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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 (c¢) 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)
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Fig. 4 Damage to trees at Sitaicun, Jianli County, Hubei Province

(Figs. a and ¢ taken by a drone, Figs. b, d by a cell phone)
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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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& (Fujita, 1978; Przybylinski, 1995; Weis-
man, 2001), H & K58 B 7] ik F4 3 3% EF4 %
( Wakimoto, 1983; Przybylinski, 1995; Agee

et al, 2009), B F % £ 3k (Fujita, 1978; Forbes
et al, 1983; Wakimoto, 1983; Kessinger et al,
1988;Forbes et al, 2001 ;Davies-Jones et al, 2001;
Wilson et al, 2001 ;Bluestein et al, 2003; Atkins et
al, 2005; Trapp et al, 2005; Agee et al,2009) %5
TR 2 ECE I BRI 4 R S 3R A
15 5%, % S5 A AT R AE . B 7aky Fujita(1978) 45 M 1
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W Z K] 7F Forbes 8 (1983) fl Weisman(2001)
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EVOLUTION OF BOW ECHO =B R# 2 (Fujita, 1979) proposed by FUJITA, 1979

TALL ECHO B KM BOW ECHO STAGE%TBI(EZ COMMA ECHO STAGEJ\,H [ %

0,1(3/ +
=& P x e ’ L%

[\  SURFACE DOWNBURST AND TORNADO DAMAGE =, Jt; [l it i l&FTjF o IQEH%%

OCCURS DURING BOW ECHO STAGE i Jy Jeic (b)

MESOVORTEX DAMAGE WITHIN BOW ECHOES = JF Inl i % e v i iig 9 S5 1 AR

TALL ECHO BOW ECHO STAGE COMMA ECHO
AR ‘: ST Bk TE A E
fgmg%m ‘ N
AL RN primary damage swath
/l DBV;‘::D‘"Q\\\ _Mature—y——s1 ~~ -//l
£3 &, —B 2 —
}E?go P )—:m\g‘rokmw —
A Tt
S AR (2
g il

(c)

(b)Fujita(1979) 45 H 1) 5 I [l Pk i A7 L F (5 5] B Atkins et al,2005) ;
() Atkins 55 (2005) 45 th 1) 75 I8 [l 3pl B JHC v 1o e o 3l A8

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

(a)1977 4 8 A 6 H L Springfield — K AN [ g 45 F1F 7 2 3 i #2373 9R 2 45 5 (5] A Fujita. 19785

[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);

(¢) 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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ASIRSL X AR & o 5 T |1, 30T — &5
HiTE KRR E AT EILT 10 A Fdi B3 17 A
TR 18 A, Hrh — AR RAEA TS
B 7b Sk Fujita(1979) 25 1Y 28 i 5 08 (0] P 38 A8 3
TR ALHE B 803 L 5 B0 3k RN O [ = A B B
58 B B KRR E o TR E B B, LS
TE 1] 395 118 T o5, oA 300 2 K XL e e 114) IX 3R, 9 T BB E 5
TE 1 i 22 7= e 4 . /] 7e D Atkins 5§ (2005)
RS 2003 AE R E — WS IE R AR R, H Y
Fujita i 28 85 T8 0] % 38 A% 3 B AT Jr A [ 5 3% ki
B 20 y PREREMES, BE L LS
TE 1] 118 T00 855 B 30 s 5 A M e ok LR Kk A A 5 T
[ea] 98 TOE et 20 9 v 36 J5E B 3T s Atkins 88 (2005) 1A K
=5 T 01 3 P B 1) 45 104 T[] 5l y o R 8 e 1) 25
SAET BV RS2 0f A A K M m 2L b 3 km (&
JEE 1 0 T 5 B A i - LA AR RO 36 A HL PR o R AR
B ;s Wheatley 48 (2006) %5 1 T 24~ 5 [l & (14 vh
104 T8 3 000 Ml T R LA A ], e TR B A A
A BT o 2 3 T 501 B A {8 1 i A R AE L Y B R
FEHE Y I AR 11-4 £ 38 2 L HOK R ROE R
INALATL K /N T Weisman (1993) 5 XY H
P TE 5 5 08 M AR RE R v b ROBE IR E i JL KoK
RUBE TR A o T8 R I B S 0 Y R R
BB SE T BOR B IA R &8 TR E .

