L SRR (YEIEAFE () JAMSTEC s

Meteorological Research Institute ~~ 1onoku TOHOKU UNIVERSITY Japan Agency for Marine-Earth Science and Technology

— BN RREBEIEE S5~ N 8
Jln"'BSC Japan Meteorological Business Suppa: Center ' , E%Tf};ﬁ

Q@ SI-CAT 7 EaweToimnemnTaon $I§ E % i’%

M2H£3 [/ 11H

2 B R A
LX2X2REFRAR
WRSEAEE IN TR
(-#) R8zBARtV-
FRHERREREHER

.
T
=
X\
R

[EH]

BRRIEEIC K VBIHIE T DIATILTADRE
~ENBRDIELBROLEVELDEN L UBHEIC~

KEMEFRGEEOHAETIL—TIE. BREBEEOKIESIaL—arvsE
FTUN, HEBKGRBEEICHES . FEILEMBICE (T 5HKDOBENREL 5
MICEEMLELz, COMKR., SHERDODIETILTRXATOLXDBEEE TR
HELHERT, ENZLELIEIFILYZL. HFEYBLSLBLEFLY DL
HAAREEN DD MY EF LT,

SEOMERRIE. ATILTRDKEREECERROMEICEHEST S
EDOTHY. %, EOZVWELTILTREEHT 2EABRICETERIELEE
B EOEEZICEHLTOEES,

CNFET, HIKEFREDETE LB, VEX2RKELTOREERBDT S
—A T, HEILEHIEACILED RERR., tEE TIXEHMICEIRERXENEN
Bmy a5 ENFRIShTHEL .

SH. [IRPEAH. RAEKXZE. BERARFAREERVCRFTRRRREHARHAO
MRITIL—TIE. FROKURIKEBZEZRMRIC, KESEEE 1km &5 PERILEH
HOBMEHMEEZRERETEILOLESREENFPAMEZTVELE, CO
BR.EOZEVILTILTRATIE, SHEHER (TFRELUBROERFEYREN4EEL
FLEKRERELZEE). 12 ARFEL S 2 AFTFICNATTOREENREIV B
ELRDENHD—A. ZOREENBFEEIYDLGLIELHAHAHREMENT
ENFELf, SO EMG, MIKERENETTEHE ATILTRAOEZDOBEE
FRELY LBIHEL. ENSBEIFRFELYSL . HFYBLLBWEFRFIY D
BIEHAIRMENH S ENTREINET,

SEOHARREI. ZREICHESIEHFOEFTOHRR/AL T TR ATLTRAD
KEREELERROMRICHLEEST SO THY . &R EOZVLTILTR
ZAIHEBRICE T AREESECFENREFICEMLTLEET,




AEEIZ3 A 11 B TEAMEKXRERFES OEMEES TProgress in Earth
and Planetary Sciencel] [Z#BEH s FE T,

<FHTJMWX>

f8&k:E - Progress in Earth and Planetary Science

24 kJL : Changes in extremely heavy and |ight snow-cover winters due to
global warming over high mountainous areas in central Japan

E&% :Hiroaki Kawase™ T. Yamazaki? S. Sugimoto® T. Sasai? R. Ito*
T. Hamada®, M. Kuribayashi®, M. Fujita®, A. Murata', M. Nosaka', and H.
Sasaki'

T B 1 [IRTRERARA, 2 BKE, 3 BEARARERE 4 [IEZEXZHX
BEtr4— b RERREREMEM

<BEETHE®>

AHRIXEBHFE [URZBBECHETHEERETOT S5 L SI-CAT) RU TS
MSIEETLBELMEITOI S L] O—REAZARKREBIEL Y —%
FTERBEETHEET—V CTREMUIRES TR FE (MRERR: 5% 1)
DXEEZTTERSINFEL .

