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CPU IFff] v_debug : 502.2 [VE * hours]
v_normal : 101,150.3 [VE - hours]
&t : 101,652.5 [VE - hours]
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6.0/3-7.0/5-8.5) TIX, 2250 FFll7e» TR & Xy MERPEHNEBT LTIV A ThH 5, BE
IRV HEOEELH Y, COHEHEMOR—ZEK T LTWH7D, EFLd 5 5 SSP3-7.0/5-8.5
FTCORBLEANEZ S22V AREEREWE ORI L H 2523, 2 2 TIET X TOAREMEZ RFH
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EE - KSR (AMOC) B2 &3, RERCEHWRIRO B & &bl 2R, I
IER72IRE . Rt s 72632 030 -72, MIROC ETMILHV I =2 b—v
3 Tl BRPHWRIEEEN 4 EEZBZ 55720 T, dbEEREK ORISR 8 E L TV 5,
F 72 ENSO fRIFIX, KIRD EF & & HICTIRIESE KT 500, RECVEHKIR B2 3 4B 2
D& RENRD Liao 5, KEEICB T 2 HEAKRODHTICL S &, 2EFEHKIEDO ER & &
HAICHEEAKEORE 2 b7 2 MR T5 2 & T, ENSO EEMNME T2 2810725, TREE
BHFEERIC, RECEHRIEN 3 EEZBE L5 & TREENHDICEIEL S, AMOC OMEX, KR
DOEHEEBIUETZ LEET D, 5%ITHER AT LA OZFEENZHOWTHEZIED L L LBl E
B R REEI PRI O THBICLER LR E2 DD TETH D,

- =i ) _ sse126) . AMOC: =
" == Rea | o Y & d go KR e
: 4 AR - 1 e L FAEER -
| . || ] ,, o 4 IE Y S [svl ==
i f'* T AR T & s
q &L“" ' . _— ; -::'. \ { *
'| o “—— ol gy —t —t———— S P o S L) A |
SRR aBEEE SRR ERREE SRR SRMENEEE

] 1. MIROC-ES2L |2 & % 2500 4 F TOHMEEROFER, it iRE#%#  (Shared Socio-
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W74 : IPCC ARTIZHI ZRBEET NVORE L KELBTRIB RO L 7 R r—)L
RIEE . D6 FE
REREKE « ENREMEATHER O A 7 Ak B HTERD
LFEFEE  [E BRI HIER S 2 T AGEE RS - NAETS - MR EHh
FAANE - TEER
E N BRBEMIE TR A B s v % — kil - Damiani Alessandro
HOUR P R GUFENT SRR SR,
i (LR K7 B ARE AR ZE R B IR
WK P PERINIISEET W - B LIPS - FrH AT
At =R AEseET LRl - B R - ZREEESE] - FrHE R
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KRIRKFHE T AR AR
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L HFEER) (2007F2)

AWFICERE Tl & MEE T /L the Model for Interdiciplinary Research on Climate version 7 (
MIROC7) DBAFET %, ZHETORBERETHIESN TS, KK - HE - BT m e 20
RZMIROCTIZEEA L, £ b AN < BRICHHHE LT, MIROCT7IZ & 2 KR BMERE DM L
ZHET., £, ABOEBKEET VL DX T A= U7 EITO, FRCARRST U7
WC I DR AR KA B TR AR %5, 72, MIROCTIZ X D XEABNFZRT — & 13,
2029 T TR 4D KELENZ BT 5 BUR IS RV S TR EEM 3 5 E (Intergovernmental Panel on
Climate Change 7th Assessment Report, IPCC AR7) CHAIHEND TETH D,

2. A—R—a v a— X FIFERE
2.1 EEBERHERT (20244848 1H ~20254E3H31H)

CPU ¥fi]  v_debug 39.9 [VE - hours]
v_normal :187,993.1 [VE - hours]
&t :188,033.0 [VE * hours]

