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1. ZL®IZ

—HREINZ, KRRFEBOKEFBDIENY DT &1E TKERFr—v) LT, Hin
LB (B A 7 —v) LIRS, BI-1IKIIER L FOEEEROBZER R 7 —
NOBFRERLTIZbDTH D, fix ODEEDORFZEM A —/ViZlkn I03RETHY,
FE - MBI (v F 'L « 2A—3—F1L) T 5 & 10~100km - LR~ H 2
ICETKREL RS, ZHUTH L, BEEORERAR T — 385 - 1000fi2E TH 5,

BEROBEADN=ALEEZ D, BEMAr—VORBEENEETHD (Fl-
2), HHRRBLRIZE, AF—NLDOLV/NERBEAZEZNALTEY, BEOEE, &
EORIZENORT IS+ A — MA~FEBA— MK (w4 70X 47— LR
% (Orlanski 1975) ; #1-2[K Tl “MISOCYCLONE “LiE# I TW3) OBEETHS
DIZX L, BEESIZEZITHLEOEEIETHABEOR r — I Fa A — L~
FtxoA—MBE (AR r—nLVEMEINS, 12K TiX “MESOCYCLONE” & 32
WIhTn3) Thd, AR, BRE, BIMREOVWDLYLIHRESEIT, HE¥XeA—©
N~FTFo A —MLVEE BB —L LTINS, $1-2XTiX” MASOCYCLONE”
CEBEIhTWD) L LTHRbRE, £, EENTBITITIROIARE (F1-2K T

“Suction Vortex” LEEMINTWND) EMEN D I HITHWEBRE/KRINDIZ LD
»H5,
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Jam 00
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MMy

F1-1XK EFEMREZFOREEBROR
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TDXHIT, BEOREZIIZIEIERRATF—NOBHABBNEL, BRDAF—
VOBEERHEER L TWAHT20, EEOFABECHRE OIS B ORZER
A=)V T T HLERD D, [BEFIIBITHHKRLE LT, BT —%0KRMP
BE I 21— a vBifOR+ 03P 22~ 7 0 R — VOBRBOBEMHSEE L
X, RERAI=ZALLHDLEBHEEENTWE, —F, RBBOBATIE, &
FRNE = TEENREL TWVWEZ ERDbroTEY, HAER TIIERAMES
DOREVFER I ILTVRVY] 2 L0, HUEKIZIE U TREZORIE DR R 2E D5
BRERIELNLTWS, L, flxIE, ZARREROFSEENERIZHELTY
% (1990 FIFFE X C2006FE B EERE) 23, BHATRBAEIIEALY Z Thi@Eil
L9570, HbAMKICBWTF3ERENREE LB L 2RBEOSITRERIET T
AT OTEE LW,

HEEREEITMAA R TlE, EEREREEV, OREDOBRICENRKKBEOEE TIX
72 EEBRPHURNICR T 2@ %2 2R T 558103, ZORERBILEZIRRT
HDUNERHD ERRBMINTVWD, TDD, BBLA T —NVOREEDHHTHERDH
TR, AVAT—IHDHWNEYA 7 1 R —IVOKREEOREH b Hsk 2N R
bAHEA, ROEERFTHBAOTESEZZR L T 2RETE 2RLE X K5
NFONTAODICTHZEBBETH D, HEL, EBRDX I, v~/ 7R F—
NTCOEmIIBO THETH S,

FIT, ARy — VTHEATHIBEBERBEREZUETHR8% (LT, RES)
EWVWH,) ELT, BEOKFERF—NMIFIETEA Y RATr—VOKBEGExEE L
T, PR EOEEORAEICHE L-BESPART 2BEIC OV TE O EMEORH
AT D, LT, F2ETIXEEOREA I =X AZHOW TN, B854
BESZ#R T2 ETHEERBRAIIOWVWTERS, FFEHTIX, RAERBEFORBIEL
LCTHEAESNTW A ERBEEREEICOWT, ARFTCTHW 2 ERBEEROMEZ R
N5, BAETIE, KEET NV ERAVTHEHEREBEORMEI I 21— 3 VEITH, &
KSR BBEEETEREBEE TS, ZO/BEE D LI, FHEICBWVTIBESO
FER ORGSR T —F ZAWT, ZEBEREHROHIRMEIC OV THIT L, F3FELE
DEBFEEIE LZBESOERO LS S 2848 L Lzt FEIZOWTESE
T35, FEeEiCIxdbiEEME X TIEBRBRTIC TRAE LEFEROKHRME, RUOEER
FHHIRER Tl 2 B oW TR B,

BB, AIVAF—/VTOHMBHELZBRITTHICEL, 3—a vy b FHEL F—0D
BRI — 220 L, REETNAVEZRAWET DR r—1 U7 LR TN 2 FiE
IZE D YR — it Mo ERE OKEAEGESkn) 2B T8 7T — % %1E
R L7z, 4, 1961FE~2010FED1RREDT —Z #FRA L, ZORTN 7 —%2%H1-
SENZRT,

BEOBEE TR, ENATRAE LR 2EEREZ NGB E LERERER ICETS
EVTRERZ D LI, FENMSLER L CERABEEROBEZRE L, REMICHE
HRET —FZIIBNWT, TORMELZBRTIHEZREHL, Son-HESMITB
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TEMRICHFICERH LN E I PEBR L L THIBEOFELZELZ L,

WEH B OHREE

FREGFEEESIZFRITA—N—HILOREEITEST, LERAOHES TOREFRREENKRZLEATH D,
- EEBEEHE LT, SReH RUCAPE, HA5VEENLOESHMTIEEMAEITLNR S,
FHEREARENFZERELEENRETHLETRT HXMAH 5.

ERSOEEFKLERD CAPE, SReH, EHI M4 - #&&t

+F3EERERL, CAPE RU SReH O ADNELMES, HAHLMIEHI AN ZIBEICRE LEMERLH 5N D,
‘R2BELTOEETHE, BERHNNESVESTERELTL S,
- BED P EEREFOBITERINSFEAVT. RBAALLOTERLRBEICNT SRABEEROBELER.

B - 8REBET—205H

ot

- A—O0yNFHFRE I —OREBHEFTT I LARETILRF ZAVT, B - BAREORRT—2 21
CERERT-2EDEIC, S0 R - | BFREORAREERO A v aT—42 KERHRE Skn) EHEH
- REBEEHOMELEET SHEEEHH

BB 5 D5

* SReH B U CAPE 1289 2 E N ThORELFEICEBBT A HEELFHEICHE L-HEREEEE,
cEHl IcH 9 HRAEZ BT SHEQIMEEE
CHGICHEEENRH o AESICHEENHLET S,

F1-3X AVARF—LTOHT7a—

2. BEODREEAN=AAL - LA I R —NHrOFIE
2.1 BERDOBEA N =X 1

BEROBEAD=ALZIZDICKBIEIND EBZXH5NTWD (FEFF 2007), —id,
R —/N—E )V E TN A BRI EEEZ A THOERMEILEICHE S b (52, 3-1KIZ
BRI BR) THY, b —olF, Kk - BESERM - FENAET 5 FHHl
BRI (52, 32X BlR LXK B ]R) IS LD TH D,

A —=R—R VB S EETIE, KA TRICBITAHE ST (AmA LT olitxt 3,
HHWIEEN ETFTCRES EBRDIBEITELD) 1> TKEEZAR LIZRENE
REN, ZADLERERMICE > TEIF e A— M EEETHELENRS, ZOBE, 2V
YA 7L RN B EERS - dkm~ 10kmfE B OSHE EE Y OFRVBAEELEFIZ TE,
FOTEICEELFEAETS (Klemp and Wilhelmson 1978 ; 2. 3-1X&M), Z D Lk
I, AVHA 7 a0 DN ZOFBOEEDERKDOFETH S (F¥F2007), H2. 3-
IKZRT LD, RE I TIZL Y A= "—B VN TIXREARLF O % Tk (TR
EERSENR SN D), EXREEEICE THREL, ERERRL S 5, BN
TRAELEPRBEEL EOBEBRIZXL, R—"R—EAHEWNII=F=2T (T=) R—
N—v VRGFEELEZ & 28 - AT L7zl R b/ 5N TV D (Suzuki et al. 2000,
Mashiko et al. 2009%), F7z, KERED~A 7 0 R 75— )VDOEE A r—NV2HT
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HEERIEZDOHRA D =X LIZHONTIE, KE@ERS EFRMICEL V5 2MIZEns
ZEDEE, HOEINVIAYYA 7 u o PHREMMED LRK[BR~OEEERTER I
T35 (Noda and Niino 2010) 2%, Z<IIKMEATHY, L —FXEHSEEERIC
EBHENITTONT NS, LrL, A VIS 7 BRNIEEEERRENKEILIARD
EV ) BIRMED, BRERD Ry I — b —F ERWFMBHEIZ X Y 50> TE T
4, (Burgess et al.2002)

