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Tos 11336. 270 *** 7768. 990 *** 7396. 032
' (7.03) (5.06) (4.87)
d 1.498 1.343
(20.06) (17.70)
Con 282. 882 ***
(8.88)
R 545,263 *** -3792. 180 *** -4102.171 ™ -6311. 857 *** -6304. 82" ~6636. 640 ***
; (4.78) (-9.42) (=9.57) (-11.93) (-12.60) (-13.38)
RURIINIED 3692 3692 3692 3692 3692 3692
R? 0.015 0. 050 0.052 0. 065 0.164 0.183
F 26. 662 60. 358 46. 420 47.555 111.358 108. 902

FEATTHE GOt ™ 7 U RN AE 1% 5% 10% 8K R

(Z) BRI RN EES T

1. R @R

NP AR AEE | AT Z YR FERRAE TR

P B RAE  XER R LE BT EAR O BUL B (InGia ) | LSRR AL o (Al 2 22 Sk acd R 1]
[, Ay 56 IE A A R X R R SR BB 2R BE I S, 578 TR 25 0 M F IR (5 6 R S R M 2 (.31
AR Ry PSR T RIS — SRR w8 BT BB AT O 19 S B 2 (5 61537 ( 4 (8 % W] ) H I i SRATE ) |
— SRR A R B B SR A € BRI (2 (0 S DR AL R R RO R AL ) MR IR SR (0
LA AN SR S TR AR B R AT (InGias ) TS PE SR LR Z2 01T (InGiac) , H1FR 4 BY(1) 51~ (3)
FNRY I 25 R TR, TR i B i IS, B AL B S (R B2 QT S T 4R FE AR & & 8] U B2
M, 158 B B [l VT A 25 MK TH A

5 RIS SR VEREL (PSM) o Ay B S b 428 6 A % S5 SR 1 I, TR 2o R v o o i S, BT
PSM IEEAT T RSN . 207 12 T A5 AR JEE A 7 o 0 e 2 8 K P 205 v 2 3 T -5 4 o 2L 3 7 454
P B 2E S, BRI B E AT RN AR i ( Digmd ) P REASHIREC P A B BE R 5 5 T H B KR

4 REHERE
. (1 (2) (3) (4) (5)
InGia InGias InGiac Gia Gia
i 0.038 *** 0.031 ™" 0.028 *** 32,192 20. 638 ™
€ (20.95) (16.90) (15.20) (4.60) (3.44)
Di ~0.0001 ™ ~0.0001 ™ ~0.0001 -0.1397 ~0.195 "
€ (-10.19) (-9.69) (-9.41) (-3.99) (-6.26)
Pl 5 B il il il il il
RO 3.429 3.003 4.351™ ~1801. 680 -9363. 099
(17.24) (15.11) (21.59) (-4.69) (-14.85)
FURIIE(ED 3692 3692 3692 2689 1696
R’ 0. 269 0.205 0.191 0. 365 0.231
F 178.519 125. 560 114. 840 60. 600 60. 440

TE AR B et ™
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) FR AN B853S Kb B R R 2H SR P d5e 405 I DE G20 B8 121 e EA T REAS DI, £ FH T X 0 Eh A R A S 5
A 7 55 2 (0 R B BT B9 06 R EAT MGG . 3% 4 A4 (4) 545 SR w00 284 16 45 DT IE I B 8507 Ak i 770
POES SUREES R HIE AL E/SERTE 2 NUE T

5 = MUBREAR IR, TRl R IE TS TR 25 T A ER AT kRt s T b R 0 4 U K
2, T RESZ A 3R T 45 - A R A S (B r B2 BB AR, . R T 3k b B R 1% A A R S i 1 0 ) A B 235 L
A2 SR 2020—2023 4EBE G BB M, R 4 B9(5) FI4E 5T, Bor Al s 0 G 4 (0 35 S BI5E R A
AR 2B IR T S I 25 R A Rl

