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Fig.1 Overview of study area
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Tab.1 Data sources of driving factors
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1 A http : /www. resdc. en/DOI
2 3 RN http : /www. geodata. cn
3 i http ; /www. gisrs. cn
4 Y https ; /www. gscloud. en/
5 NDVI https : // open. geovisearth. com/
6 LAI http : /www. gis5g. com
7 GDP http : /www. resdc. en/DOI
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Tab.2 Comparison of results of interactive detection
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Fig.2 Temporal variation patterns of overall impervious surface in Zhengzhou metropolitan area
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Fig.3 Temporal variation patterns of impervious surface area in each city of Zhengzhou metropolitan area
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in each city of Zhengzhou metropolitan area
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Fig.5 Spatial distribution patterns of impervious surface in Zhengzhou metropolitan area
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Tab.3 Spatiotemporal migration trajectories of average center of impervious surface
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Fig. 6 Time series variation of standard deviational ellipse in Zhengzhou metropolitan area
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Fig.7 Quadrant analysis of impervious surface expansion in Zhengzhou metropolitan area
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Spatiotemporal Dynamic Evolution Characteristics and Driving Force Analysis
of Impervious Surfaces in Zhengzhou Metropolitan Area

HUANG Xiaodong', LI Fangqi', WU Jian®, LIU Wenkai’, WANG Fuqiang®,
ZHANG Zhengliang®, TANG Lei', ZHANG Xiaoli'

(1. School of Water Resources, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
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3. College of Surveying and Geo-informatics, North China University of Water Resources and Electric Power,
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Abstract: [ Objective] Revealing the spatiotemporal dynamic evolution characteristics and driving mechanisms of impervious
surfaces in the Zhengzhou metropolitan area provides practical reference for the optimization of impervious surface spatial lay-
out and the prevention and control of urban flood disasters. [ Methods] Taking the Zhengzhou metropolitan area as the study
area, based on the long-term impervious surface data from 2000 to 2020, methods such as the dynamic degree of impervious
surfaces, standard deviational ellipse, and quadrant analysis were adopted to reveal the spatiotemporal dynamic evolution
characteristics of impervious surfaces in the Zhengzhou metropolitan area. The geographical detector model was used to explore
the driving mechanisms of the expansion of impervious surfaces. [ Results] (1) The average annual expansion rate and dy-
namic degree of the impervious surface in the Zhengzhou metropolitan area reached their maximum values of 248. 70 km*/a
and 3.00%, respectively, during 2010-2015. Overall, both showed a trend of first increasing and then decreasing. The im-
pervious surface was mainly distributed extensively in the northeast and southwest directions, and its development center of
gravity migrated towards the northwest-northeast direction. (2) The spatial patterns of impervious surfaces in the Zhengzhou
metropolitan area had three differentiated types of distribution, collectively forming a monocentric-multipolar system with to-
pography-guided axial extension. (3) Driving factor analysis revealed that the interaction of population with LAI, slope, tem-
perature, NDVI, and GDP consistently demonstrated bivariate interaction enhancement, with the interaction between popula-
tion and NDVI exhibiting the most pronounced influence. [ Conclusions] Impervious surface expansion in the Zhengzhou met-
ropolitan area shows a phased pattern of rapid growth followed by slower growth. Spatially, a multipolar coordinated pattern
centered on Zhengzhou has formed, and population growth and vegetation degradation jointly drive the expansion process. In
the future, zonal management should be implemented based on differences in expansion directions among cities, and impervi-
ous surface layout should be optimized by considering population distribution, thereby providing support for flood prevention
and disaster reduction in the metropolitan area.

Keywords; impervious surface; spatiotemporal evolution; driving force analysis; Zhengzhou metropolitan area
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