55 44 55 2 10 S & 7 i Vol.44,No.2
2024 4F 1 H ACTA ECOLOGICA SINICA Jan.,2024

DOI: 10.20103/j.stxb.202210223005

AT/ AN BRTAS  ZRHME 4045, )5 T B R SnlTIT = i TR 45 A X B T2 e 1) FRUBE AURE . AR 25 241, 2024 ,44.(2) 1612-624.
He X Y, Zhuang Y Y, Qiu S X, Li H, Zhao Y, Lu S'Y, Lin J Y.Analyzing the impact of urban three-dimensional spatial structure on CO, emissions at
multiple scales.Acta Ecologica Sinica,2024,44(2) .612-624.

1 Th = 2 == 18] 25 #9 X fik HE 5% &2 M B9 R & 30

FTAGE, AR SRARE 5 AR ), 8 BT R

JUMKEE IR E SR BE, T 510006

R TR AR HE T me R P Ay DX, 22 T AR 3 1 22 1) 235 R X L F) B2 MDA B D HE AL A BB S, DIMERIF ST 2 2 T
T B R SG RRHER I SC R WP 47 SRR R HE ORI 3 19 T2 2N BRI T = 4 s (] 45 M 2 S 35 R B HE T, SR T H: 2
Wi ) ROBESSOSAR SR W TR AT o SHRAT™ T SR 9], 4 5 A S 23 M BE LR AR 5T = 4 25 A1 4540 S5 B AR A SC R, JF 48 7R
=S (LSRRI B ]OBERRN . WEFEAE AR (1) (R 2 ) S 1 R U R A ARV N T B R B HIR A 1) 56 B 52
PR, 2 20 i e R DK Sl mn 8 5 SO G - RE DT AR A HE IO 22 5 (2) = 22 1) 45 Ry 0 B el 4y 2 e B AT ) 2 19
RSN, KA 734 RUBE AL A, BRHERCSZ =22 () G548 B9 AN [R] D7 11 3255 (3) ) A D SR 2 i ) A3, A 2R A 1 36 SRk
T = 4 8] B B2 A R AN TR TT A K i, DRI , AR SCRR D T A 2 0L RUE T B = 22 W) S5 48 A9 LA g, 43 BT R 9
TG DX, R IR O i SO ) B0 A ), R 22 v O T A S | LA S8 R e RO -, (2 2 AR il iy g Ry o 5 T 55
K o WFFE AT R AT S i SR = 2 25 6] A1 Sy (445 BRAOC AL S HE 225 A0, Bl g < WUtk ™ FL AR IS 8L

KRR — AR (B Z5 M 5 BRHET s N0 5 BEHLAR AR

Analyzing the impact of urban three-dimensional spatial structure on CO, emissions

at multiple scales

HE Xiaoyu, ZHUANG Yaye, QIU Suixuan, LI Hua, ZHAO Yang, LU Siyan, LIN Jinyao"
School of Geography and Remote Sensing, Guangzhou University, Guangzhou 510006, China

Abstract: Carbon dioxide ( CO,) is the primary greenhouse gas that has emerged as a serious threat to environmental
conditions and public health. Many studies have shown that cities are the areas with the highest CO, emissions. It is of great
significance to comprehensively analyze the impact of urban spatial structure on CO, emissions so that CO, emission can be
reduced through reasonable urban planning. Previous studies have mainly focused on the relationship between urban two-
dimensional spatial structure and CO, emissions, indicating that urban expansion is the main reason for the sharp increase in
CO, emissions. Although the urban three-dimensional spatial structure also significantly affects CO, emissions, the
relationship between them still lacks in-depth investigations. Therefore, the purpose of this research is to explore the
relationship between three-dimensional spatial structure and CO, emissions and to reveal the associated scale effect at
multiple grid scales by taking Guangzhou as an example. These tasks were conducted by using the Pearson correlation test,
random forest regression, and scale analysis. The results indicated that: (1) The effect of three-dimensional spatial
structure on CO, emissions is greater than that of two-dimensional land cover. Among them, ( high-rise) building density,
building coverage ratio, floor area ratio, and population density were the key factors affecting CO, emissions, which could
increase energy consumption and CO, emissions by directly increasing human activities or intensifying urban heat island
effects and the associated energy consumption. (2) Scale effect is obvious in terms of the relationship between three-

dimensional spatial structure and CO, emissions. Although the three-dimensional spatial structure is the major influencing

