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Analysis of the EF4 Tornado in Funing County, Jiangsu
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Abstract: An extremely severe EF4 tornado struck Funing County, Jiangsu Province on 23 June 2016. The
tornado killed 99 people, injured 846 others, and damaged many buildings. This paper focuses on the syn-
optic environment and mesoscale characteristics of the tornado by using all kinds of observation data. The
tornado occurred in the most sensitive area and season with highest tornado occurrence frequency in East
China. The synoptic environment for the tornado was the typical rainstorm circulation in Meiyu season.
The tornado-produced mesoscale convective system occurred in the south side of the surface warm front
where the high-level jet coupled with the low-level jet. The strong deep-level dynamical forcing character-
istics are significant accompanied by high-level jet, and the thermal-dynamic unstable condition is moder-
ately strong. The tornado-produced mesoscale convective system was a discrete cell with elliptically shaped
region of reflectivity which is the most favorable convective mode for significant tornado in the United
States continent. The structure of cell is the same as the typical super cell with bow echo, severe mesocy-
clone and tornado vortex signature (TVS). Funing tornado was in the top of the bow echo and occurred
during the period when the height of the mesocyclones was lower than 1 km.
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[% is the location of hail disaster reported by sportter
and 6 represents the tornado vortex signature

(TVS) detected by the Yanchen Radar]
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Fig.5 The 500 hPa chart at 08:00 BT (a), surface chart at 14:00 BT (b),
200 hPa (c) and 850 hPa (d) wind field simulated by NCEP_GFS
starting at 14:00 BT 23 June 2016

(Yellow, green and brown lines represent trough lines at 500 hPa,

700 hPa and 850 hPa in Fig. a; shadow and contour lines represent precipitable

water (unit: mm) and BLI (best lifting index, unit: K) in Fig. d, respectively)
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Fig. 6 Sounding for Sheyang at 08:00 BT (a) and 14:00 BT (b) 23 June 2016;

correlation between the chance of severe thunderstorms and the 0—6 km vertical wind shear (c¢),

correlation between the LCL corresponding to observed tornadoes and the 0—1 km vertical wind shear (d)

(Figs. c and d are cited from Markowsi et al (2010); the grey. blue and red dots represent the

locations of thunderstorm. non-tornadic severe thunderstorm and severe tornado. respectively;

red star is the location of CAPE corresponding to 0—6 km shear calculated

from Sheyang sounding in Fig. ¢, LCL and 0—1 km shear in Fig. d)
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Fig. 7 Surface charts at (a) 14:20 BT and (b) 14:30 BT 23 June 2016

(Red arrow represents wet and warm flow, black broken line is surface convergence line,

area with high dew-point temperature is to the south of the green aliasing line)
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Fig. 8 Examples of EF2 tornadic convective modes derived from regional reflectivity mosaic images
[From Grams et al (2012) ]
(a) discrete cell, (b) QLCS, (¢) cluster
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Fig. 9 Radar reflectivity mosaic images in East China at (a) 12:00 BT, (b) 13.:00 BT,
(c) 13:30 BT, (d) 14.00 BT, (e) 14:10 BT, (f) 14:30 BT, (g) 14.50 BT, (h) 15:40 BT 23 June 2016

(W represents the location where Funing County lies in Fig. a)
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Fig. 10 (a) Reflectivity factor at 0. 5° elevation (unit: dBz) and radial velocity
(unit; kts « h™') of Yancheng Radar at 14:30 BT 23 June 2016,

(b) reflectivity profile along the white solid line from southeast to

northwest and (¢) 3-D structure zoomed in the white box

(Yellow triangle represents the mesocyclone)

9 90
8
7
6
£5
2
<4
3
2
b /
11 ¢ o e 10
0 0

1402 14:14 14:25 14:36 14:48
il /BT

Bl 11 2016 4F 6 H 23 H#h W F ik
TR B H S 47 A B i) 35 2 [
Fig. 11 Temporal evolution of mesocyclones detected

by the Yancheng Radar on 23 June 2016

A1 g 2 1 R RRAIE Ul 45 A2 RO 1506 1 T F
50%0 Lk bo TEREN KA MR R o5k

A B PR A T AE, B SRR I ARMK . R D5 Y S
(2013) % 5 A6 B G PR e 5 I BE i R B 77 0 1 e
Bt BE e B ARIR AR T 1 kme KRR A
(2009) X % 8 3 I F2~F3 04 1 Wk 58 vh i 48
e A R AR R A AR AR I B 5 AR TVS,
FEER B P AR M AL 1 km DUR L AR
T 26 8 G PR IS = R L R R T E R E T
THE HiL X1 T RE e 45 1008 48 b - 72 R AR A A F e
A A B AR F ARG B TS, R AR K 0~1
km 3 BRI AE . 4500 21 50 20 p e . 5E 7E B G
22 Hby DX R ) o S 58 8 1) v 22 e SO AT AR A
AR, B A (2012) fE N 2L 6 IR M TR IR
fIE 43 BT B A48 H 2 30 BE B8 (FE B 35 38 20~100 km)
P 2 CAD A b AE IR TVS X8 4 1 3 9
LMAE L, BHEARRET EF4 He 51 53 b &