2. HEMS

SRy gt A g [ T BB AF E (1) B ) PR 2R S 28 X6 Ak 45 SR R 11 i 1% [ A3, A SR R B Bt e /s — 3l ik
(2SLS) , 5| AT BAS b AT Ab Bl

WHUT HAR e — | 22 TR BRI 5K 7k B0 (10 S I B0 Ab % B 0 U IS DU Y ( L4Dig ) 18 R B 1L 5%
BRI T HAS R — —J7 1, BT A% B R — > B AR MO A i i 2 R i 0T A B A 4 | il a5 it 2
A R R 2 I 22 Wy B BT A 2 T % TR T e 452 S 43, 2 AR G | i L 224 30 %) 50 A 2 780 %o i 1 3
() T HLAR BV 5 5 55— J7 T, Ui e DO 390 00 5o A e TR0 244 1 4t (0 5 5 60) B 1) 5% i) . o ) [ 4
gk, HEME . R S B (1) BRI (2) BUEE — B Begh BT A, T EAS St AR, T R AR &
SN R B 2 AR SR AR M, th 2 S A (3) BIEE [ BE A (a1 U5 4% SR ], B A i 0 5 R 4
BT Z M R 2 U BOCR, F— 2088 THARKE B8 F S EiEE T 10%K°F T fih A
B, 3546 T 59 T HAS B (R0 IR BRI ST B 7E 1% MK F 8%, i T A ERREA S
R

WHCT BAR & = (5 S D A BERE TR ST U 8 A B S T S — AR S 1984 4T 453
MR NHIENECR 2 B T HAS G (1V) . — 5, BUA R Gl (5 BOR I 2L ki, S b g s E
5 LA it 2 NEE A K R FH > 5% 25 PR 2852 i 28] J5 82 B B B0 AR B R 9 i A O 5 55— i, B
FAH— B s E AR P & R, 172 HTE S ROR AL GE MRl 55 (i FHATCR B T B, W I A, sk, %

x5 NEMERRE
(1) (2) (3) 4 (5) (6)
A5 it Dig Dig’ Gia Dig Dig’ Gia
H—mB BB BB EB BB H—mB 9B
. 130. 505 ™ 273.974™
Dig
(3.18) (4.83)
Din? -0.950 " -0.769 "
€ (-2.13) (-2.07)
L4Dig 1.200* 91.988 ™
(23.72) (11.21)
-0. 003 ** -0.103"
IADig*
€ (-8.94) (-1.67)
W 0. 001 -0.023"
(5.18) (-2.22)
W 1.660x107%* 9.220x107% ***
(1.66) (2.95)
Pl A i il il il il il il
HOT 12. 156 -331.353*" -3924. 382" 30.291 746. 260 *** ~8853. 404 "
; (7.82) (-1.83) (-4.16) (16.52) (2.24) (~5.04)
Kleibergen-Paap rk LM 13.967 96. 893
Cragg-Donald Wald F 48.300 106. 675
FURIUE(ED 2556 2556 2556 3408 3408 3408
F 385.240 110. 520 40. 790 49. 070 13. 850 28.900
TE:(3)90.(6) 545 B 2 geit i, HRFES N ¢ Geitht; ™ ™ 7 S BIFRRTE 1% 5% 10% 17K T %
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JEZAAE AR , 51— BB ] 22 A 728 e ok b 3 T Al TR i, B LISSHLI IV AR g v A e
R T HAS R, R S5 89(4) 5~ (6) F[EHZS R AT 0, T HAR & 450 o 0 25 VA 50, TR 2% 1 N 2B Pk )
Ja  BUF AR RS S RS BT Z AT AAAE 28] U BLCR

(=) AT

1. ZR M IR 5 #0669 18 35 3R

A HIRBE R AP TRONER WK 6, (1) 51 ~ (3) 5 R B A e Y F- 5 301 -5 7S 3t 35 AL o 11 52 e 33
(Dig® x Fer) FEIRE N, FWIA MR AL BEGS I 75 B A B 5 S (R 2 BT ( Gia ) MO H T HEREF¢
LR ( Gias F Giac) Z [BRYAELMIC R, 115 R BIA M SR R s Ak 1 B 3K 3l A0 B 1H T AU A%
N, BB U RN AR BE U, R 25 A b PR BT R G i 2 s, (1) 81 ~ (3) B Ak R AL
oo — ooy < 0, KHVE U BIIZE) mi X 2B ISR Al gt

