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Abstract Surface observations at minute-resolution from automatic weather stations, weather radar data from Yancheng,
Huai’an, Yueyang and Jingzhou and the ECMWF ERA-Interim global high-resolution reanalysis data are used in this study.
Characteristics of the circulation environment and structures of two supercells are comparatively analyzed. One supercell in-
duced a tornado on 23 June 2016 and the other triggered a downburst on 1 June 2015. The results are as follows. (1) The two
convective disasters occurred in similar circulation environments. The supercells with disastrous convective winds appeared to
the east of the 850 hPa low vortex and in the warm zone to the left of the low-level jet. The distance between the center of the
low vortex and the disaster area is about 600 to 700 km. In both cases, the convective available potential energy (CAPE) was
higher than 2000 J/kg. However., features of the two wind disasters are different, i. e. , the disaster in Funing was mainly
caused by the tornado, and the accident of the "Eastern Star" on the Yangtze River was directly associated with the downburst.
The relative position of maximum flash precipitation versus wind disaster is different in the two convective activities. The maxi-
mum flash heavy precipitation corresponding to the supercell center occurred on the left side of the moving direction of the tor-
nado in Funing. The place where the ship capsized was coincident with the center of heavy precipitation during the severe con-
vective weather. The position of the wind disaster relative to the instantaneous strong precipitation center is helpful for distin-
guishing downbursts from tornados caused by supercells. (2) The vertical wind shear of the environment has an important in-
fluence on the structure, development and maintenance of convective storm. The environmental vertical wind shear within 0 —
6 km reached 4 X 10 ? s ! just before the occurrence of the tornado in Funing. The main body of the supercell tilted forward
with height, corresponding to a strong inclined updraft and bounded weak echo region (BWER). However, the environmental

“!in Jianli, and the updraft of the storm cell was almost vertical. Before the tor-

vertical wind shear was only about 2. 3X 107 % s
nado in Funing happened, the supercell with mesocyclone was first monitored in northwestern Jiangshu province, corresponding
to the environment with strong vertical wind shear under 1.5 km and large storm relative helicity within 0 —3 km. As the storm
moved eastward with lower LCL (lifting condensation level) , the bottom of the mesocyclone sank lower gradually, and the tor-

nado formed finally. However, the 0 —3 km relative storm helicity and 0 — 1.5 km vertical wind shear along the storm moving

direction in Jianli were much weaker than that associated with the tornado in Funing. The bottom level of the mesocyclone in
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the storm was not lower than 1. 6 km, and the storm intensity was weak with a short duration of mesocyclone maintenance. (3)
The vertical structure characteristic of environmental humidity is an important factor to distinguish different types of disastrous
convective wind. During the storm activity in Jianli, observations collected at automatic weather stations show that the pressure
evolution exhibited a cone-shape with rapid jumping up and dropping down while temperature kept decreasing. The pressure
peak appeared four minutes earlier than the precipitation peak appeared. It was associated with strong evaporation of hydrome-
ters when the deep dry environmental air in the mid-troposphere was entrained in the convective storm. For the disaster in Fu-
ning, the ground cold pool effect was relatively weak, corresponding to a very shallow dry layer in the middle level and a deep
saturated atmosphere in the lower level of the environmental atmosphere.

Key words Disastrously convective wind, Supercell, Tornado, Downburst
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Fig.1 Radar echoes at 0.5° elevation in Yancheng at 14:26 BT 23 June 2016

(a. echo intensity, b. dealiased radial velocity; the white circle indicates the location of the mesocyclone,

the blue hexagons denote the tornado positions during 14:08 — 14.54 BT, the blue lines show the tornado

moving track, the arrows indicate the tornado moving direction, the black triangles indicate automatic

weather stations positions, i. e. , from left to right, Banhuzhen Junior Middle School,

