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Improving accuracy of prediction of non-supercell tornado genesis based on
clarification of flow structure
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Structures of parent clouds caused 10 tornadoes were investigated by using
radar analysis. 2 parent clouds of them were supercell type. One of them was found to have peculiar
structure that was intensified by rear inflow.

Automatic detection of funnel cloud from the picture observed by surveillance cameras was realized
by using deep learning method. We also evaluated the intensity of tornadoes from the pictures.

We clarified the relevant condition for non-supercell tornado genesis with the laboratory
experiments. The condition was the relationship among the environmental flow, cold outflow and
updraft. We also confirmed that the tornado-like vortices had not only updraft region but also
downdraft region.



X C—19, F-19—1, Z—19, CK—19 @)
1. RFRLSTDER

TEBRNETHEENBERRIERED —oL L TRMEN, [RETNEREERE R4 1Rt
THEICRoT, L, BBREOEEDSL  IFIMEELE L RFICRET D )V A——k )L
% (Niino et al. 1997) ThH V| ®EEEEGMOEE R LITIX, /v A—/"—8 VEBDORAEK
AL T D ENEETH S, EEIRIT 1991 4F~2013 EDEEIAEHD 29 1 (KETF
HERERRT —H_X—R) LREBHETH D, FRCEMTOLETITHT TOWFRAT T
100km X 100km VU7 DA FE AR 32124 L S HERA O L H M (Sassa et al. 2011) TH 5.
FITREBEESIZL—F—fITICEY . BERO ) v 2——B LEEO 8 BT LB T
HAEL, L—F—TCHIELEBMICIVEEEREZHTENTENE L 00U EDOY —RE2 A
LR LoD R A BUFEE F CHh ErRETH D Z & 2 Lz (AT - 224 2013),

—05 . rEOE A T L U TR SO Z BN T X A i B ER ORI A B 53R D
D IFEDBR% (EHR - 85K 2008, Bk - fiex 2014, BIE S 2013) oo dh b, BEfRIC L HEE
OMEHBHEET LY RLEZFAETUL, L— & —BUAELFH ) 538 O HUo N i T o4+
LB L TCHEBIC L 2EEMENAREE D b LG TE 5,

I BT, REFT ) A== VEEOFBLFERICH I THIO Tl (Sassa et al. 2009)
L. ZO%EETRE 2B KN BREEICL D ) v A== VEBRORE LM ZH S I
9% 55 (Minekawa & Sassa 2012, ik - #£42014) Z[REL L C& 70, F72. BIRFKFEO~IV
F7 7 URIAERAW T A N7 ey NEBLER (Sassa et al. 2009) XL D., ShET T —
A LT RJEBREE FICBIT 2 EERAEOHRER L AffERREICH D,

2. IEDOE/M

J VA== LHEEORE TR OEREELICBE L, RO 4 BEr BRI EELE T 5,

(D) L—F—DFEHAX v AN L 51 ETRAETHIERBEOFIREA

(2)IFED G - BB A - R OHEIT IR 72 & O RIRERHI > A 7 A DfifeT

(3) ) v A= \—R LRI RS & FHLT D BNIFEBRIC X D7 e R AR O

(4) R E R R ET V& HWTZ B A 7 — BT 2 A AT O R
3. HEDAE

AL TIEO L — & — 81 - 7T, QEEEBRSEOMNT, @FENERIC X 5 EE EBRE O
i, OKPEET M K DEEBREREOFMD 4 SOMFEFEIC LY . BB - ERt4 HE
DERA B L TLL T2 %E L7,

OKRGTEF L —F —B X OEMKFE X N R ERE L — & — O (e x)

BEERBEREFNIONTE L —F =T =X L0 | BIEOHE & RPEC, Ok &% i
HNTT B,

QB - BRIC X D BB & AEATRMIC L 2 AR EHEE (Eh, AH)

