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Abstract: Based on the data of conventional observation, automatic weather station and Doppler weather
radar, this paper analyzes the activity characteristics and environmental condition of the typhoon-tornadoes
in the Pearl River Delta. The results show that tornadoes occur from June to October and the time is con-
centrated in the period from 10:00 BT to 20:00 BT. Tornadoes occur between 1. 3 h and 21. 3 h after ty-
phoon landfall. A strong preference for tornado occurrence is in the northeast quadrant with respect to
land-falling typhoon center. High risk periods of tornado genesis in the Pearl River Delta correspond to the
typhoon center locating between Zhanjiang of Guangdong and southeast Guangxi or Beibu Gulf. The syn-

optic situation of upper-level divergence, low-level convergence, and superimposition of strong southeasterly
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jets at mid- and low-layer over the Pearl River Delta are conducive to the weather background of tornadoes.
The common environmental conditions for strong or weak tornado genesis appear to be low LCL, strong
deep-layer and low-level vertical wind shear (VWS) and high storm relative helicity (SRH). The major
difference between weak and strong tornado cases is that the latter has stronger deep-layer and low-level
VWS and greater SRH. The significant diversities are VWS at 0—1 km and SRH between tornadic and
nontornadic environmental conditions under the similar typhoon tracks. With the higher values of VWS
and SRH, the possibility of supercells and mesocyclones increases, thus tornadoes are most likely to be de-
tected. Tornado storms are mini supercell storms with low centriod. Strong or moderate mesocyclones are
likely to be detected through the radial velocity data of the CINRAD/SA radar at low level, and significant
tornadic vortex signature (TVS) may be found in the center of mesocyclones. The tornadoes lie in the inte-
rior of the hook echo or near TVS. Compared with the supercell tornadoes in the westerlies, mesocyclones
of typhoon tornadoes are smaller in scale and lower in stretching height.

Key words: typhoon tornado, activity characteristic, environmental condition, radar echo feature, ty-

phoons in similar tracks, Pearl River Delta
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Table 1 Statistics of disaster situations of typhoon tornadoes in the Pearl River Delta

B KA /R /A I [a] /BT NG AR
6403 5 1964/7/2 22:40 ol 1L R i 1 ABET .24 A A0 8= 42 )
7406 5 1974/6/13 14:30 ol 1Ly R 9 LT 46 N1, HEEZ ik 68 1T
9403 & 1994/6/9 06:50—07:10 8 111 7 VA £R A HLK 14 AFETZ.291 Aff .82 900 [a] . ik 3300 /17T
07:10—07:20 I = AR 21 Af5 . 582 550 [8],200 244K 19 T 3 1 Wk 5%
0508 K&~ 2005/7/30 10:00 I N B XA 2 N3 KW RSO . 240 R 5 2 4
0606 S“JRHZ”  2006/8/4 10:50—11:00 il 1% ¥ PG A% Skt 4 2 NFETZ.70 Z A0
13.1013:20 il =K F 9 N
15:25 b L P ¥ K 6 NFETZ.172 AW STk 1107
13:00 K B A WA TARHT:
14:10 AEPTRapicL:! TN AT
0817 S“MFm 8 2008/10/4 10:58 YL BB b i 4 TN
1306 S“W LI 2013/7/2 07:00 b 111 = 7K G g A TR K 2 km, §8 100 m;1 AA5 8 3E 200 42k
1309 &k 2013/8/3 06:30 il L =K M R A Je B 1 km, 38 100 m;3 A 45, 81k 830 J1 0
1311 B-“Ju4” 2013/8/15  18:30—18:40 ARG I 1 AFET-,17 Afh . #1954 1000 Ji ot
1415 5Ky 2014/9/16 23:20 Ll =K R TR A T 80 3 L A 0 5 AR AR BT B