S 3 PR R T 6 6% 5o TS0 A B 2 11 U 800 T B B R AE T — T, BI04
TR 3= Sh A B A BRI e 2 (0 B S BR LI B R A, X BESE N 1738 5K Bkt pO SR ME R , disih 1
R BT EE” 1Y S BT BT, T SE IR (L RRSE BB AR B B RIS P LR Y R R A 5 B BT
P T — A2 AP ARG AN BT, A RO B FARFRBARIE R T A B R TIT R g LRI, 55— 7T, B
SEE P ) G AR 5 A A B T N 1 BT FE A A B R 38 (e BB B IR T 4k
OAFEEEIRT, T, A H PR R B e 1 B 9K sl 80 AR e iy ik e 1 < Kl i SR RO, B A e Y

R B L POy S BGRB8 f8) U B R B B i e %

2. SR EREE AL B T R

ST ERSTTRLHI TR ER IR 7, (1) FIA(2) 51 507 A e TR0y 101 -5 o B8 408 3 B 5 ML ) 52

T (Dig® x W, Fer) ZEUN W3, Ui IH b 35 48 T 21 55

HU W, For APECT (R T 15 (R FLE 0T RSP pR SE —— 0 B B
(ISR ; (3) 5 Dig x W, Fer R¥LT Gia Gias Giae
RO W, Fer T RO S e D | 0 s )
FrEe i Z B8 U BRI e ABBENE, (4) 51A1(5) %1 b 0.120° 0.027 ~0.032
B R RSPy T 55 0 M BRI SRS LRI i sE (3.12) (1.17) (-1.61)
T (Dig" x WoFer) REBHENGBIELHHI  pe | 000 oo o oo
AEFRBE L] W, Fer IR, BOF AL 1 5 5 €35 48 S oo o
QR S A R e R 2 1) U B e s gk, P oo (2.43) (-3.33)
(O) FIPIZREANLE W) W, Fer APFTEAIAT ) opp, | 7000027 ~0.0001 ** ~0.0001 ***
e LG A LT 2 G R T T o
Hb AR RS R IR A AS b A A A AL 5 o Per (9.56) (8.23) (8.95)
PEEREAFLLAHT Z [0 AR U BUSC R, N IH 1 A4S b B " 6.074 4.325 8.543 "
ALY S BV (LRSS QBTN T REJSURIZE T, Y (0.83) (099 (2.27)
HEERABIESRHEALEV BRI L st P AR e | TSR eI RO
HEA AT, HAS RIS G TR A TS | 0105 1o
SRR T RIFE A B S , WA, (16.16) (4.16) (4.79)
AR TR SR E BRI, KB g | W32 2ede [T
HEEHORTF RN P LR I R I RUBTRE ST, T o T v w0
T D 30K XU 12 B 5 T P e B o e oo R (-12.50) (-9.65) (-8.78)
HEAHARIEAR VR X AP SRIERR SRR 00 R R R g, Wi 3692 3692 3692
it 2R TUR A T AR AL R S P — o — e

ORFEAHT R UK SRR, SR, 7 A i3 T &b 507

R 6 AMIRETAHIHE TR

TE ARSIy Gt

P R, B O R S8 #, WA T AR PR TR,
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AR T4 TRAEER IR AE . KUy (A% B 5 ax (B r 20T

