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Abstract: Under the background of carbon peaking and carbon neutrality, exploring the carbon emission reduction effect of
urban ecological infrastructure is important for achieving sustainable development and modern development of cities. This
article selected 214 prefecture level cities in China from 2003 to 2019 as samples. The entropy weight method was adopted to
quantify the development level of urban ecological infrastructure development in China. A spatial econometric model was
constructed to study the impact of urban ecological infrastructure development on carbon emissions and its spatial spillover
effects. The research finds that; (1) By and large, the urban carbon emissions are on the rise, and the regions with high

carbon emissions are cities with large population density, as well as the traditional industrial cities. The urban ecological
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infrastructure development level shows a trend of first decreasing and then increasing. High level cities are distributed in the
eastern coastal areas, northwest cities, provincial capital cities in middle China, and municipalities directly under the
central government. (2) The development of urban ecological infrastructure significantly promotes carbon emissions of local
cities and neighboring cities, and this result passes the robustness test. Moreover, there is a lag in the carbon emission
reduction effect of urban ecological infrastructure. Urban ecological infrastructure will have a significant carbon reduction
effect after 12 years. (3) The development of urban secondary industry has an agglomeration effect, reducing the carbon
emissions of neighboring cities. The higher the degree of opening to the outside world, the faster the flow of regional trade,
which promotes the carbon emissions of neighboring cities. (4) Compared to other cities, the development of ecological
infrastructure in the western cities, non-provincial capital cities, non-municipalities directly under the central government,
and resource-based cities significantly promote urban carbon emissions. (5) In terms of policy development, on the one
hand, efforts should be made to promote the development of urban ecological infrastructure and the transformation of the
secondary industry, especially the construction of facilities such as urban greening facilities and garbage and wastewater
treatment facilities. On the other hand, special attention should be paid to cities in the western region, non-provincial
capital cities and non-municipalities directly under the central government, as well as resource-based cities. In order to
stimulate these cities’ momentum of ecological infrastructure construction and promote the realization of carbon peaking and
carbon neutrality, the development of urban ecological infrastructure should be handled in the light of concrete

circumstances.

Key Words: urban ecological infrastructure; carbon emissions; spatial econometric model ; entropy weight method
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Table 1 Index system and weight of ecological infrastructure development level
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Fig.1 Spatial evolution trend of China’s urban carbon emissions from 2003 to 2019
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Fig.2 Spatial evolution trend of China’s urban ecological infrastructure development level from 2003 to 2019
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Table 2 Global Moran index of China’s urban carbon emissions and ecological infrastructure development level from 2003—2019
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R ﬁﬁﬁtﬁii %culiil%ffﬁrflfcij o ﬁ?)%ﬁ[?ﬁﬂli ﬁécolicﬂilyi\fgﬁfcii
Year Carbon emissions Year Carbon emissions

development level development level

2003 0.031 """ 0.045 " 2012 0.050 """ 0.065 ***
2004 0.038 *** 0.051*** 2013 0.047 *** 0.065 "~
2005 0.047*** 0.054 *** 2014 0.051 """ 0.065 "
2006 0.052"*"* 0.054 """ 2015 0.045"* 0.070 """
2007 0.053 """ 0.056 """ 2016 0.051 """ 0.069 ***
2008 0.054 *** 0.057*** 2017 0.045*** 0.061***
2009 0.051*"* 0.059 *** 2018 0.040 """ 0.063 """
2010 0.052 """ 0.063 """ 2019 0.039 """ 0.059 ***
2011 0.046 " 0.064 "
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Fig.3 Moran’s I scatter plot of carbon emissions in 2003 and 2019
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Fig.4 Moran'’s I scatter plot of ecological infrastructure development level in 2003 and 2019
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Table 3 Results of model selection test