L= —H A MIRE SN TSR A T2 AV TRZ — o 8 e &
WCEVIRFEO BB 21T & & b, IHFESK LSS R EREW ORBORMIZ L D &
BOREREEZEIT O,

@/ v A= =T )V EBRDOBENFBERIC X 585G DT & BRI ARE ORISR

fili (e . EH%) Reflectivity (dBZ) Doppler Velocity (mv's)
jﬁﬁﬁ}ﬁig?ﬁuﬁp'@% 5{%%&*&{jﬁ$§}§%% 0 10 20 0 40 S 60-3) -20 -10 0 10 X0 20

T B N e i

ATV, EO X9 KBRS A A ()
THONEHEMNIT D,
DRBET IV L DB AERFOFFHL R &
HAFERE O
HEERHC T L CW IR 18 BB R
HREE 2 TEESN CWZHIMICIZFEM T 1800m
%fﬁﬁ)’)f:_o (1 8deg) &
4. AEBE
BEREOL 45—
AWFSERGERF D 2014 4RO B 25 T 2017
FETICI0EoEEZBR LT, ZDH5H, 3
DNE2 DD A—N—F LI L HEETH-T-, 700m
FHAERBIIW TN BERERE NIZH > 7208, (0Adeg.)
2014 =7 H 10 HOFEBINERE 8 57T v X4 —
LA VR R ETHST=DIT% L., 2016 4 10 A
5 HOHEFNTEAAL Loodb A B 16 B OiEiEk
BT AUNHFR ETh 72, 2014 47 A 10 H 242 :
DOHEFNZONTIE, K 1ITRT LI ICTEIcE 13355 Longinudo(l 337513355 Longindeff 13375
EATFA ST B 2 8 (ncl, me2) 3FRD HILDH M o N \ _
me 1 ZFTe L DA VA7 ay med biws M1 EF L= —ICLBRlshk
N, —H V7757 HA R7ar MoAEY 2014 4F T A 10 BICHA LIC B BIED
THEI ko a—tmnel &me2 DENSFE SR (fE) & Ny 77— E (F)




WHOITW RN, Ry 7T —@#E DA
L2 OFEELEIZARITT D HIAT 2 K00
FETRD NS, BT HEATR
WIZTRRD LTz, ZOKTHH, 250
BEELTL LIEBEIIA— =L TiE
BHHDN, —ERIR b DE R B HHD
A4 r7a—IlLo Tk bR R/ RE
EROLDOTHDHZ EERLTE, —H. X2
R L DIZ22016 4210 A 5 H OHEHNIX
Ty za—kES A A7 YT
T H A I\7rﬂ/ N SBHRICER D B
. AR 7R — =L THDH L
Nhhoi-, :@i:2~/<’~t/lxli3§b\
E LT —BREFICBWT, A VYA
VINE T VT —H AR LT <
BCTEET L LT,

J A== LERIZBWTIE, K3
W9 K D I Bl B /N B 70 FE 22 SO FE L
Bk THY HNL, K3 ITRT X
NCHIBER 7 v 7z a—nRo bbb
DO, Ry 7T —dEICMOFEERT X
A R— V55 A5 32 b%hé%@%%ot
2, WFENFEREIN TV A ICHED 5T
L —H—iZkoTIFLALBAIE NN
INE TR EARL - CHERL S T FEEIC L D
HHQ0ITHEI A 11 B b RHNT,
®E%l;6a% B0 BEEREEREH
IF_

Refloctivity (A7) Doppler Volocity (m/s)
i 111D —
10 0 o 20 W

[T I——
0 20 3 0 SO 60 30 -2
2016 10705 14:21)ST

3554 13504 13004 3500 13080 338
Lengiude(E) e

oy :
IS DWM MR 33
Longituse(E) —is,

X2 ®EL—F—IZX v EH ST 2016 4

10 A 5 BIZHA LIz #E BB E ORI (/5)

E Ry 7T E F)
Moncbe 2016 12/22 16:11:00JST

PPl EL = 3.0 deg
Reflectvity (d8Z)

Doppler Velocity (m/s)

131,68 12380 13065
Longitude(£), 2,

X3 L —F =X VBRIES T 2016 4
12 A 22 BIZ34E LR HEO KSR E ()
LRy 77— E (F)

