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fif L i ROBOT ol lgs A Z: IRBIAT SCHRP T, LA BRA Tl — 48 0y — 31 (0 25 BRS04 80 il Tl HLgs A
P& (T B . TR REEA T T B9 SO b B 53R 1RIR] . 5 SO
T ALE AR LT B 1t
B2 TP HORBIH DA A 2L 15 B0 5 AR AR RO HE i
U P TR ARl 55 Sl A 7 A 0 AU P17 1 77 M 5 480 o R A il
DI HeF R VU B A% T EHLIR S5 A Mol A B 2 RS =7 Mol N Bz i (6
A GDP G PLSEBR A H A 7 S (L 2005 4F S BE1T, T0/ ) Y AR H i
PS UNEE;: 3 VLB AT B DX I TR B A 1S (N /km?) B9 1 AR 250
FDI PN a VUGN B He 8 (7 70) S 0 X AR 7 S E (T 78 ) 14 L (L
FP WA BT g VL 7 WA R T 5 P S A =2 22 (U3 50) 5 X AR 7 B (O 0D B Fe (A
URB A DI A58 — =l Al A 2Z Sl A T L (% ) i 6
EC AETET 2% 2 MG A A AT LA A5 B B2 DT RO M2 SR IR 28 i (b A )
I3 BRI IR SR X i
HC NITHEAR VABEIT NAER R A A R i
vc B ER SRR R AR, LI ER A-Interim B 423 A 1) 25 U8 2 50 A 48 0] Koy e

245 J3E DT TC 2 A I 3T, A el T AR AR B 1ok A
CHEBT SRS, SRR A A b e . 7E
oI 51 B = e s R S N R 2] R ANV DN
2006 4F-FF 4f A A B s 10 5%, IF H CEADs %X
I 2O AT R 3R T B HETBCECHE HRITERT 22 2019 4F ik
A SR REA I 18] K1) 5E R 2006—2019 4, F B AR &
PR PESE TR 3 iR .
4 BERE5HH
4.1 EAREPFLER

FAHR T TALALAS AR5 e 3 i A HE s
FEA RN Z5 S . v DA B, 76 AN % 18 R 31 52 5%

IS LR L %1 (1) B ROBOT 1 181 1H 2 5L 1% /K
VbW E O IE WA §il A 1 )5 51 (2) H ROBOT
(1 815 R EAE 1% AKF b I 228 s i — 20 i A
(i) [ 2 20 J , 1 (3) - (4) 'h ROBOT (1) 1nl ) R 554
TNTE 5% 1 1% KF- 525 R 1, ST R sk K
(i) [75] 2 2850 7 AR A i1 2 A0 i % B gt 2 il 35 4
AN UL AR 5, AT % M doit s A8 [ 8, AT LA
RGN G5 S AR A, B T AIL#S A 3k i s
He A B /e o R AR 51 (4) 1 [l
PAZE R K FBAR G258, Tk HLE AN 3
1A B B A (5 385 T s HE IO #4930 2.5% , Talk

F3 HRMERIT

Table 3 Descriptive statistics

AR A X% iz /MH S MA NI
CARBON 3836 12.370 0.917 10.070 12.420 14.480
ROBOT 3836 0.564 1.336 0.001 0.107 9.302
GDP 3836 6.944 0.960 4.950 6.881 9.528
PS 3836 5.902 0.648 4.077 5.943 7.182
FDI 3836 1.868 1.837 0.017 1.269 8.689
FP 3836 0.101 0.079 -0.003 0.082 0.376
URB 3836 0.981 0.062 0.623 0.989 1.000
EC 3836 16.177 1.059 13.773 16.125 18.454
HC 3836 1.656 2.022 0.002 0.912 12.597
rc 3836 7.078 0.380 6.178 7.099 7.934
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Table 4 Benchmark regression results for carbon reduction effects of

industrial robots

. CARBON
(1) (2) (3) “4)
ROBOT 0.045%*%  —0,033%*%  —0,023%%  —0.025%**
(5.021)  (-4.243) (-2.527)  (-2.672)
GDP 0.284%%% 0.166
(6.610) (1.120)
PS 0.450%* 0.407**
(2.335) (2.228)
FDI ~0.021 %% ~0.019%%*
(-2.966) (-2.769)
FP 0.094 0.158
(0.280) (0.452)
URB 0.311 0.419%
(0.623) (1.741)
EC 0.145%%% 0.130%%*
(3.410) (3.054)
HC ~0.028% ~0.027%*
(-2.765) (-2.706)
vC 0.157% 0.079
(1.842) (0.826)
Ly 12.350%%% 4. 114%%%  12,040%**  5739%**
(2420.551) (3.267)  (586.870) (3.714)
YEAR & i 2 =
CITY P e E 2
FEAR 3836 3836 3836 3836
thR 0.029 0.338 0.317 0.347

