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Abstract. Based on tornado data from the China Meteorological Disaster Encyclopedia (Guangdong Vol-
ume) (1959—2000) , Guangdong Disaster Prevention and Mitigation Yearbook (2002—2022) and record of
on-site disaster investigation of tornadoes in recent years, conventional observations and ERA5 high-

resolution reanalysis data, as well as the data from Guangdong Doppler weather radar (2006 —2022), we
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analyze the spatio-temporal distribution and weather background of tornadoes in Guangdong from 1961 to
2022, as well as the morphology of tornado convective storms since 2006. The results are as follows. In the
past 62 years, Guangdong has recorded a total of 225 tornadoes. Since 2006 when multiple sources of ob-
servation data are relatively complete, about 6 tornadoes have occurred annually. About 50% of tornadoes
occurred in the background of tropical cyclone weather, followed by 40% of tornadoes in the westerly
weather system, and about 10% of tornadoes were tropical disturbance tornadoes. However, the number
of tornadoes fluctuated greatly year by year, up to 17 in 2008. In some years, there was only one tornado
or no tornadoes recorded. In general, tornadoes in Guangdong mainly occur from April to September.
From April to June, they are mainly westerly tornadoes and from July to September, mainly tropical cy-
clone tornadoes and tropical disturbance tornadoes. About 85% of tornadoes occur between 06:00—20;00
BT, with the highest occurrence between 14:00—18:00 BT, accounting for about 40%. Tornadoes occur
most frequently in the Pearl River Delta, Leizhou Peninsula and Chaoshan Plain. There are few tornadoes
in the northern mountainous areas. Foshan, Zhanjiang and Guangzhou are the cities with the highest fre-
quency of tornadoes. About 54% of convective systems generating tornadoes in Guangdong are banded
convective systems, which are tropical cyclone tornado parent storms and tropical disturbance tornado par-
ent storms. The storm structures exhibit low centroid characteristics. About 36 % are multi-cell storm sys-
tems, most of which are westerly tornado parent storms. Different from the tornadoes in the United States
that tend to occur in discrete cells and quasi-linear convective systems, the relative frequencies of discrete
convection cell and quasi-linear convective systems generating tornadoes in Guangdong are very low, both
about 5%. They are the parent storms of the tornadoes in the westerly and their storm structures often
show the characteristics of high centroid. More than 90% of tornado mesoscale parent storms have low-
level mesocyclones, but only about 47 % of the tornado parent storms are accompanied by low-level tornado
vortex signature (TVS). Strong tornadoes are typically characterized by low-level mesocyclones with rota-
tional speeds exceeding 20 m « s~ ' and TVS velocity differences exceeding 40 m «» s~ .

Key words: tornado, spatio-temporal distribution, circulation pattern, storm morphology, radar echo fea-

ture, Guangdong

A XU 1Y 00 50 B ) A By R K B A A 2 2
WA .

5 [ 2 e A R AR R e 1 [ 5K - S AR Y
A 1200 /™ J #: (Bruening et al,2002) ., YE &K
g™ Y 5K 28 DO e A i WF O R R R IR A

51 5

T A KRR 8 Bk 4 ) 2 AR 2 I 3 1 ek 22
M TAT P DR TR 8 B 2 AU S S R AR R A B M A

988 ) — Fof Jey M R 0 R . BT S ROBEAR /N 2
KRR R A AR A B R SR 2 %o H L T M
WA s — B R AR 2 40 A iy o 1) A M A, T
AR Ml A0 AT 45 8 X 2 R X i R AU &2 K XL [
e E RGN 2 EEMmZ — EFL 8L %
S0 e A5 B0 AE A B AR T UL I8 CAT /D i 455 20215
Chen et al,2018), Ah. T &R AN H % & T
KR — B T 45 ] i ACE O B3 493 T R0 I 5 4
Ko PIBCIT T ZR by s e 45 BEAS 1% gl LA | i 7R 3R
B2 SR IR OUL I Fr) B A XU R AR A5 AR GBS L A
By 5 v %o XS0 4 kA DRI ) 7 o A PR R A5 B

20 42 40 AEARE I IR St e 45 W I 3R . 70 AR AR
TR T S AR MENT 5T (Kelly et al,1978; Tecson
et al,1982; Ashley, 2007 ; Moore, 2017), £ E ¥ &
AL R Y B b A S A B R AR D
fESF DI G . R RFEHRA T, 4—6 H X2
s 2 14—19 I — K P Y e I B e A A
1R & DX Ry 3 [ 9 5 Lk 81 BT B R B2 1 ik 2z R R
I e A XGE JER R b B LSRR B Rk 5 P
V5 YT DX ) e Y JER 5 P KUY R G R I XL B
TR A KA AS 3 2R A 5 (Schultz and
Cecil,2009; £ AR 25 ,2018)



