ar Data Characteristics of Two Severe Convective Systems
Inflicting Massive Fatalities in China
Yongguang ZHENG?, Yanduo GONG!?, Wenjian ZHU?, Fuyou TIAN?
1 National Meteorological Center, Beijing 100081, China;
Email: zhengyg@cma.gov.cn
NAL METEOROLOGICAL _ _ _ _ _ _ _
g OF CMA This work was supported by the National Natural Science Foundation of China (Project 41375051) and the National
(Key) Basic Research and Development (973) Program of China (2013CB430106).
on & Data | | N R
Thelextraordinarily serious capsizing accident of the e
CrUISessiip, named Oriental Star, occurred at around
215808(Beijing Time), on June 1, 2015, in the Jianli ol S )
(eI Province) section of the Yangtze River, Moo | RGOSR SR R |
Calising 442 deaths. ﬁ Ny Pl T s ||
ieywind damage survey over the surrounding land %_/Z/W s o R !
aied of the accident showed the strongest gust wind LT
Speed greater than Beaufort 12. During 21:00-22:00, Vo
Ol June 1, the accident area suffered torrential rain, I, ; ANy
yunders and dense lightning flashes, and high winds. » RS
®n June 23, 2016, a violent tornado occurred In | T
runing County of Jiangsu Province, Inflicting 99
deaths and 846 Injured. The tornado was rated EF4
pased on the damage survey.
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Th — o shi | = Fig. 2 Circulations and environmental conditions
P2t cru >l : (b) = | (Figs. a and c are for 20BST June 1, 2015, and Figs. b and d are for 14BST June 23, 2016.
() . ek & bbby = Yellow triangles filled with red color indicate respectively “Oriental Star” capsizing location
ol o e Y | and Funing County. Red “+” denotes the nearest sounding station locations of the two events,
- | and “+” 1in Fig. a denotes Changsha station, “+” in Fig. b Sheyang station. In Figs. a and b:
gun P black solid lines are 500 hPa geopotential height contour with 4 dgpm interval, unit: dgpm; red
T = lines are 500 hPa isotherm with 2 “C interval, unit: 'C; gray colors indicate > 15 m/s wind
i W SO o speeds at 500 hPa with 5 m/s interval, unit: m/s; purple lines are 850 hPa isotherm with 2 C
*2?'3-1*4%-6#3-10# % Interval and thick purple lines representing 20 C isotherm, unit: 'C; blue barbs are winds at
il (‘;231# o7 e 850 hPa with long line of 4 m/s and short line of 2 m/s. In figs ¢ and d: blue contour for sea
e, Qi o level pressure at 2.5 hPa intervals, unit: hPa; green contour for precipitable water at 10 mm
Ly icgﬁ)sizing interval, unit: mm:; gray colors for CAPE at 500 J/kg interval, unit: J/kg)
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_ Fig. 3 Skew T-log p and hodograph for the two events
Fi1g. 1 Damage survey (Fig. a is Changsha sounding for 20 BST June 1, 2015, and b is Sheyang sounding for
(a) 2015 Oriental Star capsizing event, damage 14BST June 23, 2016; the sounding station locations are labeled in figure 2a and b. Red
track, and snapped trees; (b) 2016 Funing solid line is temperature profile, red dashed line dewpoint profile, blue solid line

potential temperature profile, magenta solid line pseudo equivalent potential
temperature profile, deep red solid line saturated pseudo equivalent potential

tornado damage track, tornado tuba cloud photo

taken by one teacher at Wutan Primary School, a temperature profile, and red filled area CAPE. Note that potential temperature, pseudo
thrown container, and leveled houses equivalent potential temperature and saturated pseudo equivalent potential temperature
profile donot use skew temperature axis, but use the coordinate axis labeling 6se; red
2 Circulations & Environmental Conditions barbs are winds with triangle of 20 m/s, long line of 4 m/s, and short line of 2 m/s.
Hodograph is located on the right top corner of the skew T-log p diagram, unit: m/s)
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= In Fig. b, shaded colors are Yancheng radar reflectivity at 0.5 ° elevation for
G e 9 - 14:30 BST June 23, 2016, rectangles with different colors labeled digits
el ﬂ @15 | indicate air temperatures from AWS for 14:30 BST, and barbs denote winds

o e AU P = ifrom AWS for 14:30 BST. Barbs of wind are the same as Fig. 2, but southerly
‘\ Y o| inred, northerly in blue or black. Yellow triangles filled with red color

