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Synopsis

Recently a lot of attentions are paid to climate change and many studies on it have been
reported. From the aspect of disaster prevention, the relationship between climate change
and heavy rainfall has become increasingly important so we analyzed the future change of
the occurrence frequency of atmosphere causing heavy rainfall in Baiu season using SOM
(Self-Organizing Map). We first analyzed the future change of the frequency of heavy
rainfall events during Baiu season using NHRCMO5, and then the frequency of atmospheric
patterns causing the heavy rainfall events using the huge ensemble data; d4PDF20. We
found that specific atmospheric patterns that cause heavy rainfall events and they have the
characteristics of strong water vapor flux along the periphery of the protruding subtropical
anticyclone in common. In addition, the occurrence frequency of a specific atmospheric
pattern that especially causes much heavy rainfall events increases in future climate.

*—TJ— & KFELS, MmN, KX, SOM
Keywords: climate change, Baiu-heavy rainfall, atmospheric pattern, SOM

1. [FL®IC

11 HEDOER

AR, MERR IO P BERNIC X 2 ) INE e b 5
FICXDRENHFELTEY, 20148 A 0fEHL
ZENSCIR B 5E R, 2016 4F 6 H OREARZEN 2 LT E 72
FUBICHT L. 2o X S e MERNZERNIL, 100km F2
DF & T 10~20km DIEEFFDO A Y B A7 — /)L OHLL
THY, 6 B~ AREMGET 2 &V ) B a FF
D, Z LT, TRKESSLTIEEAA 100km2A— 4 —
F TOFIEE R % R /NI S K B O AR
E Vol B R RITTRERERSH D, —HT, R
HEORFRFICHED CO27% EDEEHFH AP

EOWINC X HERRRB LA EIT LTV D LIS
NTW5b. 201340 IPCC %5 5 AL &£ (IPCC,
2013)ic kB &, AMHEENCFE D IRERAT APEHE &
W & 5 HERIREALITSEE 2 R 72 VW& Fbiu T
BY, TORBTIHRIKIE EFORG LT RKE
BRIGCRE KB EIC Db A KIFE T, e — AT
HEVRBRL TR o RESLHEROZFREEN
AT DN, FEMRRESOMERIERLOFEIC
FTETEENRLDORD L O, HERERLIC
&£ 2 MR AITAR 0 AU A BE 3 2 Wi Rk L2 B9 2 AF
TR IICEDLND L H I T,

INET, HERIRBEALOMER -~ O EET M IE T
7 aRA Y o i ERFE I A — DD ORF

— 622 —



%L, INEIRAY B AT —=ADEDHHIED R,
HERATRR I T U7 B A= ERRBERBSR L5
BICED Y RSN LD, £PENBEIIA Y B X
TNV TELTWARERTHD. TDI=8, MMM
ERENOFREMTREZTORELAY B E2ETe
SYNF AT =L FHEEIT) ZEREETHD.
T ZCARIZE T, WED LI R 5 BEEF
ZEORMEEEZEHET D LS, £, B GEEK
RMEET /L NHRCMO05 2 W T A Y B A7 — b
R R ZE I DR REAIET 2175, ZL T, KEDOT
YU TN TH D dAPDF20 VT, v/ 1 R
= b, I LN ERZ 72 6T KA D
FEAME OFFREAE R NIBNT T D E 2 B
ETDH. RIGOSITFEL LTULSOM EWnWH 7 5
2 Z—=EEERG, EPERE 26T RAG
Z— O - HFEEITO. LT, BAEKBELD
FRAEICB T 2 KRAGRMEDBEWE, ERER%
b2 b T KRR/ Z — 2 DI DR T
EITHOZEREMETS.

