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Synopsis

In 2013 summer, the southwestern part of Japan experienced an extraordinary heavy

rainfall that showed a characterized atmospheric pattern. In this study, we are analyzing

future changes in atmospheric character that cause localized heavy rainfall under the

changed climate. Future climate conditions were analyzed, which were simulated by the

AGCM 60km with various sea surface temperature and initial conditions. We also

analyzed RCM to verify how rainfall events correspond to atmospheric situation.
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1. IFL®IC

1.1 ExLEHB

2013 £ 5, A E TITRBRIEB P EEF M T
DEH, HRCEETO/NER ERFKEENHK N
7. BHCEROETIE, 7T Ao - BIRER 8
HORKE - BFZENR EFETCHALH )T o B A
R 72 X CIBEICRBR L2 vk 5 2B I3
LWl Y, KL ESS W KER SiIc kv X
RWEELEL L. IE, 20X ) REHOMH
AFRICE S P ENDBEBEDO LI IIEEL TWVD.
ZZTHEPEREIE, 100km BEDOE ST 10~20
km OIEZ b 5, 6 IFH~ 2 A F2EE k3 2 BN & 45
L, FmfE2s 100 km2 4 — & — % CTOFI miE %
B o H/ NN KRR L ORKILE & Wo o8B %

FAETERNE S D, —J7, IFEORFREZIZHES CO:
OPEHEOBMC L v MEKIERREAEITL TWE &
ENTEY, TOREE, JEOLFZF TR,
RMEBRICHEEEY 5 2, BRI ELE RIT
TAEMER S D, KRETORBEEHEHRL A — K
(2012) T, 7 A & ABLIHR CO RN EFAENTIC X
D EFRIREE 50 mm LA b & o 72 R SR AN TR
HEIMEMICH D Z ENRE SN TEY, kKD
MM RIEEN TS, 20K 5 RN S HEKIR
WAV FE © RAFEZE) & 4P SR I oo BEE LI DU
THEEPREE-THY, BKOENL BERZERO
B THBLE L RTINS,

BUE, [UEEB O FIIT 2L BEE T L (GCM)
D= TH L. [EGEITRRUIEFT T, Mg
IR DRI A BRI E LT, Ao KR s

— 299 —



£ 5 )b (AGCM: Atmospheric Global Climate
Model) 3 Bi% S 31, Z O E D REED AGCM 121X
60km A v =2DHDE 20km A v aDbLDRH
5. 20km A v aOERKKET L (AGCM) T
i, BESCHENATRE 2 ERERR[BBLITILFT
BCETWD. UL, MHRATERIZHE S £ PSmi
FRDOE TN ENART— L DBEETHDHDT,
20kmAGCM THEEFMZ T2 Z L ITREETH S.
% ZT20kmAGCM % % 7 v A r— Y > 7 L7z 5km
A v ¥ 2 OfEESEE T /L (RCM: Regional Climate
ModeD 3B &, ZTHICLVERZERDO L H 72 A
YV B A4 —/b (20km~200km) DL FE TRETE
DX TR R L oo T

5kmRCM # W KBELETHOERZFERICH T 5
WAEIEMIZE LT B AT~ RBFERED DT
BY, EFCBWCHNEOREZRBEINER, FFic
Hii® 100mm LA EOKREN G 72 5T RHKOKRNEE
Xt T2BAENEMT L2 ERRINTND
(Kanada et 2al.2010). £ 7=, #EWEICE LT, 5
(2011) 1T 5kmRCM % AW THRERAED 7 A & 8
A O EAICHIC B AR CERZERAEINT 52 &
EHELTWD. LiL, BEKITIERICHIZE CHM
nHMBEEMETLDODARAEEENEL, 2
20kmAGCM & 5kmRCM (X HITE R FF 8526, %
SRHER FEBR I 1 AR DR RS 25 F[ 5 L 72T,
5kmRCM IZEHW TR LN DB izsnd L b T
RCHNHFERBLTIERNEREND 5.
TR T, T T ARRRERSH
TW5 60kmAGCM DOFERZHWT, K[UEZEH TR
IZB A RRHEEDHEEEZED DL L2 KX H
BE&d5., ZD7=HI2, 60km ZEMSEEED H /1T
RHTEDLRERAFN—NZ2HL, HhoEH 0 KE
WCREREELH 2 5 R EERRIESRKER T 7 v
JAICERL, £HERERIEPOIRADI %
A D, 2013 FEOE LT A ARICHR S B Y H L7z K
FERRIE L, ZORBKITH > THARWEM H B ARSI
BICREALTERER 7 T v 7 ANBENTHY,
HAMWHI CTOEPEMNOBER LR/ BZ2bND.
L7z oTC, RU LI RFEEORKIEGDERELEEIC
Lo THIIMT 254, 2013 EDEICRE- L 5 4
SRR 2 ATREMEN B D LB X b D.

1.2 FRT—2LEHAEDRN

AW THEA L TV AREET UL T X TREN
RATCTHRESNTEZLDOTH S, FFREHEEICITE
Form 7 A0 MER TSN
20kmAGCM(MRI_3.28) ® BLIE 55 (1979~2003) &
21 AR K B(2075~2099) D 7~8 H d A FHH )
EAEHWT, 2013 FHEORKS &R LR EE HOKR