R7 ABETEAF R TR

- (1) (2) (3) (4) (5) (6)
Gia Gias Giac Gia Gias Giac
Di 35.794™ 21.246 18.193 ™ -4.631 1. 660 10. 022
€ (2.32) (2.18) (2.20) (-0.91) (0.52) (3.72)
Did? -0. 164" -0.075 -0.018 0.073" 0.034 -0. 009
N (~1.95) (-1.40) (~0.41) (1.95) (1.42) (=0.46)
WF 25. 694 " 9.559 " 14.770 "
| Fer
(9.43) (5.56) (10.12)
W, Fer 26. 950 14. 405 ™ 13. 849 ™
(23.37) (19.72) (22.58)
DigxW, Fer -0.149° -0. 045 -0. 057
(-2.19) (-1.07) (-1.56)
. 0. 0005 -0. 0003 -0. 0007 ***
Dig*xW, F
8Tt (1.16) (-1.29) (-3.26)
DigxWV, Fer 0. 008 0. 001 -0.057
(0.82) (0.27) (-9.95)
5 -0. -0. -0. 00003
Dig? X W, Fer 0. 00030 0. 00020
(-4.54) (-6.72) (-0.95)
P 7.257 % 3.871° 3.635™ 5.577° 3.045 3.210™
P (9.05) (7.65) (8.46) (7.44) (6.42) (8.05)
./ -1.622 -2.763 -1.152 0.343 -0. 306 4.750
" (-0.23) (-0.62) (-0.30) (0.05) (-0.07) (1.36)
Tos 8733. 663 4767.368 2159. 889 ™ 7340. 458 ™ 4056. 178 ™ 1570. 035 **
’ (5.79) (5.01) (2.67) (5.28) (4.60) (2.12)
nd 1.325** 0.268 0.235 1.133 ™ 0. 126 0.137
(17.25) (5.54) (5.72) (15.78) (2.79) (3.59)
Con 288.320 237. 469 *** 174. 498 = 278. 477 237.809 *** 176. 747
' (9.20) (12.00) (10.39) (9.56) (12.88) (11. 40)
RO -11935.310 ™ ~5132. 845" -5161.113 " ~11132. 020 *** ~5487. 487 *** -4582.077 "
) (-15.43) (-10.51) (-12.45) (-22.05) (-17.15) (-17.06)
SLIUE 3692 3692 3692 3692 3692 3692
R* 0.211 0.129 0.173 0.319 0.243 0.297
F 90. 756 50. 352 71. 070 159. 052 108. 815 143. 405

AT Dy ot

T NFIRAE 1% 5% 10% 8K T B,

BRI S R I A5 YLl AT, H R A B RE SR M 2 (e BB, ME LR B SURRERICR | i
BOFHARN G | A7 B e 55 ), RORAL T A g7 A e e SR P2 0 BB A9 < BB 5T 8500

25 MR AR AT PR BT AL AR AL A B Ak -5 S B Ak RS BE 2 (A1 48] U BUSC& R R A LB
A2 R R WP SR RS2 RHTRN , P RE SR FRIAE T, 2615 b PHLAH 3 P4 358 0 o] 32 23 e 48 % 0 o A% 3 R il
71, T S5 AR T R BE P AR IR B “ B T 5w 7 TR i F R SR e BT < HRARTE” . LR, R A A S
JoT P2 €5 AN AH LU R TETIE 5K i Y SR PR S (5 BT B B 0, 2 L BUR E X 3 56 B8 v i il Bk vk
Fo P, 2o A A o3 T A FH B A BOR 3K 3l 52 M 2 A BT KM R SR B PE Sk 8T . SR, 2805 b
PR T3k 113 1] &7 R S8 (0 B3 TR S IR R TF 235, 51 B 3R AR FH Mty 6039 ¢ 5 T 5 [t B Il TR Ak 17
AR BT P TR S P 2 € QBT A AEL SRR, A, 254 408 3 3 T B A5 L o ) 4 R s HH RROR SRy I A
BF, At AT BT A bl it 7= A < R 42 S AL, NI PR S |, 5540 T AR M B 3K Sl

