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Synopsis
It has been increasingly important to project the future risk of small-scale torrential rainfall

in summer, called

‘Guerrilla-heavy rainfall” in urban areas in Japan. In this study, we

implemented some analysis in August in Kinki Region, from the view point of both the rainfall

distribution and the unstable atmospheric condition. First, we picked up Guerrilla-heavy

rainfall events with both tracking algorism and visual judgement of rainfall distribution of

NHRCMOS5 output. Then, we analyzed the atmospheric stability of the events that was picked

up, using a parameter SSI (Showalter Stability Index). As a result of T-test, it is implied that the

number of days having Guerrilla-heavy rainfall will significantly increase at the end of August,

and that this tendency corresponded to the more unstable SSI in the future. In conclusion, the

season when Guerrilla-heavy rainfall is likely to occur will be longer in the future summer, with

the more unstable SSI at the end of August,

F—T—F: FUTEN, [ELS, ROM, SSI, EABBT LY XA
Keywords: Guerrilla-heavy rainfall, climate change, RCM, SSI, cell-tracking algorism

1.1 HROEER

IE, BAECTIEERERICE 2 KER R EMT
ZeWN. 2017 2 7 AIZIEIUMNAEE G 12 B80T, HER
AR RE 9 SR8 2 KIS K 0 IO RS KR
T - WADWHIZ KD ERLWENKAE L (H
TREA, 2017). EWRKEFORK & 722 5 KBS
Bz BB A — VO b OBFEET D0, BTHE
OEMICB T A 0L LTIEE R o % dg
ROEFEMNZ 7Y FZW BEFons. 7 7%

M &SRR - FET D2 HMOMBEALEIZ L > ThH
hE3NsRMBRERESL, KETOTH T
R REEW HESHWSEATWS., 7Y F%
RIIE, KA — A3 km~ 3 km THAN 1 B
MEETHY, thoKES L i L CRZERR 7
—BRIEFINSNZER/FETHD. 20D
A BEOTHNELL, AMIThrrbriEsr
b2 S TERMEND D, 2008 4 7 H I iph A i#E
JINTE W TR 72 ZEREIC £ D ZZERDOHKICE - T
FSOLBIRS I, SADBENAMBRKDILD LWV
FHCRRAE Uiz (KR4, 2009). 25 Wol-dks
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RREORK E 72> TE2ma b, FEIZ 2008 4L
M, BIMOMILEIC L 2R ARERIcxt LT 17

U Z5N] LW FERRNICHEDILD XDk
o7, EFETHE, 29 LEMEZRRICHSZ
HEy& LT, BARL—FERPLEL—XERE Hn
7270 RO RTES - ERRVE TR B3R
MrbhTnad (Fden, 2017a; F4L5, 2018a).

Fo, TOVOTIFEDOFEWNKEDHEI & K E
EHOBEMICKRERIEANEET > TWVDH. JBT
DRMFEABEAR L R — F2016 (KT, 2017) Tl
T B ENC B THRUTAVFE RS I 1) 2 B e TR R 56 A
FEOBEMAHRE SN TS, RO & EBEL
DHELT & OB II R RS H 205, IR
CRG - KEKE~OHKIIFHFoTR L THD.
JE SR OB TE NIRRT B9 2 3R 72 7 T 1S s
RERTHY, RELOEEIC OV TARHEEE S S
DERIC TR - T 2L BEERNFEE > TWVD.
IEREL O AT MAFIE I IE — I K& TR T v
(LT, REET V) OFFEBRIHVWLNLD. K
RITR/EIEET (LLF, KW TiX, 20kmfigfg e
D & FREE KRR KM% T T /VMRI-AGCM3.2S(Mizuta et
al., 2012) (LLF, AGCM20) MBZE S, BER L
AV @ AT — VLU EOBROBHNARE L /2o 7.
E 51T, ZDOAGCM20%E B R GAF & L T SkmfR {4 FE
TR AT 4 > 7 #FHH(NHRCMO5; Murata et al., 2015)
WEHIN, MEBOEPEROLI AV B RS
— NV OBGOHBE L AR 2 o7z,

