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Abstract To deepen understanding of mesoscale convective systems under the special topography of Hunan province, this paper
uses high spatiotemporal resolution data obtained from the Variational Doppler Radar Analysis System to study the extreme
precipitation process that occurred in Hunan province from 20:00 BT 29 May to 06:00 BT 30 May 2022. Results indicate that this
extremely heavy precipitation event occurred in the convergence zone between dry, cold northerly airflow and warm, moist
southwesterly jet at 700 hPa. In the initial stage, clustered convections were sporadically triggered and gradually organized into a
banded mesoscale convection system. During the development of the banded mesoscale convection system, positive vorticity formed
due to environmental vertical wind shear and negative vorticity generated by the cold pool gradually approached equilibrium, which,
coupled with the enhancement of the southwesterly jet that transported a large amount of moisture, resulted in rapid development of
the banded mesoscale convection system with extreme precipitation reaching 103 mm in one hour. In the maintenance stage, the
compensatory downdraft for the updraft within the banded mesoscale convection system suppressed convection generation in the
central part of the system. Additionally, the downdraft enhanced raindrops evaporation in the middle and lower levels and transferred
horizontal westward momentum to the near-surface, intensifying convection in the eastern part of the banded mesoscale convection
system and resulting in splitting of the convection system into a clustered mesoscale convective system. As the convection moved
southward, the low-level southwesterly was blocked by Mingyang and Xuefeng mountains. As a result, new convections were mostly
triggered on the west side of the Xiangjiang river valley, resulting in larger total precipitation there.

Key words Mesoscale convective system, Southwesterly jet, Xiangjiang river valley
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Fig. 1 Distribution of radar stations ( triangle: Changsha
radar station, black dot: Xiangtan radar station) and rain gauges
( orange dot: national stations, blue dot: automatic stations) in

Hunan province (shadings show terrain)
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Fig.2 Time series of 30 min rainfall rate (a) at three representative stations and total rainfall (b, unit: mm) distribution from
20:00 BT 29 May to 06:00 BT 30 May (scatter points represent the accumulated precipitation at individual stations (unit: mm); triangles

in Fig. b denote the locations of three stations in Fig. a, and shadings in Fig. b show the terrain)
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Fig. 3 Distribution of hourly 3 km altitude radar reflectivity (color shaded) from 21:00 BT 29 May to 06:00 BT 30 May
(a.21:00 BT 29, b. 23:00 BT 29, c. 00:00 BT 30, d. 02:00 BT 30, e. 04:00 BT 30, f. 06:00 BT 30; gray shadings show the terrain, black dots
in Figs. b and d are the locations of the three stations in Fig. 2; from west to east are stations P4567, P4833, and P5189 respectively)
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Fig.4 700 hPa synoptic pattern of geopotential height
(solid blue contour at the interval of 40 gpm), temperature (red
contour, unit: C) and wind field at 20:00 BT 29 May 2022
(the brown curve indicates the wind shear line; red dot, square and
star respectively represent the locations of Yichang, Changsha and

Chenzhou sounding, and the white rectangle indicates heavy

rainfall area)
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Fig. 5 Skew T-lgp diagrams of temperature (red line) and dew point temperature (green line) at Yichang sounding station
(a), Changsha sounding station (b), Chenzhou sounding station (¢) at 20:00 BT 29 May 2022
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Fig. 7 40 dBz radar reflectivity at 3 km altitude (red solid contour) and wind vectors and speed at 1500 m height (shaded) at
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Fig. 10 The 1.5 km altitude radar reflectivity (shaded) and wind speed (vector) (a.23:00 BT 29, b. 23:36 BT 29, c. 00:00 BT 30, d.
00:24 BT 30) during the splitting of the convective system (the main body of the convective system CMCS3 is marked by rectangles)
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