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Abstract

Against the backdrop of global warming, extreme heavy rainfall has become increasingly frequent,
and torrential downpours during Sichuan’s main flood season are prone to triggering geological
disasters. This paper selects three typical episodes of persistent heavy rainfall in Sichuan in July
2023 as case studies. By comprehensively utilising observational data from the China Meteoro-
logical Administration’s ground-based automatic weather stations and multi-channel remote
sensing data from Japan’s Aoi-9 geostationary satellite, and employing meteorological diagnostic
methods, to systematically compare and analyse the large-scale circulation patterns, mesoscale
convective cloud cluster evolution, and the evolution of cloud-top brightness temperatures in the
infrared and water vapour channels during these three torrential rain events. The results indicate
that: (1) The occurrence and development of heavy precipitation events during Sichuan’s main
flood season are closely related to the position and intensity of the Western Pacific Subtropical
High; most events are accompanied by short-wave troughs and cyclonic shear systems, whilst
some are superimposed by the peripheral circulation of typhoons; (2) A single persistent precip-
itation event consists of successive rounds of convective activity; the initial stage of convective
cloud clusters is short-lived, and short-duration heavy rainfall often occurs simultaneously dur-
ing this initial phase; 3) A continuous decrease in the minimum brightness temperature in the
infrared and water vapour channels is a typical indicator of rapid convective development; under
suitable environmental conditions, short-term monitoring and early warning of severe convec-
tion and short-duration heavy rainfall can be carried out by tracking the dynamic changes in
brightness temperature across these two channels. The findings of this study can provide support
for short-term forecasting of torrential rain and the localised interpretation of satellite cloud im-
agery in Sichuan and the south-western region.
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Figure 1. 24-hour precipitation on (a) 13:00 July 2, (b) 04:00 July 12, and (c¢) 22:00 July 26, 2023
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Figure 2. 1-hour precipitation on (a) 06:00 July 3, (b) 02:00 July 12, (c) 15:00 July 26, 2023
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Figure 3. The situation at (a) 500-hPa at 08:00 1 July 2023; (b) 500-hPa at 08:00 3 July 2023
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Figure 4. The situation at 500 hPa at 08:00 on (a) July 11 and (b) July 25, 2023
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Figure 5. The cloud images at (a) 22:00 on the 2nd, (b) 23:00 on the 2nd, (c) 00:00 on the 3rd, (d) 04:00 on the 3rd, (e)
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Figure 6. The cloud images at (a) 18:00 on the 11th, (b) 19:00 on the 11th, (c) 20:00 on the 11th, (d) 01:00 on the 12th, (e)
02:00 on the 12th, (f) 03:00 on the 12th of July 2023
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Figure 7. The cloud images at (a) 13:00 on the 25th, (b) 14:00 on the 25th, (c) 15:00 on the 25th, (d) 08:00 on the 26th, (e)
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