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Analysis on Environmental Characteristics of Thunderstorm Gales in Yunnan
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Abstract: The temporal and spatial distributions of thunderstorm gales in Yunnan are analyzed based on
conventional observation data, observed lightning data and significant weather reports from 2011 to 2020.
The results are as follows. Thunderstorm gales tend to occur from February to August, characterized by a
bimodal pattern, and seen mostly in April. It is easier to see thunderstorm gales in spring than in summer
and the daily peaks often appear from 16:00 BT to 17:00 BT. The durations of most thunderstorm gales
are 1—4 hours. The high frequency areas are mainly distributed near mountains, including the east of Jade
Dragon Snow Mountain, the east of Cangshan Mountain, the Ailao Mountain and the Wuliang Mountain.
According to different types of large scale circulation background, three basic synoptic situation configura-
tions of regional thunderstorm gales in Yunnan are proposed, that is, the southern branch trough type,
low pressure trough type and quasi-barotropic type. The thunderstorm gale of the southern branch trough
type occurs most. The physical parameters are calculated based on NCEP reanalysis data, representing the
environmental characteristics such as thermal, dynamical and water vapor conditions, and then the charac-

teristics of physical parameters are analyzed, considering the influence of monthly variation and different
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backgrounds of atmospheric circulation. The index thresholds of thunderstorm gales are worked out. The

results show that the dynamic condition for thunderstorm gale in spring is much better than in summer,

and the thermal condition is more significant in summer. The dynamic condition of southern branch trough

type or vapor conditions of quasi-barotropic type is better than other weather types. Most meteorological

physical parameters tend to increase 6 hours before most thunderstorm gales occur, which indicates that

they develop to be more favorable for thunderstorm gale. This finding could provide useful information to

the nowcasting and warning of thunderstorm gales.

Key words: thunderstorm gale, temporal and spatial distribution, environmental parameter
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lightning detection sensors and terrain

elevation in Yunnan Province
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Table 2 Statistics of regional thunderstorm gales

of various types Yunnan during 2011—2020
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Note: W, , S,, Pr indicate number of weather cases. number of sample
for regional thunderstorm gales of various types. proportion of S,

in total thunderstorm gales, respectively.
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SRR MR B R KE R 400 LT /N &
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ARE .

CAPE J& KU 08 70 38 B2 1Y — A B 2R bR . 45
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T3 AR AR LT A (201 7) WEFE 4 H PG 1 M DX 5 T 2% KR
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& Z CAPE B{H KT 300 J « kg ', X 5 #1414
(2015) WS 48 2 w4 Ik #E R X #5 CAPE [ {H
MY, AEN AR EREA MR, 68 H
CAPE 7% g A WL, 55 25% ~ 75% 43 v {H 7€ 600 ~
1200 J « kg ' SO YRR H A L o 47 BOER AR T
310 J « kg ', IE R A A 467 FAE 1000 ] » kg ' A2
o I ILEZELS H LA B SRS R 55 2 (0 6 i AN FR e
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VR A 1 R — 1 C /e Ay fE IE R B/ F —3°C L X
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Fig. 6 Synoptic box plots of thermal parameters
for thunderstorm gale in Yunnan at 14.00 BT
from March to August during 2011—2020
(a) CAPE, (b) LI, (&) AT700—s500
(The upper and lower ends of whisker lines represent
the statistical maximum and minimum while the three
horizontal lines of the box from bottom to top indicate
the 25th, 50th, 75th percentiles respectively,

“ % ” is the mean value, the same below)

Ho K23 A% 25% 40 ik 18.3C, 2 68
HE 25 % il 14. 9 C 247, Al WH T AR = 1K
JFREBERE R, KWK LT RN HFRRE
FRANREET K. 7N IE%E (2015 B 5T 45
Z R KRR AT 00500 WS TR R KT 14 °C,
AW & H M KRS 25% i HH KT
LA CAATHIEE BERAF . SO 70 2 TR A AR 5 5
BV A1 2 A T 2 0 8 4 8 T oA E S TR I 2 1 A A
i,

4.2 HAhEH

SR 1 R T XUP) AR A R T R R R R 1T L
e e N e R W {1 /N | 121 = L T W !
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Fig. 8 Same as Fig. 6,but for water vapor parameters
(a) PW, (b) Qo5 (¢) ARH760- 500

