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Abstract

Based on the panel data of 254 Chinese cities from 2000 to 2021, this paper measures the green eco-
nomic efficiency of each city using the super-efficiency SBM model with non-desired outputs, and then
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explores the spatial spillover effect of industrial robot application on urban green economic effi-
ciency by using the spatial Durbin model. The research findings are as follows: (1) Urban green eco-
nomic efficiency has a significant positive spatial spillover effect, and the application of industrial
robots significantly improves urban green economic efficiency. This conclusion is supported by ro-
bust tests. (2) The application of industrial robots in the city has a significant positive impact on the
green economic efficiency of cities in the eastern, central and western regions. The application of
industrial robots in neighboring cities has a significant positive impact on the green economic effi-
ciency of cities in the eastern and western regions, but a significant negative impact on cities in the
central region. The above conclusions provide policy implications for promoting high-quality green
development in cities.
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FL T 2007~2019 A EIR T O T s Skt A B A P2 e 0 5U I, 4 SR I TS AR A T DL 35 42
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Table 1. Descriptive statistics for each variable

= 1. STEMNERMGITE

e LRy L2 FEA & FHE i R/MA PN
WG BE TR GEE — 5588 0.359 0.175 0.082 1.178
Tl NIBIE robot — 5588 6.326 8.842 0.003 39.300
BT R R pgdp JB/N 5588 37168.350  31632.060 1483 218118
N R ps AUN 5588 445.691 316.998 15.960 3415.500
FEAIh At K e 7K inf — 5588 24.709 43.027 1.019 1508.41
BURT AR gov - 5588 0.151 0.090 0.001 1.936
XA FTBOK open - 5588 5.367 16.687 2.53e-06 399.319
PR er - 5588 0.772 0.235 0.002 1.000
Pk g is — 5588 0.466 0.112 0.107 0.910

4) BHEARIR . FEAN 2000~2021 FH[E 254 AN AR KIS B (A& PO 6) . ST SR (28 5F
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4. SCUES AR
4.1. ZEIHEXMERIE

FI 4= F Moran’s I % 2000~2021 “E3 T £k 22 57 SR ) 25 (R A e b AT B0, S5 IEE 2. FrE 4
314 J5 Moran’s T ¥ONIE, FFERE 1%K°F B 0SS E MRS, U W30 7 44 (0 25 BCRAFAE B3 1 1E 1) 45
[) I AH S

Table 2. Global Moran test results for urban green economic efficiency

2. WHRBZFNERNER Moran 130LER

G0 Moran’s I Ay Moran’s I

2000 0.436***(11.435) 2011 0.463**%(11.983)
2001 0.495%*%(12.835) 2012 0.393***(10.131)
2002 0.453***(11.855) 2013 0.379***(9.814)
2003 0.404**%(10.547) 2014 0.395**%(10.162)
2004 0.393%%(10.229) 2015 0.369%%%(9.486)
2005 0.53**%*(13.671) 2016 0.418***(10.641)
2006 0.473**%(12.249) 2017 0.420***(10.744)
2007 0.615%%%(15.868) 2018 0.391%%%(9.905)
2008 0.495%*%(12.822) 2019 0.477***(12.007)
2009 0.491**%(12.721) 2020 0.436***(10.938)
2010 0.503***(13.066) 2021 0.428***(10.697)

Ve Rer | CRORIRIFRAE 1%, S%HT 10% 0 2B MK T FRE, FENNIE 2 M, FRA.
4.2. BERTEEAGE

RIEREA G A2 () T S AR B T LA N SLF S 3 T £ L DR R 52, 1 58T 1 LM AR 56
FIFEER LM RIS 26 R B 15, RNk SDM AR g5, ok, 7% 3 v Hausman £256 . Wald £ 56
LR R i de i s, RUIBLIESEEA [ 2 40N SDM B4 H H AR 4y SAR Hil SEM #i4L,
SDM HRAUGTHEE R p [EAE 1% B AR T RT 0, R SR (45 340% B B3 1 1 ) 25 )i
RN . TAALAR NIBEFE I 1%2 S EIR T SO 2 58088 0.173%, BH TILALE AR H fe 6%
NOE X TR Qe 2ty &

