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Abstract

As the remnants of Typhoon Gaemi slowly moved westward across northern Hunan Province, they
brought widespread and persistent heavy rainfall to the Shaoyang region. Using conventional obser-
vational data and ERAS reanalysis data, we analysed the process by which the remnants of Typhoon
Gemi caused heavy rainfall in the Shaoyang region. The results indicate: (1) The Shaoyang heavy
rainfall area exhibits a layered characteristic of “strong upward motion in the upper layers (<-2
Pa/s), sinking in the middle layers, and weak upward motion in the lower layers”. The heavy rainfall
in the northeastern region relies on a dynamic-humidity synergy mechanism formed by strong up-
ward motion in the upper layers, high humidity in the lower layers (specific humidity q > 15 g/kg),
and high thermal instability (pseudo-equivalent potential temperature > 356 K), resulting in pro-
longed rainfall duration; The northwestern heavy rainfall centre relied on an unstable layer struc-
ture of “warm and humid below, dry and cold above”, resulting in sudden but short-lived precipita-
tion. (2) The 850 hPa water vapour transport channel remained stable in the heavy rainfall area,
with a water vapour flux intensity greater than 16 g/(cm-hPa-s) at the centre. Significant water va-
pour convergence occurred two to three hours before the onset of heavy rainfall in the northeastern
region. (3) Above the northeastern heavy rainfall centre, there is a clear wet symmetric instability

(MPV < 0 and 65& <0) that synergistically enhances convection with strong upper-level upward
/4

motion, forming sustained heavy rainfall; the northwestern heavy rainfall centre only exhibits con-

vective instability (% <0) and lacks the synergistic effect of wet symmetric instability, resulting
/4

in precipitation primarily consisting of short-duration heavy rainfall.
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Figure 1. Track of Typhoon Gaemi
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Figure 2. (a) Cumulative precipitation in Shaoyang City from 08:00 BT 28 to 08:00 BT 29 July 2024, and (b) hourly rainfall intensity
at Xinshao Tanfu Station and Dongkou Laotian Station from 03:00 BT 28 to 03:00 BT 29 July 2024
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Figure 3. 500 hPa geopotential height field (contour lines, units: dagpm), wind field (vectors, units: m/s), and 850 hPa specific humidity
(shaded, units: g/kg) spatial distribution at (a) 20:00 BT 27 July 2024 and (b) 08:00 BT 28 July 2024
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Figure 4. 850 hPa wind field (vectors, units: m/s), water vapor flux divergence (red dashed lines, units: 107¢ g/(cm?-hPa-s)),
and water vapor flux (shaded areas, units: g/(cm-hPa-s)) spatial distributions at (a) 03:00 BT and (b) 07:00 BT in 28 July 2024
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Figure 5. Vertical velocity (shaded, units: Pa/s), equivalent potential temperature (purple solid line, units: K), and specific
humidity (black dashed line, units: g/kg) vertical cross-section diagram (black triangles represent the northeastern heavy rain
center, blue triangles represent the northwestern heavy rain center, same below) at (a) 09:00 BT, (b) 13:00 BT and (c) 18:00
BT in 28 July 2024
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Figure 6. The vertical cross-section of moist potential vorticity (MPV, shaded with only negative values plotted, units: 107

0, (black dashed line, units: 1072 K-hPa™') at (a) 09:00 BT, (b) 13:00 BT and (c) 18:00 BT in 28 July
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