806 A

% 550 %

W e LA R E Iz — GuE
ANFAT /NG 2015)  (HE AF 3 8 4 A & AR L i L
FEERIERT KA N O BERNRIBE 0 &
B E BN TR B A 2022 4£47 - 207
VLI Rk EF3 g o CBUEF 1 55 . 2023) . 2021 4F
“5 o 1AL g0 N FR I AL I EF3 9058 Je 45 (A VT
P45 2022a) 2020 4E46 « 127VL 8 & IR EF2 9458 Jp
B (FH5,2023),2019 4E47 « 37 T I 5 EF4 2%
9RO A RS 7K 06 55 20205 5K % 4%, 2020) , 2018 4§
“8 ¢ 137 K H R IfE EF3 9am Jp % (5K 55, 2020) .
2017 448 « 117N 57 ARl EF3 Zui e % R K Ot
45,2021),2016 4E“6 « 237 VL8 $h Ik EF4 258 Jp &
(Meng et al,2018; 5 /N 5E,2016).,2015 410 »
AP AR T M EF3 g e 4 (Bai et al, 2017),
o ] AR R R AR AR A3 M X e A IR A b, A
PAIRY i A SN L P R | W S o e
SEAH M X TR B = A R S R 2 ALK,
T 3 A AR & AR AE v [ v AR GE AR AT /N A
2015),

F 1 5330 ) b DX R M 4 AU R AR 22 R AR
DIFEOE R R h [ e B8R AETE 49 H MR,
IR PR i (TO T E RS L LN ELERR
55 CAT /N 8 585 20215 #B 7k ok, 20205 Chen et al,
2018) . VLR A B8 A T Mg TR E 00 A1 T 4R
BRI AR L S EAL P 2 R TE R E R LT
8 Ao K EAEA b 4R 90260, 1M 78 %60 [ B 6
P BT 1520 B (bt it R ED 8 50 %6 7= A4
THEHRAE 2 F AR KB 2R G0 1 R A R SN
(RIFEE. 202D s B2 LT 49 H . E&E M
TELLHE 2R T 1 D B 8 1 o Ly DXRR 20 A R 300 08 4 o
2100, TC Je s i 209 & & I Bl 13—18 B (i i
HEE,2012) s Rt e s FE R EERNLR B RAE
FON CGEWIEE,2023) Vo it 1 M Y R AR BE Jo B 1
T A A 0 B R 58 (CE 55 W4, 2015) 5 T 7 AR
BB A A A TR o A5 B v 2 b £ R R I A R
e 30 25 VG i I U A A R T R TR R AR R AU R
T ARES SO G ) AR £ e M TR R A X

SN R S8 (K — 45, 2020) 5 i B Je 4 Al 43 o TC
o (ZEAS, 202D fHE TC g4, HepdE TC
B SURT 3 Ry v KU fil 2 ) e A TR S AR A B
I AR V) AR LR Sk e ) e A RS HE S5, 2020)

AR FE AT L AN R DB A T SRR AR R
KA R S B E 6 4 R 2 R A A AE W 2

S TR FOR ™ EGZ , AR AR
B B WFFEAT) 32 245 BB AE A 43 A (2R K 46, 20175
W4 ,201852019a32019b52021a;2021 b ; #1132
4:,2022b), EIiFR(1996)Xf 1976—1983 4EERIT. =
N X 2= (3—5 A o4 & A I I 85 A5 (R adk 47
T RS EE (2016) %F 2004—2012 4T 4 62 KB
B 23 3 A S KRG b 47 7 oh 9% B & 5%
(2019¢) X BRI = £ Y DX 380 1 #4170 e 4 1E 1t 48
TEAr AT AEL 28 T AR B v B 380 0 G it X3 95 Rk e B
SERNE AT X R A8 10 e A A% R AR BF 5 I8 AN %
w®A .

2013 4F LI i LU 7 e 45 RUBIF 9% v o0 38 5 %
AR5 A A e I R A S R R
R 60 4EDL By e TR TR g 4 T M T g )
RIREH 2 ST . XX FHERT R IEE T
1) BE AR AE 15 0 0 i A AR O 8 ) 2 5 SO
AN E. AL, C AP R A F RS 5 T i
BB PR KR TE R B A AP —E 25 T AR
Hi AR £ B L AU e 0% L R Il KT L BE S22 3Ok B P 4
JEVE KA RGERZ M, A2 Bk B K Bl v A0H AR
WRARG W, G ERENRATRERNE
Ao HETERRT T AR K & e 4 1 i =S a0 A L kAR KRR
5 5 M e B BE R KRR TE 28 19 43 28 58 TAE 8 ik 75 JF
&,

