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Fig. 1 JMA-Rader echo image at 0O5UTC on 17 Sep.
2006, corresponding to the closest time for the outbreak
of tornado (F2) in Nobeoka of Miyazaki prefecture
(shown by circle). The target area in which various
parameters are computed shown by the red rectangle.
Typhoon T0613 is moving northeastward over the East
China Sea, west of Kyusyu.
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Fig. 2 The tracks of typhoons passing through the key area
(black rectangle). The red line is the typhoon (T0613)
track of the Nobeoka-Tor event. The green (blue dotted)
lines are the weakTor (nonTor) events. The stars show the
tornado outbreak points and the circles correspond to the
typhoon's centers at the outbreak time of the tornadoes.
The red rectangle is the same as that in Fig. 1.
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Table 1 The tornadic events in Miyazaki prefecture from May 2002 to Dec. 2006. The data time closest to the tornado

outbreak is shown in the first column. The events from the first to third row are classified into weak tornadic (weakTor)

events in this paper. The details of these events are referred to the severe storm database of the JMA

(http://www.data.jma.go.jp/obd/stats/data/bosai/tornado/index.html 2009/02/20) and the survey report on the natural

disaster (Miyazaki District Meteorological Observatory, 2006)

Data time Tornado outbreak F-scale
2003/06/19/00UTC 00:00UTC Kadokawa-cho F1
2003/08/07/18UTC 16:40UTC Nichinan-city FO-F2
2005/09/05/00UTC 01:30UTC Miyazaki-city F1-F2
2006/09/17/06UTC 05:03UTC Nobeoka-city F2

Table 2 The nontornadic (nonTor) events extracted in this study. Period and the number of data show those during which a

typhoon passes through the key area shown by Fig. 2.

Thphoon number Period # of data
T0207 2002/07/ 14/18UTC-15/06UTC 3
T0209 2002/07/ 25/12UTC-26/00UTC 3
T0211 2002/07/ 26/18UTC-27/06UTC 3
T0215 2002/08/ 29/00UTC-31/00UTC 9
T0302 2003/04/ 25/00UTC-25/06UTC 2
T0304 2003/05/ 30/06UTC-30/12UTC 2
T0315 2003/09/ 19/18UTC-20/12UTC 4
T0319 2003/11/ 05/12UTC-06/00UTC 3
T0404 2004/06/ 10/12UTC-10/18UTC 2
T0406 2004/06/ 20/06UTC-20/12UTC 2
T0415 2004/08/ 18/18UTC 1
T0416 2004/08/ 29/00UTC-30/06UTC 6
T0418 2004/09/ 05/18UTC-07/00UTC 6
T0421 2004/09/ 28/06UTC-29/00UTC 4
T0423 2004/10/ 19/18UTC 1
T0610 2006/08/ 17/12UTC-18/15UTC 10
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Fig. 3 Box and whiskers plots of some parameters for the
Nobeoka-Tor event, weakTor and nonTor groups. ()
mICAPE (Jkg™), (b) 0-1km SRH (m%*), (c) 0-6km BS
(ms™), (d) STP. The shaded boxes represent the 25th-75th
the whiskers extend to the 10th-90th
percentiles, and the circles represent the median values.

percentiles,

DFETFR S BHEnergy Helicity Index (EHI) (Davies,
1993) 72 ¥ &FH®E L, F£7=, Thompson et al. (2003)
(2 kv #EZ &7z, Supercell Composite Parameter (SCP)
K O* Significant Tornado Parameter (STP) & L 7=,
SCPi, mMuCAPE & 0-3km SRH, BRNS»» 5720, K
EIZBIT D A= "—E LV OFRERES 2 2ZWT 2 DI
B BMEIC k> THB{bsh Twd, STPIT,
mICAPE, 0-6km BS, 0-1km SRH, LCL 6720, K
Hoigv (F2BL L) #E&EEZEDI A—R—kLD3/AE
REGADBWIT DDICHENRNTA—FTHD ERS
nhTna,

3. EMBEEEHEMDEH EDRFEDLE

ZOHITIE, fEHTRISAE (Fig. 2 : targetarea) 1235
i} 5 MSM-GPV6 R T3 7 — & CTaEHL L 72Kk~ 7288
BT A —H ROEA T A—=ZZONWT, FEMEE
Fhl Lo (FHOEEFR, EEEFH) Lok
WEAAT 9, FRNTRTRBEIE C O 0 Ai O MBI I ONF X