—7%, RHETRRICEES EETIE, KB - BE, Am - BESAKEH IS BT
% RHIPIETRE BN T, KET T IROALECEENEREIT L AL LB i
Y OMMBRMEFEICE EHIXINDZ EICE>THAET S (Lee and Wilhelmson
1997), A—RX—F N L IFKGHRELPKE S £ Y (Doswell and Evans 2003), FE7K
B3 EITET D ERFEIC/2 5 & TRARN LA Z T HIET 728 (Byers-Braham
DOEEE), FEELEN L EREET, B - HRT 5, 2070, BOWESENAE U
WEEBZLN TV, RHBICKER T — i3 F e A— R VELTFTHY, AV R)
=D BLINSTRART = (A Yy RT—V), HEWEIA 7 B R T—MIHTID,
ZOEDMII, ERROYA 7oL T YA 7 ar LI TV,

2.2 BEDOHH

FRICTHIALEREA I =X LDOBEAND, A VYA 70 OFRPKEREE
DRELEIMFDL>TNDEZ LB DND, KETIE, AYIA 7B ERINDE
X, R—_— VBTN AF2~Fo 2 EE L-BREREERLE LTHEIN,
FIREUTOBEBERIRMATRECHEIFA-—N— LB LFHEIA TN
(Rassmussen and Blanchard 1998, Doswell and Evans 2003)., EWNIZ THAE L7-F2-
F32 802 TOREREEF)' AV A I/ n B2 A—R— VB THoT L
HEShTWD (82 3-1K),

F T, /% - INBE (2011), Bluestein (2013) R OF Doz (Rassmussen
and Blanchard 1998, Doswell and Evans 2003) &[REERIZ, A VA7 un OFET
BERENETHILLEL, A VA I/ 2B TH56% [RA——k B, 5T
BWEE%E [FERXR—NR— LB LERT D,

BB, A== N R —N— VREEOREICET2ENOBREH L LT,
R - IEE (2011) IZ X B0 R B, 20069~20094E/H D3 7 FEIZBWTRA—%
—RNBEEOESREIL, F2RUF3 B%Hl), F1 (6%#]), FO (8%F4l), FAREF (2
HH) TholzolzxtL, ERA—R—EAVBIEERTIE, FP2RUF3ES (0FH]), F1 (9
EHHl), FO (11546]), FREA GHH]) THokktHELTWS, oHHBIENLD
D, ENTRELLFRBEEDA—R—EVBIOBEERBEOCBEME BRI UL, K&k
ERITKE & FRRICEARIC R —R— VBRI HETE D L VA5,

! Refrs—a N—R 2B B5EM o X F2-F3 &% ((F2-F3) LM -#%) 118510 5 6 (1960 F4RIC
4 FEH], 1990 FFIZ 1 FH) HEShTWD, ZhbOEERIZOWTIIMT 2 FEiE L /=3B Rz blamholzit
&, % 2.3-1 RICITFT#E L Tz,
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2.3 AV R —)TOHHTOREBE

ZRRA T —NOBERTIX, A Y AT —NAVREGDOIIEA—R—VREEDORAE
Lo XA - #HugttE 2 53 2 BRICIZ+0THED, EREATr—1Lo/hEL,
BERRE /NI WVWHER—N— VBFERITH L TIRAR, £, ERREDOBA
T, RERES (ENRKREDOFRZZUF2LL LORKEDOESR) ORED LT S
MAI R —NRBGDORHIC I VBT 22 LN TES, Lo T, REtE#EL
EZBHBEITIE, A—"—eVEEROBAELZBAL LIHIBHEERFT 2L 08ZY
TH 5,

ZZ T, 3HiLIETIY, ZREAEERLFTINIEEORED LT I 2RBEIL
TEERZAVWT, REBRBEORED LT IIZOWVWTHNTL, £OHUSHEIZ OV TH
W5, EORE, A—R—vABERIA VA /0 2B TH5RBFEAITHY,
ZDFREZAY R —NMIBT ZRDORESTRORIALEELEI Fb>TD
(Bluestein 2013, Klemp and Wilhelmson 1978, Rotunno and Klemp 1985, Trapp 2013)
Z &5, SReHKRUNCAPE, & %\ IEHI & T 5 2R EEE % AV 5,
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FIG.5 b: VERTICAL SECTION
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FAR (ggﬁﬁ%) F Ar— EhkES }%gﬁggﬁ?ﬁgé
1971/7/7 BERBT (F3) B Fujita et al. (1972)
1978/2/28 | Hh&JIIE)I|I&TH F2-F3 ZInAk | FEr (1979)
1990/12/11 FERZR T F3 BROBK | A-H85 (1991), Niino et al. (1993)
1999/9/24 TR EET F3 AR FEA 5 (2000)
2006/11/7 | M@ETIEERHET F3 ESATRR Kato and Niino (2007)

2012/5/6 KB RERRT F3 KEDOH Yamauchi et al. (2013)

3. ZERBEIEEKL

ZREEEHII N E THEZBEINTEY, KBTICBT 2HEICBNTHE
BYEM - TRICERA SN TWS (BT 2011%), = 2Tk, ERA TR DL BRNEH
EN7-1E% L LT SReH (Storm Relative Helicity : 2 h—ADENX TR~V
7 4 — ; Davies—Jones et al. 1990), CAPE (Convective Available Potential
Energy : XMfLBAZI =R /LF—;Moncrieff and Miller 1976) ZMH 5, % 3-1 K
RO 3-2 Miczhth, MERORHBEEEZET, BEL T, SReH [FADHME ST

(BEHRORER - BUEZE) (> TRET HRROKEREDBREICRVIAEND
S, CAPE B RRDOALEESDEETH D, ERREWVEEZDEEGREL 25,
RRTFEOZETHZ [FH BT T ERMEE &K NS EETEWR 2 kD, ZEXEPAEHB
KREEEICE L BRICHEELEDRET 2R T ¥ /L& LT CAPE Z23E T 5,
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B AR Sy ZEXH
xR

— KR I EE

I : cAPE DA &

% 3-2 X CAPE OEH#EA

WEHOBRHKXIUTO LB TH S,

W EE 3km
SReH = I (V-C) * @dz
i ot

CAPE= | gge‘(zg Eje(Z) dz

(1)

(2)

ZZT, R D VIIKERESY bV, o ZRETTICHEI KEBRETHY,
C DA h—LOEENEE X Bunkers et al. (2000) (2 L7=23»> T, EMHEHENTT—
ZnbELNDH LR 6km OFEHEEE, T7_7 b (HEE 5. 5~6km DK
ERARZ R E 0~0. 5km EDOKERE~RZ hDE) »HEHT3EGERICTRD
Tmo (2 D g IXESNNEE, Oeld X b—2BBEOFYIBNA, 0 13D EIFZE
SHEOMYIBMTH Y, dz IZREFAOBETH S, LFC 1%H HxiimE & /L
A, BIEREL O RDKFELROUR, KHIC K 5 HREME, HFIZ X 2 HEH B
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ZLILEoT, ZRHB ZOFEEETMOLOERTHEL ETFONAE (fe<be’

L720) BHOBFAETTERL, HEEEEL (fe=0e” L725) IZTETHET
BELESRET S (F32K), ok, B LE, ROITRTLICKRET LKE
p ICETHETHY, HEHEXHEWERICEAEES 1, 000hPa IZE L7z & & D
SHEE TH D, [IRITEEICLL > TEDL LD, BAIXRE CERETIIEIZ—E (B
BGERE CILEMIIRESND) RHEETHH-D, BXMROLT-0E, I
P, ROREEMZERBTIOICHVONS ((H&kASR),

9:TLU)%)JC” (R:SHEH, ) EEHRY )

TOoDESHRE LB LIRS, BAOBWESHITELS LR LT (REET
HV), BALEEPICER D DKRERENSZ V&, RELEELEOREIZORND,
BEDPRETIHIHEAEZEOP TIE, KEXBBEAKRFIZELLTWBTZD, ZORRIZ
RAETHRAOHENEBE S NIZHBRMBREFEIND, BEL TV DHRES TiX
IR EBALITFE LW,