2.2 FIFABE

ESLBRBENIIERT & & Lo H ARDHISE 7 L—7"C, &MiE 7 /VMIROCT % (%€ L 7=, MIROC7 % H
W CHREAEF BRI SRR L ERE2 T 72, BT VIR D KRA - HE - o at 20Fk
B, ZONTGA—FEZBET HEEERZITVD, 20K 7 1 ZADKUERBIERES KUK L)
THA~DEEZ T, K0 @5 E O fEI R % & 7 /L Nonhydrostatic Regioanl Climate Model
(NHRCM) b RIAI L, IRBRALOBEA~DEE LR~ FER BT -T2, T NVFERIZIIA—/—=
YEa—ZERN, RA MU T ey by R — N ETITo 7,
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3.1 BEE

AW TIL, KIEET VMIROCTDBRAFE A2 5E T Lz, #EKE T /LMIROC6ILFEMRETH -
2H00, TRAF—INKICRKERNAT A% 2TV, MIROCT i, #H7=72ZE - BAkAX
—LADOBEANIZLY | FRZEIC L D KBS ORI 7234 7 AR S L, =1/ F - DFE
BN KIGIC ST S A7, 20234 LR R O BAFEAR Clk, WBEEMEBR D399 WO S0, I b R B 5 G IRF
DORIR LA & (RUEEE) OF S 72 EORGTRRED R > T e, 20249121, 8 LWEUH A %
— AMstrnl 1O E RS0, HAMEKS I 2 L— X 0#E A | ZFEYFBREOFHE LTV, T
PEREZ S B2 LS, ZHUIC RV MEFEERORBLUGE S, KUK $£93.5°CIlcin x
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STz, UL EOREIZ LY IPCCETRFHMIMmEE (AR7) [Tz, FEMEOEHVWEEET IV
DN S A, 20254 S ARERZBGT 5 T ETH D,

32 HRLEH

RUEZEENCBIT 2 BU S %L (IPCC) DHFETRFAMHREE (AR7) 132029 RIZHEK TET
D, HARTIZIOERD S IR - MHFEAFJEB MRS - E LR B TR & O I 2Bk T
T VMIROC% BH¥ L, REABFERREZTT\ N, IPCCIZER L CT& 72, IPCC AR6TIIMIROC6. F]
M &H, BIfEIE, AR7IZIANT TMIROCTZBAF LT\ 5,

MIROC6IZ, KURSCHEK R & DK AN, AR, Fx B8R EOBEFIMERE < TR
DIFFEREBRI DA O KU E 7 VIR T HYEREDS /W E 7 /L T 5 (Fasullo 2020; Tatebe et al. 2019)
o LU, EONRMININA T AH TR T D, Bilz1EX, MIROC6D =R /LF—IL I IT K &
TR T AW H(Wild 2020), K& ESEIZI5 1T D KD & HIER~ O R A ST = %L F—(SW)H3
. BUINZ A TIOW/m? B2 LA C . HIER D) B FH ~ D IRAMIEE D = L F— 4 H(LW) $ 10W/m?
REWDTH D, BUERFETOMIROCTTIE, TRAF—INHDONA T A2 YELZRfELTWD
o ZNETORECED LN TERK - WFE - BRI et 20 ELEEAL, £7rEAD
FHOM X 2t - i LT, EF ML AKBELEEOEBMELm LEE 5,

20234F % £ TORIFMOMIROCT v231113TiE, MIROC6IZHERT L 0 R E « KA F—
LOBN, RS REECHKOFNOL R ZIZLY | BETH S =3 X —IE D KIE:
WEEER LTS, L L, WERERNIEVRESS, LR E RO RS EH SR O E5-
BREREE)NEWNZ R Y RODDORMGTEREDTE > T\ D, 2024F X, T LW A ¥ —
AMstrnl 1 DR 3 ~Os<0, H LA B I = L —Z (ILS; Nitta et al. 2020)D 3 A 1T
Do Flo, BETNVIHELED | MR O RBEOMBRKEEEIZ DWW TOREZT 9, IPCC
ARTD S A DAY 2 — W OEE, 20244 £ 1 IZTPCC ARV D RIEEB KR Z4T 2 5
MIROC7 % 52 S 5,

