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Abstract

With the new round of technological revolution and industrial transformation, artificial intelligence
plays an important role in promoting green and low-carbon development. Based on the panel data
of 30 provinces across the country from 2011 to 2023, this study constructed an indicator system
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for artificial intelligence and green total factor productivity. Firstly, the double fixed effects model
was used to analyze the influence mechanisms of the two. Then, heterogeneity analysis was con-
ducted to explore the differences in influence between regions. Finally, the spatial Durbin model
was used to explore the spatial spillover effects of the two. The research results show that: The de-
velopment of artificial intelligence has significantly promoted the improvement of green total factor
productivity, and this impact shows obvious regional heterogeneity. At the same time, the promot-
ing effect of artificial intelligence on green total factor productivity is not only reflected in the local
area, but also has a positive spatial spillover effect on the surrounding areas, demonstrating an in-
teractive relationship between the two in the spatial dimension.
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W EEr e st R ERIUL R NS BRANEIAERBL” , SRS RS
B, MMREFF R R AT O [1]. X — g S B R ZI I SE 5 BRI+ Rk,
FRE PRSI T 7 kS L, GDP A 2010 4E#) 41.21 JIAZICERTE A 2024 421 1834.91 Jifeot, 4
BREEGFELE AN 9% IR TH 22 17%. (H5BLRIN, A& BOR A A sy R (0 BHEA B A QT H &, R
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et bk R PR R A o X AR A AU N A RE RSO BT BT A 7 K S RARER T I g 2R 7 KR
grtofe, RBRACEEMY, AGitit 2k R M e e R At 7 oA 1 IR SHE
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2. MHRGRIR

B N B REROR A PRI A Ji S FLAE AT Rp 8 5 R b K i R, B ST N TR RE 54t 2 2R
AR R R ARBAT 1 BRI
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Figure 1. Diagram of the practical teaching system of automation major
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Table 1. Construction of green total factor productivity index

F* 1 FOEBERETRIEFNE
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TSN BHLEERPAWAETN)
G S X IN S IN # LL 2005 I HEHTT S SE PR B AAF B (12 T)
REVRTHAE HA LRGP0 B (T E)
e 2t #44 244F GDP (14718)
b B AKHETR A8 HE DAL PRKHE R (1)
S JRAHEI H A BE AR (T )
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AR B HE TR HRICE (T )

312 BLBEEE
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T [LL] AN R AR [ 12K Tk W Las A {5 P2 8208 B (B T 44 55 s 0 il (0 T LEs A BB A AT
BRI R, et TS NBE BRI T TIWALES AR KR AL brig H KT,
SCEEMMAREL T B B8 fEN TR RESUR I AR AR Hk, AR LG NBE X S 8N
i N TR e R KT B O

R R, AU SRR SE[13] A H AT A R M LA BB, B N T e A
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3.1.3. IFHTE

A TR I A FEHI AR R AN N . AL KT (Urban) R AL 4 N D LU FIERAE; N DR FEE (PD)iE
o B T AR N VBRI R B IS, 57 U (Open) BA FDI o i [X AR 7= s Af EL A3 B it T T THORE S
(Gov) FHBURF— it A FE TS 3 H 5 GDP EUAE i s 435F & FE 7K T (GDP) LUK Btk Ab 3 i) A\ 257 S B b X A 72
RAEER,
3.2. HIBFFESHAA

AW IR A 2011~2023 SR [E 30 ANE 0 TR BEE WF AR, ANEE IR G KPR . $iE
FERABEFG R (FESIHELS) S&8RGIHEYE, W TEIRR RS, ©HSMERESEARE
HFRTEIAT AN TR AL .
3.3. ERfE

3.3.1. EifEEIIEE
AWFF R 2 e FAERIER 7N TG GO 2B R AP R IMEHER, BRI Em .
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Hoob, | BEB TR, BRI GTRR, BB h i 765 t RS (0 S B 3L %, ML MRS
AL RFEH SRR TERERIER T o BT, o BRATHEINRY, B Fris R
BH, AL, FoRR L, o, FoRBEALR AT X, B RS A

3.3.2. EEHRER

BT N TR BRI X Sk o4 B AR = Z 0] B A7 AE S AR, AW FE i a1 25 (Al Ak S A R e
oA A O, BRI .