K1) Z RN 5 L 51T, SReH 1%, EREEDE VNI L > TEIEDLS, £
e EvS 3km & L7256, EORENH ENDS lkn ETORKICE DAY T
4 —Tobsd LV (Rasmussen 2003) 23H 570, lkm &I IXEG TIXERER
S (BERE) BELEDTHDH-D, REETIEZE < OBEERE & RERIC 3kn &
T35, £z, Hb EFHERHMOMEIZ L - T CAPE DEIZE DS, HiZEH» 5 500m
BE 2 COEHRME 2 ZERME2 D Eif 7z & & @ MLCAPE (Mean Layer
CAPE) NI < HAWVWLND, ABRFTI, HEHND 500m LZEE TCTROLARLEERE
SHEEFRD LTS, 2D L 51 L TRD H7z CAPE 1% MUCAPE (Most Unstable CAPE)
EIREN D, RETRBIHENDHV ZDO L THRARETIHRELEETH L
NTED, ZOX5RGE, MLCAPE TIIEEBR KRR EAREND Z LITL Y CAPE
ERFEF /NI RBERICHD (HEBSR),

AP TIL, SReH & CAPE (ZhN%, EHI &FEiEh 5 SReH & CAPE D&% M
WS H1T o 72, Davies (1993) 1% EHI B HIZ MLCAPE % F\V 7228, ARET T
MUCAPE ZFIWVCLLTFD X S IZEHI 2B H LT,

_ SReH x CAPE
160,000
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(4)
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4. ENTRAE LB EELKCHAREH F2EE2OBET I 21— a v

HEERERORSYS (AR - BE, iR, JE, KEXEE) 2BEKFETNMC
LV L, ZOTEREL S LICERBEERIEZREHT 5, [IBET VL L TWRF
(Weather Research and Forecasting) £/ (Skamarock et al. 2005) X—<3
V3. 2.1 vz,

WRFET VX, [ENF - WEBARZBEET MELIZbDOTHY, EEOBED
KERr—MZxtied5) A Yy Ar—v (KEFA2km~20kmfR ) DRREFR % fif
rcEdalia=7T4—F7 ¢ LTHAMICFAINTWS ((H8CSH), E72F
BEMHIIFI-1IRICGET LBV THD, ENPRFEFIC L 2RMEMEGERRENTT
—Z¥y b (BAL 2013) LRBROFHZEALTEY, XAT 47 EHEND
BREEZAWT, AEMREE1Skn TR LR 2 b & IS K AR B Skm D FRAT 7 B %
B35, Zhicky, HVWKEZERSMEE (ECMWF ERA-Interim : $970 km, ECMWF ERA-
40 : $9250km) OFIH] « FEFET —F P oFHEMA v 2 DRBGE LT TE 5, 25,
30 LR CHEMRZHAIL, YRORKFPLER L —FEHBEZ2SEBICL TELR
FAERZ & RATRE R T B BRI OEERZ] & OBV, RS T HBERROA 2
MERTHZLITLy, HERBRIIKERBENRR2NZ L2HER LT, [RBEITOEEE
DRERBT —FZ X— A TiX, 1988ELIFEOFHI L THIERRRKITMZ, v —FHEES
BRI TS, 1988FELIEDEFNZ OV TIZ WRFET VT & A RENTHE RO %
L— g & KR D B Uz, 198TELIFTOFHIZ DWW TIIF3ERIT OV TIEX
KD YT LTz, BRI, FARZD D T 1BMAICEEAEERAS R %
WET 5 &AM ERE L L,

FTA4-1E WFETAEY VT v 7OHE

KFESY R 15 km (ZR5E1E) , 5 km (FHE1i5)
ShEER 35

o R RER 90F) (FPELL) , 30F) (FHEER)
ETIVERKE 50 hPa

NE-BRET—2 ECMWF-Interim (19894 ~), ERA40(~1988%)
PARTAVY 24—K\vHE
BEMRRAE—L Kain-Fritsch (325818 D &)
EMERX—L Morrison 2-moment (I pEE,)
EERA T —L 2-D Smagorinsky (@ 81)
BREAX—L YSU (i sEis)

REAF—L Noah LSM (il $E13)
BEAF—L(EK) RRTM (/i #81s)

B AF—L(ER) Dudhia (i t8 1)

SHTRBERNL, FA2RITRTLBY, BEICEAELEFIEE (19874 LLRTDF2-
F3FE&IIBR< ), 19884ELAREIZ H A TIHRAE L7=F1-F2, F2@E%k & L7 (F3&E&IISHE
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B, F2-F3BE&EIX1EH], F2E&II3EH], FI-F2E&IT13H]), 198TAELIBNICRAE L
BEERIZOWVWTIX, (WIHE - BERMET —# & LTHEM L TV HECMWF ERA400D 7K 22
S FREREDSKI250km & W2 0IZ, EEBBRLCRAEB A ERICHTREEST 25
ENHDBT-0) ZOBERTIINE L LTV, 7277 L, F3&&ITx L TIX19874ELL
AIOERITH L THFTZ1T, AHESROBUIMHE LR L TW5, R, dEF
(2t U CEEMEREW 2 & 2B IZERS LI FFIE 7R,

BA-2FK DI REHOE

EEOR = FEHS FA=IL | EtERmBE SReH MaxCAPE
2012/05/06 12:35 [BEIEH] |REERLH F3 2012/05/06 03B [270 2115
2006/11/07 13:23 |¥EH |EEREITIEDMET [F3 2006/11/07 038 |714 813
1999/09/24 11:07 |BRRH] [EMBRESEH F3 1999/09/24 038 403 2459
1990/12/11 19:13 |EEH |[FERERM F3 1990/12/11 098 |649 1201
1971/07/07 07:50 |[BEEHE] [IBERAEFS F3 1971/07/06 158 |337 1746
1990/02/19 15:15 |EEH ([ERBEMSH F2-F3 1990/02/19 0385 |745 373
1991/06/12 13:30 |BRIEHE [EILRAES F2 1991/06/12 038§ 227 1358
1990/04/06 02:55 |E{ZH |B)IIRTVEER F2 1990/04/05 1585 [484 889
1989/03/16 19:20 |®izH |(BEEEH)IE F2 1989/03/16 098 |329 430
1999/11/25 15:40 |Z{ZH] [FLEIR/\FxET Fi-F2 1999/11/25 038 363 1222

#4-2K P DSReH & F KCAPEDfE I, FAMSZF0E LZHEE - B5dE100kmPd 5 AN
DEKXETH D, ZZT, BRKRCAPEZRD=HA L HFEEIUTOLEEBY THD, E
HIBRICL VEE EEEZEOIHEILE) B’RET DL, BEFNOKRKIRLEE LRI
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BT RIUTKT T HCAPEMEIZEIA D A v ¥ 2 fEICHA_T/hEIDIZRY 5 5 (BET2011%),
T, CAPEEOKZ I %2 b o TEEREOHEL EENICKRFT ABEICREL 2D, £
Z C, Rasmussen and Blanchard (1998) Z#&&Z, K& FAICX L T, #1 E~500mE
EFToEyRmzEH L, ZORMIIH L U bR TR OF b
ZExlY, WEBHEHNOCAPEEOREKREZ RO D LI ICTRLE (B4-1H), £DEE,
B O¥81315km, F0A & L TEYREMZ RN H4EOFHE L o7, ZOKK
EDFZKRCAPEIZH =5, ZOXIHICRETHZLITLY, ELDDCAPEED K X 72755
BNRUTA Y2 2B R—/N— VI[P THHRAT A L EERTX S,
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4.1 KRHIREHT (2012/05/06) F3 Hf (KIEDA « X EBIT)
KEFERD G REEBESR X AL —F, (FETIX) KEE - BRI SEREZLED
v oRIRNTEY (KE), BOTT ERXRIARLEENREE > TV 5, SReH ©
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4.2 JbyEEE 2 RERT (2006/11/07)F3 $41 (ZEHETR - BROBHK)

EARRROTERITIZITE~TE L OG- WE (ZARR) 2, RAITIIE X O
PVE (BER) BZRVWTEY, KRIBELAOINFKIZ L W EELENRE - BELL
TUVRIIZH D, FFZ, BEE - AHR—Y 7 FIIIKEELLENL, AEERZE
KHEDBTMA L TV B,