"‘ | indicate respectively “Oriental Star” capsizing location and Funing County.)
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Fig. 4 Radar echoes, lightning fiashes and infrared TBB for the two events > The "Oriental Star" capsizing event in 2015 and the Funing EF4 tornado

gs. aand c are Yueyang radar observations at 0.5 ° elevation for 21:26 BST June 1, 2015, but 1" 2016 event are extremely rare damaging wind events caused by severe

: . ) : . convective storms.
ey have different geographical areas; Figs. b and d are Yancheng radar observations at 0.5 The convective storms of both events occurred in the south side of cold

evation for 14:30 BST June 23, 2016, but they also have different geographical areas. Yellow g eddy and the northwestern edge of the northwest Pacific subtropical high

angles filled with red color indicate respectively “Oriental Star” capsizing location and Funing at 500 hPa, on the left and forward side of low-level jet and warm tongue
punty. In Figs. a and b, shaded colors are radar reflectivity, contours are FY2E TBB for 21:30 at 850 hPa, and In the trough of sea level pressure. There were obvious

. - PR TINT «_w  Warm advection and no obvious jet of the 2015 event at 500 hPa. However,
BST June 1, 2015, and FY2G TBB for 14:30 BST June 23, 2016, respectively, unit: C; "+" and the 2016 events occurred in the south edge of 500 hPa jet with weak

symbols represent cloud-ground lightning flashes for 21:00-21:30 BST June 1, 2015, and 14:00-  temperature advection and very strong 0-6 km vertical wind shear (27.5

14:30 BST June 23, 2016, respectively, where "+" denotes positive flashes, and "-" negative m/s) much greater than the 2015 event.
flashes. In figs ¢ and d, shaded colors are radar radial velocities. Note that the positive radial > The two events both occurred in the environment of high temperature
velocities surrounded by the negative radial velocity zone of mesocyclone are velocity aliasing in ~ (surface air temperature > 26 C), high humidity (surface dewpoint > 23

Fig. d. The white solid lines in Figs. ¢ and d are locations of vertical cross sections in Fig. 5) ;g\}v-Pl\éY/:Ib\(/):rtti%glrUvrma giﬁeha?t?:t(i)(; il rzggllgCeeePrI]Et ihleogfyj(gﬁgﬁﬂdtﬁirger
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d fss0 Ho o 5. ®'° > Geostationary meteorological satellite infrared images show that the
I e e e e At s _5{4 m—{ 02525 50 50 51 52 53 53 54 55 56 0 convective system caused the 2015 event was a quasi-circular meso-a-
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scale convective system, and the one producing the 2016 tornado was a
typical mesoscale convective complex. Radar observations show that the
2015 convective storm is a meso-B-scale bow-shaped quasi-linear
convective system with significant negative lightning flash, low mass
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50 o3 center of reflectivity, and about 50 dBZ of the maximum reflectivity.
=10 R 250 5 H7s However, the 2016 convective storm is a meso-3-scale classical supercell
g o S5 2 < 300 S @3 with significant positive lightning flash, hook echo and arch structure,
57 oo WO Z s00 7 W%s high mass center of reflectivity, and about 65 dBZ of the maximum
T 500 £ 3(51 "6 1500 = [ 3 reflectivity.

In the 2015 convective storm, there were multiple downburst areas below
1 km altitude with about 19 m/s of the largest radar radial velocity, strong
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2 50 [0 A :3;}%0 7 rear inflow, a mesocylone at about 5 km altitude, and a low-level weak
0 bbb L 000 "S8TSITSI ST STTSI TS0 S0 S0 S0 49 a5 mesovorteX. The 2016 supercell storm had a strong mesocyclone and
301 303 305 307 309 312 314 316 318 321 323 325 tornadic vortex signature with maximum rotational speed > 26 m/s

(Figs. a and b are Yueyang radar observations for 21:26 BST June 1, 2015, Figs. ¢ and d are Yancheng radar  pottom to top, and had a higher (about 8 km altitude) rear inflow. The

observations for 14:30 BST June 23, 2016. Figs. a and c are for reflectivity, and Figs. b and d for radial velocity. 2016 supercell storm can be seen obvious rotation on the high-resolution
Note that, on the left side of Fig. d, two positvie velocity areas below 2 km altitude and above 10 km altitude  Satellite visible images.
surrounded by negative radial velocity area are velocity aliasing. The top digits below the abscissa are distances > The cold outflow in the 2015 storm is stronger than that in the 2016
from radar station, unit: km; and the bottom digits are azimuth angles, unit; ° , north 0 ° , and clockwise supercell storm (less than 4 'C temperature difference), and the

increase. Altitudes are on the left side of the ordinate, unit: km, and the corresponding pressures are on the right, relatively weaker downdraft is one of the important mechanisms of
" the 2016 supercell that can produce the tornado.
unit: hPa)



