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Abstract: The spatio-temporal distribution of thunderstorm gales (TGs) in Jiangxi is comprehensively
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analyzed based on hourly observation data of automatic weather stations, cloud-to-ground lightning obser-
vations and weather radar data in Jiangxi Province from 2015 to 2023. The ERAS reanalysis data are fur-
ther used to investigate the atmospheric environment before the onset of TGs. The results show that the
TGs in Jiangxi occur mainly in spring and summer, with significant seasonal variations and differences in
the north-central part and the south. The frequency of TGs occurring in spring is only slightly higher than
in summer in north-central Jiangxi, but the frequency of TGs in summer is more than twice of that in
spring in the south of Jiangxi. TGs have obvious diurnal variation with the highest occurrence frequency
from 14.00 BT to 20:00 BT. The frequency of TGs from evening into night in north-central Jiangxi is
much higher than in the southern part. The thermodynamic, dynamic and water vapor characteristics of
TGs are significantly different in spatio-temporal distributions. In the same season, the dynamic effect is
generally stronger in north-central Jiangxi than in the southern part, while the thermodynamic and water
vapor effects are stronger in the south than in north-central part. The thermodynamic and water vapor
effects are stronger in summer than in spring, but the dynamic effect in spring is stronger. The convective
instability energy required for TGs varies by time periods, but all occur under unstable conditions. TGs
occur more frequently under low vertical wind shear in the afternoon and also in the deep night with strong
vertical wind shear conditions. Besides, the upper-level dry and low-level wet structure in the daytime is
more pronounced than at night. Therefore, it is crucial to set ambient parameter thresholds by season, re-
gion and time period, in order to provide more accurate guidance on TGs forecast and warning. When 0—
6 km vertical wind shear (Shear6) is large enough and distributed in the range of 30—33 m « s~ ' in spring
in north-central Jiangxi, it is imperative to be alert to the advent of TGs even if most unstable convective

1

available potential energy (MUCAPE) is only in the range of 0—500 J « kg ! and precipitable water (PW)
only in the range of 43—48 mm. To accurately forecast the occurrence of TGs in summer, it is essential to
pay attention to the MUCAPE and PW, and especially in the south of Jiangxi, TGs tend to occur with
higher frequency under weak mid-level vertical wind shear, When PW>60 mm and MUCAPE>1500 ] -
kg™ ', even though Shear6 is minimal and confined to a range of 5—8 m + s ', it is necessary to contemplate
the potential for TGs. The increase of water vapor is important for the occurrence of TGs in different regions dur-

ing different seasons. Therefore, changes in PW should be focused on in the operation of forecasting TGs.

Key words: Jiangxi Province, thunderstorm gale, spatio-temporal distribution, ambient parameter
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Fig. 1

(a) Sample number of thunderstorm gale events and

(b) the interannual variation of the number of meteorological

stations with thunderstorm gales in Jiangxi during 2015—2023
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Fig. 2

(a) Altitude map of Jiangxi, and (b) spatial distribution of the total

occurrence frequency of thunderstorm gales in Jiangxi during 2015—2023
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Fig. 3 (a)Monthly and (b)daily frequencies of thunderstorm gales in the whole region of Jiangxi,

