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Table 1 Descriptive statistics of variables

IS RUNIIIEAe M iz e/ ME R E
CEI/TT t, WUk 3934 -1.093 0.777 -2.841 1.000
HSR 3934 0.280 0.449 0.000 1.000
AG/(JT Nkm®) 3934 0.528 0.784 0.018 5.139
AGY/% 3934 11.398 1358 8.151 14.623
PATI 3934 7.394 14.959 0.064 93.916
ES/TC, UG5 3934 10.418 0.710 8.687 11.969
FDI/% 3934 0.018 0.018 0.000 0.087
1G/% 3934 47.829 10.669 19.800 75.500
SG/% 3934 39.168 9.523 18.200 68.700
Area/km’ , B L 3934 9.342 0.790 7374 11.408
TL/J3 G, Bk 3934 9.828 1.572 6.182 14.031
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Table 2 Spatial correlation test results

AEf Moran’s 1 Z1H pla
2006 0.013 2.473 0.007
2007 0.014 2.689 0.004
2008 0.012 2.375 0.009
2009 0.010 1.975 0.024
2010 0.017 2.999 0.001
2011 0.016 2.921 0.002
2012 0.017 3.036 0.001
2013 0.019 3.402 0.000
2014 0.018 3.181 0.001
2015 0.018 3.249 0.001
2016 0.018 3.157 0.001
2017 0.018 3.195 0.001
2018 0.018 3.203 0.001
2019 0.014 2.821 0.002

*3 FETERBLELER

Table 3 Test results of the spatial econometric model

K2 Geitit (A P1H
LM_error 100.083 0.000
LM_error_robust 0.509 0.475
LM_lag 144.255 0.000
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Table 4 Benchmark regression results
M @ 3) “4)
InCEI InCEI InCEI InCEI
HSR —0.399%** -0.085%** —0.081%*** -0.067**
(0.016) (0.016) (0.016) (0.034)
ES — —0.528%** =0.564%** —0.449%**
— (0.023) (0.024) (0.100)
FDI — -0.653 -0.877** -1.142
— (0.447) (0.445) (0.715)
1G — 0.016%** 0.0 1%** 0.009
— (0.002) (0.002) (0.006)
SG — 0.022%** 0.017%** 0.015%*
— (0.003) (0.003) (0.006)
Area — -0.325%** -0.266%** -0.207**
(0.041) (0.094) (0.101)
TL — -0.040%** -0.022%** -0.046%*
— (0.009) (0.009) (0.021)
T 1 72 2500 i i iz iz
AFA i S R i i i 2
RO —0.982%++ 6.236%%* 6.360%** 4.998***
(0.041) (0.448) (0.915) (1.333)
N 3934 3934 3934 3934
R 0.147 0.460 0.462 0.472
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Figure 1 Parallel trend test

Figure 2 Placebo test
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Table 5 Endogeneity test results
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SRR AR B A2, BB e T

CEI, = o, +a,HSR, + a,DID1,,+ a,DID2, + )

X, +0,T¢, e,

Arb: DID, Jyfikhei s BOR R AR &, 25 i I 7
AR RARBR S, DIDL, =1, 750 DID1, =0; 7]
PR A7 IR TAE A2 22 2 BGR sk Ty, DID2, =1,
AW DID2, =0; a, . a, 53 HHR KRR S EUR Ffk
22 5y KA, 5 R R 308 ol e R B s, [l
IR 6 PR, 22 W R R A B 0] 1 SO T A B ik

x6 HIFRHEAMIXSHRMEAER

Table 6 Regression results excluding other pilot policies

(M 2 3)

M @

BBt BB
HSR InCEI
Prob(HSR) — ~0.292%%
— (0.098)
w 0.002%%% —
(0.000) —
Pl A5 = =
3T T AL = =
AR T 2 AU = =
N 3934 3934
R 0.647 0.876
F 35.563 —

HSR -0.067** -0.068** -0.067**
(0.034) (0.034) (0.034)

DIDI1 -0.023 — -0.022
(0.032) — (0.031)

DID2 — -0.014 -0.008

— (0.056) (0.056)

AR 2 2 =

IR T 5] A 2 2 2

R ] 75 5 7 2 2 2=

R 5.055%k 5.023%k 5.066%**
(1.337) (1.333) (1.337)

N 3934 3934 3934

r 0.473 0.472 0.473
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HeAR HFVE FHAKOR B 35, B URIE B F 5 45 SR 1
e
4.3 SRR BHERR B RS2 ML

SR i R U R 3 T e HE e B ) 52 M L
il , N2 5 SR AR TR B8 19 A BE AT HILARI 4347
12 FH A0 R 0 v Bk v K A 1R R A e R U SR AR
SCEPHERE R A iRHEROREE (R 7).

