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Guangzhou in 2021
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Fig.4 Proportion of different types of green building in
Guangzhou in 2021
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Fig.5 Contour map of green buildings rating in Guangzhou in 2021
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Table 3 The parameter values of standard deviation ellipses from 2008 to 2021
Ay o 22 A ] 1 A ke b i (x) Posi(y) Klipr s /km S 4ilbn 1 25 /km Ji s/ )
2010 12.15 1042 786.3 2568 949.4 5.03 0.77 92.74
2011 19.39 1044 206.8 2569 098.5 1.66 3.72 89.45
2012 1 606.18 1052 134.6 2571505.2 15.51 3.30 15.92
2013 1188.88 1052979.7 2563 073.5 24.38 15.53 174.54
2014 1569.75 1054 869.8 2565 136.8 24.54 20.36 170.74
2015 1 666.36 1056 658.0 2565 043.0 26.00 20.40 173.03
2016 1815.82 1 055 869.1 25653239 26.67 21.67 163.65
2017 1916.35 1055 156.2 2565315.8 27.99 21.80 160.48
2018 2024.59 1055 552.5 2564 578.2 30.01 21.48 161.84
2019 2 094.96 1056 457.8 2564713.2 30.31 22.00 164.49
2020 2299.07 1057 559.3 2566 091.0 31.31 23.37 169.20
2021 2321.00 1057 373.8 2 566 538.8 31.66 23.34 169.17
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Fig.6 Change of gravity center and standard deviational ellipses of

green buildings in Guangzhou
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Table 4 The factor detector of green buildings
2=l ik B T s
R B N - X .
qfH P qfHfY  qfH Pl qfHflb)y  qfH PlE qfHHH)Y  qfE P qfHHEF
) X,Pop 0.160  0.022 4 0.131 0.034 3 0.158  0.007 1 0.144 0.040 6
X, Estate 0.137  0.056 6 0.102  0.170 5 0.049  0.633 5 0.145 0.018 5
sk X,GDP 0.133  0.028 7 0.080  0.245 6 0.089  0.199 2 0.116 0.049 7
e X,Income 0.236  0.000 2 0.132  0.049 2 0.023 0.963 8 0.214 0.000 2
ks X,Carbon 0.110  0.091 8 0.061 0.367 8 0.038  0.520 7 0.099 0.122 8
e X,PM 0.155  0.020 5 0.072  0.434 7 0.055  0.548 4 0.155 0.012 4
Vi X,Elec 0.187  0.000 3 0.122  0.030 4 0.057  0.483 3 0.174 0.002 3
o X, Water 0.413  0.000 1 0.154  0.070 1 0.042  0.800 6 0.452 0.000 1

N PR b, AYHKE (Water) > An]
TR (Income) >HIHHE%E (Elec) > A
%% (Pop) >PM, it ikE (PM,,) > ih/=4%
TR [ R e P LT (Estate) >GDP 3 AR
(GDP) >TRHLEEEE (Carbon) . 445 5156 1 ¢
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A TS R BN, AWHKE ., A L
WA L N 15 B A o e e g 2,
NN EEV &) PSR R N L | S S SR E L
A A 52 NP K R s e kK, X R i 2
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Table 5 The result of the interaction detector

qft

Pop
Estate

GDP
Income

Pop Estate GDP Income Carbon PM,; Elec Water
0.16
0.38°
0.44°
0.51°
0.40°
0.45° 0.58°
Elec 0.55° 0.42° 0.51° 0.52°  026° 0.39° 0.19

Water 0.58" 0.58" 0.60° 0.72° 0.53* 0.55" 0.65" 0.41

T a BRI RN 45, b RN TLA R A E R ik

0.14
0.51°
0.48°
0.36"

0.13
0.72°
0.42°
0.57°

0.24
0.41°
0.40°

0.11
0.37°

Carbon

PM,, 0.16

8ANSEEA HAE I I B s B g, Hop, ]
R R RT3 T 1) 5 38 R U -5 5 A8
K-S NIV | RHECEE . PM, S % 3
A ISR R U T35 s HoR AR B 2 Al 52 0
VEFIE DAL RS 58 , 8RN )72 5 P 7 52 T ) A
TR T AR R R
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Spatiotemporal Variations and Driving Force of Green Buildings in Guangzhou, China

Lin Manhua, Zhang Wanna, Zheng Rongbao, Zhao Kefei, Zhong Qi, and Lin Lijie
(School of Management, Guangdong University of Technology, Guangzhou 510520, China)

Abstract: Green buildings are characterized by energy saving and emissions reduction. To achieve the goals of
peak emissions and carbon neutrality, large-scale development of green buildings contributes to relieving the
pressure of resource shortage and environmental degradation. The extant literature on China's green buildings has
mainly focused on standards and rating systems. With regard to the rapid growth of green buildings, research has
increasingly focused on the development patterns and mainly concentrated on the nationwide or regional scales. It
is essential to study the spatial and temporal patterns of green buildings and explore their dynamics in urban
China within a particular city. Taking Guangzhou as a case study, this study comprehensively explored the spatial
and temporal patterns of green buildings which were awarded the Chinese Green Building Evaluation Standard or
LEED certification from 2008 to 2021, and further identified main factors in terms of market, economy,
environment, and resources driving such patterns with the aid of ArcGIS spatial analysis and GeoDector. It was
found that: (1) Temporally, the growth of green buildings demonstrates a policy-driven trend of rising first and
then descending. (2) Spatially, there are significant differences in green buildings project, construction area, and
types in terms of green office, residential, and other public buildings. The green buildings in the city center of
Guangzhou have considerable differentiation and complex levels. The high-level green buildings are primarily
concentrated in Tianhe, Zengcheng, and Huangpu Districts, while the low-level green buildings are mostly
located in Conghua, Panyu, and Nansha Districts. (3) The spatiotemporal patterns of green buildings exhibited the
following features: The gravity center of green buildings moved northward and then southward;. The range of
distribution has continuously expanded. The developing trend in Guangzhou present northwest-southeast
direction with gradually enhanced directionality. (4) With regard to the driving forces, resource factors are the
primary driving force in the development of green buildings, followed by economic, market, and environmental
factors. Specifically, among the three types of green buildings commercial, residential, and office, resource
factors are the most important driving force in developing green commercial and residential buildings, while
market factors deeply affect the spatial variation of green office buildings. Notably, environmental factors also
play a key role in green residential buildings. From the perspective of geography in the spatiotemporal dimension,
this study systematically reveals the evolution and determinants of green buildings in China. The findings provide
scientific evidence for governmental decision-makers and urban planners in green buildings, new insights into
green buildings development and enrich the theoretical framework of green buildings.

Keywords: green buildings; green buildings rating; GeoDetector; Guangzhou