the north-central Jiangxi and the southern Jiangxi during 2015—2023
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Table 1 Proportion of thunderstorm gales in different
regions and seasons to that of the whole
year in Jiangxi during 2015—2023 (unit: %)
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Sc A LU B 7 AT A I B L AN [] 2% 745 YL 74 7 78 1Y
Shear6 #SA% T VLG o A6 &R . 3 156 W VL VG g 78 1 2 K
A 2B T P B i L XU 28 A E VP b G AR A ) L
3 5 DR AT R 2 VI VY P 08 b T 9 A 5 B L YV P G R
(PR A, 20165 F 34, 2020) . AN IX 48 7E 4T
fuf i B, B2 1) 75 Y0 4 i B /N TR R0 25 %00y
gk, B 28 2% R KUK A2 i 1) Shear6 B 2K T &
Z, HAHEZVLG ML 7E AL ER A Shear6
PEBUr M 18.8 m e s ' H122.8 m s 1,25 %40
By 14.6 me s A1 17.2 m » s B ZBHAIEL
AR 6.2 me s VRI7.5me s 1,25 %A B4 B
H3.9mes ' fl46mes !, WIS me.s <]
E<C20 m s 'y A DL B IR B XD I AR v (B
AT/, 2013) , BT B RN EEE AL
M HNYE S AR ERERRNE LT 8 LRIl
WYIAE p, JE R VPG R LR F Z A 6020 L b7 2
KRB KA T =20 m » s ' 98 6 17 RV S 3055 b,
X PR Oy B2 PR IR R e N RRE R R L AR T AR
KRR T EE55 8 S E R . 7E > ) B 7 2 R KUk A=
HiT A 2 L XUD) AR B S R p i g, Horp 14—
20 I} 1Y Shear6 i PY A4~ i B fe /N F 5 T 2% KA
KT RINE B XCP) A PR B b TR A R UK A
e B AR A B 1 A B KD AE

TRRNAER P Z TR =AWk E i, 4k
B )2 G A R I 2y T A% 68 b TRD R XU 1Y) BT K 3¢
K AT LLFIF Je 4 257 35 KUGH R AE Bl 6 T 15 108 3
P ol S DB N N AN D A
(Cohen et al,2007; P 4,2019), eHZEZ V1
GH I A2 Ak i (] 5d) 55 Shear6 Z8L, H X i
J2 )R A5 IR B RRUKR AR iR 4 T2 P 1
WHAH LT 22/ E TS B T8 U R 3 A2

3.3 kRZH

IKVR T i B T T 43 AT R IR 5 B R 285 ) R A1
A BRI . H KA KPR T B A R AR R 2 IR
J2 o PRI AR 33k BORT B e KT W R B Y PWOAN
ARHgso- 500 RFAEKILZEL. MKl Se AT AL Z= Y
AN BEY 25 %0 40 8 BRI 75 %% 43 45 BB 76 75 L 43 )
h 43.3~55. 4,42, 5~61. 0,45, 9~58. 7,45, 1~
55.6 mm, & Z P04~ BERY 2526 20 0 5 75 %6 4
BB 2 4 B R 58. 9~67.7.58. 5~67.7.62. 4~
70.1.60.7~70.7 mm, i A] LIE S A7 YA BB
TR R NE AT PW A 257 HE 225480,
A 08—20 I} & A B 2 R XUET ) PW /T 08 I 22
HIFL 20 BF LS s K 2500 Be 5 210 25060 40 (i 40
THERMN 5000 . % PW B K TEHES. /]
B R A ¢ 5 21000 % A T & G R
AR 32 B K AAR)Z P4 e 22 RURITAR B 2 XU 52 ), 7K
RHE e

AR )2 KPR e i R v e 2 R /N B G B A R T
KA BB R KGR FR 4, 2017 A 00 2 4%, 2022)
ARHs:sofsooXf¥%*%rﬁiﬁgﬁ@%ﬁ%%%:ﬁﬁiq:
TR EE L5 . B S AT LUE B R A X R E AN
[Fi] B Bt S AN ) 2 4 4 ) o A8 DX 3 K 10 P o
KK A BT ARHaso 500 19 B 55 25 52 580/ s ZEAT AT
I BE AN [R] 237 B A TR) DX 35k Hp 437 5084 o TE A S 16 B K
ZHRUE T R IR AR A A B BT T ) 5 J 45
¥, 08—20 B4 08 B Z Fif A1 20 B LAJS 9 E T °F
BT R R = B N i il O o g a1 2 A
FREHBERRNEAN LT TR E R R, X
XI5 (2022) BFFT 45— 3% .