F1(1) h HSR 1) Z 8800 25 R 508, 16T e Bk
TR 38 T B HE e B 1 e AP 28] 1 R AR 1
FH 3 510(2) DAl % B Al i i 22 5 R A AE M R AR
HSR [/ Z50TE 1%KL 8 38 0E , Ui s gkt ik g
A 1223 T sl N 1 B SR 5 1 (3) 5 v kA 5
(HSR) FN LGl 2% 3 Ay i 9 22 5 42 B (A GL) [ s st
AFIEE , HSR U % B2 1) R A TE 10% 97K F
B2 R O, U BH b 2 B 4 v AR A B HE
SR EE , DAl % B A R A 22 B SR A X i AR S
e B 1] () S e 20 38 o rh A VR

5 (4) 5w K DLZ T 2 B A 1 1) 2 B SR AR AE
FHAS S HSR 1) R ETE 5% 7K1 1 2 0 1E , 1
Y o Ak A AL R A0 4 v 3l T P 2R % 7 5 4 (5)
W 0 R BE (HSR) FIl LA 28 5 4% B Al 1 O 2 DR 4R TR
(AG,) [aliF 647 [51 09, HSR B9 2807 10% 7K F | 5
FON, BT T BB 1%K - BB R,
ST 2 7 L R B T e A A R HE R
A2 A B ) 2R R AR B T A

DAL P A 28 55 SR AR TP A O I A B 45 1 B A

—F, BTG AT Fh 00 B 22 B SR AR, kAt
T IA) R Ao 28 T SR A A U Sl T e R v B 1Y
AR o EABI5E 2 75 LASG UE 19 TR sk, 1 3 BH vy ki ok
250 A R R A I HE S N, B F FE 4538 HAT A
fa

G1(6) ABHE A K F-AE S A2 5, HSR 1 &
BAE 1 %K B2 N IE, UL s ek d s fE A e it
T IR RN 51 (7)o gk s (HSR) AR}
TAH K (PAT) [R) i #E 47 819, HSR #Y 5 UAE
10% 7K b g 2 A 1, BHE BT R 5%
ARV 3 A A, DR R T AT D i A R
BHOS T A HE R R B RIE . ik 315 L
vl
4.4 SRS XTI T e HE RS ORI =S (8] L U

8 T A R I T e HE AR Y 2 [
MR RIEE S, 51 (1) KR A 25 58, 23 (] [ 1]
IH Z %Y Spa-rho 76 1% 7KF- 1 1 35 Sk 11, SR Wk T
e HE TS 088 T A A i 25 1) 4[] 2 [ ARk, i — 20
Yok T 5| AZS Al R A7 A i A5 B (B —
81 5 22 BT A B8 1422 s e ok 722 e o 0 e e 28 o
P M R B, 5 R PR Tk o0 b HL o3 it oy LA
BN TR FERAON AN AN o AT E5 SR N 851 (2) -
(4) FIr 7~ , B2 3500 FILERI N, 8 435 S 2 B vy 2k e 1k
X RAR IR T e HE e B A W 2B R R, X 5
FEMEMNESE R — B, (R0 450 B m g i
XP ARSI 38 T R Btk HIE i B2 A e A B VR T, D PRI A

®7 SRERIIHHSRHRCRE RIS NI R

Table 7 Results of the mechanism of action analysis

(1) (@) 3)

4) (%) (6) ()

InCEI AG, InCEI AG, InCEI PAT InCEI

HSR ~0.067**%(~1.99)  0.080**%(0.030)  -0.062*(0.034)  0.017%%(0.009) —0.062*(0.034) 2.288***(0.733) —-0.061*(0.034)

AG, — — -0.055*(0.030) — — — —

AG, — — — — -0.298**%(0.107) — —

PAT — — — — — — -0.003%%(0.001)

AR = = = = = = =

T T A R = = = = = = =

AR R R = = = = = = =

HH 5.066%%* 5.013%* 5.275%xx 6.969%%* 7.076%%% 66.999 5.183%xx
(1.337) (1.999) (1.381) (0.787) (1.709) (56.187) (1.381)

N 3934 3934 3934 3934 3934 3934 3934

R 0.473 0.189 0.473 0.972 0.476 0.396 0.474
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Table 8 Results of estimation and decomposition of the spatial econometric model
M @ 3) “4
Main LR_Direct LR_Indirect LR_Total

HSR -0.066***(0.016) -0.066***(0.016) 0.019***(0.006) -0.046%**(0.012)
Spa-rho ~0.425%%%(0.141) — — —
Sigma’ 0.071%%%(0.002) — — —
F s b 1 R £ £
Sl 5 R = 2 2
AL B 2 2 R
N 3934 3934 3934 3934
r 0.446 0.446 0.446 0.446

