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Fig. 1 : High risk regions where typhoon-associated
tornadoes often occur (see Hayashi et al. (1994) for
details).
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Photo 1 : Toyohashi F3 tornado at 24 September
1999 spawned by TY. 9918 (from the Yomiuri
newspaper, 25 September 1999)
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Fig. 2 : Track of typhoon 9918 and GMS-5 visible
imagery at 1200JST 24 September 1999, when the

Toyohashi tornado broke out. Solid line and plus
marks indicate typhoon track and every 6-h position,
respectively.
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Fig. 3 : Surface analysis of pressure field (solid
lines) for 0900JST 24 September 1999 (provided by
the Japan Meteorological Agency).
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Fig. 4 : GMS-5 infrared imagery at 0540JST 24
September 1999. Operational upper-air observational
stations are shown by circled number. For further
details see in Table 1.
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RNY - NTRAET ZEBICBAL TIX, Storm
Relative Environmental Helicity (SREH) ¥
$RE ST — MS B, BAERENM L ROEBEZTR
+2 L RMBITVS (McCaul 1991), SREH &
iX. Davies-Jones et al. (1990) T XY

hkm
oV (z)
92 dz

SREH = — / k-(V(2) —¢c) x

Okm

DESTEHEINRTWVDS, ZZIT,. R@FOV
BARRBERY bAERT, £, ciZA b—ALD
BE-<Z FATHY, ZZTIEIEE 0-6km 0 H
ZAHTERRESR Y bAD, HEOKHMEICBIL
THB%EE T, FAECBEL T30 Kb L
7-HREZEA L (Wbw5 [30R75] ). hiXA
F—AITHERENIMAT HEIZ AL TE Y, FbF
F2iX, h=3km & L7, 3. Helicity &1, R
WY bV ERESRZ ML (ORRTERS L
& THB, LT, ZEEFNMCIVERIN
EREVWEMERO PV R— X, HELREDH
CHRWHEBEEZFOZ LML TWVWS (Klemp et

(4)

[} 0-1 1-4 416

18-32 3264 643
mm/hour

Fig. 5 : Precipitation intensity imagery of typhoon
9918 observed by Nagoya, Osaka, Matsue, Hiroshima,
Fukuoka and Tanegashima radars at 1130JST 24
September 1999.

al. 1981), ¥7z, hLX— FORERETIT, — &
BT, mE EHRICRMBPEE LT, EOLD,
Storm Relative Wind (SRW) ®, Storm Relative
Vorticity (SRV) OB T#H 5 SREH IR &2
Z5RT ¢ F X5 (Davies-Jones, 1984), Z®D SRV
i, R P—ARKATZZERICL Y, KEROHE
T —FRbbAREMENLL ERXDSZ LT, &
EmE~ LRI HABEROBELERILL
EbDOTHD, A —AITHENHORBEEOMSIT.
Weisman and Klemp (1982) iZ X > TH., B\ FH
ERHOR—NR—EVORBIEBERBRTHL T
LHBEMENTVD, £, FHRATT— MS I,
Rasmussen and Wilhelmson (1983) ik v, EAF
DESICERBEINTVD,

— dz
okm__ O%

h km
j dz .
Okm

T TCRG)FORIIEEELRL. KBFETIE, 0-
3km 1. 0-4km . 0-5km D& MS 2HRL
o ZTOMSIZ. SRZTT7OREEHWE h km
CE->7-RTHY, SREH LRUL A—r—F 1
DFEEL RVHEBDH B HFEHNNRTA—FTHD,
T, AEFOBEBRAT—F 50 BRbL b
THHOWMEL T —IZBET BT A—F L THE
#2345, CAPE RHEBHEL ARE CHoTN\X
B (MEA1) THX, SREH®° MSiZ/h&EL, &t

MSo_p = (5)
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Fig. 6 : SkewZ-logp diagrams of temperature and dew point temperature at (a) Shionomisaki and (b) Naha
at 0900JST 24 September 1999. Shionomisaki and Naha are located 3 and 7 in Fig. 5, respectively.

