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Abstract

As a key infrastructure in the digital economy era, broadband networks are of great significance in
promoting green innovation and achieving low-carbon transformation for enterprises. This article
takes the “Broadband China” pilot policy as a quasi natural experiment, using dual machine learning
methods to alleviate endogeneity issues, and systematically examines the impact and mechanism
of digital infrastructure construction on corporate green innovation. Research has found that the
construction of digital infrastructure has significantly improved the level of green innovation in en-
terprises. Its main transmission mechanisms include optimizing the efficiency of enterprise pro-
duction and supply chain, promoting urban financial development, and enhancing the agglomera-
tion effect of innovative talents. After robustness testing, the conclusion still holds true. The re-
search findings of this article enrich the relevant literature on the driving factors of green innova-
tion in enterprises and provide empirical evidence for policy-making in digital infrastructure con-
struction.
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2. BERERAIER A
2.1. BURBLAR R HRE BRI

T it PR 28 AT BT G IR AR VM S, e A A AR I e sl T e M R B AT gk A
MBS GUHT A BB SCHAE T . SRERR A R v M 2 v, EREPFTT I, S Y A TR, BoR Al
WG BB, AR AT I, PSSR R TSR R S XS Pk g . (HIRE
T 1 P28 ATIAF AR T8 M ARG O P S S B BOR 32 ) - AN 37 53¢ [ B A 7™ E 558 i L. 50 b
WA, E S EET 2013 MU TR SO A SETT 5D (R (2013) 31 %5), WIS 98 4%
SERLN “ B A SCIERIBEE ", SEE “IIXCTIR” 5 R BN SR . 2014~2016 (7] 73
=HtiEE 117 A uCRIT, 8 B S P0E SRR, ST TR SR A 7.2 Mbps (2014)BKTH &
62.5 Mbps (2016), FFEEILINE% 22 RORYT 2.0 R R, SEHLCHEE B AN GR35 5 100%. 2 at
“oRr T E O RAE BT RS e, BUNEE BRI AV AR L S B ok e AR RN BOR
W BANEIE, PR AT SR O RUHT R RIREORTTHE, AR 1 kK2 6 18 78],

2.2. FAUBISHT

2.2.1. RABIFIATER

K SRt 2 B I A A A AL G I HHR A ST A R . S8 BB SR A e 1
TS B MR a5 e, — AR T B AR A s s vl i 2 A1 B 2R AL T 57 30 7 il B AR 9]
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2.2.2. BESIEFFRHERHENE

Hr FEA 1 B8 S BT A ) B R I8 R AR S BT . R B Y 44 AT ORI T 545
TN A0 B e KB T, RS R A = BRI E R, 2T T EEREM R[], il
B2 BHREAE BN BRI . RS G ARIE RGN, BRI S A .
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3.1. BiERE

ARCHEE 2007~2021 FEHICEAE, B AL ST R . A EERE A LA F RS E X
R AR, BLARER ( LR IR WER SO Rl AR &, @ LA WIPO G LA 73255 110 .
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3.2. REE

R g E” WG S E AT IR, A SCEET 2014~2016 A HEHEAT IR s BUR
Fa g AR SIZG:, SR 340 28 1 XU ML 4% 2% 2J 4528 (Double Machine Learning, DML)PAZE fi# 15t s A8 & 5 i%
Bz g A AP R AR AR E R

Y, =Treat, x Post,0, + g, (Control, )+ { €))
E(C|Treat,. x Post, ,Control, ) =0 2)
Treat, x Post, = m, (Control, ) +V 3)

E(V|Control” ) =0 “)

Hrf, v, RORBAZREAHT 73 MM OKFE(GIL) i 8 (GIQ) M (GIE) =N i f;  Treat, x Post, N
FALBEARR, brid R SO Tl Rl LBUOR LG : Control, ¥R BEE, WHHAFR. 5™
fiiz, B e 2 FE 0% Q S HH I FIH UL EASTHA ST EAG T, fhivh B AR AEEH] Control,
(IR AG T 6, « 9k, A MEB MIBLAR 2 S il T 26 £ 992 B (¢ |Treat, x Post, , Control, ) R E(V|Control, ) ,
ARSCH ORVEMG T R G, , A RENIENR B MR gl . iR MRS R 1
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Table 1. Descriptive statistics of major variables

