THERNEETER G SEIAXBIFEST

%5@531;14 //\-’5:234 3]/%@2’3’4—7'?—‘]‘§5 i%1

1 THBEAKE, BR 210044
2 IAEREZMAFF A, B 210009
3 MEAZMEEFARIE, BE 210009
4 PEARRAREARESTALRE, X 210009
5 FEAZAAZEMNF L AL 100081

WE: FAERWM. Az, 288 RAE S LK E A B R b0 AR TR, TR
2007-2018 E[A]H) & RIEE TSN T ARHE . o™ AL B PRBE A & 25 B R B R BRRE, IR 5T R E
WL R AEEAT X L . G55SR R VLR 6 KU 5t B R SR P n, FEEHE 7-8 H,
HEZERATE 16-20 K e REREBELRKET G RERGI 24 h LN, TLHRERESEZ KE
THR 24 h ZJ5, LT EXRFORARIERIR, 28 T LR VG HH X (2 SRS 78 2 17K
AT ERE R, ARG R AR T AMBRE A, miEa e R ERER BRI EERS; LM
TR R AN RARERRREA KR AT RERIR. W®ZE (076 kn) FRZE (01 km) FEEXY)
AR R LA A R [ (SRHD BOKHIFAEE T, (HMIIERTE, T AR e BRI RO BRI 1 e
N, THERSE SRR, BAERMEE (076 k) FURZE (0~1 km) FTEXIAS, H XX e
By TLIR G RIEE BARLIH 2/3 FEBEAS IR VERHE (TVS) RRUE, F=AE 5800 I T B s A A R i PR
HRAEAN TVS $FAE. 24 TVS (SR MAEE Z 1T 23 me s 0, BH~AEREE. 57 REXES TVS
KBRS LSSt IR, VLIS A e 1 TVS S fRAT A B2 22 Al e K VD ARAE S/ (ORI AT AR
1 1/3).

REWR: G, HBKE, HREHE

Analysis of Environmental Conditions and Radar Key features of
Typhoon-Tornado in Jiangsu
MU Ruigi** XU Fen?** SUN Kangyuan®** LI Feng® WANG Ying"

1 Jiangsu Meteorological Observatory, Nanjing 210044

2 Jiangsu Institute of Meteorological Sciences, Nanjing 210009

3 Nanjing Joint Institute for Atmospheric Sciences, Nanjing 210009

4 Key Laboratory of Transportation Meteorology, CMA, Nanjing 210009

5 Meteorological Observation Center of CMA, Beijing 100081

DR, B E SRR BT E (2018YFC1506103) « TR AH e KBTH (BE2017776). VLI
SEJRH EWE (KM202007), H ESRBEEH AR AR 45 T L Oig &0 H (20212003) 3[R H).
% & Femil, FEMFREFEERIIRS P A NG R STINE. Email: 103109693@qq. com
BIREE: 55, EBEMNF LW RS EENHAIGL R AP 5. Email:xufen1130@tom. com

1



Abstract: By conventional observation , automatic station, Doppler radar and reanalysis data (1°
x1° ) from FNL, this paper analyzed the spatial and temporal distribution Characteristic,
environmental conditions and radar key features of the typhoon-tornadoes in Jiangsu during the
2007-2018, and compare with the corresponding characteristics of typhoon-tornadoes in
Guangdong. The analyses indicate that the frequency of typhoon-tornado in Jiangsu has increased
compared with the past, occurrence time of the tornadoes is concentrated in July and August from
16:00 BT to 20:00 BT. Jiangsu typhoon-tornadoes occur after typhoon landfall 24 hours later,
different from Guangdong typhoon-tornadoes occur within 24 hours. A strong preference for
tornado occurrence is in the northeast quadrant with respect to land-falling typhoon center. High
risk areas of tornado occurrence in Jiangsu concentrated in the central of Jianghuai and Xuzhou.
The low-level jet transports abundant water vapor and unstable energy, which provides favorable
environment for tornado, ground convergence line is an important system for tornado
development. The common environmental conditions for Jiangsu and Guangdong tornado appear
to be low lifting condensation level (LCL) , strong deep-layer and low-level vertical wind shear
(VWS) and high storm relative helicity(SRH). The major difference between Jiangsu and
Guangdong tornado cases is that the Guangdong tornado has weaker convective available
potential energy (CAPE) and convective inhibition (CIN) , lower LCL, but stronger deep-layer
and low-level VWS. About 2/3 of typhoon tornadoes in Jiangsu accompanies with tornadic vortex
signature  (TVS), The thunderstorm cells that produce strong tornado is associated with
mesocyclone and TVS. Strong tornado is more likely to occur when the lowest level difference
velocity (LLDV) of TVS exceeds 23 m +s™ . The LLDV of tornado TVS in Jiangsu is weaker,
and the maximum shear is smaller (1/3 of that in Guangdong).
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(red frame represent positions of the typhoon center at the time of tornado genesis in Fig.3 )
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5.2 IHENEERBIFESIT I

