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Low-carbon development effects and mechanisms of urban density in the Yangtze

River Delta region

CHEN Fei*, XU He, LI Yonghe
Shanghai Institute of Technology, Shanghai 201418, China

Abstract: Urban density is a representation of the spatial clustering degree of various elements within a city and is also an
important means regulating the efficiency of resource allocation among these elements. Previous studies have predominantly
focused on the physical form of urban density to examine the utilization of urban spatial resources and environmental
concerns, with little consideration for carbon emission performance in studying the evolutionary logic of urban density. This
study is grounded in the viewpoint of maximizing ecological benefits by minimizing natural resource input and maximizing
value gained. A comprehensive evaluation index of carbon emission performance is constructed from three dimensions:
economic, social, and environmental. Taking 41 cities in the Yangtze River Delta as an example, the spatio-temporal
evolution and correlation characteristics of urban density and carbon emission performance were analyzed based on standard
deviation ellipse. The geographic weighted regression models and Geodetecor were used to determine the impact effect and
mechanism of urban density on carbon emission performance. The results indicate that; (1) Both urban density and carbon
emission performance have increased, with the growth rate of urban density slowing down while the growth rate of carbon

emission performance accelerating. The development pattern exhibits a southeast-to-northwest development pattern with
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continuously strengthening correlation. (2) There are spatiotemporal differences in the impact of sub-indicators of urban
density on carbon emission performance. In the southeastern region, most cities show an increase in the impact coefficient of
each sub-indicator, maintaining directions of influence. Conversely, in the northwestern region, population density’s
negative impact significantly intensifies, economic density changes from negative to positive influence, and spatial density’s
impact shifts from positive to negative. (3) The interaction between urban density and other economic and social factors
influences carbon emission performance. The synergistic effect between economic density and industrial structure has the
greatest impact on carbon emission performance. Additionally, compared to the independent effects of factors, the
interaction effect between population density and other influencing factors experiences the most significant increase.
Clarifying the impact and mechanisms of urban density on carbon emission performance can provide a basis for the rational

optimization of urban spatial structure.
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Table 1 Indicators of urban density
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Table 2 Types of interaction between two independent variables
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Table 3 Regression model test results

A gt (D T3 2N T T4t PAi eV [l A 56 Fafdt 15 P {E
Variable VIF® T-statistic P-value Robust T Robust P
Cons — 2.1514 0.0326 1.9470 0.0529
PD 2.3950 -2.1314 0.0343 -2.1649 0.0316
ED 6.5600 5.1711 0.0000 5.0936 0.0000
RD 3.4440 -1.9974 0.0471 -1.7880 0.0753
TECH 1.7131 2.7681 0.0062 2.6319 0.0092
INS 1.2516 6.8167 0.0000 6.1406 0.0000
ENG 2.2550 -2.3324 0.0207 -2.4078 0.0170

(1)Cons: L HRR Constant; TECH . 7 Rt 45 Technological progress; INS: PEAV 5 Industrial structure ;ENG: fi
level; (2) VIF; J7 Z MKk F Variance inflation factor

OLS [mIYA AT AAE— 7 R HE b S RS i 3 2 X B HE I Bt A0 A7 A
I s B DX 3, 3 4 2 X B HE T St A R 5 W AW, AN ] TR 25 | AR Tk 23

BRI #E 7K F- Energy consumption

SR (ELAZ 1) T DX e e 22 S e, AN TR ki

http ; //www.ecologica.cn

S[a) 22 S as

< [A] O B T A



10 441 R A5 R = X T 3 B S B HE T S 8 14 52 8z -5 AL 4099

A FERCA AL (GWR) (22 R EE M FANAL (MGWR ) FliE 28 #y BANAL MR ( GTWR) I 0S4
RIATHE T, 3R 4 S5 Won , SRAR I 1E Ui A KNI — 350, B0 0F TRERIZE R a5, BR
SUFEE LA, N VR FE NS [B) 3 FE 4R T2 B BRI HE i S 0K Y- o £ 75 I Il A R v 0 A8 s 1) B 2
P FUA P EEF AICe {H, GTWR LAY B3 47 (9 [ A 25 5 | DR, A9 3 T B R iy [l U 45 SR R I A