RGO LB L BAEHE X BRI VT 2.
7, 20kmAGCM ([Z L DR OFEMZ M EXE
5700, WEEKIEER[MYEE ELIE
60kmAGCM D7 v % v 7GR % FV T RO
Mreair>. BRI, EH7 e s 7200
60KMAGCM # i FHr (MRI-3.2H) 2B W THII &N
FMEKIERE 4 XF— L 3O0DMERF— LD
BV 127 oo TLVERGERDO S S, FER
F— L7 20kmAGCM ZHIFEBRTHLHWHLNATWND
FH (YS) 2AF—2DbODHLEMRNS. ZOME
AF—A, BTFHNOEOES DR DEHOREL
BAEAFBICHALTWAAF—LTHY, ZORF
—LEHAVWD Z LI THRARZRZEDNLISHFRS
nNodZEnbino TS, MEEHKBFE X — 01,
CMIP3 ¥ VFEF N ORI NRE — %52 7-a
vhar—nZ b, CMIP3 DEFEETNVEFIE R Z—
NZEoT3DDI TAE =TT, 7T AL —
TEIWEY LT RIBERY = B 5 2 AR 4 N2 —
UREZBENTWS. F, REMHEOE VX
HIXLOEXLEBET LD, AET v T T ATEMN
SH7z MRI_3.2H & 13572 2 WIS K 5 BERE
ERkTHay b= T PRI RGEATS.
Pk, BUERME 2 i, RokEE 5 O T v
TNAN—IZRDHNERER VD, &I, ¥
Hra 7T 2B WT 20kmAGCM 7 5 A &
v A=Y 7 Lz 5BkmRCM fE#z HWT, K
KRG LEPENOMIGERIET 5. Hdks (2011)
DEEAERFFEIZI W T, BkmRCM DR A 7> H B ]
IR B LR EREE AT, EhE
MNIEAE L724FE L 20kmAGCM IZB W TREE OF
BIZE VI LEFEL R LT, RRBICLDHET
SHOBIMEEFMT 5. Bl Eo 20kmAGCM,
60kmAGCM, 5kmRCM @ ARF%2IZ 35 ) % 0 A E4%
DOREEX % Fig.1 1Z7R7.
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Fig.1 conceptual diagram
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2013 FFE © B AR TIX, Rk 7220 B AWMl ¢
DKM, KFEFER L R, FEo—EHigk cobH
R ERRA RBEFRRRBICAEDN. KHTIX, Zh
LOBBDORNE oo REZTHONT, KR &
- BEE - FRPMHAICREET S DDV AT AT
HOKEL AT LA LBESERNDL, JIRTHHEE
L7 &R & LI 2179 .

RAEOEACITIE, KR OZF 8 S B E e 5 E %
R d. 20134 7 ~8 HCHH LI mAKREE, 4
YRRV TRT 4V VN TEELID SR D —
G, e BRI TIX A L VKL 2D,
Tom—=x BB LY — &R LT (Fig.2).
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Fig.2 7/1-8/251in 2013 average sea surface temperature

deviation from normal(JMA.2013)

WEARPELS 2D &, AEEOEIMIIY —#
RIS ENIIE RSN D, AT, A4 v REDHE
KRS L VKD o 72, K & HEPER] D 2L
Wary hI AR ESTZ LKV TOTEVR
—rpmbEhiz, TROOERIZE->TT VT E
A= RO TR T iTE B AN FE SIS R A2
Sfe. ZIT, TYVTEVA=VEE, TH ERO
BEEmEmAS 1 HE 7THOMT 120 ELLEEL, W
A TR B E ONE R 40% % 8 % 5 Hilik )
(Khromov. 1957) @55, T T INLHET VT
W T T oIk 2 5.
TIOTEVA—UIRIZEEND 7 4 V) UG
LCexRIER E AR D L, KRROBFEREIC X - Txt
TS RILO TN AR EEDOEER B EL B EIND.
(Matsuno(1966)-Gill(1980) D B RIS E) = Dl
WCTORREEOMELZFERE LT, EFrAL
LWV EHEDOT R LF—DEA~DEREIZE -
TPJ % — > (Nitta.1987) &\ 5 BIEKENR A AT
Bns7lvaxsyar"\Z—rpngEEn, ART
HERIEEOmEN RSN 5 (Fig.3).

Fig.3 PJ pattern(Nitta.1987)

TR EHERKIEO TR A~DIER D 2 VIL R TR
R IS T 5. ZoRBUE 2018 FEICHH T
IXEY, T~8 AV LR FE~T B ARD KL
EREMEOTERIX 1979 FLUKETH - L iR, K
FEEERENR WEIZIRY L7272 il - AR
THARTIEBONIFEFIZHLS o7 [Figd].
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Fig.4 7/1-8/25 in 2013 average sea level pressure
deviation from normal (JMA.2013)

—F, TVT A=V TOMRIERIZTTF Xy b
BRIEICHEEE 525, —RICTFy FEFITA
BEVEESPENTZOLEOHNEICL > TESY
T <, MxTHFHEIC & 5 Bk S BB
IZE 0 ERKATIE S, *HEE EES&EE S 72
52 ETTFRy FERIENRE D, 2013 FH 1L, FH
UHRETT Ny hEKRESEELVELS, FFICEA
ARA~DIRY HLE - T2,
FROHEAIZEIY KFEEGRE L FNy FEKE
DES LY, 20 2 00EKEICEDNL-ZAKRT
TEHENEELY ZL ko, ZOFETHAR
ZHRICEEMICEE SR, mmRkoln+itiT
R ERIRDS 41.0 Ak L, B FiRm & e
ST, BARMEOWHHERAKE D RV &E, o
T 7~8 A D HARMEEIHRO KKK EIZFEEICHST
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Zinol-. TORD, TEIZED B L KEESRE
DRI > TEN L 18- 7222525 B AR5 B
AFNFHITRE AR, EFICHRONEZLZO L. K
KRT T v ADOVEEEFDL L, BARBRHEE TR
WHMAERAZED T 7 v 7 ABRBNTWD. £z, ®
JEH ST TIHEREFEMTHNESRED 7 T v 7 ATk
ST Z LI RV KERDOIFY; & 7220, HERATRIC
ko ZEMMNRELE LR EEZ 5N 5 (Figh).

Fig.5 7/1-8/25 in 2013 average water vapor flux and
specific humidity from normal (JMA.2013)

L EDOHTIZ LY, 2018 FEOKKE ORI,
T o= A OWEE KB = T TR
— U CORRIEAL, BB RKEERRE L TN
v NEREOAARME~OE Y HL, ARETOE
W AIRICRE 9 KFRK oM, Ok 4 SicF &
oD, KHFETIE, ZDHIHHARATOZENICE
BElbom B2 N K FERKIEDOE~DIEY
HL &, KER, FICHENSKER T T I AD 2
RICEHL, RREPOEPRERZEXD Z 2R
BB