K7 ik FHIEME P L SWIRES FHIEME PMA
Inspection methods Eigen values P statistic Inspection methods Eigen values P statistic
LM_Lag 22.97 0.000 LR_Lag 67.53 """ 0.000
Robust LM_Lag 129.94 7" 0.000 LR_Error 67.46 """ 0.000
LM_Error 735.68 """ 0.000 Wald_Lag 67.08 *** 0.000
Robust LM_Error 842.65 " 0.000 Wald_Error 64.95*** 0.000
Hausman 35.37""" 0.000

s ok ko JPRIRIRIE T 10% 5% F1 l%ﬁ%'r$7qumgﬁ;LM_Lag;?l‘ﬂ?’%}ﬁﬁiﬂﬂl‘]*ﬁ*ﬁﬁﬂ H I Bk 56 Lagrange Multiplier test for spatial
lag moedel ; Robust LM _Lag ; 2% [B]fiff JE BS54 (1) A% BT H e R (MRS 55 Robust Lagrange Multiplier test for spatial lag model ; LM_Error; 25 [A] 15 22 57
RYPLHE I H IRBE K, Lagrange Multiplier test for spatial error model ; Robust LM _Error: 5% 8] 1% 22 #5154 i 1 4% B H e B0k (@ MEAS 38 Robust Lagrange
Multiplier test for spatial error model ; Hausman ; ZZ 872 K75 Hausman test; LR _Lag: 25 [ iff J5 152 76 (1 (L1 8K LU 56 Likelihood Ratio test for spatial lag
model ; LR_Error; 25 [A] 12 2545 7 (ISR LLAG B8 Likelihood Ratio test for spatial error model ; Wald_Lag : %5 [A] 3 J5 4558 (1) IR /R FEAG 36 Wald test for spatial

lag modcl;Wald_Error:%Imﬁ%*ﬁﬂﬂgﬁ(;ﬁﬁg &I Wald test for spatial error model
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Table 4 Regression results of urban ecological infrastructure development level on carbon emissions

AR i /N ik 23 ]k 2E AR Y =3 [l iy J A 28 23 ] iR 2 A Y
Variables OLS model Spatial Dubin Model Spatial Lagged Model Spatial Error Model
EIDL 4218 3.498 """ 3.874 """ 3.741 7"
(1.227) (1.173) (1.175) (1.178)
GDP 0.029 *** 0.030 "~ 0.028 *** 0.030 ***
(0.002) (0.002) (0.002) (0.002)
IND 7.911 " 1.990 -5.802"" -4.414"
(2.512) (2.643) (2.413) (2.515)
FDI 0.315 0.125 0.241 0.144
(0.353) (0.366) (0.338) (0.350)
TEC -1.216"" 0.222 -1.023"" -0.798
(0.525) (0.578) (0.503) (0.532)
WxEIDL 55.549 "
(17.773)
WxGDP -0.026
(0.018)
WXIND -121.052 """
(20.277)
WXFDI 6.265""
(2.562)
WXTEC -4.782
(3.555)
P 0.526 *** 0.674 """
(0.093) (0.069)
A 0.682 """
(0.068)
sigma® 237.665 """ 241.389 " 241.307 ***
(5.584) (5.677) (5.676)
R? 0.843 0.219 0.107 0.170
N 3638 3638 3638 3638

Fi5 N ARHER 5 | x| sonx AFSIRIRE T 10% 5% 1% B F MK PR OLS  fie /D "3k Ordinary least squares ; EIDL ; 8 117 4 75 3L Al
Wit & J'& 7K F- Urban ecological infrastructure development level ; GDP ; 223 % J& Economic development;IND:f’” Al & & Industrial development ; FDI; %
HP2E 3 External communication;; TEC: WF & A R&D investment; W x EIDL ; 35k i1 A= 45 8 fith 18 il & J/& 7K - 19 25 [H] i J5 5 Spatial lag term of urban
ecological infrastructure development level ; WXGDP ; 4815 /& J& ) % [H] i J5 701 Spatial lag term of economic development; WXIND . 7l & & 14 %5 [B] ¥ 5
i Spatial lag term of industrial development; WXFDI; %438 145 8] J5 I Spatial lag term of external communication ; WXTEC ; fiff & £ A #4225 [8] i
JFi I Spatial lag term of R&D investment ;p ;%5 [i] [ [ )5 2%} Spatial autoregressive coefficient; A ; 25 [A] iR 2210 R #X Spatial error coefficient ; sigma® ; J5 22

Variance ; R? ;15 B Coefficient of determination ; N: FE4S & Number of samples
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Table 5 Decomposition estimation of spatial effects of urban ecological infrastructure development level on carbon emissions

5 it R DE2 e S
Variables Direct effect Indirect effect Total effect
EIDL 4.011 " 125.404 *** 129.415***
(1.225) (44.432) (44.677)
GDP 0.030 "~ -0.020 0.010
(0.002) (0.038) (0.038)
IND 1.269 -260.116 """ —-258.847 """
(2.473) (60.800) (60.396)
FDI 0.171 14.026 " 14.197 "
(0.348) (5.828) (5.747)
TEC 0.193 -9.956 -9.763
(0.546) (7.916) (7.790)