KEFETRAZHARLEITE I WREBICH -7
TR END, —F T, BRPLOH LAISER
WAL 22K T (1R 4) Tik. CAPE 3/N&Ho
7DD, SREH i3 TR E72fE (1200 m?/s?)
TRl £, KF T, MS ThH, s> B
B L URRICEVMEE R L, i, S5
O TR THE S 7 —RNWMZ L ik, MSy_3
M. MSy_s R MSy_5 &HATRKENWZENDLD
0B, IBEOHENL, EBEORBRAERSLL LT,
X TR CTORMNRE S 7 — I ARG THY .,
EFOEKT, RkFHLOBRPLOE LRAKBRT
REBORAERBIIHE L TWLEXDBESS, ¥
Tos TUZ—VLA R0 FIZIEEHOER (MR 2)
RWE (MR 3) TiX, KTIZE SREHR® MSiX
MRV, MEICHRVAE S T —REICh o
ERhB,

KiZ, EFROMIIFRIEER (CAPE) & HEME
FHEREYT—) 2L DY EETRICETS
FEEE (Table 1 ® I BXB) 25, EEREDTER
& FRIFTRBMEIC SOV TR T 5, 1D, Bulk
Richardson Number (BRN) XA T X 5 icEH

ahs,
CAPE

BRN = BRNS (6)

1
5 [(us = v0.s)” + (6 — v0.5)*](7)
Z ZTCBRNS X, Bulk Richardson Number Shear

PRI, MEE 0.5km & 6km DA R DOEAE >
7 —THRENS (Weisman and Klemp, 1982 ; Mc-

BRNS =

Caul, 1991), Weisman and Klemp (1982) iz X %
&. BRN /NEVRE (15 < BRN < 35 &=
TH) ICi:, ERREETFHES ATV TA—
W LRBELLTWVERESNLTWS, T
F—lA Ry FITHBEVMIR T 245 21 5,
AR—R—EAR P LORBIE LR TH o
LWx 3755, ¥7-. Raumussen and Wilhelm-
son (1983) IZ & V B S 7 Vorticity Generation
Parameter (VGP) i1,

1‘4171;1)__:; x vVCAPFE (23)

(8,7
tilt

DEITREIND, VGP Lit, $hEmeE R+
DILH BV I K HIREERBIEALE (OC/0t)rure %
BRELEbDOTH D, KFERE DT, $HES T —
MSy_3 LHPIBRIZHY . LAK wik. VCAPE
LHHIBRICH D, TUF—LA R FiTiEL
CAPE O@\ i (1R 3 ) B RO LR MR RIC
MELSKE ST — MSy_3 DEVETF (HiR4) I
BWT, ERITEWVGP (> 04) 2R L7E, £,
Hart and Korotky (1991) % Davies (1993) (Z X ¥
E#] X 7= Energy-Helicity Index (EHI) i,

VGP =

2

CAPE x SREH
EHI = 1.6 x 105 9)

DI>icRENS, EHI ik, VGP DRERLFELT
<. WM (A ) EKT (MR ) ICBVTHERIT
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Table 1 : Dynamical and thermodynamical variables evaluated by datasets of upper—air operational observations
around typhoon 9918 at 0900JST 24 September 1999. 1= Hachijojima, 2= Hamamatsu, 3 = Shionomisaki,
4 = Yonago, 5= Kagoshima, 6 = Naze and 7 = Naha correspond to the circled numbers in Fig. 5. Column
I, 11 and III are composed of thermodynamics-related parameters, shear-related parameters and shear-CAPE
combinational parameters, respectively.

variables 1 2 3 4 5 6 7 dimension
CAPE [[ 1109 232 2246 395 517 124 25 J/kg

CIN 8 1 0 35 12 33 40 J/kg

I LCL || 498 570 396 966 365 107 653 m
LFC || 748 1357 408 1416 1393 4880 6472 m

WMAX 47 22 67 28 32 16 7 m/s

PrW || 515 558 592 6.17 573 3.65 2.73 cm

SREH 80 512 346 1242 142 22 14 m?/s?
BRNS 16 149 92 225 29 12 22 m?/s*

II | MSp_s 60 101 83 230 95 91 76 x107%1/s
MSo_4 58 90 71 202 90 96 82 x10731/s
MS,_s 50 85 69 186 81 91 79 x1031/s
BRN || 71.7 16 245 1.8 17.8 102 1.2 none

