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Synopsis

In recent year, the frequency and the intensity of localized heavy rainfall enhanced by climate

change was quantified using the outputs from super high resolution regional climate model

(resolutions of Skm and 30minutes) provided by KAKUSHIN program. As results of Nakakita et

al. 2011, it was found that the frequency of localized heavy rainfall events has a tendency to

increase significantly in the end of the 21st century and that they might occurs on the Pacific

Ocean side of East Japan with obvious spatial pattern. However, SkmRCM has only one

calculation result. In this study, therefore, we statistically downscale the ensemble information of

60kmGCM using the dynamical downscale information of SkmRCM and analyze the ensemble

information of localized heavy rainfall during Baiu season.
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Fig. 1 The comparison of 20kmAGCM and 5kmRCM
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[ ] effective climate sensitivity , IPCC(2007)
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Fig. 2 The flow of extraction of localized heavy rainfall
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Table. 3 The average of 25 years and standard deviation
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Table. 4 The result of test

Test statistic T 3.28
Rejectionregion5% ( One side) 1.69
10% (One side) 1.31
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Fig. 3 Seasonal frequency of localized heavy rainfall
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4. BMEWIFTIURr—Y) VT FiE

41 #EMA IR T—1) U TDOBE

Mt E 7 v A — 1 U IR OR LS & v—
ANTRRGEFR L ORI D 2 W ITFFH R & K
L, FOBMRIITE SV TG E DKW T —

AN EHBGE DB NT — X ~DOEMRELITH Z &
Thd. WFEHMEZ T 2=V 7 L L CHEA
T A MBREL, FIRFZAL 7T AELITOND Z &
Do, ML A= 73l hbtka e
ISASFICHWS N TE . BliL, hFEMEF TR
=V TEHHERRNERIZEC, T—FE%EM
ML LW SIS AED R FIETH S.

WMEHIA T o A — ) U TR RELSHELT,
RKERGEE (RN =V HFE), voaf—voxl
— & —ik, BEREFAEO 3EEEETS. b
DEH D D F LD 6 FEFMO B AIZIR 5 HFr 4
DA =Y S PEERELEND D R
INHOTFETNTUCH@T S5 Z Lo, % Ol
SEH) L L TREET N OH AR T — % 72
ENSELND KBS OREESR (A, KR, %
JE &R, WinEERT, WmERY) 2L, BN
e (BEEH) L ThrEE MO~
nEHBER (BKE, HMEKE, Ak - HEKR
AftE ) 2o, ALK EBNEHE DM
AT 5 OFEFHIBERERET 28 THD. Lo T,
HEF T o2 — ) BT AEE L, B
DB BHHEITB N TR T HN D FEEHH 722 BRI A
SWTHHEE» O BMEHEHET HZ LT D
LERD. BEIF T A=Y T FREO
REIE, 1) RERIREMML, 2) ZERREMAL, 3) BEHRHEE,
4) NATAMER DD, KRR T, 60km A7 —
NDIEREHFNCF T 2 — ) T T 52 LT
5km R — /L TOEFERONKHEE 41T - 72

4.2 AWHETHELEFZ

ARETIX, AFZECHIZICHE LK E v
A=) T FHEICOVWTHAT S, ERO L DT
— R E T A=) v S RREIREET
VB A RERIC, BREE BRAE S LT
20, RFETHGELETHEFZEROLIICAY B
R — )L OBLGIT 3G T & 2 ff 148 O BLAE XD 72
<, BUfERME (1979 4£~2003 ) D3 CO WK %
R TE BB - 7. & 2T, KIFETIT,
60KMAGCM D7 v 7 IE M Z A E L L,
5KmRCM O W& o v A — U v JIEHRE AWz
LHZERFEOER (FEAHERLKITS) & HHEH
ETDHILET, MEMA T A=Y T EITWD,
5km A7 — LV COEREROT Yo TG HRE R
W BFREEHELE. DFED, HFENE T R7
— VU TR A T A — ) T DA BT o
7.

(1) HEAWETYIURE—) VT DR
AWF2ETOMEARX % Fig 10 (12”87, £, 5kmRCM
Wiz 60km A7 — L ~L 7 v F R —1 v 74

— 415 —



4. Zh% 60km_from 5km LIESZ L 45, 22
T, Z® 5kmRCM A EIEH 3 IR W CTEF SN
FEHNMEHEINAN WD, I EEF %
60km_from_5km % FV>CHEE 60km A 77— LT b fife
BT BHZ LT, 60km A — L TOHEFERO R ZH
WIZOWTHLNZTE D EB2bND. 2T, K
HiCiL 60km_from_5km % W CTRKERID 7 T A
T HATVY, 60km A A — LI C O BEEE 45 A A VERR L
7o 2B, TIZTORBRKELIX, F 3 ELFAICE
PEWNA N MR BBERKEDOL N0 Ay v a
DEFEAREHFERTHY, EPEREFOHTILE 3 &
ERU L ATHEIC LV EEMICIT- 2