13 5 AT, 3nlrio A 25 R T it ) 3 R0 P T 2 5% 17 28 K873 1) 0 4.011 A1 125.404, HASTE 19 R KF
IR T T AR 2SS T X A b 3B T R0 b 38 T A B B A A B IR AR R
A B B A 2 SR 4 JE AR PATS BeAR Pl A o v, Ty R 5 A o S 3 e 0 1 A Ml i A B, (EL XS 48
MBI T BB HE AT 035 A P 5 28 7 M R B SR A0V, 25 WA 408 4t S i F sk, i B e ) X A T R
Ji AR IE T AR A BRHERL
3.2 Sl A AR R X T e HE A B AR, B B — 2 IS

HIAITSCHR 4 MR 5, BT B AR A5 At 1 i A FR o 8 i HIR T A7 A 0 35 DR A . Rk, i — 2B
TEAE SRR A i 2 —E B BUG , 2 R RESE BUM T B sl HERCR . A or B n=X(7) Fow

carbon, = a, + a, EIDL,,, + a, Controls, +u, + A, + &, (7)
X n RJE B (n=0) , HAAE R BIAAE,

A S HER B A 171U 2R KR R AR XA AR AN AT 5 Bz o 1 3015 2 S0 A 2 S Al B0GE 4 Je X 214 b uk i Ak
HERCA 7% PR R0 5 N 3 0128 11 30, AR 25 Rt it A RS S i B HE OB AT B VR, 2R SRR Bt
JEEF 12 I, A= A Al Bt AT 3 BB IR JX I8 1 75 Al SCHEHE (] U 25 3R P 8 207, SR B 3k
T A S TR BN A JRAIAL THARAKF A 8 1 12 W), i SRR HE R RCR
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EIDL ] 5 2R 1 (95%E.45 X ) e

J& B —WIEIDL —a— 3.867(1.494, 6.241) 3.20

J& '8 HIEIDL —— 2.189(-0.137, 4.515) 1.85

J& B =HIEIDL - 1.068(-1.163, 3.300) 0.94

2 J& B JUMIEIDL 0.11(-2.063, 2.283) 0.10
§ J5 B A HEIDL i -0.155(-2.226, 1.915) -0.15

g & B AWIEIDL —r— 0.633(~1.466, 2.732) 0.59

§ J& B -LHEIDL 0.493(-1.491, 2.477) 0.49
@ J& B J\JHIEIDL -0.323(-2.321, 1.675) -0.32
g J& B JLBIEIDL -0.375(-2.370, 1.619) -0.37

J& B WEIDL 0.238(-1.992, 2.469) 021
& B —MEIDL —— -1.543(-4.161, 1.074) -1.16
JE+ —#IEIDL 'T..—‘ w -3.008(-6.236, 0.220) -1.83

J
-6 -4 -2 0 2 4 6

EIDL[IH R %
Regression coefficient of EIDL

B5 WHWESEMIEHEERKTEIEREFRKE
Fig.5 Forest map of regression coefficient of urban ecological infrastructure development level
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T Tt PR B 180 30 S e A 28 R At At X 38 T sk HIE s ) 2 TR R0, AR S A 1] U 38 P e 3P 25 s ) AR o
FE A BRE AR
34 MR
3.4.1 HUBHAHE

F T30 [ AR U b DX A AE 2 B SRR 25 5 AE 0% R TR b IX, FLAE 28 A it /K - B8 g, e HE Rl B 0y
A AR BRIt A R T e HE TR S ) A7 e S Bk . AR I SR e T Jmy it v 61 b DX 8 40 4, AR SR 5
FEA Y F AR TR IR AR ACFR I | v s S vl 0 G AT, 43 0 23 [RI AL TR AR TAG 56, 45 2R AN 7 B

