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Simulation of impact of urban surface albedo changes on extreme precipitation//Pei Yujia'”, Liu Jiahong®®, Zhou
2,3

Jinjun', Wang Jia®®, Mei Chao>’ (1. College of Architecture and Civil Engineering, Beijing University of Technology;
2. State Key Laboratory of Water Cycle and Water Security, China Institute of Water Resources and Hydropower Research
3. Key Laboratory of River Basin Digital Twinning of Ministry of Water Resources)

Abstract: To quantitatively reveal the impact mechanism of urbanization-induced albedo reduction on extreme precipitation
in a single extreme precipitation event, the WRF mesoscale numerical model was coupled with the Noah land surface model
and the urban canopy model. With the Beijing’s “23 « 7” precipitation event as a case study, a comparative analysis was
carried out by design of urbanized and non-urbanized albedo through modifying the urban surface albedo parameter, and a
sensitivity simulation for 24-h preceding precipitation onset was also conducted. The results indicate that albedo reduction
increased the areal average accumulative precipitation by 11% in Beijing, raised the peak hourly areal average precipitation
by 28%, and prolonged by 50% of the duration during which the hourly areal average precipitation exceeded 5 mm. The
precipitation increase in urban areas and the southwestern mountainous region downwind of the city was the most significant.
Albedo changes had already induced initial perturbations in the thermal and humidity fields before precipitation onset. The
albedo reduction caused an urban temperature rise of more than 0. 2°C | a boundary layer height increase of over 40 m, and
a surface pressure decrease of 4 to 8 Pa, thereby enhancing convective motion and convective available potential energy
(CAPE). Although CAPE decreased in the southwestern mountainous area, precipitation increased due to the combined
effects of urban heat island circulation and topographic uplift. Overall, albedo change-induced thermal forcing and its
coupling with topographic dynamics exerted a pronounced influence on the spatial distribution of precipitation.
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Fig.3 2-m temperature verification results at different meteorological stations
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Fig. 10 Changes in meteorological factors between urbanization and non-urbanization scenarios at pre-rainfall stage
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