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Abstract: This paper reviews the existing different types of wind speed scales, and rates in detail the inten-
sity of the tornado causing heavy casualties on June 23, 2016 in Funing County of Jiangsu Province, and
the intensity of the downburst on June 1, 2015, causing the “Dongfangzhixing (Eastern Star)” cruise ship
overturn. Furthermore, issues of the existing wind speed scales are discussed, and future work is presen-
ted. Based on detailed damage survey data, the Funing tornado intensity is rated EF4, and the downburst
causing the cruise ship overturn is only EF1. Also, the intensity rating of the two catastrophic events
clearly shows the differences between EF-scale and F-scale. However, the damage at each site caused by
the Funing tornado still need further rate. Due to the structure and conditions of different buildings and
vegetation, the corresponding environments and the complexity of the mechanism causing damage, there
must be an amount of uncertainties in the tornado or downburst intensity rating. Tornado intensity rating
has more uncertainties than downburst because of the complex vortex structure and spatial distribution of
air pressure of tornado, and impacts of wind-driven debris caused by tornado. Improving objectivity, appli-
cability, accuracy, consistency, and convenience of wind speed scale is an inevitable demand of future work
for intensity rating of tornado or downburst. Comprehensive wind damage scale in future also need be de-

veloped to integrate intensity distribution, path length and width, movement speeds and duration, so as to

provide the basis for rating comprehensive impacts of tornado or downburst.
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(Doswell et al, 2009); B AR EE LB sh £ K
AT IR B TS 43 5 e A A ] % ST e K 43
Aii o B H HT AT ) 4 O 1B S T RE T H R X e
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B T8 T BUR A S X s TR o R T SR
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Xif Aok TAE AT J B DA X R i B 4 G A 3
AN R ok R 38 G 3R A 0 RO A5 9 DL
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Gy KAV AT AT A /N ROBE XU 5 B FY 2 35
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s ) H 13~17 9 B FAk v R e K .

S KA LT L5 KR -

v = 0.836 BY*
ﬁqjv'v ﬁi&ﬁ 10 mﬂiﬁ&ﬁ@ m 571§ B j{jﬁ}g
K,
1.2 T%%

T %2 X Fr A TORRO 45 9%, i 3 i AR Y e
Mk, 2% E AN G. Terence Meaden F 1972—1975
EBT . TR VRN o 4 vk BE i X S5 90 . B T 4%
oAl ] DL FAT A XU Ak 3 (Elsom et al, 2001) , £
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Fig. 1 Relationship of F-scale with

Beaufort wind scale and Mach number

(Adapted from Fujita, 1971)
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Table 1 Fujita wind speed scale

e 1/4 mile(2y 400 m)

F 44 AR /m e s A RE YR F
Fo 18~32 BRI 0 F A DR R R 1A 3t R R 5 T DR AR A 2 A 5 T R AR R 5 B R 1 I 4
Fl 3349 PAEREIN . SR TR 0 IR 5 06 Bl B R R R b B U R — S 0% ﬂ%?&i&%?ﬁ
’ VBT 5 47 55 14 V5 4 A s B T
F2 5069 ARG R AR . ) 4540 B3 T2 1 28 TO0 5 4 S8 3 43 B 5 4 B K 2 22 R 5 3 AR A0 & 9 I R 5
FRHE R RO s VRO A B
s 70—02 FEEAIR . S5 R O R R R TR ) E AR 43 ik RE ) 4 — SN 1 ST w10 IR
' 58 5 9 T U 5 AR OPR r DR 22 B0 R A AR RS A B T B T s TR B IR AR
F4 9110 TSI . A HE RS54 1y 2 4 2R B B R 5 A 4 ™ R 5 e A 1 g SR A
A — BB B 5 R Bl K 1) 5 o — BB L 7 AR R R
ST T E DL AE RO . 25 S5 O HE SR S5 4 i o D Ml A A L O R 5 B A TR O L 45 A
F5 117~142 FEE IR 5 7 AR VR RN TS S R B A 100 s B AR Ik O R R RS 5 s A DA
BREMAE.
F6~F12 143~330 Tovk AR A 8 AT U R
®2 FERZ5EFEHREILL
Table 2 Comparison of F-scale and EF-scale wind speeds
F %49 EF %4
F 22 R 1/4 mil\e(é’il 400 m) IR 1/4 n\lile(é’i{ 4(i0 m) EF %4 3 s%ﬂj[iiFRL 3 s%lﬁ]l@p)ﬁl‘
-1 R /mph R /m e 57! K3 /mph K /m e 57!
Fo 40~72 18~32 EFo0 65~85 29~37
F1 73~112 33~49 EF1 86~110 38~49
F2 113~157 50~69 EF2 111~135 50~60
F3 158~207 70~92 EF3 136~165 61~73
F4 208~260 93~116 EF4 166~200 74~90
F5 261~318 117~142 EF5 =200 =90

