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promoting green and low-carbon development in economic and social progress is crucial for achiev-
ing high-quality development, with green sustainable development having become a new growth
engine for China’s economy. Against this backdrop, this study utilizes panel data from 30 provincial-
level regions in China (excluding Hong Kong, Macao, Taiwan, and Tibet) spanning 2011 to 2023. It
employs a benchmark regression model to thoroughly investigate the impact of artificial intelli-
gence development levels on green total factor productivity (GTFP), while applying a grey predic-
tion model to forecast their future development trends. The research findings reveal that artificial
intelligence development exerts a significant positive promoting effect on green total factor produc-
tivity, and this conclusion remains robust after passing endogeneity and robustness tests. Grey pre-
diction models indicate that artificial intelligence development levels will experience strong growth
post-2025, accompanied by moderate increases in green total factor productivity. However, signif-
icant regional disparities at the provincial level highlight the necessity for coordinated advance-
ment of artificial intelligence technological innovation and green development, providing both the-
oretical foundations and policy recommendations for synergistic development.
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Figure 1. Policy documents related to the integration of artificial intelligence and green development
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Table 1. Grade standards for grey prediction accuracy test
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Table 2. Construction of comprehensive indicators for green total factor productivity
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Table 3. Construction of comprehensive indicators for the development level of artificial intelligence
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Table 4. Descriptive statistics of main variables

* 4. TET BRI

AR RS ¥IfE brifE 22 PN He/MA
GTFP FOLTRATE 1.0182 0.0673 1.4800 0.9536
Al N TH5e R K 11.6437 10.8050 61.8459 0.3369
Urban WHEAKTF 60.4133 11.9454 89.6000 35.0300
PD NEEic 6.1643 6.5598 8.2754 2.0621
Open Xt AL 0.2850 0.3032 1.8332 0.0075
Gov BUMAT A 0.2461 0.1009 0.6430 0.1066
GDP ZTEGK 10.2407 10.0829 11.7683 7.2229
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Table 5. Multicollinearity test
5 HEHLEMKRE

Variable VIF
Al 3.29
Urban 2.53
PD 3.09
Open 291
Gov 3.81
GDP 491
Mean VIF 3.13
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2.1, EfEMFER
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Table 6. Results of F-test and Hausman test
5% 6. F #8160 Hausman 1036458

F 656 Hausman &%
F4iit= P Chi2 P1E
12.969 <0.0001 9.81 0.0407

WRyEE 6 SR, FRI pEBET 0, 164 VIRA OLS BRI S, BN ] i 20080 i 35 A7 4E
Hausman #256: p {E4 0.0407, fH4E " BEALSS AR )RR BE . Hhaibl,  AXSOR AR IS TR] X fia [8] 5 250 8
B, BIASRNE T,

Table 7. Results of the benchmark regression test

7. BRI ER

1) )

%

fem

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)
Gov 0.1019%**
(2.97)
—0.0066**
GDP (—2.36)
Constant 1.0040%** 1.1653%**
onstan (14.70) (12.24)
N 390 390
R2 0.3783 0.4365
A 2 NO YES
2B 1 8] 7 RN YES YES
P[] 3] e R YES YES

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

SOREIR, EIC N TE BRI NMRACER, B3 REAE 5% & MK LB LK, 785 N i%H128
BJE, SFEMACTHRTEE 1%, St N T8 BRI X st o B34 7 R B B 2 I IR e st VR o 0
TR S, NOHEERNREONTEAEE . WEAKT . BUF TR 1% E VAT 858
15, XAMFBREEAE 10% 58 F MK T RFENIE, RYI=ZFNROEERERETHA RSN 25
BEKAE 5% KT R 2 b, U HO S 0 A B A AR AE AR

2.2. HERLS

2.2.1. REMNRE
RA R MR RZE PRI S 25| KR P AT . NN RS AR N AN,
AR T BEAR B, 5% 00 BRI T 36 (2021) 1 7%, OGS 55 B (IVL) AN T8 e 5 — (LX) fF
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Table 8. Results of the endogeneity test
8. NEMKRIEER

. @) )
R Al GTFP
0.0044*
1V (L81)
0.7326%**
L1 x (8.55)
Open -0.3608 -0.0070
(-0.55) (-0.51)
. 0.0011 —0.0099
(0.40) (-0.91)
Urban -0.0741 0.0126**
(-1.25) (2.44)
Gov 0.4032* 0.0844**
(1.85) (2.33)
0.0015** —0.0028***
GDP (2.49) (-2.91)
N 360 360
R2 0.253 0.210
AR YES YES
28 1 ] 72 RN YES YES
P 1) ] 5 5 o2 YES YES
RIS LM it & 41.804%**
Cragg-Donald {K/R1% F 4t & 124.458
HansenJ &iit& 16.508

e wxx, *x 0 2 RIRINAE 1%, 5%, 10%FIKF R 2%, 5NN tE.

eI BERIAG S, AR LA AR ¢ LM SEit B ARKRBE F Giit &40 h 41.804 I 124.458, HERk
T THARART RGNS T A&, H HansenJ 4ttty 16.508 RIEL MM, A URR T W
A )

F—WBIEEER, VLA LL x ¥R, WIE T TREAESNAARE WA, 2B
BoR, EEREENAMmIRE, N TEBEaGOSZR AP RIEIERKRESE, R TATEL
F LA b v 1 ATt &6 R vl SEdE .

