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Table 1 Indicator system for digital transformation and green transformation
SR~ Yr g 2 e )2 LR ) A
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Table 2 Variable definition table
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s ol % o BT B Gin b 0 B — % TR S/ GDP
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Table 3 Descriptive statistics

A Obs Mean Sd Min Max

Robotl 4245 4.51 4.08 0.01 25.91

Robor2 4245 29.06 32.64 0.07 205.58
Dig 4245 0.09 0.07 0.01 0.72
Gre 4245 0.18 0.05 0.06 0.60
Syn 4245 0.34 0.07 0.16 0.81
Gfi 4245 0.33 0.11 0.01 0.72

Tgipg 4245 98.17 439.43 0.00 11760.00
Is 4245 1.06 0.61 0.11 6.33

InGdp 4245 10.73 0.62 8.41 12.49
InDp 4245 5.74 0.93 1.61 8.01
Gin 4245 0.20 0.10 0.04 1.03
Esp 4245 0.18 0.04 0.01 0.79
Fin 4245 5.83 4.09 0.01 39.66

3 XU Bk R0 2R SR 7 Mk & Jé R me Y S IE K
L

3.1 EAE@ASH
T4 T A AR R S b B T K B
[R) 7K T oA ok 7l & Je 1) e 0 R B S e, H
BIRL(1) — (3) &5 52 m A o H 45 1, v LUk 91
BEA R (Dig) BIAG T R B N IE, BT Ib i
TS 3 D S AR T I ROk Ak R s s 5 4k
T Gre) MAGTT R B IE HOR B3 AW &t tafk
e U S 1 P DA Bl R ok b R TR 5 XUAK T TR
(Syn) WA TE R B8R 258 1E , XK B[R] 7 20 39 P
AR TFARF K & BT A R g e ™ 4 T IRl
EHT, BERL(4) - (6) & KIS m i Al 125 1 807
L% 18 (Dig) WAl T R BUK SR 1 3 0 1F B b %
RUFE R A SR A 0F T R O 7=k & 8 5 4 (0 {1k 5 Y
(Gre) (Al i+ R BUEE 10% (K | 835 8 IE, £ B
LA BRI A 0 T R R 7l & R 5 BUAK B [
(Syn) BAE T R EURIRTE 1% HIKF [ B E NIE, W
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Table 4 Benchmark regression results

_— (1) (2) (3) (4) (5) (6)
A2 nr ) ) )
gt bR ] B K9 K9 K
0.6478 "~ 0.7555" "
Dig
(0.1848) (0.2126)
0.0941 0.2449 "
Gre
(0.0994) (0.1287)
0.4702" " " 0.5373" " "
Syn
(0.1490) (0.1744)
InCd -0.0640" " " -0.0676" " " -0.0712" "~ -0.0939" " " -0.0989" " " -0.1022" "~
nGdp
(0.0166) (0.0168) (0.0167) (0.0208) (0.0210) (0.0210)
; -0.0481 0.0287 0.0112 —-0.0443 0.0399 0.0253
nDp
(0.0654) (0.0723) (0.0702) (0.0872) (0.0971) (0.0948)
i -0.3224" " " -0.3534""" -0.3475" " " -0.2445" " -0.2806" " " -0.2739" " "
in
(0.0876) (0.0928) (0.0912) (0.0983) (0.1039) (0.1023)
0.0654 0.1006 0.0742 0.2589 "~ 0.2866 " " 0.2700 " *
Esp
(0.1025) (0.1006) (0.1017) (0.1129) (0.1140) (0.1131)
0.0008 0.0005 0.0006 0.0021 0.0018 0.0018
Fin
(0.0005) (0.0005) (0.0005) (0.0013) (0.0014) (0.0014)
0.9318 " * 0.5437 0.5658 1.1490 " * 0.7152 0.7213
- cons
(0.4193) (0.4579) (0.4441) (0.5202) (0.5744) (0.5583)
City Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
R? 0.4151 0.4818 0.5066 0.4679 0.4919 0.5121
Obs 4245 4245 4245 4245 4245 4245
V(1) (5% ) (10% ) 3R RUERRIED:, TR,
x5 REEEEER
Table 5 Robustness test results
e (1) (2) (3) (4) (5) (6)
/l\E =l o = .. |2, .~
kit S 1) bkl 1] K4 1]
0.0265" "~ 0.0310" " *
Digk
(0.0048) (0.0077)
0.1501 0.2794 "
GreE
(0.1141) (0.1212)
0.5710" "~ 0.6917" "~
Synl
(0.1695) (0.2008)
Controls Yes Yes Yes Yes Yes Yes
0.6335 0.5574 0.7045 " 0.8012 0.5852 0.8917"
— cons
(0.4410) (0.4563) (0.4174) (0.5473) (0.5297) (0.5225)
City Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
R? 0.4957 0.4873 0.4838 0.5036 0.4911 0.5201
Obs 4245 4245 4245 4245 3962 4245
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(1) o A
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Table 6 Results of the lag model

