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The impact of green technology innovation on urban industrial carbon productivity From the perspective of spatial
spillover effect. CHEN Hui—lingl‘z, TANG Yuan-hua', ZHAI Xiao-xiu!, WANG Zhen-bo>* (1.School of Public Administration and
Human Geography, Hunan University of Technology and Business, Changsha 410205, China; 2.Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China). China Environmental Science, 2025,45(12): 7059~7069

Abstract: High-quality economic development resides in technological innovation and industrial carbon productivity. Based on the panel
data of 288 prefecture-level cities in China from 2011~2021, this paper measured the level of green technology innovation by the number of
granted green invention and utility model patents. It then applied an unexpected output super-efficiency SBM model to calculate urban
industrial carbon productivity. The system Generalized Method of Moments and the spatial Durbin model were adopted to explore the
impact of green technology innovation on urban industrial carbon productivity and spatial spillover effects. Research indicated that: @
There was a significant spatial correlation between the level of green technology innovation and industrial carbon productivity among cities
in China, with high to high class cities concentrated and expanding in scope. @ Green technology innovation boosted urban industrial
carbon productivity, to a great extent. Such effect was particularly pronounced in western regions, resource-based cities, and lower-income
cities. In these cities, green technology innovation helped enhance productivity more effectively. & Under different spatial matrices, the
direct effects of green technology innovation on urban industrial carbon productivity were significant, which suggested that such innovation
clearly improves local urban industrial carbon productivity. What should be noticed is that, the indirect effect of knowledge spillover
phenomenon such as green technology innovation dissemination that relies on face-to-face interaction was only significant under the inverse
distance square matrix and economic distance nesting matrix. To some extent, these spillovers were weakened by a siphon effect, which
inhibited the productivity gains of surrounding cities. Among the factors considered, geographical and economic distance nesting exerted the
strongest influence on how green technology innovation affects industrial carbon productivity. Building upon these insights, the country
should break away from the governance mode of “self-reliance” in cities, and build an intercity green collaborative governance system.
These measures help ensure that R&D investment is channeled to the most efficient locations, breaking through geographical boundaries to
form a regional industrial carbon reduction synergy.

Key words: super-efficiency SBM model; green technology innovation; urban industrial carbon productivity; spatial spillover effect
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Table 3 Regression results of the impact of green technology innovation on industrial carbon productivity
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Table 4 The regional heterogeneity of the impact of green

technology innovation on industrial carbon productivity

A ISYEN K i [
SOEABIH 0204 0.108 0.0947 0.396"
(0.058) (0.073) (0.141) (0.207)
LPRIEAT 03867 0.0544 0.794"" 0.406"




12 4 R A 2O BOR QDRI T T A 2 (1 5 i

R )k RS 7065

gk 4
AR Sy IR rpg [
(0.065) (0.087) (0.155) (0.170)
Pk gk -0.275" -0.261"" 0.0154 -0.146™
(0.039) (0.092) (0.054) (0.061)
TolbA A -0.429™ -0.314™ 0.136" -0.305""
(0.050) (0.092) (0.074) (0.092)
TAVAEEARE 04917 -0.0433 3.530™ 6.791""
(0.111) (0.134) (0.309) (0.903)
B 0.0420 -1.152" 0.779"™" -0.0246
(0.064) (0.333) (0.168) (0.068)
R K -0.00403 -0.514™" -0.113 0.0602
(0.053) (0.165) (0.101) (0.068)
[i] 5 2 Yes Yes Yes Yes
FEAS & 3168 1100 1100 968
R? 0.665 0.679 0.657 0.744
VR, R R RIRIR 10%. 5%, 1% MR EHKE IS NN
fRhRAEIR 2.

# 5 HZERACIFAETH T ERYE =R ZIHE 5 KTE
5% REMFRIE
Table 5 The economic level and resource endowment
heterogeneity of the impact of green technology

innovation on industrial carbon productivity

A ARBREARN BRI REFOKT LK

sREHAMB 02707 1.017” 0.680" 0277
(0.062) (0.455) (0.382) (0.072)
SHRIEAT 01447 0.712" 0.319 0.295""
(0.077) (0.139) (0.236) (0.083)
FENL G -0.353"" -0.141" -0.132"" -0.591""
(0.051) (0.060) (0.044) (0.111)
Tl R 04347 -0.484"" -0.439"™" -0.130
(0.070) (0.069) (0.060) (0.129)
ToAEZRKT 0.188 3.0117 3.687" 0.0947
(0.120) (0.390) (0.373) (0.135)
o U AL 0.136" -0.101 0.0792 -1.763""
(0.072) (0.149) (0.087) (0.493)
BHKT -0.0648 0.123 0.0417 -0.347"
(0.065) (0.093) (0.056) (0.209)
TE RN, Yes Yes Yes Yes
N 1903 1265 2175 993
R 0.683 0.652 0.694 0.685
ok, R R RIIRIR 10% 5% 1% BB MEACE 355 1o B
bR 2.