KRG K EFICKT 2 RE(L O BTG 7RI i o
TITONTEY, KEREZREKERZIIS L TEd D
BREGEHMEOEGWIRTHMEN RSN TEL. A
FUZBI LTI, IRBLIZ - TR E D F A
DR T 56— THEDOKEZRBREOENPEIMNT S
Z & (Sugietal., 2002 I1ED)ARBRENTWS. MERO
ZENZOWTIE, MEWNHIETNZERNOREREN 7 A
kAL 8 A RRAIICHEMT2Z L (FdEs, 2018b
1EH) EARTHIERERAETE TN D.

RO XS, BB BAROEILER -
FFEIco>VWT, HEKE - RRIBEKEICET2 L0
R, BRARLETZERE VST RERAr — L OB S
BT 2 bDIEELFET S, —HT, ¥V IR
FIXRHB R B 2R - T RIED 7. 2o
& L, Takemi et al(2012) T M BURBHEELO R E D 72
VY BT DU T 20km iR A4 BE A BR KT TV ) &
W, RESOREKR OBEKEDBIT 21T 572, %
OFER, BBELICL > TRADOKBEILZET H—
FT, FROKERBEOEEKIC L > THAKREDEM
THIENRREINT.

FUTEREN )RR r— v O/ X 7KL
BUTOWT % OBRIZHER LIoRIZE Hide

V. R 5(2017b) ik, NHRCMOS D304y F/k B H
ZHWCSHOIHM FICBT A7) JZMEER
DFFREA & fRAT Lie. BEK AR O BHIC L -
THUZERZMB L, 7V 7 5H%4E B ORFRE
fbEffrLi=& 2 A, SHERCTHREICHEML, A5l
TIHSH FTHICARICHEMT 2 LW I ENREN
7. LoL, HAEo OHTITiE W< o iRED K -
TV, £7°, 8H LSO A ORIk T %
T METH LD, BRICX D2 HETIEREDT
— 2 DT RRM AT 5. Fiz, MERSLT A7
S A NEnoTe, AR LU O FREE O R E R fEHT
NRETHD. 5k, Ty ERRERRED
R[EFRT — 2 O PNLEI/R D L PREND 2
2T, Y T EMICKHT 2 AR A X 0 BEH
SORANTAT O FIERRD LN T B EEZONS.
BT 72 o TR A Ci%, NHRCMOS % 57 /it 51 &
LTCskmE ¥V & SICHI W 2k E TR AT 4 >~
7' &% (NHRCMO2; Murata et al., 2017)23 Tz,
NHRCMO2 D #5f# & LT, st A ¥ — AN HEHEHTH
bbb, BTty  E—AX—LNEAINTD
LRFEIT BN S . Z ONHRCMO2 TIE1045 Bk &5 H
HENTWEED, ZH0n oM ERE VR
XY TERO L S BRSO LV EE R
MrbrReEZEEZ oD,
FUITERICEBHEEZDPLTHLELT D, B
R - TRNCBT 250 L & b, REE(RICHED
R OMLEMEREE L TETWAS, RIS
TV TEND Y AT OFFREAITE L CEEM 72 1
ERMITHILEDBOTCEHEHETHS.

1.2 HHROEM

1.1 T2 2B E 2, KL TR O ML
EofaigkKEe T Vv D ERNT, EMcB 557
U JEMOERFEDO R E LV B I HEE S
DT EEEHELANET S, IDIT, TOE, KE
ETNMCBRT IS ) TEROBEFEEZ LI
HZEHLHEMET D ENOLOHEMOERDTZDIT,
AL TITIRD L 9 72 i CRENT 21T - 72

£9, FUIEREFOEKRKSEIZONT, KfE
TFIVOBIEREFEBRT — % ORKERE O FHM %
A9 % . NHRCMO2 (23 THX, #EHim & JE#0
WoBENCHLERTS.

