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Table 2 Descriptive statistics of variables
Ak PURITED FoME S oN ] ¥H i 22
p 2272 0.007 1.574 0.213 0.238
dige 2272 0.025 0.614 0.200 0.080
Inps 2272 1.629 7.882 5.750 0.915
Infirm 2272 2.996 10.631 6.574 1.092
Inae 2272 2.457 11.856 7.525 1.546
fdi 2272 0.001 0.773 0.020 0.029
fin 2272 0.015 6.041 0.247 0.272
te 2272 0.016 0.372 0.196 0.042
is 2272 0.001 3.430 0.276 0.211
green 2272 3.689 11.007 8.358 1.191
F3 2011—2018 Gy Tl ik P24 E
Table 3 Average urban industrial carbon productivity, 2011-2018
S ¥ifia He44 % L] ¥ifia kil z4 /%
B e 1.091 1 -0.81 REETT 0.166 110 62.76
[#] J5ETiT 1.069 2 -8.12 TRYI T 0.672 19 54.64
liE it 0.998 3 6.17 AT 0.111 167 41.17
=W 0.975 4 0.42 BT 0.159 116 33.68
BT 0.972 5 2.51 = T 0.417 35 32.35
BNV 0.935 6 -10.13 kil 0.209 91 31.35
PR 24 0.920 7 6.89 ESR) 0.108 176 30.49
R 0.916 5.68 EHIR 0.294 50 -27.97
ST 0.907 9 0.56 HA 0.233 75 -26.48

s TR MR A H A0 Tl B 77 2R A 8 T 0.900 39K BT 30.00% 1171 84K 3K T 20.00% 19 3 2835117 .
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Table 4 Global autocorrelation test results of urban industrial carbon productivity, 2011-2018

AE0y 2011 2012 2013 2014 2015 2016 2017 2018
Moran’s [ 0.048%+* 0.064%** 0.049%+* 0.047%** 0.054%** 0.049%** 0.034%** 0.03 1#**
VAI] 10.083 13.219 10.469 9.897 11.375 10.422 7.349 6.766
P{H 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Figure 1 Morans’ [ scatter plots of urban industrial carbon productivity, 2011 and 2018
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FEPE . Wald £ 5  LR K5 5 ¥ 76 1% A9 7K F I g 2%
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T 1% R E MR, P A AR, 0N 26 BUAR 28 XX
[ 72 RN AR AL AT IS 22 03 B 5 R, In A S 1]
KR 5, B 20 1y 1 H R 5K 0.433, HAE 1%7KF-
N I s B AU IR 23 A 28 B I R E (W xdige)
I8 25 TF , R WIREAIR 7523 (8] - AFAE S AE 15X
FLVEAR TN BUF 2B Tl B A 7= 2R 1 5 )
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Table 5 Suitability test results of spatial econometric model

TLSPIRFS GiiHE PH
LM-lag 27.431%%* 0.000
Robust-LM-lag 127.320%** 0.000
LM-error 314.251%** 0.000
Robust-LM-error 414.139%*** 0.000
Wald_spatial lag 24.670%** 0.001
Wald_spatial_error 23.240%** 0.002
LR spatial lag 23.200%** 0.002
LR_spatial_error 24.830%** 0.001
Hausman £ 55 133.410%** 0.000
LR_SDM ind 25.830%** 0.004
LR_SDM_time 2629.040%** 0.000
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Table 6 Estimation results of the enabling effect of digital economy on urban industrial carbon productivity
cp
(1) 3 A A Y (2) 73 1] ¥ 58 B0 (3 ) I ] i 5 A4 17 (4) I XL 2 0
dige 0.507%** 0.448%** 1.128%** 0.433%%*
(3.33) @3.11) (9.74) (3.01)
Inps -0.060 -0.052 —0.064%** -0.056
(=0.85) (=0.73) (=7.05) (=0.79)
Inirm —0.057%** —0.044%** —0.141%** —0.048%***
(-4.58) (=3.31) (=23.63) (=3.60)
fin -0.043** —0.044%** 0.107%** 0.046%**
(-3.08) (3.29) (5.77) (=3.38)
Jfdi 0.051 0.002 -0.162 -0.009
(0.44) (0.01) (=1.06) (=0.08)
Inae 0.023%** 0.025%** -0.006 0.026%**
(2.94) (3.40) (-1.03) (3.42)
te -0.105 -0.025 -0.158 0.020
(-0.81) (-0.20) (-1.23) (0.16)
Wxdige -0.188 0.491%* 5.23]%**
(-1.08) (0.55) (3.28)
W xInps 0.243 0.287%%* 0.365
(0.51) (3.24) (0.65)
W xInfirm -0.128 0.2]3%** -0.074
(0.07) (3.13) (=0.77)
Wxfin -0.081 0.382%* -0.024
(=0.92) (1.75) (=0.16)
Wxfdi 2.251%* =5.622%** 1.681
(2.07) (=3.21) (1.42)
WxInae -0.046 0.011 -0.033
(-1.44) (0.18) (-0.44)
Wxte 0.465 -0.412 =3.957%**
(1.13) (=0.38) (=3.25)
Spatial rho 0.644%** 0.556%** 0.342%*
(7.12) (4.58) (2.12)
Loglikelihood 1969.607 668.003 1982.523
N 2272 2272 2272 2272

