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i ) d4PDF
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EERODRT, ZEMLGET -4ty FOERIZKY ., EET SHMEROREEE. TEREEDOEY
2 —HTEETIHIENDOREBEEHZETME. CnICEICRELEHRIRNERAGEL LI LT
BiE(Z#BIF T d4PDF [FRAFE STz, EYbit, HRAEDOEVERPLERLG EDHKFHEEINE
WBEAASHROERE Ll - #HETACLICEREFBVTHIA ST —4R—X¢EH-
TW3,

A1)y RE, 3000 £, 5 6000 FRDERIEL I AL—LavHEAnG, ABENRETIRERE
ZVER. EMEEDBEEAANY MIDOVWTOEREY D TILEZHHME L THEITOUET 52 &£ T,
BESIEEEHDORRIELRNIILOFEREICH T HIREZTOZEIZOVTOMEHICEREDS
WEITHEENSONDZETHD, I, d4PDF OFEKEER (£ T—42I1%. E—0&KiR
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AR6, A7 FUAE) | BB) IZBMLE6 DDETIIZCEEFRNSER L-EHOBEKE
(SST) FEEINHTEEZHLET. [IEETILEBRICERT 2R Tr—ILOFEEEEHD
BERBELTWSEEZOND, SSTOREELIZNA T, BRATHOFAEEEIZEDICERZE
AEEBRESHLDETCERLTRBE7Z VU INER I TWS Z &S, BALTHICERT S
FRHOAEEELESEETILERICERT 2 FAORHEESEZ 08 L CTHREHEINET S 2EMNTE
b, Fl=. KX, BX. BEFLGEORRLGNFOEEFMETIVIC. WEHNIDRS—1) VJIC
L OMBHICEET IRREFREANT S LT, BIRITHKREL EHKFEICERT H2BRIC
DVTORIREEFZETMEAS XV BN AIGEE 125,

TAYY ME, T—2EDBEXELO. FRICHIZ->TIE, +HLEHEREEEREZERLET
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(RIZZEEBEICHEMHEEETOS S5 L SI-CAT RUEERT—IRN—X LR T L : SEALE) HA
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2 https://www.data.jma.go.jp/cpdinfo/ccj/index.html
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@ #MEHIT IV Ry—1) 277 (#EETHI DS)
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(4) ETIVBBRELT—42Ey FOFFEADOER

T—4Rty k2022 [21%, 2km BRIEEDEMREETIL (CPM) [2KDT—42 1Y rAH5 (D
2R UVBAESETAT—421 (BBERE2kmiR) . @ TBABKERTIT—41 (fREE
2kmbR) ) . HRMICRTHLEENLGZCOBBEDETILONFELEFALOZIEICONT, UTFT
BT 5, £9. ESRXELZL0THRKIRTLOBRIZIL 2kmCPM (ZBHTH S A, BKS
AT LEERTRELADEILOEESETOERIZE 1km LTORGENEEFN L EIZDNTE
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THD, ZZTlE, 60km ETILE 20km ETIILHEBEEN SEBREDO LV FILE+RIZHET
WEWZ ENRM D, fihh. 5km ETIIFHRREEF TLCEBMLTWS, COZ &ML, HRE
LEZMREICT 2568 L. REREOEHNZRLBET. FRICELE-ETIBBENELGSI L
Nahd,

— NHRCMO05 (mean:0.1783)
1= AGCM20 (mean:0.1838)
10°F] — AGCM60 (mean:0.2133)
— Obs. (mean:0.1699)
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EETIL (FEIEETIL) D 5km iR, Obs.[EIEEDERIE (Takayabu and Hibino, 2016) . FZED
oy (LIEFEX R 95% D &EEE

X 4.2 (Orlanski (1975) D E IS F—FRRICEIZER) ITRINTWLEESIZ. REDH
AT —ILEERRAT—ILIEERLSFEUVDO2NVTWVDS, BERIRT—ILOXREZLHRRIE. TOERBRYy—
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ILEREL, CDH. B41THMNSEL S ICERMBEBEOGWVWETIVLIZEE . ERMEEKOBERM%E
NEl b, £z, ETIVIIBE INOIBRLALGYER X —LIITHBBREICEL > THRKEREROE
HOEADEDL-TL %, BE. BEE (HKFHER) H 5km EE & YIELGE (TE R O XK % fE
BTELGWEOIZ, ATNNTAZ)E—ay (A4 - Ty IYFERGE) HMEDND, fi#E
E 5km HIz-Uh SEREBHICRT “EEBEETIL (CPM) 7 L1 d, BEE lkmZFt)-T< %
L. ARICEEEZESZDR[BEREBOH/RWHIEDL->TL b, TDF®. FF& L TLES (Large Eddy
Simulation) MEAIN D, BKOWHLBEZRE LGS, SBEEQOETILNRAIZL
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K42 BKIRTLOMEEW#EE, (Orlanski (1975) OEISILF—KRRICEDIZER)