WA, SIS T L D R K H ) 0 BE 22 R A5
TRIEINDZ ) TEROMBEKD A 2R T 5720
12, BV — X OBIANC X 2 KA E Ot
AT . EBICRELLESF Y T 5M 35 FHICOVT,
WAL TR LN BRI I T D RO Rk 2
B L, KEET VIO CHWD 72D O H
HELHRETD. S5, HHOMTICEL-TEHES
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N7 Y FERMOEMA T — NS X, FREE
TNMIRBT DTV TERAT — /L OREKOFHEHE
EREHTT 5. FRMEETVICEIT D HER L B K
U CROMINEREZ T L, KETT V) 0T
TR D RGN EEZRET S,

SN, RUEET VOREAKHIIICK L TRKE
NOBHTFEEBERT A &Ik, ERROKEEE
Wiz TR A R N a2 T 2. AR T, 7Y
TFERMMH SN B0 B T7 Y 7554 B
TV IENOFEL Y R I7HEEEE 2, HIMBIC
FOFEREAC AT 5. HEOLLBHFICE
ERMEICR LTE, BES O RE (LD DB
BOLEALDOFERNEBRT S, Fiz, BMEL Vo
RO MO O FREL b T T 5.

RIFFEIL, BEORBEET VBT D5 Y T5W
DB BURG I O FEHT & A LR 0O S 2R (L HE E o0 B
EFRALDLEOTHY, 7Y IFERITKT H2K[MELED)

DEBETAMAIE D F SIZHHT & L TOMESITE
& EZ_ZD.

2. FIIEMIHT SRIERBFEFMAR

2.1 FUSEREIE
WIETRARAZL OIS, ¥V TERN &= mRAe -
BIRICHET HHMOBIAEICL-ThbebIND
JRHB RS RE ST 17 5l &) Bl
R[RETOTHAG fiﬁbhfk%ﬁ‘ﬁb@’F%
MR "MEHENS. TRKTHETHWSH
(KT ki, RHARHIE TR <
B0, Bty o EIRF NP S mmfR E O
B LEOTH] EEREIND. KU TERELR
fEWIFRRINAMOSEL LT, [EFE) BT
v, TEH, W ASICE Y R 8AE+ 5%
LEZRIND. BEHEMSF T TRAELEZEEN
iz L COREENIC
ALEOIDIZ L AVE, 7Y TR & W) HEER~ A
AT 4 TEHETHENICEDLDND L O I TeDiX
20084ELIETH D . T D20084EITI1E 4 Y FEMIC &
DERNZFR D 20FE L FAE LTz, 200847 H 28 B ITIX
AR T, RSN X DB 1K
12 & o THRISOA A3l S, SA DBEWmREbiLD &
WO A LT (BRF4, 2009) . E722008
FRASHITIE, HITHNE X O F/KE LHBIE TE
EBSABHENTHTTDHEN I FMLRE L.
bilko@y, FUFENEEBE LIEHEIZNL D
PEET D, L LARICB VT, Ricsidk
LR RELZL LT ERAHEETHDL Z &
EEIRT 5720, FEERMICET 2 BEAAZE (P
b, 2018alE7>) LREER, 77U IZEWE WD HEEEME

BEH LT DBRN LS HDbND.

A+ 2. &T, WZEMMGERH100m « 15 OR[N
L—FERE AW SN D 7 U 7ML, RFZE
M A% B S km + K104y D EMET T /L OFERH S Tl
BIERRBESCKENLT LHRA SN TWARNVATRE
@1%5 L7 o T, ARWFFECITRR D MREED
RFEETNVICE > TREINDF Y TENEET NV
WCHEE L, ZHUCESW TN 21T - 7=,