RKEALZEEITEROPF THLEAI TR 2-oTEY, FEIZHVROTT (@
SReH) (M E > THENEZ LT WVRASEIT S TWS, 2B, FAIZ, A2
HISIZRBWT 2 /NS RBEELRE L, BAREBROPTHREEREEEZ LI
B TEEIREADIR E AI, KRB AREZEIL > TW5D (CAPE BRE®HIZ72 > TV 5)
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4.3 EHIRERBT (1999/09/24)F3 HfH| (HE)
BEOFOIIREOEENICH Y, WERE - LFFEBDORFETH R ORERYE T
X, BRFLLLES BN TVWAD, KFEHFERD D OIEEITRRE LB AT
iAZx (CAPE MIEFIZKE <), SReH &L 2o TV 5, BEBFH T4 EOESR (2
EDF1, 1EDF2, 1EDF3) A%¥AELRE, BRFLSEAREBAICSHY, B AU
@ SReH 1T A EFERNC LR TR L THE KT RWVR, REEEIIBEIZ/NIVOREA
= (<
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4.4 FERZRET (1990/12/11)F3 Hf| (BBROBIR - [IEDA « ZRAIHR)

BREEE BAREBIVERIERD YV, BRYEEOIEKED S IXF E 5 M EA R
DHERTWVD, 207, BHBIIMEUVBERESICH EKELFEICEMEN KX
{7poTW5 (ERRLBEAR (Bf) OENHABETH D), BREEBICITESES
DNZED > TEPL, REERZEZHBTALTEY, EREE TIXRFTAYIZ SRel
DIE S BV, EREERI TIIRN T BoEENREE LT,

BAMEBRIOBEREZ L Y £< X912, IR T SReH NIEFITEL 2o TS
23, IBALAMEL, CAPE DfEL/NEL o TWB, —7F, BERIHIZ CAPE OE W FEIK
NRHND2S, SReH DIEITKE <2<, HYEMD LKL, BRESRED LI
WRBERD,
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4.5 B ERBFH (1971/07/07)F3 6] (HJE)

BEOFLIIAFEEREOBEERICH Y, FELDEARITHT TIE, KFEHERD
HIEFIT CAPE 3@ <, REERZETIEMTA L TS, SReH iE, 1999/09/24 F3 H
Bl (BEER) 1ZERE TRV, AR SED TIiX SRel B HEHEL 2> TR
D (X TRLRSBY), SReH & CAPE O K E WRES L 2> Tz,
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4.6 RS R (1990/02/19) F2-F3 B4 (BH AR - BR OB - £ Ofh (KKE))
HIfE LB R OMAICH HIEKED D EG AR & IBBATRA BT, M oIE
T T BRI D ORI A K EE/LSFHEA L TWAD, ZOHTHRAEHSE
I BBPWETHEARAL TR Y, BEREREH TIIREATAIC CAPE OfEA
RREL o TS,
LA L, CAPE fEIX F3 BEEHIZA LN DT ERmL 2V, —7F, BHAMRIZIE - T
SReH MIEFIZE o To, FEEMITRRRIT TV DR, FRRBEIZIIEL o7
HHO—DOThbEBZELDND,
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4.7 BILRAREET (1991/06/12) B AHERI F2 41 (EARTHR « FHIMEEEL)

B AR ICH > TERRIRAH Y, ZOILRITIXEREDRBKN TS,
ZERHMOENES L LTIIARFEEAE RS0 b0 (RAa) 25, MBS B AN
AVRAATEY, BEHREMFETHEEL TS, 7L, KEARLZEEIIBRERICL
TIERE L A2, ZERATRRERIO MM SITEIZ T CTORLERE (CAPE 454 DR
UVMVEIR) & EERD E e /NE VY, SReH OIE L AFEREVMERIZR ST, F3 3BAR:
DERES L ITAFHER RS,
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4.8 A)IIRFIVEER (1990/04/06) H AMHEI F2 FH] (A4 —> 7 HHEKE - [IEDR)

FHR—Y 7 HIIHHIEKE L NOEEE LIS ZERE L OMT, EERED
K[UERE L 72> TEY, FfEEEIE) O EEHEADRERLE) LHEBE M) »> T
MAIVAATNS, AFICIL AR E VLD, BEYERULTOREEED
w3, EETEIVPBRODONTRIDPALEILRS2TEZ EDBRETHY, SReH b
BmOTHD, HFILEBREXERILITIERV, REELDAI=LIZER LN
2006/11/07 F3 #&E& (ERMESR) LLEBESICR->TW5D, 72721, SReH 2ME
ERERICHA_RTABREERLS, CNAFBHABEICELRDoBAD—DThd &
Zibhb,
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4.9 BRIREE)IIER(1989/03/16) H AR F2 6| (HHItEEEL - TR OBH)
AEFEOFNAROK[EREIZH Y, FHELENLEILBMALTNS, IR
BOHTEROMNUBIEERINTEY, SReHBRYEL Z-oTW3S, LML, ®
RARLERRKRITIR>TWNEH DD, D B AR F2 FHI LD b S HITREEED
KL 2o TRV, BEHOBATIE, FBREEZCRETIICEIAREEANKIML

TWeeEZXbh5,

Reference Vector

Storm Relative Helicity [m?/«] Convective Available Potential Energy (Max) [J/kg]

100 150 200 250 300 350 400 450 500 200 400 600 200 1000 1200 1400 1600 1800
SReH < NCAPE

4. 9-1[" 1989/03/16 DF2HEHZ BT 5 R H % & 22 R BhEIEEK

6 5 (EH) — B 1—Ffr2.2—22



4.10 FKHER/\FRAT (1999/11/25) B AYEH| F1-F2 6] (H AMHEXE - ZHFTHR)
¥EE O FHE EIC B B IRKED HIE - SRR B AN R 2@l L 7-BRIC %
AL, BHATRETIHEBMO=2 F T2 (FRaLgE) PHETHY, ZLHR
BRI > T- ISR D T B A HS E01E SReH 23 HERAYE <, CAPE D@\ EiBH DIk
SRERICALE LT\ 5, CAPE OK& X%, ZEEMICRAE L F3 #EEH % ERl-7z
23, SReH X (&> 7=,
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4.11 SReH « CAPE L #4580 & 0 BEfRM:

10 BHI 258 LIRER N LU TOEAAR SN 5,

@O F3 #EXHER|TIEILE LT, SReH L H K CAPE O HF N K& <, KEFHERIDS
OEBROTMAD RS-, ZFEY (11 A~4 A) 1TR4E L7=%6)TiX CAPE
DEEH (5 A~10 A) [THRT/HIEWA, SReH BIEFIZKE L, KEARL
EED/NSSZHO>TNEES>ThSD,

©@ A EIZHT LT F2-F3 BARORAERES X, CAPE (KRRARKLERE) 7 F3 &%
TR TRV Ko7z, F2 ML F3 L THEE L L TEVR
K&, KRBV TF2-F3 X% F3 EELEA L TR I RE TR,

@ F2EHTH SReH X F3 BERHEHILFLNLDOKE SITRY 55, LFEOWH
HEROREEE T To AR ETOKHLER, ZARREER, BEED
DA VI BB & B AWEIZ M) 5> > TEIENTEAVIA TR I KRB0 R
BERRABRONTZN, < OBFH CRIALEEIT F3 EERAERLD
HLINEhote, FEEENDKENSTZBH L H D, £DHE SReH AKX <
Rinotc, 2%V, MEEBEFICKELI RIRAFIAELN 1T

4. 11-1 BILE 4-2 RIZEBIT 5 SRel L H K CAPE DfEZ&EERO LT IV HNZ T

oy hLELDTHD, F3EERIIBWTIE, BED L ZEDTCAPE DRKE ENK
X< BhoTHY (5. EERABREROARBEENNT 5R), ZEMY CIXREY
ICHARTHEB/NEWD, SReH B3FEFICKEVVERAL RO,
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"KERERIO F2, F2-F3 B&IIZDOATHAERO F2 E4%LRED L5 ThsD. KEEMN D OBKHEOFKAT
TEIATD, FB3EELEIL~IHIWERERBHICR r—ANRLND. EE, NEhEENFEsst
BEOREHAVITIZIERCR AT A LB R EE s EHP 4 HEHR O,
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SREBEEOT THEENEAL TS LV ) RITBWT, FBEEERDRARE
BEOBWHAR LN, SReHE L T250~300m*/s*ELL L, (HxK) CAPEE LT
1,600]/kg (BEEH]) & 51 3600]/kg (FEEH) BEL EORESRIZH VO TF3ES
DRERELTNWDEARTZENTE S, BEHIICX LTI, 3.3BEALB X HHEICF3
BEEPBEL TS, ZO5HE, FEEHICH T TICBERMTON TX 5 FEHELRD
B
ENAOBEENEZ L Ea—LEbO2MEBIZEE Lz, BREATIIEMEL D
HRENRH IR THHD, FITKETORETIE, FBHEELLEEZNESE Vo2
KRERBELINUANZES T THZ LBV TCIEEENERATEZ I TH 5,
F T, RETIE, EBRRKBEEFH 5 WITENU EOBRBOBEENRET LD
U7 20T, % OARBEEOHIBRMIZ OV TRETT 5.

