R BB g, XA BN L K QRS Sh . T3 R R ]
(S albei i 71U S L R (e Setk s Nl P DU SIS

AP R N E SR AR, ST ORI SO BORBIETRE T, AR AR

MMER RS, DHIRmIEERMCEMIESR ok, AR SR, A 52Tt
B S35 RN, @ S 55 OINENARITE), RIMERIUERR, Bammiigni /).
RKRFEE

AICWHIL T HT T L 2R R QR AR SR eV IR SRR, R3] 1Sk
UESCRF. ART, AP IABEERGL AT e 32 B HABA R AIREM,  ARORATFUAT DARE— PR il 30 A
EERAER, POV EESR O, TI58 G I S B T Al AR I, BEAh, R
BED . BRI DL B T 47 10 4 £ 5 SR AR T REAE AR SR O Al MR B S8 oA R Bk i A L,
R, R B AR R B RIS 2 AMAR R I Bk, USRS HE. RIS
Ji A b SR AR AV N NAR T AR B, BRI A WA AN A, 3t
HESH RO BRBHT, SCILAT R e H xR o
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