Xingouzhen Agricultural Demonstration Garden, Jinshahu Scenic Spot)
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Fig. 2 Time series of temperature (blue lines, unit: C), precipitation Chistograms, unit: mm)

and instantaneous maximum wind (barbed arrow: unit: m/s) at 1 minute intervals
during 14:00—15:00 BT 23 June 2016

(a. Banhuzhen Junior Middle School, b. Xingouzhen Agricultural Demonstration

Garden, c. Jinshahu Scenic Spot)
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indicate automatic weather stations locations, the letters A and B correspond to the two convective storms,

and the white circle denotes the mesocyclone identified by the Principal User Processor (PUP))
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Fig. 4 Time series of temperature (blue lines, unit: C), station pressure

(brown lines, unit: hPa), precipitation (histograms, unit; mm) and
wind (barbed arrow, unit: m/s) at 1 minute intervals at Jianli automatic

weather station during 21:00—22:00 BT 1 June 2015
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Fig. 5 (a) Convective precipitation distribution in Fujing between 14:00 —15:00 BT 23 June 2016
(shadings show 1 hour precipitation; red hexagons denote the tornado track; subscripts are for time;
orange dots indicate 10 minute rainfall maximum and the superscripts are for time while the subscripts

show 10 minute accumulative precipitation with unit of mm; orange diamonds
are locations of eyewitnesses of hail) ;
(b) convective precipitation distribution in Jianli during 21:00—22:00 BT 1 June 2015
(color shadings indicate 1 hour precipitation; the black hexagons show the position of the wreck;
orange dots are 10 minute rainfall maximum. The superscripts are for time, and the subscripts

indicate 10 minute accumulative precipitation with unit of mm)
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Fig. 6

(a) Surface wind field at 14:20 BT 23 June 2016 (red hexagons are for the tornado positions.,

red lines show the tornado moving track, arrows indicate the tornado moving direction); (b) — (d) radar

mosaic and retrieved velocity fields at Yancheng and Huaian at 14:26 BT 23 June 2016

(b. echo at 2 km height (unit: dBz) and wind (unit: m/s) and divergence(white lines, unit; 107% s 1);

c. cross section along 33. 71°N of east-west direction echoes and flow field and divergence (white lines,

unit; 107 S71); d. cross section of echo and flow field and vertical velocity

(white lines, unit; m/s) in the south-north direction along 119, 73°E)
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Fig. 7 Radar mosaic at Yueyang and Jingzhou
(a. Echoes (shaded, unit: dBz) and flow field and divergence (white lines, unit; 107% s~ 1) at 2 km height
at 21:20 BT 1 June 2015. The blue hexagon shows the location of the wreck;
b. cross section along 112. 92°E of radar echo at 21:26 BT 1 June 2015)
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Fig.8 (a) 850 hPa temperature (shaded) and wind field at 14:00 BT 23 June 2016
(the red rectangle indicates region A. the red hexagon shows the tornado position at 14:26 BT,
D is the center of the low vortex, the red line indicates the southerly wind jet, the blue line indicates
the northerly wind jet, and the gray double line shows the wind shear) ;
(b) 850 hPa temperature (shaded) and wind field at 2000 BT 1 June 2015
(the red rectangle indicates region B, the blue hexagon denotes the wreck position,

other symbols are the same as in (a))
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Fig.9 (a) and (b) Convective effective potential (shadings, unit: J/kg) and 0 — 6 km vertical wind shear

(black solid lines, unit: 1072 s71), (¢) and (d) 0— 3 km storm relative helicity (shadings.,

unit: m?/s2), lifting condensation level (blue solid lines, unit: m) and 0 — 1.5 km vertical wind
shear (gray solid lines, unit; 1073 s~ 1), (a) and (¢) 14:00 BT 23 June 2016 (the red rectangle
indicates region A, the red dot shows the tornado position), (b) and (d) 20:00 BT 1 June 2015

(the red rectangle indicates region B, the red dot shows the wreck position)
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