5. HEEBFREAEBRES OERBEE ST
AIEICB W TBRIIRE LEERICHTIRES 2oLz 2 A, EANT (K
EEERIT) BAELZF3EETIE, SReH & (B A MU) CAPE O FB K& iz L 5
fHRAR 6z, ZZ Tid, SReH & CAPE ZZhizxt L THHREEERIT, D
EEERICBZIEEZONTA2Z L1280, ENERBEEF bV ixZhlED
BHEOEEREZBA L LEHBEICOWTER TS, (BEAD 2014a) (7=, &
& LTEHL iIZ L CHRBRICHRETT 22 & &9 %,

5.1 AVWbAR&7T—#

ZERBhEE S O MR R R ICI, A v 2 MRETroRYMOT—%
BUETHD, £ZC, a—my \FHiTF#RE ¥ — (ECMIF) OFfFH T —4 ERA-
Interim (1989 £ELAME ; /K43 fERERD T0km) S O ERA40 (1989 &£ % T ; KEHHREE
%1 250km) b L2, KRBEET NV ERAVTEENICRESG 2@ LT —% Y b

(BAL 2011) ZHAVWS, Y7 —Ft& v ME, [T EEHPRIFIEF LR CTE
i% L 7= JRA-25 BfEMTT —# (Onogi et al. 2007) XV & 5km - 1 BFfEfE & BFZEfE] R
BERHIL, ZEREFOFRMELRE > TS BADL 2013), ARFTIE, 1961
FEMND 2010 F£F TO 50 FEMIZbT=-> T 1 BRI ST —% 2 HVW5, B
HMA Y2 ThHrOZEEESBOT—%2t v MIIZEZ A2,

ECMWF O fET 7T —# 1%, HIEREBE(LTFHEZ B L L THANIESERAINL TS
D, RLEBEERBEVLO LEBMIN TS, L, ZEHSEENEEITHWEZD,
WMBHIZ T R —) T FELE LT, WFETLZAW-ESEENTIC LY 5kn 2
vV aDREGERH L TT—F &y FEERL, X7 —FEy FTHETSh TV
FZeE, KR, REZEDORET —F #HAWT, SRel & CAPE D% 1 BififE « 5 km X
vvaTEHLE, 50 ERICOEAT—F Y TAEIIEA Yy 2R LTH
4AXICPEFET D2 L LD,
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5.2 ZEfifE oMMz

F3EEORARESORME LT, EEH (11 A~4 A) ITRAELT-&EHD CAPE
DR (5 A~10 A) IZH_T/IHEL, SReH BEVMERIZH -T2, T 9 Li=ZHi
IZIs L2 8 OB OFE N OV TEET 5,

% 5.3-1 X%, SReH OB % 150 m®/s?, CAPE (B K CAPE Tix7Z2\) DORBEA 250
J/kg ITREL, SHERIIHT28EBHE (20T 28E %)) 2&ET
WEFRIZKHLTAMCEHLAEZLDTHS, ZZTIVNSIRBEZRELTHS
', SReH (Zxt L Tid, BEAMEE ORER TEATIHEENKREL, KEREE L HE
MATRRINTWD, T/, BEREFE, RUHSLUREZL CIXERZ @ U Tk
ICH_TEWVEEXA LTS, 7 AIZ2EMITEL 2o TWW5b, —F, CAPE Ikt
LTI, ZEYTEWMEEZ LY, REHCTEVWES L SEMAR O, BERFHE
H B 54, Chuda and Niino(2005) DR EBEA L TWBD, Z OMERFMIL,
BERIZIEENL, BOERTEROTWVI L EEHRLTWS, CAPE IZ2WTIE, F
- MERTFENEL, BITIEE, BOVWEHICR I EEMENRKEL 2o
T35, INEE(2008a) THIEMENTWVWAD L ) ICBBEE 2 BT 5 LTIz 0%
ABEEZDMNENDD, T0IH, LLTORETIX, ZEiIZIS Uik K CAPE DOREE
ERE L CHEBEELZRD TV,

EZAT, BENREDLDELEL.3-1 ITRONIZBEELSMLENIIELTEDS
2%, FERH) B E X/ NBRIEH SRRERFF SN S, ENRKBE F3 OFRITAFE
BN RO TRAEL TWAH)S, CAPE OfEIZEARMICEIZEBVVER L 5729,
CAPE DO Hitlgith & IFEEA L\ (Bl 21X, 8 CIXF3 EEIIRAEL TR, E1z,
SReH IZBWTHES Ly (Bl xiE, BARMEITF BRIIFBAEL TR, R
 ELAF OB TIE F3 EERFRAMSOHIRER ZFHHAT 5 Z LiIxTE R,
L7235 T, SReH+ CAPE DEREME (B 4. 11-1[X) MOmFOEBMAEEE LI-HEIC
MBS BN NEPBRRA U M EeB,

5.3 [AIRFELEAEEE /347 (2 R DA fEm

AIERICIS T AMEHER (B 4. 11-1 X)) %##E 2, SReH OFEfE% 250m°/s*, CAPE O
FME% 1,600]/kg (BREH) &HH\ X 600]/kg (EfEH]) & LT, FKEBEELH
35, £, EERERITIIBKBEREZEIBDLEIONDZ b, BKE
OFME 2om/hr Z&EITEM L, 728, BAKEOBEIZOWTIXEEMEO K/
EFEELRIETH, BEROMRITIILLEB LRV LE2ERL TV,

BR{EH - ZBEMRICEREBEELEH LEEREZE 5.3-2 Kiord, £k, #
5.3-3 M, [RETDO [EEEZOERT —FX—R| THRINT F2-F3 EKW
F3 BEORABFZRLIEZLDOTHD, BEHICKVTIE, ERBIBEE 0. 01%5]
1% D Hi3sk A3 2R 3R IR DA TE O A EVEQ 2 O DIREIR O EEFERI LA - TR Y, #Eid

"MEENSCBRETHENI T LT, A—R—EARTTEAL, PEIRERBEOBEE LBIRTA LK
15,
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BEOBEWHIRIT F3 HEOEEORAGBHEZECA L TWVS, 2F0, BREEOR
WHIER T F3 L EOEERAIE LERESIBOOT VI EAREBEIATY
5, Thuzxt L, BARMER, BFILFER, RS - TR L VWoktBART
DOBBHEEDMEIX, 1~2F—FLUENESRELR-STWVS,

thb4H~TH Eh8RB~11H

Eh54A~TH Eho8A~11 A
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#5.3-1 X ARID SReH (A1 2 %) K OCAPE (Al 2 %) OiBiEHEE S

¥z, BEMOBBEE S CIE, BENEWVHIRAEAIZ 7 P LTWAHA, F3
BEERFEAEETN L VIRBIGEVHAICRON TS Z & XS L TWS, 2ERICEE
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BEHIZRONAEmEFAETHY, £7- F3 HESESLEORERKICEHBOENRR N
RWIZELRBENTWD, ZDLDHIZ, BED F3 BEEBRAERORES OMITRER
ZEEE 2 TRRIE L7z SRel & CAPE OREZ M FEIBT 2HEDHAMAIX, EBED F3 &
BOREGGFHTOMBER LEES LTV,

0.001
0.0001

[%]
8 5.3-2 FREIEEEE oA (F3 AL B2t 72 ¢ MR, 4 - 2&&l)

(EEX—ADRBEE (SReH : 250 m?/s?, £ K CAPE : 1,600 J/kg (BE) 600]/kg
(3€)))
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% 5.3-3 F3 #E% (F2-F3 2&te) ROF2 &% (F1-F2 2&te) ORAEEHT
(2 - B2, A : ZEH)

