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Reconstruction of land surface temperature and urban thermal
environment change in the core area of Wuhan from 2013 to 2022
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Abstract: Remote sensing-derived Land Surface Temperature (LST) products are essential for studying urban thermal environment
dynamics. However, limitations, such as long revisit intervals of remote sensors and data gaps caused by cloudy or rainy weather, hinder the
representativeness of high-resolution LST products. As a result, long-term studies on urban thermal environments at fine spatial scales
remain constrained. This study aims to reconstruct high-resolution summer mean LST data for Wuhan's core urban area from 2013 to 2022
by using Landsat and MODIS remote sensing data through spatiotemporal fusion methods and to analyze the evolution of Wuhan’s thermal
environment at a fine scale. The research employed spatiotemporal fusion techniques to integrate Landsat and MODIS data and reconstruct
long-term high-resolution summer mean LST for Wuhan’s core urban area. The study area covered Wuhan’s central city and urban
development zones. Validation was conducted using ground meteorological station data, and accuracy was assessed through Mean Absolute
Error (MAE), Root Mean Squared Error (RMSE), and R? metrics. LST classification and trend analysis were performed to examine the
spatiotemporal patterns of thermal environment changes. Result (1) The reconstructed high-resolution mean LST product demonstrated
strong consistency with ground observations (MAE=0.478 °C, RMSE=0.5965 °C, R>=0.8538), effectively capturing the high spatiotemporal
heterogeneity of urban thermal environments at fine scales. (2) From 2013 to 2022, the proportion of high-temperature zones in Wuhan’s
main urban area decreased while expanding toward surrounding new town clusters along the development axes, with previously isolated
high-temperature areas gradually merging. (3) During 2013—2022, all new town clusters, except the southeastern cluster, exhibited
expanded high-temperature zones, with notable growth in northern, western, and southwestern areas. Conclusion This study provides an
effective approach for reconstructing high-resolution LST data and analyzing fine-scale urban thermal environment patterns. The findings
offer valuable insights into urban ecological civilization construction and sustainable development, supporting evidence-based urban
planning and heat island mitigation strategies. The methodology and results help advance research on the spatiotemporal patterns of urban
thermal environments at fine scales.

Key words: urban thermal environment, mean land surface temperature, land surface temperature reconstruction, multi-source
spatiotemporal fusion, spatiotemporal evolution, Mann-Kendall trend test, spatiotemporal resolution, Wuhan City
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