= 1. TETEMmA MR

Variable A4, A2 FeAE B heEE
GIL Ak gt KT In(fV ME B SROEFEE +1) 28144  0.466  0.896
GIQ Al % £ B 35 R In(NE 4 F G AR EREE +1) 28144 0321  0.739
GIE G EBIF R (A EREGOEREE + LR CH +1) 28144 0.027  0.048

Lervage BEr e AR R 24760  0.412  0.200
Roa B AR R R 24320 0.041  0.260
Age bR MEES — DRSS + 1 28108  9.278  2.334

Tobin Q FEEQMH TE/ BE 28142  9.862  7.364

director HHHL In(EH2NE) 27708 2116 1.689

4. SEESR 551
4.1. EAEREVILER

AR SR LA SR, “SEar i B BORS ks R R . SEHERNE 45 R ansk 2 fr
N, BT B (DID) Y 2 507 B A R TR rp 0 8 2 O IE o ZE 4% AR B S [ e N i, BURAE Ak 4 (5 BB K
SA(GIL) Zr BB i 2 (GIQ) AN £k il i 826 (GIE) 73 ol {2 35 £ /51 0.143. 0.118 £ 0.007. AHEL T 435
B, BUR A KL 30.7% 36.8%F1 2.6%MHET. a5 kB, “visy b E” BUREE MR T kgt )
B, SCRF T AT FUAR
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Table 2. Benchmark regression results

F 2. FERFLER

L (D 2 (3) 4) (5) (6)
A e
GIL GIL GIQ GIQ GIE GIE
0.297%%*x* 0.143 %% 0.260%%** 0.118%%*x* 0.013 %% 0.007%%*x*
DID
(5.89) (3.50) (6.66) (3.55) (4.27) (2.96)
—0.013%* 0.011* —0.012%%*x* 0.001 -0.001* 0.001%**
Constant
(-2.30) (1.79) (-2.75) (0.16) (-1.77) (2.40)
25 ) A8 Fa & 5 = & =
i 1) 3] 5 20 i & & & & & 2
T ] 5 28 & & & & 2 2
FEAEE 28,144 21,676 28,144 21,676 28,144 21,676

E: FEENRRBEAREE; *. =, #001RRTE 10%. 5% 1%KFLLE#E, TEHA.

4.2. REMRIE

4.2.1. HIREAREENTME
NEEG S EE T, AR ERHAT 1%, 99%F1 5% 95% i B RGhgE AN . W 3 B, EErEIA
J&, BOAE R ERENT 5%, iR EARRENRA, RS ibRaE.,

Table 3. Robustness test for removing the influence of outliers

3. BRFEEZRRRERE

1%47 = 5%4ii
A
GIL GIQ GIE GIL GIQ GIE
0.297%** 0.143%%* 0.260%** 0.118%** 0.013%** 0.007%**
pIp (5.89) (3.50) (6.66) (3.55) (4.27) (2.96)
il A 2 & 2 2 v P
B [F [ 5 2508 2 2 2 2 & &
BT [ S RO & 2 2 P & 2
FEA 21,676 21,676 21,676 21,676 21,676 21,676

4.2.2. FIBRFITBERHIZ M

SHERR FIBCE TR, A SCEH T BB (Smartcity) 5 “ E RIS R X ” (Bigdata)
BUREM AR, &4 BR, R0 RFEINEHXEMBOL G, “wihE” BUE Sk atlEH(GIL 5
GIQ) MR HE AN ZEAI B ZE NIE, H B EMHKPR KA SR, RN RAZIATBOR R0, 25
Wi E.