FEFEESE ML, BEZ BT 5] LWVIBRICEBWNT, FEEDH DV
EFNL EORBEDOEENRREET IOICE L ZBRRESOARE LTI ZRIAL TS
LR TE D,

O TIE, @EmEmLE Cuiilt, MEL, hELH, fRT7AVT2E) O
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AL THENKRES BR>TEY, b IHEIZ L o TREF[ID B OBER A I
BrahdhFR (B 2.3-3 RBR) BPRERBBEOBAEIHELTVWELZILLRBX
nTwna,

EHI ZRAW=354, % 5.3-2 KITR b5 mZEE O O P E2ER AR 5
5. % 5.3-4 XX, EHI ORfEZ 3.3 (5 4. 11-1 MBM) |2 LI=BEOBBHEE S
Tho, BEEMTREZREL TWAD, PRI RER 27T OIIZYTH D,
F72, SReH & CAPE OifiF DfEE A AV 2 HFIEIZBWTHREENR W 2R L
TW3, 2%, XkELIZREZY (16 B 28), EAIZBWTIX, SReH H25 Wi
CAPE DR FNRREIZKEL, HHI NS 2BEBVVEZ RT X 5 RFHLHTH L0
LbThD,

0.1
0.05
0.025
0.01
0.0075
0.005
0.0025
0.001
0.0001

[%]
#5.3-4 X HBEHEESA GBS ; EHI ORBfE : 3.3)

5.4 F3 HELOD i KEGE % B 8 & Hiulsk

% 5.3-2 ML VENERKEED F3 BENEETHOICHE LERESHSEKRIN
HEEEICIIHIRZERH D Z LB b oo, ZORMEREN L ERIC F3 HEOER %
BRI REMIREZFET 2 ICIIMERVRERPLETH D, 20, EBRNOER
HWESIM T A FTRBIN TV HEBiIBMESE 10°, KEOFHEA A K2 (Ramsdell and
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FEABBE OHUIEMEIZ DN T, 2014 FERESFLFERFENIEES, 395-402.

- EARR—ER, FFEOKEE, EOfEi, 2014b: ZEREBEEEREZ AWV KE REEOR

ARG OHURMIZ BT 2 BE. 2014 FERARRELFRFRIBETRE,
B464.

- WETEE—, 2011 EERAEETIUXFY R b - BREBFRIZOWVT—ZERIZE

TOPRRRIGROSE—. RIEFFER, 78, 57-93.

- B 72, 2007 : . K&, 54, 933-936.
- RBARE, FotEi, ZHER, PEH, 2011 BB BEROKEERLTH

(FD1) — KB TH - f@Zrs AT LNUWFAS OEMIRETFRI~OBE AN M —. &
JIHRAFSEATER S N10044, 22pp.

- A, YniEh, BAYEE, RMEE, REERE, 2013 SERKEET VEA

Wi £63 FEFORS - [MEFHR. EHPRPFZEEFT#RE, N13004, 18 pp.
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fiis A IRALIZOWT

SEOREFERNICEINL, FRCKRETTEENNSIWIEEREOREITEHL 125,
Lo T, bHAZESHEN/AH IV bHETHNIE, TOEIHIIFNEZETLERT
%, ZOK, FTRTOEZSHOTIEDEWDNE L WV-T, H 58\ EEICHEE)ICE
b EFEZESHIE, ZoEEORBOKBELVEWEIIRLRVW, RIULEBE (RE)
TRIBEOREZ B L TUILHT, ZRHEBBHEZITE0E > Rb5, B E
BAuviiE, AxoR@) D& 51z, 1,000hPa &) EERE (BE) TOREBELZEH
T 50, ZOoODEKIOMBMHRBEN SRR NORERELZ RS ICHBCTX 5,

1 5A— MRE EEBZBIT2RITEOBZZEANORIBEHICE DL, BENITSE
X T 800hPa BEDRIEL 2> TEY, BALIXSIKBEELT S, ThIZHL, BIT
BE TORE (100~200hPa) TORIRDHKI-T0C L5 LIRALIX 360K BRETH S,
AREZOEEMV AL L, BMIIRESNS D, BENTOIRN 360K (Zx9 5
KIBIFH60C LR D, ZD®), HARERVAALERIZEREGHRTLERD S (F
& - InfE 2007), EZEF ERIBIEN D, NTF Ry 7 ZABIZE TS0, ZD XI5
BALE AWV ZEREOBENSIZOVWTES IR - BT 5 Z LB FETH S, 1R
MREVIEERNL, ERLSLTWVENWS Z b, RROFRLZEMZ#H L5 DIZR
APHYBMIMEDNDZDIZE I VWHIBEHATH 5,

55 3k
- HIRIER, Bz, 2007: W - FEOKIRYE. HAFE/E, 187 pp.
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f14% B SReH T} CAPE & &M L OERICETABEMOL Ea—

B-1 Tk TosmREE

Davies (1993) 1%, Hx bITWBRAIR THONET Y VT T —F M) b SRel &
ZC®E LIShiE S 7T REROERICET 2AEZITYY, 121X 0-3km SReH (2D
WTIE, EHfEE LTF2 - F3 E&O%HE 369n’/s* (21 i), F4 - F5 EEDY
A 539m%/s? (10 Ffl) EME L, =72 L, A—R—LEBEEORT ¥ /LD
RELVITIE, KEALEHLERDT T H L< I SRel DMABRDLEEFHARD R
XThHHLIEMHL TS, Johns et al. (1993) 1%, F2 HELL EOERIZH LT
0—2km SReH & CAPE & ORIZX B-1 OEMRMEZ#®E LT,

F& & D F2 HHELL ED#EE# A EHL (=CAPE X SReH/160, 000) 2 f2EABZ 554
WCRELTWAZ ENRATEND, £7-, F4-F5 HEO®EE (F D Violent
O) OBA, LYV KEZREHI TRAL TWAEAICH D, BIE L-REIZ, EHD2
TARA—N—B PR ETHAEENIEEICE <, EHD4 TIHEEICKE REBNH
ETHEEEREBWVETHIXMIZLR 6D (Davies 1993),

02 KM
HELICITY
s T T = T

1100/— © - VIOLENT - SLOWER THAN MEAN WIND OF > 30 KT.
* - STRONG - SLOWER THAN MEAN WIND OF > 30 KT.
4 ~ STRONG - FASTER THAN MEAN WIND OF > 30 KT.
1000—| = - STRONG - FASTER THAN MEAN WIND OF S 30 KT. [
- = - STRONG - SLOWER THAN MEAN WIND OF < 20 KT.

90 -

B8O

700 - wr

60 5=

500

40024

300! ‘. + o =

200

100

1000 2000 3000 4000 5000

CAPE

X B-1 CAPE & 0-2km SReH o Bif%
(Fay MEIF2HELLE, OIXF4 - F5 D)

Rasmussen and Blanchard (1998)1%, 1992 FE\ZkE CERIN-TF A4V
T —% (0 B UTC (HFUEHERF) OF9 3000 DT —%) Z=oirL, EER
AHED S 400km AN OBEIHE DT — & ) b EEF AR O R EEIER O
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KEZREIZ OV TN, P2 BB LR L ZnDAN0ZE (PRED
#%) 1%, SReH, CAPE B CHWAHE LY bl H 28 E& X872 EHI O F X
BITETWAZEARTENS (HB-2), 72721, F2 HMELL EOBEERIRA
L&D 5> BED/NS 2 EHI TR ABELUTOEENBAEL TNETFr—R Y
H5,

LTDES - FEELNRLT DL, BHIOE X T LADFRERTIX, &%
RAEHE L LTOEHL OFIERENEZ 2 5ND LW IHEL H D (-
JIAT 2008), EFETHERY HIF 7L A E 2 i, 228 B3 o AT
L FO-F1 HAELL EDFEBEENE WS /NS R BEROFAFBEOKHNIZA T,
F2 B BB OXBTIHEAMENEEY, te LA F3 - F4 FED EE D
LWV REREROFEAFEZHBRTLOOICE L TWVD LW D, B,
Rasmussen and Blanchard (1988) TlX, F3 HELL O EREOEE L ZhLL
AEZRXBIFT B EIZOoONWTIIRE LTV,

500 4 4.5

4.0 408
400 411
35
028
3.0 " 287
300 270 287 —
18]
1.4

w

SRH (m2s72)
N
(=]
(=]
| -
5 g
o0
Ié
CAPE (kdkg™ 1)
N
3 & b
i-_
i
EHI
n n
(=] o

I-é‘t 1 T 1 7T 084
2 —S37, . _E8 0.4 020 -
283 I o lr?‘é% 0 i
-100 oL ol l. 5 .
ORD SUP TOR ORD SUP TOR ORD suP TOR