3.4 BERARKNRESHEE

SR o I AN L 7 N W 2
MUCAPE AT 500 - Shear6 . 32 35 J2 - 34 X3 . PW
1 ARHgso— 500 26 AN 7] IX 35 AS [7] 2575 FUAS [7) B B 4%



512 H f545.2015

2023 4EVLVY 5 2% K RURHE 43 B

1503

A —RE 225 NI il 58— 30 858 2 00 K il 4
VG TR 2 DRI 98 8 T4 2 5 o 5 22 19 2 4 A T
o o DUAR 42 1Y doe/IMELVE D 04T 1) 1 L K 2 3
AR R A R DRI T AN [ XSRS [ 2 A
[Fi) ef B KA 114 T 2R KR 25 06 43 (60 B0VE S WA 1
B E AR A A B iy 8 A 45 20185 X4 48, 2022)
3 MR ARG T HFRFMEFA [ K IEAEAF
I BETR 2% R R 58 2 B0 AR B4 B 1

H1Z 3 AR 4 nl ARG 2B A thou T LLR 6 4
WESHL 0T H BN S RO AR A 2 2

*x3

27 MUCAPE fil PW [ B{E B L HEE KR, FE
Shear6 | 3¢ 4 J7 - 25 W LA &2 ARHeso 500 B 5 {E B
B KGR 6 AR5 S 8 A [R) X3 DA K B
BSE WA 22 5, b B AL LYY p A 14—20 B
MUCAPE 14 [ {8 & 3% 1502, 2 ] « kg ', M 7E VL 7Y
b EB 08—14 WFHIE Hy 26.6 ] « kg ', X T
BT S EAE 5y 220 1 3k b, 0 KR DL % 4y B
BB E P58 S 808 {6 T B KR T B Y 45
BMUT K,

IAEZFERARNKENSXE . SHERESHEE

Table 3 Thresholds of ambient parameters for thunderstorm gales in different periods

and different regions of Jiangxi in spring

% ot 5 MUCA}jE/ ATW\ 500/ Shcarf// %%%Ti’:] PW /mm ARHss0— 500/

(J+kg™H C (mes™) K@/ (m-s™") %

08—14 B} 26.6 23.4 17. 4 16.6 43.3 8.2

TP L 14—20 B} 1053.9 24.1 15.7 15.5 42.5 13.4
20 R H 02 i 177.2 24.2 16.7 16. 0 45.9 2.0

02—08 Hf 0 23.2 20.3 18.4 45.1 3.6

08—14 Hf 248. 8 23.0 14.1 15.3 47.3 17.8

14—20 B} 1502. 2 23.4 12.3 13.1 51.9 11.9

VLV ¥ .

20 BF R H 02 I 384.5 23.5 17.5 16.4 49.2 0.2

02—08 Hf 39.5 23.1 20. 3 18.8 46. 4 11. 4

F4 ITAEFEERANRENARB. ONERRESHEHE
Table 4 Thresholds of ambient parameters for thunderstorm gales in different periods
and different regions of Jiangxi in summer
X B MUCAI;’E/ AT&WTSOO / Shear?/ %%%%i’:] PW /mm ARHgs0—500/

(Jekg™H C (me+s 1) Ka#H/(m s 1) %

08—14 i 1282. 2 22.9 5.0 5.5 59.0 0.7

VL 14—20 B 1587.2 23.1 4.3 5.1 58.5 6.1

20 BFZEH 02 B 2220. 7 23.2 6.6 6.6 62.4 —6.4

02—08 i} 1238.7 22.6 5.7 6.8 60.7 —6.0

08—14 B} 1244.3 22.7 3.4 4.8 59.2 6.7

N S 14—20 B} 1522.6 23.2 3.8 4.9 60. 5 1.8
TLE R 20 BF & H 02 W) 2292.0 23.1 5.2 5.6 62.6 0.2
02—08 I 1535.7 22.1 4.8 5.4 62.4 3.4

