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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).

goboooboooobooooboooboooboo
goboobobooobobobobooboboon
goboobooboboobobooboboon
gobooooogeoobooboboboboon
oo00000oo0bOd Fig. 4000000000
goooooboboboooboboboboon
O500km 0000000 99800000000
goboobooobobboooobbboooo
gobooooboboboooboboboooon
gbooooboboobobooboboboo
gboboooboooboobooboooboobooo
goooooo

OO0O0Fig. sO00000O0O0COOOOOOO
oboboooboooboobooboooboobooo
oboboooboooboooboboooboobooo
obobooobooobooobobooboobooo
ooboooooooboooboobooooon
oboboooboooboobooboooboobooo
goooboooobooooobooooooooon
gbobooooobogboboboboobogsonon
gi1odobbooobbbooobobooob
gooogo

goboboooobooboboboooooobo
0000 (D0o0)oooooOooooe600OO
gbobooooboboooobbooo 1o000nb
goboobooboobobobobooboboon
gboboooooobobooooboboboob



40km/h (0 10m/s) 00000000000000
00o00000000000000000000
00000000000000000000000
0000000000000000 (0000)0
00000000000000005000000
Do00000000000000000000
00000000000000000000000
0000000000000000000000
00000000000000000000000
00000000000

23000000000

0000000000000000000000
00000000 (240 080 300 JSTOO) O
00000000000000000000000
00000 (Table 1) 00000 (Fig. 6)000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000000
000000Fig 40000000000000
0000O0O0O0Fig 4000000000000
000000 (00000)0000000

000000000000000 (Table10 1
0)000000000000000000000
000000000000000000 CAPED
00000000000000000000000
00000000000000 LCLOOODO0O0
0 LFCOO0000000000 22000000
000000000 Ty, (:)0000000 Ty, (2)
OD000D0O0CAPEDDOOOOOODOOOOO

e T - T
CAPE:g/ Vp(z) Ve(z)

LFC Ty, (2) 4 @)

goboboobobobooboobobooba
000 (Moncrieff and Miller, 1976)00 0000
gboooobobooobowbOOOoOooo

= Ty, (2) = Tv.(2)
29 /LFC Tv,(2) dz @)

2 CAPE (3)

2 _
Wiarax =

OO000CAPEDOOODDOOODOOOOODOOOO
O0000000000oooooon (000 wapax)
gboobobooobooboobooboobo
gooboboooobbbooooobbooo
ooo0oOooooooooooog CcAPEDOOO

0 (>2500J/kg) 0000000000000 00
00 (200 ZgOOOOOOOOOODOOOOO
0000 (Table )OOOOOOOOODOOOODO
00o00o0ooooooooooooooo (O
00)OOOUOOODOCAPEO LCLO LFCOO
0000000000 CAPED 2200 /kg0 000
goooobbboooogoobbbbooooog
O00oooooocCcAPEOOOOOODODOO
000 wyax O 6Tm/s00000000000O0
goooobbbooooobbbbooooooga
oobooooboooboobooooobooon
0 (2)000000000000000O00o0o
gdobooooooooobobooooooooon
oooooo (oo, 19970000LCLO LFC
goboooobooobooooobobooooon
0000o0O00oO0o0O0o0oOoUoUoooo (ooo)
OoooLCLO LFCOOOOOOODOOOOOO
gooobobooooobobooooooboooon
O00000SkewT-logp 000000 (Fig. 6(a))
gooogbooboobbooboobboboo
goodbooboboobobobboooboo
00oo000o0ooUoooooooUo (Doo)o
OO0CAPE O 1100J/kg0 0000000000
000000o00o0o0oooooonD CAPEODOD
goobooobbboooobbobboooooga
O pPWOUODOOODODOODOODDODDODOOOOO
00000 (Doo)oooooooooo (oo
0)OOO (D00)000CAPEODOOOODO
ooboooboooooooobooooooboboo
OpPWOOOOOOODOOOOOODOOODOODO
oo ~0O000000000000b00n
00000000000Fig 6(b) 0 Skewl-logp
doooobooooobooooboboooooon
OO0 8ohPaOOODOODOOOOOODOOOOO
gooobooooooooooboooooon
0000000000 6% (850hPa) 000000
boboooboboboobooobooboobooo
000000o0ooUoOoUono (Do0O Fig. 3
00000000)0000o00oooooooo
Ooo0oOoooos0VvISSROO 100o000d
goodboobooboboobobboboboo
googbodbobbooboobooboboo
goodbooboboboobuoobooboboboo
goooobbbooogobbbboobbooodgd
goboboobooboboboouobobbooboboo
gobodbbooobuoobboooboonbg
gooooobobbboooooobbooodgd
gooboooooobooooooboooooon



| 40"

|35

30"

| 25"

0 180 190 200 210 220 230 240 250 260 SSOK

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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at 0900JST 24 September 1999. Shionomisaki and Naha are located 0 and O in Fig. 5, respectively.
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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. [0 = Hachijojima, 0 = Hamamatsu, 0 = Shionomisaki,
O = Yonago, 0 = Kagoshima, [0 = Naze and 0 = Naha correspond to the circled numbers in Fig. 5. Column
I, IT and III are composed of thermodynamics-related parameters, shear-related parameters and shear-CAPE

combinational parameters, respectively.

| variables || 0 O 0 0 O 0 O 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

WM AX 47 22 67 28 32 16 7 m/s

Prw || 5.15 558 592 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 | MSo 3 6.0 10.1 83 23.0 9.5 9.1 76 x107%1/s
MSo_4a 5.8 9.0 7.1 202 9.0 9.6 82 x107%1/s
MSo_5 50 85 69 186 81 91 79 x107%1/s
BRN || 71.7 1.6 24.5 1.8 17.8 10.2 1.2 none

111 VGP || 020 0.15 0.39 046 0.22 0.10 0.04 m/s?
EHI || 055 074 4.86 3.06 046 0.02 000 m?/s* J/kg
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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 MM5 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.
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