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Abstract: During 14:00—15:00 Beijing Time (BT) 23 June 2016, an extremely tornado with the EF-4 scale
hit the Funing County of Jiangsu Province, causing severe damages. Due to the topographic effect, 11 tor-

nado events were recorded causing more than 10 deaths in nearby region in the past 50 years, and 6
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occurred after 1979. By decomposing model initial variables and model predicted outputs into temporal cli-
matic state and anomaly, this paper first analyzed the 6 tornado events using observation data, finding that
these tornadoes were associated with low-level negative anomalous height trough axes and clashes of anom-
alous cold and warm air masses. Tornadoes always occur in the anomalous warm air mass. In the second
half of the paper, the performances of ECMWEF model and NCEP GFS on the tornado process on 23 June
2016 were evaluated using anomalous variables and indices. Analysis results at 14:00 BT illustrated that
the tornado occurred at the intersection between a 925 hPa height anomaly trough and a maximum axis of
moist vorticity anomaly and moist convergence anomaly at 850 hPa, respectively. The low-level moisture
convergence and moist vorticity anomalies could well indicate the moisture and unstable condition for tor-
nadogenesis. The ECMWF model well predicted the trough-axis feature for leading 42 h in advance while
the NCEP GFS predicted for leading 18 h in advance, respectively. These anomalous variables and indices

could help forecasters indicate a potential time-space domain of severe convective systems more quickly.
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Fig.1 Reflectivity factor of radar echo in Yancheng (0. 5° elevation angle) at (a) 14:30 BT and (b) 14:37 BT

and (¢) horizontal and vertical section (shading. 10 dBz interval)

of radar reflectivity along the white dashed line in Fig. 1b

(The red dashed circle in Fig. 1a denotes the anomalous system)
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Fig.2 (a) Thicknesses (heights of top and bottom)

of the anomalous system in its lifetime, and
(b) the tornado track (red arrow and blue dashed line)

and the corresponding time
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Fig. 3 Wind field observed by surface automatic weather stations

at (a) 13:00 BT and (b) 14:00 BT 23 June 2016

(Green dashed arrows denote streamlines and red solid lines denote convergence line;

D and G indicate the cyclonic and anticyclonic centers; in Fig. 3b, the dates and

symbol Y% denote the 11 tornado events that occurred in the past 50 years)
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Fig. 4 Hourly precipitation (shading, mm +« h™') at (a) 08:00 BT, (b) 11:00 BT, (¢) 14:00 BT (tornado occurred) ,
(d) 17:00 BT, (e) 20:00 BT (heaviest rainfall) » and (f) 23.00 BT 23 June 2016

(Symbol “¥%” denotes Funing, where tornado occurred while the dashed line is along 119. 5°E)
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Fig. 5 Vertical-latitude cross sections of total height (black solid line, 1000 gpm interval)
and total temperature (shading, 5C interval) along 119. 5°E at (a) 08:00 BT,
(b) 14.00 BT, and (c¢) 20:00 BT 23 June 2016;

(d,e,f) same as Figs. 5a,5b.5c, but for climatic height (solid and dashed lines, 1000 gpm interval) and
climatic temperature (shading, 5C interval); (g,h.i) same as Figs. 5a,5b,5c, but for height anomalies
(solid and dashed lines, 10 gpm interval) and temperature anomalies (shading, 1°C interval)

