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Abstract; In the context of the era of carbon neutralisation and carbon peaking,improving urban carbon emission efficiency
significantly contributes to the realization and development of low-carbon city construction. Urban compaciness is closely
related to carbon emission efficiency due to its form,structure and function’ ,and it is important to demonstrate whether

urban compactness can improve carbon emission efficiency and explore its spatial spillover characteristics. Based on the
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panel data of 279 prefecture-level cities in China, the Herfindahl index and the super-efficiency SBM model are used to
measure the urban compaciness and carbon emission efficiency of the prefecture-level cities to explore the spatial evolution
trend and correlation characteristics of the two,and apply the dynamic spatial Durbin model to analyse the spatial spillover
effect of urban compactness on carbon emission efficiency. The results show that; (D The urban compactness in each city
tends to change in the polycentric structure,with a spatial pattern that is typically “high in the south and low in the north”.
The areas with extremely high values are predominantly found in the core cities of major urban agglomerations in China.
Carbon emission efficiency level generally exhibits a steady upward trend , with the northern segment of the high-value urban
agglomeration area progressively moving southward. 2 According to the estimation results of the dynamic SDM model under
the spatio-temporal fixed effect,there are significant positive spatial spillover,temporal inertia and spatio-temporal monsoon
effects of urban compaciness in geographically close areas. This is demonstrated by the fact that the regulation of urban
compactness leads to upward and downward fluctuations in the efficiency of carbon emissions across regions. @) The
decomposition of impact effects indicates that while a polycentric structure significantly enhances a city’s carbon emission
efficiency, it can negatively affect neighboring cities through spatial spillover, diminishing their carbon emission efficiency.
The phenomenon of ‘excessive polycentricity’ in 83 cities in the East under spatial heterogeneity makes the impact of urban
compactness on local carbon emission efficiency *from facilitating to suppressing’.@ In terms of policy formulation, it is
recommended that a multi-centre spatial structure be established in a gradual and orderly manner to further improve energy
efficiency; that market integration be further promoted, market barriers be eliminated and the free flow of factors be
facilitated ; and that transport infrastructure be strengthened and intercity transport costs be reduced to promote a more

positive role of the multi-centre spatial structure in terms of energy efficiency.

Key Words: urban spatial structure; urban compactness; carbon emissions; spatial spillover effects; night-time

lighting data
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Table 2 Descriptive statistics of variables

A FEACHE Ha b 22 R/ME TN
Variable Sample size Mean Standard deviation Min Max
InCEE 1385 -1.099333 0.374156 -5.76481 0.263371
InP 1385 -1.510262 0.736899 -2.525379 -0.085515
InGI 1385 -1.940761 0.528574 —-4.339045 0.660821
InOP 1385 -4.623082 1.436642 -10.936310 -0.978726
InT1 1385 3.459037 0.893717 0.693147 9.154405
InFDI 1385 -1.685394 1.148079 -9.075180 0.345707
InPD 1385 1.725522 0.194928 -0.381119 2.059193
InFD 1385 0.732445 0.429501 —-1.349868 2.373887
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Fig.2 Characteristics of spatial and temporal evolution of urban compactness levels
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Fig.3 Characteristics of the spatial and temporal evolution of carbon emission efficiency
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i 19 W VRS AR R T R A HE R 2 B Rk 2 A (R AR SRR . R, 7EME SR
3T 0 X e HE TR ) s M B, 255 ) PR 282 AN AT 2 A0 A T 22 R 2R, SR /A S o+ 4 () 48 B AR TR R A 7
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AR BRHERCRCR A AR LT 2000—2020 4 277 ANIRTTAY Moran’s 1 AL
BB E—mROR R B 2 R IR A 2000 4EHY 6 A3 NE] 2010 4E 13 4>, 3 2020
AR 8 >, HIAHR, <R R B ARACR A T A S I T RS L TR, A 2000 4E Y 9 A2 3]
2010 4E[9 4 4, 31 2020 459 19 4>, AN ASBIFFTIA A& 30 IR Ik A1 550 o Rk o 2 el v e 2 B I I 1
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Table 3 Global spatial autocorrelation test results