T o ok RSP BIRIRAE 19%.5% . 10% S E MK L% . BRpy
SIBAIAST 4 5Pk of, R,
BLAE AN RE2 5 1A Fr o 25 RE % (8 30 T de HE i A
X T HAAE IR D29 0.3% FIL AT WL, Tk HLAEs AR
JFH X T Atk 0 ) 0 0 4 FHAE Ge T 3 SORT 8 0% 7
PERCEy LTS
4.2 TRERMAGIS
421 EHREZEEFT X

KT G AR I R 2E X RS A IS R, AR
43 ) B A i R i TR i R A 1Y) B e =T
HORT AT A o — 07 0, 75 % il e RS e ) B R
2 b UAREAE T BB DL Tl Aol s |5 e
Gy AL LA I Tlb A lb B85 ) b SR AR, ST
BT T WL N % %6 i ROBOT R I HoA M fit
AR T, 25 R an & S h g (1) Fg (2) s o 1]
VL&, ROBOT R IalH 25 2 /D TE 5% K7 1 1

*5 ETFERZLTERRBIERE

Table 5 Robustness test based on replacement of core variables

L CARBON CARBON [
g b
1 (2) (3) 4
ROBOT R/ —0.025%%  —0.032%%*F  —0.039%%*%  —(.040%%**
ROBOT
(-2.227)  (-2.730) (-4.041)  (-4.028)
gl 12.040%%*  5,665%%* 1.163%*%%  2.963*
(586.471)  (3.673) (58.502) (1.945)
il An g = w =
Year/City = 2 i &
FEA 3836 3836 3836 3836
R 0.316 0.348 0.576 0.631

O, X R AR R R A Y R 22 SR A5 iR
FRRafdE . o) —Jr i, 78 28 A w i TR A P JE e iR 25
b RS IR BRSNS, LA TT B R
(CARBON _I) 1 JJy 4 fiff R 70 15t P IR AT 1T 0, 25
ks 51 (3) s (4) . AR, ROBOTHY
(6] 9 22 3 1 1% 7K b 35k 6, 3 3% BH 22 i ok
il AR R B R 22 S A5 TR AR A . AR,
G w25 J ARSI ARNAE

4.2.2 AEHKREE

2 8B F AR T AR B T S — g b 2 T A
LU AEAT BN B R KT PR R 45 O A BTN
], AR SC S B8 B vk S IS, S s T A
Rl BAHN T 22 J EE I 0, 45 SR g 6 R g (1) A gl
(2) Fr7R o AT LA & 38 ROBOT f) %5055 ik v (] 1) 5t
A —F HABAE 5% K 1 i 228 1, X 3% IR i 4%
FEAZS 15 A SO GE 2510 PR e
4.2.3 A FGLS #= PCSE #£ !

s 1T MK 1T B A AR Y A ) S 2 RN )
AADGIA) R, AR SC 2 B ) o SE R Al , 43 0 R AT
R A/ — 9 1 (FGLS) il T Al 158 1F F 14 15
(PCSE ) XJ THI M 15 22 25 A A T AL B, AT Az 36 [ U 45
SRR, maE5 R R 6 Tha (3) F151 (4) s .
Al LA & BLROBOT 1 81 A Z 50475 43 B AE 10% F1 1%
IR b I8 3 B, 3k 3 B 7 T AR B R A TR 251
IR AR SCHIBF 78 45 1S PR RS M .

