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Analysis of EF1 Tornado Weather Process
in Hainan Triggered by Micro-Supercell

Liu Jin

Sanya Meteorological Observatory, Sanya 572000, China

Abstract: A case study of an EF1 tornado and its radar echo characteristics that occurred in Sanjiang town, Haikou on 18 Feb-
ruary 2019 was carried out by using observation data, automatic weather station data, NCEP reanalysis data, Haikou Doppler
radar data and 2G high resolution visible cloud images of FengYun Meteorological Satellite. The results showed that: 1) The
case occurred in front of 500 hPa trough and south of lower level shear line, and in the background of weak subtropical high and
appropriate divergence. The favorable unstable conditions, strong vertical wind shear at lower level and lower uplift condensa-
tion height provided the environmental conditions for tornado occurrence. 2) In the early stage of the development of convective
zone, the convergence velocity band appeared on the radial velocity map., and gradually became thicker and shorter in the
process of eastward migration, then developed cyclonic rotating convergence velocity pair, finally formed a micro-supercell with
low-level mesocyclone, the strongest height of the storm is only 3 km, and the echo top is 5 km. The wind profile products
played an important role in the early warning of tornado when the surface wind speed increased, the wind direction turned and

the 0 —1 km vertical wind shear increased. 3) In front of the south branch trough, the westerly wind converged into the sea
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breeze, which was opposite to the near surface background wind and strengthened the secondary circulation on the boundary

layer shear line. The enhanced vertical wind shear in the boundary layer resulted in the positive transport of vertical vorticity by

horizontal vorticity tubes, until forming the boundary layer shear with several meso-B-scale vortices in the northern part of

Hainan Island, which was the main development mechanism of tornado. 4) European Center (ECMWF) can accurately grasp

the circulation situation and development time of this process, but the predicted strong convection regional migration had little

effect on the prediction of this tornado.

Key words: tornado; supercell; mesocyclone; vertical wind shear

0 51 &

oA — RN R R IR RN R
SRR IR A A s A e ™ L 7R SE BRIl 55 b R
MERE RS K . 38 FH 2238 W) R AR T Ik T R KR T
TRAR [ B ERE S DT PR H /N RUBE (8 308 JE 5 AR
PSR RRAE 2 H AT )2 & 0l 2R D0 e 6 0 I 9902 e
AR k. A AT /N g (2015) XF 1961—
2010 4E[E N EF2 s DA F g e B it orpr & B,
)7 g o e o R B A O AN N R = N e | o
AR b 7R B A D Ml X5 B S F5 AR I G (1995) 48
IR EAWA G2 LA, — & B RKIL =AM a s
PR UE, 57 — DR AET AR, 2R E
], Jorp— AN AR R A . AR AR R T R G2 ] 4
Sy B S e A AR ol ] e . AR OR . 240
B GG 25 W IR TR — L B & KR
() e M e i B rp /N ROBE R AIF ORI 25, 2012 2 #5
24,2016 HIVT %5 .,2019) . WA EATRE R EL
KB 22— HHE 45 (2017) 33 Ol 55 41 B s AT
FH B 8 6T 8 2% B A R XU e A B AR 7 AR
19— EF2 9¢ o 45 ot B AT 40 . B BF 58 K3
SRR X B £ R 25 M8 G AR i AR I A 1) IR BE R
AE A ARAR AT 3 55 K S5 G 1 B 1Y) 78D 8 %

25 18
= T =il = A1l A ]
— ST il — A /' lia

(a)

08 11 14 17

H 1
A6 HB b X R AL K PR . mm)
Fig. 1

[ 7K+t /mm

Hfk5] & EFO—EF1 e 4, 12K e 48 235 &
IR TP J A s e, HL R AR 255, TG ik B i 7
el 55 I i TR 0 M R — T EL 2 X i 2 22 4k
(9 4R Ml 32 38 45 3 AN T 200 1 4 %