2. 2 MEOEELTHIRIIGDEFH
AHFFETIE 2.1 B COfH NS, HARmEWE LICR
DH LR PFERRE S, TORBKICH > TARYE
BNZR EIAATEKRIBRR 7 7 v 7 A e E P SN
DFER & B2 L, 2018 4E & [FEEO KRG OB % R
SEOHEOME T 5. £72, 2013 FEEICERN
Bz h o i P EM DS & b5 o B AR RN 3R
T D70, KERTZ T v AT EMG B A &
st B AR, 2 2% KBRS AN B AR
ERBRICT D 3 ORI T 7=, Akl X
Elf 5 & adbti s o R H =0, KEKT T
v 7 AL LCIKBISEE L Z & 2 & B3] 7 FL v 13 3%
TRy SN AL ISR ZER A EEO L O
WAL TEBY, 2013 FH O E LTHRZ LW
TEORBENBHA LTS, BIRRY 2 ML DU T IR
i

(1] ¥ B8 1 &6 2% 1 0 AT
< FUNJESA @ B AR FEHE B CER R AN BN T
WA G
- RREREDS LRSI bR AERELIC TR T
WAEHETYH, EmRERZEDILINIZD 0> T
E Aoy
- HR 100~170 B, dbfE 10~60 HE 43T o> % Pr 23
—RRICEREREICE Db TV DA IERL
(2] KEKRT T v 7 AREHAG
DARM B AHER
CSUMAEES TR M X mAEE R L, odtkEE
OB AL CHRA X FAEEZRTHA
2) F [E 5 B A AR
s JUNHEE B T X R EE R THA
3) A A7 A AR
- depEt 7 EL O A ARECHRN S RmELEZ L,
FALH T O KOEHERI TR M & W2 n T A
PUF, RSCCHEEE B IERERE M & KRBT
F v ARMEHH &, BICHRF ERE L KRR T
Ty ALFT. WmEIERE, KEK 7T v 7 A
WFOEEEHIZTbOEMBORE LIz, 7272
L, KERTZ T v 7 AOKENE T Y i IEXTE DK
i< Lz, T obbilfmE EXED/NF — N
LRI 5 THTHKRER T 7 v 7 AT K- T
SNdEoicLi. ZoHEBE, KERK 7T v T A
DFBPER~DEBERLY REVWEEZZLDTH
5. WHEEIERE, KAKZ 7 v 7 23k 2013
FEHORREZ S L ICEEEZZREL, 05 HHEHM
FEHEIMFT COERICTFTS LIz EZLNEH Y
EENENOIRAEL LT,

2. 3 HMEORNE XIS OENA
ABFFETIE, 20kmAGCM & 60kmAGCM 7> 5
FENDHAEHEE AT AAREDOHER EIERE
KR T 7 v/ ADRARBEGT —XI12L, h
LEARICL ST 2. 2HiTEDILEEIIYTITED
RERGHBNDFEEMET 5. REOLEMSE T2
SEEE NI BAE SR, [ R KR I I BAER D 25 4
PRV, ZOVHENSDEEFETRD TV
5. Ik, BUIERIED LD B OB R R 5
WCEWTEMT 5 LAV nEZBl 5T 52 &R
KO BHTHA-OTHD. Thbb, HEX
ot LSRR ETIE 25 AE D EREN RV, Bllx DO
BB & D & BUER M & FF e K5 T i 72 L 3
TERLRDHHTHD. FIRE LTIE, 3R
FIEREL KRR T T v 7 ADFNENTHRAEICY
TIEHELZRIJGVIANDELIN L, TO%ME Y
TEHELHEOFOLEZHRMAT 5. EHEIZ L > TH
H SN REBHRFEORTY % Fig.6 IZ7-T. 7235,
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KEK T T v 7 ADKTIIH L 2m TOHIB DR
ZEY (h7—) T, KBEK 7T v 7 ADME LK
T EDRAE (N7 M ELTORE) ZRENCE
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Fig.6 Typical examples of atmospheric pattern picked
out, a)sea surface pressure, b)~e)water vapor
flux(vector) and specific humidity(color). b) is example
about Chugoku region, d) is about Tohoku region. ¢) and

e) is enlarged illustration of blue square in b) and d).

ERROFEICL o TS EHEICY TIxE D
REGGBBLAL DA O H B B & BUE R & PR A R
LTI L, TOENFETOLINE I D E x 5F
BREBLOTREICLIIEHBREEZANCTRET .
PlEizky 2018 FEOEMRE bbb LI LS 2K
RIENEERREICB W TN 2 024 5.

3. RRBICLDIMREMHDMER

3.1. 20kmAGCMIZ kX o HiIHE#KER

Tablel IXBIERUE, FFRAEIZIB VT 20kmGCM
ERWTRESGO LR X > THiIE S i=FE 0¥k,
Table2 % Tablel O#EFRITH L x “RMTIC L B
PRE AT o o R A, AN BARMER, FEHSA
AR, FALHDT B ARHER E L Z RSB W T AR
RLIZRERTHD.

Tablel The number of years picked out by atmospheric
pattern in 20kmAGCM.

The main island

July August
Present 6 5
Future 11 11

Chugoku region

July August
Present 7 4
Future 12 11

Tohoku region

July August
Present 1 2
Future 6 4
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Table2 The statistical significance of increase between
present and future. The yellow shaded cells show 5%

significance level and the green shadows show 10%.

The main island

July August
2
test statistic X 2.23 3.31
5%significance level
L . 3.84 3.84
rejection region
10%significance level
2.71 2.71

rejection region

L L, Table2®#ER CTIIHEKMES Y% THERE L
LTCHRTWDOIEFEMED8A, WL D7H
P Thd. T70bb, 20kmAGCMOFER 21T Tl
REGOBEEIZ L DM GFOEITIHERERETHD &
D Z 720,

3.2 60kmAGCM7 >4 > JILIZ K BiHEER
WIZ, Table3 12 60kmAGCM 7 > 5 > 7 )V EBR D K
KRB L > T SN REOH 2R T .

Table3 The number of years picked out by atmospheric
pattern in 60kmAGCM ensembles.