2.2.2. AR

NORUEFEAE R A 45 R R @ e, ARSCRHA: (1) WS #H13 5 (2) 1%40 AL (3) MBRFFRIEAR, =
PO VAR AT R AR PE A 50 [14] o

9 A THEE RS AT SCHEHE RN S5 R AR R — B0 BALE I AR A AR

Table 9. Results of the robustness test

F O REMHRELER

A5 (1) (2 3)
GTFP GTFP GTFP
Al 0.0718%** 0.0531*** 0.0516%**
(5.23) (3.39) (3.29)
Open 0.0147* 0.0112%* 0.0126*
(1.82) (2.44) (1.96)
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- —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)
- 0.0683*** 0.1243*** 0.0895%**
(2.61) (2.97) (3.65)
~0.0164* —0.0075 -0.0299
GbP (-1.79) (-0.92) (-0.48)
Constant 1.0982%*=* 1.2070%** 0.9693***
(5.66) (12.24) (14.62)
N 360 390 338
R2 0.247 0.178 0.265
AR YES YES YES
By [i] 58 ZNE YES YES YES
FF 1] [i] 5 R4 8L YES YES YES

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

2.3. #H—L ot
ZEHIRAT B 6 N TR BT RAETF R BAEZES, A0 30 MR AT . T3 AR
JbHhIX, 58 N TR EE KB K T 60 4 B3R AR P2 SR B i IX 35 57 ik

Table 10. Results of the regional heterogeneity analysis
# 10. XEFRRESER

h REHLIX b X DU X ZHAbHX
. GTFP GTFP GTFP GTFP
Al 0.0692%*=* 0.0217* -0.0297 -0.0176**
(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)
oD —0.0551** 0.0156 0.3192%** —0.0223***
(-1.99) (0.90) (4.10) (-5.68)
-0.0043* -0.0023 0.0036 0.0002
Urban
(-1.82) (-0.96) (1.31) (0.13)
Gov 0.2598* —0.1174** 0.1432%* —0.2436**
(1.68) (-2.13) (2.42) (—2.83)
oDP -0.0011 -0.0716* -0.0965** -0.0397
(-0.02) (-1.73) (-2.11) (-1.52)
Constant 1.6702%** 1.773%%* 0.376 1.536%**
(3.21) (3.69) (0.79) (6.68)
N 130 78 143 39
R? 0.955 0.432 0.550 0.731
F 1.537 3.198 3.341 9.257
) A5 YES YES YES YES
B[] 58 BRNE YES YES YES YES
B 1] ] 72 R YES YES YES YES

The wx, wx 0 *RGIIERIRAE 1% 5% 10%7K 1 T 22 5 NNt
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Figure 2. Grey prediction results of the development level of artificial intelligence
2. NIEEgEARKERETUNER

£ 2011~2024 “FEH1E, FE A TEGER KT RIS . IIZRE R TNE 5 Sbr e =
FEW S, SSRGS R sy S s R A R PE e 1. TRINAERAE 2025 4 Jm B 2T, HURE
N TR FEACTHER AR LEE WA RFF a2 I 3k . 3% 10 BAR B T AR T 45

Table 11. Predicted values and prediction intervals of the development level of artificial intelligence
F 11 ALEBEZRKETMNIMESTNXE

Ay RUAbTE X a4t it

2024 19.8630 [18.7157, 21.0103]
2025 21.5533 [20.4060, 22.7006]
2026 23.3875 [22.2402, 24.5348]
2027 25.3777 [24.2304, 26.5251]
2028 275374 [26.3900, 28.6847]
2029 29.8808 [28.7335, 31.0281]
2030 32.4236 [31.2763, 33.5709]
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Figure 3. Grey prediction results of green total factor productivity
3. RBEEREFTERETNER

SRt A B A P R SEPMEAE YT B R I — 2 sh ik, IR T RUE K, RS T
EERERIEZE DN RIERIRERT B BRI S5 R 2R, 2025~2030 4E4x 4 TR A &)
RASTHEIZE /MBI, H B0 EAS X REE, RTINS REE MR m. 48R E 12 for.

Table 12. Predicted values and prediction intervals of green total factor productivity
*12. RELERFEEHNESTNEXE

G AT X E] i i

2024 1.026 [1.0236, 1.0303]
2025 1.028 [1.0248, 1.0315]
2026 1.029 [1.0261, 1.0327]
2027 1.031 [1.0274, 1.0340]
2028 1.032 [1.0286, 1.0352]
2029 1.033 [1.0298, 1.0364]
2030 1.034 [1.0311, 1.0377]
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WL B BN, TSR ITiRZE RN 2.83 x 1075, FIH4ax1R %y 0.0011, HJ5HIRZE Ny 0.0017,
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Figure 5. Radar chart for the forecast of green total factor productivity
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