111 VGP || 0.20 015 039 046 022 0.10 0.04 m/s?
EHI || 055 0.74 486 3.06 046 0.02 0.00 m?/s*- J/kg

VAL 7257z, EHI b8BT 5B CAPE &
$HE S 7 —ICB3 5iE SREH Ofit: L TE&RS
h. SREH & MSy 3 XEER U & 5 434 —
YERDPS, EHIWR VGP LEERERL A
BOIFE LBV, Zhix, MR — FRE (#E
Ar—\) ZTFHBTHRCELZEEL LTabh
TW5, —EZ, EHI > 1.0 TARA—,3—E /LD
BORT e VEHFEL, EHI > 2.0 TA—/3—
BEADREFEOIERIZEITEEELZIFL, EHI > 4.0
THRELREEANRETIFIBESH VWb T
3% (Raumussen and Blanchard, 1998), & ®
KEFEHHEICL D L, EHIR, A——ENLR
P—AR2REBIELIBRETHINEINEZEFBHET
HZOILBRLELIHBETHELERLTWD, ¥+
OFWHRT, Ml (MR 3) LI ETEZT 0¥ —
VAR FRIZRBWCESREZ S HELSRET
AU NRIER TIPS EEZLDEASD,

L Ldn, CAEOERIET Tk, (. B
HEVWIROLNBHICBNTEENBE LD
MZBE LTI TE 2V, ZORREEENAT—
ZERAWEEERREREIZET AR TCIIBIRT
ERVERR, u—IN Ry — L TCEUIBESNESR
RECHEELTWAEEERD S,

3. SALEBEFRETILOMEEHNMAL

AR CHEHA LBETFRETLIX, 2
/=7 M K% PSU (Pennsylvania State Univer-
sity) & NCAR (National Center for Atmospheric
Research) iZ X ¥ BA3& S /= MMS5 version 2 Tdb

5, ZOETNX, IRFTTELTERIEMEROTSY
T4 THBIFEHBERTRETNTHY | #HE
TEILIEIE (O <) I L ViR Eh D (Anthes
and Warner, 1978), MMS5 iZ B84 % 2¢M A2 iR #IC
B L TiX, Dudhia (1993) %> Grell et al. (1994) %
BRLTEEZW,

T OBETBET Y AT AR L BB
RD 1oL LT, BENHEFRE AV 1-way
HAINE 2 way HEEHDORART 4 VT FAL
PEATRETHIZ BT OND, FHE T,
HBAFAA % Fig. TO X5 @i, — 89,
2-way RARAT 4 T EERATHONERTH S B8,
AT, HETBHR 7 —ARERNLERY A
2 ECEERICES DT, HERBRFRR 2-way
RAT A4 VTR, I-way RAT 4 T 2EH
L7, BbLEFRIBOMEWV KX A (D1)iX, Fig.
TIREND8kiC, dbslk 32°, H#E 131° ik
T 5HEFE, SifER. AR, dLEXEEED
73—3 %% 2500km WA E#HBERE L L, ZO
D1 i3B%7T 5 ER 9918 B L EDRALD LR T L
FEHEL, KEBTFHIRIX 9%m & L, 1-way X
AT 4 7ENED2IX, RR 9IS HEOT VI —
LA FEmBRE CHERTHIDITEAL
oo LT, BITHPWD3 X, TUOF—LA N
YRFADAIRy—nH A 7a 2BRTHIO%R
BRELTEBY, BEBFE2ES A/3—L T3,
ZZTC,. D2+ D3IZBELTIX. #1LFi, 3km &
1km OKFEEFHIREE Lz, %72, D1, D2, D3
X, FhEh, 250x250, 250x220, 301x220 DK
EHFEERDL, 308, 108, SHORMAT v
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7 CEERRSY 1T -7, SREFMIZIX. 1000hPa A>
5 100hPa ¥ C&BRL <NV & LT, #36 71
Tl _NEH 27,