3.5 RESHHEKESHEIE

B IR EE SR R K e AR A TR
[ s 53 T R 58 S B0 B A 20 A FRAE 1T LA SE 47 b 2 B
2R KRR AR I B A 858 45 7 (Ma et al, 20215 X1 #2
4,2022) , AL ZEA 4 MUCAPE fil Shear6
(& 6) .MUCAPE 1 PW ([ 7) 8 5% B — 4 4 1
454 MUCAPE, Shear6 fll PW = 4 & 5 %5 JiF 43
A CEIE e 73 Mt 5 2 K KR 2B B 3R B #4807 L 3h o
KR HAE I RAE .

VL VH B A R 2 2 R KR A MUCAPE,
Shear6 Fl PW 41 & .0 fii + MUCAPE (1800 ~
2200 J « kg '), Shear6 (16 ~18 m + s ') fil PW
(52~58 mm); ML HILIHEZERAIAHEGH O,
B % B F MUCAPE (0~500 ] » kg '),
Shear6(30~33 m + s ') fl PW(43~48 mm), K5
WREh L i T MUCAPE (1000 ~2000 J » kg ')
Shear6(23~27 m » s ') fl PW(38~43 mm), #
YL P4 v AL A A 2= B B T A AR 55 K IR A &
N FE Bl VR AR SR 25 5 e HE B R RN R 2
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Fig. 6

Scatter plots of MUCAPE and Shear6 for thunderstorm gales before

the occurrence in (a, b) the southern Jiangxi,

(c, d) the north-central Jiangxi in (a, ¢) spring and (b, d) summer during 2015—2023

VLG rpr b E T 2R KR A AR I LU VLV R A Bl 5 1Y
Shear6 M %% /i) MUCAPE } PW., B It 76 7 4%
F L VL PG s AL 3R A 245 H B T 58 Shear6 (1915 & . B
fft MUCAPE F1 PW AR /)N ATy T 22 15 78 2% KA
KA,

B VLV M A A& KKK A i MUCAPE,
Shear6 il PW 4 4 .0 7 T MUCAPE (1500 ~
2500 J » kg™') . Shear6(5~8 m « s™')fll PW(60~
65 mm) ; YLPG Hr AU AR Z2 4 4 b O B B B R E X
X ) Shear6 KE(FAE 3~10 m » s~ ', | K& JE(E
X} i) Shear6 KEH 5 m « s 'y MUCAPE 454
1000~2500 J « kg ' J¢ PW #j}y 56 ~65 mm; YL P4

R A AU ] ALY AL R . RUTE R
LY 2% R XU A i 3l 7 VA 555 o T 7K PR A T
P 5. I ok 7E B B4R 2R OR XU R
MUCAPE FI PW s Ji H VL P4 R A8 28 R KUSE
e rp R FEAEAR S 9 )2 0 T XD AZ BRI HR L PR 2 K
PRI AR TS I Al o 25 R o B R U 2 2

4 R RMAFE 22 57 I N B 90 A8 FR )
Si LRSS AL VL T R RO I % 4 A

VAR e A RIS IR I5E 2% 1R 39 WA 1 2 4 22 S Mg e
ZESt A T R BRI RZE S SRR X EE 3 A VT
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Fig. 7 Scatter plots of MUCAPE and PW for thunderstorm gales before

the occurrence in (a,b) the southern Jiangxi,

(cs d) the north-central Jiangxi in (a, ¢) spring and (b, d) summer during 2015—2023

PG TE A [7] DXl AN ] 2545 8 2% DR XU A i R TG i 2
RIREIHEE S50, 1B 8 b VL PG g B AL 7 b 3 7
HFEME A JoH % KK MUCAPE, Shear6 i
PW FH4 A,