4.2.3. BIgWENHZFIJER

DA IS AR I, AR SR I R R X AL A IR R AR A EI LI (BCh 12 5 17)IREINT S
H R AT . 92 5 BoR, ACFRRLN (DID) MG T R B B R e, DS T 3
ZEAR AT R
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Table 4. Robustness test to eliminate the impact of parallel policies

4. B ITERE MR R

5t 0] (2) 3) “4) ©) (6)
GIL GIL GIL GIQ GIQ GIQ
0.107%** 0.0884%** 0.0869* 0.0841*** 0.0731%* 0.0687**
pIp (0.0407) (0.0444) (0.0449) (0.0325) (0.0337) (0.0345)
Smartcity = = = 2
Bigdata & = 2 2
il A & 2 & & 52 52
S 161 [ 5 2850 3 2 2 2 P P
BT I S RO 3 2 b b P P
FEA G 21,676 21,676 21,676 21,676 21,676 21,676

Table 5. Robustness testing of resetting dual machine learning models

5. ERWNENRF JEBHREERE
(1) BEREA S H L

(2) 2 AR

A Kfolds =3 Kfolds = 8
GIL GIQ GIL GIQ GIL GIQ
0.118%** 0.108*** 0.138%** 0.120%** 0.102%** 0.108%**
pIp (0.0382) (0.0382) (0.0419) (0.0419) (0.0291) (0.0189)
il A & 2 & & 2 2
B [F1 [ 5 2508 P 2 P P & &
3T [ RN P P e e & &
FEAE 21,676 21,676 21,676 21,676 21,676 21,676

5. EIS S ELS R
5.1. #HEISHT

5.1.1. BIFTAAERBIE: MRRDNEANEEEA

K Bl B R VORI R T AN T B IR K SRR SN, R R T I
NITEAFAR SN NSRS TEE, IR EOEHHE AN A 3. £ 6 R, “TiairhE”
B R T T 3T 8 FE £ (Innovation_index). A 7755 A/K ¥ (Human_capital) & £ 55 2% 77 51 T E A1
(graduate).

5.1.2. WEMUHNF: EFREHRFUSHFREAR

By R mt it BOE A R T B AR R A M e A ek R . — 5, HEShA LA BCT AL B REl
B, SRS MACE: ST, AR RAR MG SR SRS, BB RN . AT Al
S BRFRAE PR (TFP_LP) N 5 % (supply) A 7= 45 & (ind_fin) 7 BIZRAEAE P2 3008 . Jo 36 28R B it
MR, A7 PRI EEONIE, R RO G 1A R SRR, st
Rt 7 IR S
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Table 6. Mechanism analysis: accumulation of innovative talents

6. HHIHr: QIFTAFHER

(M @) 3)
e
Human_capital Innovation_index graduate
0.039%** 0.148%** 0.111%***
DID
(-9.42) (22.28) (14.10)
5.565%** 2.663%** 4.755%**
Constant
(338.09) (79.05) (193.75)
Pt A B & & &
Observations 22,766 26,015 30,114
Number of stock_code 3342 3359 3249

Table 7. Efficiency optimization mechanism: digitalization of production processes and upgrading of resource allocation

=7 BERMMNE]: EF-RERFUSTREEAR

1 2 3
g
TFP_LP supply ind_fin
0.014%* 0.030%* 0.126%**
DID
(2.21) (2.05) (—29.74)
7.031%** 4.452%*%* 0.022%*
Constant
(380.36) (119.00) (2.15)
P 2L 7 7 &
Observations 37,392 28,303 26,701
Number of stock_code 3366 3208 3150
Table 8. Financial support mechanism: deepening inclusive finance and relieving financing constraints
8. GRS EEERMRNSRMBARER
() (@) 3 “
A
index_aggregate coverage breadth usage depth digitization_level
0.361%** 0.306%** 0.366%** 0.621%**
DID
(82.76) (73.90) (79.41) (91.55)
4.707*** 4.691*** 4.758*** 4.715%**
Constant
(423.08) (436.83) (406.57) (279.16)
Pt AR 7 72 7 &
Observations 26,015 26,014 26,015 26,015
Number of stock_code 3359 3359 3359 3359