B LHEV D1 0oFIRMIZIX. 12 REEORET
DFVERFEWANTT — 5 (A FEAREEEIL 20km x 20km)
DOARERA., ME, KR, HBEERAKFENFETDIZ
ECHERLRE, £72. D1 ONmEBEREHIZIX 12 B
HEOEZBRMITELRE CRESH L 0L A
W, ZOBIREBENTT—FiX, BREFLERT
CTHEBEOENMTHREBMN L LEEFERTRE
/v RSM (Reginal Spectral Model) D#HAME E L
TEHENRTEY, L—F T TWnW5il L
M R T A BRCHI BN 2 Y OB
R F—F R, FBEEOTDY 5 B2 L0 EHT
ENEBET—FOWERT —F DYV E—}
BT REIEENR TS, Eio. AR5
BWTHERAIAZHE T, AErEENIICE
9918 BRFEL TWBDT, BER—H R biH
RENTWS, LBLARRL, BRER—T AR
RERTVWABIZHBDL LT, Z OXRPITHEIEEBAE
rFr—F2HMPE L L THERSNA-AE 9918 50
dULSUE (BB TH#) 970hPa) 1X, B S hiosl
KE (BRI T# 930hPa) L D 720 K& 2 fE
(Z+40hPa) £ o> TWW e, Zhid, BETFERET
/v RSM (4yf#8E 20km x20km) (238> T ATLHA
EREZAERVEIICTHEDICTFORINTZL
BEBCThHhd, kK, HEN2ERMELFRT LD
12, BRR—YAZE (T AL Z & T, KT
MR RE -7, L VBREBGEWFLEELZ I
ADTELERDDHLEXBND, LHL. FFRE
THtg e LTWBERI, BROFLAEDONEE
VI XDk, BRNOESBN =TI —1L A
YRV RTHHED, [T LT EFRRITEL
FOEEVIHMEL LTHEALTHELIARNE
Hpr L7, D=, DI IZBWTiX, fRRFLD
MEFETHIE, BAVPBRENLLMNT-REENBS
N3 THAS ZLICHEERMETHS, T, K
HREE (SST) ix. NCEP (2 X A BNz L 5
1 AR LI (ARMRBEIT 1°x1°) ZHAHIEIC
EoT—EELTANLE, ZHOSSTF—Hick
3¢, HERTPLOMMOIEE K FEEIZBWTIHSE
IZHEKENRBEREVRBIZH o=, ZDL 5%,
Wit - HREHEEFEA LT, DLICBIL TiX 1999
429 A 23 B 15K JST 24181 & U T 24 KeHFe
WMy #4T-oT. D2 (D3) ICBALTIX, 304 (55)
2 D1 (D2) OHABREHCTHEARELEH
L. 85Kl (3 Bfll]) oreiifisr 24T o 72,

MM5 (2132 < OWEREC e85 3

T a UBRFEL TS, FFRTIE, KRS
DIRFGAF VY=g LT, 4 DOREEL V—
A HHEER S B W AR Blackadar PBL A % —
A (Blackadar, 1979 ; Zhang and Anthes, 1982) %
D1 7ZiFicx LT Lz, ®MR@ER D2 & D3
IZ%f L Tix. Mellor and Yamada (1974) @ L~L
2.5 DEFMEB =R —ZEIK 7 a—T % —F
F A% M L7 (Burk and Thompson, 1989), R
FizBiT 2 uRmBEICB L TiX, #WH-H{ILR 5
75V (Blackadar, 1979) Z{EA L7, #HELL
HF A IZ B S #E. D1 (2% L TiX 5min @,
D2 & D3 iZiZ 30sec DARREEZ 15D NCAR 77—
A7ERALE, ¥7-, ROMHBEBRICBEL T
. Reisner et al. (1996) DAHKES. BAK. A,
KK, BK, BAORAH EXKOBEELBIIT
BT IEMBA Y —NVICELTZHERX—LE2E2T
DOFRAA KLU TEA L, D2 & D3 I2D5WT
X, —SIOEEERE Z D/ AX— AT TR
B, 477V v FRAY—AVOMEMANTKNRFZAZ Y
Y—a i@ L ehotz, 2L, DL EFIC
#f LT, Arakawa-Schubert ¥ 4 7OH—FE%{RE
L7 Grell #ER /T A F U ¥—3 3 (Grell,
1994) Z @A L7, /=, X, 8, Bk, #ifme
HEMERT D REHE - B X % — 24 (Dudhia,
1989) iIC X HHHEL 1 HBICEH Lz, H. FHR
TiX, MM5 DA 7Y a D 1 O THHBIMERT
BUEr P T BE 22T,

120% 1% E 140 E

l”5 ) IG 4
Fig. 7 : Model computational domains. Coarsest
model domain is labeled D01, and nested domains
are labeled D02 and DO03.
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Fig. 8 : Horizontal distribution fields of the D1 simulation. Model-simulated radar reflectivity [dBz] (shaded) at
2==3000m level and sea level pressure [bPa] field (dot lines) at 0600JST 24 (a), and at 1200J8T 24 (¢). Equivalent
potential temperature [K] (shaded) and wind vectors at z=3000m level, 0600JST 24 (b), and 1200JST 24 (d).