2.2 FRTARBEETILOHME

2.2.1 20kmfEEEDLBRRKKRERETIL

CEE SRR I REETICET A T 0 ST Ak
FRL TS, 2007~201 14EE 21321 bR R AR A B
FTREF 275 (LUF, 8~ a) , 2012~2016
FEEICIRBEER ) A7 ERALE T e 7T L (LLF
BlETm) |, 2017THEN L IIRANRET T VEEL
Woera s 5 (LT, &7 a) BEnthirb
T3, 205 bEH7 BN TIE, 20kmfEE
JE D FEERMRI-AGCM3.1(Kitoh et al., 2009)31 77z
D3 AET T OHF T, Mizuta et al. (2012)1% & 53
FERRKREER T T /L (AGCM)IZ & 5 60kmfiFA4 B D 5=
B (MRI-AGCM3.2H) & 20km f# & £ o % B
(MRI-AGCM3.2S) (BAF, AGCM20) #%EfEL7=. =
OFHBEICE L TIE, CMIPS (FEsHfEATT VA
BEEHE) DR KK & RKIEERE 7 /L (AOGCM)
NPl S R KIE(SST) 2 EEm BT R &L & L
TW5. 20kmfR 4 DAGCM20TIE, + Dk
TIZRCP8.5> T U ADE & T, Hp5HSSTH ﬁ %
SWAREEOT Y T IVERNER ST, 22
TRCP8.5 (WA M 7 U ) 1% T i 71232100
FETRSWm* Az, TOHE ERMKE) En) v
FTVF (REF, 2014) 7. ZoT7 v rrn
FEBIT, CMIPSOMERZHNTI FAZGHTICEDY
Y T8 K B O fF S B b /8 & — o % 3FREEHIC 5 F (Mizuta
etal.,2014)L, ThEhEZEHY L b D (VT 41,
2, 3) T _NTCEYH L D(Ensemble mean) % &
DA OERR A S, Fig. L4 O m/KIR
DHERT. LLFTIX, 77 AX1~3%cl~3,
Ensemble mean%en & it J .

Fig. 1 (Upper) Four kinds of SST patterns for future
climate simulation; (Bottom) Difference of SST between

the total mean and each cluster (Mizuta et al. 2014)
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2.2.2 S5kmfR{EE R U 2knfR B EDEBSIEETIL
Sasaki et al. (2008)(%, ##7 7 7 OMRI-AGCM3.1%
BESGME LT, R I RUEE 7 /L (NHRCM:
Non-Hydrostatic Regional Climate Model) % B 3§ L 7=.
S 51T, Murata et al. (2015)1% & ONHRCM % v Tk
AR FE SkmC B AR ED O fEIRIC O VWT T v T
VB & FEHE L 72 (NHRCMO5) (BLF, RCM5) . Z
DFBEOMB S - MEEREEIZAET 2O
AGCM20IZ X B4R DT v 7V A& H A L4
FEOT Y T VERP TN, RCM5TIX
AGCM20 & 1 TH- Y, PP EmEREL TE LT,
FEERACR & L CRAEMIER N REXE v
TW5. fEOISGHMIE, 20 REEER (L
T, BAEKEEE) T1980~19994, 211l K&
FE (LLF, FERREER) T2076~2095FCThH 5.
& B ICMurata et al. (2017)1%, Z DRCM5% #1515
e BERSGMEL LT, Fig 20FR L=k 57220
BN I 830 DA E W EEIR I DV TR AR B 2km D
X ART 4 v JEH(NHRCMO02) (BLF, RCM2) %%
L7, HEOMNIGHMIFRCMSEF L TH S,
RCM2 TIE 1B B K & & 1055 BK AN H A S Tw
L. 2L, FREKEOHEIICONWT, IRFFBEK R
1%c0, cl~c3DAFEMNTFIET DI L, 105 FK
EIXODIFRIHDO K TH 5.

NHRCMO02

urban canopy | ¥ |
scheme (2km-r)1esh)
Dynemical o \k
N ) =

downscaling ™ !

“ / 7" Dynamical
P
% / /'NHRCMO05

N+ —(5km-mesh) |

—le

Fig. 2 Diagram of regional climate models developed in
MRI-JMA. Shade denotes the model height.