(1) (2) (3)

(4) (5) (6)

=X
- i 01 i 1 i 01 K1 K 4 K 9
0.5198 " * 0.8524" "~
L. Dig
(0.1587) (0.2463)
0.0285 0.2121"
L. Gre
(0.0862) (0.1563)
0.3349" "~ 0.6222" "
L. Syn
(0.1272) (0.1957)
Controls Yes Yes Yes Yes Yes Yes
0.7326 " 0.3809 0.4030 1.1736 7 0.7311 0.6386
o (0.4029) (0.4307) (0.4210) (0.5513) (0.5711) (0.5812)
City Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
R? 0.4458 0.4656 0.4918 0.4338 0.5013 0.5008
Obs 3962 3962 3962 3962 3962 3962
(2) TR,
ARG S ST, A SC Ll 1984 4R 4 ML IR
7R R Bk S Ak F A T XA P ) T AR
Jr B30 S T2, DX A il B K - T 4.1 ZEERBEIE

Jit A R 5 Wi 32 b IX 50 Ak A 1T R e 3
X XA PRI K- TR IS, A U Hh 2 BH IR Jm) 55 4% ¢
A T 258 3 T oA ok 7l & R B iz T H AR
SRR A OCHE R HEBR MR R A, BA A M. H
T A5 S o T 1 AR 08 AT ST Y PR AR S
AT 1984 A 25 3k T R R B IS T 9 XUAR B R K
-1 28 HLIAE AR SCHY TR AR &

#7 WoR,LM Siit i p {0 0.0000, fE 4 T H
A g PR A R R AR B Wald F S &R
312.5340, KT 10% K-Flifa 51H 16. 3800, 7~ T 55
THARR RS, ZE55 (1) 5 (3) Fl IV R %L
W IE, RUIFFG A OCER . 5 (2) FI RIS (4) 51
BN R AR B (Syn ) 19 RS NHE 5% F1 1% 1)K
V- b 5 O IE 26 B TR 4 T R 0 P A P IR
Jei AR SCEE BAT BT

(0, 4 il VG 2 S B B0 40 O 0 R R 1A R
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Table 7 Results from instrumental variables method

e (n (2) 3) (4)
V1 v2 V1 1v2
0.4532" " 0.4855" " "
Syn
(0.1781) (0.17780)
0.0019 " "~ 0.0019 """
v
(0.0001) (0.0001)
Controls Yes Yes Yes Yes
-0.4370" " " -1.2144" " " -0.4370" " -1.7241" " "
- cons
(0.0497) (0.1494) (0.0497) (0.1516)
City Yes Yes Yes Yes
Year Yes Yes Yes Yes
140. 5820 140. 5820
Kleibergen — Paap rk LM statistic
[0.0000 ] [0.0000 ]
312.5340 312.5340
Cragg — Donald Wald F statistic
116.3800 116.3800
R? 0.5416 0.7177 0.5416 0.4338
Obs 3679 3679 3679 3679

FE:[ IR pfE, | | 9N Stock - Yogo 55U 5 5 10 % /K F- (11 S48

4.3 FEAgERHHLE 8 %5 (3) 7N : Syn REUAE 5% WK I W35 0 1E
TTEPIBIE LR, A 2 TR ARSI R R X 7l 45 4 B R AR A R

PR AL A R W R P R B P A E R AP R AT LUE Rl S5 A R AR R R

RIS IE ST K56 e S w8 SRR L & R RAE T HE,

PRV R) 5 ARk 7l & e R FE P A B, s R SR

x8 MNMHHWEER

Table 8 Mechanism verification results

(1) (2) (3)
it
Gfi Tgipg Is
0.1073 " 0.6069 " "~ 0.2245" "
Syn
(0.0552) (0.1925) (0.1110)
Controls Yes Yes Yes
-0.0252 -0.5390 " 0.4884 " "
- cons
(0.1205) (0.0061) (0.2258)
City Yes Yes Yes
Year Yes Yes Yes
R? 0.2235 0. 1406 0.2269