WIZ, 60KMAGCMT > ¥ 7 & WP EEm
FHloOMHERLS. SEIX, T o7 A04eT
ZEHBETEEMICHH T2 Z EDRRETH LD
FEKA R R EICRREREE TR TF I 7
EVEEL, 7725003 5L 05 ER&N ML
EEREM L. UL, 60kmA 47— L CERN 2
HEEHWS &, EPERFEHR A v &2 W TERF
ftanTcLE, A ‘y:/zlj\jf“%qﬂ%ﬁ%i‘%ﬁé LT
WOLBAICRELTCLEIBENFELTLEY,
INERRT D120
ZIZT, SENI EMOMIEZITo .
ZWRIFICIERERMICL —EO/RMRH D LD EE 2
LNbw, K& (FYEMOMEILAE & KER
77w A) ILEEEHRELZ. 22T, K&K
ITHIRZE R B D 72, BB XN E L T\ 5.
WIZ, 3% TEkmRCM I 71l 2> & B R TEMA I Hh
HURREBEM & UE L, @ EAhh R & g
THILT,
TEICERELT.
BT P TR N—
A=Y T BT,
RMOT oY TNEREGDZ ENTE,
Brd a2 &ic k0 BEKEOBEE N 572,
T (4) TR

=9, £

T R ) At R R B A A R A Hbdsk
A EDFIETIER L 2l EFEE
WA 52 & THEI S
5km A A — )L T OEF 5
I E iR
S IRAS

Statistical downscaling

Application

”Statistical information at the time of localized heavy rainfall;

Dynamic
downseati

Upscaling

Fig. 10 Conceptual diagram of statistical downscaling of
this study

_ﬁﬁf;éﬁﬁ CHIERSELRD.

QT7yvTRTF—1)TF&

AL TIL, 5kmRCM 77 % 60kmAGCM D A
v ¥ allT v T A =T HERITIE, 20kmGCM A
vV all—ET v T A=Y 7 LI, HIZ 3x3
DT v T A —1U T E{TV 60kmAGCM A v ¥ =
DF —HF~EEH LTS, LiL, 60kmAGCM &
20kmAGCM TEZRIN TV D A v ¥ o [Tk R E
Z—EHRTHE L TW\WA—F T, 5kmRCM TiXX
BRI D10 A v ¥ o PRRERE B2 AN AL
BEXNhTWbd. o7, 5kmRCM H ) 1H %
20kmGCM A v ¥ =227 v T A7 — VT 5881, F
DX, 2 DDA vy 2 PN T B HEE O i
{20 U T 5kmRCM HH J1{E % 20kmGCM D& A v & =
WZEL Sy L.

%9, SBKMRCM®1 X v > = %100 (10x10) &%)
L, ZRNENDORAy v a llHLEEEH XD, K
I, D100 v ¥ 2 DFLELED 5 H20kmGCM D
EA Yy allBENLIHEEHEAET L. RENICE
D EIBIZHE > TEkMRCM D [ /K & % 20kmGCM O 45
Av v allhilsy Lz, ZoOFl%Fig 11 1[RT. EHE
DFEIE D 20kmGCM D A v ¥ =T, AR A EKMRCM A
vy a2k LTWD. £ EDOSKkmMRCMIZ10043 % S

TWBHR, KIZREND X HICnE &niz100 X v &
2D ) bFRETRENTZ24A v ¥ =2 /320kmGCMA
WZEENTND. Lo T, TOMKKED24%% #H 4
TRENTEA Yy a2OBKEL LTRSS LTWD.

10

<— 10 —

Fig. 11 Grid correction method to 20kmGCM of
SkmRCM

(3) EFEMDOEKEFHEEFRDIERK
Ak Y, 5kmRCM H /1fE% 60kmAGCM O A
VA~ T T A= LT, B 3 EIIBWT
5kmRCM 72> B HARIZ X » TEMMICHH L7
HERSENER %2 60km_from_Skm T b 5 ok £ 5
W27 T A5 L, U S C B RAT 24T o T2

Z 2T, 60km A — VT v T A — 1 T EAT
BT, FERRGE LT v T A=Y T T D
ERHDHEEZ LD, 5kmRCM % W CTHEFER

— 416 —



%f@wbtﬁ’* 1, EPEMR 3 RFMAREE U sk

TEM L TND Z EBNHERTE TV ziz®, 60km i
7y727w)/7btﬁaﬁ%,ﬁﬁﬁﬁﬁ%@
L 3 AR BRLEZHMLLT VWEE X,

7o, 7%, Skm A — L CHEPSERAEA LD L&

D 60km A7 — )L TOREKENEDERETH DD
ZLOLOHRLIEZEOE LV FELHNTNS.
Fig 12 12 HUSB O H ZERRRF O fe K 3 ReI K B oD

60km_from_5km 235\ T H 3 Wefl kK &4 Fu . BREE S0 AR 2 7R3, RS BERR T, RS 21 fihid
CHF B AU T HUBR 0D R K BRI S S5 AR S L D RRBETH S, MEwhIZ 25 FEAFHHE, MK 3
T“é@é EARE L, LT OEREHROREEMRGEIC AW RN EZ R
kyusyu shikoku
40 25
35
30 20
g 25 - g 15
§ 20 - §
515 | M present g 10 M present
- 10 4 M end of 21st century - ; M end of 21st century
< 1
0 - 0 -