ME&t%x  SEZEMKE ICHAKKMRS TEAEE nN#E %=

BEE : 029-853-8620, E-mail : hkawase@mr i-jma. go. jp

RIAKXEZEXRFER BEEMREMBRYEZER Hiz WG &
BEE : 022-795-5781, E-mail : yamaz@tohoku. ac. jp

BIERRHREE REZHFANRELV Y- BRE K T
BEE : 045-778-5619, E-mail : shiorisug@jamstec. go. jp

RERREREMEN BRREN EEMRE ER OS2
BEE : 026-239-1031, E-mai | : kanken-shizen@pref. nagano. lg. jp

([GERIE L)

S[ERMER E=E KFHRIEH FEE - 029-853-8535




1. B8

SEF [HBGEELTANERE 0% (2017) T, HMEKEEIAETTELEBAD
LWEE CTHRIESENEL T S & BELAHICIEERNED — &g TIXBEEE A EM
TEHZENFRESNTWET, . DPEILEHESILERSORER T, "mEHREIC
BAMBREDENEMT LS LEERMLE-ARLHY T GIAXHEHD. ). —A.
BHLGHEZL DODUEMEICE TS, KERE LTORELCSLEEBR~DOEZETMD
ganold, BHEOXRELITTLEL. BE - BEOFEMETOEIL®,. BL - BEXI(C
LKOHEDTENADENEZFMRIZFHET S5 ENROLNTVET,
ZCAMETIE, dELEEZ R E LT, BEREE (1kn A v 1) Dl
RIELDZTaL—2avEERL. EEFLLVEFEOFELEIICOVTHMLEL .

2. ARFE

AMETIE. 9. BAREZNRE Lz EKEBIENRICET E7 o9V TILRIE
FRIT—RR—X (d4PDF) ] *'@ 20km A v a2 DT—2 AT, REI. 2ELRE
Bl (SHEFEE). T4 ELRFF) (SHER) “O=D>0OBHHOKIFKEICDOLT, &
BLUEDRERRERD=HIZ. ThENSkn AV aTFRFHELELR: BIAX
Q. @) COFERMNLRIZ, ZDOBHZTNETNICENT, DEILEHIEOSEE
5, PEESEEFHE L, A7ILTRAOBERREZRS-HIC. REMEMH R
LB SIEETILERANTIMA YA ETEIVRy—) U5 LELE (K1),

3. MREE

K2k, =ZD20OBHICDOT, E7ILTX (E1(c)) DIES 2000m LIt D #igIZH
T2 EFELVEFDREFLREENEHETERLTLET,

NERBE. TAELRE] ITBWLTIH, ULTOZ ERSMY FT,

- BEEDOREEX. 10 AN 11 BIZHITT TIRE] LYULEL, 12 ABEID 2
BRIFIZHTTEZLLE-TWS, CORBRELT, EEFOEERIE. 1 AFETIK
MRE] KYNEWVWEDOD, 2AICHELE THRED ICEEBT HEEICETELTY
b, =1L, ERADEERE. MRE] ICEET HEBEICETEL TV (B2
),

LDEFEOREEX. ZFELTIRAEI KYLLBVMERIZH S, LPEEOREERIL.
ZXEFBLT MRE] KYhELy (B25F),

UEEY TAEERFE QLATIVTRATIH. BREEA 12 A&+ H 5 2 ARIHFITHT
CIBE| ZBASLSLZBEFNHEL—AT. BREEN FE| JYBLITEHELESIE
DPEENHLIZENTRINEY, COBRELT, BERDN HEI LYNS<HD




FOBVEENHLH—AT, BERD [RE| OEFEAXODBEEREBALVLOD, iR
BRI BHICEBhod HREI D2 ANEERICEBMIDILSLEEENAHES_ LR
BEhFEI,

K 3E. ZDDFHHIZOVT., EEHAHICRE-Z2OEHNRELBKERVEBEEZ LR
LTLET,
hZERZETAELRE) ITBVLWTIE, UTOZ ERTMY ET,
- ZBEFICBVTIE, NHRE] LHEART, 2TOESTRKEHNEMT 55, E50
BEWhEOBRESXEALT 5 —H. EE0E L g (2000m L) OREE(XEM
LTW3 (B3%E),
- DEFITEVTIK, TRE] LHEART, BKEDOELRIFNEL, FELETOEST
ZOBREENBELLTLDS (B3H),