The main island

July MRI-3.2H MRI-3.2H MRI-3.2H MRI-3.2H Initial condition
Chu g oku re gl on control run SSTcluster] SSTcluster2 | SSTeluster3 | ensemble
Present 5 8
Future 9 12 7 6 6
July August August |MRI32H |MRI-32H | MRI32H | MRI32H | Initial condition
control run SSTclusterl SSTcluster2 SSTcluster3 | ensemble
Present |8 6
2
test statistic x 2.12 4.67 = 0 2 - i 2
Chugoku region
o . e July MRI-3.2H MRI-3.2H MRI-3.2H MRI-3.2H Initial condition
5 A)s1gn1flcance level controlrun | SSTclusterl | SSTcluster2 | SSTcluster3 | ensemble
. t . 384 384 Present 5 8
rejection region Futice ) B - 5 P
o 1 1f1 August MRI-3.2H MRI-3.2H MRI-3.2H MRI-3.2H Initial condition
10 A) S1gnlflcance leVel 2 71 2 71 control run SSTclusterl SSTcluster2 SSTcluster3 | ensemble
rejection region Present | 3 -
Future 13 8 11 7 9
Tohoku region Tohoku region
July MRI-3.2H MRI-3.2H MRI-3.2H MRI-3.2H Initial condition
control run SSTcluster] | SSTcluster2 | SSTeluster3 | ensemble
Jul August ] Z
Y g Future 1 6 2 4 3
August MRI-3.2H MRI-3.2H MRI-3.2H MRI-3.2H Initial condition
2 control run SSTclusterl SSTcluster2 SSTcluster3 | ensemble
test statistic X 4.15 0.76 Prosent |4 3
Future 5 4 5 5 5
5%significance level
ot . 3.84 3.84
rejection region s s S
AN A AR, T EHT B AR, AR B A
10%significance level S g N e .
Josig 2.71 2.71 fOFTRTIZBNT, FEAEDT TR
rejection region < . e U Ry G s
L g N — THUE RGBT LA TR RSB Tt RAE D E A

x ZRMRE BRI SRR &R R Tl S R
DEDZEITT LTITV, 2070 & OIREEHLO b
L, MEMHEBVPEHIRZBANIZIHRERERH D
FM+25) L, BaRdhZaERETIERD
URBAGITEI T CE220) LHET 5. AENT
BUERME L i L C, fERRMHETRRG O LHEIC X
STHHENDIENMEMLTVWEZLORETHD
DT, FHREEIToT-.

Tablel DFE R TIX, BIERBEICE N TRRAMET
FEREKHGICL > Tt S 2 F I — i L Tn
B LI, AN B AR & E-DG B AW TIET
ARS8 A OBAANN R E V. Z OFERIT, Rk pE
IZFBWT BRI CEPZEROFBAEMENRH LA
WZHEINE % 29, SkmRCM % F V7246 Hh 221l O iR
RIS 201 ERFIE L TND EEZBND.

MLTWad. oL, AMBAARER 7 A28 2579
HHET Y7, 8 HO MRI-3.2H 7 7 A % —3
DEITEDPTHA L AN=BHY, ML TN
T% 20kmAGCM TORERITEARTHMEA /NS W
A N—=H 20 AN AR T, 8 Hick~_T7T
AoO¥EMMARE . —HFHEMF T 8 AN 7
A X vmEmnKE ., dibsy CixBlERED 7 A
THIH SN EOBRBIT/NE WD, 8 ATt~
THMARE W, —HFHHMEIC L 2BV TIE, Hus
RA T LR Y, YIHIEOEWIC &2 B R
ROz, Thabh, FIHEOE WK
DHELZITK LR R ZEZEZAET, Tt
L CHZ ML 72 WIE T T 2 R — P Al
T 7T NI oTENENEZEEZD.
60kmAGCM BIER i & kA= br— 5
NEENEN 20kmAGCM & [F] Ui i KR 55 A & 5
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ZTWDHR, KRBT L D RGFEOM R R, fF
SR CEANAE SR 2\ H ORhlek, BINEFERZE O
H DR EN, 20kmAGCM TIToTfER & & E 0 Kk
LCnguy, FEEICHE U4 & A o EXER A
% 20kmAGCM & 60kmAGCM Tlb#s4 2% &, HAfT
DAY BN D o7, Fig.7 I2BlZ2 =7 .
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Fig.7 sea level pressure deviation in August,1979,

from 20kmAGCM(right side) and 60km AGCM(left side).

Z OFEITHE, 20kmAGCM TIEifEH F EAEIZL D
T EAEC Y CTIXE D28, 60kmACM ClIAnE iz Y
TIEELRVWEDRRI S D, ThbE, ZOWm
HIERJEDGAADEWNZ XL T, ZOERMH O
GUTIR DD I b 72, I RIGEVWRET
tEEZOND. Lo T, AEMIMOEICIX
20kmAGCM IZ L % fli Hi#& R & 60kmAGCM (2 X % Hih
HifE Ra, B2 DML A =05 Ol IR &
LCERATEZ 2525,

DITFTIE, REZOL I BMSEWET5Z &
NTELIZONELLEBZRLTEBL. Thbb,
20kmAGCM & 60kmAGCM =1 F m— L5 > Tl
CFEEATHORIGONAMNR R EE L LT, L
TFT2onfHNEZLNE. 1 2HIZ, MHEOHE
AZX—NTHNBNTVD YS A X — LT, 1.2 #i
TR LD THNOE S DR 5 EEOREEIC
L B DRI e S R AT A — T 2 T
L. B0, TORXINDEI &, BENDIHE
EOHMNEL D2, 60km &+ Tk 20km ¥+ (2 L
NRTCHBOHENFEBEENTLES. ZOFEND
REGICHEBE G2 ERO12LB2605. 2
S HIZ, 20kmAGCM & 60kmAGCM T it K& F)HE
DR DI, TIPOLEBINDBRN LD &
Ezoib. B UK A — L CE U KR53 A
Z 5 %27 MRI-3.2H OHIELGEH i & MIEE T
P T ADOBESETIE, MEIIRKYIE T

TH DN, Fig.8 I Lz X 9 il 5 IERE D55
WCEWRD 5.

HPA_mO1 SLP deviation 197908 60km

SLP deviation 197908 60km
£ 0N hPa

LLlbob5500000=
PeoNAB——LAND =@
LLloob5500000-=
PeeoNAB——RAND—O®

0 0
100°E 110°E 120°E 130°E 140°E 150°E 160°E 170'E 100°E 110°E 120°E 130°E 140°E 150°E 160°E 170'E

Fig.8 sea level pressure deviation in August 1979 from
MRI-3.2H 60kmAGCM (right side) and 60kmAGCM

initial condition ensemble (left side).