(Fig. 3) 2737, £ 7z, SFEMEO EiiZ i3 Al Student
DOt-HE  (one-sided Student’s t-test) % AVT, #EEHEY
WCHBERENMSONDNE ) R DTZ (Table 3),

Fig. 3a 1278 L7c K 51T, HEM P& 00 B I Hilsk <
X, BV EREACIEE B EHI L, KX 22mICAPE
E% HOMSM-GPVT — X &1 1R EZ N2 L BNbnd,
Table 3 D31TH LV, JEFEEFH]TOmMICAPED
Il (399 Jkgh) 1, MLOHB L AFEAICHZIC
REWZ LR DND, TR #EEFH] TDOmMUCAPED -
Bl (374 Jkgh) l2oWTh, RS, foFEEICk
AEFHNCEBEICKRE W (Table 3I2i3AH) . LavL

— 406 —



Table 3 Mean parameter values in the target area for the Nobeoka-Tor event, weakTor and nonTor groups. Boldfaced

numbers indicate that the mean value for the Nobeoka-Tor event is different from the other two groups at 95 % confidence

level. Italicized numbers mean that the value is significantly different from the nonTor group.

Nobeoka-Tor weakTor nonTor
Thermodynamic parameters

mICAPE (Jkg™) 391 116 146
mICIN (Jkg™) 51 39 62
max 6 ¢ —min 0  (K) 19.3 6.0 10.8
SSI (K) 0.9 2.0 2.1
Li (K) -1.5 0.8 1.3
TT (C) 41.3 38.5 385
0-3km lapse rate (‘Ckm™) 5.7 48 4.9
Ki (°C) 31.2 33.2 29.4

Shear parameters
0-1km SRH (m%) 339 128 98
0-3km SRH (m%?) 512 318 189
0-1km MS (s x 107%) 24.7 17.9 16.1
0-3km MS (s X 107%) 14.9 11.7 9.9
0-1km BS (ms™) 14.6 10.6 9.2
0-3km BS (ms™) 22.4 17.9 13.7
0-6km BS (ms™) 28.9 22.0 15.9
BRNS (m%?) 112 48 38

Composite parameters
mIBRN 4.2 5.5 31.3
0-3km mIEHI 1.3 0.2 0.2
0-3km mIVGP (ms?) 0.25 0.07 0.07
0-1km KHI 2.1 1.5 1.1
scp 6.9 0.2 0.4
STP 1.4 0.1 0.1
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2003) TOIFHME (2303 Ikg™) LV & —HHF LA E W,
—Ji, U=k S RO AR Y (McCaul,
1991) TOEHME (253 Jkgh) &2 LIFIFFE UE
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TT, 0-3km lapse rate, max 0 ;—min 0 (DfEIZA E 87
NHbHZ ENBLREND, Li (Table 3 O7/7H) O
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ZOMDORKDLEEEIET 537 A—2TlE, SSI
(Table 3 D617H) EKIDWH)E (Table3 D101TH)
%, EFEIOMCHEVFREREN A O oT,
ZDOFHIL, 850 hPa 7> 5500 hPa O 5&E s ER T
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Fig. 4 The distributions of equivalent potential temperature (K) (color) and wind (vector) on (a) 975 hPa and (b) 500 hPa at
06UTC on 17 Sep. 2006, which is closest to the Nobeoka-Tor outbreak. The reference vector at the bottom of each figure
indicates 30 (ms™).
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Characteristics of the Meso-scale Environments of Storms
Associated with Typhoon-spawned Tornadoes in Miyazaki, Japan

Keita SAKURAI* and Hitoshi MUKOUGAWA
* Graduate School of Science, Kyoto University

Synopsis

In order to elucidate meso-scale environmental characteristics contributing the generation of a
typhoon-spawned significant tornado (F2) occurred in Nobeoka of Miyazaki prefecture, Japan in 2006,
environmental and composite parameters in Miyazaki are examined in comparison with typhoon-spawned 3
tornadic events in Miyazaki and 16 nontornadic events using the forecast dataset of the operational
nonhydrostatic mesoscale model of the Japan Meteorological Agency (JMA). It is found that the significant
tornado in Nobeoka is accompanied by enhanced convectively unstable environment with large vertical wind
shear, which is represented by a relatively large convective available potential energy (CAPE) and significantly
large shear parameters (e.g. storm relative helicity; SRH) compared with other tornadic and nontornadic events.

Keywords: Tornado, Typhoon, Environmental Parameter
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