20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall(mm)

20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall(mm)

B present

M end of 21st century

frequency

= = [N
o vl o w o
, ,

20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall(mm)

chugoku kinki
14 18
12 16
10 14
z z 12
§ 8 § 10
T 6 M present g8 M present
= 4 - M end of 21st century =6 M end of 21st century
4
2 2
0 - 0 -
20~ 40~ 60~ 100~ 150~ 20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall(mm) Maximum 3hours rainfall(mm)
tokai kanto-koshin
30 12
25 10

M present

frequency
(o))

M end of 21st century

4
2 4
o

0~ 100~ 150~
Maximum 3hours rainfall(mm)

hokuriku

»
wn

M present

M end of 21st century

frequency
o = N w
o UV kL 1N 1w UL B
M

20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall(mm)

tohoku

ﬂh

0~ 100~ 150~
Maximum 3hours rainfall(mm)

w
w

N
e}

N

el
wn

M present

frequency

M end of 21st century

i

[
«n

o

Fig. 12 Regional frequency of localized heavy rainfall per maximum

3 hours rainfall extracted qualitatively using 60km_from_5km

— 417 —



60km A 7 — /L Clx 20mm~40mm @ X 9 7255\ [l
OHEFUZBVTH 5km 27— /L TIIEFZEROEA
HIEIE LIz, %5 3% TlE, 5kmRCM O 3 FfE /K&
X 100mm LA & FEAEL LT =23, 60km A — )b
TIHFEH L SINBEKRERTH 2o TLEV, R
BeWHIEH O T VE R ZERN T 20mm~40mm 2 0
EkEE LTRESNTLE S 20,
DEIBRBHBOEOHELFELE
Figl2 L v, 13& A EoMIRICB W THAELME L
B LC 2l R &S T U A T, MEOE— 70

20mm~40mm

BAKBEDZNT~TT7 FLTWE Z ENRFHEABRND.

Zhkiv, 21 REES TV FTIX, BEHEED
AN Z T, BKELMT D AEEERE W EE
Zbh5b.

(4) EENLGEKENFEEFROIERK

AIECIE, 60km_from 5km % W C, FHEHEET
TE RIS YRR U 7o sl 4R vh 52 I 8 AR BE EE RS R 1 D
WTCR~%. RETIX, S5km A&7 — /L CHEP RN
BAE LG E O Z X RICHEERZER L7,
ARECIXFEMH ECERNICHEERRAIERT 57
W, BHENPRELZLGE ERE L2 hE
WA ZHE L TWD. 207, 1ERT DI
TOEEBEL, £ETENBRE LR TBEG%
FREZRIRV REL TV 5.

a)  BEAKA N2 N OFREAEBEE O

Ay Va2 BN COREMEEREGELZENHEM
TR, HIBREDILNY ZROHIEN THEF 52
RAREL, HOWVERAELER LT, EW0ITE
WEB/DZENEOUTH D20, EFIERE—DOREK
ARV INTEBEIV Y M EITDRVEIICLLTD
IIolcERLE.

X3 DOEF 9 Ay v allBWT, mif% 1 MES
ZTHBE, PLA Y 2OBKEIVEY DA v
2 DBEKENZ WAL, TOMBIIBEI LT
Fl—DA X N THDEBZZT. £, BEI YV
FMEATDRWIEZOIZ, HbBEAKEDOZNA vy ol
JEER L. KFEAS—0 180km DL R 7245
B, TNEBOBILECLIIERTHIEEZ, &
HO9Av T2 LERELE. ZICEY, £PENE
Lo O T AREE D & DKL Ry MR L, FE
KA Ry hORKIGMBEKEEZSES.

b) FHYIRAL L KER T T v 7 A AW ETER
HAEA R O

I L VI SRR A R MIZE R SR 3R
ELIEBAELRELRPSTEEAEOEEREENT
WA=, FMEYBMOMILAE & KERT T v T A
EFHOWTEFERAIRELZEEZONDIHAEOH
ERH L7z, KERT T v 7 AT RROEEp L g