T e R IR IR 10% 5% 1% 07K B 3 355 B ¢ TR

HATWR i s 18] O o 25 b FE 58 T i s
] SR , BT 25 0 S T Ml fe A= 7 R A e AR
PR AL o

TR G AT AR Horp Ak
IO B e 1 280 8 A A i 478 008 A s T gk A
PRI, (]S5O0 ) P T R A B 22 3 2
Pt 1 728 S Xk A AR T Tl A 7 38 A 3 8] A i
THOL, B G 7R T 87 457 A5 AL 1 I AR Bl % 4
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Table 7 Impact of the enabling effects of digital economy on

industrial carbon productivity

HEUN B2 g AL
dige 0.453 %%+ 8.437%xx 8.891*x
(3.15) (2.63) 2.77)
Inps -0.062 0.560 0.498
(-1.05) (0.60) (0.54)
Infirm ~0.048% -0.147 -1.195
(-3.33) (~0.80) (-1.08)
fin ~0.045% % -0.062 -0.106
(-3.07) (-0.20) (-0.34)
fii -0.026 -2.762 2735
(-0.21) (1.16) (1.15)
Inae 0.026%+* -0.047 -0.021
(3.49) (-0.38) (-0.17)
te 0.009 -6.189%* -6.180%**
(0.07) (-2.34) (-2.35)

TR, AW Ky i@ Ko 7 Tl A= 7~
Wl , — o PR B IR Tl 75 G i) @5 R 15 21 i
o AR (Infirm ) FOIF BG4 (fin ) X 45 3,
bR A 77 3 ) BN 2R R, A SR R AR
b P R b BB 22 J8) 2 368 T s 4 s HE Al
T 25 AR M B 1 7™ B 1 75 G HE R 5 1 W B AL
TR RE P2 T AR BRAE L 45 B 15 DL I T i T
Ap B RLE R T R AEH Bt s i T BOA HR R
FEENER o B LT SO 2T 05 Rk
M . XN TR IOKT (fdi) B 18] 422 2500 FLEVRL

I 359 R A7 A G ST ORI T S T A5 3k A
R 5 | R AR 5E (05 BOM 1 TS %5 %, 5 Hib
SRAVEHIK, S PREE R BOR XML T
FRBIGE, T T 12 W5 | ANGE TR T 288 L i e
HERCT IR, A0 R A 9 T JC AR B RE, R R
FITF Tl A A =2 Jie , 1% Jal s 3l Tl e A 7=
R AR . Tk SR (Inge) fiE 38 T A T
b Al AR 7= R S R IR T T Al A 7 R R A
B AEAR S 3, SRR T 0 B 3 7 A 1 I I sk
N 7RI T BN AR T A B R A T
b Al R 3 2l 5 = B BT AR S | & TS L n)
B, R (te) XA M TV B P2 R A4 T A
B2 AREVR TAE T FE DL T T S Atk AR
o, T RERACR Mt S (O PR B AR i R
FEATEA 7 He A, HHAT AN R SR
ICF T4 i AR BRE | DRI 1 oA 2 3 R a8
4.3.2 FlErhh

B ORI RE RSO0 B m] R SR AR JLAR 7 ik
WEATRR AR PEAG 56 O o2 [ AL AE M . 5 1832
V) A A o o 4P 2 S X6 258 (] A3 AT 48 SR ] e 1) 5
M), 3 — A A A8 422 T R | 20 5 8 I D 28 3
PO A5 B SE B 28 B 6 Tl ik A 7= % 23 () Ak
RSOV O RR A, G5 RN E 8 A (1)-(3) . ALK
B, AR 2 AR T B 250 6 ks Tl ik A =
R BN TR0 NN 7F 1% 7K F &
FORIE, 3ROV VE R 5 0] 53R 7 Al T2 R 8
G—3, W R/INKE , 800 K-35+ B
A . QFHp i, MAHSMH ALY
GDP 5 T\l CO. i FL AR 4L (Ince ) VE R Tl A A

