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Abstract

Utilizing conventional observations, satellite and multi-band radar data, this study analyzes a local-
ized short-time heavy rain event in the warm sector over Huzhou during the summer of 2024. The
resultindicates that the heavy rain occurred in the warm sector ahead of an upper-level cold-vortex
trough and on the edge of the subtropical high under a background of weak synoptic-scale forcing,
with abundant moisture and extremely high instability, which provided highly favorable environ-
mental conditions for the extreme precipitation. Boundary-layer convergence and orographic lift-
ing were the primary mechanisms triggering convection. Gust fronts and lake-breeze fronts effec-
tively promoted the development of convective cells over the Changxing-Wuxing, whereas the
maintenance of alow-level shear line, combined with weak environmental winds, caused the storms
to remain over the southwestern mountainous areas of Anji for a long time, ultimately resulting in
localized torrential rain. Further analysis of the storm responsible for the extreme rainfall rate at
the Xujiabangcun station in Changxing revealed the presence of a small-scale vortex in the lower
levels, along with a tilted configuration of updrafts and downdrafts, which facilitated the storm’s
continuous intensification. Meanwhile, a deep warm-cloud layer, a relatively low echo centroid, and
high values of both differential reflectivity (Zor) and specific differential phase (Kpp) collectively
indicated high precipitation efficiency driven by high concentrations of large raindrops. For warm-
sector heavy rain under weak synoptic forcing, enhancing the monitoring and analysis of meso- and
small-scale systems by multi-source data, such as satellites and radars, is crucial for extending
warning lead time.
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Figure 1. Synoptic charts at (a) 500 hPa, (b) 700 hPa, (c) 850 hPa (d), and corrected Hangzhou (58457) sounding chart for

08:00 on August 20th, 2024
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Figure 2. (a) Surface map, (b) Visible satellite map at 11:00 on August 20th, 2024; Huzhou Doppler dual-polarization weather
(c) Radar reflectivity factor and (d) Velocity at 1.0° elevation at 11:04
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Figure 3. (a) Radar reflectivity factor and (b) velocity at 1.0° elevation angle at 12:26; (c) reflectivity factor and (d) velocity
at 0.5° elevation angle at 13:13 on August 20th, 2024
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Figure 4. (a) Rainfall evolution at Xujiabang Station for every 5 minutes from 13:35 to 15:30 and (b) 1 km height X-band
phased array radar network reflectivity factor and retrieved wind field at 13:45, and (c) Radial vertical profiles of radar reflec-
tivity factor and retrieved wind field along the east-west direction of Xujiabangcun station at 13:55 (colored as X-band phased
array radar reflectivity factor; arrows as retrieved wind field; black triangles as the location of Xujiabangcun Station)
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Table 1. Key parameters of the warm-sector heavy rainfall event on August 20, 2024 in Huzhou
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