GTFP, =, + ,z)Zn:WU.GTFPjt + iwij AL A +a Al + X, + Zn:Wij Xilo + 1 +V, + &, 4)
j=1 j=1 =1

b, p RANEEFIHRE, 4N TSGR, A, 2BHEER SR ENRE, nk
AR REL W BRI i A § AR R RIRE L, BT SR AT AR AR RS, B 0-1 FEFE,
Hape50A3)—5.

4. SCIES
4.1, EMEETNHT

FESESP T, AL F KR Hausman RS xE BB AT 1 ik, KR%esh RN 2 .
GRFEW, FRK p BT 0, Hausman Ko p {87 0.0812, i B R4S . Kbk, A0F SR
A = 0 s S MR A7 40T, 4582 3 .

Table 2. F-test and Hausman test
%= 2. F 36 F0 Hausman #&58

F 06 Hausman &%
F Giil &= P14 Chi2 p 1E
14.749 <0.0001 11.31 0.0312

Table 3. Benchmark regression result

3. FERFLER

A (1) )
GTFP GTFP
Al 0.0831** 0.0661***
(2.08) (3.41)
Open 0.0491*
P (1.80)
-0.0132
PD (~1.26)
0.0212%**
Urban (4.78)
0.1019%**
Gov (2.97)
~0.0066**
GDP (-2.36)
Constant 1.0040%** 1.1653%**
(14.70) (12.24)
N 390 390
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R2 0.3783 0.4365
A & NO YES
B B 2 RN YES YES
P ] [ 5 RA 8L YES YES

T wRw | oxx R RISRORTE 1%, 5% 10%KF T RE: S A A tE.

SOREIR, BN GO O R RIS, HmH A28 5%k EB %, IMAESEER, &
FHVEARTE 2 1%, IESE N TR BEXT ax th  BR A RAAE R Z LT . fE4RHlAR s, N REON
TUEAEZ; WK BUFT R 1%/KF ERZENIE, XML 10%KF F R #ENIE,
Y =& R (L AR 0 R TR A R T AT KAE 5% /K- BRI, R Gt 4 B A ™
R EMHIER .

4.2. REMEE

ARIERR T 2 AR, AR (1) FEEHIEREQR) 1% BAEE(3) BIBREFREA, =Fh
T oRBHAT R B R I [14] . S REIR, T 4 45T R SR sk RN 45 RO — B, AR AR A A

%o

Table 4. Robustness test results
=4 REMRIGER

o 1) (2 (3)
GTFP GTFP GTFP
N 0.0718*** 0.0531%** 0.0516%**
(5.23) (3.39) (3.29)
Open 0.0147* 0.0112%* 0.0126*
P (1.82) (2.44) (1.96)
PD —0.0691** -0.0256 0.0477
(-2.24) (-1.19) (0.82)
Urban 0.0032%** 0.0034%** 0.0012%**
(4.69) (4.78) (3.32)
Gov 0.0683*** 0.1243%** 0.0895%**
(2.61) (2.97) (3.65)
GDP -0.0164* -0.0075 -0.0299
(-1.79) (-0.92) (-0.48)
Constant 1.0982%*** 1.2070%** 0.9693%**
(5.66) (12.24) (14.62)
N 360 390 338
R? 0.247 0.178 0.265
EAT IRy YES YES YES
B 1y ] 7 RN YES YES YES
I 1) ] 5 0 YES YES YES

T wRw | oxx R RISRORTE 1%, 5% 10%KF T RE: S AN tE.