MAELRF] OZEFICEVTIE,. BEEQEVMETE, RELERICHE S TREN
BREICZEDLLI-OREENBEL L. EEOEVMETE, RENEFE L THLHRICES
THA, BKEDENMNZDEEREEDEMICEALLDEZZONET,

M4k, Z20BLALKE. REE. BKEOSMRVBLREBRKEDFREILE
TLTUWEY, [HRE] OKEDRHICOVNTRS E. SEFERFVEFEL Y FERNE
AHEL, EBEORERABNRFLIINAYEY (K4 E),

MAELRE OZEFEE, [HRE) LHERT, BEROZEE/NEVELOD, BFR
BOPREACIERA N SRIEMADILFH TRAKENMEMLTOEYS (RI4ET), C
NlE, HIGRELICES KESEDEMICEY ., FR (EE2Y £5) WIKROALLAX
BEFIFNRFIESVWTEEORFEERORKENMEML., COBRELLT. B8
DE g (2000m L) [CENTHZHICREENMEMT EELDEEFEZONFET,

—A. PEFR, LBERDOEFY CEREBRTORKEDRIARONEY (K4H
). MBKRBEILICHEVZDOFEHRANFEE S C EITBEDHELL IPCCH°FHEHREETT
TIZHEHSNATOEIA, PEFRZOEEZECRT T, ZOFHEANBEELH LIS
FHBKEDEL L. RBELRICEYBENBRRICEDLECED_D2HNEL ST, BE
ENBLTEELDEEZLONFET,

4. FLEHLESBROEE

AARDFER., HIKEEEAZOFFET LGS, A7V TR TR, 2ROKER
BEFRQRKEMENT 50, +RICEALGESOEVHBICENTIE, BEHORE
ENBRAZBIDLSBELNHE—A. ZOFHADEEY LRELFD-H. BREE
ABREAESYIBDL. BERLVBDLITLESBENHSENTSNELZ, CDZ L&




o, HEGREEICHEN, XAT7ILTRAOZOBREZFBRELY LBIREL. ENEE
BERFIYEB.HFYRSBVNERIY DG GHARMEASH S ENTERINET,

SEOHERRIE. EECHSIERFEQOEEDOERLITTLL, XTIV TRDKER
EEPERER EUBEMCSIAFavald) ORRICLEETLILILOTHY . S&. E
DEVWRTNTREEASTHBERICE T AREEECHBEDREZFICTEHML TLVE
F9,




(a) Tkmitbi & € 7 )L DETEEE

39N .
-44' A

38N -
37N 1
36N A

35N {5

o

34N

140E 141E

(b) &R L& 350 (c) FRAT X R FREL

37N

"135E 136E 137E 138E 139E

37N+

137E 138E  139E 137.5E

1. gS&ETTILOEEE S BT R
(@) E#ANH km#iEHSEETILOEBE A, O) PELEHE GL7IIL TR, &
RTIVIR, ETILTR), (o) BMTREEE ((a DFERN) QML h5—»H4E
=2EXRT, AWNYVHIEEIZILESRZILRUIIL— FOBRATHAHIIUEZTDLHE,



£ E4 DB
. 5% (10AMB8AR)

— R
70|~ T L
600 (— 44 I

E 500
Bk 400
5‘1&‘300
200
100
0 Laswic# \ 0 -
101121 2 3 4 5 6 7 8 1011121 2 3 4 5 6 7 8
B ABE B AAEABABAASE BEARBEEBAARBARBAEAE
F*ABORBEEREE=E (101" 50A)
700 : S 700
600 - RE 600 — B
s — +2E | ¥ — +2
¥ 500 — 4 % 500 — 45
j§ 400 \g 400
] M 300
gsw @
200 200
ok iy
¥ 100 # 100
0! — 0
10 11 12 1 2 3 4 5 10 11 12 1 2 3 4 5
B B A B B B B B E B A B B B B B