2007-2018 fE[RIVLIFE 7 NG REEM F =AM 12 Mt fE, H 33,3 9 E XS
FARTC AU TVS FEBE, 67.7 %6 X BARFERE TVS HHiE, R 16.7 W& X et
FAPR R BT HASURERN TVS RFAIE o [R]I PEBEA A SUIEFT TVS RFAE R & KB AR BT = AR 1)
WAL NN EF2 i 4 o 1 HAMTE e TE TVS RHEFERE SN A TVS CEBE I & RES
B FTFA A (e 25 508 BROSEFL 55 8%: . BT 75 & Xe 3 R A<0e LR B AR, F 3¢
RGH ML IR & KRR TVS RHEE . AT & KOEE AR B S5 E, IE580T T TVS
AT T B B8], TVS Mgt 1a] SPRR ST B P AyAs. Jedsn
2000 5 K VIR AE B K V) ARAE Pt 78 w1 FE A S A AT A 3 & 22 (Lowest Level Difference
Velocity, LLDV), DARGRAEIRA SAARGREFE (155K [R5 FEAE K TE M (R 4) .

3= 4 2007-2018 FEIH B RS TVS 4FES iR

Table4 TVS Statistical characteristic of typhoon—tornadoes in Jiangsu during 2007-2018

RAEHM R VS OTVS CP¥ER RO o TVS BRSBTS G =/ NI I s NICIF 3
wOOEHE P P KUIR Mmoo osw B zimk zEk BRI
B /min #00¥ T.a & O E®E O WOE U/ UIE®E LV /dBz /km

I T wmy/ o %/ 2 /km 10° s FE/km mes'
/mi Booo@m 100s' mes' @&
n /km  /km  /min 553
/km
2008/07/30 12 36 0.9 3.3 552/18 30.3 1.1 2.4 67.3 0.9 37.5 54.8 2.6
2008/07/30% 24 49 0.8 2.8 504/30 25.7 1.1 1.9 65.9 0.8 33 55.3 2.6
2008/07/30 -18 30 1.3 3.5 324/30 20.1 1.6 2.2 56.9 3.6
2012/08/10 0 6 1.3 2.8 32/6 23.0 1.3 1.5 32 1.3 23 57.5 6.1
2014/07/24 0 12 0.7 1.7 586/6 22.7 0.9 1.0 62.8 0.7 25 57 2.1
2017/08/01 12 6 0.5 3.1 54/6 17.5 0.5 2.6 54 1.6
2018/08/18 0 18 2.3 5.1 296/18 31.5 2.3 2.7 30.6 2.1 30.5 55.1 2.6
2018/08/18% 10 12 1.0 1.5 40.6/6 23.0 1.0 0.5 433 1.0 23.0 50.3 1.6
A VS
5 2004 1.1 3.1 45.7 26.0 1.3 2.0 50.7 1.0 27 55.1 2.7
FEME
FEHE VS
/ / 1.9 5.1 32.7 22.2 2.5 3.2 / / / 54.3 3.2
FHME

e Rl k7 AbFRIR & R AAREREA AR B S LA Taa BN EEBE AR TVS P ECR YA IR 2, andE TVS F
SEWF I 5 AR, WG B30 6min, 45 Tuwan FEHS 5 NI, MBI HR 546=30min,