QGB35 BRI

271/ NG SE VA G (BB 3| g ey T R R VA
KR 53 DA e 285 KPSk i AR T AR A B0
I AARZEGEKF s BRI IR AR A 2013 4 [ 55
B A AT 1 CRE S BE Rl T R Fp 8 e AR (2013
2020)) 4 ) 73 A BRI AR L AE B ek, 3
MRINVE I 126 AT EIX, SR AT BUX

LU AL 2] 37.8%, 1111 75 A SCAE FH 1 s A v 1X AN L
%14 39.9%, H 45K IS BUARBLES 538 5 nl 4l
SR NI EE T B e A | e R e A IR it
I T M A 7 2 AR R R R A T R e BN
— PRI T A B, B R A I T 2 B DLEE e 3 2
5y 5% B BG4 BOA IR 5 e, S (B AR QDB ik T
A 5 7 B T AR ek W YR R 44
Sl T 7 b 4 A (A A U 3k it A 3k i T Rk
Az 7 2R (B T AE R T 8 YR R i, AR R R R T 1
A 2 ) 0 A A TR AT AR, T 3 I [ ¥ e A T A
N2 NELRNETIRS Sk NOUE DO R RZEN /S 1 ]
(0 T B A= = 22 R AR B AR B BE K, T2 55 /KP4l
XA, S LB AR BT I IR B 1 FH S o, T e 2 7
HEETHER.

2.3 SEOER G Tl A 7 A S ()%
PG B i s v N oo L1 = 1 DR e I o 2 S
FEARAB FIGT ol e A= 7= 2 A5 B AT 25 18] A
IR Hb B PR (R A R PR A 56 45 2R W7 2011~
2021 FEEROER B Ik T TV %A 7 % Moran’s /
RECYE 1%KL 35 08 I, RIS OEARBIHT .
T i A 7= 28 2% ) [ AR DCHREAE 235 GR 6).

#*6 2011~2021 WA TWREFEERERAEIHLF
Moran’s /
Table 6 Global Moran’s I of urban industrial carbon
productivity and green technology innovation from
2011 to 2021

e T Tl B A 7 SEEEAR B
Moran’s [ Z 18 Moran’s / Z1H
2011 0.094"" 12.428 0.048"" 6.689
2012 0.114™ 14.965 0.053"" 7.181
2013 0.117" 15.397 0.052"" 7.181
2014 0.131" 17.218 0.038"" 5.750
2015 0.129"™ 16.890 0.044™" 6.419
2016 0.158"" 20.604 0.047"" 6.666
2017 0.153"" 19.953 0.051"" 7.013
2018 0.143"" 18.657 0.066"" 8.706
2019 0.165"" 21.529 0.066"" 8.646
2020 0.139™ 18.123 0.079™" 10.069
2021 0.127" 16.578 0.069"" 8.987

ek Ry IR IR10% 5% 1%I0 3 PR

FETS 18 £ (L BOR BB 7 Tl B A 7™ 2
25 B3 2N 2 i, e S 2 TR 6 5 A )
25 ) AR LM G 36 mh A — TS & 35, Rl ey
WL X (R ASE AL, [ IR LR A5 P I Fig b3 dd ok T



7066 A 45 %

1% 2 35 VERL 30 (R 7), 76 % e
B BEAT 34T

2 S Uk ul LT R

x7 TEEREREEER
Table 7 Spatial panel form test results

A EnaEq:! P1E
LM-lag 2.863 0.091
Robust LM-lag 0.584 0.445
LM-error 6.504 0.011
Robust LM—error 4.225 0.040
LR-SDM-SAR 34.05 0.000
LR-SDM-SEM 33.59 0.000
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Table 8 Spatial Dubin model regression results
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T REEN gy
K S
. 0216 0.198™" 0.218™" 0.198™"
S E AR BIH
(0.055) (0.057) (0.057) (0.057)
. 0406 0217 0.221™ 0.204""
LR KT
(0.062) (0.045) (0.045) (0.045)
N -0.270"" -0.0344 -0.0311 -0.0273
Pk
(0.037) (0.027) (0.027) (0.027)
-0.451™" -0.168"" -0.180"" -0.169""
kA b
(0.047) (0.020) (0.020) (0.020)
TAVEESRKTE 04727 05217 0.538"" 0.540™"

B8
e REEBSPUE CoVRH I IS
Ak ORELEEEE 0 1
[ L
(0.105) (0.056) (0.056) (0.056)
0.0386 0.399" 0.380"" 0.370""
Ao AL
(0.061) (0.059) (0.060) (0.060)
0.00117 0.321" 0331 0.344"
KT
(0.050) 0.072) (0.072) (0.072)
SGEHARMH  0.645 -1.064™" -0.295 -3.839"™
b (0.446) (0.288) (0.191) (0.712)
SR EKT -1.289" -0.443" -0.0825 0.0122
b (0.342) (0.188) (0.103) (0.191)
gy D 0.567 0.00203 0.277 0.439
(0.188) (0.124) (0.079) (0.199)
TolbA R -0.844™ 0.206" 0.156™" 0.556""
Xt (0.341) 0.097) (0.053) (0.138)
TN EERKTE  3.9617 1.497" -0.325 1.594"
Xt (1.238) (0.286) (0.277) (0.669)
-1.110" -0.189 -0.0659 0.632
B AL D
(0.543) (0.286) (0.162) (0.405)
0.578 -0.0811 0.0784 0.183
FH KD
(0.356) (0.332) (0.195) (0.453)
N 0.138 -0.247"" 0.0906"" 0.0838
rho
(0.130) (0.058) (0.033) (0.078)
o, 0.00636™"  0.0178"" 0.0180"" 0.0179™"
sigma’
(0.000) (0.000) (0.000) (0.000)
I T 28 No Yes Yes Yes
s [X 55 N Yes No No No
R 0.0670 0.112 0.129 0.0893
FEAE 3168 3168 3168 3168
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Table 9 Decomposition results of spatial Durbin model effect
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