WAEORBRE k1 EEEEOERIEEE
&zob \“Cbi\ %_«7%5/&7%
%7§£5%E%ﬂ 1 0.714 0.936 0.811
WS Z D LT, 2 0.714 0.882 0.790
D955, YOLO(You 3 0. 905 1.000 0. 950
only look once) D/ 4 0.810 1.000 0.895 _ -
B 7 L= Y R A 5 0. 955 1.000 0.977 | R
B 4 XA 448 X 448 | P 0. 820 0. 964 0.884 | X4 IS A7 IR

v BEMIRE S
TWAHOD, D FNNES 7=
v bkl

BRI C X ARG OB - BEA ¥ — %

A%énfwéum@%®ﬁ+£ﬁﬁ%mmfsoﬁ@%ﬁ%7—&kLT5E®%@
EEITR S TSR, £ 1R T X9 ICHBRNOCM L 30 E R FE 2 Rikd mrh

EMERHD

OO, FHH L7 DF9FILLEATE L& W) mUWHE TRIHEATREETH L 2 Lo 7e, i

5 OFFHTIZIZ GPGPU % W TEHATHFEIC

15 B A L= 00, F2E%O—miE O/ HRFFIT
26 WRRETHY , YV T ILH A KNIEED SIFIE AR
FUT7NAITYXLEHNT201 749 A 11 HIZL—F—H% A MIREINE

ﬂ%(% Zaj‘ $75 Eﬁ; éﬂfuo
EAA A T

b2 bR EOMH 2R AT fER, ETICH o/ Selw b ERR %2 RS REITIH 5 b

OO, K4lRT LI
— T TR T=FHTH Y
"HREME B R LT,
QELERLREFTANLIBEHESR
X 5IcfkFEIND L) REREELH
WTERZIT R o To, K DOLEFNRHES
HIAE G C, 25 BRI Hi o
72OV T 4 BT LV REKR-10CE TR
MEELZ FFAZEnTER L LI, £
BORMERENAHETH D, KADOERE I
— i A LT 2 BT, 2R VWA
. RSN OIR S e REE . — AR
WXL T, 3

DT
ERIIC

ZRTER R B RIMATERL T & 72,

T EBG AR TE 5 2 & EMENDT,
Bl A T L L —F =SB OW TR AAIE TE 5

ZOFEHNILER LI —F

X 5 //X~A—tw@%®ﬁﬁ%%%%m

SAMETE A EAT DIRGL T T, RS D /AT LIz e en AR 7 7 v %
BWTESRBEEKIEZE Z A, RS T TIEXG6 ZC/‘Tﬂ‘J: 9
—ipEE U, &
EARIMPTER S D b _Im e 2 A, K2 uTﬁ“J: X
SRRV BR B CEBRIMN L ERNTIR S LD Z L ibholz, £z,

WZHRALTRT LR 7 7
SRR Us ’ﬁﬂﬁé’@ffﬁ
WZ—RIE L 0 bz

&f@@wﬁFT



T ERROFE Uy & mEOMHOWRE 2% 2 THRERZT
Tpotzl Z A K TITRT X IcmE I i & AR E Dl
EENDE D RE L RWITRERRIBAEE ST
ZENbroTs, o, RSN D EERIBOTEER X U,
Up E BITRELS RDIFERELS D ENboT-, X8
ILAT LA PIV (X0 AW N O 3 IRICIHE 5546 % 7~
L72bOT, FERIRTHRIMIEOIREK T-10°C D5
B POIZK L T2 COHAWNP)DO T A FEE TE vk
7o TV DT RHMRIZGED HILD, £, (b)

WICHFEICRO BN D K o lc, s L&

.; Pyl
X 6

BRI ORRT

PRIk I <L TR E 725 TV DI S F7ET e ol e o
HZEMbhol, ZORKE L TUIRMOMERNS
KD EEZ DX EOMENRE 2 HND, * olp "f'{
iy PR e
K2 Ul UDEWIZ L DBRIMORELEL o FOR TG l
vo Y&l 01 02 03 | 04 | 05 | - -!5{1 i
0.2 Stable | Stable |Unstable| None | None t -~ - 0*:‘ -