X B-2 BEmMIEH (KL : SReH, & : CAPE, £ : EHD IZXT A28 ONTHE GHIXED
INEWEDD 25%0 5 TB%DHEIFAZ R L, FPOLKBRITFRMEE T, TOR X F2
ML Eo&EE, SUP IZ F1 LI FOEE, ORD ZFFER—R—ELVEREZET,)

Rasmussen (2003) (%, SReH ZR® HBEDOHI ENHDBEICOWVWTHREL, =
NETHA RF A RITHEDIVT E 72 0-3km SReH (Davies—Jones et al. 1990)
DFREL, HEND 1km £FTOKRKK (0-1km SReH) (ZHEK T 5728, SReH B H
DEE%H 0-1km £ THZ L Z|REBEL TS, ZOfh, SReH ZRDDFEDR h—
LOBERT MVBRHFIEZOVWTHEW O0FERH D, BEORHFIEIC
B LT, CAPE IZOWTIXL VEHTH D, R, BEET NI L HFHTIE -
THEZEHT 556, IMALENFHEIND Z LIZE Y CAPEfER/ME S A
BLONAEERHD BET 2011). FD7=%, Rasumussen and Blancard (1998)
T, TOREPBREFT2BHFEEZHA VTS, £/, CAPE ZEHT 5D
L EPESIHROMEICR Y SEIEREEO CAPE 35 5, #l2IE, Hi E¥r
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2E TCORKDFEHH2MEZFF-E5Z & bdHiE MLCAPE EFEIEN D), &
KORZEBEZ2DEIOETIHERFDL EIFH5Z L HT& 5 (MUCAPE), MLCAPE
BESHANSGND Z EBEVD, —HIIZ MUCAPE @ 5 MEIEm < (Chuda and
Niino 2008), #[E® SPC (Storm Prediction Center) ® X 9 RFEEHRDHE T
MUCAPE 7% SCP ( = MUCAPE/1,000 X 0-3km SReH/100 X BulkRichardson
Number/40) OEHIZAWLNBHENH D KA EIORKRETTTH MUCAPE % VT
W3), Bz, TBIZER1RHY, ZOLIBERHAILELEZEGETOr—2A

(e EMEEOEEMITHE CIIHEEE CEOEMBERL TNDELEZLD
D) TIEIMLCAPE IZ% & S RLEEBEIXERIT/NELS 2D, ZDLIIZ, SReH
X° CAPE DEHFEIZOWT b ERTRE[HRH 5,

ST TR EROBENTIX, EERRBAMS L OERENKE W ENHE
Thb, €I T, BEKRET M X5 - PRIC LA FRT—F 2Rz
ST HREINTVD, KEDOKEMEE 40kn THRT —F (1 FFfEE) ZHVE
M TIX (Thompson et al. 2003), SReH, CAPE, EHI DO£{ERJ7ZRMEMEE LT
Rasmussen and Blanchard (1988) & FEIREDFERPZELNTWA D, F2 HELL E
DEHIIKTT 5 EHI OFRAED 2 FBE L KE 72 D%, Davies (1993) (2T
BL7poTW5B, SCP TIE F2 LI EEZ NS OENRTEETHY (K B-3),
CAPE X° SReH (ZB8# L 7= A BE#EIES & L T EHI A OB ORI ORI H

SUPERCELL COMPOSITE PARAMETER
(Observed motion)

wigton (54) wiemhiar (14

B-3 SCPiZxtT AT (sigtor 1% F2 L. |, weaktor IX F1 HALLTF,
nontor |XFEmME, mrgl 1T AX—/3—F /AL L7= A b—2A, nonsuper [FEA —
W=t VA F—=2%ZFL, FHFIINOEFIIFFEEZET. FOTFHOEWRIXX B-
2 LRET:)

RER - IMBE (2011) 1%, K[BITD A VY FBFENT —F (KFERBE 10km « &
B 16 /8 - 3BfEE) OF—FZHWT, 20064E2 A6 3 #EDORBICRAE
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L7z 141 fEDE% - IERESHIZ o LTz, OB, RBAEHSI S 40kn FEEHN
WCHFET /R F RT3 ERABEERORKEZ Yy 7T v 7 LT3,
SCHR & [EI4RIZ CAPE X° SReH Bl CIX#E® - IEBEEORKFI, HAHNIERA——F
NV FEAR——E LV DORXBIHABE TRV, BHI O X 5 REE T A—F T
L VBARIZZR > TS (K B-4), KB4 TIXF R 7r—ABoEALREINT
WAHD, FLEML F2 - F3HME (F3IMEEMEEDA) LORMICEITRL, XE
DFER LT ER D, BEROBATIE, RERBEERIIA——F AL HRE
L, KERZEBEMIA—NVOBZHERE) S (large-scale forcing) & 72- T
BAETDHED, Bk 25+ kn BEOLEMREUZ2ETIRTIAT —FRNT
VAT T b L b LI ERBEEERCHOICEmSTE S —F, IS
RERIIKRXRERS DRV EIE large-scale forcmg DEEN/ NS,
BB R BELICE D BEEN L B, ERBETER E OBEMESEN TV
B LEIRTE S,

4 4
b) EHI b) EHI

QW S
omn — |
=zc I

I |
s u 2
E N
A K

onz — |

X B-4 EHIIZX3A2FONTR (& : &R, H :F A7 —n58l; SCIdA—X
—E VEIEER NSC 1X/ v A— "—v A%, SEA (3 L&, UNK [Xke b
HTA—NR—BNVHENTE o T-BETET,)

FET (2011) 1%, KREFTOKMETHREL MSM) (KRBT A Y EFEBfENTT — 2 L 22
Mo FREEE IR CARRTER T T — & TR, PHRT—FTHD) ZHVT,
2004 FEDG 3 HAFEITRAE LTZEESH U /38— R MEARED SReH, CAPE, EHI
DR EF~T (K B-5), FAHSZ F.0 & L7z 50km U5 N DR KOHE % EHH
LT3, ZORMNS, Bb K&, MDD BEETCHIEERMEBELEORES
IZHWT (ML) CAPE HFEFIT/INEL (Fhwx, EHI HIEFIT/NEL), Fiz,
F1#& L F2-F3EETRHREOEVRREONLRWE &0 D, B TERIRE 5
Wi B DIZRETH D LERSIT TS,
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CAPE (J/kg)
B B-5 BHEROF D —Z NEBIZIT Dot

F1 & L F2 - F3 BEDORXHNZOWTIE, T E TEIT- AR, LiE0
X5 ThHbH, LrL, EERERIZIBVT CAPE ERFEREIT/NHEI WV AIZON
TIEEZOBPBRIZER LR2TNER LR, REDOT—F 2AWIZiE - INGE
(2011) 1%, 850hPa LATOREIZ T B L2, YV THBET—Z X0 LHES
FREEDNH V-0, ROMRICEIEBRLZ2ETLZLA2ERHL VS, oF9,
CAPE BHIZEBWT, HEIRETHEZRD LT TWRWAEEIIRE TE 20,
7=, MEE (2008a) B3FEtT 5 & 912, EAMEBRRERITIX, ESFITOREE
BIZHHILEBRBARVEZ, ESMMHETE TR TR ZWVWE LY OR
e, ZOE EIZHEX Y OBRKRAMILIAK, SRES T HRERLTWeEE XL
s, ZOX5RGE, HREMENPCROLEBMERD720 EBD L I,
MLCAPE DEIZFEFEIT/INE K 72 5, MUCAPE D& I3 HIEE AT D KK G T2\ V5
B, FOLZETHRAEL 9 5 elevated convection #EETX 57, ERKE
IR L TRERAIC CAPE [ER K E K 25 (RXXBR), o0, BEHFEICRH
DRMBKE NI, EEFEERELEV-TZ 1 OO F3 BEFEHIZH > T, SRel,
CAPE SR DZERBHERHMOBRAZMI L5 Z LITEE LV,