2. RIBEETILOBELBREHE

21 RIEETILIZONT

BTE, RFEL ORI ITRERE T T /L (GCM)
DL AL TWA. FAETIE, 2007 FEND
Bith S iz TRBEES THES 727 F 4] (LLF,
W) BLO2012 EENSRBEI N TKEZE) Y
A7EWAIE T 7 Z 5 (LLF, AlE) 280\,
Bex 7o B T AN STV D G4, 2015).
BEREKBETT VL, KRBT - KEMRFT TREK
PEERE T /L MRI BB SN TR Y, ARG EN
9 20km T# 5 AGCM20 & #J 60km ™ AGCM60 @ 2
A H D (Mizutaetal. 2012, 72 F). EBRIFTER
{6 25 42(1979-2003) & R KE 25 4(2075-2099) D 2
DNZDOWT, ZRENO LM CTHFE KR « HEKEHE
B WKE - IRESHRSEK - AV e 2T u g
DOEERGMHE 5 2 UTbil. BEKEERTIE,
W AKIR (BLF, SST) - MK - WKIEIZ oW
TIEHBMOMZ AW CEEITEWEH TERRZTT S
ZElcky, BIEORBEEHELTEY, SST L2
WA B EEATEBRMEO A FHmEHA L
T3, fFkREERTE, BEKEERTHOE
&, IPCC OMEZED DI SN =K O K
K[IFLERE S £ 7 /L (AOGCM) E B s R 0 £ 5 LY
B % AT, FFROIEE ST U AT HESWTHEER
L, #EEMEERLTHD., £ L TRIRKETT LV
WZBRWTIE, BB ETROEEM - Risits e &
fbL, &0 HENFEMOBOTRIERES L7201
RMEETNVOREEEZTEEROERITHOI TN

L (T T VER). £, HEH AL T,
JAENTZ IPCC DETFINEL Y, ZNFNE 3R
AETFAMAELBE Y27 LT, CMIP3) &5
WHEABETNAVMHAEKRE 0 Y27 MELF, CMIPS)
IZEM L 7= AOGCM ZHWVWTW5S . £72, fFRoiR
BT U AL EH AL TRR D, B CIRES
BHER T AP T F VA (SRESTF VU A) @9 b, +
RTOZRAF—JEDONT U RAEZB LN E N
RFREEZEBR L, KK OMRERNF T AR
LB IBNTHELRBEDR 2 f5F THWINT 5 &K
ELZAIB YT U A E#HAL TWaB. —FHAIA T,
FERBERIRTAZ DL ) RBEEICZELSED
NEWIEZFICHESSRCP VT U AR HANT NG,
RCP > U A TIL, KTl & D S8k 72 H i
J1 DR D5, RCP2.6, RCP4.5, RCP6.0, RCP8.5
DA4TFIVARBRENTND. TNEI RCP Dk
WO BT RH DO B R TH Y, ZORMEN
REWVITE EERREICR T B R mm hn K& <,
KB EARKENCFTIATHL I LEERTS.
BIZAETIXRCP8S T UANBRAINTEY, Zhix
FERRBEICRB W CRIESK 4C EFT 5/ kY
T THD.

INLDOERKEET MIERRERE A —
NOBGIT L RBETEEN, MAZEHRO XS 2 A
VB ARAT—=NVORGOBBEIINEETHL. £ T
AGCM20 DR AT 4 > 71T & 0 K IEARAG FE Skm D5
A4 B RIS R £ 5L NHRCMO05 (LA, RCMO5)
DB Stz BEH T, AIB v F U AIc kB SST
T1IRRIOAFHEINTWDOIIX L, AlATIE
CMIP5 D 5% FIVNT SST D F sk Ak 8% — 2 % 3
FEIZ 7 A Z—08L, ZEnE B L-b o
(clusterl,23) . £2TE VY L= b OO 4FEIHD SST %
FVY, RCP8S(ZHESE T U U 7 IVHEANTHNLT
WAL REEHAM T EOE IR B X% (1979-2003) & F
Fe &5 (2075-2099) D45 25 DT, AL TITHILE
(1980-2000) & 3k (2076-2096) D4 20 £4EI2OW T, 1
FHDEA LATAATIT>TWVD. T D RCMO5
ORRFIZEY, MEEROLIRAY BAF—1ALOD
BSFE CRETE DL, BEFMAMA A &
ot

ZO XD, SR s R T LB S S A,
HERERO LIRS A Y B AT — VOB NRE
BAREIC oz, —F T, ZThETITbh T
CMIP O FEBR=C, BREEH NS 2014 4EICERR L7 T2EK
REEETHT— % | < [HkKEESTH T — % |
(BRBEH, 2014) <iX, FHEHEOT YTk
75 10 F2 (338 RCMO5 Tl 1 FFRFIDA) &7
W2, BRSCER SN & DR A E O R\
RGO ARHEEME % BT CE 220, 2 2 TAIE