Pl k250 A5, 20kmAGCM & 60kmAGCM =
v ha— 5 s TIEFEDORGEITIE L e &
Zbhb.

—J7, FREEDIOD I T A K — O KIEF-E
NP — T eI SN AR TS E, THIRE
OHIL TS 7 7 A X —1OEIMN—F L. £7 7 A
S — DR AR SN T D, W EIERE &K
RRT7 7 v 7 A, WHEHARIZOWT, 77 A4 —
4R L a v b r— LT DN R 2 ) &
DF%Fig.9, Fig.10, Fig.11iZ~7 .
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Fig.9 2075~2099 average in dJuly( a)~c) ) and
August(d)~f)) sea surface pressure difference between
60kmAGCM control run and three ensembles with three

SST patterns.
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Fig.10 2075~2099 average in July and August sea
water vapor flux difference between 60kmAGCM control

run and three ensembles with three SST patterns.
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Fig.11G)  2075~2099

temperature difference between 60kmAGCM control run

average in July sea surface

and three ensembles with three SST patterns.
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Fig.11Gi) 2075~2099 average in August sea surface
temperature difference between 60kmAGCM control run

and three ensembles with three SST patterns.
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KIEOBKIERENTNTE Y, JUNHF I S
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T ANBENTWS, ZHIF228i TRE LI RE
SOEMEIZYTIEEY, My 72X —TIEEDLD
REHITI ROV, LER- T, MEAKROHIE
B — N L DREG~DEBENBNTND EE X
LD, LaL, 8AITMEmEAKIRD/XZ —1X7H &
WFEAEBLLWA, KRBICL DM ox 44
X7 T AR 2R —FLL 2o THEY, 254 FH LT
KEGORKMEL 7 T AZ—2TORLTFTES. =D
728, HEHKIR D TR/ 2 — 2 LIS D] 5 2> BEK|
DL RERPELRIIGIZE 2120, DV
AR OWI 2B THEREGICEBE 5272 &
ZbNn5. LrL—5T, 77 AX—HORKGED
EWE, FEORZEICK L TL0 DIRE D7 Lo
<, ZOMWREZBETHAEH), L0 RICH
SRR D .

WIZ, 60KmMAGCM 7 > o 7 A TRRBIT &
DRBAEOHIN L7ofE R E N— AL, ETMITLD
52 &2 TfEkEME & BUERBE CHIEE D
ENFETHINE I D E TREICL > T+ 5.
BLHITIT o 7c x ZIRME & RIERIS, fFRA M & BiTE
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&, AR E CRIER R &S IEHIK 2 8 2 V3fEk
THHEERFEICHML, B 20 ER SR
HTFT& WL BT 5.

Table4 ([ZARHFIETHWEZTRTO A U= 5
b, REBIZEDRGFEOHILFERICHTD T
MEZITOTRERERT. TRTDOAUANR—=LIT, 3
= CTHU 72 20kmAGCM 77 & 520 60kmAGCM 7
VYT NRA R E BT 6 DDA R—
Y. £ET A TOMBRERE Tables 12777 .

Table4  The statistical significance of increase between
present and future from 20kmAGCM and 60km AGCM.
The yellow shaded cells show 5% significance level and the

green shadows show 10%.

The main 1sland

78 8E
test statistic T 2.177 2.070
50/ aiomi
5% S}gnl_ﬁcance_ level 9571 9571
rejection region
0f a1 3
10%significance level 2015 2015

rejection region

Chugoku region

78 8K
test statistic T 2.366 5.000
50/ ciomi
5% S}gm_ficance_ level 9571 9571
rejection region
0f a1 3
10%significance level 2015 2015

rejection region
Tohoku region

7H 8K
test statistic T 2.825 3.162
=0/ aiomi
5% S}gm_ﬁcance_ level 9571 9571
rejection region
0f a1 3
10%significance level 2015 2015

rejection region

Table5 The number of years picked out by atmospheric
pattern in 20 km AGCM and 60kmAGCM ensembles.

The main island

Tuly 20km 60km 60km 60km 60km 60km
controlrun | cluster] cluster2 cluster3 | initial condition

Present | 6 5 8

Future 11 9 12 7 6 6

August | 20km 60km 60km 60km 60km 60km
controlrun | cluster] cluster2 cluster3 initial condition

Present 3 g 6

Future 11 9 9 11 7 8

Chugokuregion

Tuly 20km 60km 60km 60km 60km 60km
controlrun | clusterl cluster2 cluster3 initial condition

Present 7 5 8

Fure | g 9 12 7 6 g

August | 20km 60k 60km 60km 60km 60km
_controlrun | clusterl cluster2 cluster3 | initial condition

Present 5 3 7

Future 1 13 8 11 7 9

Tohokuregion

Tuly 20km 60km 60km 60km 60km 60km
controlrun | cluster] cluster2 cluster3 | initial condition

Present 1 1 2

Futwe | 6 1 6 2 4 3

August | 20km 60k 60km 60km 60km 60km
_controlrun | clusterl cluster2 cluster3 | initial condition

Present 2 4 2

Future 4 5 14 5 5

Table4 FOEB S B DS S iz~ A3 H EKYE
5%, OB DS I N~ AIAEKYE 10%12
RLABELHM SN L E2E%RT 5. Tabled OfE
RTIEEOHIKIZB W THAEKE 10% L ETHE
ML TS, FFiCHPE#S BARMERO 8 H & HL
M7 AR O 7 H, 8 AT, AEKES%NTHE
EMLCREY, GHEEOEVERESZAD. Ll

AN B ASHER O AR O BN 5 5 A B,

W E T B AR & SR B AR AN ST DA R
MERY%E, LTIV EWVWETTHIICHLEDLL
P, 7 A 8 AIITHEBAR. Ak, AM HAYERIX
HE T B AR & SR T B AR A S ATV D
T THLIOE, FHENELTND. ORI,

AN B AYF T O RKIFIT X D 5 GAFE O LD,
HE T B ARYER & BACH T B AR R A b g & LTz
BAEOHMBEER AT L TWVD H O TR WERME
NHdIEERT. £ZC, HEMGAARMEH L E
b5 B AR BV T S =t RE0 K %,

BAERE L FERREDO AR ERENAF LT,
TR RN A AR OB FERE LTRETH. bbb
Ah, PIERDT B AYEM, BEALHDT B AL,

RGEL LTHIM S NS A1, 28 Tidkl, 14
ELTHTY M5B, ZOHERAIMNB AR T
BIERE L I RRUEDO R GFEH OECH LT, FE
THRIEZ1T - 72 5 % Table6 (27~ 7.
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Table6 The statistical significance of increase between

present and future from 20kmAGCM and 60km AGCM.