Note: The ”"*” in the table indicates that the typhoon tornado is accompanied by mesocyclone; Tuen in fifth column
indicates the time when the average maximum shear of the tornado cell TVS occurs. Such as the duration of a TVS

is 5 times and the time resolution is 6min, if the T,.. appears in the fifth time, it is 5 * 6 = 30min in the list.
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M 4TI, 8 AMEBEA TVS 196 KR BARTE I TVS FRAERT, 50 %A HERT=: 256 %
(& R i R A e R shid R AERE A TVS, {BAE BB KA E TVS HRAH, —RAET
R e 25 R B P IR e, VAR B e s BRI RAE: R A AR R AR, RARZIE
G X B e — 4N, H 5% B A (] 2 HE R TOVE R M AR L, RIS B 2R TVS
RFE o

MTVS FEAEE K, o4 R AE R ZIH) TVS SR YIARMBAE 30. 6~67. 3X 107 s, “FH124 50. 7
X10° sy TVS AN AR 24 20. 1~31.5 m» s ', S BEMREEEN NG, LGB0
S 23 me s B, 304 EF2 UL BEERAS . HLARVIARME, TVS SARAN A M E 2R
TERSERI ..

15 FiR G ROBAE IS FE A, BRI SR PRI A TVS RRIESL, AT K AR 46 B A fEBE TVS,
o4 TVS RHEE TVS Hefpl o 31:181, KA 14.5 %f TVS 5hEH k. SIEHE TVS MM
SEIFHEX LR (R 4), ARRG R e F s ks ml g O 5, OB, TVS
BT R B EEA, JERE T RAE TVS SN T B KU E AR ZE R, B TVS T
BRVVAEHZ) R 46X 107 s, MR e TVS MHRSFIIEZI A 33 X107 s '

N RE T T MR AE e Bk TVS FIE e BLpk TVS SREE 22 5%, o lea bl 7 & TVS S fikfm
38 2 AU K AR AR At il (&1 8) o R FT R: o3 B TVS S fiAT A i f 25 75
13~47.5mes ', KTAEBFBHAR TVS (11.5~43. 2mes ') o HIpd: TVS S 7 i o o,
HPEZE 26,8 m s UAREIL 0. 45. MK VIERERE , A TVS B KV B AT,
fE10.1~147.2 m= s, RNMEESREH T 147.2 me s, HKT 90 m+ s PSR,
N 0.1; Jeds TVS S KYIAME N 25.1786.3 me s ', HAE 37.4~49.7 m» s ' Y FE A IR
B, 1K0.60 MLGZT, A TVS FRCK VIR Hag, SR8 H LI Al 5 s

[HE 25 50K TV'S 400 i 22 ] e [t A TVS s U400 6 22 50
_ 0ss |
_ 04 |
_ 03 |
_ 02 |
_ 015 |
_ 01 |
0.02 — —

0
115 16 206 25.1 29.6 34.2 38.7 43.2 13 19.9 26.8 337 40.6
et AR TVS s s e 2efmes USRI /e s
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Fig.8 Key feature distribution of tornado TVS and non—tornado TVS in Jiangsu during
2007-2018
(a)LLDV of non-tornado TVS: (b) LLDV of tornado TVS:

86.3

(c)mean maximum shear of non—tornado TVS: (d)mean maximum shear of tornado TVS

5.3 IIAT REANLEXBIFEESR AW

NIRRT G R 1 TR ARHE R B 5 AR & M B A MR IE S AR 78 57, A1 4%
BB 1 R IAHER AL B T AR T TR & KM B HER & A TVS FRER A1, 4300k
2006 4 8 H 4 HE KIRELZ252m N =421 5 MR SR 2015 4 10 H 4 H & XUBULE M
TR 2 M B R ST AR B K3 TVS FIEE 34 TVS B AN B, 45 5 h 67:215,
29 23.8 % TVS 5B K, mTILHEREEHAMG SR 14.5 % %G04 RRINL
T e M RGEEI I TVS FRAEX e 4s TR RE I R T 4 1/2.

