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Abstract

This paper analyzes 15 convective gale processes of magnitude 9 and above that occurred in Zigong
from 2018 to 2023, exploring their temporal characteristics, environmental conditions, radar echo
features and surface element characteristics. The results show that: (1) The convective gales of mag-
nitude 9 and above in Zigong are divided into two categories, namely mixed gales and thunderstorm
gales. Mixed gales occur frequently in late spring and early summer, while thunderstorm gales are
prevalent in midsummer, with peak hours at 16:00 and 21:00 local time. (2) In terms of physical
environment, the trumpet-shaped stratification in the lower and middle-upper troposphere is a fa-
vorable stratification structure. Moreover, there is a negative correlation between the vertical wind
shear at 500 hPa (Shr500 hPa) and Convective Available Potential Energy (CAPE), with a Pearson
correlation coefficient of —0.46. (3) The radar echo morphology is dominated by nonlinear convec-
tive systems (accounting for 29%), and most of the echo intensities are 265 dBZ. For short-range
monitoring, mid-altitude radial convergence (MARC), low-level divergence, low-level jet, gust front
and sudden drop in Vertically Integrated Liquid (VIL) are the key monitoring indicators. (4) These
processes are generally accompanied by abrupt temperature drop, pressure surge and 5-minute
rainfall 2 7 mm.
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Table 1. Statistical analysis of gale cases

=1 KRGt

I ] 9 gL bk 5 KB K (m/s) B A AWl Bt
20180521 2 23.2 22:31 9 % WA TERIA
20180714 3 21.7 21:04 9 % HERN
20180722 1 22.9 3:45 9 % EE- NG
20180817 3 21.7 20:00 9 4 e YN
20190604 1 21.7 23:25 9 % TRATERIA
20190731 1 24 14:21 9% CiE- YN
20200505 2 30.9 22:07 11 % TRA TR
20210509 1 21.8 21:48 9 % TRATER A
20220411 4 36.9 21:03 12 %% TRA TR
20220630 1 28.3 20:32 10 % RPN
20220727 2 24.4 0:16 9 4 EE- YN
20220805 3 243 21:00 9 % HERN
20220825 3 26.3 16:57 10 %% CiE- YN
20230619 1 22.1 13:26 92 TRA TR
20230823 8 32.8 16:08 12 4% TRA TR

3.2. EESFB4HE
MR KRR AR ARE S 9 KA ERETER K 70%HE N EFRAREYI(4~6 H), RN L Z A A
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Figure 1. Temporal distribution characteristics of extreme gale events (a: monthly distribution; b: hourly distribution)
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Figure 2. Typical T-logp diagrams of convective gale processes and boxplots of temperature-dew point depression and con-
vective available potential energy in Zigong Area
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m/s, 25%F] 75% M EE 7 N 6.9~14.9 m/s. 4~15.4. 8~14.9 m/s, Shr500 hPa JzhAHXT%i K, Shr700
hPa F1 Shr400 hPa ¥4 73 A AR oA, BEH TAEATURIENRZSH, DL 25% 5 M (B A Tebn B,
M558 6.9 m/s Al 8 m/se [AIIF, SCHRRRUR A RT CAPE 5 RIS FEAT FHOGIE 73 4 K3, CAPE 5
Shr500 hPa —# 2 [AJfF4E — & A (4] 3(b)), Pearson H5% Z%N—0.46, B CAPE FliE H X AL1E
fE—EMBEAMER, 23 B XTI ECR, A FEIR &1 CAPE whAe™ A4 W s % KX 4 CAPE Lt
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Figure 3. Wind shear characteristics of thunderstorm gale processes in Zigong during 2008~2023 (a: wind shear characteristics
from surface to different heights; b: correlation between CAPE and Shr500 hPa; c: humidity boxplot)
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Figure 4. Classification of radar echo types of thunderstorm gale processes in Zigong during 2008~2023
4.2008~2023 FETTEBANIIZFILER AR 533

fERER

Figure 5. Common radar monitoring characteristic indicators of convective gale processes (a: MARC; b: low-level divergence;
c: low-level jet; d: gust front)
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Figure 6. Probability density distribution of VIL in extreme gale processes (a), and VIL thresholds and variation characteristics
of different echo types (b)
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Table 2. Variation characteristics of surface meteorological elements during extreme gale weather processes
F 2. MHARNRR IR A SRERTILHFHE

5 min A& (hPa) 1h 4K (hPa) 5min ZHE(C) 1hARE(C) Tmax (C) T-Td('C) 5 min FE/K(mm)

T8 0.8 2.1 —-2.6 -8.7 31.7 11.1 8.7
LRE A 0.7 23 -2.90 -8.0 30.6 9.8 7.4
NS 0.6 1.2 -3.20 —11.2 29.3 8.4 5.1
By 2 0.9 2.7 —1.90 —-6.7 324 15.9 11.2
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