ABFSEHET 1961—2022 47 R A o 5 K HE K
AR AT 225 ARl e A 0 sk 25 A R
GORL L FE 23 A Bl AR IR RS L X )T AR R A Y I s
O3 AR AR 5T E R A IE S S e A5 BE
A XU T 35 O SR b A5 B AR RRAE e 40 A #R 7R )
AR W BEEATE SRR AL 5 AN [A] 28 78 45 R A
SRR B TR T e s AR R B AL DGR A
DU 7K o IR A 6 ) B 9 R T AR $i AR R
AT

1 BRIk

L1 HEHEHLE

Jo 26 VR R R B E AL (RS R
(7 & ) (1959—2000 4E) il 52 W F 4% TE 7 .
2006) )7 2R A4 Bl RE K AF U (20022022 4F) ()T AR
FARIITIE K EME T K& EENHY
PR AN SR I AR I 5 — TG R0 U R (R



&7

OGS IR e A I =S A B A A R R 2 WL 807

S5 G M OCBAR R IE LA L i I P W e B R A AR
B 1) 1 P BSCRRAEAN J7 58 SCHR 55 %ol A 1 2R 4 b
Ft. T R EROE A SR Al b O TR IR e
FF R B I X e A BEORE HE— 2D AT 5 A 4R A D
NI, — T LT = AT ZR G T

(DA H i # s 0 45 00000 52 21 s~ = 8 R
0, 2 A IR 23 il 30 M T O B B A 5 KA R Y D R
PRJE . MU b R TR TR B AR B 4% BT ) 4 Y b g
G RS Bl WA B KUK TE 19 5 ) 7 S ] P R
LLRIE

(2) ¢ 5 Pl 15 B 375 B8 UG 9 il ik 78 BAT ¢
A ) R R HL A G AR oR W B R B
Z BRI R AR AR T W K& S R
BHE R SE MR G B R IOH PR AR SR PR 5

(3D TERE AR A 3 AR i e A5 & A= 114 o7 Ff
TR 230 B R AT IR R B IR B ] A Z
AU B AT 2 A A e A i e AR AR CTV/S) AH X B

X B & AT s SCHR Y e s A 5 E— 2P
S50 TR IR GOR  H T B Sl b WL Bk e XL X
AR BB R S ABOHE — DAL S R AN . AT o)
EOCHER AR 2011 4E 4 17 H AR LXK L2012
AE 4T 18 H AR IL XK (2013 4 3 H 20 HT 4
AREERK A R A 7 e 4 0 & AHAR I 2%
IR AT BTTRHR A 3 U5 0 GRS 20 A . X 28K
i R R ol T ol R U A AR T R AU

T3 A s T A A e B A i 2 e RN Bk R 2 IR
Bai et al(2020) 3 , % [6] — I 2} 2 75 45 1 8] N 21k
S P15 030 57 A ) — A e s s TR ] — A KU
— D RABTER — DB TS 20 708G KA ic
P4 .

SIRUNNSE L YR8 B |1 T A e A TR
Je AR SEBR R T o 2 I 55 B R XURUR 84> 491 =
DA RAE R A FA I RIER T I 1 38 A 0% 1 i Y
A G T T R e 225 A Hoh i BN R T
MR A 38 A (R . T UL I 2 . 2000 4
PLH » o 78 6 T AL 45 30 15 5098 A 3k LA B w e 45
I KA 5 4 I b B IRk AT B A AT RE S
oM — 2 A BRI . 2001 AERLE L BEE T AR
2538 ) KRR IR A B R RE T LA B AR AL A 1B
W N e A ok RO SR TR AN 5E AR R 2 2015
AR LA . BB TG AN HLTE JE 4 B3 935 R 2 i g T
o 75 9 3 A1 A R S IR S AN 58 8 L A b BE AR
4B IR A Bl G il B AT B DR e A8 R AR 0 A L5

FEERERES LRI, i Ah T SR A T
W4 Te 6 50 A B I VAL AT BB AE AE — RE RO 22 L 4
HIE 2006 4F ARG Je 4, EERIE T SRR i
ST 1) 915 i AR X 4 T B K BOPE A L 2006 4F LA 1Y
T R I Bk = A0 e 2 BCRR T e T AN B3
FEWAE AR T KERGHIRAR R KT
5 ERR R I 15 58 R AE R SE %L TR G X T O 0
JE SR TG R B O B AER . A A SCSEHE
X2 il o 46 > ), TG T DTG Bl Y B A .