MG TVS FRERfaE (EED , ARG KNS TVS SEETIN P08 17.9 min, ~FH
R KKIE 49 min, ECEVLIREA KBS TVS BIATHERtE, ARG RAL T TVS HIH B
iz 4 BRI T R A i DA S P R R AR

PP A TVS B SCBEARFIE & s K UIAAE A LLDV. & 9 Gt 1T A 0es TVS ik
el 2R A EOT B, B 9a W] LT ARH X F= AR A K TVS B AR AM 13 FE 22 50 %A
T 28.639.4 me s, MILHHLXARRAE TS, 50 %504 T 26.8~33.7 m=s's XTLLE 8d
FE 9b, THREREER) TVS e RYIAE TR IH 3 £5, #id 60 %S R YIARE N T
46. 7~77.7TX10° s ', @ T G RO BHRAI R X ] (37.4~%49.7X10° s o N/ HTH
AR TVS R YA Z S R, 20 T R Y)Ae SR sk RHEE M th 26 (& 10)

14



HUZ BT I, PP SR U A 25860 30X 107 s, S E K ZE Rk B R X B B & ik
55 35 km “EARVEEINE TVS Mok, XRH TR THH AR PO BE SEE R, X
TVS S5 M PR B T Ik T, PIASEMA. 35780 km RS (E B YIS AR BB, £ 50X
10° s KA.
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Fig.9 Key feature distribution of tornado TVS in Guangdong typhoon

(a)LLDV of tornado TVS; (b)mean maximum shear of tornado TVS
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Fig. 10 Maximum shear and distance distribution of tornado TVS in Jiangsu and Guangdong
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6 45t

AT 2007-2018 A ENLTR K AR & R HAT TGt at, a8 HiLos e KRB
BEAVESNRHE, IS RMX G KGRI 5 EURE i b REERAE B ik R
FRIERHAT X LG, 15 H LR 45k

(1) 2007-2018 fE[RVLIFA 7 ME XA T 12 MBS, FHF 0.58 N E R
PR TLHERREEBEENET. 8 A, 8 ARNEZK, HEHM 50 % EERALE
TG, TE 16-20 B R AR a0 83 %, M) AR BBTE 6-10 A KA, 8 A%
K, HRBIEARBSAE KA. (LTI E rARMNR T IF & ROBAE SR I A X
RGN RN N e ) U Y
(2) FAATIIE RS ELI = s, & KRS RIS & RO RIEZRIR, HEX
H0250~500 kndE . VLIFEREEZ KA T G REM24 heJm, HEEMT5 %, WEE HI
fE G KGR E 36~ 48 h, HEE41 % (54 REEE KAEA ORI 50 B AR
JE (38 %) ARG KA (30 %) MTES RHX =4 E 1 & EZ AT, BRI ERI B
FEAEGKERE24 hi, RERAEN, 6XEREEPTICERIRE KRR H, 473 %
14 £ IR B2 A vty A3 DA B R
(3) XJEYLIFA AR X e K AR BT RO 55, IO B R A B b T & R BL &
R AT e R PR TR B AR R S 2, IR AR i I r S, s A B R AR S A, R
R IR 2 BRI 78 2 AR AR E R B, R AT Z a5 A Fase Mo, A& i RS T
AR IR B AL

(4D TLIF R IX & K& R B Z RE T REWAXIERE X&) K EAE
CAPEEA K. LCLBUK. ¥R)Z (076 km) FMKZE (0~1 km) BRI ARHK LA A SHRES K [ FR
BN, ESI B, AWBHMERE, T AREABRCAPERMCING /), LCLEAR, HAE KM
HE (076 km) FMIGZE (0~1 km) FENMYIAR, HSRHEUN. F2ARRXELZE 7 1 A] Bl R )
AR DCIRAR S5 AR B4, SEARALCL 5y TRV bRIdUgESS , Bk 3, e e &t — PR
H R e = R G A8 T o, {49 28 B D) AR T A
(5) VLI & Kot AR LA 2/3 fEBfE TVS F-fE, FHorf 50 SHARR) TVS RRIEHIL T s K AR
JG: 25 %G R E PR REER SR P AEREA TVS, (BfE &R AN TG TVS #RAIH .
PR A B A I B RN AR A SRR TVS HRAE. 24 TVS HS IR A 220t 23 me s
B, BEGPAREE. 5 RG RIS TVS SHEERHMERX L oK, YLIRHIX =R 45 1) TVS
FRARAT A ZE /DS, B KU AE WA IR 1/3).
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