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Abstract

In order to explore the relationship between environmental regulation and green innovation effi-
ciency of new digital infrastructure, based on the panel data of 30 provinces and cities (excluding
Tibet, Hong Kong, Macao and Taiwan) from 2011 to 2022, the super-efficiency SBM model was used
to measure the regional green innovation efficiency, and the relationship between digital new in-
frastructure, environmental regulation and green innovation efficiency was empirically tested by
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using the fixed effect model and the moderating effect model. The results show that the new digital
infrastructure is conducive to the improvement of regional green innovation efficiency, and envi-
ronmental regulation not only has a certain inhibitory effect on the development of regional green
innovation efficiency, but also negatively moderates the relationship between digital new infra-
structure and regional green innovation efficiency. Further heterogeneity analysis shows that there
is regional heterogeneity in the impact of new digital infrastructure and environmental regulation
on regional green innovation efficiency. The results of regional heterogeneity analysis show that
the new digital infrastructure plays a role in promoting the improvement of green innovation effi-
ciency in western China, but has no significant impact on the improvement of green innovation effi-
ciency in other regions. Environmental regulation has a certain inhibitory effect on the improve-
ment of green innovation efficiency in the eastern and western regions, but has no significant im-
pact on the improvement of green innovation efficiency in the central region.
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Table 1. Input-output indicators of green innovation efficiency
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Table 2. Evaluation index system for the development level of new digital infrastructure
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BEATINEEL, AR — AR AEA TR BCERI A, fE4% 45 DEA ARG B2 8 1 4RI ™ i 45
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PRI R R B 3 i 5 ¢ QU AR 2 [ B — e R 7B, 1B HL 2011~2022 4F4x[H 30 AT 1)
THAREE, HE— 25 NIRSLH A B 2 022 BLI0, A 1 S A () :
GIE, = S, + fInfra, + B,Envit, + B, X, + 4, + 4, + &, 2
GIE;, = B, + p,Infra, + B,Envir, + B, Infra, x Envir, + B, X, + 14, + A, + & 3)
A Envin RIARETH | 7E t B[R] B AR RI ] ) o B
Infray, x Envir, R4 i £E t I [A] BBy B 2k i 5 AR A ) 9 58 L0
4, SCUFEER SR
4.1. fER Gt
B EMRIA GRS R IR 3. WNEIE I BLE Y, GIE FFIME N 0.884, FrifEZEN 0.356, #/)
{65 0.120, T AMEA 4.223, FIFHAFRHLIX LR EQIH R Z 78 K. Infra (T8 0.198, FrifEEN
0.173, H/MEN 0.016, HKfE N 1.167, IXFRHA S X E 70 S 10 AP AR R, Xk (B A7 7
—EMZEST . HETHHI A& -FIE N 0.003, Fr#EZEN 0.003, H/MEN 0, T AMEN 0.025, fE—EFR
£ _FU0H T P A 3 X (P IR B R AP AR, (E AR AR — S PR ] K P 3 v A 3 X

Table 3. Descriptive statistical analysis

= 3. kMgt SR

Bl FEAE A btz B/ME O ;]
GIE 360 0.884 0.356 0.120 4.223
Infra 360 0.198 0.173 0.016 1.167
Envir 360 0.003 0.003 0 0.025
Agdp 360 10.909 0.452 9.706 12.156
R&D 360 0.017 0.012 0.004 0.068
Open 360 0.265 0.287 0.008 1548
Gov 360 0.113 0.032 0.058 0.245
Innovation 360 9.654 1.391 5.318 12.399

4.2. BAEEYISHT

Table 4. Benchmark regression analysis

F 4. FERVASH

@ (2 3 4
GIE GIE GIE GIE
Infra 1.685™" 2.225™ 1.685™" 2.225""
[0.008] [0.000] [0.008] [0.000]
Agdp -0.336" 0.005 -0.336" 0.005
[0.044] [0.969] [0.044] [0.969]
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R&D —47.113™ —29.661"" —47.113™ —29.661""
[0.000] [0.010] [0.000] [0.010]
Open 0.609™ 0.775™ 0.609™ 0.775™
[0.047] [0.012] [0.047] [0.012]
Gov 2.950™ —0.924 2.950™ —0.924
[0.038] [0.462] [0.038] [0.462]
Innovation 0.080 0.074 0.080 0.074
[0.237] [0.178] [0.237] [0.178]
Id YES YES NO NO
Year YES NO YES NO
_cons 3.649™ 0.083 3.649™ 0.083
[0.031] [0.947] [0.031] [0.947]
N 360 360 360 360
r2_a 0.126 0.036 0.126 0.036

T fESHRp E, TV TN TR 10%. 5%, 1%KT ERE, R

FET [ RN, 0 AR R AR BT T AR AT T, BRI R A R K 4. MR
TETLAGE B, EEREALE Infra X GIE (IRIH R0 1.685, fF 1%/K T LR VIE, UHIHTHiiEdE
A DA DX R 0 QR R A3 T, B Bk kP s, ek Xk G BT O RZ R BBOR . AR A
PRFNEE Ay BEAT 73 ) [ 5E B2tk B EAT T A4, 4R &R, Infra X GIE I RIA R B8 IE, B
R AR, B PIRIE TR HO.