RCMS5 & RCM21Z, R4 DI K & 72 B 232D
HD. I2HEHEENFTOWMNTHD. 7Y T5MR
EDOBEKRAG IR ES T OB N IER ICEE T
HHD, TIT IR EE T B W TREERS
FAF—2H (LLF, HBAF—2LH) LWnH T RxE
UB—vaitL-oTRHEENS. RCM5TIE, fH
DOEEZ$HE — Rt CHIBLJ % Kain and Fritsch
(1993) (LAF, KF) AF—ABHWLATWS. —

77 T, RCM2IL 5l A % — A 2 I3 E STz,

Z DT VTR FF A E 7 /L (convection-permitting
model) & L COMESITTHY, RHEAF— LD

TA—=FDOFREINED RiEMELZEETE 5. 2km
&S BRER RGN 22 WK B I e VX E A B D
PREMGE TE 2O AF —LIIAETH D,
LWIOBXICESX, HEMTOIL TS,

20 BIZMEEMEOH N TH S, [MEETT LD TER
R THLHFR L, BALEBE, KEKORMIEID
E<BEboTWa. 7Y 7 ENITMFRE LD LF
MBEETH D E Vb, EERREOSE G EET
» D . RCMS T x & T o K IZ > W T
MRI/JIMA-SiB(Hirai et al., 2007)23M# F & 4, TR R
P OMEL(LL T TO KO EE N FHR S
nTnwa. =L, #licon T Mg L8
) & LTHEbI WD, ZOHHEE LTOH
BT v, —J, RCM2IZB Wi, #8ii
U v FiZ-2\CAoyagi and Seino(2011) & £ 14
% v / ¥ — A% — A SPUC(Square Prism Urban
Canopy) MEH SN TS, ¥y /E—ET L L
VAR TR DR FL S L D EME 7R B S0 U I 3
ERBATHIETAOZLETHY, Hiioe— T A
TV RBEREOHRBENHGEIND. EFEOHKRM
Axtg e Ly I ab— g TlE, SPUCOEALD
0, kD AF— AL E L CHETIRO KR mAH
B2 HI, E— R T AT ROEMEMN LY BHPRIZ
TH I, EROFT EHE LT, Table 11Z2ODHE
WRETT NOERERRIZ OV TRT.

Table 1 Specification of NHRCMO0S5 and NHRCMO02

NHRCMO5 NHRCMO02
(RCM5) (RCM2)
K fiR 1 5km 2km
IR - R 527 X 804 525X 1721
FATENER 50 60
FEEX A F— L Kain and Fritsch A ¥ — LNIE L
E )P E L Lin et al. (1983), Murakami et al.
(1994)
e i 1 MRI/JIMA-SiB #Bifi : SPUC
BT -
MRI/JMA-SiB
A ) 3057 Bk B 1057 B K &
(kB D H 71 (47%en, cl,c2¢c3) | (IR : en)
%)

20DFTIVTHBEN B BEAKSADENIZ DN
TR~ 2. A 22ERNIZ 2T, RCMS5E
RCM2IZ X DB /KRESAAOBEGEE L Leb D%
Fig. 312773, &L LT, RCMSTIXFAN M S 2
BREBUR - TEY, FILEOMBILA LAY 0T
VY., —5 T, RCM2 TIHfE %~ Oxt i 23/l 2 < REL S 41
TV HOD, MR RIEN RARRZ LR H 5.
BGHNCHD &, BRO L D 72 KB ZRBLLIZE L
THOIBREMNIENHALND SO D, HERTTHRIZ A
DENFERCHMAY R ZRICE L TELT L b xtis
DR LR, 2 OXTRBLRDBIAET HALESH
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Fig. 3 A snapshot of rainfall distribution reproduced in
RCMS5 (left) and RCM2 (right). Shade denotes rainfall
intensity (mm/h).

2.3 BHNLGERICH T IRBEEHOEZEICET S
BEME

BIETHD L1, 7YY JERELITRHHA
7R BT KRT 2 IREAL O BTG IR I LD 72 K
i CIXZ OB Z2 08T 5.