— 623 —



B WT, TR FEAAT OPREF I Y 72 DB O
FRHL LRI OV T, HERMIZ, ORI
AT A ZEEBMELT, INETICRVWKE (&
K10 T P TN) OT oS TATF—2ThD,
[HBRIR AL X SR ICE T2 7 o v T ATl 7
— % X — X | (d4PDF: database for Policy Decision
making for Future climate change)Z3 fER% & AU 7= (Mizuta
et al, 2016). ZHIC KLY, KEEBICHES BRELG:
DR E ZORHFEME, BLORRBEEND
BEVT U AICHE S KL K ERBELZTML, thea
LR E TR~ 5 2 2 A5 0 72 D D 1E # % Al
H9 5 Z LR AlRE & 72 5 7. d4PDF |X RCP8.5 M fF3k
VFUAICESEHAE SN, AERLEN 60km &
20km L DORH D (LT, ZHEiL d4PDFE0 &
d4PDF20). d4PDF60 Tld, iffZ32%%(1951-2011)IZ B4
LT 100 %> ,3—, RCP85 ® 4 J¥ bH fF3kF5k
(2051-2111)I2RH L T 90 A » R—DFHEN T TV
%. % LT, d4PDF20 Tl EEE T 50 A /3 —,
4% L FIFRFEBRT 60 A L N—DEENMTHA TN
5.

22 BEEMBRIZOWNT

INETEROREET VEHOTZKELB O
NSRS 9 2 BICB L Cix, A AR TR~ 22 it 5E
NEDLNTEXEN, ZOoHFDL<L<IE AGCMB0 <

AGCM20 Z W= RBIBEA 7 — b D5 CTh 5.

B 2 X M 5 (2015) TlE, A4 AGCM60 35 L Ot
AGCM20 OREKBRKER 7 7 v 7 A% WV THER
W ORHEB G & KRG OBGREMT L, fRkKED
7 HIZBWTHRFESKEOBRIERELL, Zh
Wk 0 AARMEBROKER T 7 v 7 ADOFNABPEIMNY
2 E%&A L. LT, fERRETIEIBRTIT %
Hx 7 8 ACTHAb H A I8V THERT AR O 451 23
B LTV A ZEARENTVAS.

— 5 T, m R EE D RCMO5 &2 W T/hE 2 A Ar—
N RS R &2 3 L7260 6 W < DN TEET 5.
Kanada et al. (2012)Cl%, #:% RCMO05 % v CHERN
A3 L OBE K OFEMI 22 [ R A2 HEE L TRV,
k&R EICBNTC, 7 HEfUE 8 A LMIZBWTH
REOHMNZ T T2 <, BHRE 100mm LL_EDO KR
L7 b THAKORHEICHTH2EIEGLHEMT S Z &
MRINTND., FTH, FFIZEBARIZBWTT A

FANCEAKEDNEBEICHMT S Z 2 RENT WA,

E 5, FH AGCM60 O 7 v T IUERE W T
6~7 H XK EOFFREA O R EME %2~
Fig.l IR T X218, 7 A LAICHREOFE 2N
BHARONDZ EERLE. BTk
AGCM & RCM i 528\ T, k&M < 13 e il
oI EoRIE L 7 A BRIZERT B B RO #IE

MARSNTEY, HFEFICECERENELTH D
LERD.

4 - - e
‘any) 16JUN 1JUL 16JUL 1AUG  16AUG 1SEP 16SEP

Fig.1 The blue (red) lines show the daily precipitation
in present (future) climate calculated by
KAKUSHIN AGCM®60 ensembles and the dot
lines show average of ensembles (Kanada et al.,
2012).
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Fig.2 The future change of the frequency of heavy
rainfall events in Baiu season from SOUSEI
RCMO05 data. The red zone means 5% significant
increasing.
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Fig.3 Input layer(left) and output layer(right) of SOM. .
mi (i=1,2,...,1) are reference vectors, xj (j=1,2,...,k)
are input vectors, | is the number of the SOM map
nodes, k is the number of input vectors, and n is the
dimention of input vectors.