(M) PLFC #2 B i+ 247

1. PLFC &R EIg 7

T SCR FH Haans 2602 58] U RS 28 9 35 7 FH OB S8 28, 3600 1 < A -4 T ™ PR B L ] 3 35 Sl fk
TSR ORRELAET Z A3 U ARG 2R, R RS B A A e RN s B2 S B Ak A b - 3 R B R
P VERBIRRIE, 2% Cooray 257 Jr by B PR AR BUBE AL (PLIC ) 1 — A5 1R IR S5 10 1l A A e 1k
PFATVER AN (9) iR,
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G, =By + g(M,) Dig, +BX, +e, (9)

Hor; G AR SR OFFLLRHT ( Gia) (SEBPELR OAFEERRT ( Gias) FIRIEPESE A IFSERIHT ( Giac) ; M AL HE A HL R
BEHLH ( Fer) b FRAPUT IR RN (W, Fer) LT M FRAP VT IR EE R (W, Fer) ;2 (M,) RECTFALFE R ( Dig) 1Y
PRECR B THE , T T 3 [ PR B AL AP T 8O AL RO g (R SE R Y AR MRN8 WAl R AL

2. PLFC fiT 85 R340

K2 7R T PLRC BERVETHIY g (M) BRECREE, IREFISZER AN g (M) BREUREL 95% 1 A5 IX.
B, B 2(a) ~ &l 2(c) 3 BIACRAEA R 5 BEA M IE R G KT R BT A BT 2 (B e 228107 B i A
Xof S BT PR O AR SL AR T A AU SRS PR (0 AR SR QT A AR LR RE e . | I 2 () PR, i A il A
ISR o B BT IR A X S (0 KRS BRI AR 3t < i AR HE A 0 2 R LM S i AR A It
A H FR SRR AL T 8O S B B RO o FH I 2(b) FHIE] 2(c) FIAL, BfE A M PR 855 0 1 52 7, 2074k
T X S O P o €8 R A BRI R SR 5 0, 45 2 00T 1) 5 ) DR 82 1 ) Pl R 391 559 B 3 I T A A AT
KV A A b B 58 KL 59 1 B 1H TR0

’l 3(a) ~ & 3(c) ZrilfER T A A MU BRI RGBT SR RS2 B M 74 B2 A1
MIARZMERZ I, RT3 FTH, Bt PR U PR KL 5 B AN B T $er A e BT g (A 4 S B S 7 4B 1Y
BT RBCE IR A B 2 -1 - A 2 A P A3 R 181 3 (o) sl A 2 BN SR 1 2 (0 4 22 1 BT /Y
FHIE T IR B, BEJS A2 18] 3 (b) xS Bt R SE R I RIVE ] B e 2 3 (a) o AT UL, B8Rk 1 1
PRI PR 2T T RCEH RN, H R A A 5 SRR S (A 2 B 2 ] (3 T e

Bl 4(a) ~El 4(c) it T AR5 B4 U5 i B SR 1 R EE LI AP T B A AU S (R B2 B3 B e
THEFERDBH AR LA , FHIE 4(a) TN, BEE MR SR I ARSI K- T, B A AT S R e AR 1Y
SN FEERIN N “ P - (2 - 02 A IR 28 5% b 400 3 PR R s Ak 1T 850 2 A e 78 e WU R0 5 T ] 4
(b) FNE 4(c) v, B M FRSRIT IREE R G AT T, B A B S BT PR G RS BT N SR M MRS (RS Y 52
1 /N2 7 TV B A B R SR I s A N2 1 B T2 S s U [ S8 L R G2 | 6 S O