*8 TRRMAE

Table 8 Robustness test

o s cp Ince cp
ERAE IR QLIRS ()R A OFRY ) %R
dige ELAZA 0.920%3* 0.944% %% 0.719%%* 4,593 0.637%%*

(7.82) (8.58) (6.08) (14.73) (4.29)
(AL 0.930%%** 1751 %% 2.064%%* 18.294% 11.733%%%
(4.98) (6.34) (7.92) (1.65) (3.10)
YV 1.850%** 2.695%** 2.782%%% 22.987%* 12.370%#*
(10.96) (10.29) (12.16) (2.06) (3.27)
Pl A i = 2 = 2 =
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FERNL | )42 35 0 A8 J2: BN, B0 22 5% AT LU 3K
PEFHTT Tl fe E =, H 23 ()i HH 250 B .
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B 2T AR R R A g e i T A
TR AR B R R JEAIL , A8 B S B Tl 40 sk 42 1
e 5 98 HE XU , AR 100 Tl B A 77 2K S 58 1 A 3k
7, AT RE LA S A B R it S H AR S, T S
Wesh BUr i Kk J T ReAEAE I I R G R . Uik
A R TR Tl AR A = R HAb P 2 5
TS TC 1 ke e st U A0 o [ A, PRI, 25 R DA B
FIRE S EY N A M I, SRR AE IS, R
7SS T P B /N — e i (GS2SLS ) i A7 [l I 4k
TE 205 1% A A R A o B L2 [RIT I 30 T2 AR
T, BN R A 3T T A 7 2R ) 2 [a] A B
W R PRI, 36 9 S T LA = A a) v S Wi
T AR 51 GS2SLS Al i H 45 3, it Tl e A 7=
R0 23 (AL 5 TAE 1% K7 I i 2, 507 28 5 X I
7 T B AR 7= SR R ) B2 3 ON IE o B4, A5 (]
GMM R {4 1] 5 235 50 S 7, 3Tl TR AE 72 R
23 (AL J T DA M B 2 0 Y R B B O IE, FRIR
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a4t 12
RO NEMRIGER

Table 9 Results of endogeneity tests

(1)GS2SLS (2)SPGMM
dige 0.117%#* 0.300%%*
(3.12) (4.97)
Spatial rho 1.098%**%* 0.021%***
P AR 2 =
Loglikelihood 1055.381 514.868
N 2272 2272

4.4 FFZFM T Tl RRAE F=F B &2 ML 5l
4.4.1 FIAFE HHT

SRHIE H2 FTH3 , 275 2 IE SR iEgT , iE—
RV BUT 2 B WRRE T Toalb e 2 7= R 4% T 4L
il , 2 10 JE/R T MU BRI B R R T B AIL ARG 56 25
Horp 510 (1) - (3) a5t e Az & g 465 21, 41 (1)
L IESE T HUF 4 5% (dige) BT Tl B A= 77 %
(cp) KBBR8 (2) B P 4 0% (dige) 1 R EX
TE 1%7KF F W3 N 1E (0.308) , RIARCF 250 5h
T IR P ZE A AL S5 T, IRl R 2
55 55K R TR =l 1] A S PR S T
H1(3) o, Fov 25 TG Gis ) REIR T Tl e =R
(cp) BISZE 22800 0.082, HLAE P<0.01 KFF i 3,
WA, B85 (dige) I FR A0 0.411<0.433, 3R~
i 2548 T+ A BT 28 U B RIS 22 21 R R st A rp
EAEFIEM . BFELFELEARBSE 4%

R10 FIMEENILER

Table 10 Test results of indirect paths

cp is cp cp green cp
(1) (2) (3) (4) (5) (6)
dige 0.433%** 0.308%** 0.411%** 0.433%** 0.098 0.437%%*
(3.01) (2.20) (2.86) (3.01) (0.44) (3.03)
is 0.0827%**
(3.63)
green -0.025
(-1.20)
Spatial rho 0.342%* 0.342%* 0.342%* 0.339**
(2.12) (2.12) (2.12) (2.10)
Pl s 2 2 2 2 2 2
dige % ]l J5 1 2 2 2 2
T A 2 ) 5 P 2 2 2
Loglikelihood 1982.523 1989.092 1982.523 1983.963
N 2272 2272 2272 2272 2272 2272
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NIRRT LAE BT 220 (dige) X4k (A
AANHT (green) B sEIR A A 25 EREFUF 4
T 1 A g 38 32 2 (R AR AN ke B2 T3 T Tk e A
PR X 5 H3 A GE L —E ., S AR XU
5 AT e B P TR A i I Tl 2R U A A
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W A% AL A I R B 5 2, 7l 5 4 T 4
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B (green) W A B A% 0 ZHLHIVE T, UESE 115 AL
ER i ey o