Solid thin lines indicate terrain heights every 400m.

4. HlRBER XX
4.1 BEFREORERK (D1)

ZZ T, MM5IZ L3 D1 (KT 9km)
OERPLBBERORE - REREYEETS,
Eh, B2ECOEAT—F LOE»LEEE
FADORROTESE LRI D,

Fig. 8(a) & (c) iZ, D1 DEHREBRMLE LN
B 3000m IZB i HHEE 9918 BOESM Y —
v (AARSLBEOGEHEIORRLONL—
F—FAHE) ThY, ¥z, Fig 8(b) & (d) 11,
FREEICB T 5HELBMEDOKTESM & BLY bV
BETT, LB (a) & (b) i, BREENREL
TeREZI D #0 6 FEREIAG (24 H 06 BF JST) oY L,
TBO (c) & (d) ¥, BREBsRe L (24
A 12 & JST) IZH% 35, Fig. 8(a) ® (c) #R3

L, BFOBRWNIBBZLOD, 5 HER IS E
DEDNFRF - EBRLTNWBEFZDESD,
K2 Fig. 8(c) OWREZNCIE, B ROEMICE b b
RBT U — A Ay FREHEH SR % &R
LTWARTFBRRTENLD, 0T U —bA
v Rix, 0 6 KA (Fig. 8(a)) BV THTFE
LTEY, BRLETLTHBEL CHhARFHER
Ehie, £, RROILMORREMRTITIL, =
o —REORNEFEEBEELTHEY, Fig 50O%E
BOL—F—ma—R_F - L L —H LT3,
BEANRKBN R TVE (Fig. 8(a) 12, &
BOFLERVEL LIRELEB A LTV
O LT, AAEEYHTEARICHET AE (Fig.
8(c)) ITit, BEHDORITE - 7 B —
VLB LTWD, ZONRBMARENIT. %
CHRERICE L CREBRE/ET S L 5 R HE
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Fig. 9 : Horizontal distribution fields of the various parameters evaluated by D1 simulation fields at 1200JST
24 September 1999. (a) CAPE [J/kg] lited from 0.965 half sigma level. (b) SREH [m®/s*|. (c) BRN
[dimensionless] shading from 5 to 55. The shading range represents suitable for developing the supercell storm

(Weisman and Klemp, 1982). (d) EHI [m®/s®- J/kg].

TILHERINLID, FEFICBNTHLEORRE
fLE2ETFALBROFEN SRR TE R, e,
&, MM5 @ D1 THEIL-HHE 9918 53, &
ELFHCEEULAELOTHATEELS, LIGL
NG, BROEITHREREOREOE., PO
EOWEICEL TR, BETOoRELOTAEHD X
IRZRD, O, ETFALAMTIZEBITS
BEA—H2AOR/NFHER L AEERELLND,
LAl BFFRTHE, BRFLH LR BERET Y
Bl R FICE R RS TTWADT, READ
MBI OMEIC BT 2#EET. FRAEOERICK
E{ERL.A2NEEZE,