4.3. RERMYSH

k02 FE A B N TR RERR SRR R RAFAEZ T, AWETCHE 30 DEMRI AR, T
A PUERARACHIX, 2558 N T BE A FR /KT X o €0 A SR A 7™ A S ) DX S e i
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5 GIREIR, NGO ERA RV MEANF KR E LR RMHX N TR
RO A ER A RS E I B . ML, X B g EREEH, EXCRAR. finX
MU A RERISZMAAN G 2 o ARG DX I N T BE I A J okt 4 B A 7P 50 R 1 R 35 i 7 [ 52

ATRERI R RAE T, AR R AR BRI Z . BURSCRA )1, N LRSS O HRIE
FERb S, HESMEREE; PEfeg Tk S, NTERNARE, IR ESEEAL, ERfEHAR;
VU@ VE JE . ANAWRPE . NS, BORRRE 158, AR b S Tk
fefagm, BrINZhREFeHuB i, NTHEBESSOEARREIR FEzme, SMEZE AN, I,
D2 5 P 850 . BIRTE R SBOR T RILF S, FR S RS E 2 A, BN TR et
R ER A R AR T A -

Table 5. System resulting data of standard experiment
5. REMEIER

- FRFBHIX s X PEHHL X FAhX
i GTFP GTFP GTFP GTFP
0.0692*** 0.0217* -0.0297 —0.0176**
Al (3.32) (1.68) (-0.34) (-2.56)
0.0242 0.0874* -0.0629 0.0043
Open
(0.34) (1.85) (-1.43) (1.42)
—0.0551** 0.0156 0.3192%** —0.0223***
PP (-1.99) (0.90) (4.10) (-5.68)
Urban —0.0043* -0.0023 0.0036 0.0002
(-1.82) (-0.96) (1.31) (0.13)
0.2598* —0.1174** 0.1432%* —0.2436**
Gov (1.68) (-2.13) (2.42) (—2.83)
—0.0011 -0.0716* —0.0965** -0.0397
GbP (-0.02) (-1.73) (-2.11) (-152)
1.6702%** 1.773%** 0.376 1.536%**
Constant
(3.21) (3.69) (0.79) (6.68)
N 130 78 143 39
R2 0.955 0.432 0.550 0.731
F 1.537 3.198 3.341 9.257
P A & YES YES YES YES
4 473 [ 78 R YES YES YES YES
I )] 7 295 2 YES YES YES YES

T wRw | oxx R RISRORTE 1%, 5% 10%KF T RE: S AN tE.

4.4, BEHEBERSHT
4.4.1. ZERBREL

AW FEis A ArcGIS10.8 R4 E A A T8 e St B R B Rk B aa e, RS2
H SR BT 23 AT 43 4.
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Figure 2. Diagram of the practical teaching system of automation major
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K2 45 RRY], SN TR RS st B3R R RIS R EA LIRS . © R A s
WE, FEBANTEES SR OEERA RIEARKRR Y LPUEE 0 XIER . AR AL b
PIRIRIR R LR 80e, AUESE. K= SRR DX T e (MR R S5 P AR R RN s K
TLrR TR A SR AL s 80 R S6) FE P SRR b P B SEEUR AT, ARBLX b R A SR 70 ML 2R, il
AR S PEAL A R A SN SR E P SR AR R R B, AR R A AN A, RN RS X P
ESAIHIRN . @ MR EERINTFE, ZHX N TS O2ERA L 2R BKER, 24
BRI 2 5 0 . IR O AR R S QR 0SS, SR SE bl 2R, BHRMOBR X (75 i
5l ) FE T K bR P I AR S B B IS, B IR R AP . AT, PSRRI S [
FETHEMIE T JRIE 2 5 S5 AL 5 BUHT SR B R i R, B A BRIE AR 201 . mT RS R B A )
PR AR IR,