FH R 7 AT AR X AR p RO 3 U0 AR A3 38 i e 00T J1 320 b DX ) 225 1) i+ A FHAS
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Table 6 Robustness test of the impact of urban ecological infrastructure development level on carbon emissions
b R s LA S I R 23 I BUCE HE RG:
Geographic distance weight matrix Economic distance weight matrix
- ERTT, 1% SR 3 SpEA
;‘ai bles Exclude municipalities Winsorized at the 1st percentiles Full sample
HAERY O SR AR, O SN NER L2 GV TE 2 24 IV SR
Direct Indirect Total Direct Indirect Total Direct Indirect Total
effect effect effect effect effect effect effect effect effect
EIDL 2.291" 194.018 " 196.309 *** 2.743 7" 88.237 """ 90.980 """ 3.585 """ 8.779* 12.363 "
(1.80) (3.51) (3.53) (3.00) (2.83) (2.90) (2.95) (1.78) (2.35)
GDP -60.584 """ —156.774 -217.358 0.027 """ 0.014 0.041 0.029 """ 0.003 0.032 """
(-6.78) (-0.90) (-1.25) (14.58) (0.46) (1.35) (14.13) (0.66) (6.14)
IND 0.995 -225.077 """ -224.081 """ -4.214"* -171.077""" -175.291""" 0.300 -32.405"""  -32.105"""
(0.39) (-3.55) (-3.56) (-2.23) (-4.25) (-4.39) (0.12) (-4.52) (-4.51)
FDI 0.286 14.530 " 14.816*"  -0.606 " 12.444 77 11.838 """ 0.485 1.049 1.534
(0.80) (2.30) (2.37) (-2.25) (2.85) (2.75) (1.40) (1.02) (1.50)
TEC 1.329 " 0.854 2.184 0.900 ** -10.907 " -10.007 " -0.051 =5.577""* =-5.627""*
(2.39) (0.11) (0.30) (2.11) (-1.81) (-1.69) (-0.10) (-3.39) (-3.51)
R7 WHESEMIZER R HHSRHGEER IR SR ERE
Table 7 Regional heterogeneity test of the impact of ecological infrastructure development level on carbon emissions
HBIX Regions
A hE
Variables 7 Rl s [
East Northeast Centre West
EIDL -1.770 -0.779 -0.351 11.170 "~
(1.641) (2.525) (1.124) (4.212)
P15 & Control variables 2 P b 2
WxEIDL -1.267 -0.854 -0.396 —-14.3747"*
(2.034) (2.798) (1.362) (4.900)
WxFE i A5 i WX Control variables = JE 2 =
p 0.190 0.041 0.205 " 0.482 """
(0.110) (0.133) (0.118) (0.095)
sigma® 243.229 %" 96.752""* 56.993 """ 645.6127""
(9.576) (7.303) (2.427) (35.451)
R? 0.322 0.299 0.350 0.249
N 1377 374 1173 714
H A Direct effect
EIDL -1.720 -0.688 -0.313 11.024 "
(1.678) (2.587) (1.148) (4.264)
P45 i Control variables J& & & J&
[ #5500 Indirect effect
EIDL -2.124 -1.048 -0.623 -17.560 """
(2.220) (2.820) (1.512) (6.733)
A5 i Control variables 2 2 = 2
KL Total effect
EIDL -3.844"" -1.736 -0.936 -6.537
(1.580) (1.536) (1.083) (5.639)
P25 i Control variables 2 2 = 2
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3.4.2 FTEGR)

TR AT B B A3 T 7R 2 55 & el Rt 1 | 7l 65 F S ¥ 7 AR B 22 0 3l A A5 a5
it X R HI S 1) 5 Mt A7 S S o DRI, AR 3 T e 5 R 48 S kTl R B T I ST R AR 43 Ay vt 3k ol A
HUCSRT , H O3 B 28 2 i A BT, AR O IR T, IR 2SR g 8 PR
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Table 8 Administrative heterogeneity test of the impact of ecological infrastructure development level on carbon emissions

B TBE
AR Administrative level - Administrative level
Variables ot PRIy aples ot LR
Central cities Non_,c_emml Central cities Non__c_entral
cities cities
EIDL -2.559 2.466* EHERLY Direct effect
(2.932) (1.293) EIDL 0.503 3.415"
FEH14E 5 Control variables I = (2.890) (1.370)
WXEIDL -62.670 """ 105.139 *** Pl 25 B Control variables b 2
(23.309) (18.055) [543 Indirect effect
WxFi il ZE & WxControl variables 2 b= EIDL -23.799 *** 216.659 ***
p -1.730*** 0.495 *** (9.218) (53.764)
(0.219) (0.099) il A5 B Control variables e b
sigma® 125.504 *** 257.095 *** JABLN Total effect
(8.526) (6.497) EIDL -23.296** 220.074 "
R? 0.432 0.208 (9.347) (54.124)
N 493 3145 Pt 25 Bt Control variables P 2