TEAR 2 B 4k R AR A= iR G B 2% K KUZE VLY
R ALY Hr A MUCAPE XA #4r E& . H
FEVL TG A3 8 S X /) U WY A 2 2R T R K
UG A B AN AR A g At VL Y v b B Y
KRIREREE Z 2 2, A 0 2 K IE VLT 9
22 SEARVIN  FE VLV B 0 B A 1 38 0 i 3 VL R b
F /N B B 2R R AR R R AN A B A B AN B
A F2 6 1 L Ry S 2 VS 1 (B 8a) . MAIET 8D ok

EF. A LHERKNK Shear6 ZF A HF (HIZVLFH
JLEBE R R FILRE R, & 8c WoR . 7EA [F] X 35 LA
FAE 275 A7 o7 2 K PW Y 22 e 80 AR 3%
X BT AR X S FE AN 6] 2215, PW A 3 hn oot 77 2 K
KRR & A= P AR B T4 B AR S G PWO AR
k.

ZLAXTILAT AR B A To B KR FE L
RS AR AR I 2 KR A T B 25 S R a
R, HILH R E Z 25N R R FHEKR
W Z 45 oy KA LV g i B 2= e s oy e HE L AL Ut
VLY R 5 R AR K KUK AR R AR R ] R
TEE 75 A o 2 KRR F 8l g 7R T 22 SR i



1506 A % 5550 %
8000 50 100
(a) MUCAPE (b) Shear6 (c) PW
7000
40 4 80 -
— 6000
Ej T
<5000+ 2 304 g 60
< g g :
< =
Y 40004 >
é ¢ z
o 4 ] 4
S 3000 g 20 40
=] 0
= o
2000
10 1 20
1000
0 ‘ ! ‘ ‘ 0 ‘ ‘ ‘ ‘ 0 — — ‘ ‘
e " e e K W LN # K W LN e
S £ ¢ @ ou R S - B
b Az H Ha o5 i e H Hr Ha HE Hr
E 2 B 2 B2 B2 B2 B2
= + = + B £+ = + = * = +
H & H & H H H B H H M B
H H H H H H
[ SNAV-E) [ SN

P8 VLV A AL R VL PG R A 2 R T R ORUR AR IR TE & R XU Y
(a) MUCAPE, (B) Shear6, (¢)PW %3 2k &l
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the north-central Jiangxi and the southern Jiangxi

FoBUI PW 8 25 P die i Y0 PG R A R T R R
B 3T )R R T SRR R PR AT 5 L K Pk AR
T XA VP P R L T R R R A A R R ) i
WZ—. A JoH 28RN AR R0 AL i 2
T3 A IR 8 T VL PG R AR - R AR A I VPG R
PR ULV b AL A8 s A L JCH 2R R KU B R F ) A
IKFAE S T HF 2 B R AR T =2 5 (0
JETRIX PR AL ST . X DLW L BRI AR 1E B 2 2
S5t A1 Pl A 22 S R VP R R XU AIE 22 8 JBE S ST 11
HEJRH

5 4

it 5i4E

AR ] 20152023 X I8, [ 20 ol H 10 % /)
I SO 00 5 6} DAL L, 7 2 9 M W ) e DA 9 e | R 3 R
BEF ERAS 43 B %6 RE 58 11 VL 74 15 28 K RUAY B =5
A3 A R AE RGBS BORE . X 43 B AS () DX 3
TEAS ) B B A KA ] 28 745 1 2% KX & A= il i 44 7
3 1 BoKIRAE R Sl . A3 DL E5 R .

(1) VL VG T 2 KR & 28 1 50 25 R A A
AR AR AL R 22 Bl R AR R A 2R R R A D
R/ S N e T 7 o AN N o Yo e
NN I A e A [ S AW L E = N S L T
HH T PAGEE 2 R T R R K BB £ T

7 M E R AR HFEEZL 2 4.
FKHFRRNG Y ACGHBNREILER, H2
RO BB 2 1) H AR Ak B g A B Ol 14—20 B
WA AF S BLAE 17 B, YOV Hp b 45 s 25 7 () 7 2R KR
B AT Y R AR £