q&JBH# (uv) 2"HREDRZ MLETHY, 5
MAAET DXL REOKER T T v 7 AR LN
5. Fi, HYBAMOEILAEIC L YRR Z E
Lo, REFETIE, KEKT7 7 v 7 AV EF
ZNBRFHAET DL RAKERKDWMAE ELXRTDH L
T, BPEWBRELZLEEZOND FH O L%
H U7z, F70, Hgic X0 £ 5RO FE 45,7 O
ML AEL L KRR T T v 7 AITE VB TL D &
EZONDHT-OMIR T LB ERE L. #E3EH
B, HiEFET -2 THDHDOT, EEIZLVKERCR
EBRENT D, 20D, FHYIEMNORILAELO i
FEHE LI A P T T o 7. BE & R e T D BRI,
HERRTAR O+ DAL & KRR OFAT HALE %
EE LM S & TRRE LT-. Table 5 ([ZHU 2 & (oq%
ELIZHMEZRT. £z, ETFEROFTHEKERE
WL 2D XD RGE TR, HYEMOEILARR
KER T T w7 AIREVWEEZLNDTZD, K
JECIXE RIS L2k A X oW, K3
BB K BEOREZ WH O (60mmEl ) DHEE & (3)
TEMEMICHE LGS/ oNEHERELL
HEDITHYBMNOMEILAR L KER T T v I AD
B & R E L7z,

JUN M7, BASRFE MG, ALH G iRl %
WD A S ISR AR ET D 2 N T
72. BkmRCM % AW 7= MR (10 HFEE)) OAHYIR
A OFALABLITE L F 0.06~0.08K/km & V9 fE A
B TW5 (kanada et al,2011) = & 226, ABFZE
THRE LSRN o f AL AF O B 1, 60km R 47
— T T A=Y T L TnBEZELEBETD
EEAAHBRELEBE TR EELLNS. P
EHF BN TEPEROBET 2HETIE, Jull
WHIZBWTCHERZERNBEL, TORTPEMS
THRAETIHALH D20, HERETRIZIUVN
MBIED, KZERITILM HTT O FE 1 O <204 [E o
FOWE EXVIRATHHENZ . 207, BE
RAFEIZRBWTHERG OKER T 7 v 7 A DREES
21 Rl R &M T U A O FH S IBAL O FE AL A BE o [ il
(I & bkl LT, RKERE L. £, 21 i
KR TV AT, [EREEOEIZHEY, BAR
BWICAKERDOTANEL 2D VIR LELNT
W25 728 (kanadaetal 2011), /K&K 7T v 7 A% K
ELBE L. 2L, LM T, KERT T
v I APPNSWEBICOEPERPEAELZEEN
HY, TOFEFEBIILTLE D ZOEVEICHRE
D&M/ hehol.

PLl, EEANCHEAKA Y FEHE L, YR
OFILAEL L KRR T T v 7 A AW KRS HIE
BATHOZ LR, EPENOIRAE LIZAREED &
WK A R R a2 L.

— 418 —



Table. 5 Regional threshold in the end of 21st century and present

present
North—south gradient of equivalent
potential temperature (K/km) Water vapor flux (Kg/m2+s)
kyusyu 0127 260
shikoku 0.067 262
shugoku 0.067 210
kinki 0.067 250
totkai 0.083 275
kanto—koshin 0.15 300
hokuriku 0.067 260
tohoku 0.1 285
end of 21st century
North—south gradient of equivalent
potential temperature (K/km) Water vapor flux (Kg/m2+s)
kyusyu 0.083 295
shikoku 0.063 265
shugoku 0.033 265
kinki 0.042 240
totkai 0.1 285
kanto—koshin 0.117 290
hokuriku 0.05 150
tohoku 0.117 300
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Table. 6 The frequency of qualitative, atmospheric correction and not correct and the percentage of

qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in kyusyu

present
Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction

20~ 12 85 361 0.1412 0.0332

40~ 34 35 140 09714 0.2429

60~ 28 30 68 0.9333 04118

100~ 0 0 0 0 0

150~ 0 0 0 0 0
total of 25 years 74 150 569 0.4933 0.1301
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end of 21st century
Qualitative Atmospherlc Not correct Qualltatlve/Atr.nospherlc Quialitative/Not correct
correction correction
20~ 11 139 326 0.0791 0.0337
40~ 32 117 194 0.2735 0.1649
60~ 37 65 109 0.5692 0.3394
100~ 14 14 19 1.0000 0.7368
150~ 1 1 1 1.0000 1.0000
total of 25 years 95 336 649 0.2827 0.1464
present (kyusyu) end of 21st century (kyusyu)
400 400
350 350
300 300
E 250 W Qualitative E 250 M Qualitative
% 200 ) 3 200
£ 0 "omeaon || £ 1m0 = Amospheric
10 Not correct 100 + Not correct
50 4 . O
= " d q Tl
20~ 40~ 60~ 100~ 150~ 20~ 40~ 60~ 100~ 150~

Maximum 3hours rainfall(mm)

Maximum 3hours rainfall(mm)

Fig. 13 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in kyusyu.
(left is present, right is end of 21 century)

Table. 7 The frequency of qualitative, atmospheric correction and not correct and the percentage of
qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in shikoku

20~

° EI;.J
40~
Maximum 3hours rainfall(mm)