5.1.3. SRR EESRRLSRMEYRER

B S Al O 2 SOl HESN BT RR R R L S QBT IR AR . —O7 L, BT RR SR
MR o5 G m 1 AL B R i, ¥R T ek E T, WG RS R R e . A
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SR G 5K B T e w0 g ) ) BT B 4 il 4R 28 (index_aggregate) 4 Rl 7E W R
(coverage breadth). 14 7% % (usage depth) 1% 71k /K F(digitization_level) VU T 45 br 7 5 3R 117 S filUR J2
8 WIRSIARBLENIE, RUVE T A B R 1 T SRR T, kg @ et 17
) B S PR

5.2. MIFIEL SR

NFE D RS B J w Ak DL b = AR B AR AR R 1 B B A U it R BT A G B BB R, AR STR
Heckman %[ 13]5 Gelbach [14]IHLEI R4 i T77%, BARD AW R

Y, = a + BTreat, x Post, + pControl, +n, +7, + &, 5)
M/ = a+6'Treat, x Post, + pControl, +n, +y, + &, (6)
Y, =a+Xk'M/ +yTreat, x Post, + pControl, +n, +y, + &, (7)

Horr, i R, ¢ FRT, R B, B, M) FRAMK G R, AR R
5 R ] A B £ 7 R

HRHE Gelbach FIERA[14]:

B=p+Yxs ()

Bk, B81% j FRREIECE AR /87, HARRIRREIIA A 7 o TSR, HU iR
KRR E R £/ 67/ -

1 DA 20 SR BT 18 = 4 B T R SRR AR MR LT, IR AR 14 1 R, AT
B, A TR IR A A IR RIEHE R, ol S AR R PO R LE 20N 13.4%:
B AR (AT (AR Al A T B P . (LR R 1] . P E ) R IR L B0 30.69%: 4
T 1) R R (B M0 0 B TG M R e R 6 ) L MRS . MU ALK ) 4R AR L 20
12.20%, Z4RERG— SEIRRE T 40 S6%MUR . X — 25 BRI, |- = 2 MRH 7 SE R e B X Tl 4
5 BT RAIA 1 T A1 B 2 A SR T (35 1 5 — 2 (AR /7

Oindex_aggregate Ecoverage breadth Qusage depth

P& A5 iR Odigitization_level EHuman capital ~ DInnovation index
Hgraduate BTFP_LP O supply
Hind_fin OUR AR

N

0% 10% 20% 30% 40% 50% 60%

Figure 1. Schematic diagram of mechanism quantification decomposition

E 1. iHErsBrER

6. FILSBERBT

B B WA DGR EARTH R A AT ST, BRI XU HARKI R B AT . AT SR,
RN A . R SRBHRICE, B RO nl B2 ST S e AR, Dy (B B
AT R BOR A E I SRUERRE R . BT, AT FUR L SR, MU R vt
B AR O BIHE s 5, H A AL SR B QU A A RIS S AR (4 i AN T SR
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BORSCFE RGBS, A BT SCB RER AR Rt R e

6.2. FIE “AF - €t - KAR” Z[—HBHER

SEF P TSR, Ky SR et B Z MR BB RCR I3, e A Al A B R A
PRI S TBOREE . EXIT A AR, Rl G A4 5] 555, A BORMR
TR B, FREBEAA RS a e, B BEab i it N R AT AT R $RATE B BURF NN S, Ik
S R B R B TR, AR ARAEIENAE S . S4B SR R R SR, BUNAE R
TR VR B FI, O EESCT ER AU, ks AR 2 KRS .

6.3. RLRA - WEELAH, RAYFEMIZHERZHLFTITE

BT RAS - W o BT RE ST AR B 0 45 SRR WY, B St Wi i e A AR OR T SRl st AT L. I R AL
FIHEA B @ VO B TR B R A7), FR S A T R K . AR T A TN, @A R
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