Obs 4245 4245 4245
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5.1 WHHE

DU 55 B2 2014 4 % A 19 ¢ O T 8 38 39 Tl A4 K1)
Gy bRE B ) S ) A B Sk T R 43 Sk e N B
BRI T R BB 30 T A0 A R B K 3k Tl 0 A7 5 5
R, 4 R MR 9 Fros, 55 (1) - (3) FNEH A W
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FRECR A3 0 IE 0] 520 5 107 K AL T Syn 5K

N R AE )20 31X 5 BITBUAR IR [R) R R R 7l &
JE F18 R 40 5 e 200 A8 KRB Il T v B W L BB (4)
= (6) FL R K 3 52 me 1) 25 21 H: 5 % 30 52 Wil 280 7
A5 RARFF— B, WoR T AUk PR [R] X6 A ok 77l &
RS R AR NG S/E 8% L L R A S T R
Chow — test 7E 1% FJ7KF I g 2, Ui W@ i T 4R 5 E
R, DL AR /NS 33 T DR MRS T R A A S R
T R A AE 3 22 5 o T DL, LAk I3 ] 6 o R 7
Ml S JE F8 53 Wi A8 7 A R AR S T B A

x99 HHHERREER
Table 9 Results of urban scale heterogeneity
22k (1) (2) (3) (4) (5) (6)
/N AL KA R B R /N KA LN TN
1.3477 0.8684" " " 0.0398 2.7086 0.8102" "~ 0.0233
Sy (1.0195) (0.2462) (0.1764) (1.6825) (0.2291) (0.2036)
Controls Yes Yes Yes Yes Yes Yes
2.6559 -0.7878 3.1865" 1.0467 -0.4231 3.8421" "
mom (1.5491) (0.6017) (0.7719) (1.7079) (0.6682) (0.9332)
City Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
AEERpE 0.0000 0.0000
R? 0.1108 0.3621 0.0751 0.1039 0.3429 0.0598
Obs 184 2548 1513 184 2548 1513
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() X6F =A% e 77 Ml & T 1 Jaet 1 S5 i 2850 o7 A B0 7 48 B K F
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1915 ey 9 45 SR | HC 5 2R 305 e 280 ) 4 SRR — B,
R T AU TR [ % A Sf 77 Ml e T 14 4 9 5 e 24 1 A
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10 WHHFEFAKERRMEER

Table 10 Heterogeneity results for urban digital economy levels

gl K
A5 i (1) (2) (3) (4)
R L] B B
X 0.0784 0.3839" " 0.1004 0.5383" "
Sym (0.1269) (0.1547) (0.1514) (0.2364)
Controls Yes Yes Yes Yes
0.7168 " 0.0987 0.6137 0.9458
mom (0.4244) (0.5340) (0.4255) (0.8760)
City Yes Yes Yes Yes
Year Yes Yes Yes Yes
REESpHE 0.0000 0.0000
R? 0.4106 0.4645 0.5544 0.4662
Obs 2179 2066 2179 2066
11 HHHREXTERRELER
Table 11 Heterogeneity results for urban environmental concerns
4] K4
5 (1) (2) (3) (4)
BUR B BAR B
Syn 0.4286" " * 0.4528 " " 0.4070 " * 0.5879 "
(0.1632) (0.1741) (0.1837) (0.2337)
Controls Yes Yes Yes Yes
0.6173 -0.2541 0.4547 0.2887
Com (0.4040) (0.4711) (0.5552) (0.6351)
City Yes Yes Yes Yes
Year Yes Yes Yes Yes
R¥ESpE 0.0000 0.0000
R? 0.5013 0.3171 0.4132 0.4335
Obs 2280 1965 2280 1965