Notcorrect

60~

100~ 150~

Qualitative Atmosp.herlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction
20~ 1 40 176 0.0250 0.0057
40~ 9 27 59 0.3333 0.1525
60~ 14 14 23 1.0000 0.6087
100~ 0 0 0 0 0
150~ 1 1 1 1.0000 1.0000
total of 25 years 25 82 259 0.3049 0.0965
Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction
20~ 3 78 164 0.0385 0.0183
40~ 14 47 82 0.2979 0.1707
60~ 22 21 37 1.0476 0.5946
100~ 3 3 4 1.0000 0.7500
150~ 0 0 0 0 0
total of 25 years 42 149 287 0.2819 0.1463
present (shikoku) end of 21st century (shikoku)
200 200
180 180
160 160
140 140
Z 120 B Qualitative Z 120 B Qualitative
§ 100 § 100
{'; 80 B Atmospheric g 80 B Atmospheric
h 60 correction - 60 correction

Not correct

i

60~

20~ 40~

100~ 150~

Maximum 3hours rainfall(mm)

Fig. 14 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in shikoku.
(left is present, right is end of 21% century)
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Table. 8 The frequency of qualitative, atmospheric correction and not correct and the percentage of

qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in chugoku

present
Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction

20~ 6 33 178 0.1818 0.0337

40~ 5 9 48 0.5556 0.1042

60~ 7 4 15 1.7500 0.4667

100~ 0 0 0 0 0

150~ 0 0 0 0 0
total of 25 years 18 46 241 0.3913 0.0747

end of 21st century

Maximum 3hours rainfall(mm)

Qualitative Atmosp.herlc Not correct Qualltatlve/Atr.nospherlc Qualitative/Not correct
correction correction
20~ 3 37 174 0.0811 0.0172
40~ 13 35 90 0.3714 0.1444
60~ 8 9 30 0.8889 0.2667
100~ 3 3 4 1.0000 0.7500
150~ 0 0 0 0 0
total of 25 years 27 84 298 0.3214 0.0906
present (chugoku) end of 21st century (chugoku)
200 200
180 180
160 160
140 140
Z 120 M Qualitative g 120 M Qualitative
S 100 S 100
; 80 B Atmospheric g 80 B Atmospheric
e 60 correction hal 60 correction
40 Notcorrect 40 Notcorrect
Zg ::I — — zg ——,7 I-I —— —
20~ 40~ 60~ 100~ 150~ 20~ 40~ 60~ 100~ 150~

Maximum 3hours rainfall(mm)

Fig. 15 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in chugoku.

(left is present, right is end of 21% century)

Table. 9 The frequency of qualitative, atmospheric correction and not correct and the percentage of

qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in Kinki

present
Qualitative Atmosphenc Not correct Quahtatwe/Atr.nosphenc Qualitative/Not correct
correction correction

20~ 2 21 132 0.0952 0.0152

40~ 4 4 32 1.0000 0.1250

60~ 3 3 13 1.0000 0.2308

100~ 0 0 0 0 0

150~ 0 0 0 0 0
total of 25 years 9 28 177 0.3214 0.0508

end of 21st century

Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction
20~ 2 64 121 0.0313 0.0165
40~ 7 25 44 0.2800 0.1591
60~ 16 18 25 0.8889 0.6400
100~ 4 3 4 1.3333 1.0000
150~ 0 0 0 0 0
total of 25 years 29 110 194 0.2636 0.1495
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present (kinki) end of 21st century (kinki)
140 140
120 120
100 100
g 0 M Qualitative g %0 H Qualitative
5 60 M Atmospheric ;'; 60 B Atmospheric
ha 0 correction ha 0 correction
Notcorrect Not correct
20 20 +
g . N el
20~ 40~ 60~ 100~ 150~ 20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall(mm) Maximum 3hours rainfall(mm)
Fig. 16 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in kinki.

(left is present, right is end of 21 century)

Table. 10 The frequency of qualitative, atmospheric correction and not correct and the percentage of
qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in tokai

i
Q
=}

wu
=}

ol el
20~ 40~ 60~

100~ 150~

Maximum 3hours rainfall(mm)

correction

Notcorrect

present
Qualitative Atmosp.herlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction
20~ 3 31 198 0.0968 0.0152
40~ 16 18 JA 0.8889 0.2254
60~ 7 7 31 1.0000 0.2258
100~ 0 0 0 0 0
150~ 0 0 0 0 0
total of 25 years 26 56 300 0.4643 0.0867
end of 21st century
Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction
20~ 9 33 222 0.2727 0.1486
40~ 17 27 115 0.6296 0.2348
60~ 24 26 58 0.9231 0.4483
100~ 4 4 7 1.0000 0.5714
150~ 1 1 1 1.0000 1.0000
total of 25 years 55 91 403 0.6044 0.1365
present (tokai) end of 21st century (tokai)
250 250
200 200
E 150 M Qualitative E 150 M Qualitative
E‘ W Atmospheric ;? 100 W Atmospheric

correction

Notcorrect

O,J*!,!