Ay ﬁl}éﬁlfﬁﬁlﬁ'l%ti Wl B R P ﬁz*kﬁFﬁﬁ&k? W R B
Year Carbon emission Level of polycentre Year Carbon emission Level of polycentre

efficiency development efficiency development
2000 0.2893 *** 0.3793 " 2011 0.3155 " 0.4630 """
2001 0.2045 "~ 0.3993 *** 2012 0.2988 *** 0.4793 ***
2002 0.2195 " 0.4232 7" 2013 0.2553 """ 0.4770***
2003 0.2372"" 0.4140 ™" 2014 0.2665 *** 0.4805 """
2004 0.2403 *** 0.4638 *** 2015 0.2728 *** 0.4830 """
2005 0.2355 """ 0.4672"" 2016 0.2992 *** 0.4698 ***
2006 0.2893 *** 0.4586 """ 2017 0.3018 *** 0.4793 ***
2007 0.2126 " 0.4612"** 2018 0.3115*** 0.4824 "
2008 0.3085 *** 0.4720 """ 2019 0.3495 *** 0.4815*"*
2009 0.2858 *** 0.4345"** 2020 0.3736 """ 0.4366 """
2010 0.2593 *** 0.4323 "~

FI A bRUEIR IS N 57 AR LR, # P<0.1; =% P<0.05; ##%#% P<0.01
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Fig.4 LISA cluster plot of urban compactness and carbon efficiency

LISA ; %5 [B]1 3244341 Local indicators of spatial association
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FIIE SR, I, A XS % Vega Fl Elhorst ™ BAG I B, X2 [ RS R 20 B 004 T LM K5 LR A58 A1
Hausman £ 5, KrIG 45 RN 4 iR, 156, k5045 R B 78 LM error robust LM error 1 LM lag 48 1H{H 43 %) A
45.178 ,19.302 F1 26.458 , 431k 1 0.1% B 10 P ACTAG 55 10 W B HE O8R4 23 (RO M 1 A7 e, SR I AT
PAE— 2 )28 A 6 R it

R T a2 MR AR 2SR A 23 () 22 PR AT DU R LG, B 08 T SDM, 47 T Wald A1 LR M3, LA
Y5 UE SDM J&5 AT KL fE R SAR B SEM, Keub b R ITE 1% /KF A4 %, st 2, SDM T SAR
H1SEM,, i1t Hausman K304 36 UEBREH LN AL AR A -A35 [T ARYEAS 30 25 5 F0.4e T REHLAUN R, L
RIS AE R R EAT RN Y SDM X S A A, JJa, I LR Rz Sext SDM ARRY (1) [ 2 200 25 74
PEATHRE | A0 4% SR 446 25 ] 1 5 2050 17 () B A5 S b =5 P AR st [ [0 2 R0 O B A RS i 5 e R B, st
W, R Jw) ] 5 NG T A AR [ S A0 5 P ) [ T A5 o 2 b i | R 2 TR AR T o 9 [ 800 1Y SDML X 48
s Foe ELAULAPE | DR AR SR 3 00 v 781 22 007 ) 4 1) el A PR 0 7 25 () R0 A, 3 495 Mt B 2 ) 4B 3T 0—1
FEFEAE N2 A AR I, TR R BEA T RA e MEAG 46

R4 ZTEHHERBRBRER

Table 4 Results of spatial econometric modelling

K A LOL O R7S AR 5 Seiti{E »
Testing indicators Testing methods Model testing Statistical value
LM K356 LM test LM test no spatial error AT 2R 56 45.178 0.000
robust LM test no spatial error 19.302 0.000
LM test no spatial lag 26.458 0.000
robust LM test no spatial lag 0.582 0.445
RRTERE TS Wald test Wald test spatial lag 27.240 0.001
Wald test spatial error 16.350 0.038
LR K LR test LR test spatial lag 28.800 0.000
LR test spatial error 28.230 0.000
S S A Hausman test Hausman test AR50 A6 B 36.330 0.002
LR 58 LR test LR test spatial fixed-effects 47.840 0.000
LR test time fixed-effects 741.280 0.000

LM : $4% B H e # Lagrange ; LR . 18K LUK Likelihood ratio

3.3.2  [IHZERSHr

HRHE 2s [l AT I A5 0, SHE S NSNS SDM AR ) i 2 [ 52 8% 07 40 BSOS LA 31 | IR R4 T4 L, Bde 4%
RAnZR 5 Wi, FEPIRMRIAY v 35T SR 0 B e HE ORI 1 R O 1) R S KO SRR — B, A, B
SDM #5275 ] Hhf 75 3nk T 550 2 190 o (R J5 00, 23 R0 S R 235 5 I 300, ELARIE A 0.19% 19 5 3 M K A 56
HE—2 R ShZS SDM BLAL [ S B 1145 XA R HA s i iR 7