6 =3 8] %k H RN R I

6.1 WHXHE. RkF=LERBHZEAEREL
HHE

2212 45 3 7R . 2009 — 2023 4F 3k i XUAL B [F
A4 )% Morans 1 $850¥9 A IE1E , ¥97E 1% LI Ay K
- b i 2 2 BT UMk P ) LA S Y A ) OE A
K s Morans T 45503 30 A % 20 B 1) 54, 150 W 4
T 1] XU Ak B ) 19 225 1) 2 2R 40007 1 320 ¥ D 559, DA e 44
LW ,2009 — 2023 4F R R 7l & e K F- 1Y 42 )

Morans 1 38 8050 1IEMH , W 1% LN KFE E B
F L RPIRR 7 & e B AT 35 1Y 25 (8] 1E AR 5 M
Morans I 5 %53 B0 I 3l b 0% 8 4, 150 WY 3 1T (]
AR 7 A 1 2 ) B BR800 AE B T e 0 . DA
KRR K F 2009 — 2023 4F A 7=l & J& 7K F- 1
4 J7) Morans I ¥8 5L AE 1% DL B9 /KF | 3k
IE A BEI AR 7=l & e 7E K & sl fE b BT
Z ) as[B IEAH S M {2 Morans 1 #8405 48 1 AH I,
Wl BT ) o oA 7l K e 1) 2 i) 4 3R K 500 T 2
R EE
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Table 12 Results of global Morans I test

fisf ] Syn s} (7] Syn st [] Robot1 s} (] Robotl st [] Robot2 st 1] Robot2
2009 0.202° " " 2017 0.204" "~ 2009 0.205" " " 2017 0.203" " " 2009 0.205" " " 2017 0.204" " "
2010 0.224" " " 2018 0.201" "~ 2010 0.205" " 2018 0.199" "~ 2010 0.205" " 2018 0.203" " "
2011 0.219" " " 2019 0.194" "~ 2011 0.205" " " 2019 0.201" "~ 2011 0.205" " " 2019 0.203" "~
2012 0.202° " " 2020 0.195" "~ 2012 0.205" " " 2020 0.203" " " 2012 0.205" " " 2020 0.203" " "
2013 0.206" " " 2021 0.193" "~ 2013 0.205" " " 2021 0.206" " 2013 0.205" " " 2021 0.203" " "
2014 0.193" " " 2022 0.197" "~ 2014 0.205" " " 2022 0.210" "~ 2014 0.205" " " 2022 0.203" "~
2015 0.193" "~ 2023 0.175* "~ 2015 0.204" " " 2023 0.215" "~ 2015 0.205" " " 2023 0.203" " "
2016 0.198" "~ 2016 0.203" " " 2016 0.204" " "

6.2 ZTHEIMMSH P TR 77l A i 5 T 25 [] 58 FL I ( W+ Syn ) R

Z: 18 Elhorst'™ By K 50 UK KK LM K 56
23 (] f ALY (SDM) [#] 22 RN Hausman £ 56 DL &
SDM 5 Y 7 A A5 50 2 Jli 9 * JHAA 1) — fiie " Fin e — i 3]
BLRT RSG5 6 0 5 i i 2 R T [ 2 R ) SDM A
A G RANER 13 Fros NI R AR 7l & R i 4
S A S K 5 T, SDM A% L i BE AR £ (Syn) [F1IH
FBAE 1% WK P W3 I Ul W XU By [R) 5 35

IS4
2

5 25O IE 3 R WY XA B[R] A 7 I 25 A9 I 19 ¥ i
ROV BAE T HT k2 O BE A5 R pFR A T,
7 SR 2 ) 28 D I A K 2 8 Oy 2 () el TR I 45
G2 ) i 1 2000 G 6 445 R 5 s T 22 5 B R I )
B 45 R AR — 2, WA SOR ] 25 8] 28 T B 2 4 1
(R SRy [ Ry @ VAR T o N R Ol L

