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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.

Key words: damage survey, microburst, tornado, mesovortices, multiscale

51 5

201546 H 1 H 21:30 WAL .8A 454 A1
“IROTZRTE R AR s R BT, S 2 442
NBHE . X2 RTINS S A B 4 40 i 58 &
FofF . AR Z BRI ML B R T &
RIB e N FECR B BT, R OR B
FHWL,6 H 1 H 20:00—22:00 Bf A “RKTZHE”
B R BT 5 A VL B b L Bl DX I B 1 2R R
CLR I NEIE PO I N Y el AW NG = B8 [
PR 7 A 1] B2 375 0 M 2% B 3 XA A 2R 0
Wi S IE A AR AT T RS RE. 6 25
A 10—14 H , v B4R IR H I A 4k WL ik
F VLB 5 HEAT B0 37 K A0 A LUK B o o 5 3t
R R FAF B R

P37 KA A 2 43 A AN T B <G I Y
H N RUBE 9T 0 DR AR “0KS 200 0 A1 1Y) e B 1) B4
FBe. Gl E VI 25 g AT B R 04 S5 T
DA 5 R R AR 2 A I T) e BRI K%
A A R N B L IR T) A5 Ak T R XU A BT XL
G T T 2 51) 7 B e e TR 0 . 20 i
28 70 4E A, Fujita 28 (1970) . Fujita(1974;1978) 7F
£ EITRIE T e 1 KU P A AR BB AR T
R A e 1 e A AN o 2 IR X I I A R R
(Bunting et al, 1993; Doswell, 2003 ; Frelich et al,
2012 ; Edwards et al,2013; Atkins et al,2014), F&
HERCHRZ KT & URRE IR 5 & 4 A&

RGO REAE S Y BF 5E CA /N b 5F L 20085 B 4R
2012; 8 J5 R 4, 20145 Y AR &8, 2015 B I 1 5
20153 R VL1145 ,2015) , 3F H A 20 42 70 4E0E W
A FRG; SCER S T e 4 KR A1) 1 18 A5 25 2R (L7
FHR AR G, 1975; Wl A6 45, 1978 phOR iR 45
19845 754 ,2014) o fH 33 S8 2% T A4} Ho & A
B, FUA S A] M L AR T R O R AR 4 A 56
100 Bl AR Meng %5 (2014) 45 T 2012 48 7
H 21 H b5 R 2% W 18] & A 1 — IR e 4 o FE Y
TEAN R A 45 L AR TR0 0 B R B[R] Hl S XU R
JE KU A e B AR T IR R T A (H AR E Y
SRR I DR R T 350X B 3 1 A 43 A AR I B AR A
AN

Fujita(1981) Bh 45 T 5 X i W3 80 =289
ER N 2 N I = N L R P o N
(1o e K X 5 2 B A 1Y e 7 v X
(I Ta)  He f A% AH 0 B 2 5 Al 4 01k B 4k R XU
e A kR VR 2 5 CAnf&l 1b A7 O EDTE
KR BT B2 K RO 5 10 F o 2 905 B0 K Kl
e e BRI 2 E M R OR XU 1), B
Fujita(1981) th4§ i, AN M\ H 1 % i A ok & 4 1)
ARME DX 43 2 55 T 45 40 S LR R Bl & F i B
) KRRKE

KRB 3N 2 RO FRAE 2 H Bk R < FE A Ja
Z— ABRBERN 53 B b5 HEA 22 B s Fujita(1981) Xt i
77 S5 AR I T —Fh B T M BRRRAE RO 5 AN RUEE
R34 1« R RUJE (Maso, 400 ~ 40000 km) | H1 R
(Meso,4~400 km) ./ R JE (Miso, 40~4000 m) . fik



1

FBAOEAE ARy Z B % e UL R i XX R B R 2 5 22 RO HRAE 23 B 3

R (Moso,0. 4~40 m) Flk /N REE (Muso, 4~400
mm) , I i — B — A RER 70y o AR REE,
Fujita(1981) iy 3x A~ RUEE &) 43 5 HEAS [8] T H Hip 75 31
T IANE] B Orlanski (1975) RBEE X1l 79 #5 i,
Orlanski BRI Fr N o KRJE (Maso-a, 8 33
10000 km) .3 KR JE (Maso-3,2000~10000 km) .«

o REE (Meso-a» 200 ~ 2000 km) B #1 R (Meso-
B,20~200 km) .y R (Meso-v,2~20 km) .a /)
RJE (Micro-a,200~2000 m) . /MR & (Micro-3, 20
~200 m) .y /N EE (Micro-y,/NT 20 m), AFER
JEE R 73 b R 22 SR B T RAs S i B AR AR
JE A 73 B HE R

ARATIR T o R

B et () MR [R] T i 800 (b) 3 Y
(a) 5| H Doswell(2003); (b)5| [ Fujita(1985),5] { Bunting £ (1993)
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 c, 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 c taken by a drone, Figs. b, d by a cell phone)
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Fig.5 (a) Schematic convergence-divergence pattern in a wheat field caused by a tornado in USA

(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 m1, m2, m3, and m4 were microbursts (from Fujita, 1978)

B T RLE R A RO B TR KA Sk A H A A £
SRR FE B T AR A X B HL oy A B B

11-4 2 F 12-4 2 P £ 5 (&L 2) 2 A A X 32 SR AR
GEARLE SR VAR LE -4 e 0 A N R P )