Takemi et al.(2012)1%20kmfi% {4 & 4 R & 5 & 7 v
HAZERWT, BHREHZIRIC, REGOREN
T HIZ I T D R R K O BREE G DRt R L & 2 W
L7z, ZOfE%, BRIy, KJURITEBIZET
5 ERLKRIROMRBEIIZENT S 5T, TREILE
FAKRBEENDHRT DLV IBRN TSN,
Takemi et al.}d, /KZRZ I KO R F N KRR E %2 E
ko R%E LENE, REEEE (SSIKIZE) &L
TIEARL EAL LBEKIREE DN D723 5 O TIE 72
W, LR TV S.

b 5(2017b)i%, RCMSOREKH % A WT, 84
O G EDIZB T 25V TEROFBERBEORT
AL N L2, 2 2T, BRSCRTRG O MK
VAT ANMBLT SR BELA) BFBIMICEAL
729 %2T, UTFDX D74 DHAEICH &S, Bk
WESAEBO BRI FY T ERERE L.
ZoEE, BKL—FEREFBELT LI LICE.
THELNESkmA v 2 « 305804 U FERNOK
KGHiEsR LT,

(1) WL OFEK B VHERE A S00km> AN TH 5
Q) BEAKENDT A 75 A L2053 LLNTH D
Q) TEM G OEKTHELELDTHD
4) OBEKELEITMSL L THRELEZLDOTHD
BAESBEL4>DOT o o T A RERECE TS
7Y FEEMROREAE BEUIFig 40 X 5 I2R o7, fF3k
FOFEMEZTRED FKRE CIM LI Z A,
SHAMKICB T 2HINEHHANICEE TH DL N

IRENTZ. FE8A 108/ Z Lo =m0k
Bl 2 A, 8H FANCII A BE RN 2o Te—
7, 8A FHIZEBWTS% A BKECTHE RIS
RENT. ABOBEOHEBICERT D &, BER
T8 A LA S TAICT THRAHEDORA N
H BT — T, FERRME T BB, D
BrRanA o, ZofE»L, 7 7ENICED
KEDY R 7 PEBCEIZIISA OKDY TR
b9 2 ATHEMEAS RIB S Tz,

25

T-test (one-side)
) : ++: statistically significant increase (1%)
=0 i : statistically significant increase (5%)

1
+ 4 4|

15 i
H 3 ++
10 J. "

1]

prencl c2c3 I prencl ¢2¢c3
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(31 days) (10 days)
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(10 days) (10 days)

Number of days of GHR event per vear [day]

Fig. 4 Whisker plot for the future change of number of
days having Guerrilla-heavy rainfall (drdt 5, 2017b) .

3. [URETIVIZE T HRBE/KEREFIR MO

3.1 XRAIN& (&
ERETIET A X A EOH A R BLELRZ VT
REBAIITONTWDER, XY FERO LD
72 RHB 2R B O BRI L — &1 X D m i e B
MARFARTH D, [HLZWHEIL 2010 4F LV 2E O
SREFLTHEPLELTX AN FMP L—& (=L F
NRIA—=HL—F, {E Ny 77— —\DHli%
T4, EBRAETIEEETIOAED L —FNEE S
nNTWs., ZO XA RMP L—ZICL580H % v
U — 2 2 XRAIN (X-band polarimetric RAdar
Information Network ; [E +72#4) THY, Tl X
D 1432 & 250mX250m A v = &) E VARG
T OEWHEDORAKSTmOHERNGONDS. 20O
XRAIN % JHWTZAFFEIZ L - C, 7Y T EEMFRELED A
B RBCET AN S BICH#EATE TS,
HEoNE, 7 I8RO~ OREHRmE
HENEW, GRETHO 3 FEEHAEDERSY
THERD TR AT AERRE LIz, 29 L2
BRI R OB CERAfINTETRY, LR
HWE T 204 FELVEEM T ARG L LT
XRAIN & W77V T WO R & T
W 2T LERBRINTEH L T2 (Filb, 2015).
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3.2 RCM5 & RCM2 0 Ltk
3.2.1 BFFk