13 ZTEHHERBEAER
Table 13 Regression results for the spatial durbin model
54t Robotl Robor2 Robotl Robot2
75 (] 28 % PR S A 1 %% [i] 22 9 R B8 0 1 5[] by 34 S 4 I 75 [B] b 34 PR B A B
Syn 0.2052" " " 0.2182" " " 0.2520" " * 0.2430" "~
(0.0624) (0.0688) (0.0613) (0.0670)
Controls Yes Yes Yes Yes
W Syn 1.2402" " 1.6500" "~ 0.6055" " * 0.9385" **
(0.1137) (0.1246) (0.1912) (0.2042)
0.7970 " * * 0.6288" "~ 0.9546" "~ 0.9497 "~
L (0.0117) (0.0172) (0.0100) (0.0124)
R 6.6241" " " 4.5862 18.8892" " * 24.0023" "
(0.4867) (0.2844) (5.4446) (7.6875)
s th 0.4724% " 0.4267" " 0.3222" " " 0.3318" "~
(0.0679) (0.0709) (0.0670) (0.0753)
S 7.0965 " " " 5.0129" " 19.21147 7 * 24.3341° "
(0.5120) (0.3006) (5.4684) (7.7186)
City Yes Yes Yes Yes
Year Yes Yes Yes Yes
Log - likelihood 6061.8571 5766.3650 6426.5045 6046.2836
R? 0.1963 0.5258 0.3752 0.3332
Obs 4245 4245 4245 4245
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Based on the above conclusions, the following implications are derived; (D Establish a knowledge factor transformation system to
resolve the dilemma of tacit knowledge inheritance. A national industrial knowledge graph platform should be built to integrate multimo-
dal perception technologies and systematically capture high — dimensional tacit knowledge. @ Innovate dynamic policy tools to address
the dilemma of technological trajectory lock — in. It is necessary to design a special policy package for intergenerational technological
leaps and embed a flexible buffer mechanism to cope with path dependence. @ Implement an innovation ecosystem power restructuring
project to break through standard nesting blockades. A technological standard upgrading plan should be launched, and a mechanism for
transforming international rules on standard nesting should be established. @ Improve the collaborative barrier — breaking mechanism to
enhance systematic evolution capability. An industry — university — research — government collaborative platform covering barrier diagno-
sis, path adaptation, and innovation ecosystem restructuring should be constructed, and a real — time monitoring indicator system for
the three types of barriers should be developed.

Key words: key core technologies; knowledge gap; path dependence; niche lock — in; barrier — breaking paths

(E#E 1832 ,M)

Abstract: Artificial intelligence is a key driver of cultivating new quality productive forces in China. Exploring how the synergy be-
tween digitalization and green transformation can propel future industrial development is crucial for overcoming bottlenecks. This study
addresses three main questions. First, it examines whether digital transformation, green transformation, and their synergy can drive
China’ s future industrial development and thereby inform industrial layout. Second, it analyzes how this synergy influences future in-
dustrial development by evaluating three mediating channels: green financial investment, green innovation capacity, and industrial
structure. Third, it investigates whether the combined digital — green transformation generates spatial spillover effects, providing theo-
retical support for intercity industrial linkages and spatial planning. Key findings are as follows. First, digital transformation significant-
ly drives future industrial development, whereas green transformation shows mainly long-term effects. The synergy between digitalization
and green transformation compensates for the short-term limitations of green transformation, enabling joint short-term and long-term pro-
motion of future industrial development. Second, the synergy advances development through three pathways: attracting green financial
investment, strengthening green innovation capabilities, and optimizing industrial structure. Third, heterogeneity analysis reveals that
the synergistic effects are stronger in larger cities, in cities with more developed digital economies, and in cities with higher environ-
mental awareness. Fourth, this synergy generates significant spatial spillover effects, facilitating coordinated industrial layouts across
cities. Overall, this study deepens our understanding of the drivers of future industrial development, the mechanisms through which du-
al transformations empower that development, and the spatial heterogeneity of these processes. This study offers several policy implica-
tions. First, it highlights that digital transformation can empower future industrial development by accelerating industrial digitalization
and digital industrialization, thus promoting the advancement of Digital China and consolidating the digital dividends in industrial
growth. Second, guided by sustainable development principles, policymakers should formulate long — term plans to extend the benefits
of green transformation to a broader range of industries. Additionally, it is crucial to fully leverage the synergistic effect of dual transfor-
mation—"“1 +1 >2”—to ensure that green dividends are delivered more swiftly and reliably to industrial development. Third, under-
standing the mechanisms through which dual transformation impacts future industrial development can harness green finance, innovation
capacity, and industrial layout as new drivers for industrial growth. Finally, the synergistic integration of digitalization and green trans-
formation demonstrates significant spatial spillover effects. This integration facilitates the coordinated development of digital and green
industries across cities, thereby unlocking their spatial potential for future industrial growth.

Key words: digital transformation; green transformation; synergistic effects; future industrial development; short — term impact; long

— term impact