The yellow shaded cells show 5% significance level and

the green shadows show 10%.

The main island

5.

Table7 The statistical significance of increase between
present and future from 60kmAGCM ensembles with

initial conditions.

£33 Oz E DT B AR & F AT B A ]
X Tabled AU HDOZEFHEL TV 5. Tabled & ik
LC, AMNAARWMTT7 A, 8 AIIZ 5% A EKUAEIZ
HLTHLHEERBEMEZ LTEY, MERHEZ ik
LTHHEEMENREICH E L2 e R8bhb. £7-
Table6 D& TIZBWT, 7 AICHk~T 8 ADRERR
FESKEVWC LI, 8 A THARMEMOEPZEHR N
FEREEINT 5 &5, 5kmRCM X° 20kmAGCM % I
WEBEERFZE TR BN TV A ER R L A L
TWb., LERN-ST, ZOFFITHRESNEZARIMNA
AU O HAE, T75b b RERDT B AW & 51
e 7 A AW O FE O FES O BRI, LV
EHRETHLIEBEZOND. LLF T OH %
AN H AR OFHFEREHNS Z L LT 5.
KIFFETCHWET R TOET VIR THTHRET
X, TRToME S A TREGIC LD MHEROR
BRBEMAR TN, 7o 7 AERICBWT
ETFT ML DRHH R ER R NSNEEZBND
DX, T NVOMGESCERGENE L PISEO
BB HPEET v TV EBRICL D HIET
bn. 22T, RVHMEBERREELITO LD,
60KMAGCM D25 DFIHIME Y o % v 7 A TH L7-
FERORITH L CTHRIEZEIT - 125 £ % Table7 2R

July August The main island
July August
test statistic T 3.630 3.780
test statistic T 3.000 3.000
=0/ aiomi
e S}gnL_ficance_ level 2.571 2.571 5% significance level
rejection region rejection region 12.71 12.71
o
1 /‘os_lgr:fica‘ncg level 2015 2015 10% significance level 6.31 6.31
rejection reglon : rejection region ) ’
Chugoku region Chugoku region
July August July August
test statistic T 2.366 5.000 test statistic T 1.000 1.500
5% significance level 9571 9571 5%s§gnif1cance_level 1271 19.71
rejection region 2! 2 rejection region ’ ’
10% significance level . . 10% s_1gn}ficanc<_e level 6.31 6.31
rejection region 2015 2015 rejection region
Tohoku region Tohoku region
July August July August
test statistic T 2 805 3162 test statistic T 1.000 2.000
est statistic . .
5% significance level - .
— SlnLicance 12.71 12.71
5% significance level 9571 9571 rejection region
rejection region 2! 2 10% significance level 6.31 6.31
109% significance level _ _ rejection reglon . .
rejection region 2015 2.015

BOKYEIC R IR & el L ¢, Yotk T
LIREMAENIEFITNEL, AEREMAEL 72
W ERDMND. TAIRAE Mg o s & A AR
oL LMETHIZ LTz, Ty T
JVA U NR=PR2O LW HEENLERY, A
BKHEICH T D FHIE R 200 KEL RV EHT D
ENRELLRDIENFERNEZ X OND., 22T
WIZ, ToH TR R=2 0T =0, K%
DB O RN/ TH D Z &b ARWFIE TILRK
BI7R &7 & Uie, WEE AR AR/ N F — v DN
L7 o T VERB IR, PIHET %
TNV ARER T SRR IC K LTRE 21T
STz, MREREF % Table8IZ AT .
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Table8 The statistical significance of increase
from 60kmAGCM

ensembles with two initial conditions and three sea

between present and future

surface temperature pattern.
The main island

July August
test statistic T 2.997 3.000
5% significance level rejection 9776 2776
region ’ )
0/ a1 3 Al -
10 /oslgmficanc? level rejection 9139 9139
region
Chugoku region
July August
test statistic T 2.256 4061
5% significance level rejection o -
region 2.776 2.776
0/ a1 M A ]
10 /051gn1ﬁcanc<_e level rejection 91392 9139
region
Tohoku region
July August
test statistic T 1.486 2.064
5% significance level rejection - o
region 2.776 2.776
0/ ot 3 0 1
1 ;oSlgmficanc? level rejection 3189 3139
region

20kmAGCMIZ L % fili i - & M B 1S & 8D 7= Table6
DRRER R & T 5 &, RN AR OT7H8H i
AL ET BRI O8H T, A EKAEEY% IR
DEBERBNMAPBEN TS ENEEL TWDH20,
ZOWIMIN e BEEOSWERES XD, )
T, Table6DRERI E eV, HALHIT A AU
TIAERBMAREN T2, T722b5, Tabled
TR O ALK G B AR o F E 72 #ni,
20kmAGCMIZ X 2 HIRER D FEN RE N L F &
5.

Ll _E ™ 20kmAGCM & 60kmAGCM % AV 7= K& 3
OB LY, THEARIN B R 2K T, £7-8
A B AR ORI HE T ICB VT, FREET
20134F & Ll 7= R & FF D KRR DB 2 B DS BLAE
SREL L CEWABREZF-> CTENT2 L5 %
5. Fiz, TV I ERE RO TERO M
REMNDZLICL > THEENFMCE, 0¥
NEVFZEAEMEZELLFMMTESEEZ5.