ARFZE T, KAEET I X D BEKBE S AT —
2 ERMRT 5720, FRICHEN > TEOBBEMELT
L7z, RO 420 8 A D KBECTH S, i
L7zT—ZIZOoWVWTRBRHERDE ) THD. K
EFILTF —FIZHOWT, RCM5, RCM2 WL b BifE
KAET — 2 20 FM o2 HEH L. RCMS5 1220\ T
30 43 Bk i, RCM2 12O\ T T 10 2y MK B4 L
7=, BHMEIZ DWW TIE, XRAIN 2L % 2012~2017
D 6ESD 1 HEOH EERNERHH L. Xt
SEIR ITIT B M 5 O Fig. 5 H P CoRnd L D ZefEik (A
F 34.3~352 &, FHE 135.0~136.0 ) THS. K
WHRNZEDZ Y 7 ZERORMEMOEE 5
EZL L, ZoHBAELTE, L—FBHICBTD
BRI DR B Z BT 2720 Th 5. YikiEtkidn
PRA OFTHIR A EF L T A IR THH Y, HHF 2

BUEDO V=2 LD EEERBRM T TN 5.

LEERoT, REAHDL—ENLOEBERNEEL
ZTTHRIOFAIZHESINTNDHL—FNbOHE
B EEZZ T TICBEN AR L > T D Z &N
Z<, MRELT, BoN2EMNEICKT 2N
BEOEBINENEEZOND. BT ARBKE
IZDONWT, T—HIZXko THOHDORBERIZRZR 2
N, TNHERPICHE D 2o, FREZ O M EREK
wE 1 FMYS 720 OFBRKEE (mm/h)Z A L. %t
SAEIEN DO F T 15T T2 B W TRABE LA O FE 7k
TREAE AR L, & R KSR Bk o> A R AR A B
U7=. 5l Z21% 20~22mm/h OFExEFE 1T, 20~22mm/h
D REKIREME OB A & TORKMEBOKTE D =
TR L.

Fig. 5 Target area for evaluating the precipitation
intensity (in the blue square). a) The contour and shade
denote the model height and the urban grid point
respectively. b) Red circles denote the observation area

by radar.

72 %, [RIER OMEMT X Murata et al.(2017b) H 1T > T\
% . Murata et al. |ZHITE DR D /DI W EEEIRIZ B
VT RCM5 & RCM2 DK D FELME 2 2R L 7.
Murata et al. & AFFEOE VT, FAWVD T — X OREH

B\ D, Murata et al [TBIHMEE LTT A X A
T—HEMEAL, TTRERIBEKEZFHE L. &
fENT T, KRR THWD MO % B m
HZEEERICEL OT, FFEBEE LM L1 Md
AT, HEFRIEREO T — & % & CRKIREE I A
L7 b D& 3l L7z,

3.2.2 8

Fig. 6 |ZB& /K58 B o ek BokH b 58 8 o3 A & 7 .
RCMS {22\ CIEBLAINE & b LT, /DS WEIC R
STEY, WHFEMELRSTWLEI ERbLND.
80mm/h LA E DK & WK TR BRI BV T,
TNEORENSFEEERRES L TWAHZ ENRT
Wiz, $7b b, Skm fEE DO RCMS Tt 80mm/h
PLEDRE 2K E 2 [ TBL T 5 2 & 13
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Fig. 6 Relative frequency distribution of precipitation

intensity for RCM5, RCM2 and observation. Plot denotes

the 20-year mean (the 6-year mean in the case of

XRAIN), and the error bar denotes standard deviation of

inter-annual variability.
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ZOMBEIZONWT, KBTOBRETHET LD —
> C#% % LFM (Local Forecast Model ; KT, 2010)
OREMN»HELET D, LFM 1T 2km fEBEE O
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TERE LW DI B EDZ A I 7 biBEND
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(Fig. 5 /W) I2xt U TiENT 29T o 7. 72720, X4
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o TWAHIZLICHETHAILENRD D, S %
R GNAT o TR AT OFE R & Fig. 7 (ST, BEEDA
EhDHE, TREFEZRY, FEFTTR & L AE TR
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area: Kinki NHRCMOo2 land (1981-2000)

