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Abstract

This study focuses on the thermal environment issues in the context of rapid urbanization, using
Zhengzhou, a national central city, as a case study. Based on the Local Climate Zone (LCZ) framework
and integrating Sentinel-2 and MODIS remote sensing data, it analyzes the seasonal diurnal and noc-
turnal LST variations in Zhengzhou in 2023, revealing the spatiotemporal patterns of surface urban
heat island intensity (SUHII). The study first constructed an LCZ classification map for Zhengzhou,
with an overall accuracy of 85.39%, clearly presenting a concentric structure of central high-density,
peripheral open, and edge natural areas. Further, the study quantified the seasonal average surface
temperatures for Zhengzhou based on LCZs, finding a maximum annual temperature range of 2.94°C.
The temperature in densely built-up areas is significantly higher than in natural cover areas. The larg-
est daytime temperature difference occurs in summer, with LCZ2 reaching 38.76°C, which is 6.72°C
higher than LCZA. The summer diurnal-nocturnal temperature difference is also more pronounced in
built-up areas, with LCZ2 having a difference of 14.66°C, while the temperature difference in vegeta-
tion-covered LCZG is only 12.95°C. In winter, some built-up areas experience a “cold island” phenom-
enon, with LCZ1’s winter nighttime temperature dropping to —0.50°C, lower than most natural cover
types. Built-up areas generally have larger temperature fluctuations in both summer and winter com-
pared to vegetation or water-covered areas. The study further quantifies the seasonal diurnal and
nocturnal SUHII for different LCZ types. It finds significant spatiotemporal differentiation of SUHII,
with the widest coverage in spring, accounting for approximately 37%. Summer exhibits the highest
SUHII intensity, while autumn shows a pronounced cold island effect, with the strongest cold island
area reaching its annual peak. The overall heat island effect is weakest in winter. Comparisons be-
tween day and night show that high-density built-up areas, LCZ 1 and LCZ 2, are the stable core of
strong heat islands, with summer daytime SUHII significantly higher than other types. In contrast, wa-
ter bodies and forests exhibit a significant cooling effect during the day, lowering local surface tem-
peratures by 3°C~6°C. This study provides quantitative spatial units and evidence from the LCZ per-
spective for understanding urban heat islands, and the findings can serve as a scientific basis for spa-
tial structure optimization, climate adaptation planning, and heat island mitigation strategies in Zheng-
zhou and similar large cities.
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Figure 1. Study location map
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Figure 2. LCZ precision verification diagram
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Figure 3. LCZ map of Zhengzhou
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Figure 4. Diurnal and seasonal distribution of LST in Zhengzhou
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Figure 5. LCZ surface temperature average statistics
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Figure 6. Heat island distribution map
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