424 TAEFk

R T G A P A A TR R, AR S T ELAR A
BB B Inl . BEAA BFSE XS Tk Alas A T 2 AR &
VEBE A R R e — SR EE R Tk

‘—(\

i
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Table 6 Robustness test based on adjusted sample size and error correction
o CARBON o | CARBON
A G
O] @) 3 4
ROBOT -0.021* —0.027%* ROBOT -0.008* —0.021%%*
(-1.792) (-2.345) (-1.790) (-3.092)
gl 11.990%** 5.208%** B RO 4.233%%% 3.532% %k
(568.366) (3.169) (19.284) (10.323)
Pl A = e P A 2 2
Year/City = I Year/City I I
HEAE 3710 3710 A 3836 3836
thR® 0.318 0.350 Wald chi® 6187.630 2690.800

TE:90(3) 550 (4) PrRaih 55 N R 2 (H.

HLEE AAE A E AT AL AL B T 2L AR e {H
T UE F AT 2 w9 B IS A s A ST A
FH 26 B Tl AL A B0 #4368 v BT Tk ALgs A
o7 FH 0 T LA R S A 0 X LA R T LA X A
KM, H o R G — WA Tk ALEs AR
VE R T HAR B FEASC R Ji i Tl AL a8 A
185 50X 224 S 3 71T A HE BT T R = 2B R i e ol
AR S T B R DL R AMEME S, R
SR 2 I, AR St R 45 3k Tl T B[] 4 2006
—2019 4E [l N Z AL 25 AT A2 FHE A B 55 (940l %
i (YFE)EN T HAS & Bk I8+ E R A5 H
BERARRG I G T TS|, EikH, X8t
Al B 32 B2 AL - b F R R S5 ST R
RIS % e R RN R S5 RE AR A R
M55 H B AR SS A5 ARG AR s R
IR 55 HEAT 3 M 55 L FEL G 0 R 95 I 55 4 LAt IR 55
o BEE b, NEEHLES ABE & A AR IR 5 004k 5
M N T BE & K3 UIAH G, BERS B ) Tl AL
AR Tl RN A P ROR B v R e T LA
A SEPER . JFH, BTk sy FE R T
My AL A& 8 0 A 4 2 R SR A R
% A EES S Tl A=, BORS X 24 i T
My B HE ™ A B AR, BT AR R e TR
R AME B . TS B R 2 SRk 7 T
N, LR B, 5 — B B YFE B 13 RO 1% 7K
IR R IE S B Be o ROBOT () [R1IH &R HU4TS
TE 5% K F R R, teAh, mIERE S T8 T
HLAR ARG B6, 1 2 WA 7 A S5z 1) PRI SR ) B3 /s AR SC 1 ATF
FEAE WA (e
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Table 7 Robustness test: Instrumental variable estimation

h ROBOT CARBON
B B
YFE 1.891 %%
(63.982)
ROBOT -0.030%*
(-2.316)
fig ¢l 0.258 1.221 %%
(0.705) (4.031)
Pl g & 2
Year/City & P
FEAS 3836 3836
R 0.728 0.602
e/ NEFF(E S 4095.080

TE S QPRG35 N R 2 {H.

5 H—HR
5.1 fEANFIRT

AT SCHE H, Tl ML AR FH AT DL 2 3R A
B IRBE = T AR RO A R AT X 3 Al
HER= AP RIVE T 3 S R P — 2R LIS

e, X T LA AR — 3 sl 4 AR A B —
0380 3T Wl HE I 3k — 5% i BIL ) AT R 5 , 45 SR
2 8H51(2) () 7R FI(1) PRI T E )5
5,50 () M JEIR T LA AR BH 8l 1 (TP)VE R
fifR R AR i, DL T AILER AR H (ROBOT)VE Jy % 00 i
FRAR BB B 45 SR, T AR B ROBOT 1 1 I R %
T 1% K 1 8 3 oA 0, Ul T AIL#S AR H AT L
WA ARG E . 2, (3) S (1))
At M A AR &= TP AT T RE S5 R BN, TP ]
I R EUAE 5% AKF- i #2170, H ROBOT Y Il H 5
BRIRTE 1% KT LB Rt . DL RS SR Ui, T
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Table 8 Examination of the mechanism of industrial robot use
S CARBON P CARBON e CARBON DI CARBON
) (2 (3) (4) (5) (6) (7)
ROBOT =0.025%** 0.024 % —0.025%%** 0.048%** -0.028%%* 0.023%*** -0.025%*
(-2.673) (3.447) (-2.647) (2.968) (-2.955) (3.640) (-2.507)
TP -0.013%*
(-1.993)
U -0.070%**
(=2.602)
DI -0.011%*
(-2.134)
fig ¢l 5.739%** -1.034 5.726%** 18.220%** 7.020%** -0.368 5.735%**
(3.716) (~0.990) (3.702) (9.241) (4.341) (-1.053) (3.712)
P P JE & & & E b=
Year/City b = P = = 2 2
FEA G 3836 3836 3836 3836 3836 3836 3836
h R 0.347 0.146 0.348 0.790 0.353 0.173 0.347