4. 5kmRCM & 20kmAGCM® i s

IR LT E KRR OREIC L o THEFZEROA
& EEGFTORBEIRZ DD D0 E ) 2 &GN
T 5701, AT 5kmRCM 12 X % M4y H
NEEBEHNT, $8 T HMEAHRICHE D £S5

AR U724 &, ARIFFE T 20kmAGCM % VT
KEORHHIZ & » THIH S F L oxbitizon
TR 2. 5kmRCM B 4341 HH ) & V7= S 5%
F S Ol RS SR, Jeib L=k 5(2012) D SR
WREHAWS., REELLMEELME LA &
FHEIC 2018 FOEICHRELZEPTEREEAR LT
%7z, 5SkmRCM OBIERME & FFRZFED TH L 8
AlZBW<T, FEMY7, #®Aeldr, bty ong
O B AR CHRENATRIC L 2B ERAFEAE L
AR L, K& OERAEIT X 5 A AR OE
SENARFEOMHAER XS L TV ERFT 5.
FEM 7SRRI A AT O T, RIEHLDT A ARYEM, HALH
FHARBRICTERNARELEZGAIC, TAFNOH
WCORE LIZKERT 7 v 7 ADHMEIZHE > TKRK
LWaEHM LR EHIG L TO DM 20 TH R
+%. 723, 5kmRCM TOHETEROERITTIS
QOIIZ XD LA F O EHEIZHE S .
1) 30 43 &

- FER R C 50mm Ll _E ORIk 23[R U i
12 2 R LL B4R 235G

« BRI 2#U% ¢ 50mm LL_E O A E U Hilsk

2 2 REBANIC 2 B S0 B 2356

2) 3 R &

- 150mm Ll LA L= 54

+ 100mm~150mm O WA HE L, F O

[ Uiz 3 R DL LS4 2 356
3) i R AR O R

- MR IZ 31T 2 A0 MR O K FEAFRARE N
s
PLETRCEETLOEENEREERT S.
Table9 |2 5kmRCM &40 4f H J1 O B EARATIC &
STHEPERAEShEZE (LT, ATz
O Eh-FE 42 RCM £RZEFELRLT) &
20kmAGCM 2B W TKREHOEHEIZ L > T &
NTERKIE L TV D EEERT.
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Table9 The

ratio that

rainfalls

observed from

5kmRCM relate atmospheric characteristics observed

from 20kmAGCM

a)

The main island

July August
Present 42.9% (3.7) 50% (2,/4)
Future 37.5% (3./8) 66 7% (8.1)
Chugoku region
July August
Present 57.1% (4/7) 50% (1,/2)
Future 80% (4.5) 57.1% (47)
Tohoku region
7H 8A
Present *% (0,70) *% (0,70)
Future *% (0./0) 33.3% (2/6)

*Yellow mesh shows that the numbers decreased when the
criteria of SLP changed strictly

b) The main 1sland
July August
Present 50% (3,/6) 40% (2,75)
Future 27.3% (3./1) 72.7% (8/1)
Chugoku region
July August
Present 57.1% (4/7) 25% (1./4)
Future 33.3% (4.1) 36.4% (4/1)
Tohoku region
July August
Present 0% (0./1) 0% (0,/2)
Future 0% (0.6) 50% (24)

a), bOHEFIFTNENL TOERNXUITHE, X
® A, B, CixFig.12 DWARDEREITHED
a) RCM E£HZERFED 9 b RIRIG LMY T
F 5 EDEIE =B/I(A+B)
b) REGNEHEICY TIEDLHED H> L RCMEF
SEHAE O FIA =B/(B+C)

Localized heavy rainfall with front can be
observed in RCM5km (RCM rainfall year)
(A+B)

Both SLP and WVFL meet criteria
(B+C)

Both Rainfall and atmospheric condition
can be observed (B)

Fig.12 conceptual diagram using 5kmRCM and
20kmAGCM

Table9 @ a)iICB W TEFE I NT-EE1E, RCM #
PRRED I L, RJLOBBIZE > THiitHsh

TAEOEISEZHR L TW5. 5bkmRCM THIER fE &
5D TH 8 AENEFNOEIGET R TEY LK
HLOEVEHNREG LT DL, AN B AR T
49.3% Tho7-. ABNCR D E, 7 Hickk~T 8 H
DOEENHERE LR EICE S o TN D,
wiz, HEHS B AR TR R E AT 61.6%
ThHY, ZOZ LI HTZI itk o TRA
B X 2 AR & RCM #EHEME, ThbbiK
SRE CEPEREDOXEN LV R RoZ & %
ALTWD. —F, AT, BAEBMEERCTRZ
BELIIRARY, 8HLD 7T HOFEENEL -T
W5, BAEHFICBI LTI, kA ED 8 A LISk
1% RCM £ M ZEFEN 2 h o 72729, 20kmAGCM |2
BWTKEE» S SN 5FE L, RCM £ ilE
E DI EFMITE Ao 7. BERAARIC & B fifhr
TIHEPEREAER L T fFkKED 8 HTh,
HEIX33.83%EHTVELI RO MoT.

IC, RPOEAI BV OSLIZEDIE, Wi E
EREOEHEE 22 HIiCEDL DI VEILL Lz
Bh, RRBICL 2L RCM EHERELE D
X, 2FED A) TERINEHENMEL o E sy
R L TW5. 5kmRCM THEHPZEROEHENH 5
FREAFEAET 2 AN B AU, EH T A AW O
EANEDTAREBRIRINTND I NG,
HEKIEDORKYEZE L= F D 20kmAGCM O K&
% & 5kmRCM EHZEMF & OISR RN L b
N5 Thebb, 22#OMBFIETERLIZE DI
EPERICOEWHEERIEL Y KER T 7 v 7 AR
IOV RERPBEHEZTCNDEEZLND.

wIZ, RCM T ZERED 9 b, KEHORHENEE
HEIZY T E LWV E (REWGICE 24 o RCM
LEHERFORRL) OKER T T v 7 A% RD L,
ENENLUTOR/RER L Aoz, REMRE]Z
Fig.13 1277

- HEHDT B ARWE R T O R L

JUNAEES CRE R X RAED 7 7 v 7 AN
S0, BARWEE T2 < KRR B O
WL R S RAED 7 7 v 7 ANRENT
WA A
- BAEH T B ARHER T o Rk L

KFEFHEMTHEHMESFED 7 7 v 7 AR
SIS, H AU S IEF ISRV
BEREDT T v 7 ARBNTVWHIHE
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Fig.13 The typical example of WVFL when rainfalls
were observed but atmospheric characteristics were
not. Above Figure is about Chugoku region, another onel
is about Tohoku region. The blue square area is

different from criteria.