SRR 2019 4E 2 H 18 H K AEAE D =TT
PR — W OB R AR S R EFL e 5 RS
ot NCEP 1° X 1° 1 43 A7 % 8% (el B 6 ho |
FY-2G @& ¥ 0l Wolt = B g 017 23 8 3 18 98 8t
CF4r 31258 0.01°) L5 0 e 23 Hl 1o U8 I 2 165 e 44 IX.
B H Sl S5 I Rk, X T A E] i AR AE T R
FEAR SR HEAT BAR G A1, 9F 245 & EC B 1 58 8 X5
W VR B R TR G R AT 22 56 4G L DU I 28 e
R A sk A T 0 R T R 2
1 RAREEN

2019 4£ 2 18 H 17.50 245, i i = IT48
MREE A EARVEVER RS I AR RE ). B3
PEES 2—3 km, id 2 K2 HF2E 515 min, £ K
BEL AT D055 9 % o 4 Ta] B & s IO Bk B L T 3R A R
AT W AR IR L IR IR . @ B 0 A o
Je A g o EF1 (X ) 13—15 %) . 43 Brss X
it 2 A BRI DB 3 A sl 552 /) B A K R XL A A
(B Ta) AlA AYGE RS D R A FE17— 180 . H ik

(b)

20°N+

& 4
110.5

111.5°E

108.5 109.5

5 10 15 20

2019 4F 2 A 18 H (a) = VLAF HR L L 58 10328 /N B 8 7Kt CRESIRD /RORL (BT 480 A8 4B A (b) 1420 B /e i

Hourly precipitation and extreme gale of Sanjiang, Jinshan and Lingshan (a)., and the accumulated precipi-

tation of the northern part of Hainan Island from 14.00 to 20:00 (b, unit:mm) on February 18, 2019



KB — R G RIRT & EFL 90 K AR A OB R A T 99

A B R SR R K . 40 AT 14—20 B B RE K i
(P 1b) ] 0, 3 11 17 = YTk 5 Gk 17.4 mm,
34T 2019 4E 2 A 18 H 08 I K N FEFR T 5.
200 hPa g W =5 A5 5 3y [ rpr A — % ol (&
W) o B VE T 8 — 2 i ) Y32 R T S e A o R
AT DXV R L T G R O e R AR Ok R
LETtiEsh i & A RAE T fE . 500 hPa P XA [ % iR
HhCs FIE 2 v g 2 1 LT M X (8] 2a) . @) BT 5 R
B M A B . 850 hPa YIAR £k fi F

S50°N 1=

40

20 V\

L S g‘?}fﬁf —
o S R

10

140°E

=70 -60 -50 -40 -30

KA R e, R T U0 AR a0 , P R BRI
UL A T T 5 T O ) & AR PR R UE BB H . 925 hPa
(F 2b) YIAR R &5 ) 75 L) 78 Ml X, O 1 45 8 A
B IR 5 250 812 °C T 4R P R U g b X A
WAL I BA R RS .5 200 hPa &
JE 2 ) RO A AT R 6 i R BRI AR A 1 3h
S, BB E5 TR # 55 .500 hPa # i R 2 P25 4%
T e U 25 A A O TR TR A 1 R A B A

(UPNEWE S

102 108 ‘ 114 120°F

Bl 2 201942 H 18 H 08 Hf (a)500 hPa & & 37 (BRS04 , B - gpm) IR JE 3 (A 8 5228, B Ay . KD 850 hPa X3

ORI FF) 7K P S BB (3% 5 A48 : 10 7° g/ (hPa + cm?

o s) L ST AR £ Fl (b) 925 hPa i g (VB

{5228 R IE S (@S g) BB (I8, B0 .10 ° s D DL IR 28 TR 3% R ORUEAE B 8
Fig. 2 The 500 hPa height field (black solid line, unit: gpm) and temperature field (red solid line, unit: K), 850

hPa wind field and water vapor flux divergence at 08:00 (a, shaded; unit; 10~ g/(hPa * cm? + s), the blue

solid line represents the shear line respectively), (b) 925 hPa height field (black line), temperature field

(red line), divergence field (shaded, unit; 10 ° s ') and sounding temperature, dew point and wind field at