SEEHHVTEH., EFEFIBHERICEALDDSE - TS, KFZH5T &5 HBIHBEKES
EOdTHEDBREEEZFIvILTEIS, COLIBHREE L TRRNUERRRIZ, AVRYF—
ILRFRFR (MCS) EIKBKELH D, K4.31%. dLKD MCS DIEEZE 250m fRIEZED LES ET
IWDFERTRLIEZEDTHS, LRI (updrafts) & TR (downdrafts) MEMEHEEZTRLT
WBZ Enh B,

HEFHRETILE. EROBETERBTIHRERAFHNERBPOETILE, AR, hEREEDE - EFE
DPYEY, KEBMFDEREDHEEREZRREIT IV ITETILOEENLEH>TWS, BEDY ITETILE
., MEIAX—L] LBHT S,
CREEOBBEOETILTIE. BAOMBREOANRESEZHFETELLV=HIC. EMELTORREOHE
ERET D IWAfNsA4)E—2av] MREASKS, dHMEEDELTHRI - Ya—N—FRX—LA
(Arakawa and Schubert, 1974) A$%H b, CHIIMEANFDEZFZICHAL TCEHOFEIZ <V OICEHEL
3DTHD, TDER, BRABAXT—LLAESZ LIz, A4 > - 71 vy Y RF—L (Kain and Fritsch, 1990)
£LZND1 DT, BEBEEOLEBEMEVWETILICECALWLOA TS,
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X 4.3 250m fBEEETIVICEE A VAT —LRFRHR (MCS) OFERERER, LTAMIC
10 =KL T&HS (Prein et al. (2021) &Y., CC-BY 4.0 54 >R (https://creativecommon
S.
orgl/licenses/by/4.0/) IZEDEEH) . KFERXRT—ILIEEH &% 100km F2E (Houze, 2014)

H4.41%. MCSDBIRMUDETIVEGEKRGFEEHZRANERTHS, 12km BEETEH. RO
INSABYE—=Va3y (WA4Y - 7YY YRF—L ; KF RX—L) OFEICHHIH ST MCS HD
MK —UIFHIR L TUOVEL, EMEETIL (CPM) O 4km LT OREEL S MCS D
BEZRETELI LN S, CTTREEINTLLDIE. KED MCS OfEEIZIE 4km CPM
PURETHDIENSIZETHD, BEE 12km DETIATIHBERIZFELBLHEVWKELZRT—ILD
EEFRAPEL, COBABKEEFBRTMLTLND (K44a, bPORKELEKEL) ., COLRE
ROFEEIE. COETIIZEIEABEESTORKELZEDOTMICEXEEZRIFTERE L4 > TL
%
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44 MCS®D1BIZHITS (a-g) HABKFETIVIZE T ZERBEKEKZ—2E. MCSD
(h) BLE. () ZKRBEKE. () BENRE. (K RERKETHE. () BREBKEFYE. (M) 2
50m hfR&EDHIKDER, (Prein et al. (2021) &Y. CC-BY 4.0 542X (https://creativeco

mmons.org/licenses/by/4.0/) 1ZEDZ&R#)

FhiolE, BBBE 1km RED LES ETILIEFA —N—ZARYHEDEAS50?K 4.5(&. MCS
AEDBENDBHIREDHEEGEKTFEZRIE-1DTHD., MCS AFDFEMLSRERIR/NNI—VFR
BHIZ1E, LES (B 4.5c) NEFEFLWLWZ LoD, DR 42I1ZRS., RAOR/NEMTHHEL