0.3 Stable Stable Stable None None
0.4 Unstable | Stable Stable None None
0.5 Unstable | Unstable | Stable | Stable | None

7 msAM TR & ERE, 55
S EEAR T BA AR 2 S IR L
LY A

¢)=h-05,
o

(d) 20 128, P2

0.4 5s 20

X8 ®EWIMDOS S WA z/h=0.125, 0.25, 0.5 (2B 1F 5 # Bk o FE 5

@FEDERE

FEERIZL D, A== VERRE AR IZ OV TR T & RSN HIR O R ) BEIfR 72 &
RIRSENHREIC 5T, SBINOOMELBINCRBIT 2 FEREL 2T L2 LICLVE
BIEAEGMNEALNITED LI SN D, £, g2 AW 2R EOREEE I L 5 A 8l
HITIFIEFEH L -IUZERE L, A% FEEPHG SN, BRIl TE, 87—V FThD
FHIR T, VA== VEEOLZPHIE SN D EE 2 BTV, HFHIic 2o R — 1
— BN Z A TOHRENFE SN, WD T A= S—BLBEICONT BN E LT _ETHD
ZERRE SN, —FH KRBT OEEERRT — X N— A X SN EBEOHZNFEEk S LT
WD T2, BRI FHERICHE S < FHIROERBBEARNEFHARD L LEETHDL, ZNLHD
FRE A R T B 72D 4 FEFHECHEETT L QU ARIFZERRE 2 F I ST, B et e & L C
2018 FRE LV THARICKT 2 EER AR O FaHMlC SV o BB R8E Tl s L) %5
R, L—F—IZ LD RBIRREERE BB LoD, BNERTIT /) v A—S—k /L EEDR
ABRBRICIN A TA—R— VEEDOREREZ W DT 2 FHEBRO U 2D T 5,
5 FHRRMXF
(3EESEmCI (8 14)

L. fExiEa], FEHE, B, “fIOICBEATIMRIMEERCR 2 EEA KO IR, " 525

IR TS R Y7 MG, vol. 25, 37-42, (2018) (#HiAT).

2. JEFERAE, MPEREK, PLEt, AR@EPRE, ExiEE, PRy NU—7 AT ERAWEREFR~

A =2 T ORAP—EBFE L D@L L ZORPRIREDOKR T —,” DEIM Forum 2018, 1-8

(2018) (AFEHE) .




(s
1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. K. Sassa, M. Komatsubara, “Laboratory Experiment of Non-Supercell Tornado Genesis on Local

Front,” Proc. of The 9th Asia-Pacific Conference on Wind Engineering, 1-4, (2017) (&3¢

1) .

GRS, fexilw],  “HBE 201616 SIS mAMOLERES, 7 AT KRR R

EETEAROCAE, 28K-05, 78-81, (2017) (i) .

K. Sassa, H.Watanabe, “Laboratory Experiment on the Environment for Non-supercell

Tornadogenesis,” Proc. of the 11th International ERCOFTAC Symposium on Engineering

Turbulence Modelling and Measurements, 1-6, (2016) (FFeiE).

EWELSE, feaiEE], ‘AT T 7 VRIERAIC K 2 EERARKORESR,” F 24 BRA TV RY
LEmICEE, vol.24, 133-138, (2016) (FE#mA).

G —is, ExitsE], “BE 201408 HFOT U X — LA LNy RNTHRA LcE®R,” 5 24 [BIE

TV RV T AR, vol.24, 109-114, (2016) (&FHA).

I —RR, Mex 1], “2014$ ﬂ87’%@7'75’ LA Ry RTRAELEERD L — & —fiR

" BCERR B A SR T o% AAFE S EARBERKEED A =X MBI A EES

27K-03, 33-36 (2016) (FEHilE )

HRI(EH394)

EExiEE], EHE, EFEE, “ROICBEATImRAMIRERC R SEEAEROFE, 7 25

R L Ry LA, HJE, (2018/12/3).