4.4.2. ZEXEKMESH

O 4Hs =i

AT R PR 2 23 AV Ak T 5 2011~2023 45 7 [ 4545 N T8 RE AR (0 4 B 3 A P2 3R ) 4
JRFEEARE, W 6 iR

GEREIR, 2011~2023 RN TR e ISR (02 ZE3 A2 7 24 1) Moran’s | {534)791E(0.202~0.314), il
T 5% KRR, Wi A8 1 RN TR e R R AR ST R 4t (0 4 B B AR 7 R A AE S 3 10 IE 1) A [R] 4R
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Table 6. Global Moran index
6. ERE=ZEH

Vear NIRRT o Qiiieoe O N Y
Moran’s | p Moran’s | p

2011 0.260 0.004 0.248 0.006
2012 0.291 0.004 0.287 0.003
2013 0.314 0.002 0.258 0.007
2014 0.313 0.002 0.260 0.006
2015 0.296 0.004 0.282 0.004
2016 0.264 0.016 0.243 0.006
2017 0.271 0.007 0.254 0.007
2018 0.255 0.009 0.233 0.011
2019 0.236 0.014 0.227 0.012
2020 0.248 0.011 0.213 0.016
2021 0.270 0.007 0.220 0.014
2022 0.288 0.015 0.218 0.011
2023 0.220 0.009 0.202 0.017

@ JEEFEEIE
FEA JR B2 PR R BAlh b, A B BRI R B A AR R 23 ) Moran’s | 880 BUR . BL 2016
SRR 2023 AFIEUS B B, EDW RN T3 A8 4 0 A B3 AR PR A 1 A R A A R AE
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rho2016 rho2023
1
3 e 4
it
3
2
L
ik 2
ES 1 i S i L
) il i -
LT _— 1 ) s
I WAk s} Kl HRT
Wk IS 1
0 o Jesit i IS
i : 0 B s
£l 7 ‘,}}M 3 -y 2
”j’?ﬂ—g B o w‘:ﬁﬁ@”w‘x‘ivw o
il I "
1 -1
. 0 1 2 3 A 0 1 2 3 4
Moran scatterplot (Moran's | = 0.243) Moran scatterplot (Moran's | = 0.202)
rho2016 rho2023
2 3
i
1 ki)
Lt 2
- Wev
‘_‘le%‘y‘ uuw(ﬁ? . Ly
0 LIRSS
B ww T dest N 1 A
it kN = i it il
ikt i K
1 ! 77 %
. filTR
o ey
0 i = .
2 iy BTG Wik AR
. i
i ik (]
3 4 it e
-4 -3 -2 -1 0 1 2 -2 -1 0 1 2‘ 3
z z

Figure 3. Moran index charts of Al and GTFP in China’s provincial regions in 2016 and 2023
[&] 3. 2016 450 2023 FEHREEE Al 5 GTFP BIPEZ155E
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3 GERERY], JEFENTEGERE S S OEERA R EIEZ N ER 2 AR BAIMmS,
KEE LI RIS MU 20 “m - &7 RRAHE, RHS5WMIEE M AN TR REN ] 54t
PP RR DT I B RO LS (iPE. SN S ST PR AR B X IR “AIk - (07 S5, it X8
RIEACFRIFR A G . 27 0, SR MANTE NGO R R A RRH S 2R B R ERAES . =R,
R EHCKSRIEY] R, UESE T A RN TR BEAN St 4 B3R ™ A7 A8 243 (AR HL 23 18] 20 A AN S5 4
4.4.3. BEBEERESHER I

B AR AR 2 (B B AR SRR G, B TT A Bl LM A 3Rl E 23 [R] H BEAA

Table 7. The results of LM test
F7.LMEEER

For 4o Fit = p 1E.
LM-lag 279.923%** <0.001
Fafdiy LM-lag #:5% 6.354*** 0.012
LM-Err #5536 284.656%** <0.001
Fatd i) LM-Err #5536 11.087*** <0.001

T rer ok R RIRIRTE 1% 5% 10%/KF T &% .

