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Abstract: On April 12, 2020, affected by the cold vortex, a large-scale thunderstorm and gale occurred in
East China, including an extreme gale exceeding the Beaufort scale 12 in Hangzhou Bay. Before the occur-
rence of this severe convection process, the high and low levels had consistent northwest air flow, with
low water vapor content and weak energy conditions, so it was difficult to predict, thus larger deviations
appeared in coastal sea surface wind forecast. Based on conventional observation data and Doppler weather
radar and wind profile radar data, combined with ERA5 reanalysis data, this paper analyzes the character-
istics of thunderstorm gale in this process and the evolution characteristics of convective system before and
after its moving into Hangzhou Bay, and focuses on the possible causes of extreme gale in the northeast of
Hangzhou Bay. The research shows that the formation of extremely strong wind in Hangzhou Bay was the

result of the joint action of many factors. Hangzhou Bay had certain energy conditions, and the temperature
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reduction rate of the lower atmosphere was close to the dry adiabatic decline rate, which was conducive to

the formation of strong downdraft in the convective system and the surface strong wind caused by subsid-

ence divergence. There was a northwest wind jet in the middle layer. Under the action of convective sub-

sidence, the high momentum in the middle layer was brought to the ground, enhancing the ground wind

speed. During the process of the convective system moving towards Hangzhou Bay, the cold pool en-

hanced, and the friction on the water surface of Hangzhou Bay was smaller than that on land. Therefore,

the intense flow in the cold pool spread faster, which was also one of the important reasons for the increas-

ing of wind speed in Hangzhou Bay. The occurrence of gales above Beaufort scale 13 in the northeast of

Hangzhou Bay was also related to the uneven distribution of marine thermal and dynamic conditions and

the variation of echo shape after the convection moved into the sea.
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Fig.1 (a, b) Radar reflectivity at 0. 5° elevation (shaded) and hourly extreme gale exceeding scale 8
(barb) at (a) 19:00 BT and (b) 20:00 BT; (c¢) accumulated precipitation (grey shaded) and
extreme gale exceeding scale 8 (barb) during 15:00—23.:00 BT; (d) time and location of extreme
gale exceeding scale 12 and lightning during 15:00—23:00 BT 12 April 2020
(In Figs. la, 1b, A—C represent echo bands. In Fig. lc, different colors are used to distinguish the wind speed, scales 8,

9, 10—11, 12—13 are colored in light blue, dark blue, puple and magenta, respectively. In Fig. 1d, the time is labeled

in red if the wind speed exceeds scale 13; green dot, green star, and green square represent the locations of

wind profiler, Doppler radar and sounding stations, respectively; red triangle represents the place where hail

was observed; red dot represents the location where the maximum wind was observed)
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Fig. 2 Geopotential height (black line, unit: gpm). temperature (red line, unit: C), wind (barb),
temperature advection (shaded, unit; C « h™') of (a) 500 hPa at 08:00 BT,
(b) 500 hPa at 20:00 BT, (c) 850 hPa at 08:00 BT, (d) sea level pressure (black line,
unit: hPa), 10 m wind (barb) at 17.00 BT 12 April 2020 based on ERA5 data
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Fig. 3 (a) CAPE (shaded), DCAPE (black line, unit; J » kg'') and 0—3 km vertical wind shear

(red line, unit: m« s '), and (b) skew-T diagram of a point (The location is labeled with red triangle in Fig. 3a)
over northeast of Hangzhou Bay at 19:00 BT 12 April 2020 based on ERAS5 data
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Fig. 4 Wind profiler observation and automatic surface weather observation of (a) Kunshan
and (b) Jiaxing stations on 12 April 2020
[ The upper half figures include horizontal wind (barb), vertical velocity (red thin line, unit: m s~ 1),
horizontal wind speed isoline (black line,unit:m « s7!) . strong rear inflow (red bold line) ;
the lower half figures include instantaneous 10 m wind speed (green line) . 2 m temperature (purple line)

and precipitation (blue column) at 1 min interval]
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Fig. 6 (a) The 2 m temperature (contour, unit; C) and dew point temperature (shaded) ,
(b) surface pseudo-equivalent potential temperature (shaded), (¢) 10 m extreme gale during

1 hour period (barb, red dashed line: horizontal wind shear) at 18.00 BT 12 April 2020
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Fig. 7 (a, e) Reflectivity, (b, I) radial velocity, (c, d) vertical cross section of (¢) reflectivity and
(d) radial velocity at 0. 5° elevation at (a, b, ¢) 18:51 BT, (d, e, {) 19:55 BT 12 April 2020
(The baselines in Figs. 7c, 7d are “PQ”; the dashed black arrow in Fig. 7d represents

the rear inflow sunk to the low level; in Fig. 7f, black cross represents the stations with observed

10 m wind speed exceeding scale 13, black circle represents the cyclonic circulation)
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