R4 HEARBENSRESHERILER

Table 4 Comparison of regression results and parameters

s OLS fi#! GWR #&7# MGWR ##1 GTWR #7
Variable OLS Model GWR Model MGWR Model GTWR Model
PD -0.308 *** -0.703 ** -0.729 ** -0.794***
ED 0.305 *** 0.426*** 0.602 ** 0.442**
RD -0.135*" -0.192" -0.206 -0.198 ***
INS 0.826** 0.813" 0.339 0.782***
ENG -0.044 -0.031" -0.545 -0.042*
TECH 2.957*** 1.886"" 0.234" 2.106**
R? R-squared 0.495 0.806 0.857 0.916
JH% R? Adjusted R-squared 0.607 0.765 0.853 0.913

BT e 7 BN AICe 17.704 72.964 -30.315 3.411
KA F it Fostatistic 32.366 %" — — —

B 7548312 Chi-Squared Statistic 139.802 *** — —
Koenker ( BP)#:%; P[ Koenker ( BP) ] 34.328*** — —
Jarque-Bera £ 55 P( Jarque-Bera) 0.574 — — —

s owox ko ok JPRIERORIEE 10% 5% 1% 53 KR AlCc . BRIl 72 (5% B UEN Akaike information criterion

2.2.2 GTWR [FH&5 5507

& Bh GIS F- 53X GTWR AAILS LA T nT Ak, 320 RS2, AR UR 7% 2000,2010 DL K 2020 411119 241
(2 R4 A5 G5 A 3 B . 41 IR 11286 B2 i HE S 00 5 Wia 1E A T, B £ 1] 52 e R T i
NI 285 B i WP HE T 8 ) S M A AE P A AT R, — R FE R ALNE , 11 25 8 T = e 44 v L 3 3 A fH R LU
R RS VIR A B T A3 R SR TR SRR - § — 2 B2k H) 4 G B0 T 9 U5 T FE R R 5 IR
FIREHE I RHE SR RAR Y B P R AARZ A5 5 28 40 A I 25 530 R, 2000 4F- 2 2010 4R, ff i)
SR [X 8 AR e 2R R LXK YT IR TV LA S VA 2 LK T ) 5 M0 IX 3823 A 6 37 7145 T 0
LA ARG, 2010 452 2020 4 AR I R WA HEs, 5 2020 45, 2308 A6 1 2% B2 S ikHE i
5 S b AL s i o) | i 0 o 5) B I sy B R e 7 i [ 80 TN B el L1 B0 o FZ N TR R e 8
AR AT A7 FE TR, N 1% BE S RRHE SR A 52 i =5 2k 1 1] 5 1T 7E Y AL, B Hh X i B N IR 4R
N 0285 B s R PR B Gss A B T/ IN T4 57 R 1) A S5 388 %) R AL IS 5, 70 1] 5 Wi 20807 194 58 5 (HL PG 6t
AHORT A B S | R R A, AR N T AR A 10 %8 ot B HE TR B8 ) B i ph £ 5 1

LT T e AT DA S R R HE B, 4 4 B X A SR B B T 2R K {2000 4F A 0.225 FF
= 2020 A1 0.724, IE A MUREIG IR . AR, K = A b DX =l 25 W R WG 1) 3 e st Ak 8, DAAIF R 1521
& AR 55 A BAL F A AR R B AR = B A P IR 45 FU L T, 2 A R B R v, A R [ G T R
L0 BT HE SRR A 1 1) 5 MR RO T A RZ IR A B AR AR Ak R, 2000 4 E 2010 A, P LS
R348 5 5 B o e HE R S8 R ) oAy 67 T = A Gl s X o S0 o4 1F 5 2010 4E 2 2020 4| BE & Ik
T & AR R, AR T 0 4 T 4 Ko i HIE T 8355 94 L 1) S M i g 0 — A5 B | D 8 10,320 7 P 67 ) i M 1 17
SV RS PG IR RO R AR R A R A X EER A, 7E VG AL AR X 46 T 28 T B B AT LA
Fb AR T S 1L DX AR AR B U ) SR . 5 R P b XK EE P Lk Tl 22 R W TR R I T | 48 6 R AR SR A
1, BUAT KR8 MV AT SR AL 25 5 GE RO & ey 2, FE DL A 50 |, SR T 2 B X B 852 15 e A B 1 T O
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Fig.3 The spatial pattern of GTWR regression coefficients from 2000 to 2020