DEILEORNEEEDBRICIE 1km REDBBENEEND, REOERIIHFIRFEKFTZHAEL
f- Kato (2020) THHERIN TS,

1-15



(a)

hydrostatic
Ax=12km

(b) (c)

kilometre scale
Ax=4km

large eddy scale

cloud condensates cold pool <
updrafts B downdrafts
MCS Feature hydrostatic | Ax =12 km kilometre scale | 1 km < Ax<4km large eddy scale | Ax =250 m
precipitation too localized; hourly heavy precipitation patterns have converged; patterns and peak intensities have converged;
20-50% too weak average and peak precipitation is ~20% too intense stratiform precipitation rates have not converged
cold pools ~20% too weak ~5% too weak on average; maxima well captured structures and intensities have converged
updrafts plume-like (rising column of air) thermal-like (rising bubbles of air); many thermals with converged average depth and
one draft that is very wide, deep, and few thermals that are too wide, too deep, and speed;
100% too intense on average 10-30% too intense updraft width has not converged
downdrafts very few drafts that are 130% too few drafts that are too wide and 60-130% too deep; many drafts with not converged average width and
deep, too wide, and 12% too weak average speed has converged depth
cloud tops 1°C too warm and ~300 m too low: 1°C too cold and up to ~200 m too high; cloud top temperature and height have not
large parts of the anvil are missing average extend has converged converged

45 MCS® 1D, KFMHEEE (a) 12km. (b) 4km. (c) 250m DETFIIICLKY ST alL—
FENTE, (2021) &Y. CC-BY 4.0 514 >R (https://creativecommons.org/
licenses/by/4.0/) 2% D EE5E)

(Prein et al.

ZNTIE. BADOERYBOBKDOBZRFIEES THA SN ?R 4.6 ITHRARICDS. KU ILEHEH
DEKOBREDHBBERFEEZANEREZTT . COHIE, EBRED 2020F 6 A28 AME 7
A8 HB®10 BREEKDHITHS, EERBREBETETILOBRKEFIRAEICERTOPLEHTH
5. CPM TIEWITHIE ., ERAMRISA >FRAICHEUSEKENBERINA TS, 52 5km
REEMN S 2km, 1km, 500m EfREEMNEASBIZONT, BKEDE WNhEARRIZED L TL
ELOMRENRY EZFEDELSITHY . BABED/\Z—2ITiADLTL S,
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KF X ¥— L% ALz 5km NHRCM, EEHAEAEEXRRA F— L% off LT 5km NHRCM. TE&

[XEMSIEIC, 2km, 1km, 500m NHRCM T, WWFh i CPM (MiEMSREETILESELLHE IO

T35 L BET—7 C HAENMKEREEFE $H2EERERARBREE (XHBEEZEHARERB,
2021) & Y #x#, Fukui and Miura (2021) ™5 ®O5IH)

ETIVEREEN CPM [Z& > THEFIHICHLVE . grid size storm E WS EMERAMNEL D Z EN
Ao TWS, Thid. HWETIBEETEIIRELILAO LR RIS ZEBETELNHIC1ETF
[CEFLEERREGY. 1BEFEEORKENRET S LICLEDLILDTHD, H471E. £D
BFZER-1LDOTHASN. 2km fEEE CPM ETIEEFRT— YA XOLREFRENRZ TS,
CD=H. A48 DFHEFIZR oD LS ITHRFRBKNEZICHIRT S LITHE, ThEdT
S-OICIFEERRRAFXT—LEHAT A EL”H LM, O IRHRRVARESREFAT—4%21 . @

THABSEFRT—21 TIEZDOLSEREKILL TLEL=®H, 45 snap shot ERERIODT—
2) EWOBICITIEIDETHD, 46 D& ICHHEBEREETRAGEICEIZTOEEIELK
Ly,
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CNDESIZ. T—481tv 2022 THEH TS 2km ETFILDHER L. LiFHGHERETHAI-HIC
BYIZFEZXERTHIN., TORDEWVEITUS— M EELAHADTRYFWIZIZETENLET
H5

(5) CMIP5 & CMIP6 MEEfRTE (ARS & AR6, A7 ¥ FUF%H)

LHROKBETILHDIVEIHER IR TLAETIL (LT, FEHTREETILEER) ZAVER
BEoIal—aviE, HRKEARFEZETOCMPAEYFEEDTE, CMIP(X, 32l
—Yavo7Aatal, HAZHDIV R MOBRRAEZEDDILELLIC, BELLBIBREHFLGLEDT
—REEBR LTS, Tz, HREBEDOT—27—h 4 T &% % Earth System Grid Federation
(ESGF) £T. RSNz 22— a3 vT—2%2BBLTARALTEY., #AGFOENATE
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