T T AERER, LM A Robust-LM R4 ) p [EIITE 1%HIKF R 22, U BA77E 23 [R5 22 8N
25 (B JE ONE s TR AT 0 2 TR AE S A . 9% ) S Hausman AR 56 45 51, ASHIF 70358 3 X0 17 [ 7 2802
(102 [E) AT AR

Stk — 2 ) 2 R S AR R B 75 1R A R 2 AR ZE A B B A [ fE A 2, AN L8 LR A58 A Wald
A58 SR 90 UF 25 [ A S AR Y PR IS F %, 056 8 BT

Table 8. The results of LR test and Wald test
5% 8. LR &8 F0 Wald 3 4L

LM & pE
LR-Lag 69.33*** <0.0001
LR-Err 73.19%** <0.0001
Wald-Lag 29.99%** 0.0034
Wald-Err 48.70%** 0.0041

T rRr ok R RIRIRTE 1% 5% 10%/KF T &% .

SRR, 1E 1%MEEMHAKT T, LR LA Wald Fr g RISHE 4L 1 30k 8 2 [R]3 J5 FRR 5 2 1] i
ZERR IR B BRI, ASHF T35 2 i) A R DA B N T e A /KT 5 et A R A 7 A 2 (A
FIEREE, [EHGERIE 9 Pros.

Table 9. Spatial Durbin analysis results
9. TEMHESHER

R x wx
Al 0.0531%%* 0.0579%**
(3.95) 4.12)
Urban 0.01345%** ~0.1094***
(3.95) (—4.01)
oD ~0.0163*** 0.1053%**
(—3.95) (14.36)
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Open 0.0013** 0.0037**
(2.27) (4.53)
Gov 0.2119%** 0.07586
(3.83) (0.80)
—0.0324%** -0.1250**
GDP (—4.66) (=9.43)
0.1828**
P (9.21)
Sigma2_e 0.0018™
= (13.42)
B 1y ] 7 RN YES
B 1) o] 5 0 YES
N 390
R? 0.4746

TR ek %Rk kM RISEORTE 1%, 5%F1 10%/KFE T RE: SN tE.

SRR, N TR BER KR RECN 0.0531, 7E 1% TR . HASERN 250 0.0579, i@
T 1%EEAKF R AR RS, X U I 3 — M X N T e R R KT T b X S e A B R A e
FIREAEAEMR R o SRR AR P 2 A B [ R0k 0.1828, lid 5% EAE/KF T I REFMERL, &
A SR I 25 (AL TR B 28, HLAR (B A B3 AR P R AP AR 3 T 25 IRV H RN, BB — i X Sy A 2
FAE PR AR o TR I X 1 G e A B A PR R A R E A, SRS AR T A R — S
4.4.4. =5 [8)i5 U 53 iR

NRE— B HITAZ O AR N G B A B AR P R M A RR I, X A (AL RS REAT b, ASHIE S
% Lesage and pace (2009)f¢) 77 i%, 48 & RN #E 4T 47 43 [15]

Table 10. Analysis results of spatial spillover effect

%< 10. FEREMR TSR

A i HEHN g2 PSRV
Al 0.0044%** 0.0069*** 0.0074%**
(5.3587) (5.0081) (3.7539)
Urban 0.0632%** ~0.0744%%* ~0.0112
(3.2151) (-2.8613) (-0.4953)
oD ~0.0000* 0.0001*** 0.0001***
(-1.8610) (6.8300) (6.0227)
Open ~0.0001 0.0002 0.0000
(-0.2231) (0.2251) (0.0732)
Gov 0.0039 ~0.1260%* —0.1221%%*
(0.0840) (-2.0127) (-2.6571)
oDP ~0.0000%** ~0.0000 ~0.0000%**
(-6.8153) (~1.6336) (-6.5712)
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