% 8, Ik i i HE I ) 23 1) Jas 1 2800 S AFAE , O30 T A AR LAl 15t 0T A e HE 52 e A ik 2 (HL 4 2 e
AT &0 b T B, - XS 38 e HE A 1) S ARy 3 A B 3 S WY Lo AT A 2SR b TR0 i SR KT
AR O3k T AR A A it & SR KT3I, I ELATS AL T v A b 760 08 b 3 o sk HE B 1) B B, B8Ol A T
3.4.3 BRI

F T3 T 22 ()77 A W DR B 22 5 W R AR AR T A 2 3 A U VR SR RO T R X T A R U R I
7, FLBHE B AR XA o R IE A AR LRI X 5 U 7R 3k i RN A B 5 TR I T A s 1) S R s e, S
2 [ 55 g B1 % 110 4 G YR R T AT 782 2 BRI ( 2013—2020 4F) ), B0 AS SCIIAREAS 23 Sy 95 5 80 3k ol AN Al %
PRI T IR T, AT A S5 RSk 9 PR

9 M mIEZER W, ARG AU T A BRHE O AEAE 23 (B3 SO, B8 PR AR T 7 A S Rt i it ol 2% 4
1R 1A AR T R 3R T e, RT3 A T VR A T ) A A SRR TR R R AT AR R A

4 Hig

A 2003—2019 4FEH [ 214 D HBGTTE B SEREAS | FEAL S Ik i 28 28 A0 A Ji K P-4 b ) 2
Bt b, PPAR SR T A 285 B Aty a8 i %ot 3k i e HIE A e 90 2 ) B HLs T 28O0 WIS & B, ST ik HIE RN A 25 S a8 it
PIFEAE B M 23 0] A A OC I , 38 AE AR SE AR it i Ji I8 25 (12 17 A b 3R T R 408 b 3 T 1% Rl TR, 106 BH 3 B B
I AR A TR R SR ACTAT AR, AT RETh A T B B, O Haz g5t TRE MRS IS . Ak, A A 5Ll
Wit 2 Jie 28 12 JR, FLh s HEVE P S35 BTy 4835 T Je S A1 AR B3l i Ay e B, 3R i 86— b ) 2% i 3 ot
77 B TR AN ik 2 AR AT T A0S R R T P AT, 3T g % A T K ST s X3 0 )8R T B, AR T
LRI T ABRHER . S AT, VA DI T A 3R T R R R AR i 1 A A A R i R R K ST AH
X 5 AT A TFERARA K

I A SCER T IR BRI — SR A ST HERE A b A AR B Rt U, bR T Ak A 6 T AR B
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SR KA BRAE AR AR B B, IR A A TR TN 15 9, 240 Rl T A 2SR ek 5 ), SRRl Sl A 2
LR T A i B WK A J R B ER A AR S e 55, ELAN SN AR 25 R G S H B 1 T, 52 B AR DA
TORIRES o R e R B AR Tl B A SR AR Sl T AR T AR e A, (R LB R O A I,
WA HE R S, A L S5 e Al . = AN RIS, U P M DXy AR LAk i AR & 23 LA
LGB REEXE E BT AN [ A S2 R 5 0, DRt B, A5 00 1 S A 2 Rt it L

R9 WHESEMIEER R HHRHTE IR RER SRR
Table 9 Endowment heterogeneity test of the impact of ecological infrastructure development level on carbon emissions

PR EIK Endowments

=%

\iibles IR R T A T I AL R T
Resource-based city Non-resource-based city

EIDL 10.727 *** 0.186
(3.005) (0.969)

P2 H75 i Control variables = =

WXEIDL 87.749 *** 49.610***
(31.130) (12.311)

W% A8 W Control variables 2 P

p 0.398 “** -0.083
(0.111) (0.145)

sigma’ 477.783*** 108.956 ***
(18.737) (3.193)

R? 0.135 0.101

N 1309 2329

FHKOW Direct effect

EIDL 12.195*** 0.164
(3.255) (0.997)

¥ i 25 & Control variables B S

[B]E400 Indirect effect

EIDL 157.439 *** 46.744 "
(58.481) (11.958)

Y25 & Control variables o P

S Total effect

EIDL 169.634 " 46.909 ***
(59.802) (12.082)

Pt 48 & Control variables 2 &
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