M AIL#S L A AT L3 s 4 B B AR BT ik — 4 AL
RIS T R . H1 AR 25 E

FLYR X Tl AIL#S AR — e =l T+ —
0 A4 308 T B A X — S A ML R A TR B0 L 45 SR
28 FI(4) ((5) . B (4) R T LA™k T+ 2%
TUE R R A &, LA Tl AL AN FH (ROBOT)
VE Ry 0 il AR S IO R B 245 5L, W LA & 3 ROBOT
() 181 9 22 B0AE 1% /K7 E i 38 8 1E, 6 Tk PL#%
AR AT DS 2 R RE 7 2. B0 (S)ZEST (1) 1Y
Fefilh AR S IUHAT T H 25 R B IU R &
BAE 1% K b 83 R 6, B ROBOT 1 1] 9 R UK
SRTE 1% /K BB Rt . fsbnl WL, TolkAL#s A
I FH AT ASE o8 IR ™ b T 5 — A AL i >k 0 il
T RHER . H2 153 56E

B, ARSO Tl AIL#F AR H— e 2 50 1k
S AR — U o) S T B HE T R VR ML 2R A T A 58, &5
KL 8 h31(6) (7). F1(6) & T LIk
K- (DDAVE AR &, LA T AL AR (RO-
BOT)VE M AZ O i R AR 1 A B 45 5%, T LR 3 RO-
BOT 1 1a1 5 2 E0AE 1% K F- F 3 1, Bl Tl
G NIA S CIRD R TR il e o e i B S P
(PEFN (1) By EEAE EInA S & DIFEAT T IalH , 45
%, DI R 2 BU7E 5% KF B3 61, H RO-
BOT ) [ H 2 B 5% K L & At ikl

U, Tl ML AR FH AT DA 5o 01 507 A 2 250 5k —
VBRI 3R T A HE S . H3 75 31 Bk
52 RRMEDH

S Tl AL AN FH AT A 3 e HE
T, A3 — 5% 1 AT B8 2 A2 B3 77l B X BUR L
Sl 5 1) DA R 35 T o) E T 05 1) S SR R ) AR SR I
HATIRAMFFE -

T, £ oH A (1) R (2) @R T 2T Ik ™
A A A IR A Z5 SR . T LUK EE, ROBOT Y 114
Z B A 5% 7K F110% K- | i 3 R, If H.
MR ET BE . XRW, T LA AR X 5T
TR I T e HIE AT ) 490 A FH B A A

ik AR 5 3R P SR RN I TG TR B Ml 5 4 R
A 0] L P 3k T O 4 5 S ORI IR B R AR T
JEUY T A AR W VR T & DL I P e S ) e A
O AE B AR AT T 2 6 U 280 Ik T 1) L B R A
522 M EL, A G IR AR I T B4 B U AR AR R
55, BRI ALl H R BT T Y R R AR, FLAE
i T b 3 0k 28 T R R AR R AR 2 IR AR S
FEAR T F0 M 25 A8 P AR, 2 T ek 20 35 YL HE o
FAL L, BT A BB IR 0™ FE AR AR R R R TR
Jei , GEDR AR T (%) S R M A i o 9 U B R AR
TR AR A TS Y K S HEL , BB 5 T B e e R SRR
TIFHE— 2 R e SOv Y, 5 R e, g
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Table 9 Heterogeneity test: Industrial patterns, policy and planning orientations, and institutional environment for business
CARBON
s PR Bk S| SASTEIE i) [E=t ) E[Bavsedi (EM =] (E¥Es¥(IS
) (2 “) (5) (6)
ROBOT -0.130%* -0.020%* 0.015 =0.029%** -0.023%* 0.012
(-2.524) (=1.902) (0.655) (-2.816) (=2.145) (0.385)
B RO 10.960%*** 1.269 8.557** 4.967*** 3.774* 7.310%**
(5.947) (0.633) (2.103) (2.740) (1.897) (2.923)
Pl A i 2 2 2 2 2
Year/City & = = b= =
FEA A 1526 2310 448 3388 1918 1918
hR? 0.333 0.391 0.329 0.363 0.425 0.320
IR R+ 0.000%* 0.090* 0.035%*

