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Abstract

Semi-urbanized areas are complex regional structures with intermingled urban and rural functions
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and interpenetrating urban and rural landscapes, and the key to optimizing the spatial pattern of
land and promoting the integrated development of urban and rural areas is to scientifically identify
such areas and explore their development rules. With the support of multi-source data, this paper
takes Changsha, a megacity in central China, as the study area, and analyzes its spatiotemporal evo-
lution law by using the Densi-Graph kernel density estimation method, information entropy and G-
statistic to comprehensively quantify the spatial scope of semi-urbanization in Changsha in 2010,
2015, 2020 and 2023 from the four characteristics of socio-economy, utilization type, landscape
characteristics and agglomeration level. The results show that: (1) The semi-urbanized areas of
Changsha show similar distribution patterns in different years, and all of them show a circle-like
distribution pattern centered on the core area; (2) there are a large number of semi-urbanized ar-
eas in Changsha County and Wangcheng District, which are much higher than other areas, and Fu-
rong District has been fully urbanized. (3) The semi-urbanized areas of Changsha show a gradual
decreasing trend from 2010 to 2023, and the semi-urbanized areas are mainly shrinking in the in-
ner circle, accompanied by a small amount of expansion in the outer ring, indicating that the urban-
ization development of Changsha tends to be orderly, and the rural industrialization and urban dis-
orderly sprawl have slowed down significantly.
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Table 1. Identification index system for semi-urbanized areas
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Figure 1. Kernel density estimation results under different bandwidth conditions in 2023
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Figure 2. Densi-Graph curves for the years 2010, 2015, 2020, and 2013
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Figure 3. Spatialization results of Changsha city indicators for the years 2010, 2015, 2020, and 2023 across various dimensions
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Figure 4. Results of the spatial characteristics of semi-urbanization in Changsha from 2010, 2015, 2020, and 2023
B 4.2010. 2015, 2020, 2023 FKIPTFMH LT EHFEELER

Figure 5. High and low value agglomeration map of semi-urbanization space in Changsha City in 2010, 2015, 2020, and 2023
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Figure 6. Land use spatial identification results for Changsha in 2010, 2015, 2020, and 2023
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Figure 7. Suburbanization statistics by region in Changsha from 2010, 2015,
2020, and 2023
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Figure 8. Changes in the area of semi-urbanized regions in different districts of Changsha City from 2010 to 2023
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Figure 9. Evolution of the peri-urban areas in Changsha from 2010 to 2023
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