T T R T R A B E R K s S E RE T, T |
Ja i b DX AR PR R TR, A2 B U SO A 2
Joi 2 b DX 3R T IR 95 7K ST RN 53 0 R B, 7l 2%
AT R I3 AN SE TS T 38T R s HE H AR i
SEEL
45 HRMESH
4.5.1 W IERXA5F

ZEF|IPEZR b VYR IX FE LR BT R KA
NITGEA A K55 7 HAEAE R 25 5, Rt
T I DA AE A LI 3] PN A kT R 3 A, DAE
G e R TR R AN (AR T 38 e HE s e B s il (3R
9) . SEAL AN, VUM DX T Rk Y i A RE RS
R AR B HE T B, T v K A TR 0T r 70l DX 3k e 391
T 2 AR IBHEVE o 2R b X R 3 TN
b 2B IR 2R BH R R X AN ] DX e i A
T HE TS B ) s el B 22 e b o X — 22 ek

x9 WHHIBXARRMEDIER

Table 9 Results of heterogeneity analysis of the geographical

location of cities

()] @ (3)
AR T [
HSR 0.012 -0.027 -0.156*
(0.051) (0.052) (0.083)
P AL 2 2 pos
IR T S K 2 P pos
AP 2 3K 2 2 2
R 6.524 6.373%* -0.575
(4.326) (2.487) (3.856)
N 1162 1120 1134
R 0.457 0.670 0.385
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SR FE LR R A RETE T, 5 78 ER M X AR L, 2R
R HR S 3 T JI AT T s 18 20 5 A J A R R A R 1)
TR B AR M2 | 3T At HIE ke e B2 P B A1
F BRI T BUN B IR LR BOR | Alk 2 (b 2 Y
SRR B, 5 AR i R A L, kI
X3k T AP R HE 1 2 Ak P38/ 0 1 PG S b X Pl
by FEANE B 38 DL B T A A R AR B 2, ik
R SRy FLA A B AR A DR HERL N B Dy B i, 9D T L
] 7R R R X 2 o S A BRER UG | 5 A A R
AREGE R BERS , e T VU X L3k T 5 77 Ik 25 4
TR BRI R T, 7 A R R A, HESh
R ALK PG A8 b, DX I T B2 ™ HR R TR VA AR , B A B 7 7
IS DI T R AP HE TR R B
4.5.2 W R LT A

5B R AR b, BE IR R T DL
FRMRAE B AR GEUR A Tl A Ik T 28 X ekt
R T ATIG 75 Ty ik BE RS > b 5 I S, AT
SOV FE BT R ME SR T B HE ORI .
4 [ 8 U5 TR 3k T R R & R R A (2013—2020
) Y BY ST R UE AR B RE A I T 3 Ry AR R A
W 5 B IR BT A T A 2R A [RE S5 a0 gk 10
Fiso (1), (2) B~ , HSR Al R 507 10% 19 7K
RN W AR TR RECH L, R ek i e
g AR T T AR R R A T D AR T A I R R 1)
% AESE AR A B

H4 55 U5 AR I T 4 53 A A AR | R R A
DL AR T — 2D e BN AR [ S 1 1Y) %
PSR T B HE RO BE A 2 (R 10) o 81(3)-(6) 45
SRR 15 A TR B TR R AR TR IR AR T
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Table 10 Results of heterogeneity analysis between resource-based and non-resource-based cities
BEPRA
i s @ @ © ©
R A iR A A
HSR -0.054 -0.098 —0.555%%* -0.040 —-0.117%* 0.060
(0.037) (0.065) (0.243) (0.079) (0.056) (0.246)
Ly Gte i e P P 2 2 e
ST [ 5 AL e P P P P P
ARy T RO JE & JE JE P 2
BRI 3.362% 6.494%** -13.008 8.744%** 9.178%** 3.721
(1.84) (2.011) (44.246) (2.428) (2.095) (5.067)
2352 1582 196 868 322 196
R 0.522 0.425 0.274 0.468 0.796 0.507

WCHEEA 0 2 e EE R AELGT i A R B Rk i i i
YEFIAS SB35, X6 1A 2R 9 PR T EL A A S 3 R i
YER o B PRUTE T WA B U5 Tl AR W U & OE
AT BB, T R R T R e R A Y
Hb g €7 M Y & SN T LR RN, Ji e Bk e ik
] BE P EOZ LT P 25 1R 5 =Pl R
HEICE E 1Y) GDP 7= H 137 sl T Ak HE i o 2 1)
A, R BE IR T v Ak T e AR FE A B B
PV A LA 7 B IR R RN TR Tl A 3 fHIE
T v B A AR S IR IR, PR e e ki AR o T
IR TR ORI BRI B R FE AR A R,
AR AT U T A, L g TR IS s R
JRE (R RR S, ST e A TR PRI T g AR A kg —
T RO ) 22 38 5 2, AT LAY 2 %A% e 1 TR A AR
3, BEATRARHE AR BE 5 eAb , gk a3 vl LAY Bl A
Kl ) R el A0 %o A 49 T R A SR RN A A2
PR B 1 AL, i — D AT i HE ik . PR
RIS T A O 2030 AT HRELE R R A E , Ik i
G| 33 SER VI G T = A N TR e TN
K A 23 i B HE R BT SR A AR 250,
PR RBARE | I B T i HE AR B 14
4.5.3 3R P& P S BT