wiZ, TOFRENT OF— LA R FRE
DL RBECRAE Lih, £, ZOR, BT
BACET AR S T, PO LS hRERIE
ZoTWeoh& LTS, Fig. 8(b) & (d) Dk

BERiT, BOBSIESREEETHI L ERL,
I BRAERTHIZEETRLTWS, &
BASH B & MR LT TR (Fig. 8(b)) i,
EROFLHEICIE 360K 282 FERICHEVEY
RACESFEL, BELRBEHEZE LT,
Fig. 8(d) mEsfiRricie 2 &, RIEEIL 6 FFHA S
BETDHLEMEDVEZDNR, KR LTETOHBE
Eito & D & LT, ¥/, Fig. 8(b) & (d) it.
Wihb, BROA ~ F LAIRRO, Ty F—-1
A Ay FOMBIZBOT, MYRMOE ERS
B H TV AR TFBRERTE 5, ZOERRE
R7FiT. FRAOBEGERICEIINTHEFIET
HIZECRESNTETWS, ZOFiT. BREE
KRIECHHEONE LS, HBE2 X7 —~Ub b
(Carlson, 1980) EHEEBETVWAEEX LY, &
Foo TOA—LA LAy ROT CHETE (TR 121,
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BB Y BMNOBVWERHELBHALTHNDIZ L
NRTEND, ZOHYBEMNOEWENZEBRIL,
BHHRAATIC L 0. EROERIDHEANTANT
THETHAHEBICERL-ZEZKERERE LTV
ZEBMoT (REK), ZORN=EXRBER
DIESEERERIC X HAUSRRICEL, R~
T—~YL MZRDBZ 21T E-T, Zo XS iciEiic
FIEIEFX S NATRE (BHATR) 2R LT
Z2B. ZDZ EIZHETT LIEmERNT — 5 %5
LHFEHINIZZETHY, BEETNIC LY FEEE
SN EEZX LD, TREFICE LR, BH
ESELOBRICBWT, AN L RREX TR
ViAteZ L CRIBERERED K 51725, ABWHIT
FEEHLTWART U F—L A0 Rk, 58 9918
SOBRBHETELOBRBIIBNTHERIN B
MR EDRI—NFA THYTHESVERZD
hd,

wiZ, TuF—LA 2y FREREE 288
1 ¢H5 24 B 12 B JST OFHERER (Fig. 8(c) &
(d) ITHhR) ZHWT, BROBEREERRTEE
MRS A—F %, 23H LA CLEHE TR T RIC
L TRMbo, BilEET VR L BRI R
LOHBEITH Z & T, ERABRRAT—F TIIaNH
RWERRREREDES VI L THERTE S,
AE T, HEELEBDh2HHEEZIFICRE L TR
REHEDD,

IZU®IZ, D1 CHEREINZ CAPE OS/IZD
WY (Fig. 9(a)). ZZ TO CAPE IXIRKEM
BHND 0.965 N—T 7= L _uhbiEbL FiFs 2
L CHEHEh, ThERD L. dLAXKFEECKSY
T. ¥HITHE U CAPE OEZESTEIRBRIENY .
T Y CEHORRE L RoTWe, i\ LEZ
AT 3000 /kg 28z 5, LHrL, ZOECAPE
EiRIZ, BEFIBICk-TTuy &N, Eh XD
AL T EEBAYEY Ml & 7p > T, RRDITZEIIC
BV TiX CAPE 3% TEL . B FREE
I CIXERAD BRI FEEX, biXRehH I BRNE
Ex2X5, BBRBEZALTEY, KRL L TRVVE
SEMEEZ 2L TV, TRRETIX. BRAND
XETERNC LV, DRV BEEIINR TS Z LA
HeEs, —HFTEROERMOT 7 F—LA R
v FOMETIX, 2000)/kg %8B % 5% CAPE
BRFEL TS, # CAPE NIz, Fix. &
WHZ CAPE BMEWEFTBENL TV S, iR
FHFANO TR BRS— I XV EEfEL
IRERETCEBLDOTHEEELZLNS, WTHhiICL
ThH, WEHOEE LI\ TIX, ERIC CAPE
REL ., KRB TREETH-TLF2D1EA

5. A EORERIT. BREERMORERLE BHCH X<
—HLTWB, LrLRRE5, CAPE L\WH#J)
EHRENBBERLTRETIY AL LTHEY
LD THENE S NESXITEBTH D, RER
b, FEFICEERICH Y My CAPE SEMBEE
FTHEPLTHY, FOEHIZ, BRCRENICES
FRETDHZERARAETHDLEELL D,