EE2TH : EEK A RFFEETH (41801307) ; AHRAFAEAF IR H (5202111078001 ) ;)" 734 Bahfi 15 10 HI LR A 9% 3 4 F AR B2 38
4T H (2023A1515030300) ; 2 & 7B A SCHH SR 2EBFFT 35 4R 364 (23YICZH125)

Y75 B #8:2022-10-22; ) £& H AR B A : 2023-10-17

# W IHAEH Corresponding author. E-mail ; 1jy2012@ gzhu.edu.cn

http ://www.ecologica.cn



24 /INVER A5 L IR TT = A 2 (AL 4R X e HR S ) RURE 28801 613

factor at all scales, the order of importance of influencing factors varies among different scales. The dominance of high-rise
buildings is stronger in small and large grid scales, and the dominance of the overall layout of buildings is stronger in
moderate grid scales. Therefore, determining a reasonable analysis scale is another important aspect of revealing the
influencing mechanisms of CO, emissions. (3) As a representative of modern compact cities, Guangzhou should not
unilaterally pursue the compact layout of the urban three-dimensional space, which is not beneficial to the development of
low-carbon city. Rational planning of the urban three-dimensional spatial structure is an important approach to low-carbon
city construction. In conclusion, it is necessary for policy-makers to pay attention to the reasonable layout of the three-
dimensional spatial structure at macro scale and the difference in the impact of three-dimensional spatial structure at
different scales. Additionally, policy-makers should attach importance to the reasonable development of urban fringe areas.
Furthermore, policy-makers should reduce the compact degree of urban central buildings and develop a multi-center urban
development pattern, which can effectively reduce the CO, emissions and promote the sustainable development of low-carbon
cities. In summary, this research can support the rational optimization of urban three-dimensional spatial structure, and can

help to achieve the carbon peaking and carbon neutrality goals of China.

Key Words: three-dimensional spatial structure; CO, emission; scale effect; random forest
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Fig.1 Spatial data used in this study
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Table 1 Data sources of this study
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Table 2 Potential driving factors behind urban carbon emissions
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Table 3 Information on three-dimensional spatial metrics
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Table 4 Correlation between carbon emissions and various influencing factors at different scales in Guangzhou

A5 A5 JUEE Scales

Variable categories Impact factors 1km 2km 3km 4km Skm
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Fig.3 Comparison of correlation coefficients of each factor at different scales
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Table 5 Results of random forest model at various scales in Guangzhou

Ei=L7n R Scales

Metrics 1km 2km 3km 4km 5km
R KL Correlation coefficient 0.9652 0.9394 0.9834 0.9282 0.9754
4 %HR Y% Mean absolute error 0.0363 0.0603 0.0691 0.1020 0.0881
IR iR 7% Root mean squared error 0.4047 0.3820 0.3302 0.4423 0.3704

x6 IHTERETHRERZWEFHEEZSEHF

Table 6 Importance ranking of carbon emission impact factors at various scales in Guangzhou

ARG SR % RUE Scales

Variable categories Impact factors 1km 2km 3km 4km Skm

T A H bIRNEAY] 7.6(5) 3.98(11) 0.9 (9) 2.08(11) 0.5(12)

Land cover ANIB K T L ] 3.66(9) 4.99 (9) 0.37(14) 2.62(8) 0.91(10)
HRHb LY 5] 0.88(14) 4.31(10) 0.67(11) 1.76(13) 0.46(14)
a4 L) 2.65(12) 5.14 (8) 0.62(12) 3.00(7) 1.45(8)

S ey HEST | IR 14.56(3) 11.37 (4) 17.41(2) 9.14(2) 5.68(7)

Three-dimensional o A 7.35(6) 2.46(13) 1.56(8) 2.15(10) 5.71(6)

building structure RS 15.74(1) 12.36 (3) 4.17(7) 5.59(4) 9.12(1)
R 7.06(7) 8.66 (5) 4.59(6) 6.67(3) 7.25(5)
I ER 14.83(2) 29.84(1) 14.2(3) 13.34(1) 8.8(2)
AR 2.9(10) 17.8(2) 0.36(15) 2.48(9) 7.57(3)
SN SITER 2.76(11) 5.26 (7) 0.55(13) 0.03(17) 0.44(15)
YA 0.01(16) 3.95(12) 0.31(16) 0.93(15) 0.38(16)
B SRR 5.12(8) 0.03(16) 19.39(1) 0.7(16) 0.21(17)
A bR 0.01(17) 0.03(15) 0.06(17) 1.83(12) 1.4(9)
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