T3Ab s TR AR A AN AT EEARE B SRl
ARV T L R g J2 0 B AR B/ S R )= T A A
RAE M T 0RO TR KR, X T
ARHgo 500 fE—E R L RERBLR R BT LT
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Table 3 Physical parameter thresholds of thunderstorm gales in Yunnan during 2011—2020
KA
LY/ BN 3 A 4 5H 6/ A 8 J - - -
A IR A HEIEJE
CAPE/(J kg™ ") =70 =100 =>210 =650 =600 =600 =>130 =90 =740
LI/C <0 <—1 <—1 <=2 <=2 <3 <—1 <—1 <—3
AT700—500/ C >18 >16 >15 >14 >14 >14 >17 >16 >15
SHRLs00—700/(107% s71) >3 >3 >1 >1 >1 >1 >3 >2 >1
PW/mm >12 >17 >22 >30 =>28 =31 >13 >19 >32
Quoo/ (g + kg™ >8 >9 >10 >12 >12 >12 >3 >10 >13
ARHzo0—500/ % >—5 >0 >1 >—1 >—2 >2 >—1 >0 >14
TR LIS AN TF45 75 %6 S0 O AELAE o 252 A, A 4 B3 DA K 405 25 %0 43 L B O 2 2% A
Note: Reference threshold value of LI is less than 75th percentile value, and other physical parameters’ are more than 25th percentile value.
25004 (a) 25004 (b)
: 35 10
.'“ ®
2000+ £ - s 2000+
‘.'.:.' oot 30 g
o et ':'1. . oo
215004 ofeigtT T, 25 2 15004
. * 1\.\.‘ o o .
- o Ad, o° e . - 6
< S Tedat .., 0 3
8 00| “EGfamE L £ 1000
S | s 5 S 4
s S ] %
5001 .f‘. \.,-_,'.:..‘-:. . 500 )
R A 5
o] *PEW ({ig MO W o 04
0 2 4 6 8 10 10 20 30 40 50
SHRLy,, ,,/107 s PW/mm
9 2011—2020 4F 3—8 A mFSH BRI H 14 B #5551

(a) CAPE F1 SHRL;s00—700 - (b)CAPE #1 PW
IR 56 Ry AR )
Fig. 9 The scatter density plots (colored dot; scatter density) of (a) CAPE and SHRL;y 700 » and
(b) CAPE and PW for thunderstorm gales at 14:00 BT from March to August in Yunnan during 2011—2020

U, 25 85 B KA X 6 i CAPE K EUHE 50~250 ] »
kg ', SHRL:00 700 A 7E 3 X 107 ~5 X 10°° s,
CAPE H 0 B 2976 100 J « kg 'w SHRL:yo 700 o
OB L 4X10 s B T o0 o BRI N %
fim . CAPE F1 PW 5, % B 1] 5 B3 R 2485 43 A
(JE 9b), Hown % B K AH X Br 4t i CAPE 7£ 50 ~
250 ]« kg ', PW £ 11 ~20 mm, CAPE A .07 &
976 150 J « kg ' PW U B LE 15 mm, DLk
Sy T R Y b F — B N T L Bl Ak
RIS AT - A 8 F) T 75 2 KR B 76 32 Bl
55 R LA 2 18 Lo P R B A O R R o TR R K
IR A

itz &AW R A B KA AT FEK B
W(F )Y H I 20 D u L E Y R R XA )
FE R 35 A Hd 3—4 H KA oK &
PIME K ZHE 10~20 mm, il Z 2% B BE B0 2% KK
TR A 4E 1 e 0 e R () 2a) 3% s AT RE S 30 4=

TR R EEERKMEX P PW E P FE 11~20 mm
(B 9b)51f 5 H KA ] FEK & E T 25 mm,
20 DR LLF B 2R KA B 4 4E 5 A ¥Rl R A
XEANLG 1 38 J — A1) (1) KA AT B K 1 0
X EE 5 [ 8a 14 22 Jil . DA PR (R 38V 1B oK A % i
H Oy KA T R K B 45 RIEMARF A1