3.3 BHEFE

Z N E TMIROC6 CHIH L T & 72 it A % — A MstrnX & . AU « BEL X T A —F OFHi/a
ERITOITH LD A — AMstm11Z2F]H LT, RFMIPEER 41T 5, RFMIPFESR & 1%, &
RTT a Y NORBEEE RN KRR 52 TA 7 74 VREEHE 21TV, line-by-line
FHEGEFITHEBIEN, HREa X P REW) LR L, xR KKOKIR « KAEK « KRR O
B7a7 7 ANMIEBT BT T v 7 ADORBMREEZFHEIT 5 4 DFEBRTH S, MstrnX &
Mstrn1 1 ORFMIPZEBRIZ 1T 2 it 7 7~ 7 A Dline-by-line > & D /34 7 A & K 1Z/RT, MstrnX
TlE, R D b HiZR TEI(SWS 7 7 v 7 A3 3W/m? LA EOWRFISA T A3 %03,
Mstml 1 Tlid, TN KE LS KLEIN TS, ZHEMstrnl 1 TIEL, MstmX2»H EH S N7=/3T R
—HIZE 5T, KEKDSWIHFRINARE > 72720 ThH D, — . LWTZ T v 7 ZZHOWTIE
. Mstrnl1 & MstrnX i3z, xR - sERE TEIWMAEE A 7 A2z 5T b, Mstll
IISWOUBGENBEETH Y, LWL+t LZ R L7272, MIROCTIZE AT 5,
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1 MstrnX & Mstrnl11Z £ HRFMIPEBRICIIT HSW ELWO KN 7 T » 7 ZAD /34 T ZADgh
B7Rm 77 A, L7757 L AlLline-by-line, RFMIP TEF S 4721001 OFE T, BB X
RN IS DERICEA ST ST D,

WIZILSZ#E AT 5, ILSIE, ZHE TOREET /LMATSIRO(Takata et al 2003) & [R5 IZ HiFE D
B KINKZFHRET 208, ARG E S TR L DI TWnWb, £, %
KENIIKERET NI EERGIEANTE LR EOPEEICA Y v b BH 5,

