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Abstract; The extraordinarily serious capsizing accident of the cruise ship, named Dongfangzhixing (Eastern
Star), occurred at around 21:30 BT 1 June 2015, in the Jianli (Hubei Province) section of the Yangtze River,
Based on the results of the wind damage survey with satellite and radar data analyses, this paper presents that the

high wind damage was caused by downbursts and one likely tornado over the area surrounding the event occurring
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site at around 21:00—21:40 BT 1 June, with the most intense Beaufort scale more than level 12, and the
characteristics of discontinuous and multiscale spatial distribution and very small spatio-temporal scale of
the most severe wind damage. The wind damage over the northern land part of the surrounding area
(Shunxingcun, Laotai Deep Water Wharf, Sitaicun, Xingouzi) affected by one mesocyclone is more signifi-
cant than the southern land part behind the gust front and microbursts. It is determined that one likely tor-
nado occurred at Laotai Deep Water Wharf, and the wind damage at other sites was caused by microbursts
based on the radar data and damage survey. The flows in the convective storm causing wind damage have
obvious multiscale characteristics, and a number of microburst swathes simultaneously occurred at the
woods of Sitaicun located in the northern part of the surrounding area, with alternate spatial distribution of
divergence and convergence, displaying a feature of the complicated atmospheric motion in the convective
storm. Although mesovortices occur within a microburst, the horizontal scale of convergence within the

microburst found in this wind damage survey was only tens of meters and far less than the several-kilome-

ter horizontal scale of bookend vortices or mesovortices within a bow echo.
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Fig.1 Tornado (a) and downburst (b) flow patterns
(a) cited from Doswell (2003); (b) cited from Fujita (1985), through Bunting et al (1993)
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Fig. 2 Survey locations (a) . reflectivity (b) and radial velocity (¢) at 0.57°
elevation of Yueyang radar at 21:26 BT 1 June 2015

(In Fig. a. survey locations are labeled with date and survey sequence, such as 11—4# indicative
of the 4th survey location on June 11; the data of the final locations of Ship “Dongfangzhixing”
are from the Yangtze River Maritime Bureau; in Figs. b and ¢, the blue solid line ellipses denote

the focus region of survey, the solid gray lines are the boundaries of waters)
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Fig. 3 Damage to trees at Shunxingcun, Huarong County, Hunan Province

(Figs. a and b taken by a mobile phone, and Fig. ¢ by a drone)

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.4 Damage to trees at Sitaicun, Jianli County, Hubei Province

(Figs. a and c taken by a drone, Figs. b, d by a cell phone)
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(from Davies-Jones et al, 1978); (b) The scales of outflow fields depicted by tree fall on 22 July, 1948,

four diverging patterns identified by ml, m2, m3, and m4 were microbursts (from Fujita, 1978)
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Fig. 6 Damage to trees at Laotai Deep Water Wharf, Jianli County, Hubei Province

(a) taken by a mobile phone, (b) by a drone
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(a)1977 &£ 8 A 6 H % Springfield ~ kK KBEBEEHERN T HERRIBRAL A EL R (5] A Fyjita, 1978);

(L) Fujita 197 4/ M B 5 T8 Bl i AF 3 B (51 B Atkins et al,2005) ;
(c)Atkins Z (200) A MBS EEREPRERERE

Fig.7

(a) Eighteen tornadoes, 10 downbursts, and 17 microbursts are depicted in this map

[One tornado (No. 11) was anticyclonic; apparently, eight tornadoes formed on the left side of microbursts;

no traces of downbursts were found in the vicinity of other tornadoes; from Fujita, 1978];

(b) Schematic diagram illustrating bow echo evolution (from Fujita, 1979);

(c) Schematic model of damage produced by a bow echo observed
on 10 June 2003 east of Saint Louis (from Atkins et al, 2005)
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JE B TR e 58 B 45058 , L 7E AR R A T L R T R A
38 ; Wheatley (200004 H T 24 TR BIEK
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FRGHEMMAN 148 @AES . HKFERER
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T KRR = | A, BJLF B AR 2 ¥ <
REHEFBERZ®” (Huschke, 1959),2000 EEIT
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HHRFIIEE =S, B2 ¥ (B A RRE)ITEZ
R R Z®” (Glickman, 2000),2013 4E H & & 1T
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ZFTEHNRI R M/ E@EENE R/
22®” ( American Meteorological Society, 2013); F
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WA, AR Es R M A E”. Hi, ®
EHEAFERNRENSBHINEFE T HHRE
FRFUEHE SR, RRA T URMBAWE-} =

/BB /%,
HFREWERIFERN RESDZHHNE F
w7 RAREIRE SR, R—RMRZUAIREE,
BEBHEREEERERACEREHBIZIRE
HIRIERE B T %, B It Doswell(2011) , Crowley
(2015) \Smith(2015) X ER R HMAM MR TR %
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Kti 72 % (landspout) | B XU &% T ¥ %5 1) | E AR HEFE TE
VRS RAHR IR . #130, Doswell(2011)
IHHKERERERETRE T ESNAEREHR
RFREEY BB W Z HRE (B Agee(2014)1A
RN B RS 2013 42 AMS BHBiTH
BE L.
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R4 3E 8 &% B K F % (Davies-Jones et al, 2001;
Bluestein, 2013), BERE R HEWHE I FIIER
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(Wakimoto et al, 1989), BHHAEAEKEEEERE
98 (Davies-Jones et al, 2001; Agee et al, 2009;
Bluestein, 2013) ,{EMGI TR, 5 T H R WMAHBK R
MR E R UER RS BE KR ERA X F4 5
# EF4 2% (Wakimoto, 1983; Przybylinski, 1995;
Agee et al, 2009), Agee % (2000)H— ¥ k&5
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SCHR Agee %(2009), Agee(2014)##E AMS 2013
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@ E X H"A violently rotating column of air, pendant from a cumulonimbus cloud, and nearly always observable as a funnel cloud or tuba”

(Huschke, 1959)

@ X IR A violently rotating column of air, in contact with the ground, either pendant from a cumuliform cloud or underneath a cumuli-

form cloud. and often (but not always) visible as a funnel cloud”(Glickman, 2000)

@ HELE XK A rotating column of air, in contact with the surface, pendant from a cumuliform cloud, and often visible as a funnel cloud and/

or circulating debris/dust at the ground”(AMS,2013)
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(d) MODEL OF TORNADO WITH MULTIPLE SUCTION VORTICES
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Fig. 8 Schematic drawings showing the features of maso-, meso-, miso-and moso-highs (a) and

cyclones (b) (from Fujita, 1981); five scales of downburst damage patterns (c), note that the definition

of scales differs from those of Orlanski (1975) (from Fujita et al, 1981);

and model of tornado with multiple suction vortices (d) (From Fujita, 1981)
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