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Abstract: Based on multi-source observation data, the radar-echo characteristics of wide-range damaging
thunderstorm gale events and the associated convective systems in Shandong Province and surrounding are-

as from 2005 to 2021 are analyzed. The results show that there were 41 wide-range damaging thunderstorm
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gale events in the 17 years, with an annual average frequency of 2. 4 times, and they mainly occurred in
June. Before the occurrence of damaging thunderstorm gale, there tends to be remarkable conditional in-
stability and moderate-to-slight humidity condition in the middle and lower troposphere. Meanwhile, there
is a prominent dry layer in the middle level, and the vertical wind shear is moderate-to-slightly strong. The
convective systems that lead to wide-range damaging thunderstorm gales can be divided into four catego-
ries: type | squall line (cell resolvable type), type [l squall line (banded-echo type). multicell storm
cluster and weak echo squall line. The rear inflow jet carries dry-cold air into the squall line and enhances
the negative buoyancy through evaporative cooling effect, which is an important formation mechanism of
damaging thunderstorm gale generated by type | and type [l squall lines. The backward (or rightward)
propagating multicell storm clusters all contain supercells, whose gust front can both produce damaging
thunderstorm gale and trigger new storms. Due to the fast moving speed of the severe storm and the possi-
bly-existing rear inflow jet, as well as the downward transport of momentum from high levels caused by
the downdraft in the precipitation, the asymmetric downburst can occur, which increases the possibility of
extreme thunderstorm gales. The damaging thunderstorm gales generated by the weak echo squall lines are
most likely to be ignored. The convective subsystems that directly cause damaging gales can be classified
into five categories, namely bow echo, strong single cell storm, supercell storm, gust front and mixed
type, accounting for 30%, 26%, 6%, 23% and 16% , respectively. The average values of the maximum
wind speed caused by bow echo and supercell are the largest, reaching 28.2 m « s~ ' and 29. 9 m + s~ ' re-
spectively. The formation of bow echo can be predicted about 20 minutes in advance according to strong
rear inflow jet and remarkable mid altitude radial convergence (MARC). The damaging thunderstorm gale
mainly occurs in the central and left parts of the bow echo relative to its moving direction. Extreme thun-

' are generated by the line-echo wave pattern embedded

derstorm gales with wind speed over 32. 6 m * s~
with bow echoes, the combination of bow echo and mesoscale vortex, and supercells. Thunderstorm gales
at the speed about 30 m + s~ ! can be produced by the strong single cell storms with deep MARC, the gust
fronts in strongly developed squall lines, and the superposition of surface cold front and gust front which is
often accompanied by downward momentum transportation.

Key words: damaging thunderstorm gale, radar characteristic of convective system, bow echo, supercell,
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Fig. 1 Representative radar figures of the convective systems producing damaging thunderstorm gales for

(a) type | squall line, (b) type Il squall line, (¢) multicell storm cluster, (d) weak echo squall line

= 1AL w IRELk w AR RUERE o 55l AR

4—5H 6H 7—8H
A
K2 4 BRI RGN A BB A
Fig. 2 Monthly frequency of four types

of convective systems

2.3 RESH

1T 2y N A S O = S NI 3 Y o
850 hPa 5 500 hPa Ji 2% K H& & . 25% Fi
75 6 43 LR N (R 43 0y 27. 3 C R 31.3°C LI ME
929, 6 C MY T X 2 N 2 B BB E R
FWCEA 6.6C « km™ ', BRI EE B A R T



794 A

%

%49 %

BRI CAPE {8, 1A A F 525k BT 7 R
22 19 o KORE 40 R i R KR T RGBS Y 1) T 4
HUAE T A 2 N DA DAl 5 55 B TR I, 4
Rt B B AR A T AR 35 T UUACIRAE R U0 TR
i o TP PR R ] Y B 22 R DUROR AR
R AR A BE A AR T BRI AR 1 R A
I AT/ AE . 20200

b T % I B R R AT K R 4 B
19.1°C A 32. 3 mm, & B BRI Rl B0 7R B K XL
PR T A A AR WA T B R R . )R JZ P Z
(700~400 hPa)F- ¥l B 5 xl 22 Ml e Kl L B o 22
P2 ME 2350 O 15. 7 C I 28. 8 C L W i T Eh U
S5 (2019) X 2= [ M i 75 A% K XU 4 0 BR B ik 25

T T
120 124°E

T
116

(2022) %4> [ K90 i 7 2 R KR ge it 45 21 . &
B 1L AR R PR 380K B 2 R R & AR B 2R
TR EWTE . XA R T T2 I G A b K
Je B R U - (A5 N T 28 & . T U PN T
AR S Y S AR BB U B 1 7 AR 1 T CRRORE ) B
BE (AT /N4 ,2020)

CAPE J2RIAE 45 & B 46 3% E T+ B 1IE 3% )
A RE A T LR R N IR R A T AN TE R
BEM —AEE G b (AT /D55, 20200, IR 1 AJ A
s R X I 2 A A I RE R 82 05 1T 1 )5 A9 CAPE 1R
KFEME R 2000 ] « kg ' FEIE RN IR KE
FE 0K T8 2 KN — B & A TE 7 I Tl 08 B AIRZ
925 hPa # fFAE Wi R )2, JiInZ 850~500 hPa [ ¥ 5

36

34

32 T
108

T T T T
116 120 124°E

T
112

B3 4 0 AR G I i U 3t A0 RS B R A
(a) | BUREZE, (b) Il BUPELR . (o) 2 R U B - (D 335 [T] B 4k

Fig. 3 Source regions and moving tracks of four types of convective systems

(a) type I squall line, (b) type II squall line, (¢) multicell storm cluster, (d) weak echo squall line
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Table 1 Eigenvalues of the distribution of environmental parameters
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Table 2 Frequency of the stations affected by damaging thunderstorm gales caused by five types of convective subsystems
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Table 3 Parameters of supercell mesocyclones before the occurrence of damaging thunderstorm gales
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Fig. 7 (a; —d;) Radar reflectivity, (a, —d,) radial velocity, (d;, d,) vertical cross section of (d;) radar reflectivity

and (d,) radial velocity of supercells at (a) 20:41 BT and (b) 21:10 BT 13 June 2016, and at (¢) 16:31 BT
(d) 17:00 BT 13 June 2018; (e) maximum wind speed from 17:00 BT to 18.:00 BT 13 June 2018
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