4.3. IFERBIR TR NS

N T PRI AR R T RCR AR UK BRI ] 5 K i S R A S ) (1 28 ST A B [
R R DASRAS [)A 45 50, W7 5. % 5 B 5o, Envir XF GIE [0 2 %0 h-18.370, 1E 5%/K-F 3%
i, U IR SEER T X 3t 0T RO IR A —E AHIE R, B00E TR HL. FEMAECT R
EEHEE AR LG, LEMAYCNT, HAE S%MKT ER2, XEkEE SR EX 8,
TEHIGS T HCT R R m R, BOEREERNE G ) TR A S XK AT AR R R R, TR
iE TR H2.

Table 5. Results of the moderating effect test
F= 5 EHHEREER

1) ) 3)

GIE GIE GIE
Infra 1.685™" 1.891" —0.715
[0.008] [0.003] [0.327]
Envir -18.370" 32.926
[0.043] [0.178]

inter —-305.049™

[0.021]
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Agdp —0.336™ —0.330™ -0.143

[0.044] [0.047] [0.398]
R&D —47.113™ —46.600™" —31.924™"

[0.000] [0.000] [0.007]

Open 0.609™ 0.652™ 0.104
[0.047] [0.033] [0.643]
Gov 2.950™ 3.229™ 2.846™
[0.038] [0.023] [0.046]

Innovation 0.080 0.077 0.078
[0.237] [0.249] [0.251]

_cons 3.649™ 3.580™ 1.820
[0.031] [0.033] [0.293]

N 360 360 360
r2_a 0.126 0.135 0.119

4.4. REMKEE

HIF L RS ROFRABR L E R T, vt DIt se 4 RIHES T 5o Fetk, RALAR 3 A
T ARBATRAEVER LG : 1) AR RSN EARBUKT . ISR n] Refr e et AL i, # 51\ FDI AT
FfEVER IS . 2) MRS ERT G 1 1. 5 RE BIH TR S Xt DX g (0 B R R IR W] RE A AR E IO
i KRR RO S 1S VR EAT R AR GG 3) B A R . IR OB A BRI N
BrufRbs, BATREMER . RRETERIR A IR AR 6, 4% 6 Bl Bon =7 AU B R, R

W% D S5 R R AR A

Table 6. Robustness test results
< 6. FREMRIGER

@ ) ©))
GIE GIE GIE
Infra 1.636™ 1.384™
[0.010] [0.000]
L.Binfra 1.534™
[0.036]
Agdp -0.316" ~0.466™ -0.223™*
[0.066] [0.012] [0.001]
FDI -0.773
[0.600]
R&D —46.561"" —46.358™" —5.695
[0.000] [0.000] [0.221]
Open 0.571" 0.557 0.391"
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g3k
[0.069] [0.118] [0.001]
Gov 3.290 4,213 1.347
[0.035] [0.007] [0.017]
Innovation 0.087 0.083 -0.073"™"
[0.206] [0.263] [0.006]
_cons 3.357" 4.801" 2.735™
[0.060] [0.012] [0.000]
N 360 330 360
r2_a 0.124 0.135 0.666

45 FREMRE

B R A DX S 4 € BT AMOR IR 5 ) 1T e 2 52 B IX PR 52 o DRI, S R Guit s AR L H
PE DX PRI 53, 43 e = A b DX PR 5 P AT RV 20 Ar, X3 1k [T VA A B A 4 SR I 7.0 (1) (2)
RV R T HF R A BRI AR . . PEER BB SR s . B 4E R, Bkt
XoF PG F s X 43 s B SR IS0 R B0N 9.181, £ 5%FKI/K T R S35 9 IE, XU B W i ) Bk X
SR QETSCRIE TS THESNPE R, T At b X ¢ (BB SR TH I REMA AN B35 o SRR K5 AR
TSR T F 4 X F 4 0 B0 37 KR R B BB 00 99 o —47.784 R1-31.318, H.»WITE 1% B%IKI/KF T 535 A
1, T U5 BH RS RI 0T 2 SR 78 3 X 5 2 BB SR AR T — e (AR E FH 1k At [X 2 €2 60037 3%
RIRTHRIFEA R o X ARG A ML IX AL T AR E0F KB B, TER il 7 8K, 2
F LR QT A A5 7 HIAZAE — 8 M ZE 5, AT A B e 3 0E DX 3t o BT e B2 P 8 5 R 1) 1
MTHELA AN, TS B T 070 ik FH A B A 0 X 3 € 6 2803 () R A A7 1 X3 22 5 o

Table 7. Heterogeneity test
F=7. REMKRE

@ 2 3
R H [l
GIE GIE GIE
Infra 0.012 5.377 9.181™
[0.983] [0.144] [0.038]
Envir ~47.784" ~36.564 -31.318"
[0.009] [0.189] [0.029]
Agdp -0.377 ~0.640 1.156™
[0.176] [0.126] [0.033]
R&D ~1.682 ~42.901 ~146.937"
[0.907] [0.145] [0.000]
Open ~0.196 0.139 3.372™
[0.508] [0.927] [0.002]
Gov 3.521" 0.015 10.337"
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[0.028] [0.997] [0.012]
Innovation —0.166 —0.022 0.160
[0.126] [0.872] [0.228]
_cons 6.692™" 7.811" —-13.220™
[0.033] [0.062] [0.017]
N 132 96 120
r2_a 0.537 0.475 0.486
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