1522 5 % u” 2015/10/4 15:28—16:03

il L1 DT 5 0 I e VA
17:00 T T B DX R A A

4 NBET-.80 AN Bk 71258
3 ANFET.134 Af5. 417k 1. 3{27T




A

780

AN = DA 2 DR iR B 18

2.1 AREEHZESHEHE

1 g 7Bk = A DX 5 XU 4 119 25 18] 4y
At ol & Ta T 0L R AEFE O LY & KU 41
WZ A 10 A HYORM 2 A T0TT VB R SE
AT R B 1A I BRI 2N AT 1L 35 R
EBRIE I T W A LLE 2] G X4 06
TR K H R g A IR AL 29 ABET. H5A
M1 (P T AT UL 5 XUJe 46 1 4 HE 03 5 TR TN
RRREY T2 R o A N3 XL AL T 2R
A RS M AL R = A I M b ST 31 L T AN Py
TET 2 1Ly 3 A0 2 2 R A I WU 7 B BRI T 3 Ao
S S NN VE Y. 3N S8 AT =X i ) 7 g i)
A T3 Ah s A B AE A L VL L 0 S X e 4 Y
AR —E MR EER . & X EE T R ENKX
S S R IS T PG AC VTR AR I 4 ) DX L
M A IR KB TR KIE Vb KGHE 55 T A
R JZ 2 3 U AR T b s iy R /N 2 A BT
B AR TR R O I AR FE S IE IR R
FEHT M 5y T BORTM sk ZUL R A B T &/
HE

VAL 23T 3B s 5 MU A5 FL A A 58 UK 1)
ik HOR AR S 5 N KA —E R R e 5
BUAE HTE P SH B DX 1 3 L P B 25 I A A T e 45 7
o

2.2 ARESERRE S HISE

Bl 2a g5 TR =M Ea RN EBWZE ] ofi.
DIE B =M 6 W& e 6—10 7 #al <ie
TR R 2L 8 Hlech 2%, f BB 44% iz A
X I T FAGHS SE FE A B PG B B 1 e g B L B 5 0%
B AR 2 8 6 KoY e 2 X — g it F v & .
B WU & AR IR B R) 9 43 A (B 2b) SRR . 5 X
et FERAMEAR P LA RGN LE
AR R ZE 10—20 B 5 BB 6920, i i Bl
TE R KPR G R S5 B A TR E V3R i K
S B A e B Ak, R 0607 BEBA 3 A4
G WA KA R IR — /N 7 R 20 BF 2R
H 06 B & KB B DK E.

2.3 SlEREHEREKE

Bl 3 45 T 5l KBk =M e B G KR 5 i
FILLE VAT I A e (LR B AR 6 KO ) 76 2k
=R e A B XU 2 80 TR BB A K
HO I AR U G2 B o A 20 B30 BT 8 i 5 XU 0 1R 2R
MR 1311 S AN E I R e e . X 5 R
AT —IL (197D WFFE 48 e 77 A 1E 6 U —
FEFRAL, EEALT B MBI AT R IR &0 WAL 5
TR, Lh K& Schultz and Cecil (2009) 4t 1 3£ [H
1950—2007 4ERE R E 46 e 2 & IX 38 AE J5 i 340° ~
120° M 2518 A — 2y . Hodr, 9403 5 & XL 0606
SUUREL 27 1306 SR HE AT 1311 5 R R R
1522 SR UL7IX 5 A6 KU A% 5 R A AL L8 fili
M PET AR B PE—EVL—H  BR B S 5 KRR
AT S & KA AL T AR WL 7Y AR g AR K
MR T SR =AM X S B e . T
H LA 58I 53 B2 (9403 5 A K .0606 5 “JR H 2
1522 SURME - EAEXRBET . L]
PIB G Mg 1E E U Bk =M 6 N IE &5 — %
Wi B A 7B Bk =M B XU B R e AR, B Rl R
) RO F T AR VL) P AR R — A I B
=G RIR A A R B B ) AR
REE R — A R TR = E KRS A 0 KR X
(Bl 3afl (o g ;SR 8D L B 46 & A b 5 & Ko i BE
BTE 350~450 km, % 4h.6403 B & R.7406 B &
R.0508 Z“KJE” 1309 5“ KH#” 1415 5 “iFFY”
LA B KU AR L AR AL 8 By 2 o 72 15 B 7R
ACHR B & KZERR O P9 47 2#E A DRI, 2 & K
O T & P AU — i 2R = M X
WES BRI . Al T XK G KR A X
FA o FLAE BR = A b X7 A Y A 2 R R A
AR B KU AR OBk =B W B 5
AL N -9 T SRS N ST A et o el |
AL —HF IR R = B KU 7 A 0 AU
Bl E 5 AU A R Bk = B e
AR AU X (T 3a i (0 8 SR 18D, e 6 & Al 5
&R BB B #E 500 ~610 km, St iR F# 0, B
=ME NG KA G XER LG, D& XAE T
] 57 — OB i )R] Ok 3155 Bk = M B WUOB S kB TE
BRERE 1.3~21.3 h BB B, Hid 2y 82% i
BAE & KB J5 1) 9~15 h, ek =41 & K &
1 d5c KB £ 2 A8 6 W B S 24 hiN s 4 K 4