20~ 40~

60~

100~ 150~

Maximum 3hours rainfall(mm)

Fig. 17 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in tokai.
(left is present, right is end of 21% century)
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Table. 11 The frequency of qualitative, atmospheric correction and not correct and the percentage of

qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in kanto-koshin

present
Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction

20~ 3 5 148 0.6000 0.0338

40~ 1 5 32 0.2000 0.1563

60~ 0 0 2 0 0.0000

100~ 0 0 0 0 0

150~ 0 0 0 0 0
total of 25 years 4 10 182 0.4000 0.0220

end of 21st century

Qualitative Atmosp.herlc Not correct Qualltatlve/Atr.nospherlc Qualitative/Not correct
correction correction
20~ 2 27 193 0.0741 0.0104
40~ 7 14 61 0.5000 0.1148
60~ 11 11 25 1.0000 0.4400
100~ 1 1 1 1.0000 1.0000
150~ 0 0 0 0 0
total of 25 years 21 53 280 0.3962 0.0750
present(kanto-koshin) end of 21st century (kanto-koshin)
200 200
180 180
160 160
140 140
Z 120 M Qualitative T 120 M Qualitative
S 100 S 100
; 80 B Atmospheric g 80 B Atmospheric
e 60 correction h 60 correction
40 Notcorrect 40 Not correct
P - TN o emll

20~

40~
Maximum 3hours rainfall(mm)

60~ 100~ 150~

20~ 40~

60~

100~ 150~

Maximum 3hours rainfall(mm)

Fig. 18 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in

kanto-koshin. (left is present, right is end of 21% century)

Table. 12 The frequency of qualitative, atmospheric correction and not correct and the percentage of
qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in hokuriku

present
Qualitative Atmosp!nenc Not correct Quahtatwe/Atmosphenc Qualitative/Not correct
correction correction

20~ 2 3 99 0.6667 0.0202

40~ 1 0 14 0 0.0714

60~ 0 0 3 0 0.0000

100~ 0 0 0 0 0

150~ 0 0 0 0 0
total of 25 years 3 3 116 1.0000 0.0259

end of 21st century

Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction
20~ 2 100 122 0.0200 0.0164
40~ 2 17 29 0.1176 0.0690
60~ 4 3 9 1.3333 0.4444
100~ 0 0 0 0 0
150~ 0 0 0 0 0
total of 25 years 8 120 160 0.0667 0.0500
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present (hokuriku)

frequency

20~ 40~ 60~

100~ 150~

Maximum 3hours rainfall(mm)
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W Atmospheric
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Notcorrect
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end of 21st century (hokuriku)
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m Qualitative

M Atmospheric
correction
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1
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100~ 150~

Maximum 3hours rainfall(mm)

Fig. 19 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in hokuriku.
(left is present, right is end of 21 century)

Table.13 The frequency of qualitative, atmospheric correction and not correct and the percentage of

qualitative/atmospheric correction and qualitative/not correct per maximum 3hours rainfall in tohoku

present
Qualitative Atmospherlc Not correct Qualltatlve/Atmospherlc Qualitative/Not correct
correction correction

20~ 0 5 131 0.0000 0.0000

40~ 0 0 16 0 0.0000

60~ 0 0 3 0 0.0000

100~ 1 1 1 1.0000 1.0000

150~ 0 0 0 0 0
total of 25 years 1 6 151 0.1667 0.0066

end of 21st century

Quialitative Atmosp.herlc Not correct Qualltatlve/Atr.nospherlc Qualitative/Not correct
correction correction
20~ 1 22 218 0.0455 0.0046
40~ 3 17 69 0.1765 0.0435
60~ 2 7 16 0.2857 0.1250
100~ 0 0 0 0 0
150~ 0 0 0 0 0
total of 25 years 6 46 303 0.1304 0.0198
present (tohoku) end of 21st century (tohoku)
200 200
“:’ 10 M Qualitative E 150 M Qualitative
;'; 100 B Atmospheric g 100 B Atmospheric
e correction h correction
50 Not correct 50 Not correct
I - o N | B |
20~ 40~ 60~ 100~ 150~ 20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall(mm) Maximum 3hours rainfall(mm)

Fig. 20 The frequency of qualitative, atmospheric correction and not correct per maximum 3hours rainfall in tohoku.

(left is present, right is end of 21 century)
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5. 60kmAGCM 7 >4 > JIL~D#EMA & HER
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Table.14 The 60kmAGCM ensemble members

Zenki

present HPOA Initl

HPOA Init2 HPOA Init3

HFOA Init1

HFOA Init2 HFOA Init3

HFOA miroch Init1

HFOA miroch Init2 | HFOA miroch Init3

end of 21st century HEOA mri Init]

