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Analysis of the impact of extreme heavy precipitation in Xupu
under the influence of “Gaemi” typhoon residual vortex

CHEN Hongzhuan"? YE Chengzhi"*, ZENG Zhiming"?, ZHANG Kun"?, OU Xiaofeng"*

(1. Key Laboratory of Meteorological Disaster Prevention and Reduction in Hunan, Changsha 410118; 2. Huaihua
Meteorological Bureau of Hunan Province, Huaihua 418000; 3. Hunan Institute of Meteorological
Sciences, Changsha 410118)

Abstract: Affected by the residual vortex of Typhoon “Gaemi” on July 28 2024, an extreme heavy precipitation event occurred in Xupu,
Hunan Province, with an hourly rainfall of 120.1 mm-h™, breaking the local historical record. To get a deep understanding of the
development mechanism of HER and improve the analysis and forecasting ability of EHR, multi-source observations and ERAS reanalysis
data are comprehensively used to analyze the causes and microphysical characteristics of EHR. The results show that under the favorable
environmental conditions of stratification, energy, and water vapor, the convergence between the southwest moisture transport from the
south side of the typhoon residual vortex and the northerly moisture transport from the west side of the residual vortex triggered the
occurrence of extreme heavy precipitation. The EHR is caused by a quasi-stationary B-scale Mesoscale Convective System (MCS). On the
radar echo map, this MCS shows as the merging process of two strong storm cells embedded in the mixed cloud echo, which belongs to
the low-centroid, high-efficiency warm cloud precipitation echo. The vertical structure characterized by low-level convergence and mid-
high-level divergence is conducive to the maintenance of ascending motion. The maintenance of the coupling situation between mesoscale
vortex (MV) and secondary circulation strengthens the vertical upward movement within the storms, facilitating the transport of low-level

warm and humid air to the updrafts, consequently generating and maintaining extreme rainfall rates, and leading to the occurrence of EHR.
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During EHR, the diameter and concentration of raindrops increase, mainly due to the collision and growth of warm rain. The rainfall is

primarily contributed by raindrops with diameters greater than 1 mm, among which the contribution rate of rainfall in the range of (1, 3]

mm accounts for about 80%. Finally, a conceptual model of the EHR was summarized, which provides a reference for future weather

analysis and forecasting research.

Key words: extreme hourly precipitation; microphysical characteristics; mesoscale vortex (MV); secondary circulation
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Fig. 1 The (a) track of typhoon Gaemi (the format of time in the figure is day-hour), (b) accumulated precipitation from 08:00 BT on July 26 to 08:00 BT on
July 29, 2024 (triangles represent Huaihua and Xupu station), (c) hourly rainfall of Xupu station from 08:00 BT on July 28 to 08:00 BT on July 29, 2024
and (d) minutely rainfall of Xupu station from 21:00 BT to 22:00 BT on July 28, 2024
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Fig. 2 The (a) 500 hPa and (b) 850 hPa geopotential height (contours, unit: dagpm) and wind field (barb, unit: m-s™") at 20:00 BT on July 28, 2024 (the bold

dashed line is the trough or sheer line, the black triangle is Xupu station, the same hereinafter)
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Fig. 3 (a) T-Inp diagram of Huaihua station at 20:00 BT on July 28, 2024, (b) 850 hPa water vapor flux divergence (shaded) and water vapor flux (contours,
unit: g'em '-hPa™'-s™', arrows are water vapor flux vector) at 20:00 BT on July 28, 2024, (c) cross-section of specific humidity (shaded) and pseudo-
equivalent potential temperature (contours, unit: K) along 110.5°E (the bold solid line in fig. 3b) at 20:00 BT on July 28, 2024
(the bold solid line below the abscissa axis represents the rainstorm area), and (d) time variation of total column water vapor

at Xupu station from 14:00 BT on July 28 to 06:00 BT on July 29, 2024
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Fig. 4 FY-4B infrared cloud images at (a) 20:30 BT and (b) 21:45 BT, huaihua radar combined reflectivity factor at (c) 20:10 BT and (d) 21:42 BT on 28 Jul
2024 (the black lines AB and CD indicate the cross-sectional positions in Fig. 5)
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Fig. 6 Huaihua radar radial velocity at (a) 20:59 BT, 2.4°¢levation, (b) 21:26 BT, 4.3°elevation, (c) 21:52 BT, 5.2°¢levation, and (d) vertical cross section of

radial velocity along the black line AB in panel (b)
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Table 1 Proportion of particle numbers, droplet spectral concentration, and

rainfall contribution rate of raindrops with different diameters at Xupu
station at 21 BT on July 28, 2024

B EAR, RGN L ¥i’>ﬁ%ﬁj§%2ﬁ/ (Caa e

mm % mm ''m" %
<1 62.2 259.7 8.7
(1,2] 31.0 81.5 39.7
2, 3] 6.3 13.9 39.3
(3, 4] 0.4 23 7.4
>4 0.1 0.6 4.9
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