1

FBAOEAE ARy Z B % e UL R i XX R B R 2 5 22 RO HRAE 23 B 7

DU 3 4 o 2 A e X3, L 114 # R A R
IR Z BRI G R LA B Bl 1 — S KUK
BB BN 400 m, 11-4 # 2 S0 TRILAE
O AL A e ) B 8 A & % Ak A TUAR AR A fh £
T I (S A 5 R S T 95 A I N
G Hh e R IT R AR Sy —BR B AR 29 30 em ) K
B Al T s AT 12 DL B CERG D . 12-4 #
BANTRILAEMIEE AL LR T TIL
RRARE AT 2] | 57 I 5 4 s P A 3 R R ik
HL— MR EARZ 20 em (19 K BT L Al s R g
12 7 A7 (R g5 ) o AR 32 2480 1) 2 2K /i 7 1]
FES K b de R, 456 & BH 8 s Wl Ay o.
57 F 4% 1] )37 40 A R AIE AR 5 B A 114 451 1) O B4R
R By 5 4 B Ry S 1 AR I ) DRk S A A A 1 XUy
R B k.

WAL A WE R B 5 TR K AT Sk B S B Ak (I 2 v
03-2 £ ) BB T B8R B W AT 3] 44 Hh 5% B
(] 6) B A 32 90 i 2 5 B B — 2 A il 23 25 il K
29300 m. B fE 2 50 m, FEA 3B [ 45 h AR R
ZRI7 ) R 325 XU Tal A P AL i P XL $ S G b ET fE

b

AR i 77 17l

A2 TR i 25 1H XU G A T A0 F ) R AR 2 B
R 4R A RRAE s Hoh Z bk B2 29 30 cm 1947 B 9L
i ARPE BT BT Al R XU I8 12 KL . BiFi
Kb R e N KRR AE R 29 6 1 H
21 B 2035 4ps 5 H kiR 6 H 1 H o K Xk 5 3
(7R X AR UL NN I ELE 7Y

44 [) I B FHVER TR I 1 2 15 TR 7K A K B 3
DI Bas 1055 2. 40 A 42 1) B2 3 A7 1 v AUlie
FRAE R 25 1) (0. 50 £ 428 1) XU A7 7 i Jié (1] 2c
O o 8 TR YD) BRAE , TR AR PE Frelich 45 (2012) 454 1
FIR) AR A0 B A 52 451 i 88 ) i XL R /N B S 48 L e e
B K AR A X 55 A8 (Fujita, 1981) FIAEFE — & #H
R R A FIM R AL AR 1 52 T b 200 09 [ I A
Je s KA AT RE L H B = e T SF = H HEE IR
i o DRI AR A JE 50K — R AIE 26 B % B AU 4 F
SEE AR A . e B T e s RO B 3 /N T A Y
et RE . Hpgte 5 N5l 1981 R A — K e
B IS 1R F AR A B I (AR5 A, 1984) , ik
FEETMET 201247 A 21 HAb 5 — R e & 1 #%
12 55 & I B (Meng et al, 2014),

6 e Ao B ORI S AR 45 R 5 b T B AR AR 481 1)
() F UL . (b) T AL R

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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(b)Fujita(1979) %5 th 119 5 T [ml i 3828 10 72 (5% 51 B Atkins et al,2005) ;
(¢) Atkins %5 (2005) 45 H 1) 5 1] i K H: wp i fiE 0 3 i AR

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);

(¢) 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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[0S 45 O SE 45 AP AEBOK 2 57
3 X ARG L RIERHE

KRB EREEEFRRIZHEENES
Jr R 2 — SRR R AR 45 A B ESR R AR
RGP RERGEIRE 28 MEAH T
P v oF 5k A AR TP A 2 ROBE M IR G 2
XN ROBE REAE () B AN . Fujita(198D R T 4
Fofr )R 8 AN (I 8a F1 8b) 43 )y R 35 T
TR R R EE (R 400 km) &S e FAS e . R B
(4~400 km) HrE; i A ASURE /N RUBE (40~4000 m)
TR C5 R i 22 A R 2 R/ R e (5 e 48 A
B2 ORBE ORI 40 m) & 6 (5 T i B 0 &5

AR 22 A0 G R BE e Cln e 6 w9 il I 3 i sue-
tionvortex, UL, [/ 8d); Agee Z£ (1976) fil Fujita
(1981 25 1 e 46 1 Jié v vl A7 7 221 il W s e 1Y)
L2 R BEHRE (E 8d) ; Fujita(1978) 44 T 1948 4F 7
J 22 H & B — T iy 2 00 5 BOR R ] W) S5 A
JIT FRAE B WA RUEE I3t 3% (] 5b) 5 Fujita 45 (1981) i@
1t 1980 4 7 16 H3EE — R i & i F 4 45 i
THTFHRRAHEEERN S FORE W (E 8 o,
RBEIR LA TR 8 R REE T o & I e CH 5% 3
Bl ILA TR — R T B AL D o R
(40~400 km) F i B HE (2 D EE 24Nl 2
WA B R (4~40 km) F i B a /DR
(400~4000 m) §f F i #& 3t B /D RUE (40 ~400 m)
T B AR T BV . 3X 5 AR Orlanski

[ 8

AT RBE i () FIRiE () V5 R il B AHBC R 1Y 5 Fh RS (o) A 7E 2 44l
W 38 i 1Y g B BL R (D) (a b F1 d B| @ Fujita,1981;¢ 5| 4 Fujita et al,1981)

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 (¢), 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-
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B PH R 25 LI A4 0. 574 £ 4% 1) 3 B R/l 3 10
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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
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P
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(1] 3 773 R AIE 1E 2 58 XU ] _E 7 /N RUBE S AE 8 %5 7] 43
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