MR FEFR LA 12 4> DoD; DI 25 F1 26 (i il
B VST R R ZE AR 45D 19 DoD /b, HAF 3 4> DoD
(Wind Science and Engineering Center, 2006),
EF 289011 DI LA 28 [) A 50 45 4 1 5 2 ot o
Yok A 23 265 BRI 3 AR (hard wood s X
MU A8 P AD FTERAR (soft wood , 3CHH A8 I A
2% DI; Hofth DI £ 5 B AT 0 ) R B8 i TR Bk
Wag, EF SR LR T F S5 AL YR
DI, o R A I 7 B 18 8] #53X — K F B R 51y DI
M DoD, &Y F A& A A /) &, EF 55 ¢ b it X
HHUTET 10 m gE 3 s -2 XX
AT BEY T EHMF HF9% ,EF S92
A T JCH AR P g ) KU A5 g, O [6] (1 4 )
R BEAT B 80 5 2R X, HLAS [) 500it) XL Ak
FARRY) DoD Bk R R R LRI, A& W

B J6H R T 15 45 9 1 XU Al 11 (Wind Science and
B8 EF SR X F
SFR AU H EF SFgAG TR X S F ARG T
A R AR SR B AT AR GF O ZRPEA SEE R L A8 2(Wind
Science and Engineering Center, 2006) ,

2007 4 £ H B )y PR EF S5 bn . H T
ELA £k (Sills et al, 2014) 3k E . H 4 % = %
A bR e IF AR R 2 4 i) DI X H #1771
iE. BT EF SR EA M2 DI, &—2 DI XA
Z A~ DoD, [ i 32 8 55 (2015) % EF 482411y DI fil
DoD i# 47 T IHANFI B4, 45 s 17— b iy EF %%
PR . (HTT ZE UL R SR AF (2015) 4 Wind
Science and Engineering Center K% A EF 284k Fr
HEM F 22 9% DICI RS YD I A T HIHg Ly EF
EYRED

Engineering Center, 2006),

SFujita T 1971 4R 42 1 F 45 9 b 0 AR M BERDERBERH B2 781 2 F4 2. fH Fujita 18 1981 4F % R I8 OB R FAR RS F5 g, T %GR A Bl R 5

19 AS ) 2 32 43 0 W 2 g T7~T11 9 CRE R F3~F5 44 (Feuerstein et al, 2011),
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Fig. 2 Correlation between F-scale
and EF-scale wind speeds
(Adapted from Wind Science and
Engineering Center, 2006)
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s '3Sh SEEY,

2 F M EF 29l 52
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2.1 WiBEEHER

W 4 SR R A W b W R OFB kO 4E
2016 3 Meng et al, 2016) FIVL 7 BT AL #5747 T & fe
FLCE A B 1% o1& L 48 /4T GPS & 7 %5 1)
f8) ML GPS & 7 AL F TG £k I 25 38 15 55 %6 4% » 76 BE
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A B i G FNAED) o R 43 52 K s J2 SR 7K e 1) TR
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i .

R T E R A SR A BT BB
Hl/NEE (B 3b R 30) & BT 1% 24 4% £ 2000 A
PLAAEE 0 2F = B0 (&L 3b) , F0 4 v /] LA i & )
e 7 11 U <1 2 R OE E 25 A 1 B A B A A e T
YRR R (B 3b ok /N R A AR R RR R . 45
B 2 AR AL 55 R 30T — X 22 35 ) 7 8 AR 1) 1R B
BT ASRE A TVS 2548 (T /N8 45, 2016) , A
A58 4 i 2 X UK H R AR R G . X2
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Fig. 3 Damage track (a), tornado tuba cloud photo taken by one teacher in Wutan Primary School (b)
and photo of Wutan Primary School (¢)

R B, AH R B 8 4 R D (& 4o) 8 T FO 9%

K E (Feuerstein et al, 2011) ,fH Rk 3] EF0 2 ; X

FO F EFO g% X 3 25 5 BUR B2 IR (3 1 fI SR SR EFO (8 s KGE 3 FO s 2, (B a2k

2) il F A S E AT (B 4a Fil 4b) o — BN &% D 209600 J2 FUBER B T A B B 5V HiL I
Eo 0NN s RN E 1787 NG i B = N DRI ' N W F1 4 f EFO 90K %

(c)