£ I PLFC RV 45 AR T 5 1) R 2 ] 5 2800 ABE A A8 5 42— 3 (3 38 B R I A B AL B A
LW E ], (R H2 15 30900, 38 45 R 22 AL W vl BRI PRI FE T B BRI A B A A 22 5, itk
Pl SO AR Y 2 T TR A B kI T PLFC AR S 2% PRI A A 2 — kit el 7 %A Y 22
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R ERSEERIL A X 5 A B B 5 2 (B R 2 BT 8] U TR 5 2R A B AR R 08 0 R0, S I 35 MR ] 8 A K - 19
P 5 1T PLFC A2 SR AR T AN [R] PR ML 55 B2 A9 8807 A B B X o € 15 5 B A M 32 i ) 0 5 2808, T
DAL A 2 AL 1) DX ] P 9804 4 FARAE . Fl b, PLFC RS i AS () SR B R 7K 7 R A 32 S 98 5 2000 &
A 4G O BRI S BOR R 15 7 i) 55 2 1 RS AR 2 e o A, P T SCORTE RS T, < A -
[T ER SR A [T s HA BT e S sl O AR AL ST T R, PR AR S A RO R B (R 2E
SAEAE AT, ok 5 BRI R0 A5 A P ) B2 BR(EL 2 75 25 0 ] R 2 B i R 7 A e TR (PR S LR S0E
JEE DX BI )3 BERE T S 0 SRR A 3 S M G 1A RIS TR TR R AN T 1 2 Ak, TS 2
AN RV AR L O AR 014 220 0 P 22 S B AR 2 T 194 TR 355 DAL T A M- 08 30 B S5 AL ) 30 5 280 1 19 55
S R R AR A RIS O A PR R, A LRI AL 1 PIISRE R R A RO T 1 i AR e e — Bk, Al
DL, , RS AILA F) 30  1 P S B ARk 15 I B ) S 2 AL, 25 3Tt 1oz PR i o B, 5 B2 P PR LR O
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S BCF A DG IR R AR ZR SRR S < B O ™ IRURS: 1 B 4 o s, s (o SR 29 E B b /R e,
ST I R A1 T A b T 118 28 5% SR AR S IR T XS 78 AR i U SR R, A ) P ) 50 A K S AR (B 2
WM A A5 3R ) A AR RE S B B AL o S0 AR T W T i PR S DG B AR o BOR TG, 3 A s DX I
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Empowerment or Disempowerment . Digital Transformation and Green
Sustainable Innovation—Based on the Moderating Perspective of
“Local-Neighboring” Environmental Regulation

Lin Yingzhen', Zhang Qian’
(1. School of Public Administration, Dongbei University of Finance and Economics, Dalian 116025, China;
2. School of Business, Dalian University of Technology, Panjin 124211, China)

Abstract: The coordinated advancement of urban digitalization and green transformation ( dual-transformation coordination) represents a crucial
strategy for adapting to evolving technological and environmental conditions and for cultivating new sources of competitive advantage. Drawing on
panel data from 284 prefecture-level cities in China spanning 2011 to 2023, nonlinear models, curvilinear moderating effect models, and partial
linear functional coefficient models were employed to empirically investigate the effects of digitalization on green sustainable innovation and the
associated boundary conditions. The findings are summarized as follows. Digital transformation exerts both “driving” and “cursing” effects on
green sustainable innovation. The interplay of these two underlying mechanisms generates an inverted U-shaped relationship. During the study
period, the driving effect remained dominant in most Chinese cities, indicating a favorable trend in the coordinated development of digitalization
and greening. “Local-neighboring” environmental regulation imposes heterogeneous nonlinear moderating effects on the relationship between
local digital transformation and green sustainable innovation. Specifically, local environmental regulation intensifies both the digital “driving”
and “cursing” effects, resulting in a steeper inverted U-shaped curve and a leftward shift of the inflection point. This shift causes the optimal
marginal effect of digitalization on green sustainable innovation to be achieved earlier. Geographically proximate environmental regulation
strengthens the inverted U-shaped relationship between local digitalization and strategic green sustainable innovation, whereas economically and
geographically proximate environmental regulation strengthens the inverted U-shaped relationship between local digitalization and substantive
green sustainable innovation. Estimation results derived from the partial linear functional coefficient model further reveal that *local-
neighboring” environmental regulation nonlinearly moderates the dual effects of digitalization. It enriches the literature on digital transformation
and green innovation, providing theoretical insights for Chinese cities as they move toward a new stage of “dual-transformation coordination”
development.

«

Keywords: digital transformation; green sustainable innovation; environmental regulation; “dual-transformation coordination” ; curvilinear

moderation effect model ; partially linear functional-coefficient model
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