EESL S (AMS X REME XET 2K
BT, 1959 4F AMS %4 9 B & A WBW =&
T 2 Y i e 5 A AR HLLT R n] LWL 2 I -
KRB FHEWEC” (Huschke, 1959),2000 4E&1T
(958 LR ABUIR 2 F i sl A F 3L T 77 9 il i &5 3
MR sRFUE G 2 54, AW (HIEA B2 v F F)
T3k =@ 7 (Glickman, 2000),2013 4F Bk & 17T
Sy NBUIR 25 7 2 {1 7 2 b T A 5 B A s A HL
2% Al F B W AR = /8 b TR B e R/
29” ( American Meteorological Society, 2013); F
KA RT3 (1994 th 45 1 Je 3 78 LKy
N = R R s R sk BEA
R A B RS A e R s sk S b . PR UL, R
& 1 FEACRRAE 2 X0 Ui 1 3l 5 B0 N 2s Hhn) R Oy il
f14) 558 B e 2 s AR o L B0 O T LI 3 A U S

R/ B i /R A

BT 0 4 B B AR R AE 2 X I T 8 5 B0 s
[] T 5 A 1) 5 B0 E B A AT S S — P 2 ) 16 TE
B2 H R I8 B 78 8 b ME DR 0 3k B B A ) 2
IR ESE B T 45, A It Doswell (2011) , Crowley
(2015) , Smith(2015) X & A P 51 F1 K W7 2 15 /2 T 4
PR T ABATE U L JU R S = 2 1 il K e 4
fili Jo. 45 (landspout) B XU I8 45 55 19 F1 58 b 1 A7 7
G, FAART] 2 0 AH OC SCHk . 440 Doswell (2011)
A F W RV 4 2 5 TR T A 1 A v A e
JE BRI A A5 47 Jie B XU = IS AR L 15 Agee(2014) 90
B WV T 4 A A G 2013 4F AMS S BB TT Y Je

T A8 o S — I B AR e o) —
20 JE B % B R #: (Davies-Jones et al, 2001;
Bluestein, 2013), #8 2% ¥ 1&g &t FR o0 < iE g
B e R E A 25% M AR RE S 5 A B4 (Da-
vies-Jones et al, 2001), AEHH AR H WK RIAE
WA A LB H R R A 2R ARG N RUBE TR e AR
2 s A - s A s i W e S K (B '
(Wakimoto et al, 1989). 2% 514 Jp 45 38 5 &
5% (Davies-Jones et al, 2001; Agee et al, 2009;
Bluestein, 2013) . H AN fr ik . 55 f 2 3 AH B &
9 e =X B B e 2 e A A R B AL AT 3R FA B
# EF4 2% (Wakimoto, 1983; Przybylinski, 1995;
Agee et al, 2009), Agee ZE(2009) gt — ¥ &5
R =24 R R G AR e A L SR X I A R A
KR e HA S R e B A HG Bl e & K 5 18 =5
K= (cold air funnel) . B XU B & & A 1E 34
A IR I 4 S R R e 55, BAR AT 2 0L
SCHk Agee £ (2009), Agee(2014) M & AMS 2013
SEROHETT B Je 45 08 SO AR A SE R R & rh I B T
W XU e A5 2B A RO AT IR 5 e 4 R e e 2K
WG e = B 2 AL, Trapp 4§ (2005) X 3% [
1998-—2000 4F 3828 A Jo 4 i 17 43 K G it £ W],
79 Yo H RS X G AR 7= A L 18 00 | R I e AR
LA JRER 5 B 7 AR ) R AN A7 3005 1 Mulder %
(2015) X b Aab 5 26 32 1) B [0 B 45 B2 1 3R BH L 42 00 H
SR X 3 7 AR L 28 Vo Hh ST R I B R AR s R L, 36

ORI M A violently rotating column of air, pendant from a cumulonimbus cloud, and nearly always observable as a funnel cloud or tuba”

(Huschke, 1959)

@@L JFE 3 KA 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)

@ JF M 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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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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(1975) By ROBE & LA BT A [) 5 ¢ i » Bluestein 4§
(2015) {4 Y 22 b #0095 L R0 B 3 BR 5 20 7 1 2013
£ 5 H 31 H3EE Oklahoma | El Reno JEHEH £
ROERHE - 38 7R T 120G FEAFFE 24 IR I JiE (sub-
vortices) Fl— A~ [ K& J5 ) 58 ) R Jig =8 & 55
s, Fujita % (1981), Agee %5 (1976) H1 Fujita
(1981) 38 o Z2 Fh B2 L 43 B R B3 R S A5 45 Hh i K
38 B RER) 48 bR UE L) B2 Bluestein 28 (2015) 2543
Bréh 1 El Reno Jb 46 1 2 R FRAE TG 28 Hb 3R AE T
RGBS 22 ROBEPE A 2 M 3t 136 B AN g T
M A R S H AN = A RUBE K X 4 KRB Bl i REE .