(In Figs. 5g,5h,5i, heavy solid and dashed lines are axes of positive and negative height
anomalies while the purple lines indicate the ascending velocity (0.5 Pa+ s 1);
letters G/D and W/C are centers of height and temperature anomalies, respectively;
symbol A indicates the location of tornado; the data used are from the ERA Interim)
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Fig. 6 Same as Fig. 5, but at (a) 08:00 BT, (b) 14:00 BT and (¢) 20.00 BT 20 April 2005,
(d) 08:00 BT, (e) 14:00 BT and (f> 20:00 BT 13 July 2000; (g) 20:00 BT 14 July,
(h) 02:00 BT and (i) 08:00 BT 15 July 1996; (j) 08.:00 BT,
(k) 14:00 BT and (1) 20:00 BT 16 September 1989; (m) 08:00 BT,
(n) 14:00 BT and (o) 20:00 BT 1 July 1983
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Fig. 7 Vertical-time sections of (a) total height (contour, 1000 gpm interval)

and total temperature (shading, 5C interval) as well as (b) height anomalies

(contour, 10 gpm interval) and temperature anomalies (shading, 0.5C interval)

averaged over 33.5°N and 119. 5°E (where the tornado occurred)

(Symbol A indicates the occurring time of tornado; the data are derived from the ERA Interim)
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Fig. 8 Total height (black-solid line, 5 gpm interval) and total temperature (red dashed line, 1°C)
at 850 hPa at (a) 08:00 BT, (b) 14:00 BT and (¢) 20:00 BT 23 June 2016;

(d,e,f) same as Figs. 8a,8b,8c, but for climatic height (black solid line, 1gpm interval)

and climatic temperature (shading, 1 C) at 850 hPa;

(g,h,i) same as Figs. 8a,8b,8c, but for height anomaly (solid and dashed lines, 5 gpm interval)

and temperature anomaly (shading, 1'C) at 850 hPa;

(j,k,1) same as Figs. 8g.8h,8i, but for height anomaly (solid and dashed lines, 5 gpm interval)

and temperature anomaly (shading, 1'C) at 925 hPa

(Symbol Y% represents the spot where the Funing tornado occurred, the data are derived from the GFS)



176

38°N

38°N T T 38°N
s e
36 : il 36
o PO AT
SRR e
SRR RS £
o LECI “
108 110 112 114 116 118 120 122°E 108 110 112 114 116 118 120
10

36

Lol
4 e
s
32 Vi
by / A ¢
30 . = 30 &L . s P L A
116 118 120 122°E 108 110 112 114 116 118 120 122°E 108 110 112 114 116 118 120 122°E
10 10 10
BN 38°N 38°N
rg/;ﬁ/ 4 -
36 ; 36 36
R 3 L
34 »;‘Z:;;'f};})-ﬂ,’-’- ; 34 ARl 34
5 " e :
n (B : 2 i £
o | L e o 1B 7 7
108 110 112 114 116 118 120 122°E 108 110 112 114 116 118 120 122°E
10 10 10
T T T T T ]
—400 —320 —240 —160 —80 0 80 160 240 320 400

B9 HTHWAFH M4 2016 4£ 6 A 23 H (a) 08:00 BT, (b)14:00 BT F
(¢)20.:00 BT 925 hPa & X (m =+ s 1)

(dye, D) XF R IR Y 925 hPa BHLEI K CEA AL :m « s~ D AL SN HBOE (BIR, B2 .10 ° s 1)
(g h DXL Y 850 hPa 14 8 (AL :m « s~ D AR BE (52 .10 ° s D)
(FF S L8 S BT e 46 R A 3t 21 1 RN A 8 S 1 A R s D) R 4
Pl 9e F1 9h o, BB LR &L 3b st 1T AU G 2D

Fig. 9

Total wind (unit: m + s ') at 925 hPa at (a) 08:00 BT, (b) 14.00 BT,

and (c¢) 20:00 BT 23 June 2016; (d,e,f) same as Figs. 9a,9b,9c, but for

wind anomalies (unit: m * s~ ') and divergence anomalies (shading, unit: 107° s7');

(g,h,1) same as Figs. 9a,9b.9c, but for wind anomalies (unit:m + s~ ')

and vorticity anomalies (shading, unit: 107° s™') at 850 hPa

(Symbol ¥ represents the site where the Funing tornado occurred; the red dashed line indicates the

shear line of wind anomalies and the black dashed line in Fig. 3b is the convergence line

of the surface wind; the data are derived from the GFS)
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