HFOA_mri_Init2 HFOA_mri_Init3

HFOA csiro Initl

HFOA csiro Init2 | HFOA csiro Init3

Kouki
present HPA CMIP3
HFA_as_CMIP3 HFA as_clusterl HFA_as_cluster2 HFA_as_cluster3
end of 21st century HFA CMIP3 HFA clusterl HFA cluster2 HFA cluster3
HFA kf CMIP3 HFA kf clusterl HFA kf cluster2 HFA kf cluster3
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Fig. 21 The regional frequency per maximum 3hours rainfall in HPOA
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Fig. 22 The regional frequency per maximum 3hours rainfall in HFOA
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Fig. 23 The regional frequency per maximum 3hours rainfall in HFOA_miroch
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Fig. 24 The regional frequency per maximum 3hours rainfall in HFOA_mri
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Fig. 25 The regional frequency per maximum 3hours rainfall in HFOA_csiro
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Fig. 26 The regional frequency per maximum 3hours rainfall in HPA
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Fig. 27 The regional frequency per maximum 3hours rainfall in HFA_as
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Fig. 28 The regional frequency per maximum 3hours rainfall in HFA
HFA_kf (kyusyu) HFA_kf (shikoku)
350 140
300 A I m CMIP3 120 4 m CMIP3
250 I Cluster01 | 100 - m Cluster01
3 200 - 2 80
o B Cluster02 | & M Cluster02
2150 - & 60 -
(] -
& 100 - B Cluster03 | &+ 20 | M Cluster03
50 - B RCM 20 - HRCM
0 - 0 -
10~ 20~ 40~ A0~ 100~ 150~ 10~ 20~ 40~ A0~ 100~ 150~
Maximum 3hours rainfall (mm) Maximum 3hours rainfall (mm)
HFA_kf (chugoku) HFA_kf (kinki)
200 180
mCMIP3 160 B CMIP3
150 -+ o 140
§ ™ Cluster01 § 120  Cluster01
(Y] o
2 100 - m Cluster02 | £ 100 B Cluster02
o . 80
&
M Cluster03 60 M Cluster03
50 -
40
HRCM 20 B RCM
0 - 0

— 434 —




HFA_kf (tokai) HFA_kf (kanto-koshin)
200 250
W CMIP3 m CMIP3
150 - 200
Cluster01 -~ Cluster01
g g 150
$ 100 - M Cluster02 | & B Cluster02
= $ 100
g W Cluster03 || & M Cluster03
= 50
B RCM 50 B RCM
0 - 0 -
10~ 20~ 40~ A0~ 100~ 150~ 10~ 20~ 40~ 60~ 100~ 150~
Maximum 3hours rainfall (mm) Maximum 3hours rainfall (mm)
HFA_kf (hokuriku) HFA_kf (tohoku)
200 250
mCMIP3 mCMIP3
150 - g 200 7]
- Cluster0l | § Cluster01
g 3 150 +
qé_ 100 - H Cluster02 | 2 M Cluster02
@ = 100
ha M Cluster03 M Cluster03
50 -+
HRCM >0 HRCM
0 0+
10~ 20~ 40~ AN~ 100~ 150~ 10~ 20~ 40~ A0~ 100~ 150~
Maximum 3hours rainfall (mm) Maximum 3hours rainfall (mm)

Fig. 29 The regional frequency per maximum 3hours rainfall in HFA_kf
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Table.15 The regional corrections for all frequency

Correction value
end of 21st
present

century

kyusyu 0.1686 0.2079
shikoku 0.1202 0.1963
chugoku 0.1268 0.1607
kinki 0.0776 0.2266
tokai 0.1150 0.2068
kanto—koshin| 0.0310 0.1040
hokutiku 0.0385 0.0825
tohoku 0.0104 0.0335

Table.16 The frequency, ensembles average and standard deviation of localized heavy rainfall in different 60kmAGCM

ensemble members

HPOA
HPOA Init1|HPOA Init2|[HPOA Init3| ensumble average SD
kyusyu 22.59 22.26 17.37 20.74 2.93
shikoku 9.74 6.13 5.53 7.13 2.28
chugoku 16.36 12.05 14.96 14.46 2.20
kinki 6.36 6.13 7.22 6.57 0.57
tokai 10.47 12.65 10.01 11.04 1.41
kanto—koshin 3.29 3.19 2.79 3.09 0.26
hokutiku 5.58 5.16 5.51 5.42 0.23
tohoku 2.28 1.87 2.24 2.13 0.22
HFOA
HFOA_Init1 [HFOA Init2|HFOA_Init3] ensumble average SD
kyusyu 42.62 39.92 46.36 4297 3.24
shikoku 18.26 15.12 19.04 17.47 2.08
chugoku 26.52 24.75 28.93 26.73 2.10
kinki 26.97 27.87 34.22 29.68 3.95
tokai 28.54 29.16 37.22 31.64 4.85
kanto—koshin 15.29 14.25 18.82 16.12 2.40
hokutiku 15.18 15.92 21.37 17.49 3.38
tohoku 8.61 9.28 10.65 9.51 1.04
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HFOA_miroch