08:00 on Februrary 18, 2019

AR A BT, 1 X T 08 B s 5L
P AT IE % 535 20 °C ,850 hPa )2 5 500 hPa |2
M2k 25 C L XA R i gl 1079 J/ kg, Xt
A 5% 7 fig A 241.58 J/kg. L1 $8%h — 3.9 C.,
K 6%k 29 C 3 THEELE W o 934 m,0—6 km
T Y4555 18.86 m/s, 0—2 km T 1 X ] A8 3k
17.87 m/s., fRJZRAANFE A FI T filk & TR I8 XF
TR R Rk 45, 2016) , 45 WF 58 % B (Brooks et
al,2002; Evans et al,2002) % (34 T 58 45 &5 B F42¢
KALZE (0—1 km) 5 B XD AE A ] F 58 b 45 19 &
A R R TE XS TR AN AR E R AAAREE N A5 (% I
AR RE VAR 46 T B 4 1 R R IS 2 R B
) AE Sy e 45 R AL AT g

2 Z IR IR o A

2.1 BEEEBHMBETHIE

99 52 R PG R I A RV 1 JC B R OK
3BT 2019 4F 2 J1 18 Hifg H 3k T ik 4 A R R
(B 3] %0, 5 A8 1 AR A6 — 74 e A 1) 45 R 55 Gk [l
WAL A ARBEIAE,15.04 Bl O
100 km , ifg w5 AU IF dn A w0 M . T A 7R
B, =M 5 0, m SO TT b 52 0 6 R 5 AL S H
DX, W R K . 4 TR Rk i — 25 i R
16:00 & /& 5 o o 3t [l i 7 B, 4% 1) 3 B IS &
W dE A (EmG) , T 16.55 XF A A A
Hop xR AR S Xy B AL BeA IF . XA B B
B A R AR S 5 B I, L A% ) o B A A 4 T T A



100 Meteorology and Disaster Reduction Research

KL 5 RMT  2021,44(2)

SRR W) R KRS 2R K -3k 63 dBz, T 1750
I ) A X 3075 00 S 0 80 bR T g, o R %o 5 A<
A SR 17 .57 SR TR0 35 i A G 5 B g,
JEE T ASCTHE PR I 3R 5 15400 1 e e 3 B 35 18 m/s, RS,
JoE R B A R 2 AU 0 55 T AR R R i D

20—30 km AT AL ,19:00 AR5 I8 55 11 2K .

HFALE K2 i Bk IR A AR 4 i B
AL R R SR Sk B A T R R K ANAE R b
R R KA K KR KA IA 17.3 m/s. fii T =
VAR T SR 7K e 3l o5, B Je 4 A b B S0 X3

3 2019 4E 2 A 18 H (a)15:04.(b)16:00 1 (c)16:55 ¥ 134 5 ik 4 4 S 5 R A 1 CAA7 . dB2)
Fig. 3 Radar combined reflectivity factor of Haikou station at (a) 15:04, (b) 16:00 and (c¢) 16:55 on Feb-
ruary 18, 2019 (unit: dBz)

2.2 BB B KRR YFE

HAASHr 2 A 18 H 17.57 {8 9% 3k 5 ik
FRAE 0.5 A B2 568 28 DA 3 B0 4R [l 3, 157400 £y
e B A AE . A I AR e N T AR )
VE B S) 56 DR 7 FAR 1) R R 1 2 3 1D (&1 4) . AT LA
A R GRS e Bt AT N R
 EAA 3 km, [RIJE TR 249 5 km, 78 28 L8 9 LA
FY T 5 i £ 780 A8 4 B {K& (Kennedy et al, 1993 ; Bur-
gess et al,1995; Suzuki et al,2000), & FKHF U
1) 1A B [ e Ak e PC A A ) L 0—2 km fF
TE ARG 34 km f77E KU UK 4R i 0 B T2
6] 7 1) b o 2 5 238 PR A A 558 g IXC v A v A
M EXR LT,

HY T 2 PR X IAT R BE AR Hh A B BE AN 8
K ol o U142 B Je b AUBEA TVS B
ek 3T 50 184 o wfE R . XU R SR rh o] DUE ot
R 2 BALAAO e BE — B N 4 km, SR
PR 1 die B BT T 5 BE W = T RO BT e s L H T
17:50 BERE 5 B0 B e i JE — 2. KA T 2 km,
Ry )2 R B — 2 o XUJBR 2 i v T T XL R
AETE W F X 2R m i AR KU B e A L S 3 e
BRI AT B 0 i, AR SR B T R E K
X A8 AL A K AN 17240 TF 4 3T M i i 2R 4
BN R, A 0—1 ke gy B2 3 1 XUV 722 484 6 L 9% g
HeSF (2016) 45 Hh o AR )2 rh AUE 2 78 5 o T Ml 1T 8 B

IR A 856 v A R A I T S A T 46 1) AT RE AL LE
BoR.