# 4 Bon T SDM HERILE = FhARE AT IS 7 SN A THE B R Q0 2 (B EE A B 4 b B R
2 R B s 0 R AR B HEAT 1% 5000 IS0 48 B AL B ; s T NS IE FE i e — W Al 45 R 1,
=P SR DAL R S IR T s A R AR B B R IE R EE A . IXEE T SDM AR ALk T
P Y LI
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Table 3. Spatial panel regression results

3. ZEEREFAER

Bl SDM-x SDM-Wx SAR SEM
0.173%** —0.036 0.159%** 0.183***
Inrobot
(11.600) (-1.362) (13.581) (13.705)
0.049%** 0.13]%** 0.10]%** 0.1027%%**
Inpgdp
(3.560) (5.075) (8.323) (6.734)
-0.011 0.024 -0.007 -0.010
Inps
(-0.760) (0.881) (-0.572) (-0.771)
0.017*** —0.045%** 0.002 0.006
Ininf
(2.680) (—4.357) (0.320) (1.160)
—0.064*** 0.070%** —0.045%** —0.056%**
Ingov
(=7.350) (4.523) (—6.479) (=7.144)
—0.024%** 0.025%** —0.021] *** —0.025%**
Inopen
(-6.030) (3.420) (—6.862) (=7.201)
—0.013* 0.004 —0.010 —0.011
Iner
(~1.800) (0.298) (-1.557) (~1.584)
—0.141%** 0.099%*** —0.092%** —0.114%**
Inis
(—6.440) (2.829) (—5.454) (=5.703)
0.404%** 0.407%** 0.424%**
plA
(26.018) (26.843) (27.531)
R? 0.352 0.357 0.359
N 5588 5588 5588
Hausman 31.81%**
LR-lag 102.31%*%*
LR-error 90.920***
Wald-lag 102.7%**
Wald-error 87.21%%*
Table 4. Robustness test results
F 4. REMRINER
B & it 7 [ A B i R AbHR R B 5 —
Inrobot 0.592***(16.160) 0.523***(14.790) 0.146***(9.710)
citylyear Yes/Yes Yes/Yes Yes/Yes
EAT IRy Yes Yes Yes
p 0.841*%%(26.310) 0.395**%(25.290) 0.399***(25.060)
R? 0.3397 0.3557 0.3375
N 5588 5588 5334
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T R RIRON 455

Table 5. Direct, indirect, and total effects of the industrial robots application on the urban green economy efficiency

=5 TAMBAR BB HRELFUELMNERE, BEMDHN

RR(T) RHE(E) HER(C) FEEI(W)
N 0.182%%* 0.179%** 0.111%%* 0.236%**
IERE 2
(13.382) (6.157) (5.941) (11.243)
. 0.046 0.095* —0.123%%* 0.064*
[ FE R
(1.508) (1.703) (-2.857) (1.837)
o 0.228%%* 0.274%%% -0.012 0.299%%+
PER A
(6.784) (4.829) (-0.267) (7.279)
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TR 2 () R, TV AE AR R F SR G B TR T p (BAE 1% R ZF AR KT 0,
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(2) AT AV AL &S AR 2R v 05 f I i 2 0 22 BF AR B B35 IR 1 52 m, 4RI 3T b AL & AR xE
ARV B T 4%t 2 PR R B B35 IR [R50, O b A3 T et 22 B AR HUA I8 35 B ) i

Rt BiRg5S, REWTBOREBG (1) A ekt =1 v FIALE], fES08 T Tk Las A
N BURT #1828 XIS 2 BT 6 Sl RS IT ekt Wi H , 7870 RAF I T 4%
TR IR 1A A3 A SR AP RIS R o RIS HE o T Las AR & R RFBUR,  sih #- 9
S G Ak A A AL S R, T SETH &I SRt 22 e A R vh AR AR HIZK P (2) EAL T ALES
B FHER T T 23 0 R R DX 22 S e, AR AR BRI T SR HLER N P M AR R R, i s B R
bl [X, Jeondfe) FESR A o DAL HLES N RSB, R R 5] A E SR T ax (L 22 B R o £ 74 Bk i
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