2.2 F #1 EF £ % &4t

K 4 Fo af#H EF0 gk E
Ca) W80 B 1 LT 28 A A5 AR AT 87 5 (b VI35 B 7 3 R AR R 8 18 5 (o 383 I W ) 1 45 R ol O KUk 3l 1 )28 B
LA afl ey 2015486 A 1 HRFE ;B by 2016 4F 6 A 23 HKE;
& a il b &R FO Fil EFO 900 % & ¢ g FO R E EARR EFO K E)
Fig. 4 FO or EFO damage
(a) broken tree branches at Shunxing Village, Yueyang County, Hunan Province;

(b) broken tree branches at Jigiao Village, Funing County, Jiangsu Province;
(c) slightly displaced tiles at Sitai Village, Jianli County, Hubei Province
(Figs. a and b occurred on 1 June 2015, and Fig. b occurred on 23 June 2016.
Figs. a and b belong to FO and EF0 damage; and Fig. c belongs to FO damage, but it is not EF0 damage)
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I 5 W6 2T A5 22 ) R AR AT WK A AT BB Al 1 A v 1Y
X A B IR B EF2 9 9¢ T 5 5 (] 6b Al 60) .
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VLI R T EMER 57 2 R BB EI 5 (D VLR BT i b s J& & U il 4 B A PL 80
(Blaky20154 6 7 1 HHRE;E bl dly2016 46 7 23 HRE)

Fig.5 F1 and EF1 damage

(a) snapped aspens at Sitai Village, Jianli County, Hubei Province;

(b) snapped aspens near Banhu Cultural Park, Funing County, Jiangsu Province;

(¢) completely untiled roofs at Wangtan Village, Funing County, Jiangsu Province;

(d) partially untiled roofs at Jigiao Village, Funing County, Jiangsu Province
(Fig. a occurred on 1 June 2015, and Figs. b, ¢ and d on 23 June 2016)
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K6 VLIELT 2016 4F 6 A 23 H F2 5§ EF2 2tk %
Ca) E W A 98 A8 0 ) 2 TOT A R 9l )28 BL 1) ) 8 5
(b 2 A Bl R IR I BT 119 AR 5 (o R 389 R 30 4 R XL R B %) K A AR
Fig. 6 F2 or EF2 damage on 23 June 2016 in Funing County. Jiangsu Province
(a) roof structure partly destroyed at Wangtan Village; (b) snapped large

aspens at Wangtan Village; (¢) snapped large aspens near Banhu Village

F3 M EF3 gCE J& T B a8, 3210 . B Ta BT O e B 40 B AR 4 LR ] Te
PRV EE Y KU 1 P R R TR0 A0 0 B BE AR O EREAS BT RSG5 R AR RT DA B )R T 58

(d)

Bl 7 JLIFEST 2016 4F 6 H 23 H F3 8k EF3 k%
COTHFA G LI CFHLIAED 5 (b) A 1&] a. {52 TC ABUMTHH 5 Co) MR35 B /2 5
() E MRS 58 228055 1 55 2 5 Co) TH AR AT 471 i 680 58 P03 A5 38 5 (O 7 A 471 b 480 358 4 Wi 7 38 CIE AP 5
() AR B 3 Bl 353 IR 1 ) B (TG A HILAEFED 5 Ch) b AR ASE ARF I e ) 50 e el e g R
Fig.7 F3 or EF3 damage on 23 June 2016 in Funing County, Jiangsu Province

(a) partly destroyed kindergarten at Jiqiao Village (taken by a cell phone); (b) same as Fig. a, but taken by a drone;
(c) partly destroyed house at Wangtan Village; (d) completely destroyed houses at Wangtan Village;
(e) twisted and collapsed {ree-standing truss tower at Jigiao Village; (f) twisted and collapsed metal
truss tower at Danping Village (taken by a drone); (g) destroyed industrial facilities

at Beichen Village (taken by a drone); (h) debarked aspens at Beichen Village
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Fig. 8 F4 or EF4 damage (Figs a, b, d, and e occurred on 23 June 2016 in Funing County, Jiangsu Province)

(a) top-story collapsed two-story house at Lixin Village (taken by a cell phone) ;

(b) same as Fig. a, but for another two-story house; (¢) F4 damage caused by a tornado on

3 August 2008 in France (Feuerstein et al, 2011); (d) completely destroyed water tower at Caihe Village;

(e) twisted empty container thrown over 400—500 m away at Beichen Village
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Fig. 9 F5 or EF5 damage (Feuerstein et al, 2011)

(a) buildings blown away from foundation, seen on 3 May 1999 in Oklahoma State

of the United States; (b) completely debarked solitaire tree ruins
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Fig. 10 Incredible damage on 23 June 2016 in Funing County, Jiangsu Province

(a) fluffy electric line caused by violent winds at Beichen Village;

(b) flaked aspen trunk at Dalou Village;

(c) completely capsized cement boat thrown from water to a bank at Lixin Village
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