3 ik A AL 5B

T P b TR DU T BV v T R D RIS KR AR
Fili 1, B A /N T I o 1 RO B A S e o b
ek W B K U T 1A DR A5 0T e T R T XU 3 2% 5 7
M BV I B R R R R A%, e
2G K TAE T WY = B (EI W) n 51,2019 45 2 A
18 H 14:00 Hb 1 < 4235 H fe s AU 18 KU 0
TFA B RBE X i = 265 15: 00 2 AL &8 Zx b —
VG R E M ) R R s, S A A RS REN TR A
—F (& 3a) , BIK 52 w15 e AL B X 5 16.: 00 X i 47
5 b TR G 2 AH AR ik R I YR RO IR R R

B b TG 1 h B K KB X 3 A i 5 AR B
SRR R S — AR A R T i B2 ) AR
(F 5a), % 17:00—18.00 i} B, Y125 2k & e & 51 %
AR & (] 5b)  [FIBF A FE A A b g R TR
THE B ST T » T st B A b T 4 A o i DX e BRI

ik — 2l Fl NCEP 43 #r 588 ©F 72 Je 4 B i
DX 35 ) v R PR B R AIE 5 R T B0 A BR A B )
R (6 h) FIZS A 40 R (1° X 1°) fi 14 B9k A T
TS 55 T 0 & R v B AR, 4 E 40 BT 500 hPa L
TIRBERFAE . T 20°N 80 T L 25 A R Ak B T )
W7 R S R X R A 7 F 105°E, ZE 8 59 AR 2 R A



X BRI — AR S B R B R A EFT 9% 4 KA B4 M B X TR A 56 101

JZEEECh R TS (& 6a)  JF HARME S T U0 BORTE AR E R AR (H 30 52 3 5 X DT AZ B
T C 4 1E s B X (8] 6b) IR IR 2235 30 °CL 2 B SOREX A2 v B AT TR DT BT A% 55 7 KU AR

12
.—5

5
i,

.25
35

M5

B

.65

L R IJIOM
9 19 28 km 9 19 28 37

Bl 4 2019 4 2 7 18 H 1757 ifg [ 3K 0.5 ) Sz 5 4 9 7 Ca, ST A B4R ol 30 37 O W7 ABCD) Al CD (o) 1 2 5
AT CHRAE - dB2) AR 1.5 1 44 g B2 (d 2R R Oy oh e 467 50D T ABCe) Al CDCE ) 4% 1 9 J32 351 1T (.

fif :m/s)
Fig. 4 Reflectivity factor on 0.5°at 17:57 on February 18, 2019 (a, the black circle indicates the hook echo) ., re-
flectivity factor along AB (b) and CD (c¢) . and radial velocity on 1.5 (d, the black circle represents the lo-

cation of the mesocyclone), and radial velocity along AB (e) and CD (), respectively

(a) 20°N4 (b)
20°N 1 ¢ N
p
19.2
19 A
18 A4 18.4 1
108.5 109.5 110.5 111.5°E
[ ]

4 5 6 7 8 9

KI5 2019 4E 2 H 18 H 13—14 ff Ca) Fl 1718 B (b) ¥ fg 25 X 3 1 3h 3 # KRR T JEE (BB L B2 1071
sTOMBEGRL, 071071 s D ELEL T AEL)

Fig. 5 The vector of extreme gale, vorticity (shaded, unit: 10 * s*') and divergence (dashed line, unit;

10 * s ') during 13:00 to 14:00 (a) and 17:00 to 18:00 (b) on the 18 February 2019 at Hainan re-

gional automatic station (the red line is the shear line)



102 Meteorology and Disaster Reduction Research KB 5 K W5

2021,44(2)

[
iy
1"’

..'.Illlf’ .

