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Abstract: An EF3 strong tornado in Xuwen County of Zhanjiang City, Guangdong Province on 13 April
2019 was analyzed by using observation data, automatic weather station data, Zhanjiang Doppler Radar
data and FY-4A satellite high resolution visible cloud images. The results show that this strong tornado
occurred near the coastal zone in the low latitude area, with a path length of about 16 km. It experienced a
complex process of “three times on land and two times on sea”, lasting for about 36 minutes. The mesoscale
convective system producing tornado supercell appeared in front of the warm and low pressure trough,

where the southwest air flow and southerly jet flow converged significantly in the middle and lower
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layers. The environmental conditions were characterized by strong vertical wind shear, low lifting conden-
sation height, large storm relative helicity and large energy helicity. There were mesoscale convergence
lines and small-scale vortex triggering convection on the ground. The tornado passed through the automatic
weather station of Hean Town Government of Xuwen County, which was affected by different parts of the
tornado vortex. The wind direction of the tornado changed from clockwise to reverse to clockwise, and the
wind force got to Grade 15. The average pressure and temperature dropped sharply by 2. 6 hPa + (5 min) '
min and 1.7 ‘C + (5 min) !, respectively. The tornado occurred in a supercell storm with positive cloud-
to-ground lightning and high cell centroid. The hook echo and echo pendency were obviously accompanied
by low-level strong mesocyclone and tornado vortex signature. The intensity and top height of the mesocy-
clone changed in inverse phases, and the three (two) peak value (valley value) of the intensity and three
(two) valley value (peak value) of top height exactly corresponded to the time of the three (two) land
(sea) activities of the tornado. When the tornado was on the land (sea), the mesocyclone was stronger
(weaker) and the top height was lower (higher). The tornado occurred near the top of the hook echo and

at the maximum TBB gradient on the windward side of meso-§ scale convective system, under the water vapor

plume and during the period when the height of the bottom of the mesocyclone was lower than 500 m.
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Fig.1 The Xuwen tornado track and photos (a) and damage pictures (b) on 13 April 2019

(Black solid /black dashed line in Fig. la is the path with /without disaster;

yellow dashed line in Fig. 1b is the enlarged path of the AB segment in Fig. 1a)
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Fig. 2 The comprehensive synoptic chart at 08:00 BT (a), surface map at 14:00 BT (b),

radar reflectivity mosaic images with cloud-ground lightning flashes in South China
at 14:06 BT (c¢) and 14:12 BT (d) and Hamawari-8 satellite infrared image
at 14:10 BT (e) and FY-4A visible cloud image at 14:15 BT (f) 13 April 2019

(A stands for tornado, “+” and “—" denote positive and negative flashes respectively)
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222 A

% 547 %

DA b3 A 2 WY o I R A% T 5 0T 9 = 2 R AR
AR WG 2 T TR JEE N I T T B KR AR TR
a8 2R i TR PR XU 2R T i 5 18 A K
CAPE. 3 B IR JZ Shear,—g i 25 1, I8 &2 T 1K HY
LCL B R M2 Shear, ) o BR B EHI 4%,
I R iR T AL S 0 PR B S A AR B A R T AR F2/
EF2 s LA R R e 4. 5 S48l iy L
IR UE U T AL U R A 0 BE RS U VR 5 X IR A PR (A
KT BN K 8 () Hb A 50~ 167 km A BE 25, Jf
ANRETE B R R R M) RS (B TR
KIZZ M1

3 MU H 3R W

PE—FrHr 4 A 13 H R F & s [ oh
G GORNA] L L AE T A R AT A I L R L T
WV 5 PN M TG 3 B AE 29~ 30 C, b 1] 52 5 T B A
28 CAEAT s —3C/R P W W S AT B 281 3 4 o) 8
G R — Ak . A RS R AT 13:00,
AL AN B AR BB R KU L S R R R AR
AEAE— 25 R b — VG 7 ) 174 1o XL 1] XU A 2k (I
W) 51325 ] RUEE B 30 JF I A /N RUBE i Ji AR
13:3578 RUBE 163 Jie P9 000 144 7 A O A6 XU AR B XU oK
JINRUBE TR N 3 (P& da 4b) 5 22 J5 - Hi 1 8 A 26 F /N
FUBE 103 JE 1 J 5 el F142 4, 14: 00— 140 15 ] LG A8
b ) 0 22 SR IBRORT sl XU o) e LR L ) 306 A PRI 1
AL FE (B dc~4D, o 8 kA B (1412 R J5) %
U 2 min EIHRXGE R, B 1410 B 4.9 m « s !
ZEH ] 14,15 (9 10. 8 m» s ', 1411 % ¥y 3 s Wt
BERGR S T 50.7 m o« s ' (15 %) (i B K b 1
W Z Ja s /N ROBE W Jie 4k 2/ Hs 52 i 4 F0 G,
14:30—14: 40 5 B[R] A 3 30 R ) 05T 2 0 JXU S
HG R g ) 14236 B FNELSCAbul H 3huli i 3 s Bk
BF XGRS 32,9 m o« s 1 (12 20 B3R 20 28 1 XL
1 o DA [ X5F o7 56 28 7o i TG 4 4 26 R /N RS TR T P
R AT 4 31X 3 B b 1T 4 S 4R/ IROBE R e
SEAFT e A il Nk SR E B R R R