A2 ) 4% kT B ) T RE A A 5 45
FEA T 22 5, X PP 2 S ] S S5O T 38 38 A2 6 AN
[F] , fifT A5 e kA0 R IR B R A B8t B e = 4b
Rl " 2680 . 25 IR T 0 4% rhocs JBE BT S B0 8T e
2558 i PR SRR BRI (2016) D BEEAEAS I T

43 R AR 2L 3 T 5 AR AR AL IR T, AT A AL R (R
11) o BFRFRRALITT, 51 (1) 145 5 s e gk g i xt
& A il HE k9T T B 3 52 i (HSR=0.089, =
0.062) , Mt X AEAX AL IR T, 511 (2) B 45 5 7 i ik
T3 X 4 M) SR AR AR HE A 3 1 £ i PR AR
N (HSR==0.070%*,=0.070) , R EAX 21 308 17 1308 i ik
Xof 24 b HE R 1 B TR 21 T R A A

AR IR S A R IR R R T JERK AL IR T
F T B A AZ 38 FE AR Ry S R S K is fig
PRET-F BE v, bR 2 Y Bl ) A R
FrT 7 1, A2 7= b S5 4 T+, AR IR T i HE ik
SR U TR AR AT T 5 i R R A —
FERREE LI T 3R BT, M Sh T 8 e
SR R G

=1 EHMEFOERREDITER
Table 11 Results of heterogeneity analysis of urban

network centrality

M @

XA Tl B[ B
HSR 0.089 -0.070*
(0.062) (0.037)
AR 2 =
T ] 5 2 2
A i A 2 2
fipiel 0.129 5.080%%%
(3.057) (1.433)
266 3668
R 0.824 0.453
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The effect of high—speed railway construction on urban
carbon emission intensity and mechanism under the
perspective of multidimensional heterogeneity:

A quasi natural experiment based on 281 cities at prefecture level
and above in China

ZHANG Xiaoyu™?, LI Runnan', QIN Yuting', ZUO Qiting*®, ZHENG Pengfei®
(1. Business School, Zhengzhou University, Zhengzhou 450001, China; 2. School of Water Conservancy and Civil Engineering,
Zhengzhou University, Zhengzhou 450001, China; 3. Yellow River Institute for Ecological Protection & Regional Coordinated
Development, Zhengzhou University, Zhengzhou 450001, China)

Abstract: [Objective] As the low-carbon advantage of high-speed railway is conducive to the ear-
ly realisation of the strategic goal of “carbon neutrality and carbon peaking”, it is of great signifi-
cance to explore the low-carbon emission reduction effect of high-speed railway construction and
its influencing mechanism from a multi-dimensional heterogeneity perspective. [Methods] Based
on the panel data of 281 prefecture-level and above cities in China from 2006 to 2020, this study
considered the construction of high-speed railway as a quasi-natural experiment, and adopted the
multi-period difference-in-differences method, spatial difference-in-differences method, and media-
tion effect model to systematically investigate the direct effect and spatial spillover effect of the
construction of high-speed railway on the intensity of carbon emission in cities and mechanism.
[Results] The study found that: (1) The construction of high-speed railway made a significant con-
tribution to the reduction of urban carbon emission intensity, and there was a four-year delay period
in this effect on average; (2) The emission reduction effect of high-speed railway was significant in
western cities, growing and declining resource cities, and non-hub cities, but not in other regions
and types of cities; (3) The results of mechanism test show that the construction of high-speed rail-
way can reduce the carbon emission intensity of cities by increasing the level of urban economic ag-
glomeration and scientific and technological innovation; (4) The results of spatial difference-in-dif-
ferences analysis show that the negative “siphoning effect” of high-speed railway construction on
the carbon emission intensity of neighboring cities was greater than the positive “diffusion effect”.
[Conclusion] Therefore, for the construction of high-speed railway, the state should keep the exist-
ing stock and maintain the constant growth so that high-speed railway can continue to play a role in
low-carbon development and emission reduction, and local governments should also take into ac-
count local conditions, formulate emission reduction policies reasonably, and promote the coordi-
nated development of regions while realizing the carbon emission reduction target of cities.

Key words: high-speed rail; carbon emission intensity; quasi-natural experiment; difference-in-dif-
ferences model; mediation effect model
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