"—-.p-\-ll-l.l
-.-IIIIIII.II."..
[}

|

Pillieucdly

L /hPa
".n-:l-
ya— ...\-I‘-“

T H M)A/ (Pass)

\\}\‘L\‘-)lll

2
-
i
]
:
il
/N
i

Illvnl"‘

102 105 108 111

[ e e N |
-0.8 -0.6-02-0.1 0 0.1 0.2 0.6 0.8

114°E

2K

114°E

-6 4 -2 -1 0 1 2 4 6

Bl 6 2019 4F 2 A 18 H 14 i (a) i 3% 126 ELHRBE (B 52, 0L . Pa/ss L 647 2 0 900—1 000 hPa 3 1 D) Z8) I 20°N fY
e B AT (b) i B (152, Bz .10 7° s D FIBUE GRESEE, BAL. 1077 s~ ) iF 20°N A9 I 1 &1 17 (ZL B 9T 500—

850 hPa J& JiF 2%)

Fig. 6 Vertical section of flow field and vertical velocity (a, shaded, unit: Pa / s) along 20 °N at 14:00 on February 18,

2019 (the red broken line is 900 — 1 000 hPa vertical wind shear), (b) vertical section of vorticity (shaded, unit:

10°° s™') and divergence (virtual real line, unit: 107° s ') along 20 °N (the red broken line is 500 — 850 hPa tem-

perature difference)

AR § ) = R = T AU R ) i
108°E b Tt i A B S M o )2 74 KU 78 110°E R
UL G R — MK )Z BRI - R i R U IX R S A IE
B L o itk — 20 4 75 U ARG R AL L AR B T
JE WS T5 e R UL IX A 1 BLAY IE T B AT 2 W
BERCELS AR

W oy, 98 .V
=T Ve~V
dw dvu dw du
— Gt D

AP, ¢ p AR R R R T B e i R X B
AR s — V7 « VE AR 9K OF PR — w
CREBIMET ~ (/0 T+ V Iy
W — (5257 = S0 W Z A A
RiFAZIE,

K74 ®8 7T 2019 4 2 H 18 H 14 B (20°N,
110°E) iy BE U S . AT R, (20°N, 110°E) [ i
X35 850 hPa 725 B J2 LA 3% B 25 4k 1 5 5 5 ik ok
T I A 00 35 . 850 hPa w2 LA L i B AR A
(= B 5 R ) A B0 T 0 35T . 6 B UG U2 X 9 1
W5 S AR B ok K RBE 1 B ) K R A L 8 S 3R
LI 77 A 106 J2 K S 3% 3 A o T T EE 1 7 e
HX.

500

6001

7007

K H/hPa

8001

9001

1000

-100  -60 =20 20 60
W /(1079672)
7 20194 2 A 18 H 14 I (20°N,110°E) 4 1 i 37 (B 1,
PR 3% R T B 7 AR A B R 2T €6 T 4R 3 TR AR X IR
S, 00 2 10 B I LR 0T, BE (0 3R BUE 0
HE O R RN I (A7 10710 s72)
Vorticity budget ( 20 °N,110 E) at 14:00 on Feb-

ruary 18, 2019 (the black curve represents the sum

140

Fig. 7

on the right side of the vorticity equation, the red
curve represents the relative vorticity advection
term, the green represents the vorticity vertical
transport term, the blue represents the divergence
term, and the yellow represents the tilting term (u-
nit; 107 s7%))



X BRI — AR S B R B R A EFT 9% 4 KA B4 M B X TR A 56 103

2556 J LA B O ) B 4 AR I AT R B
(I mg) | J BUAE I P I v 96 Bl O B v IR Y H 58 %
R i Bl R PR BE S RS RS BT R
RN OB NTIRY € 2 N N W= S S YN U R
SN A1 O A7 4 o N E iy 1 ¢ 7 N B 7 o
Shy 3 WA Y R S AR AR T RE BRI T A B )
RGN EAE . h FZ G XA 55 7 e &
AHi 36 hol 9 m/s B ME] 12 m/s.16 m/s H
£ 20 m/s. Zi b SR AR B o AR b R P KU
AR 5 30T 1l T 5 XUAEDXE S AS Wb 38 o 2 )2
WAL AR B B 5 0 2 B2 T B XY
7% 3t KT T8 B A O0F T W BE Y IR S 2B
AT p RUBE i JE i SUBERE - AT 68 T SO
A B 1 15 Vg g K 3 40 i X R A 5 R LA 5 . RS B L
BEM VA T4 X U R TR B[R] AR ST b 1T A
5 ) I L XUD) A2 L X AT BE R {AE R SR R A BT IX
A e A A R B 3 il R KUY T A