1L

TK/NFE 25,2016 4F 6 A 23 HIL# BT EF4 90 % RS04 1313

B - S JR M) WL 22 3 0 o ik A 1) 3 J3E R 1) o U
S B A m] RUAE T e s i i B VI R 1A
E IR T JR g 4 TV 55 1

4 75 8

ARTCNF 2016 4F 6 H 23 HITH 8 $hih B B
T EF4 9 0Je 4 K AE W KA 5t b RE FRAE
HEAT T W1 5007 T AR S5 IR AN F

(1) B e 4 & A A Mg T AT 1T 5 0 & A 1
RAHE =T @Rz 204 b B2 525 g 0 s i
R AN B 2 R R R B R A A R A 8 5%
.

(2) SFPHZS syt R W], 5 26 o e 4 (EF2 ¢
PLED B R AR I S0 28 45 00 R0 3R A 1 VL U M
X EF2~EF3 g5 Jo 45 4> 19 BF 55 45 5 A0 1, A R R
T A KA 0 R BT R R R TR R AR
IRBE S F F B0 A v A O i 1) 2R 2 R FNAIR 2 AR TR
VIR 2 B LA 5 1 VR 2 3 B DD AR FUIR ) 36 T
BELE L .

(3) B e BAT 55 [ 0 0o 46 & A AH LI 25 4
EAE  RPALB B S5 S TG b 2 30 ARG TR0 o s 1A
{FLTE 3 [l 3 145 R0 ok B PR 1 3% B Ay 28 L 20 .
T A5 25 K FRAE T8 A5 0 F 480K [l 9 T B I+ S
TFURWM S EE R AEFE PRSI T 1 km
IFEREA TVS Wi .

Je A TE 3 = 8 T/ ik 8 09 B o 9 X U 3
EF4 % e 60 E W F 0. A XA & EFd k6
() R MV IR R AIE AR 5 [ A ) — 5 g 45 =1
HEAT T LA o AR e 20 [ 9 AH AN 8] 1) 300 30E L B 5% T 7
S50 A 18 5 E AR e A 0 Cn EF3 LD e
B IUE . HEAh BT AU IR I 4 = 1 4
HEHEAT T W0 2307 1 EF4 9% Jg 35 5 1E % J i BIL B
A FFRABS .

B s s B R R SRR T IR I B
/NS E R AR D0 IKE JEA IR AR B
I 5 S FS RS B . RS RE I L R P 11,

S % Lk
LA AT/ 2015, o [E A A0 I S A3 A R AR B, 41(T) 1 793
805.

XGRS B L 4. 2009, 070703 KK 8 2% 201K T8 45 1 £2 3 )

Wk HORERAE. K 4. 35(10) :32-39.

EF5 WA/ R /NELL 2015, AR JL A AT SRR AR AE S . R
%240, 73(3) 1 425-441.

PO, BT R 1995, [ e 45 KUY 25 T4RE. K4 ,21(5) :37-40.

S5 RTINS AR RIS 2012, X6 W RUER P AR OB A AIE 5 5 B R
K. K% ,38(11) :1330-1338.

SIS AN B AR R 4 2013, S5 b H X 2% B A X8R BR B A5 1
SR EERHE. KR AR T1(2) :209-227.

Wt L MR Tk FE L &L 2012, LR B K A B FR B A5 TNl S T
R IRA 4 .3106):1721-1730.
Wk L AN A L AL 2007, BRIRIR fe Bt IR B R £

I

I IR GOR RN EE BT Bl R R, 23(5) 1 483-490.

BT/ WE T BEBE BT . S5 2006a. &% 8 K SH K R B 50 45 R
F. AR AR W AL

A/ R IR AR 5K T R, S 2006b. 22 8 — Ik 8 Bk 45 1 £ 35 ) K
IR B R4 .25(5):914-924,

AT /NG R L B R T L AL 2008, — YA B SR Z1 Je 4 B iR K KR 2R
R R E. KRR 32(3) :508-522.

i —F /N R TR LS 20120 K Jk B T S AR R U e 3 R 1 4
Mr. K42 4% . 70(5) 1 961-973.

A, AR SCE] WhIl . 5. 2016, XU AR IES 2016 4F 6 1 23 H
By R A . %421 1 1289-1303.

LR L AT /NG O WL B 2004, — YR SR % PR XU 1Y) £ 3 1 R
T IB I 3. G 62(3) :317-328,

Wz, RELTT I, 56 2009, 58 e 45 6 0 o 1A X 28 AR5 AE 43 A7 5 T3
Y. HIRAE . 28(3) :617-625.

JJG A& . AT . 2014, 2018 4R 7 A 7 HIREE BRI
5EIBFHESAT. T RAR.32(3) :415- 423,

Arsen’yev S A. 2011. Mathematical modeling of tornadoes and squall
line storms. Geosci Front,2(2) :215-221.