s NHRCMO02 urban (1981-2000)
vy NHRCMO02 non-urban (1981-2000)
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Fig. 7 Comparison of precipitation intensity reproduced
in RCM2 for the urban/non-urban area in the blue

domain of Fig. 5.
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WIS T& D L IR C& 5. LB R 2 Fig. 9l
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WTIEE ot 52 5.
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Fig. 8 Model height (contour) and urban grid point
(shade, coverage of building) of RCM2. Blue square
denotes the analysis area for Kinki Region and the green

denotes that for Kanto Region.
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Fig. 9 Comparison of precipitation intensity reproduced
in RCM2 for the urban/non-urban area for Kanto Region

(in the green domain of Fig. 8)
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Fig. 10 Comparison of precipitation intensity reproduced
in RCM2 and observation by XRAIN for the
urban/non-urban area in Kinki Region (blue domain of
Fig. 5).
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Fig. 12 Comparison of the original rainfall distribution
(top, left) and ones that are smoothed (21st August 2012).
The red circle shows that the cells are extracted as a

Guerrilla-heavy rainfall.
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Fig. 13 Histogram of ‘Peak of maximum rain rate’ of 35

Guerrilla-heavy rainfall events.

() B — 7 B DRk T VR

bt 2 7T L% Fig. 14 79, XRAINSkm LPF T
WHEEVMEZ & 500, FHKT 175km?> Th -7z,
XRAIN2km LPF Tl 25~50km’ # £°— 7 & LT, &
KT 100km> Th o7, ZOHHNE, 7V FERD
22 24— 11X Skm T 200km® LAY, 2km R4 EE T
100km? LANICEHL SN D L HEE LTz,

30

N | XRAIN2km_LPF

10
L !
0 :
0 25 50 75 100 125 150 175

E—S8EDRKEI/LETE [km?]

EH%

Fig. 14 Histogram of ‘Rain cell area on peak time’ of 35

Guerrilla-heavy rainfall events.
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Table 2 Temporary criteria for extracting Guerrilla-heavy
rainfall which estimated by XRAIN LPF
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Table 3 Criteria for extracting the
‘Guerrilla-heavy-rainfall-scale events’ for analyzing
reproducing characteristics
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Fig. 15 Relative frequency distribution of ‘Rain cell area

in peak time’ in Skm-mesh (left) and 2km-mesh (right).
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Fig. 16 Relative frequency distribution of ‘Peak of
maximum rain rate’ in Skm-mesh (left) and 2km-mesh
(right).
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Table 4 Criteria for extracting Guerrilla-heavy rainfall in

climate model output analysis
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Fig. 19 Diagram of spatial scale of cumulonimbus cloud.
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Fig. 20 Example of rainfall and cloud cover. Shade
denotes precipitation intensity (mm/h).
denotes the thickness of cloud (1-3). b)-d) Contour

a) Contour

denotes the cloud cover at each level.
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Fig. 22 Example of time series of rainfall distribution
reproduced by RCMS5. Green square denotes the target
area. Red contour around the cell shows that the cell

satisfies the extracting criteria.
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Fig. 23 Flow chart showing extracting ‘days having
Guerrilla-heavy rainfall’ in RCMS5 output.
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Fig. 26 Whisker plot of the number of ‘days having
Guerrilla-heavy rainfall” in August, which extracted
using the tracking algorism. The ‘x’ denotes the 20-year
mean and the length of whisker reflects the inter-annual

variability.
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for the ‘days having disturbances’in August.
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Fig. 30 Relative frequency distribution of SSImin in G
(days having Guerrilla-heavy rainfall, red) and Non-G
(the others, green).
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(green).
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Fig. 32 Future change of the number of ‘atmospheric
unstable days (SSImin<-4)’ in G (red) and Non-G

(green).
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Fig. 33 Future change of the number of ‘atmospheric
unstable days (SSImin<-5)’ in G (red) and Non-G
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Fig. 35 Future change of relative frequency distribution
of ‘Peak of maximum rain rate’ R qmax Of the extracted

Guerrilla-heavy rainfall in RCMS output.
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