M 2015 4% 6 1 H ik g% i R Bk A
B IR RI E I T RUBEXT I R GEAE 21230 B i
1E DA =B E R RURDE i 58 % 7 = A B R
D), HAAZ 250 km, 35 F] Fujita(1981) #1 Orlans-
ki(1975) 52 LI o HHRUEE . {H N 21:26 B PHE A
MU ) 0. 5740 ff1 S5 2R K 13 (8] 2b) R & 23K
R TGE B f rp RUBE X R B8 — A K B 2 180 km
I HELAR R I R B8 H RN Ry Fujita(1981) & X o
H R Orlanski (1975) & Y B R, 21:26
B PH R 25 LI A4 0. 574 £ 4% 1) 3 B R/l 3 10
mes "REL R 15 km(E 20), B FHERK;
1M 2. 570 f b Ay v A (B AR 25 ) BLAR AN ZY 5 kmy;
i 2 i R AURE Y RUBE R Ry Fujita (1981) 5 LY
B RUEEFI Orlanski (1975) 5 Ky y Hh R B, 21
26 B FFE SR OUR0 (4 0. 57 400 £ 43 1 2 B 47 1 F
T DB AFTE 3 DA RN 4 km (14 58 X 3
Ht O T B HRUEE Sy Fujita (1981) 7 LK)
a /NREF Orlanski(1975) & LR v R E ., WBL
YA R R FERR AR ARE AR R s 2 32 9 X3 1Y)
KFERERILE AT T km 224, T HERRS
SR 7 B U 4% 5CH R AR R S S B0 KUK IR
b, LR EE R Fujita(1981) & X 19/ R JE il Orlans-
ki(1975) 7 SLIY/NREE s Hoh Z2 A~ WU 3k 12 2k LA
A A K REEAC A L+ K, J& T Fujita
(1981) & LAY B /R FI Orlanski(1975) & XK B
ANRUBE s JUHLAE WY 6 B 57 5 3 B 30 B0 AR B 1) F 5%
X S i 3 A AR R 2 B2 AN 2 30 m (BT o &
AL J& T Fujita(1981) & XY o MR EEFI Or-
lanski(1975) 7 LIy B/ RUEE . PRIG L 25 5 i 1k TR
FE B LI L) K B 37 8 45 1) 43 B 45 R 50 40 R T Il
YRR L K A i A 1) 22 RUBE RRAE K R Bl i 52 2%
P

B 7 U8 A 45 R 3 B e o B s KUK B
1023 1) 3 A3 AS 8 S M 0 RO BE /N S R A e L I
BB BB WSk 1Y & R F7 5 5 B A AR R T A
T %3 37 B AT B P 1) 3 A 5 SR FR R 114 33X R RRAIE B A
L N IE U AR A b UL Ok L 0 b 4 R B
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I 1 e R AL R 9.2 mo» s~ (5 40, i JH i
DX 350 2l L 380 1 e KR KRy 16,4 mo= s ' (7
o) T WA BRI % 48 B0 35 00 07 I Pl
2y 15 km) , 5 B A A Al T 24 K9 B Bk KL
JIL 12 HE R E R HILX W/ F W T kR
I BA 25 RS S P RN RO A A s o . 7
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m~4 km P AELE 1~30 minCF 5] B ik £,
1999) . A YK Bl V6 A5 15 B 1) 50 XU T AN i 2 a8
(1] 3 773 R AIE 1E 2 58 XU ] _E 7 /N RUBE S AE 8 %5 7] 43
A b0 S, LR i A AR R R, A LAy B i B (]
RUBE, AH 2% SCHk 7T 2 WL Fujita (1981) . Agee %
(1976) \Fujita 2£ (1981), XJ T3 2 ty 4 % o KU 2
16 35 B B T 12 s KUE L H R EOE
A5 XORIb 55 16 3T 48 348 AS BT e I A b 20 o o e —
b R B A5 M TR L R OO T TR ABIE 5
BRI BLEE , 3 LG I AT 43 B 0 5 43 P
B TR A 3 Al R R T R 28 R R A R TR B R
DLtk — 5 3 v 0 HL ) TR fiE

14 ik

2015 4E 6 H 1 H 21.30 B4, £ VT 40 05 )
BRI Z AR TR KR, MR B X
BAETE— D HARZ 250 km U LR (9 o o RO 38
X SR 0. 57 MM R M EE T 1K
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5 S AN ) @ N BV R RS A SR 1 ) =

Xif 2 & A 120 Bt DX ) B A KRR A B
19 kb 3= XU ML A5, 5 9 A 45 SR 3 WA 2 T 0 X sk
b It b DX R A A S T DX 3 Oy d 3L e
NS L 5 TR KRS Sk DU £ A 35 3 B S AR AR R B
T8 77 X 7 B 3 A PR A5 b 2 0 a2 KUK B o B Y 4
A b g5 3 I A SRR SR LR BT o 5 O P B,
G IR LA e s KA MR e .
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