HFOA_miroch_Init1 [HFOA miroch_Init2]HFOA miroch_Init3] ensumble average SD
kyusyu 30.56 34.51 38.67 34.58 4.05
shikoku 18.26 24.14 18.26 20.22 3.40
chugoku 36.48 28.28 30.69 31.82 4.21
kinki 26.97 30.36 33.54 30.29 3.29
tokai 28.54 34.12 39.711 34.12 5.58
kanto—koshin 15.29 17.26 19.34 17.30 2.03
hokutiku 20.05 17.82 22.03 19.97 2.10
tohoku 8.61 8.41 11.26 9.42 1.59
HFOA mri
HFOA_mri_Init1 | HFOA mri_Init2 |HFOA mri_Init3| ensumble average SD
kyusyu 49.06 50.94 51.56 50.52 1.30
shikoku 17.86 17.47 19.83 18.39 1.26
chugoku 25.07 21.21 25.39 23.89 2.33
kinki 28.10 28.78 26.74 27.87 1.04
tokai 28.54 30.61 30.19 29.78 1.09
kanto—koshin 18.10 16.12 16.33 16.85 1.09
hokutiku 17.57 15.51 14.69 15.92 1.49
tohoku 8.27 8.88 8.78 8.64 0.32
HFOA _csiro
HFOA csiro_Init1 [ HFOA csiro_Init2 | HFOA csiro_Init3 | ensumble average SD
kyusyu 42.62 44.07 44.70 43.80 1.07
shikoku 19.04 19.43 15.31 17.93 2.28
chugoku 24.75 25.23 23.62 24.53 0.82
kinki 33.54 31.50 26.97 30.67 3.36
tokai 38.46 38.26 31.43 36.05 4.00
kanto—koshin 17.58 15.70 16.12 16.47 0.98
hokutiku 17.00 19.47 15.35 17.27 2.08
tohoku 8.94 8.88 8.14 8.65 0.45
HPA
ensumble average
kyusyu 35.74
shikoku 11.54
chugoku 18.64
kinki 9.31
tokai 16.56
kanto—koshin 7.19
hokutiku 7.85
tohoku 2.49
HFA as
HFA as_ CMIP3HFA as_clusterl]HFA as _cluster2|HFA as cluster3]| ensumble average SD
kyusyu 41.37 41.79 52.18 40.75 44.02 5.46
shikoku 19.24 18.45 20.22 19.24 19.29 0.72
chugoku 23.46 22.66 26.19 19.77 23.02 2.65
kinki 31.04 37.62 29.68 29.00 31.84 3.94
tokai 2792 25.23 33.09 28.12 28.59 3.28
kanto—koshin 39.42 4222 40.87 37.23 39.94 2.14
hokutiku 22.36 23.35 20.63 17.74 21.02 2.46
tohoku 10.39 10.18 9.15 7.77 9.37 1.20
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HFA
HFA CMIP3 [HFA cluster1|HFA cluster2|HFA cluster3| ensumble average SD
kyusyu 40.75 42.41 56.34 45.53 46.26 7.01
shikoku 15.51 11.97 20.61 14.92 15.75 3.99
chugoku 23.46 18.48 23.30 20.73 21.49 2.37
kinki 21.75 22.43 31.27 26.74 25.55 4.41
tokai 22.95 24.61 26.88 29.57 26.01 2.87
kanto—koshin 21.74 19.03 23.30 23.82 21.97 2.15
hokutiku 16.34 18.07 18.48 18.07 17.74 0.96
tohoku 10.18 10.28 10.62 9.72 10.20 0.37
HFA_kf
HFA kf CMIP3 [HFA kf clusterl] HFA kf cluster2 |HFA kf cluster3| ensumble average SD
kyusyu 79.21 89.19 78.59 91.27 84.56 6.60
shikoku 3043 31.02 36.51 31.21 32.29 2.83
chugoku 39.69 40.01 36.00 36.32 38.01 2.14
kinki 41.24 50.31 43.96 49.40 46.23 4.35
tokai 52.53 55.84 50.25 55.63 53.56 2.68
kanto—koshin 30.89 27.77 27.14 28.60 28.60 1.64
hokutiku 19.14 20.79 18.40 19.64 19.49 1.00
tohoku 10.85 9.41 10.92 11.09 10.57 0.78
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Table.17 The regional ensumble average and standard deviation of present and end of 21 century

ensumble average SD
end of 21st end of 21st
present present
century century

kyusyu 20.740 42.966 2.923 6.351
shikoku 7.133 18.502 2.277 2.302
chugoku 14.457 26.743 2.199 3.964
kinki 6.570 29.630 0.575 2.883
tokai 11.043 32.898 1.410 4.389
kanto—koshin 3.090 16.683 0.265 1.546
hokutiku 5417 17.663 0.225 2.528
tohoku 2.130 9.059 0.226 0.947
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Table.18 The test statistic and rejection region

. Rejection Rejection
Test statistic region (99%) | region(95%)

kyusyu 7.888 2.65 1.771
shikoku 6.483 2.65 1.771
chugoku 6.266 2.65 1.771
kinki 24.035 2.65 1.771
tokai 13.189 2.65 1.771
kanto—koshin| 27.061 2.65 1.771
hokutiku 15.731 2.65 1.771
tohoku 21.169 2.65 1.771
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