HR A 2 i1 5 2400 T B3I SDM BERMETHE5 R, K L. (1) 25 (B 4E 8 J7 T, 39T 58 138 ) 5 () i J 0 4%
B4 2 0 IE (0.255,P<0.001 ) , 6B AR AR SR b DX 22 ] 477 Jb 25 119 2 8] 3 3500, 35 42 Jmy 25 () A DG MG 3 245
Re—2, (2) By B 5 T, 3T 58 P s T s i TR 45t 25 R I (0.982, P<0.001 ) , T A I T 55 12 B A7 A
AF ST, SR B Y L ARV, W] RS T 225 (5] 45 14 I8 B B0 19 St A7 A ) [B) 9 )5, 5 S5OReHE T s o
A A T B — T S AL i o B A U0, 3T R 8 1 8 R T B — ) A 3 1 A A | LB SR e N 43 3T
20| R WA 2 b DX e HE RO L T S T B e — BEI 1] A RB % 25 B I 76 AH S8 b DX = AR 2R 52, (3)
Fish 223 L [ 24 85 75 TR, 3T 6 2 ) o 2 i i IR 85 Bk 2 M 1 (0159, P<0.001 ) , R AR |l X — il ok vl 5
3 X403 b DX e HE A 8 3 ELAT T Iy s e, RV A e 28 2 UK, — T R A D R 3 T - 22 v 28 ] 45
A A0 R 0 A ] PR B HE R RS2 8N . I AR HR A SR 8 U B0, IR Tl K 028 4 3 5 T
ST R AETRA ISR R RERE 00 7 s IR I M R HE iR ) AR i B 22 5 — e A, X ) &
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JE SR AFAE BRI RL RE 1) 4 (B DGIE | PR ke — N30T S50 BE A 1 1T e £ S B0 b B BCRCR 1 b R gl
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F5 BBIMEFLER
Table 5 Model regression results
ZhA5%5 Al T2 AR AY Dynamic spatial durbin model

o PTG - R 5
Variable . %u‘ﬁq“gmﬁim ﬁﬁﬂillﬂ‘mﬂﬁlyl With spatial and temporal Static space durbin model
With time lag term and With time lag term
spatial and temporal lag terms lag terms
InCEE(-1) 0.318"** 0.328 """ — —
(10.74) (11.19) - -
WxInCEE(-1) 0.159 " — 0.255 " —
(2.59) - (4.19) -
InP 0.254" 0.263 " 0.301 " 0.284 "
(2.28) (2.35) (2.70) (2.75)
InGI -0.059 -0.051 -0.062 -0.122
(-1.31) (-1.14) (-1.38) (-1.89)
InOP 0.017 0.018" 0.018 0.017
(1.83) (1.81) (1.84) -1.85
InTI 0.006 0.005 0.011 0.027
(0.27) (0.21) (0.49) 1.2
InFDI 0.004 0.002 0.004 -0.026
(0.25) (0.15) (0.29) (-1.85)
InPD 0.096 0.103 0.005 0.316
(0.75) (0.80) (0.29) -2.36
InFD -0.182"" -0.195 """ -0.142"" -0.086
(-3.39) (-3.65) (-2.67) (-1.71)
WxInP -0.584"" -0.517" -0.654"" -0.497 "
(-2.78) (-2.47) (=3.11) (-2.57)
WxInGI -0.088 -0.068 -0.040 0.062
(-1.11) (-0.87) (-0.51) (0.85)
WxInOP -0.026 -0.032" -0.030" -0.039""
(-1.68) (-2.006) (-1.96) (-2.75)
WxInTI 0.076 0.084 " 0.088 " 0.083"
(1.80) (2.02) (2.09) (2.10)
WxInFDI -0.066 " -0.069 " -0.081"" -0.048
(-2.22) (-2.31) (-2.72) (-1.73)
WxInPD 0.272 0.374 0.196 " 0.653
(0.80) (1.11) (2.23) (1.85)
WxInFD 0.263 " 0.236 " -0.045 0.094
(3.00) (2.70) (-0.64) (1.13)
P 0.203 """ 0.191 """ 0.219 """ 0.210"""
(4.93) (4.63) (5.32) (5.67)
R? 0.1082 0.0966 0.0719 0.0910