(2)VLVE T 2 K KUK A HT I 3l 1 AT RK IR S
BURIEA BB 2 2 5, fEM—Z= 1y, L8 At
14 ) 3 V8 F B AR5 7 38 o 1 AR R K YRR R
g Frhdbil. EERNFKRMERR T HS. K
Z 5l J7 4 5 T 5 2 L V0 AP b X Al RRAE 5 I 6,
AR T XS AE AN [ 5 B A [) 21 7 28 KRR A e
BTN R E BE AT 22 5 R — AR 2
ZEREE P Hop L PR R BRI KA AN TR HR
A R S5 o o i TR A B B W) 2 2 2 A ik TR B A ) A
A, HERILFE RN Z K T % Kok EH
WYIAE v, B2 A A D) AR B LR RN
JEIHAEVL VG w5, 75 2 R X2 & AR AEAR 55 1 v )2 2
HAYAEZME T . REBCHF KN L AT AR
A LTRSS, P AR E TR R RRE
TLVE R FR I, AR BT R IR 45 M L ) e 3% /2
EFFBAMERESHE,

(3)% FH MUCAPE. AT 500 « Shear6 ., J& 35 2
SF-H RHE L PW R ARHiso 00 3058 25 40, i X 880, 2
B BT g A TR R A B . 25 R R ZE MU-
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CAPE 1 PW 9 [ {8 ] & L & 2= K, K Z Shearb,
SJe 3 )2 2 R A B AR Higso— 500 Y 190 {8 B W 1Y 3 25
Ko 6 DI SEAEA [F] I8 LA S [R] B B 1 {1 4
25, B 320 43 Xk DA K 4 B B 4 B00H 94
B A KR B 558 2 B30 1 {1 o XoF YV B R R XL 9 i
EWNRESRELEKR,

(4) MUCAPE, Shear6 il PW #f & %5 FF K 45
TN s FE TR B VL P i At B85 245 Shear6 1R K H 4311
F30~33m-+s ', i MUCAPE {4 F 0~500 ] «
kg ' \PW AU T 43 ~48 mm i1 [l , A /5 2 Y &
R K. 782 Z 4k 82 R XU 56T
MUCAPE F1 PW, Ji Ho 71 75 28 K WU AL vp & A 78
AR 55 1 b 2 2 X D) AR B R VL PG R R, 2 PW >
60 mm MUCAPE>>1500 ] « kg ' i}, B i Shear6
W/ANHAAAE 5~8 m» s ', T HEHERE KK
KA,

GO XA TG 28 R XU A= 18 B 458 2% 0 mT 0
PRBE A5 1 0 22 22 S A R Jb 25 S 2 VP R R RRURR
fIE 52 1 BE e ot M 9 o D R, AT ] DX IR AE AN ] 2
T PW R B xR R XU A AR E L T
2 KA 7 8 i T PW 28 4k,

A SCNGE T2 F B 4 X8 L I B A T 0 R
ERNEAERIRES A T AR SR, If
WIEARVE T 7 AR I SRR AR ) S L A5 T — 2
S AT o (H X 33X SEREAE 1 T AL ] 43 A A 2 . 4
J e BEAR ST LA A - e ARG V7Y R AR A AR
KRR A2 VTP AL AR A1 [l L X7 28 R D &
JE SR A A Ik TR 2 AR B ORHRE AR 1B
TG Tl 22 S 1) AL 5 VP4 e b S 3R B 90 4 b R a0 2
KR 2 K X, 5 25 T A B 5518 A 400 Rk
P X5 240 2570 B 380 B 350 0T T 2 K KU ik 1) 52 1 5 Xof
T 28 R XU b 28 5 R B T UL T A A 40 35 A iF
9% Ja A 78 0 75 I X MR L R R B 3R 8 DA K3 Bt
J2 fik 2 AL B 22 57 L TR\ 40 B0 T 98 V1V R 5 R R
) B 555 52 0 PR DA R K A R K BT
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