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Abstract

The frequent occurrence of extreme heat events and the gradual deterioration of the surface ther-
mal environment have become the main environmental risks threatening the health of urban pop-
ulations. The changes in land use and cover have profoundly promoted the spatiotemporal changes
in local thermal imbalance and population heat exposure risk. In order to further analyze the in-
trinsic driving mechanism and spatial coupling law of “land use thermal environment population
heat exposure”, this study takes Shijiazhuang as an example. A comprehensive multi-scale analysis
framework was established using multi period remote sensing images and high-precision popula-
tion grid data from 2004 to 2020, combined with surface temperature inversion, landscape ecolog-
ical index, and spatial autocorrelation model, to determine heat exposure risk and spatial evolution.
The results show that: 1) The continuous expansion of urban construction land has profoundly re-
shaped the regional thermal environment, directly leading to a significant increase in the area of
high-risk areas for population heat exposure. 2) The impact of different types of land use structures
on heat exposure risk exhibits significant heterogeneity. The impermeable surface, as a heat source,
has a high positive spatial correlation, and the center of gravity migration characteristics are re-
lated to the heat exposure intensity. Farmland and forest vegetation play a central role in slow eco-
logical release and buffering of thermal environments. The risk of population heat exposure forms a
spatial pattern of “high concentration in urban areas and low concentration in cultivated land”. 3)
The restoration of urban water systems and blue-green ecological zones has had a significant impact
on local microclimate regulation near Cold Island, effectively offsetting the risk of increased heat ex-
posure caused by high-density development. This study reveals the impact mechanism of land use
change on heat exposure risk, providing quantitative evidence and spatial guidance for heat risk zon-
ing and differentiated resilience enhancement.
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Figure 1. Location of the study area
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Table 1. Remote sensing statistical parameters

F 1 OERGITESH

G R 54 SR 17/8 % TR ok
Landsat5 ™ 2004/8/30 124/33124/34 30 2
Landsat5 ™ 2007/8/23 124/33124/34 30 2
Landsat5 ™ 2010/8/15 124/33124/34 30 2
Landsat8 OLI 2015/8/13 124/33124/34 30 1
Landsat8 OLI 2020/8/26 124/33124/34 30 1
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Figure 2. Research framework of “land use change identification—heat island
intensity inversion—population heat exposure measurement—spatial coupling
analysis”
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Table 2. Heat island classification intensity
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Figure 3. Land use change map from 2004 to 2020
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Figure 4. Chordal diagram of land use transfer from 2004 to 2020
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Figure 5. Intensity change of urban heat island in Shijiazhuang
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Figure 6. Changes of population heat exposure risk index in Shijiazhuang
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Figure 7. Evolution of population heat exposure and land use types in focus
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Figure 8. Regression analysis of different land use types and population heat exposure index
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Figure 9. Cluster analysis of population heat exposure risk
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