K. Sassa, R. Honda, Y. Fujii, “Automatic detection of funnel clouds from pictures by

surveillance cameras with deep learning,” The 29th Conference on Severe Local Storms,
Stowe OR, U.S.A., (2018/10/25).

EYRELSYE, AHIE, ExE, “BEMRH L7ZRSFEEGIC L AEEOMRIOHEE,” B
T4y 2018, EH, (2018/9/3) .

Perytsl, BEWEE, “RETHNCB AT HMKIMNHIRICIE 5 A A SRR O ER, 7 B AWRE
Ty 2018, B, (2018/9/3) .

Perita],  “BHTL CBAT HMRIMNHIRICIE 5 A ARRBEORHER, 7 B AWK ) F
EJUMNSZEES 21 [ 53GMaR 2, W, (2018/6/3).

AHAEE, friEs], MEEK, BHhE, i, YREEEICE SIRFED BEiEOR
&7 AARKRGER 22018 FEFEFRE, ST, (2018/5/18).

K. Sassa, M. Komatsubara, “Laboratory Experiment of Non-Supercell Tornado Genesis on
Local Front,” The 9th Asia—Pacific Conference on Wind Engineering, Aukland, New Zeeland,
(2017/12/5).

Pexital, PR, 201749 A 11 BIZEmIR M CRAE LSRR OEE,” AAKE SN
SCEVER 1<, @Eiks,  (2017/12/1) .

Yo ], AHBEE, Mgk, dgbthiE, PlEdh, “ERA AT EHWZEERIC K DRIE
B &R BRI ORA, " HARFEFFRIETUN GRS 20 BISCHBaEHE, Ko7,
(2017/11/24).

K.Sassa, R. Honda, K. Higaki, Y. Fujii, “Photogrammetric detection of funnel clouds,”
International Symposium on Earth-Science Challenges 2017, F%i&, (2017/10/2).

MdERIR, R E, AMBEE, £, “[ESEEHD A 77)7‘_?5?)035@]%1%@53&7/1/:)2-&
OEE -2 FEORE -7 BRI SESENES RS, ki, (2017/9/23).

PR, RHETEIR, ZIKEEI}E[_‘\, Pex v, “KREBD A 7@f_&)@§@j¢fﬂﬁ?ﬂﬂﬁj7ﬂ/3)x-b
OfET - 1. EffiRE i -7 EXERFSNESSHRES RS, i, (2017/9/23).

T. Tanimoto, K.Sassa, H. Watanabe, “Measurement of the three dimensional velocity field

of tornado-like vortex by the experimental study,” European Conference on Severe Storms,
2017, Pula, Croatia, (2017/9/21).

Pex 3Ew], PEHE, “BRIMERORHETHE TR S SRR, 7 BRI PR 2017,
W, (2017/8/30).

LR —R8, fexiEE, “2016 410 A 5 RICEI CTRAELCEEBREOME, " AAKERY
2017 SEERF RS, HOR, (2017/5/27).

Ver 3w, MRRFE,  “BRIMERICHE D AR ARKOMEER, 7 AARLFRFERRE
Ry, (2017/5/24).

et “EERELILTRMETHRCIST 2KE T —OFE, 7 BARREFSHE - T
SCERER 19 ISR 2, 18, (2017/5/21).

K.Sassa, S. Yuasa, “Radar observation of some supercell-like storms causing tornadoes
in Kochi Plain,” International Workshop on Gusty Wind, Thermal Environment and Energy
Saving, JEA, (2017/3/10), (#BFFEG) .

Gk —RR, PexilaE], “2016 4F 10 A 5 HIZRAE LI-mMmEEBED L—& —fiffr,” HAKR
SFRBIVE SR 2 R, &k, (2016/12/10).

GriEi—s, fExisE], B 201408 50D TUX — LA LN RNTHRAELICES,” 524 [0
RLFYRY T A, B, (2016/12/5).