4 EC B2 1 He A 5

Tl G 24 R B i S 3 DA R A& A U
L4 R AT B e A A 3 A v 1 2 U e £ T
= . BV 18 H 08 g 4 14 m i1 R %
T R A 2%, b Hb X T B i R K R L 5 SO L
—%(,{H 10 m—500 hPa 5 10 m—900 hPa i F{
) S 85 KAB I AL T8 N 21 B 7R 3B 1 1D 5 20 B 14 16
A & T B A 4, I AN ARUE 0 AR RS I R S
Mg FE AL X 6 h B K AN GA /N ) o R R 2
1 U AP R TR VA e L

A A o b TR T X O & A A D (R X R
SRR DX Sl A A M 2 B R G B 30 9 T 5 96 R G R
HiL XS K B AR X T R DL R B /N B R R K R T
HEBR 8 FE K R Ak 725 B N 2 B AR ERHE T 10 m—
500 hPa T i XY 28 ik 28 m /s, If 1 i T 1 X ) 28
IKF) 12 m/s, (H 2 i FE AL 8 M X L 7 52 BR T
i e AT BE T X A Y 28 3 T R Kl R JR) ML FE R K
PR s B X e YR e 4 4 i 79 4 30 A 4 R AR /DN

5 4 it

SCHR R L e A TR L9 g A DX
WL Bk NCEP #5738 BEORE I 11 2235 8 8 1k X
0 2G T oy HE AT WO 2 TR IO TR O 994 3 4 B
A xE 2019 47 2 7 18 H R A i 1 i) — I EF1 ¢
T B AT A A LU 4518 .

D) 33X R T A8 e A AR B v B . i A T

SVERMIX R RBRZ RS MR R T, B2
551 P R B N AE AR B B T A0 B 9 7Y T U0 L
BEOR T RAURGE R A MEATEE o O LU X R
SORE Y NN DB AL

2) B SO ZR B A T 7 1 b8 M X AR B X IR
AT o A i 3 R R O R L AR R AR R R A
L e B A e A AL L AP e I D A B R R Ak T
AUE B 1) 8 G RE X L e i A R PR A R U
AR R R T R S PR T . 208 SRR X
U0 e FE AN 3 Jemn [T TR 5 e [ 358 S8 2 P 34
BN RERG RO R . KUER 2™ b
A T THAT i P X — 2R R Rl AR XL B B A L
BIEGR . 0—1 km 3 B K Y) A M R Oy e 45 1) IUE A
—EVE M o TS R D e R AR T 1 X R 24 0
JE R —2 755 51 R e B R BRI

3) BE— 2L I3 M AT B L ] - SR A A P
R AT IR 5 30 3 15 JRURE X o AN B b 7 i 58 321
FZ DAL b WU BRI - A B 5 A 1 5 R R
AT 72 3t Js K - e JBE A oF T B B R IE ok L R
TR 5 LRI BRA b g RUBE IR e (4 10 572
VIR Lk A as B e, Je 45 Bl fE iy T g SRl
A By A7 9 g 15 AR 43 B0 8 U A 0 R LA . B THR
U oG JRE ARG o B SR L BEAT FE A TR U B I
() o SO 30 4 T 050 i ) 2 XD X AT B A
T Jay M 5 8 5 L Tk DX A T s T AT R L i
RIKH S A

SEBR A A O SRR G B 4 3R 3 R
JK e DX TN A AN n] B AR B AR L B TR 0
2 B 58 0 IR R RO X AT i 2 5 AR Al 4 R R
R YL A i AT TR W2 IR A A XL 7] A A
5555 /A BB S IR HR S0 R s TG N T AR
JE 7 B 2 1A AR .