GEBT IR Pl 1) B < AR PR AR i B PR iR
T A Dl X 8 e T AR B PR B T AR A e
L SR REALLE 7 BRI B IR O B R
USR] 2803 50 18 5 58 2R 3l i 52 IR 975 el HE A AT
Fre RJERE EikAe . I AP ETE Ay, 15
2R EARBR BN ST A DT [l 9 SR T, TR T
R RER e 28 5 DRy 381 T e €8 5 A B o B R R
T 52 IR i B T 1A o S Y AR S P
B RE S A4 B SRR A R R Sl ELAT
R RERCAS ], P, T LA A FE X B HE Y
A A E BRI 3k T B 3
FEUk, 229 H 1 (3) FIB (4) 7 1 T3 i B
A S 1] B o AL LRSS R . AT LUK B, ROBOT Y
I 51 28 A AR S T TP 7 1% K B 2 O B
e IR T R A 2 3, O HLAL W) R B0 5
XFRWT, Tl L as AN XRS5 8 ik B 8
T A SR A P R
T P 9 A A R RO 1 U B U O B T
B IR 0 AR AR BRI 75 2 ) 8 Tl i ki
REIE S I AR T 25 s 0 R ) L AR B 3
Bl A O HE SR R Ak (0 B K R B B R
2, 5 dE ol Al B 5 15 SR R RS0
ot b, Tl ML de A Seih A 7= HR i) 5 2
P, AT L3 o il AR ST S e A Tl A ke
1735107 QRN SEC o S~ 7 i Eey el B =y R TR O

(© https://www.gov.cn/gongbao/content/2015/content_2806019.htm ,
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6 ZHLSERBR
6.1 it

AR SCLL T AL AILAS A AR A 65 A8 il i Tt BB K
e R R A VIA  FE T3 [ 274 A Mg B LA T

Tl HLES AR K- 0 S Ay L, SR FH I e 45500 A
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The enabling effect of intelligent manufacturing
on China’s urban low—carbon development:

From the perspective of industrial robots

ZHONG Chongyang', ZHANG Yumeng?, MA Xinxiao®*

(1. School of Economics, Nanjing University of Finance and Economics, Nanjing 210023, China; 2. School of Economics and
Management, Nanjing Vocational University of Industry Technology, Nanjing 210023, China; 3. Management College, Ocean
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Abstract: [Objective] Taking cities as the main agent to promote carbon emission reduction is
essential for achieving the “dual carbon” goals. The significance of intelligent manufacturing for
green development is increasingly apparent, and evaluating its impact on carbon emissions
provides a scientific foundation for low-carbon economic and social development. [Methods]
Based on the panel data of 274 cities in China from 2006 to 2019, this study comprehensively
employed the fixed-effects model and mediation effects test to examine the impact of industrial
robots on carbon emissions in Chinese cities and its mechanism. [Results] (1) Industrial robots can
reduce urban carbon emissions, and this conclusion remains valid after robustness tests. (2)
Industrial robots can help cities reduce carbon emissions by promoting technological innovation,
empowering industrial upgrading, and facilitating digital transformation. (3) The carbon emission
reduction effect of industrial robots is more prominent in resource-based cities, non-national smart
city pilots, and cities with better political and business relations. [Conclusion] This study identified
the positive role of industrial robots in urban carbon emission reduction, providing empirical
evidence for achieving a mutually beneficial goal of low-carbon development and establishing a
manufacturing powerhouse. To this end, the government should further enhance the depth and
breadth of intelligent manufacturing technologies, strengthen the institutional design of core
technology research and development, industrial intelligent upgrading, and digital transformation
of urban governance and enterprise management, in order to enhance the new driving power of
green productivity development in the new era.

Key words: industrial robots; carbon emissions; technological innovation; industrial upgrading;

digital transformation; China
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