W KA 5o Bk H R B0E o 1979—2022
AR IR H )RS AR 0 ERAS T3 508 L 7K F
IYEFN 0.25°0. 25°, ] 3 BER N 1 h, X%
I AE 52 5 B B SR I S B YK 1 B8 3
R AR F W — K B A BB W5 O 1% RAGT
S — U AR AR L BE AT AR, S S ik ik R i 2
Pt i A A AT AR 3 K

Jo 4 R TE 25 % F7AE 43 H R Al 2006—2022 45
I~ 7% CINRAD/SA KA & 1 R S
fRm AR, AR AL S T S A
(2022) 1y Jy . hAABE R TVS 3151 4 il R H
Stump! et al (1998) [ H S JiE PR 5l 77 % F1 Mitchell
et al(1998) 1y TVS R 51| Jy s i 47 7 15 OC B 4 iE 42
Boab B,

1.2 RZEBXFESE

KFT AR A5 07 1 R4 AR R R )
RN KA BEA] A 5 00 XA R g (s 1 L V) A
2R AR B TH A R A G, A A] e 5 Bl AU L A
0l OR XU B 48 A 2= XU 348D 45 AR L&
B AT e GBI OEEE,2021) , 4RI N KA 5
OY AR SORE T AR B A0 — R85 — RV KU
e 48 o K AAETY A R R 5N R
Wi RAARIZ AR A TC¥e 25 3G 8l s SO 43 o 8 1 7Y
T R XY e 4 5 TR e A S A O s B AR XU
RER AL 5% 2 G H Bk, et kE
B B R AR Ve 25 AT Bl ¥ 8 ORI T IR B e A R AR
Hb 1Y 23 18] 90 FEl— MR 7E 300 km LA PN 5 T B8 X BY 4
SR M KA AR A Z R SRR RS
SO ¥ A AURI BT PR B ) AR B (=300 km) . 5
TR TC Je s, 5w B i LR A TC
68 K AEAE TC B s E A 7 1) e 4 — e
FHAEEAR TC oty 800 km Yo [ P s #5 Jo 4 & AE AL BE



808 A

% 550 %

TC Hre it 800 km, fHA 4L T TC &b w7 o, 0
16 Al TC 45 (Bai et al,2020), 45 =28 J2 4
AR B e 4 . 48 42 ma B U R A R TC LA
AR P I R R RE 2 KRB Bk KRR E
3l 3 R AR 25, 2007) , K A= 72 B I 3 R 37
1) 4

1.3 ZEBERBEEDE

Grams et al(2012) ¥ FE Him b L XNBETE SN
2 R RS O U AR HE R PR R G2
TR R G JF 8 56 [ AR j R Ak 3= TC 8t e 45 g5 F
R X LT 285 U3 A IR A7 X L B A 3 5 7k 25 4 (20210 %
VLI A5 KU T 25 43 Ry A7 %o i B4R | o 4 M % it
RG22 R XU R G0 AW U R e 3k a2k R
B 2THMERKAE R FEENBIEESHRZ
BRI RS BEL XS RS, BT 2006 4§ L)
K TR ZBE AR R A TCRAF =T M) R
TC Je 41477 A= T 0w B AL E 1] 19 217 AR 1713 o OGRS
IR A, 2015 ¥ S A 45, 20190) , HEXUER 1 4 2 1 A
B ah b B A [R F Grams et al (2012) PL A 58 R

G3 ) =R XU T 2 T 452 30 VL 05 R A KU 11 B
R R A4, HiL, 2 8 Grams et al(2012) fil{k
IR QO2D IR TT I IR B ) AR A e A 1R
MARGHFE T AR B R LT 2k

G2 MR XS R G S 2R N 3 2 X A
SEE LR B A I R TS B A K [E] i O B GA
50 dBz Db b, EHIAY KB R T 100 km JF HKHi 5
M KEZER T 3. HMART S KMEADY
D510 % 8 (] 1a FHE) ;

O 28 AT B S SRR DX R A X IR ST
B4R, 5 AR B B B (BT o g5 O [l o B GA
50 dBz P I RE/NTF 50 km([& 1b FHHE) ;

B =2 2R KR R G i 2k IR CEUR 24
BAR TR A A 5 LM DA IX 43 S Al 3 Sk 1 8 S £ R
(), SRR AR 2 40 dBz LA b i 25 [l 967 X 38 1 v AR
Z /0K 2500 km? (50 km X 50 km) (] 1c JHHE) ;

EUE S 3 IR ES W AP QR RN VAR RES RN
P, e KA R EE L 50 dBz DL FL 58— KR
[F] P A s AN A7 A [R5 00 4 0O R e v FL K e
] 1 7 1 B8 3 (] 1d 4D

AR N TR RO R R 2= D

120062022 48] AR T 45 U 205 1R AR B 25 1) 1 i SO 25 I
() MELRHE X U R 4 5 () S B4R L (o) 2 B 1R 2R R 48 - (DA IR A I R 4

Fig.1 Radar reflectivity of four storm morphologies of Guangdong tornadoes from 2006 to 2022

(a) quasi-linear convective system, (b) isolated convection cell,

(¢) multi-cell storm system, (d) banded convective system
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