SOM7T L= U X ADFEIREX, AT FAo
ERLEBZRY MLoyi{bok, TERICRT T
NI Y ZAXZEDSNTITbNLD. &/ — RBR>%
BT MV OIS T L E i ERy obr e &
THHEN 2R 2 — 2 2 H BN UM L7 EE 5 2
5. FF, HBHIAIXRT bAOEREZBND &,
BAEETHL i~y T EO ) — RIZEIDETH
NTVWBEETHOBRY bmik s h, W&o
2—7 Uy RN R/NNCRD ) — Ko (BE ./ —
R) BEREND. RIZ, &/ — RKOBRASZ bL
1, TR ENDEHEBEIC LR > TEIES L
5.

m,(t+2) =m, ) +h, tr. - Px-m®] @.11)

2

h (t.r, =) = (V) -exp{—%} (41.2)

ZIZT, tIREEEE, re, TR TNRBE ) —
Fe{EED /) — Ni OfENT MLaRT. KR
T, IR EIC R L TR@12)D L 5 IcE / — K
MEEZFLE LT ANMEE X TWD. aldFH
FARB(0<0<1)T, olFLFPE, T72bbiEHFERK
Lo TBEEND ) — REEDREREERT S, a
Lold B ETE LT, FEEHE L HIT/hS
72D X9 THRET S.

a(t) = a(@% (413)

— 626 —



00+D:1+&ﬂ0—DI%1 (4.1.4)

PLED X5 72RO EN S, BE ) — NI
W/ — KOBRAR7 FUEEEERIIRELS RS
o EE ™Mb, FOBEEOREIIZERK L
Ehizhalnins.

CZO—HOBEEBRYIKTZ LIk o T, KKK
WAEATIRT MV ORI~y 7 L& ) — RO
7 LTRSS, vy 7 EOMERMICEV /
— RIZEWICEE L f e kb, Kahomn s —
RRIEIFAWICR A2 ZHE 2/ X 2 Icikban
5. koT, FE®IIY YT EOd D HEBICAFAES
%/ — REBRRT L, BELf i E RO AT~
7 bk a—2 )y REHOFE T2 &0
TE5.

42 SOMZRAWVWE£HTEMEFOXKIGHMEIC
Y SEEEAR

AETIX, SOMEAWTRRGEZNEEL, £Ehs
ROJRA & 7e 2 REG M LB EE L LT,
Ohba et al. (2014) & H b - FLEF 5 (2016) DA ZE T DU
Tk~ %,

Ohba et al. (2014)i%, JRA-55F it — & & I\ C
MERNENCIIT 5 B AR OEN & BEDERVRR R Z
— Y ESOMIZ L » THIH L7z, AT D=0 DT — %
IZIRA-550D H 7 — 2 D REH L, WEFHEN
LR HEBARKET X &2 L EICERINTE
APHRODITEZ i L T\ 5. KAFHEELE LTIt
850hPa> PG, FFdLA, FHXIRAZ, 200hPaki/E
BT, HEYME & 1958~20114E D 544E ) L DR
EEHANTVWS. ZORKILGITH LT, SOME
TU TR —38ETY, DEEINEHORBKED
LEMRA R b EBEMERENT T AZ =2 L
TW3. Figdllmd X 212, 12x120 ~ R ITTSOM~
v T EERLTZED LICKREEEL, il e
HHENE VKRR ANY — 27O LTS, Z L
T, TNEFNO/NRY —NZBWT, SEl & BE G
WHIR S B 70 5 Z L AR LTz,

Heavy precipitation related weather patterns
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Fig.4 (a) Frequency (percentage) of days for maximum
local precipitation to exceed 150mm/day at each
node. The black dashed lines denote the seven
clusters of SOM nodes that are most strongly
associated with heavy rainfall. (b)-(h) Examples
of patterns in the seven clusters extracted from
the 12x12 SOM nonlinear classification as heavy
precipitation-related weather pattern. Daily-mean
850-hPa EPT (red and blue shading), 200-hPa
GH (black contour), and 850-hPa wind (green
vectors) anomalies for
1958-2011 (Ohba et al., 2014).
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plotted on each node (Future - Present). The nodes
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surface (vector; kgkg'ms?) (Nakakita et al.,
2016).
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Fig.20 The difference of sea level pressure between the

present and future climate (shading) in August
derived by AGCM20. Solid and dash contours
are sea level pressure in the present and future
climate respectively (Hanafusa et al., 2013).
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