223 [ 8 PR O B HE OB A ) R i) S B3R B B ], S0 ZR B {EL R 2000 4119 0.06 FEARZE 2020 4F19-0.49,
= b DX T 25 ) R ARDOT R rmr , (E 22 v 2 A N AT A8 38 T4 F2 3R T sk AT Il T 2 H) 54
TR, A LSRR, BT D RE 73 25 2 A [ B, 5238 BEAEAH LT =, 3 25000 16 52 W0 500 32 7 1 K
SEMAZ N I 23 22 51,2000 4F 28 2010 43T 2 8] 4 56 PG b 90 3t DX e HE O84S iy 1) 5 D TE 1)
AR S M DX M W 1 R (BT TIH L Af 1) S 3, 2010 4R J5 P AL S 1] 52 e i — 28 g, He b 22 08 vE L 2 1)
B BE X IR HE I SRR B 5 G () B2 0300, oA DX/ N3l vl 3 2 AR R 3 Ml /0N R A5 7l 0
T, 23 ) AR AR, Sl iy AL DAL 23, B2 3k T 22 1) B e RSB A AR . =2, B BB DX A B AN B T
SR i Gl P R 1] U P S A A 25 B T BRI, ST B 3A , Bk HE R T o 5 S5 B [RI I, 28
IF1) 25 B8 e v, veg RE AR U4 AR R HE L NI i, 2 b2 [ R A, i X S BOE W R B IERE B, R, ook
e FE Ao IO A Xt AN [ DX I A R B B, SR SRR T A 8 22 1) B S BEAS AL TR B | AR B 7 - 3t I BR T OB R

http ; //www.ecologica.cn



10 3 R A5 R = X T 3 B S B HE T S 8 14 52 8z -5 AL 4101

223 ZHZRME R B

5 T A5 R R X i HE R S A ARSON SREE (g ettt ) o 50 R A R e 5 PR R B/ MK IR
R 7 S R > 28 0 FE > R AL > 23 ()98 B > N 9% B SRR IR THAE /K-, X5 GTWR W45 R b0 48 i
)52 M B AR R/ INHE Y A IS TR] 336 2 R T4 2 B 5 L s el PR 2R A2 B AR T 38

R5 HWETFHEBHRUER

Table 5 Effect intensity of impact factors of carbon performance

A8t Variable PD GD RD TECH INS ENG

q BT g-statistic 0.171 0.319 0.209 0.284 0.356 0.153

P {8 P-value 0.003 0.000 0.001 0.002 0.000 0.010

f# B F1HEF Rank 5 2 4 3 1 6
2B R PR 22 18] (8 232 BAE PR R HR B R ) R 15 55 o 38 AR ZE R T LLo3 2 AR 2t

B (NE ) FIXUA FH 5% (BE)

Il 4 AT, S5 B R A L 30 2 B 5 LAt el R 32 B R R HE Tl ST R00 6 s e e R X T B TR
Yrf W A AMASE I R R Y ¢ GeitHE N 15.3% 2 35.6% , 38 LA R 18 39.1% 2 56.7% , FKWI&H
M PAT 2 % itk HIF TBCTRL ) 53 W 7 — 8 DI | AN A AH E 8 ST R 5 0] PR 5, %52 PR 22 AR TS ¥R T
BRI . T B A I b 5 BEIRTHAE AT P 454 LA S B 38 20 25 52 e R 3R O R4 T, 3 [ 52
i s HE R SRR

G BE 5 7 A5 R Y A HAE X B HE ST i R ) BE SRR, AT LASR R 56.7% Mt sk B 4k, —
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M Bk HE TR SR s () 43 A 22 S W 3 )
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Fig.4 Interactive effects of impact factors of carbon emission
performance
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Fig.5 The specific difference between interactive effect intensity
and the sum of two individual effect intensity
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