XIFHEE (2013) 52 45 Y 19482009 4EAE = 5%
ol DX AR ORARAT B OK i B R 7E 11 ~
31 mm, Hr = F P9 3 KT BRK 3 2 X T fig
SV ARSI . AT 3 T S (201D X H A9 T
SRR R A BEOK S GPS SR KA AT
R K 1 18 25 53] s DA 2009 4F R AT K & H 4EF
NCEP/NCAR P43 #7 %5 Bk 25 B — S04 2 3 . B
VU B R Y — ek S (B anEh i LS B B RR
Al B /K BE7E 20~30 mm s HoAth R 430 25K AT B
KEALE 10~20 mm, F 555 (20200 WF5E 1 )1 G
KPR = T 1 km 19 = J5 M XCH 2% K XURT 4R L &
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J b X i = KR R ART B K 2 E A 18 mm,
55250 FNES 7500 4y AL fH 4 B H 130 7 mm
24.2 mm, AHFIE A 2 R 5 KRR A TR
Al FEKEAE 11~20 mm, F45 & F 2% % (2020) X
FFEE(2013) FT 34 3545 (2014) B WF S5, L il LB H
AHE 5T KT B K i B S T R/ R TSR .
ZF R R K ET CAPE {8 5 — %6 i ] 4
FE 23 R 58 T 2 ROXU 1) Ml DX R s /0N 451
U L B R X CAPE {H3i5 8] 1307 ] « kg ' (F
HAE,201) 5 INAR 4—9 A K4 & KK CAPE
HTE 250 ] « kg "D F (B IR EE 5, 2014) , AW =
B AR R KU R A i LR =5 OB S NCEP #4354t
Fekk CAPE 922 51, S0 17T BRI

=a
=

4.6 ZEAEBAREETMENR
Both&R CAPE bR

X BB H 2 g AR 20 AN s DL L g X
P TR R XS], X 48 25 3 95 kLS NCEP #53 #r 5%
K CAPE [y 225 2E 47 LB 25 2R L 5.

B WIS o T4 0l 1) 08 I 48 25 BT R 1
CAPE £ 2RI N KA E (CAPE %) . 5
A —ERX AT E BE i, {H CAPE (H5 5/, 14 1
R2ITIEZ G CAPE JEA B3 R3S fm. i
MZ A B R F . B W CAPE {H M 08 I 1Y
33.0 ]« kg "¥ERZE 148y 581.7] « kg ' X
WEH S5 (2015) W FE 45 M 25 g 4 H 300 3t 1 R XUT

## 5 NCEP

R4 ZHERRARANGIASTAHEKE

Table 4 PW of thunderstorm gales in Yunnan

20 AN A B

20 UL

AUIH 1/ 4-A-H I/ mm AUIH 1/ 4-A-H P/ mm
2018-3-3 1.1 2018-3-6 13.8
2018-3-18 14.9 2012-4-22 23.6
2020-3-3 15.6 2016-5-12 22.7
2014-4-5 16.9 2014-6-4 37.2
2016-4-21 25.9 2016-6-7 35.3
2020-4-2 12.2 2016-7-10 33.8
2018-4-15 19.4 2017-7-31 38.3
2016-5-13 31.3 2016-8-14 34,1
2020-5-13 27.8 2018-8-16 38.3

£S5 ZEAREEEFRARANOERRTHZLS NCEP B #) CAPE LI

Table 5 Differences of CAPE between observations and NCEP reanalysis data in Yunnan

LB CAPE J#% o CAPE

A5 5 #1 08 =S 14 BHEZSITIE 14 if NCEP 24 08 A =5 14 BHTIE#R 14 if NCEP 24
/(J kg™ /(J kg™ D /(J kgD Lt/ % /Jekg™H =/ kgH) /Ukg™D Lt/ %

2019-2-17 0 409.7 237.8 —42 16. 1 273.5 110.5 —59.6
2020-3-3 0 652. 8 245.1 —62.5 0 390. 3 358. 1 —8.3
2018-3-3 82.0 529.5 186.7 —64.7 0 1331.9 319.3 —76.0

