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Exploring the drivers of PM,5-O; spatial differentiation in 274 Chinese prefecture-level cities. ZOU Bin', XIE Man-man', LI Sha'?",
LIU Ning®, LI Shen-xin', XIONG Ying" (1.School of Geosciences and Info-physics, Central South University, Changsha 410083, China;
2.School of Hydraulic and Ocean Engineering, Changsha University of Science & Technology, Changsha 410114, China; 3.College of
Meteorology and Oceanography, National University of Defense Technology, Changsha 410073, China; 4.College of Architecture, Changsha
University of Science & Technology, Changsha 410114, China). China Environmental Science, 2025,45(11): 6032~6044

Abstract: In this study, based on the urban statistical yearbook and multi-source remote sensing data—including pollutant
concentrations, nighttime light intensity, and land cover—the spatiotemporal distribution characteristics of PM, 5-O3 compound pollution
across 274 prefecture-level cities in China were examined from an integrated perspective of meteorological, socioeconomic, and urban
form factors. The results showed that from 2005 to 2020, PM, 5 concentrations in Chinese cities followed a 'rise-then-fall' trend, while O;
exhibited a 'rise-fall- rise' trend. Both the spatial distribution and the synergistic relationship between PM, 5 and O; displayed pronounced
regional heterogeneity. High PM, 5 concentrations were mainly concentrated in the North China Plain, whereas high O; concentrations
occurred in both the North China Plain and the eastern coastal urban agglomerations. Positive correlations between PM,s and Os
concentrations were predominant in the humid regions of southern and northeastern China, while negative correlations were more
common in the semi-humid and semi-arid regions of northern China. Geodetector analysis revealed that the spatial differentiation drivers
of PM, 5 and O; concentrations was primarily shaped by urban form factors, followed by meteorological and socioeconomic conditions.
Specifically, PM, s concentrations were strongly influenced by the proportion of ecological space (¢=0.627) and agricultural land
(g=0.610), whereas O concentrations were significantly affected by the proportion of ecological space (¢=0.512) and topography (¢ =
0.466). The synergistic relationship between PM, 5 and O; was mainly controlled by the single factors such as precipitation (g=0.396)
and temperature (¢=0.374), with significant enhancement observed under dual-factor interactions, such as temperature-topography
(¢=0.718) and precipitation—Shannon's evenness index (¢=0.708). These findings highlight the nonlinear synergistic effects arising from
the coupling of 'urban form constraints' and 'meteorological disturbances' on PM, s-O; compound pollution, and provide a scientific basis
for the precise and coordinated prevention and control of such pollution.

Key words: air pollution; remote sensing; contribution; geodetector
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Fig.3 Spatial distribution of PM, 5 concentrations from 2005 to 2020
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Table 3 Contribution detection results of driving factors on PM, 5 concentrations spatial differentiation
A5 A A5 it 2005 4 2010 4 2015 4 2020 4E
q 18 P1E q 8 P q 18 P1H q 18 P1E
TEM 0.503 0.000 0.503 0.000 0.440 0.000 0.437 0.000
Bt kS WIND 0.129 0.000 0.180 0.000 0.245 0.000 0.288 0.000
PRECI 0.293 0.000 0.247 0.000 0.353 0.000 0.323 0.000
GDP_Cap 0.118 0.001 0.037 0.078 0.079 0.027 0.091 0.025
PopD 0.397 0.000 0.481 0.000 0.333 0.000 0.288 0.000
R N UR 0.090 0.042 0.193 0.000 0.097 0.017 0.051 0.070
PR b
N PS 0.114 0.007 0.109 0.011 0.123 0.001 0.139 0.000
5ES
SS 0.149 0.000 0.084 0.006 0.106 0.013 0.123 0.003
TS 0.174 0.000 0.116 0.005 0.067 0.098 0.036 0.024
BUS_10k 0.078 0.046 0.010 0.994 0.099 0.022 0.181 0.000
CITYR 0.298 0.000 0.201 0.000 0.283 0.000 0.281 0.000
FARMR 0.632 0.000 0.545 0.000 0.657 0.000 0.606 0.000
N ECOR 0.646 0.000 0.561 0.000 0.672 0.000 0.631 0.000
Wi A
2= SSI 0.052 0.089 0.038 0.071 0.133 0.000 0.122 0.003
- CI 0.087 0.005 0.073 0.095 0.035 0.027 0.108 0.004
SHEI 0.021 0.060 0.013 0.167 0.103 0.017 0.059 0.032
DEM 0.323 0.000 0.293 0.000 0.290 0.000 0.234 0.000
3 2501 =) > R ) = = =1
21.2  PMos WA 4y S i BRI R o0 A BRODERINES SRANSE 3 s, & IR Bl X 36 PM, 5 7% [H]

2005~2020 4F PM, s W5 2% 0] 7 5 25 WX sl IR 2 1) o1
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Fig.4 Spatial distribution of O3 concentrations from 2005 to 2020
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Table 4 Contribution detection results of driving factors on spatial differentiation of O3 concentrations

o o A 2005 4F A A 2010 4F A : 2015 4F A A 2020 4F :

g8 Pl q 18 Pl q 18 P q 18 Pl

TEM 0.331 0.000 0.322 0.000 0.415 0.000 0.333 0.000

REBHHE WIND 0.026 0.031 0.112 0.008 0.182 0.000 0.187 0.000

PRECI 0.365 0.000 0.301 0.000 0.353 0.000 0.325 0.000

GDP_Cap 0.260 0.000 0.081 0.001 0.138 0.000 0.122 0.002
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