TIZ, $AE ST —ICBRT 5 /F A—F SREH
% R% (Fig. 9(b)). SREH X, CAPE D#RIZR
BRBECIMELRAVHERTH DI, 85D
BARBOERICIIEREREETHD, T TiX
RERVA, MS b SREH & EHMICXEIRE X
57rRER & Mo, Fig. 9(b) & Fig. 9(a) bk
43¢, SREH iX. CAPE DAL iIRE< A
RBZEBRTERNS, CAPE B¥#EKIcEmd 2T
JEBEAXFEREIZBWTIX, SREH 3D TEVIREE
ThHot-, Wi, BRETHEICHIEICA LM
$BIRO B OBERLAIZBWT SREH HMHBRIZ#E <
(>2000m?/s?), Z DK TIIRVRE S T —DIL
HEMRYIZ L ERERMBENRREFE LT VRIRICH -
TeEZOND, KV R RO 70
IZBWTit, aRoBIMfHhEE 5 ¢ SREH X
2 DBV, B OMHEIX 500m?/s? REL, HHR
B, AKEROSMES 7T —BRORBIZSH -7 L E X
B, ZOfEIE, BEPR—I/IN—ENLR b—ADIREE
I+ Thol- LiBFEDOEH L OB HIEH
TX5%, SREH b, EETHORWY—AL L LT
EEREEANRTWE 2, ZoBFICEL TE 2,
CAPE LV BRWEEL RV ESTHDH, BR
BRONBOZTHRE TIIRTETH D,

ThE TR TE /T A—4F (CAPE & SREH)
2, KEPBRER EoBAFHRN. B7 e
Wo o BB EREND, ELEN—FETIrLH
HENB3LDTHoT=, LLAERL, E¥HHD
HERKEIWHIEIHE LT, L0 EEBEORAE
BRIEAHRTEHBERAGA I THDHZ LITEED
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Fig. 10 : Precipitation intensity imagery estimated
by the reflectivity of the Nagoya radar (provided
by the Japan Meteorological Agency) from 0940 to
1240JST 24 September 1999.
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Fig. 11 : Time series of the surface observational
records at Toyohashi City between 0900 and 1400JST
24 September 1999 for wind direction (top), wind
magnitude (middle), temperature (bottom) with
precipitation rate (bars).
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Fig. 12 : D3-simulated mesoscale cyclone at 1200JST 24 1999. (a) Horizontal distribution of rainwater mixing
ratio (shaded) and wind vectors at z=0.999 half-sigma level. (b) Positive vertical vorticity field (solid lines) at
z=500m level. The contour intervals is 0.004 s™* with the first isopleth shown at 0.004 s™1.
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Fig. 13 : D3-simulated mesoscale cyclone at 1200JST 24 1999. (a) Vertical profiles of vertical vorticity at the

surface vorticity center (Areas in the excess of 0.005 s

are shaded) and stagnant flowing regions (Areas below

15 m/s are contoured) and cross-mountain stream lines, along the A(south)-B(north) line shown in Fig. 12(b).
(b) Vertical cross section of the contribution of divergent term (solid lines) for the generation of vorticity. The
contour intervals is 5x107° s~2 with the first isopleth shown at 5x10™° s72,
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of tornadoes

After the passage
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Fig. 14 : Observed mean surface wind vectors around the Tokai area, which are averaged between 0900 and
1200 JST before the event (a) and between 1200 and 1500JST after the event (b) at the Japan Meteorologi-
cal Agency operational observational points (AMeDAS) and the other automated observation points which are
posited in lower than 250m high. Each picture contains the results of the upper-air observation at the Hamamatsu

observatory in the near term.
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A Numerical Simulation of the 24 September 1999 Tornadic Outbreaks
in Toyohashi City Associated with Typhoon 9918

Jun YOSHINO, Hirohiko ISHIKAWA and Hiromasa UEDA

Synopsis

On 24 September 1999, tornadic events in Toyohashi City, Aichi Prefecture, Japan, spawned by ty-
phoon 9918 (TY. BART), have been simulated using the regional climate community model PSU/NCAR
MM5. The MMS5 simulations successfully reproduced the observed outer rainband and mesoscale cy-

clones. In the tornado-prone right front quadrant relative to the typhoon motion, the vertical shear

at lower troposphere (e.g. Storm Relative Environment Helicity) and thermodynamical instability (e.g.

Convective Available Potential Energy) were fairly large and suitable values for developing tornado

cyclones. The results of high-resolution simulation indicated the acceleration of the vertical vorticity

in the mesoscale cyclone around Toyohashi City, because the mountainous region, the so-called Japan

Alps, induced the low-level strong horizontal convergence shear line, due to the divided stagnant flowing

around the upstream side of the high mountains.

Keywords : tornado; outer rainband; typhoon; numerical prediction model; tornado forecast
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