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Wei Huihong, Wang Xiuming, Kong Haimei, Han Wenjun, Zhang Cuihong, Sun Chenglong. 2025. Observational study of extreme

winds induced by a mountain-crossing intensified squall line. Acta Meteorologica Sinica, 83(5):1169-1185

Abstract Based on dual-polarization radar observations, surface data and ERAS reanalysis product, an extensive propagation high
wind event in Hubei province triggered by squall line is studied. Results show that in the environment with typical thunderstorm
temperature and humidity profiles (wet downburst), the squall line originating in Southwest Henan province significantly enhanced
after crossing Tongbai mountain, and resulted in a Derecho event in Hubei province. The direct reason for the enhancement of the
squall line is that several isolated storms on the south side merged into the squall line. Further analysis reveals that the key mesoscale
systems for the enhancement of the squall line included a shallow cold outflow from another squall line, an boundary-layer jet forced
by the topography and the cold pool outflow of the squall line. The topographic effects include the blocking of cold pool outflow, the
valley penetration of outflow, and the orographic uplift, which triggered isolated storms and provided a mesoscale ascending
environment. After the squall line crossed the mountain, extreme winds in Guangshui were mainly caused by downward momentum
transfer and divergence of strong downdrafts. The intense convective cells in the squall line were composed of graupels or small hails
above the melting layer, and many small solid particles melted into large water droplets or water-covered ice cores near the melting
layer. Significant evaporation under the melting layer significantly reduced the diameter of raindrops and liquid water content. This
indicates that significant melting and evaporation are the main mechanisms for the formation of strong downdrafts in the storm. The
results enhance our understanding of the effects of mesoscale topography on storms and physical processes of the formation of
extreme winds.

Key words Squall line, Extreme wind, Crossing mountain, Dual-polarization radar
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Fig. 1 Hourly evolution of radar echo (a, shaded) and ground maximum wind speed (b) in Hubei on 26 July 2022 (triangle

represents the location of Guangshui extreme wind) (grayscale represents terrain height, the same hereafter)
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Fig. 6 Locations of newly triggered convective cells near
Tongbai mountain from 01:00 BT to 05:00 BT 26 July 2022
(dots indicate convection triggering location; red, black, purple,
and green triangles represent Tongbai station, Tianhekou station,

Zhaopeng station, and Lidian station, respectively)
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Table 1 Initial convection trigger time and surface element changes at adjacent stations on the north and south sides of Tongbai mountain
and between the two mountains
o BANRIBT) ST ki gm0 WL BRI R
AL A 00:36 kA AE AL 4 10 26.8 24.8
AL EE 01:00 KA P At 3 8 30.1 26.3
M L5 AR5 2[4 02:24 B [LE[4 At 4 7 28.9 27.6

F2 202247 H 25 H 20 B—26 H 06 FH#IdL 925 hPa PhRE 2 i B AV
Table 2 Intensity and range of 925 hPa southwesterly jet in Hubei from 20:00 BT 25 July to 06:00 BT 26 July 2022

e 25H200F  25H21A8F 25H228F  25H23WF 26 HOOHF  26HO1RF  26H028F 26 H038F 26 HO04F 26 HOSHY 26 H 066
LR (m/s)
12 13 14 14 14 14 16 15 16 16 10
AL (M0
" 0 5 7 6 26 40 3 30 34 0
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Fig. 7 Wind field (barb) and vertical motions (contour line, unit: Pa/s) at 975 (a, b) and 925 hPa (c, d) on 26 July 2022 (a, c.

01:00 BT; b, d. 02:00 BT)
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Fig. 8 Composite radar reflectivity (a), radial velocity at 1.5° elevation (b) at 00:00 BT and radial Velomty at 1.5°
elevation(c) in Xinyang at 01:00 BT 26 July 2022
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Fig. 9 Composite radar reflectivity (a) and vertical profile of reflectivity (b) and radial velocity (¢) along the white solid

line in Suizhou at 02:48 BT 26 July 2022
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#3 20224F 7 J 26 H 02 1 36 4% 03 I 36 J3if)Z A% i) i B2 A%
Table 3 Low-level radial velocity evolution from 02:36 BT to 03:36 BT 26 July 2022
St 020364  02fF4243  02/148%r 020544r 03FF 03064 O03RF124r 03HF184; 03F§2443 03Rf30% 03H}364)
KAGZERIE (m/s) 24 28 29 30 31 31 30 31 34 36 37
27 m/s R JRUHE HiL 5 B (km) 0 2.4 1.0* 0.9* 0.8* 0.7* 0.6* 0.5% 0.5% 0.5% 0.4
27 m/sP_ b RRETF (km?) 0 4 39 50 62 63 50 110 350 360 370

TE: MRURAR)Z 2 TR S L T ek A
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Bl 10 202247 H 26 H 03 B 24 43BN TH XA A R T (a) MU AGOLL AR IPRET (o) BREE (o) FH

il

Fig. 10 Composite radar reflectivity (a) and vertical profile of reflectivity (b) and radial velocity (¢) along the white solid

line in Suizhou at 03:24 BT 26 July 2022
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Fig. 11 Composite radar reflectivity (a,, a,, unit: dBz) and vertical profiles of reflectivity (b,, b, unit: dBz), Zpg (c;, ¢, unit:
dB), Kpp (d;, dy. unit: °/km), CC (e, e,) along the white solid line at 03:24 BT (a,—e,) and 03:36 BT (a,—e,) 26 July (A,
B, C, D, E in Fig. a represent the positions of Yudian, Haodian, Caihe, Shili, and Guangshui stations, respectively; blue triangles in Figs.

b—e represent the position of Yudian station)
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Fig. 12 Composite radar reflectivity (a,, a,, unit: dBz) and vertical profiles of reflectivity (b, b,, unit: dBz), Zpg (¢, ¢,, unit:
dB), Kpp (d;, d,, unit: °/km), CC (e,, e,) along the white solid line at 04:06 BT (a,—e,) and 04:12 BT (a,—e,) 26 July 2022
(A, B, C, D, E in Fig. a represent the positions of Yudian, Haodian, Caihe, Shili, and Guangshui stations, respectively; blue triangles in

Fig. b—e represent the position of Shili station)
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Fig. 13 Composite radar reflectivity (a), radial velocity at 4.3° elevation (b) at 04:00 BT and radial velocity at 4.3°

elevation (¢) in Suizhou at 04:06 BT 26 July 2022 (white circle represents vortex position; C, D, E represent the positions of Caihe,

Shili, and Guangshui stations, respectively)
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Fig. 14 Maximum wind speed and hourly maximum
temperature decrease from ground intense observations
before and after the squall line crossed the mountain (black/
red barbs indicate wind speed less than/greater than 24.5 m/s;

grayscale represents terrain height)
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