5 PABRUES BUE ;p I 2SS R AL * P<0.1; % P<0.05; * % P<0.01

3.3.3 MM ST

SR, ZHAS SDM BEARUAL 125 AN BE 4% S Wt 30k 7 5 88 B X i HE OGRS bR s, it — b B 58
FERG A SGN FN 53 ()8 RN, B2 7 A0 I 9 ik F 45 AR S EA TR 3 438, 43 00 M B850 | T 422K
JO7FLERAEONE 3 A2 A BT 0 T 5028 B T HE BSORS0R 1) 238 B0 00T, B 45 R I3 6, Hoh EL RS0 &4 —
AN S N HE TIOR3 ) LA M LA R 2728 Ko A0 b DX HE B0 388 26 7= A 1 S i Iog T ) 2 368 g D) S 46—
AN B A 1) i HH SO, F 475 410 30T M X P12 785 i XoF A il DX IS5 3 40 i) L R A8 0T b [X. ) 32 2 e %of HL i HE
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JHCBECR A S 32 T X A s DX HE IR0 7 A A S A8 D) 2 8 R T 422 30007 () IR, i e T 45 A4 A
TR HEBUSCR -5, BT ahAs SDM AL & T3 5 — 10 £ ol e R KT B H: 2 [R) i e
S [ 24 B 1 S 43 Sy Jd A 255007 R B 3500

6 HYSTIESE FF M IR S5 BE A JE) ELRERLN (0.268) WA IE KM B ERLN (0.232) B A IE M
ST R AKORE (—0.688) W3 A 11 A T AR (—0.860) o DRI 540 B B BRORTHR B A R R )
A, — 5 T SRR I J 3 A A LR AR e B 3T R s R RS — > B e HE OO A S RS
26.8% , KR BN FIER) 23.2%, X— KI5 Sun 25 1B A—3, {05 Sha 2 F1 Chen 251" 1Y & I
—3, HE—2L T, BT S5 R 2 5 T O IR R AR 55 1R A A O DX s A v e o b R )R 4 A
FUGEIEIR 2 1022 PO T 4540 ] LA A5 45 o DXL AN 58 46 RO 28 B Rt 23 Sh i e/ A A1 e B 5 3
BB IR AR LA T IR B IR EC DT i SRR FHRCR AR HE R . Dy — T T, A
8 B g L AR 2 B A0 I T 1 22 v KT R I — AN BT R T 5O A P i 1 i HE S AR D
68.8% , KA M 1IN ZE 86.0% . — A>T BE Y I R A, 22 s 26 J I SF- A w3 118 3k T 2 W MO &8 30 3R 7l 1) 57 3
T A FEGWRAET LG ), FEXFIIE LT, SR T 32 3 AT RSO ™ 5, DT B HEBCRCR BRI

F6 BT EMEERE TR ERN S H i H

Table 6 Spatial direct effects and spatial spillovers of the dynamic spatial Durbin model

By s 7 A b A s s A R A
Dynamic spatial durbin model Static space durbin model
A KRN Long-term JE AN Short-term KRN Long-term
Variable BOEMON WRHBON RN RO WMVEON BN ERMON  ReEOY  RAON
Direct Indirect Total Direct Indirect Total Direct Indirect Total
effect effect effect effect effect effect effect effect effect
InP 0.232" -0.860 " -0.629 0.268 * -0.688 " -0.420 0.266 * -0.530" -0.264
(2.06) (-2.39) (-1.54) (2.49) (-2.78) (-1.55) (2.53) (-2.39) (-1.09)
InGI -0.067 -0.116 -0.183* -0.061 -0.063 -0.123 -0.083 " 0.060 -0.023
(-1.53) (-0.88) (-1.27) (-1.42) (-0.67) (-1.28) (-1.98) (0.72) (-0.26)
InOP 0.015 -0.040 -0.025 0.016 -0.032 -0.016 0.016 -0.042" -0.027
(1.57) (-1.54) (-0.89) (1.77) (-1.80) (-0.89) (1.88) (-2.58) (-1.57)
InTT 0.024 0.166 * 0.189 " 0.016 0.111" 0.127* 0.031 0.104* 0.135*"
(0.99) (2.14) (2.12) (0.71) (2.12) (2.14) (1.43) (2.31) (2.64)
InFDI -0.005 -0.141"" -0.145" 0.001 -0.099 ** -0.097 " -0.028 " -0.061 -0.089 "
(-0.31) (-2.74) (-2.48) (0.08) (-2.84) (-2.50) (-2.08) (-1.76) (-2.41)
InPD 0.276 0.885 1.161 0.233 0.549 0.783 0.356 " 0.836" 1.193"
(1.87) (1.46) (1.69) (1.73) (1.33) (1.69) (2.62) (1.97) (2.46)
InFD -0.130" 0.215 0.084 -0.138 " 0.194 0.055 -0.081 0.089 0.008
(-2.54) (1.56) (0.57) (=2.71) (1.95) (0.56) (-1.67) (0.92) (0.08)
p 0.219 """ 0.210"**
(5.32) (5.67)