INETORBBRE - BRI a2 A0EANIZINA T, Mstnll &ILS%E A L7=MIROCT7IZ X %
historical J25R & FEhE 35, BT — XIS, KO AS, KK OMRED R AT APRE, H
KNoDoZT R VO vy ay, THFIHSEER EEAERSEMEE LTEHEA, BEOKEES)
ZHBRTIEREIT), TOMBEZEBINT —X LT 52 LT, T LVOHEELREAERT D
PREZ R 9 %, KT T L DEAZEIC & - T, historical ZBRIZEB W T, lEDKELE 2 MY
KRBT 52 L%, BT MK DR TPRIOGEFENMEICE D 5 EH e Z & Th % (Hausfather et al.
2022), HWTZ@BLHIT — 21X, GPCP2DRE/K &, GISTEMPX°"HadCRUD ISR, CERESOD T 1
X —INE, JRASQFERIT T — 2 72 8 Th %,
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v250101232.03CTH 5D, WTHNLDET NV H, BIFEORKAKIMNE KBS MZIEFIC LB TE
T3, v231113Ev240101 TKREE EDEIRANA 7 AR I LTV D O1E, Mstrnl 11E K 5 B
AX—AOMWRERN EIZE 25D TH D, KGO AFTHSWHS =X — L HERD D5
SNALWHH =% L F—1X, MIROCOIZKE 7251 T AMd5H, SWELWD /N1 T ADRMSE
IXENZEILT.68W/m? & 12.90W/m? Th 5, UL FROMOREE T /L OF T HENREERE
T H(Wild et al. 2020), MIROCT TIXZINHDZRNAF—IUKDONA T ANRKELLELTND
o SWELW®D/SA 7 AORMSEIX, v2311137T10.79 W/m? &£ 7.08W/m?> T, v250101 T11.78W/m? &
733W/m? T 5, v25010153v231113IZEER T, =R VX=X ORBMERENE TH D DX, #%
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V231113 TlE, ZOBEEAR X — LT Lo THEZEE O TEEEOR/INSA 7 A3 L
R, MEHETIITEEENMABETC LE o7, ZOTEREOERE 2R TEENRRE(LA2
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X3 #EEDOEERFEEOMFLIELZENCC), 1970-19994FEFH) 0 & DR 4% 7”7+, GISTEMPH]
MR, HadCRUBLHICRAERR), MIROC6(HHR). MIROCT7 v231113(4 L > ), v250101 (
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ISR~ 2B F CORGKIHERGT DT AR E T /VEE R « (b5, FHUull-C, KREWERIE
FEZRE, RO\ B S SXHATE~OlaS & KA RN K DHEROR G EA RS INTT D,
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Thompsonetal. 2011) . JiEED b RRAEEHEOXHATEE~D 8 (Noguchi etal. 2020) 72 & HiEF
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FREET N AW TI0FERO 7 U —TF 2TV, BAMHIORE LTARKIESFH] (AE T v 71%020
FERIC24FER) 121 B3R 00500 hPai E DFIRHEE D 2 ARy MRk Lz (K2) . ek
D> B XFREA~OWE DOWEADNER 72585k Tl AIBRE DR N 225N T D T OISR EE MK 5
fEAZH Y BRI XV IRRIEOREHIICZ O X 5 ZefEik (6 B AR DEfE s, ik &
RETRINER) By —TIC/mAbNT,
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X 2. MIROC6.0 {LFEIEET IV (T8SL81) 2k B
LIHERESEHIDa R Yy FES), 413500 hPa
OFIRTE (%) . SHEHE 500 hPa OV ART

TRNAEE (m)

B 1. ALERIEET N ASIGRE (T42134) & EfpieE
(T85L81) TEIH LIGAOARTEDE, 16k
® MIROC32 (L FRIRET /L (T42L34) &, MIR
OC6 {LF&KYEET /L (T85L81) & DFEE/RT,
(F) 1~500 hPa, & (F) 50~500 hPa DHiH T
ER

342 KEE7a oA Ry MNIHED BRNAX =BT OFAIT X B KREUSE DOFEHT

18594F KA CIICI I AMEL L 200045 KA TR 2D, 20006EDBEITITR 7 1 koA X h DO
BT J > THIN LU 72NOLS, BTN O EREECIO & i LCIONO, & 725 CCIOREMEL 725, D7z
O, 70 b AR ROV 5 TR VR L LHlE U CA Y U REA~ OB I55D D Z L D30
7mo ZOMEBNMLOLFEEET L THRSS  (Maliniemi etal., 2022)