EMT O%E R, FERDTED CALTE R & DK
KXT7T v AL BARBRIOBEEREOKELRT 7 v
ARG L, RIS EDEFERNRELL LS
ZHhD. I OEAE, B AN TO IR OR
EMEFIIREL R TWVEED, AKENSLE
DKFERE Lo T KN AT IR Z A AT 212
EHERNIBELZEEZLND.

RBIC, KRBT > Tt SR E IR oA
FRAT CTIXHH SRRV (FERY) I220nTh S
TH<. Tabled ® DIZBWTERIN=EE
20kmAGCM (23BN TREG DR EEHEIZ Y T
ié&@o%JwM$¢%ﬁ¢@%éf%5.ﬁ&
IWEDT AT a) TERSNIEAITHRTEI/NES
V. U, o KRG R X 2o RCM
EPEFHED AR L & HNTREBIC L 2z
BONRZNZEEEL TS, RFOHEALAF RIS
7oA, a)tRAILERICLD. oI~
AN BARMFROFFHREE 8 HOHTHDLHZ Linb,
W EEREDOEELRSRE LI LT k-T2
BRONEITLESTZZ RS

DEofifricky, RFETHL L T2

20kmAGCM TOKRKKIZORMIL, LT LHT T
DEFERZRZ LN DT TiHARWA, FE
AWM &AM A AYER CAERT 2EPERNICEL
TIX B0%ITIEWHER TRRIGIZE DMITICE - T
RXDZENTED 0D, F12, A cis
LT 5 2013 FHORKIGOFE &L 1T R DR 8%
b O ORI TITHE O SR & L - - K5
Th, KEKTTF vV AD/RE — 2 X »THAE
MOEFZEFROBRENHEETE, TROLEXRLE
IHIDRCEDHRBEERHDLEBEZOND. b
LAAMKRGOEE L DETERO LKL & =R

DICEALTIE, EH0BIEETERWREDOHMNH
NTWnakd, RIRGLERZENELIVIEIED
WX INOOEERDVIELZERMLETHS. L
ML, Figl4mrT X oic, AMAKREHTTH &
8 ATAHAF LERELDH(miss), 2R Y DK
(overlook), $£H 5N & KRGV HINT 280%, £
B b BUE RS B RFRKEIZHT CRIZEOHIG TH
mL<cky, %ﬁb%ﬁﬁbﬁ%m¢éﬁﬁka
S L TOWDEA LML TS, Mz T, xhisL
TWDHHES @ﬁﬂ 5% A B KHEC S L CA R L
TW5h., Lo T, Sl Lz KRS O R
DENDHEE & BAREEA COEFZERNENE N
M 2AEEEND D Z &, ERAREREICLIERK
LGOS EIRRE L T2 E R NN, BIERMFEI A
THRRETHRCEMNT 2283 B1x615.

at the main island
In both July and August

[Present] overlook

.67

e
1.2(/(2.3 |){1.71,

Both SLP and WVFL meet
criteria

RCM ramfall year

Ratio of increase

[Future ]
Both Rainfall and atmospheric condition
can be observed
[July] [August]
4(3)3 2(2)8

"
267 2|) (4] /|1

Fig. 14 The future change in number of rainfall missed

or atmospheric characteristics overlooked.
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ABNZRIZBA T, 7T AIRTEEY ORI 18£<
ML TWa0IZx L, 8 HiIZ#ERZERE RKKEN
SIGTAEN LML TWA, Tk 3.2 fiTik
~7z 8 A A H AWM T O ZE R O K G
Lfmé#%&%i%hé Fm, B E VDB
MHIE, ZREV LV RELBDRNVW ENEETH
5&@,%@@%%1H%@%¢%ﬁm@ﬂm%u
B OEEZLND.
2B, 32O NS, 20kmAGCM 7> 5 ST
H v A r—1 7 L7z 5kmRCM 1Z 60kmAGCM &
IS LARWEEZ 5N DT, 60kmAGCM TRRS
ICE o THIH L7236 B4R 12 41 CRE# L 7= RCM £
SERARIC ST 2 ATREME IRV, EBICHAAR R &
9 LT RCM EHZENFLOXIGE LT S &
60KMAGCM D7 3%t 2 G ME L, Eo ks
HEY B2 52 (Fig.15). L7z -> T, A% ik
60KMAGCM 7 > v 7 T L B 5t B0 iR
X RCM £ P ZERE & OFHGSIEBEE T, KEHIZ L
S THIH EN D REBHMT 2008 5 hDHE IR
LT3,

| Localized heavy rainfall (with front) I Both SLP and WVFL meet criteria l

Both Rainfall and atmospheric condition can be observed

20kmAGCM presentclimate inJuly ~ 20kmAGCM present climate in August

3

1985,
1998.
200

60kmAGCM present climate in August

1980 /1994, 1995,
1998. 2000/

60kmAGCM with another initial
condition , present climate in July

60kmAGCM with another initial
condition, present climate in August

Fig.15 The year when rainfalls were observed from
5kmRCM and when the atmospheric characteristics
were observed from 20kmAGCM and 60kmAGCM with

two initial condition.

5. BhYIC

AR, EHEPSERORRELE L0 @&
HEMEZ Lo TTPHT 272012, fFRTHOT 9

TSR E TV S 60kmAGCM (£ ER KA
KEET/WVEFAT L, TAENCR T B RO
LS RAEE KRR X 7 — L O KRS O RN D
2, AGCM & W Cxtg L 72 2 KK BBIN 545
D & Z OFEREA DR 21T o T2

KRELOEEL LT 2013 EOEICERL, BAR
MR CTER LB EROER & 72 - 7y HIER
JERKER T 7 v 7 AL Vo lm KB R KT %,
W KR & RROHAEAERREDRBE AT L0
ﬁé@ﬁﬁ%%ﬁbt.%ﬁbtﬁ%%@%@%%

W T O REHEZ R E L C, 20kmAGCM (T &
éﬁfﬂ%&H%ﬂ@ﬁﬁﬁ#%%@uéTiié
REHE NN 2EEZME L T &, BIERE L R
T, FFEREEICB W TRRIB ORI L - THIH &
NWAEDOEPABITEINT 2008 5 & FHFHRE
IR THMi L7z, Z0fER, WwEMTD 8 A & H
ey 7T AT L TIE, 5% DA EAKREICK LTAH
BER¥mnabn. 512, 60kmAGCM 7 >
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