B2, 7/ILTRAOEEREBEROFWET
7L TRADES 2000m LLEDILEE, (R 1c) TEYLE-BEEZE (LB CH+AE0E
HREE (TR OFH#IT, BEFI10ANS8A. BREEF10ANG58FT, &
NEEE, ANV EFE, FEKEE IHE. BREN T2ELRR). A T4ELR
BFl, FEROMRIRE,. KRILSEFYLI-E, TRIISEFHENHETT . £AE
DEEBREEFHEBSEETILAHELZBEEZKBEDE (M) TRLTWS,



== /> ==
ZEF DELF
%G)Elzi’]m,mtiz%illwkgd)ﬁﬁﬁ*
15
g =) %%
2000m- 2000m-
10 O 1500-2000m 10 e O 1500-2000m
/" O 1000-1500m ° O 1000-1500m
~ 5 © 500-1000m ~ 5 ° O 500-1000m
O Y ° © 0-500m O :. © 0-500m
~ roY ~
s / o o oy ° Pee
“R ®, %) MR “.O
-5 @ -5
e * e ®
= 10 o) = 10 ‘@
SRLEF @ SRLER
-15 B& Kk -15 B& Kk
#&hn #hn
-20 -20
0 500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
&7k & (mm) (7K 2 (mm)
=
ZDEHTRETRES 'EEEO)BEHT?
15
il ]
10 O 2000m- 10 O 2000m-
O 1500-2000m O 1500-2000m
® O 1000-1500m O 1000-1500m
~ 5 ° O 500-1000m —~ 5 O 500-1000m
O ° ¢ © 0-500m © © 0-500m
< o'\ ~ -
g 0. 0@ i K&
“5,( _5 ./ e ‘@ hbg( -5 Q~
= 10 ® = 10 @
SELR @ fELS
~15 325 -15 (355
20 hn #hn
o 500 1000 1500 2000 2500 3000 h 500 1000 1500 2000 2500 3000
EE=(mm) «kinH BEEZ(mm) «kikE

H3. EEAICR-Z2DOFEHTELEHABRKERUERBREEDOMR
7LV TARUVAERE (B1c) 2K, AOKRKESIIESTFETT . E/NDSLAHLE
= 500m LA, S&xHKREIVAHLES 2000m UL, FRIE NREL, ZEN T2EFELFHF.
FEN T4ELRE], BREOANEZEDE. BY DA LASFELHE, ALICHEEHT
e, BEBEICKUBEK (BSE) ELEM. ELIZBHT S LEEBILEIZEYEK BE
ENELTEHZELEETT,



ZEF DEEF
LOBLALSE. BER ([5E))

3000
45N ] - 2 (";‘:".-J ,:d’ 45N ] 2000
Bl 1500
’ ’ 1200
40N 1 40N 1 — 900
X 600
AN \\\, 450
35N 1 PRENE i R 35N 1 300
AN A A NS 150
75
30N 30N- \“?xxf: Nuuusss _80
e A W V
? ) fd e mm/34 A

125E 130E 135E 140E 145E 1o~/  125E 130E 135E 140E 145E 157

20BLELBKE ([HRE])
45N {* o' 45N

40N 1

NN
NN

40N

Gty
o) “,, R
N RN

,"/ J,f..s Ef?;inxx\\
35N SN e
- 30N

i - : P g ' I mm/3%8
125E 130E 135E 140E 145E ;g 125E 130E 135E 140E 145E qom/s

ZoBLtREEKE (RE & T4ELRR OX)
45N |- e 45N AR

VL8 — ¥

40N

40N

35N . 35N
. .;fx?%qq

30N w,,/%?:: 30N

n‘;/xﬂk.kx
ianwww

Ll
«

it} : .2 : mm/34 8
125E 130E 135E 140E 145E1_5—m—)/s 125E 130E 135E 140E 145E 15_n>1/s