B-2 A%OMEDH R

UED XS, RiRRTOT —F OREE 2 BEN- 725, &30 E b ITK
MORHPBEH Y, SHIIELROMAEZ 2T E X BT HE - T—4%%b-oT
ST BETHIEDEETHDH, KENIZIE, A——E/ L0 BEER F3H
BREED ED) KEh#EE L SN OEEDORARERIL, BHIEOENEE
ThHEmBR OGNS Z L5, SReH fE & CAPE fE & 7> 5 Hilgh L~ /L ToOfE[A %
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HEmm CXHARMENRD D, £, Z95 LEERABEEREOEHAIL, F2 HEL L
LENUANDOHBRIRETHY, F1 HELLEEZNDSE WS X 51T, /&R
BROFBETR~OREFEOFERIZMN2WVWEBZZONS,

RARLCEANORBFES T, ERBEEROFIMEC OV THRE RIS
INTWVD, b ETHrT7T—ZREDBATIE, TRETHN-EFTORRE
T T — A RERIRGRE DHNENT « FRIT—F2 %26 Lot S TE T ANE
BETHY, BEERBNT—2%2b-oTC, TRNETOXIR - MABELWLNE S
DHERTLHIXLENRD D, TOREE, BEXBIZBWTHREE REHIZTRENTW
HEEARERBOEATA L L HIT, SRel, CAPE iU E LEE—EBHEL L
{IFENGDOAEDYE (I 2008b) (2hNx, EHI, SCP, STP ZEDHE /37 A
— ZOFRAEOE SO OWTUATICEAMEEZ BT B RO NS,

HFF R T, R E O/ WREIR ST T — & OKIEAFSEE Skm + 10 47
BT —%) &b &lZ, CAPE Izt 2R FELZ TR L LT, SReH, CAPE D%f
4, JniE (2008b) & [RIERIZ SReH & CAPE Z# A& CTHW= i, KROVEHL IZ
DUWTHRETL, SReH & CAPE 2\ 55k L EHI Z W5 FiE L Tid, F3
U EDEENRET HHIRMEZBA L Lo RICKEN RN L 2R L
7= (KXZH),

2% 30K

+ Chuda, T., and H. Niino, 2005: Climatology of environmental
parameters for mesoscale convections in Japan. J. Meteor. Soc. Japan,
83, 391-408.

- Davies, J. M., 1993: Hourly helicity, instability, and EHI in
forecasting supercell tornadoes. 17th Conf. on Severe Local Storms,
St. Louis, MO., Amer. Meteor. Soc., 107-111.

- Davies, J. M., and R. H. Johns, 1993: Some wind and instability
parameters associated with stron and violent tornadoes. 1. Wind shear
and instability. The Tornado: Its structure dynamics, prediction,
and hazards. C. Church, D. Burgess, C. Doswell and R. Davies—Jones,
Eds., American Geophysical Union, 573-582.

Johns, R. H., J. M. Davies, and P. W. Leftwich, 1993: Some wind and
instability parameters associated with stron and violent tornadoes.
2. Variations in the combination of wind and instability parameters.
The Tornado: Its structure dynamics, prediction, and hazards. C.
Church, D. Burgess, C. Doswell and R. Davies—Jones, Eds., American
Geophysical Union, 573-582.

Rasmussen, E. N., and D. 0. Blanchard, 1998: A baseline climatology

of sounding-derived supercell and tornado forecast parameters. Wea.
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Forecasting, 13, 1148-1164.

- Rasmussen, E. N.: 2003: Refined supercell and tornado forecast

parameters. Wea. Forecasting, 18, 530-535.

* Thompson, R. L., R. Edwards, J. A. Hart, K. L. Elmore, and P.

Markowski, 2003: Close proximity soundings within supercell

environments obtained from the Rapid Update Cycle. Wea. Forecasting,
18, 1243-1261.

- BRIRFEE, IMEEKE, 20110 KETFHEEE»ORDLESICEET DK

K[EREREOMFHRIRIE. XK, 58, 19-30.

- NERIEZ, 2008a: EERADRESICEAT LML (M) —RA——tL%

O BERORAERBOMA—, Tk 19 FERFEINREMAER EEBOR
AR~ DOFEBNRIH I D HEEE, 39-44.

- NEEEEZ, 2008b: EEFADREESICHETHME (1) —EEEZLELT

FAGEZ B DA RIFZE —, Wk 19 FERZEITRGESR EEK
RERRE~ DOBEBNRI IS DHEEE, 6-12.

- WETFEE—, 2011: EARRAMET VX ¥ X b - BEEEFERICOVT—2ERE

(BT PR TR EmOUE—. RfEE®, 78, 57-93.
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18 C [RBETNVOME

K[KPETNVEIL, WE - HFHRERNCESWT, WEEORMZE(L % FHEREIC
KO BENICHEL EDICEHBBEZMSMELZbOT, [BTICLSH2DK
ETFROLIORBET NV ERANVTERBIN TS, KC-10 X 5 ITEHE S HEI%
ZIRTTEFCTEY, FETRETRE, AR2EOYHEZERT D, BT —
ZRRBITEDRRNT - THHERZ D L ICHERGRAOYHEEZRD T, HEMHE
BEABOMEEZREL2 A2 BT R2n 6 (KC-2), EEHREKX, BAHFEFEX,
R, ROKDBOREFRELEER DT L, FEREZICB T 2XBEHRD
fERFEIND, EHERXPOEBESE - KDY — R « U7 HIIZWHEIBRE
WX oThEAHEND BIZIE, KEK» CKENERI IS &£ DOEENET)
FHEBAFOY —XL3) B3, [FET NV TIERC-3ITRT X 5 2YpEiEREN
ETMEEN, NEROERERO Y V- LEEL TV 5,

ZORBDREET NV, BAEFRISEOEREHEICOERAINTED,
WSPEEDI-II (Worldwide version of System for Prediction of Environmental
Emergency Dose Information ; tHFIRBRSRESEFER TR 2T LA E2RK)
T, ABRHFICHAVEWET VOREIZME ST S5 5 M5

(PSU/NCARMesoscale Model version 5 ; Dudhia 1993) MR ZRHDOASERD
ERRICAVW LN TWS (LD 1997), WRFET /VIE, MDD /%% - MERET L
HIZKBRUBRPMZADZ LI VARSI LOTHY, BEKEICENT
FRROBRE - HREOMBE TIEAINTWS, £72, bREZED-#EEICE
WTHAELTERASL TS,

XCc-1 HEZV v FEEOH
(R&EFA—L~<—http://www. jma. go. jp/ jma/kishou/know/whitep/1-3-1. html X ¥ )
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J., 1993: A nonhydrostatic version of the Penn State—NCAR
mesoscale model:
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validation tests and simulation of an Atlantic
cyclone and cold front. Mon. Wea. Rev., 121, 1493-1513.
WESLSE, FEFBOE, KIHMERE, HEEF, 1997 RSRRERERR TR
VAT L (HEFRAR) WSPEEDI DOBA%E & BRFE. B ARF 15236, 39, 881-892.



f+i& D BiEELESRIETRE

1990 4E 12 A 11 AICFIERERT CFA Lz B AR KK F3 EEE (RES
BEXOBH, [UEOR, EHEHR) Otk 100m &EICBIT2R28 (AR - &
R O SR D 454) 2K D-1 ERNCRT, K¥EE Rid FEYSIBEMLOEV) B
LB RKKREBIZHY, 12 AOAFL L TUIBEI B KR () 2
KEFERD O TERBERBFEREBDFICEAE L HAIZRILAATNS Z &
DT ENTWS, TORKIIHNERICHLEZ S EKEOKRE RBIZHR-T
B AR ~ETN TV A2, BAERITIE, HYIERMMELS 2y, REEMWI R
HINTWAZ ERDbI1D,

ZOXESBWILEOREM LM TERBEOMEREDL S Z L iIXWTho F3
HEOEBETHLALA TS BxIE, KD-1AK), KEEENSHRA LEX
KEFEOZESHEBILELZBEZ L5 & LERE, ZEMO ERITHEVRIENET
L, 7Y & B2 RN A8 L CRAK T2 AR X, BEARLE2REEN
BEINEZLbHD, ZOGE, EXEPLUEZREVBI - L THE®R K
ELDEATEETIRIC 25720, KEERFH CTEEZS|SEZ LzKKD, i
ZIEAARFNEOFRPIZHFET 2@ < EHERLFERZBERZERREDOE £
FOBATHERBANCHRA L TRKEREELFIER T I LITEBZLLNRY,
SF Y, BEE O - i OB A i VO RER I [EREIC AR A HEE A<
R > 7= Z2RIR AN ER IS BRI 72 S EFE (BA SRR, BB E, ERFHE) [THRAT
5] W) FIRBEEORAT T IUAPEARBRITES UIFVEHWNZ L 2R
LT3,
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