R Y TV R ML T e A S e S M IR L R
SR RER AL, T T HRUE B A5 B AR i Y
NEER A S ST . BRI BN B 3R

(B S5O B B EREDNLE AL 2 m(F 50),
SR TR AR 13:40 FiUE T &/ME T B 19 e
S 99 R) AR S B R B R/ T A 180 45—
13:50 f 1006. 0 hPa [ % 1005. 5 hPa, 14: 00—
14:05 BB FFHE . B 1005, 6 hPa F+ % 1006. 7
hPa,14:10 F[% % 1006. 2 hPa, 14,20 FEK I+ &
1007. 3 hPa,5 min P 2 s 5 K [ g /7 s
0.5/1.2 hPa; i 14:11 A&yl 3 s Bk 515 A%
(1 002. 1 hPa), 1 min N BF B} S FE P 35 4. 1
hPa, 15 B G i) A ol B 85 g 4 b O B il . 75 2300 W)
M2 AR E BN B 2 min PR 5 min 45
WA 3 s B i < 2 B /DI 45— R
{E+ 5 min P H S A 1 min B 0 SOE R R 2R
FARER AT S B A —HE. K 13:45 Fi
KB AR R 13:50—14:05 H BUINES . B AR e
AR W% by 7R i A P Al 7 FR P B AL, 14: 05— 142 10
39026 A O G DR, 142 15 T A% Ay i b XL 26 B R 36 42
Tk 2 ARLERT 3 o 32 3 52 B e A5 103 Té AN [R) S8 A7 1) 52
M5 142 15—14: 25 AR b K, 2Z J5 T 32 7k 2
B34 T8 52 ) 22 T B AR B0 AR T XL 3R D e i
2 min EHRGETE 14:10 BiH 3~5m » s ',14.10
HIE KGR 283, 14:05 19 3.4 m « s ' EE
1410 B9 7.7 m » s~ 5 [A] B} 10 min F 3 X3 1
14:10 1 4.9 m » s 'ZEH8 %] 14,15 (% 10. 8 m -
$71,14:20 FEMEE 11,9 m o+ s, 205 KUGH B K
IN314:11 %5 3 s BRI XA #4537 50. 7 m 5!
(15 GO M KA AL K. M 5 min 2R & 48 fb ]
DL e 2 A S T AT [ K R A e 4 kAR
(14:12 Fi J5) FEFE B 2 %K . 5 min R & # i
2.5 mm;14:25 FIJ5 Pk 2 B 9% . 5 min [ RN &Ik
10 mm DA b SR R RF 22 3] 14.30 LLJG 5 B b 4k )
Je 6 FEEAR KR T . SO AE e kA R A
29 C AL o KRR B IR, 14:05—14:10
H29. 1CREZE27.6C,14:15 FEFEE 25.9C,5 min
N3 SR R R IRGE 1. 7°C 514 .30 PH 3 B T <0
FERER24.5°C 51450 B ZEE FFH,17:00 <k
T2 B L ERKT-(28.6C),

HAEESC Ak s A sk (B S5b) FE B R G iR 2
600 m, HAJETE 14:35—14: 40 €5 B BERE.
1007. 6 hPaf% % 1005. 0 hPa,5 min N EHSETF
[ 2.6 hPa; 14:36 A uk 3 s B0 < 5 45 S AR (A



%24

WEAFAE 2019 4E 4 7 13 HTARIR L4 KT 223

1004.7 hPa,1 min WHEESJE T 2. 9 hPa; [& &
B[ TN N N ER o R NN ST N
1430 Fii N — AR B R 14:30—14 .40 WL ,
AR KRR S P e A AL XU XU AE 14235 HiJ5
ZE18,2 min P H A 14:30 A9 3.3 m + s ' K1
8. 6mes .10 min FHR A H 14.35 f 6.2 m
o s AR 14,40 19 10.5 m e s ' 1436 UG
3 s BERT R IE S 32.9 m« s ' (12 O MR K&

(a)

R AR AE 1435 B S W R .5 min NP
PRGN 1.1 C o 14:40 J5 i T W S 20 2=
E SIS

4 IR LI R AR

JUARMLZ % TR Ok R L 1830 fIRJZ AR
DAL 1~ 18 A PR 1] 352 AT e 10 3 AN B A LA 1 e 32

(D)

K4 20194F 4 H 13 H 13:25(a),13:35(b),14.:00(c),14.05(d) ,
14:10Ce) F 14 : 15D FITIXIL B 355 2 min -2 A3 #8550 B

CRE & i X 3% 6

2L 2L /N RO iR Tie)

Fig. 4 The 2 min average wind fields and dew point temperature of
Zhanjiang AWS at (a) 13:25 BT, (b) 13.:35 BT, (¢) 14.00 BT, (d) 14.05 BT,
(e) 14:10 BT and (f) 14:15 BT 13 April 2019

(Dashed line stands for convergence line, and red circle stands for the small scale vortex)
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Fig. 5 Temperature, pressure, 2 min averaged horizontal wind speed and
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and Jinhe Town (b) automatic weather stations in Xuwen County from 13:20 BT to 14.50 BT,
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Fig. 6 The 0.5° elevation reflectivity (a;, by, ¢; s d;), 0.5° elevation radial velocity (a; s by, ;s dy)
and the 1. 5° elevation radial velocity (as, bs, cs, d;) of Zhanjiang Radar at 14:00 BT (a),
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Fig. 8 The cross-section of reflectivity (a, b) and mean radial velocity (¢, d) of

Zhanjiang Radar along the hook echo at 14:12 BT (a, ¢) and 14:30 BT (b, d) 13 April 2019

(The locations of the cross-section are shown by the white solid lines in Fig. 6 respectively)
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