72 BAE T, RO ZZERE MM CIOEREEDS FEMRNIE E @< 72 Bz, RREOEWCE
HEATNEY,  (EBHLDORR L FIINOJEIC L 54 U HEN R 5 5)

343 I AVEERE SR LT-MIROCS LS FET /L £ NICAM-ChemiZ J. % 28R

MIROCSHV FEIBETET VDA A AR 2 (A L U 7= FEBR I, THREOIRE A 15053 2 LRk
THEL LY bAY aEVNEL | FEBER TEZVOMANFRIIN W, AV A= E2E D89
TRRUFEAS TR, Fafid > v s — U R 53720y, NICAM-Chem®D A AV FE % [FARIZ
WA U7 SRR Gl MG R (S6km) 72004 D ) A RIFZZN DD, FRE T 70 < FRafa
HCHODHORHITY 2 2 L—v 3 U TE TV, A, Bl Z1T 9,
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FEREFSE
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AEAEE - BRI ETHUSER S R AR FOEER
HEpFEE © ENZBREAFUITHIER S AT A ke
TN KPS I FRET PR - i - S
4 BRI R BB e R ZEBEESE - Hossain Mohammed Syedul Hoque * Do
Thi Nhu Ngoc « /KEFE—RR « IE AN} - 27785 -
FENANGE « N HPEE - MEATSRA -
HOL RSP RKUEENITERT BRI RRR
il LR ZE 0 B SRR i H R AR - SR - AT - AR — -
MR - FATERE
DT IE B B RS g 2 7 A BFJE | o % —  #THI#MH - Ha Thi Minh Phuc
AL R PR FPLBR R #FJEFE  Isah Mohammed Engha
HORERITRY: R AT

1. BFFEER

ASRECIL, REHFOT 1/ )VSoxHftEA v D X 5 7 HERDBEHNEL « KRBT B % -2 5 5t v
SR 7~ (Short-lived Climate Forcers: SLCFs)  (DZE{ A3 feds L OMIEER B - S F 3288 3l L. SLCFsIZA%
H L7 HIERIRERR LIk DR oS HIRIT 5 = L 2 RE R A ET5, Z07-0I2, BROBEET v
Z VT, SLCFsOFHRL T & « Hililk = L DK A ERIL T 5 & & bic, BT VORI R - kb A
&35,

F—D— F | RGBTV, SRR, AV S

2. A= ¥—a L ¥ o —ZFIHEE
2.1 FHEMSFIFERRT  (20244E4H1H~20254E3H31H)

CPU IRfff] v _debug 277.1 [VE - hours]
v normal : 751,852.2 [VE - hours]
# : 752,1593[VE * hours]

2.2 Fl e

KEWEPERSE ST VMIROC & — 7 & V' L& /LSPRINTARS 25 #% & L 72 MIROC-SPRINTARS & 5 /L,
MIROC & fit& L7 KR&AEFE7 /L CHASER (MIROC-ESM) E5 /L, KMONE RS RGH -E7 /L
NICAM & SPRINTARS « CHASER DM & L7-NICAM-ChemT 5 /L% AV, ENZEHFIFHHRZIT -7,

3. MHFeHER

3.1 =

MIROC-SPRINTARS % FV = [EBRE T /WAH B LLAFSE RAMIP D728 D> R = L— 3 Tt &%
By al—rarEwFE L, TOMEE RAMIP (TS5 Z LT 72, BONmbaL, e
I BBUEICRIT HHIFRKIEZ L IPCC-AR6 (2021) &K EHITH Y . FERERIZIBVTE SSP3-
7.0 & SSP1-2.6 DV ADiEWEFEDOHEIPAN TOZ LA~ Z LA T& 7=, £7-. MIROC (i &1
TR TFHIUA o — OB IE FREFEATEMRAICT D 2 & T, oA hOFBICHH Lz, FHZ, MIR
OC7 CEHEANZ O BV T B BEK THRILA F— A, MIROC6 OFEHERR T & 7= BRI A X — A D
FHE IR N L HARTA0%RREIE X 72 D720, ARIOSERIZ L o TR A X —ADFE I R | &
ThH 10%FEEORIINCE EE-7-, £72. MIROC-CHASER % V7= 2022 4E7 4 h o MRS 2 = L
—a b FE Lz, AGRKEINCEES OH IBED ER., BT 0 v W EFHIE S ORI L Z D454
DRERYIER), A 55A0, TV OZUITHE D BETRE) 78 & & E s i C & 72,
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32 HREEH

LR ERZ BAICHIH A 720120%, REFEMOEY SLCFsOH T IED BRI g (7T v o0
—R, XA ) EEO T ERRETHY | ERRIC A GRS IVTW D, SLCEIZEH L7kE
FRZIRET D720, B OEAEET AV MWEL L 720 | SLCEsOZ T3 D5 E % 1 LS D
52 EINEETHD, & I TAMIETIL, 2ERET /L% FIVTSLCEsOBEHEZS Ik~ 2 PR « fdih
Hil/) « KEAEEFRD L L b, TORESHEZ L VBER I 2 b—a 357087 /VRE ks
D D,