BYHLSE, EAIEE], AT T 7 VRIEGEIC KA EERAREOSER, 7 F 24 RR LYY R
A, HE, (2016/12/5).




22. GRS, ExUETE],  “BE 201618 SIIfE S MEIOSEIMES, 7 Rk 28 4R R R SEBA S
JEpTdLEATZEE S TREMFTES) , 596, (2016/11/27).

23. S. Yuasa, K. Sassa, “Peculiar supercell tornadoes accompanied by Typhoon ‘Neogri’ ,
The 28th AMS Conference on Severe Local Storms, Portland, OR K([E, (2016/11/10).

24. LR —ER, HexiEE], “TUX—L AN RRNTHRA LRI =X——8/L,” HAK
L5722 2016 FFEFKF RS, 4dE, (2016/10/28).

25. BYEILSE, xR, T Ty BRI A W ERER, 7 BARTA ) e 2016 4y
J=, (2016/9/27).

27, fExIET], IREEW, ST 2RISR D EREAER,” AR FEES 2016 4
TR, (2016/9/27).

28. HERWL—RL, fExiEE], “Ry 77— —X = L2 BERHORL,” BARREKNDFSES
2016 4 dk, (2016/9/27).

29. K.Sassa, H.Watanabe, “Laboratory Experiment on the Environment for Non— supercell

Tornadogenesis,” 11th International ERCOFTAC Symposium on Engineering Turbulence
Modelling and Measurements, Parelmo, Italy, (2016/9/22).

30. YExiEE], PEHHERA], A= R—R VEBRRARKOFBIESR, " AARREESPE -
JUINSERER 17 BISGHaER 2, ®A, (2016/6/26).

3. BHEH—RR, fixihw], “HE 201408 HITfE D EABIEDOEBBEE, 7 H AHERRER FES
2016 2 k%, T, (2016/5/26).

32. K.Saasa, S. Watanabe, “The statistical features of vortices in various MCSs appeared
around Tosa Bay, Japan,” ICMCS—XI, £&|L, ##[E, (2016/4/27).

33. G ER, HexiEE], “204ERRS HOT UH—L A LNy RTRAELLEEED L —F —f#
Hr,” RCERRERA AR SE T B B JE s, S9R, (2015/10/31).

34. BEB—ER, HExER], AHECRE,  “BE 201408 ST MEAEDEMAKMP L—F —IT L DR
7 BARKRTS 2015 FEMKF RS, 1B, (2015/10/30).

35. B, fExihE],  EAEILCRAT HENOMO L —F —fEhr,”  AARKERFES 2015 FERK
ZRE, RER, (2015/10/28).

36. BIRALSE, MExyET], “~ AT 7y UBRIRIRIC X A EERARBEOREL, T AR FEES
2015 B, (2015/9/27).

37. VIRV, xR, KETT IR HEEARREOFER, BRI FaAS 2015
WA, (2015/9/27).

38. G —RR, ExiER],  “2014 FEEE 8 FITHEVE M TRAE L EERED L— X —fiffr,” AX
VAR a4 2015 B, (2015/9/27).

39. S. Yuasa, K. Sassa, “Radar analysis of two tornadoes occurred in the outer rainband of
Typhoon *Neoguri’ ,” 8th European Conference on Severe Storms, Winer-Neustadt, Austria,
(2015/9/17).

(&) (Gt 04)
(EXRBEHE]

OHFERR (BT 0 #)

OmFIKIR (BT 0 #)

(ZDh]

R—LR—D%F
http://gust.sc.kochi-u.ac.jp/asakuraR.html

6. BAF RS
(D) HARDEE
W E K4 - RH LR
o —~ 54 : Rie Honda
TR EER 4 - m AR
W4 BOE WIS EAREL R B A
W4« 2%
WA (8H1) 80253334

o F R4 - Bk 5L5F

1 —~5K4 : Hiromori Miyagi
FTBAFFERERa4, IR R
R - LPEE T

W4« Bh#L

WH7EEFE S (841) 90219741