4. ZOBLALSE. BEE. BRKEOREONSHRVELREBKEDREEL
() 28F. (B LEF, LRI, HE] OX0BLALKE. BREE. R
MRE] OEZDBLRALRKE, TRIFZDBLERERKED HE] & T4E LR
EDE, TEROZBORMNIE., MKRE] & T4ELRK] ORDEZTY., £LZRALCK
FIEEFERNEFEDS EEERT 5. RHRD/ Ny FIXFEHIIZEETE 5 (95%EREXAE)
RKEDEILETT



FAEEDfEER

X1

x2

3

X4

X5

X6

WERBEBIERMRICETE7 oY ITLRIEFRT—42 X— X (d4PDF: database for Policy

Decision making for Future climate change)

S[EMRAHIRARE LI-ERAKETILEHBSEETIL (20km A v a) #FEALTHERL. #

BBEBLERES I AL—2a vERBROT —2R—X, #FL. BREZHRLE LT, BE60F
(1951~2010 FEZ#XFHR) x50 A /38— (DX 3000 F£45) . SHIDFFCHBTET—4 (DR3240

F£5). SHEHIERICHETET—2 (DXRL00E5) OZHDLIaL—Tarvhibb,

M7, 2E LR T4E LR
AR TIE. d4PDF T—2 D 5 b BEETEERE 60 £5DHD 1980 F£h 5 2010 F£% MFR7E | RCP8. 5
YA IR DE TR LUBROERTEHREN2E LR LESBRELZREL-EE (St
(FIHEY) Z2EERK) AHRICAELRE LESIRRKEZREL-EE (SHIEKRICHED) 274
ELFE] £V,

EEFLOER

AXBTHW-2EELDEEL, Kawase et al. (2018) R U Sasai et al. (2019) TRHWL ST
S5km (& FRERD 372 EL/OHEICE T, PEILEDEZ SO PEMA DIFS 1000m LI O
TEYLEERABRERDLUSFL TS FEHET. (REI. 2ELFRK RUT4E LR
DEDODRHRENETRTERL TS,

B RG—1) vy
SEETNICE>THESAERIET—42 %, LYESEREOHEBSIFEETILZRAVCHESTEY
LT, KFYBBLERIET—2%#ERT ST &,

IPCC (Intergovernmental Panel on Climate Change : SUEZB)I-RET B EAFR/ SHRIL)
ABERICEDIR[BELRLEZNN Lo THE, BERTEMICEAL, RBFm, KM, #2&%
FHERMN S AFEM LM LTSI L EEME LT, 1988 FICHATREE (W0) & EERE
EtE (UNEP) [2& Y BRI Shi-#B8,

RCP8.5 1) #

SARZEENZBE S D BURRI/ SR (IPCC) DERRFHMMEBEECH (T HMIKEEREIEL T VLT DS bR

LRBIEAEDSEED T Y4, BERNAHEKEBIEOBMRIITHOA T, KBEOLENSERLE
(O UA, SHEHERICHEROTH[ENEREMLUAMICEATHAICLERTHEFRSIND,

51 ST

10



@ Kawase, H., A. Murata, R. Mizuta, H. Sasaki, M. Nosaka, M. Ishii, and I. Takayabu,
2016: Enhancement of heavy daily snowfall in central Japan due to global warming as
projected by large ensemble of regional climate simulations. C/imatic Change, 139,
265-278.

@ Kawase, H., T. Sasai, T. Yamazaki, R. Ito, K. Dairaku, S. Sugimoto, H. Sasaki, A.
Murata, and M. Nosaka, 2018: Characteristics of synoptic conditions for heavy
snowfall in western to northeastern Japan analyzed by the 5-km regional climate
ensemble experiments. J Meteor. Soc. Japan, 96, 161-178.

@) Sasai T., H. Kawase, Y. Kanno, J. Yamaguchi, S. Sugimoto, T. Yamazaki, H. Sasaki, M.
Fujita, and T. Iwasaki, 2019: Future projection in extreme heavy snowfall event with

5-km large ensemble regional climate simulation, J Geophys. Res., 24, 13975-13990.

11