2016-4-21 240. 5 361.7 353.5 —2.3 0 475.8 593.7 24. 8
2018-3-18 0 644.9 179.3 —72.2 0 546. 0 189. 2 —65.3
2019-3-19 0 83.2 181.9 118.6 0 1093. 9 108. 8 —90. 1
2018-4-15 0 774.0 112.4 —85.5 0 396. 3 246. 5 —37.8
2020-1-6 84.1 319.9 485. 6 51.8 214. 4 286. 2 12.2 —95.7
2020-5-13 78.2 827. 8 115.5 —86.1 9.9 1007. 0 603. 1 —40. 1
2017-4-20 0 1504. 8 469. 0 —68.8 116.6 850. 5 480. 5 —43.5
2020-4-10 42.6 351.2 235. 1 —33.1 0 357.4 269.7 —24.5
2020-4-2 0 554. 8 72.6 —86.9 0 487.7 197.0 —59.6
2020-4-17 0 607.3 246. 4 —59. 4 0.6 723.3 529.3 —26.8
2019-4-23 0 554. 2 237.5 —57.2 0 993.5 67.6 —93.2
2016-4-22 0 864.7 380.5 —56.0 0 1775.6 740. 1 —58.3
2019-3-20 0 266. 2 213. 4 —19.8 0 287.7 254. 1 —11.7
R RS 33.0 581.7 247.0 —39.1 22.3 704. 8 317.5 —47.9

TEZE ML FR 14 B NCEP BB SR 5 ITIER) CAPE 225 . FRBR LA 14 WRZS 3T IE BT 43 36

Note: Percentage difference indicates the proportion of corrected sounding’s CAPE minus NCEP’s CAPE, and divided by corrected sounding”s CAPE at 14:00 BT.
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2012) , N 2Z VY B 5 JR b X ¥ 4k K 2 8 4d 850 hPa,
A B RAZ L5580 S B0 BUE 2 Ik T 2R
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AR RR ES N o ik, Hof CAPE. LI
ATro—s00 ) 6 h ZZ I {E 43 5l 344.5 ] « kg™!
—2.8C.1.6C, BS54 J5 M SHRL: 0700 [ 6 h
EBER KT 0.6X10 % s ', KA AT K & Al
Q1006 h 75 1t B B AR /N 3% KL 439 R 0.8 mm FI
0.9 g« kg ', 0l W72 KK KA T KK ZAFLAA
B . 5340 ARHyp 500 6 h 2B L I (EH I —6. 700,
B 500 hPa b AHX I B A BT 3 0. 45 & 2% 3 o Jl&
R INEAERT 1T T 10 2 25 45 0 24 R R A P s 55
X ] RE 5 7 A (2017) B ST AR R i X0 T 2 KR
RAHT 500 hPa K Z A Vi i 4k T F w45 e A
FHALZ AL

AL R 2R 6 h AR EA T E
TR A T7 ) & e AERIE R 5T 20
TEAE LR 1 31T L B 1 RK PR AR S B0 b R
ok 6 h ARk kA # L 2 A AR AR B K Ak A
BF 07 2 7 F0U 4R A 55 o i v B R R XU A T4 & A
A
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Table 6 The 6 h variations of physical parameters for thunderstorm gales in Yunnan during 2011—2020

pom— T Twsgfﬁff/il _ _ E#E’ffiZ _ _ E%E’ffiS _

ZEAL VI A A R4 AR Ak HArE/ 0
CAPE/(J « kg™ 1) 344.5 =100 74.3 =300 39.3 =500 24,1
LI/ C —2.8 <—2 64.7 <3 41.5 <—14 24.3
AT700—500/C 1.6 =0 82.6 =2 38.2 =>4 7.8
SHRLsoo—700/ (1073 s71) 0.6 =0 66. 1 =1 34.6 =2 13.9
PW/mm 0.8 =0 67.7 >1 49.0 =2 28.0
Qioo/(g» kg™ 1) 0.9 >0 87.0 >1 38.8 =2 12.5
ARH7o0—500/ % —6.7 <0 61.2 <-5 50. 2 <—10 10. 3

T S R R AR S A bk P {8 1 50 38 32708 MR Ab Bt B B8 5 L

Note: Average value indicates mean of changes in different samples, percentage indicates proportion of changes for different samples in total

number of thunderstorm gales.
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