%6 TR F A5 BRI =AM & KB 11 S AR IR B 3R 85 2% AR o0 bt 781

30 (a) Pl ST s

25

20

15

10

5

0 — =

PN AL L T Bk HEDK TR A5 AN i

E1 s%=MAaXit
() BN BRFET A, (b)) Jp 3 b 0 B (L0 5D

Fig. 1 Distribution of tornadoes in the Pearl River Delta

(a) tornado records and death toll, (b) tornado falling areas (red dots)
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Fig. 2 Monthly (a) and hourly (b) distributions of tornadoes in the Pearl River Delta
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(The higher risk area and risk area are marked by red and blue dashed lines, respectively;

Star signals represent positions of the typhoon center at the time of tornado genesis in Fig. 3a)
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Table 2 Environmental parameters of typhoon tornadoes

BRRS e Aot e m Jeren Joan mer
1522 G %> 2015/10/4/08 144 21 342 4.2 16 420
0606 5 “Jk L% 2006/8/4/08 279 42 271 4.4 20 305
1415 5 g Ry~ 2014/9/16/20 175 28 430 3.5 13.9 227
1311 S Ju4” 2013/8/15/08 97 15 150 3.2 14.9 240
1309 5« ke 2013/8/3/08 240 14 220 3.4 13.2 210
1306 5k b7 2013/7/2/08 310 17 590 2.9 14.9 100
0508 5“ K JiE” 2005/7/30/08 933 0 270 2.4 15.3 116
0817 5 ¥fg = 2008/10/4/08 337 0 180 3.8 14. 2 151
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Table 3 Environmental parameters under similar typhoon tracks between tornadic and nontornadic cases
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1522 SR 2015/10/4/08 H 4.2 16 420
0606 5 “Jk L% 2006/8/4/08 H 4.4 20 305
1415 5 R4 2014/9/16/20 H 3.5 13.9 227
1311 B I 2013/8/15/08 H 3.2 14.9 240
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1213 S5 4 2012/8/17/20 ¥ 2.4 11.7 65
1409 g, B 3#b” 2014/7/19/08 I 3.1 12.4 70
1621“ 7 Fl| 35" 2016/10/19/08 ¥ 3.9 12.9 207
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Fig. 6 The 2-min average wind direction and wind speed of Guangdong automatic weather station
network at 15:20 BT (a), 15:30 BT (b),15:40 BT (c¢) and 16:50 BT (d) 4 October 2015

(black dashed line: convergence line, red circle; small-scale vortex, arrows: air currents from three different directions)
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(Fig. 7b is an enlargement made from Fig. 7a)
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Fig. 8 The 0.5° elevation reflectivity (a) and mean radial velocity (b)

of Guangzhou Doppler Radar during the typhoon tornadoes
(a;» by) 15:36 BT 4 October 2015, (ay, by) 23:18 BT 16 September 2014,
(as, by) 18:36 BT 15 August 2013, (a,, b,) 06:24 BT 3 August 2013,
(as, b;) 06:48 BT 2 July 2013. (ag, bs) 10:59 BT 4 August 2006

(black triangle: tornadoes, black circles: mesocyclone, blue circle;: TVS)
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