4.4.2 FFRESH

O3 XA S e o T 45 i DX Bl 5t
BT R A B 2 22 5, RIS [] IX s
PR A TR R I AR 2E S . el 284 1
FEAS TR 53 R A AR AN PO T2, 43 B A [ IX s
B2 B T Tl e 2E 7 3 B VR HRICR S5
ZERF 1290 (D) F(2) Fron o BN FI ] H2RL
N7 S 7, 2R 0 b DX R 8 T R A A b Tl Al A
PRI W E W IE R HEE R o AR X R 4
T R IR HACH R X — RS B T
A MBI 22 0% R AR RAUN, , %] ] s 3 T Tl Al
AP R B R AN B LI AR B 5 )
FER 10 PG S b DX TV AR AR S 35, 3T A Al
WOt B AR IR 0% K AT T AR X 455 , — 7 Tl

F1 ESEEREMEGIEER

Table 11 Robustness test results of indirect paths

cp is cp cp green cp
(1) (2) (3) (4) (5) (6)
dige 0.505%** 0.308%** 0.477%%* 0.505%** 0.098 0.505%**
(3.53) (2.20) (3.34) (3.53) (0.44) (3.53)
is 0.083%%*
(3.62)
green -0.048
(-1.78)
Spatial rho 0.105%*%* 0.101%%* 0.105%%%* 0.106%%*
(3.71) (3.59) (3.71) (3.77)
) A 2 P 2 2
dige 7 [ J T 2 2
A k2 R S 30 2 2
Loglikelihood 1978.873 1987.022 1978.873 1980.508
N 2272 2272 2272 2272 2272 2272
F=12 BRRMESHER
Table 12 Heterogeneity analysis
TR A (AR O R @I EER
dige BRI 0.868%+* 0.395 0.955%%** 0.350%
(8.23) (1.55) (8.01) (1.88)
[RZEAL 1.132%%* 0.363 —1.239%x* 0.392
(2.52) (0.98) (-6.51) (1.13)
SN 2.000%%** 0.758%** -0.284* 0.742%*
(4.93) (2.89) (-1.89) (2.61)
Pl A i = 2 2
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The enabling effect of digital economy on urban industrial
carbon productivity in China

REN Xiaosong"**, SUN Sha'

(1. School of Management Science and Engineering, Shanxi University of Finance and Economics, Taiyuan 030031, China;
2. School of Management and Economics, Beijing Institute of Technology, Beijing 100081, China; 3. Center for Energy and
Environmental Policy Research, Beijing Institute of Technology, Beijing 100081, China)

Abstract: As an important engine of green and low-carbon industrial transformation in China, the
role of digital economy in further promoting urban industry to achieve dual economic and
environmental benefits needs to be examined. Based on the panel data of 284 prefecture-level cities
in China from 2011 to 2018, this study analyzed the enabling effect of digital economy on urban
industrial carbon productivity by measuring and analyzing the spatial-temporal characteristics of
urban industrial carbon productivity using the methods of unexpected super- efficiency Epsilon
Based Measure (EBM) model, exploratory spatial data analysis, and spatial econometric model.
The results are as follows: (1) China’ s urban industrial carbon productivity showed an overall
trend of fluctuating growth, the positive spatial correlation and spatial agglomeration of urban
industrial carbon productivity are significant, with high- high and low- low agglomerations
coexisting, and spatial disequilibrium still exists. (2) Digital economy can empower urban
industrial carbon productivity, and there is an obvious spatial spillover effect. That is to say, digital
economy is not only conducive to improving local industrial carbon productivity, but also releases
promoting dividends to the industrial carbon productivity of neighboring cities through spillover
effect. This conclusion is still valid after a series of robustness tests and endogeneity tests. (3) The
enabling effect of digital economy on urban industrial carbon productivity is mainly realized
through structural optimization effect. At present, green technology innovation has not played a
mechanism role. (4) The enabling effect of digital economy on urban industrial carbon productivity
is spatially heterogeneous due to urban location and innovation environment differences. The
digital economy in eastern China has a radiative driving effect on the industrial carbon productivity
of surrounding cities, while the high talent agglomeration areas showed a negative spillover effect.
In the future, we should pay attention to the spatial spillover effect of digital economy, eliminate
the governance mode of “each party fighting its own battle”, use digital technology to build an
inter- city green collaborative governance system, and break through geographical boundaries to
form joint force of regional industrial carbon reduction.

Key words: digital economy; industrial carbon productivity; enabling effect; spatial Durbin model;
mediation effect; China
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