Brooks H E, Doswell C A, Cooper J. 1994. On the environments of
tornadic and nontornadic mesocyclones. Wea Forecasting,9(4) :
606-618.

Brooks H E,Lee J] W, Craven J P. 2003. The spatial distribution of
severe thunderstorm and tornado environments from global re-
analysis data. Atmos Res,67/68:73-94.

Browning K A. 1964. Airflow and precipitation trajectories with in
severe local storms which travel to the right of the winds. ] At-
mos Sci,21(6) :634-639.

Brown K A,Lemon L. R,Burgess D W. 1978. Tornado detection by
pulsed Doppler radar. Mon Wea Rev,106(1) ;:29-38.

Craven J P, Brooks H E. 2004. Baseline climatology of sounding de-
rived parameters associated with deep moist convection. Natl
Wea Dig,28:13-24.

David-Jounes R, Trapp R J,Bluestein H B. 2001. Tornadoes and tor-
nadic storms // Severe Convective Storms. Meteor Monogr.,
(50):167-221.

Doswell C A, Carbin G W, Brooks H E. 2012. The tornadoes of

spring 2011 in the USA: An historical perspective. Wea Forecas-



1314

A

% 842 %

ting,67(4) :88-94.

Duda J D,Gallus Jr W A. 2010. Spring and summer Midwestern se-
vere weather reports in supercells compared to other morpholo-
gies. Wea Forecasting,25(1) :190-206.

Evans J S, Doswell C A. 2002. Investigating Derecho and Supercell
proximity soundings. Preprints, 21st Conf Severe Local Strom.
San Antonio TX, USA, American Ineteorological Society, 635-
638.

Gaffin D M, Parker S S. 2006. A climatology of synoptic conditions
associated with significant tornadoes across the southern appala-
chian region. Wea Forecasting,21(4):735-751.

Gallus Jr W A, Snook N A, Johnson E V. 2008. Spring and summer
severe weather reports over the Midwest as a function of con-
vective mode: A preliminary study. Wea Forecasting, 23 (1)
101-113.

Giordano L. A, Fritsch J M. 1991. Strong tornadoes and {lash-flood-
producing rainstorms during the warm season in the mid-Atlan-
tic region. Wea Forecasting,6(4) ;:437-455.

Grams J G, Thompson R L,Snively V,et al. 2012. A climatology and
comparison of parameters for significant tornado events in the
United States. Wea Forecasting,27(1) :106-123.

Johns R H. 1982. A synoptic climatology of northwest flow severe
weather outbreaks. Part I: Nature and significance. Mon Wea
Rev,110(11):1653-1663.

Johns R H, Doswell III C A. 1992. Severe local storms forecasting.
Wea Forecasting,7(4) :588-612.

Johns R H,Dorr Jr R A. 1996. Some meteorological aspects of strong
and violent tornado episodes in New England and eastern New
York. Natl Wea Dig,20(4) :2-12.

Lemon L R, Doswell IIT C A. 1979. Severe thunderstorm evolution

and mesocyclone structure as related to tornadogenesis. Mon

Wea Rev,107(9) :1184-1197.

Markowski P M, Richardson Y. 2010. Mesoscale Meteorology in
Midlatitudes. New York: Wiley-Blackwell.

Philip N S,Joshua M B. 2011. Mesocyclone evolution associated with
varying shear profiles during the 24 June 2003 Tornado Out-
break. Wea Forecasting,26(6) ;:808- 827.

Rasmussen E N. 2003. Refined supercell and tornado forecast param-
eters. Wea Forecasting,18(3) :530-535.

Rasmussen E N, Blanchard D O. 1998. A baseline climatology of
sounding-derived supercell and tornado forecast parameters.
Wea Forecasting,13(4) :1148-1164.

Rasmussen E N, Richardson S, Straka J M, et al. 2000. The associa-
tion of significant tornadoes with a baroclinic boundary on 2
June 1995. Mon Wea Rev,128(1):174-191.

Rose S F.,Hobbs P V,Locatelli ] D and Stoelinga M T. 2004. A 10-yr
climatology relating the locations of reported tornadoes to the
quadrants of upper-level jet streaks. Wea Forecasting, 19(2)
301-309.

Schumacher S S, Lindsey D T, Schumacher A B, et al. 2010. Multidis-
ciplinary analysis of an unusual tornado; Meteorology, climatolo-
gy,and the communication and interpretation of warnings. Wea
Forecasting,25(5) :1412-1428.

Trapp R J, Tessendorf S A,Godfrey E S, et al. 2005. Tornadoes {from
squall lines and bow echoes. Part I:Climatological distribution.
Wea Forecasting,20(1) ;23-34.

Wilson J W. 1986. Tornadogenesis by nonprecipitation induced wind
shear lines. Mon Wea Rev,114(2):270-284.

Zheng Feng, Chen Lian-shou, Zhong Jian-feng. 2011. Analysis of a
tornado-like severe storm in the outer region of the 2007 super

typhoon Sepat. ] Trop Metero,17(2) :175-180.