55 N ARUE B ;0 2SI IS R BL; = P<0.1; #% P<0.05; %% P<0.01

T R B A T N B KT BN, X — 25 AR, ST 22 by kR XY b IR B AT 45 52 M AH
Eb, X @03 30 T A AT S A K, X 5t T ZEPPAR BT 2 v 2R SR Rt HE JICAA A 1) i B 25 B2 TR
PEREE M, T RN T ELHEAON , 3T 28 1 AR R 7, 3 3 B 2000—2020 AFHA 1], Bl i
W K R AE R AR B E AR HEBOSCR T T R ¥ T BB, A2 hul, RFTEEEEAR T LUE B
5, BITE 400 9 B LA K LAJG A 301 % e v, 22 R 22 JR 1 0T 285 ) AR ARG 17 3o Tl A B HE B ss o . 561 H b
(9 5 JE AR L B 3k T 55 32 5 i HI O3 1 25 TR O R, HEWT IO 117 22 vt 2 R /KT LA HR 800 A A |
AR HE RS
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Table 7 Robustness test results

At et e B L 37 e
Variable Substitution of explanatory variables Inverse distance space matrix Geospatial matrix
InCEE(-1) 0.157*" 0.487 "~ 0.618 """
(5.66) (16.54) (21.00)
WxInCEE(-1) 3.179 7 137.468 " 133.919 ***
(6.94) (289.60) (282.44)
InP 0.179* 0.331"" 0.178
(2.19) (3.03) (1.62)
WXInP -5.721""" ~71.094 " -83.003 """
(-4.34) (-40.96) (-47.59)
il 48 i Control variable = 2 =
p 0.984 """ 61.878 *** 61.895 """
(4.25) (340.88) (344.13)
sigma’® 0.040 *** 0.025 *** 0.024 ***
(29.30) (10.23) (9.89)
R? 0.0148 0.0055 0.0056
A i Sample size 1108 1108 1108

55 NN FRAE N BUE ;p 2SS 2L sigma® W22, = P<0.1; # % P<0.05; === P<0.01

3.5 SFRHERE

IR TS X5 Al s DX R 3 T 25 R K 22 A , 5 ) B el 2 e A i T 502 P o BRI FIO8 3 7 A S o
PEREIE PRI AR 83 /M R i LA B At DX BEA T LU A3#T , A5 R a3k 8 FIZR 9 i, MR 8 AT LI I

AR L DXl T A 0 B 30 T 23 TR S5 AR ) 2 B HE R A B TS 3 1 — 5 A 4 P, 55 HeAth s DA LA
T A S BOPERAAE o 20 AR O BOAKNE it v mT LR Hh AR S DX )RS0 R R0 5800 T 00 L
RO P W e X ULIAEAR S 83 ANIKTTAEAS KR R A7 A < a2 AR B, (AR ST R
B X R AHECSCR R - th e e dm”

®8 HEMEKRBER
Table 8 Heterogeneity test results

At ARABHL X Ftb X AR ARARHLIX HoAtb it X
Variable Eastern region Other regions Variable Eastern region  Other regions
InCEE(-1) 0.323 " 0.319*** 45 &t Control variable JE JE

(5.91) (9.07) P 0.195" 0.183 """
WxInCEE(-1) 0.317" 0.182"" (2.12) (3.82)

(2.29) (2.61) sigma® 0.059 *** 0.073 ***
InP -0.559 " 0.439 *** (16.04) (24.51)

(-2.21) (3.55) R? 0.1200 0.1201
WxInP -1.356" -0.585*" FEZA L Sample size 332 776

(-2.94) (-2.59)

55 NN FRAE DN BUE ;p 2SR 2B sigma® NT2%; = P<0.1; #* P<0.05; *#* P<0.01
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Table 9 Results of heterogeneity analysis

§ o K100 Long-term SR Short-term

e ekt o o — —— o, o

Dimension Vaiable | HIERUY  WE BAUE CRN WROY R
Direct effect Indirect effect  Total effect Direct effect Indirect effect  Total effect

ARABHLIX InP -0.901 " -2.751*" -3.652 """ -0.490 " -1.122* -1.613 "

Eastern region (-2.47) (-2.76) (-3.24) (-2.00) (=2.70) (-3.74)

HoAth b 1X. InP 0.578 " -0.989 -0.411 0.430 *** -0.579* -0.149

Other regions (3.09) (-1.46) (-0.54) (3.65) (-2.21) (-0.53)

FES N BRI BUE ; * P<0.1; %% P<0.05; # 3% P<0.01
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(3) MBS 5 SR B A6 T H2 800 7 1T, 3T R0 B R4 i — > B e HE SRR A S I P 8 n
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