% % 3 ( References)

Brooks H E, Craven J P, 2002. Database proximity soundings for
significant thunderstorms, 1957-1993 [ CJ. //Preprints, 21th
Conf. on Local Severe Storms, San Antonio: Amer Meteor,
639-642.

Burgess D W, Lee R R, Parker S S, et al, 1995. A study of mini su-
percells observed by WSR-88D radars[ C]. //Preprints, 27th
Conf. on Radar Meteorology, San Antonio: Amer Meteor: 4-6.

Evans J S, Doswell C A, 2002. Investigating derecho and supercell
proximity soundings[ C]. //Preprints, 21th Conf. on Local Se-
vere Storms, San Antonio: Amer Meteor, 635-638.

LA AT/, 2015, [ TR 4 9 5200 4 AR AR AELT ], K% 41(T)
793-805. Fan W J, Yu X D, 2015. Characteristics of spatial-



104 Meteorology and Disaster Reduction Research

KL 5 RMT  2021,44(2)

temporal distribution of tornadoes in China[ ] ]. Meteor Mon, 41
(7):793-805. (in Chinese)

RUEHE NN EF W], 2016, 23 3 T 35 v A0 95 R R
JRERAL]]. KRR . 6(5):24-29. Fei H Y, Zhou X
G, Wang X M, 2016. The development and application of
Doppler radar mesocyclone criterion and algorithm[]J]. Adv Me-
teor Sci Technol, 6(5):24-29.(in Chinese)

BRI RME IR 5, 2016, 1622 5 5 KR4 4 [ 4 1L 58
FEBRHES BT LT, A LR %M. 35(3) 416424, Li C L,
Yan L J, Li Z H, et al, 2016. Analysis of typhoon Mujigae in
2015[J]. J Trop Meteor, 5(3):416-424. (in Chinese)

Kennedy P C, Westcott N E, Scott R W, 1993. Single doppler radar
observations of a mini-supercell tornadic thunderstorm[ J]. Mon
Wea Rev, 121(6) :1860-1870.

Suzuki O H, Hiino H O, Nirasawa H, 2000. Tornado producing
mini supercells associated with Typhoon 9019 [J]. Mon Wea
Rev, 128.:1868-1882.

BMCF R R, 1995, [ e K4 TARELT ). R4 ,21(5) :36-
40. Wei W X, Zhao Y M, 1995. The characteristics of torna-
does in China[J]. Meteor Mon, 21(5) :36-40.(in Chinese)

S AR IRTN A . 2016, 2014 455 Z= 46 R b DX Y50 6 U R
SRR T L)) KR SR DF5E . 32(8) :179-189. Wu F
B, Li YS, SuL R, 2016. Comparative analysis of two severe
convective weather processes in southern China area[ ] ]. Meteor
Disaster Reduction Res, 32(3) :179-189. (in Chinese)

KU B SR AN, 2012, BEER A XU ZF W7 5] K IR M 2 TR A6 1Y R
fEs#rL)]. WA 4. 31(1):231-238.  Zheng F, Zhong J F,
Zhang L J, 2012. Analysis on a severe storm of Wenzhou simi-
lar tornado in the outer-region of the super typhoon “Sepat”[]].
Plateau Meteor, 31(1):231-238.(in Chinese)

HRHE A /NS0 AT AR B 4 2017, MR — VOB SRS R 1 BB B0 4
S W A HT [T ], R4 .43(6) :675-685.  Zheng Y, Yu X D,
Ren F J, et al, 2017. Analysis on a severe tornado process in
Hainan triggered by supercell[ J]. Meteor Mon. 43(6) :675-685.
(in Chinese)

TR o AR o . B Se 7 . 2019, “1 AT 7 (1822) 5 KUAH Fl M 11 3 g 4
KAL) KRS WK 5. 42(2) :251-260.  Zhi
J L. Zhang W Q, Huang X X, 2019. Analysis of tornado
weather process of No.1822 Typhoon “Mangkhut”[]J]. Meteor
Disaster Reduction Res, 42(2) :251-260.(in Chinese)





