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Abstract

In this paper, the extreme short-time heavy rainfall process in North China on August 9, 2024 is
selected by using DDW1 three-dimensional all-flash positioning data, dual-polarization radar, sur-
face precipitation and sounding data, and the three-dimensional evolution characteristics of
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dynamic-microphysical-electrical activity of heavy rainfall system are deeply analyzed. The results
show that during this extreme precipitation process, the reflectivity and KDP of the convective core
are high in the heavy precipitation stage, and the top height of the ZDR column is close to the -20°C
layer. The liquid and supercooled water are effectively transported to the mixed phase zone. Above
the 0°C layer, the heavy ice particles (graupels and hail) are highly concentrated and overlap with
the strong echo area, while the light ice particles (ice crystals and snow crystals) are dispersed in
the peripheral weak echo area. The cloud-to-cloud flash radiation sources are mainly distributed at
the height of 3~15 km, and 72.7% and 50.9% of the radiation sources fall into the ZDR column area
and the KDP high value area, respectively, showing excellent spatial matching characteristics. The
coexistence and collision of abundant supercooled liquid water, graupel and ice crystals in the
mixed phase region provide favorable dynamic-microphysical conditions for the development of
non-inductive electrification and cloud flash activity.
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Figure 1. Analysis of distribution characteristics of hourly precipitation (PRE_1h) data
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Figure 2. Environmental sounding before heavy rainfall at 20:00 (BJT) 54511 station on August 9, 2024
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Figure 3. Evolution of radar combined reflectivity and total lightning activity of the extreme rainstorm process in
North China on August 9~10, 2024
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Figure 4. Dual-polarization radar parameters, hydrometeor phase and ZDR column top distribution of convective systems over North
China at 00:29 on August 10, 2024
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Figure 5. Aug. 10, 2024 00:29:52 BJT convection system dual-polarization biophysical vertical structure
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