3.3 FEFE
3.3.1 MIROC-SPRINTARS % V= [EE T WA ARG DTN I 2 b—a &

AR TR =7 v Y LV OMIRHHHEO IR T 5505 « RREOWE#EEkT 52 &% H
& L7 /WA 7 2 =7 | (Regional aerosol model intercomparison project: RAMIP by Wilcox et al.,
2023) NFERSN TS, RAMIP TiE, FEUEFBRINNZ T, 1850 £E7>5 2014 4 F CTOREH IR & 5D
FERSFEBRSGHE S AV TN D, BERORERIEBRIZIT, KRUHER A7 Vit SR Tierl (REMXUA - 4
v - BSNEIRHEH IR L TIL SSP3-7.0 7 U A, A7 v A4 EIZBI L CIX SSP1-2.6 )V
Fa_R— A LTERE, 7272 L, ANl v VR R 38 C SSP3-7.0 &7 U A & 3 2 i 925k
LEEND) | RRUFEESET VISR Tier2 (N&RIRTT v/ AHEHELISMNE Tierl &[F U4
NGRRT 7 v Y N BRIIA R - SWEICEZ TREFER) | RRET VIR (NARFET T 1)L
HEHHBELIANT Tierl ERUSE, AAEET 7 v VR B I « B2 2 TR EER) MNEE
N5, ZnoHEEOBEFERES L T, MIROC-SPRINTARS T NIES A—/S—a F 2 —H & W TE
i L. FOfEFR A RAMIP [ZHH Lz,

W= MIROC 1, KREMHERESTET /L MIROC6.1.0 (Tatebe et al, 2019) THY, =71/ LET /L
SPRINTARS (Takemuraetal.,2005;2009) 23f&E& S4U TV 5, SPRINTARS (FH88k1 1, VEERI7-. AR
Fx7ruy)L (0C) . 77 v 71—y BO) | WilEETT v YL, EWol FE =7 v vz
BOF->TEY ., MR 0 VORBEWE CTh D i (SO, & DMS HLEVH-~TEY, Zi
& DY OWFZERI AR « & OMBEMERBIR LT-=7 vV Uik e T NV Ch b, AREETIL,
RAMIP |[ZHEHH L= S 2 L—3 3 UHERD 1 & 34.1 BERT,

3.3.2 MIROC (T SN =Bk TR 2 3 — A D% R

B MIROC (MIROCT) (21, F/k T 2 26— 2 CHIMERRA (Cloud-Hydrometeors Interactive Module
with Explicit Rain and Radiation) 7233EEITIY | EEHETREIS 10D/ A 7 ABGEIZ EE L5812 Tz
LTCW5% (Michibataetal,2019; Michibataetal,2020) , L7>L. ki FIZE L CTHREDA A 77—
OFFETIE, MBI LFHERRETH Y | JIFDOZ A DAT v TR YT XA DAT v S dt D
BENMIEL %, ZOFREIZ MIROC OBUR TOET /UEEE CIIRIEEN 2V, L, FBERICH/HT T
TG L A D HBNICIE, FRCE T TP CFL 44 (Courant-Friedrichs-Lewy Condition) DfillJ2)3
L 220 dt RN ERET DRENRH Y, FHRIA NOERDIEKNTHRIND, ZDX 9 dEs
WET 72012, BoKE FOREICER SN D df IT0ED#0 IR UEHEZBET D 2 & AN ATREZR K TRt
Ad—2n (Efis) 2R3 Uiz, T Clit, KR&ET /L MIROC OfEEIE T85L40h T, 6 FEREMIEEd
ZEHERGEIEICIER Uiz, 7ok, SR SNAREGHIEDET NV THRIE TH D Z LI TN D,

3.3.3 MIROC-CHASER % V= 2022 57 0 R VBRI 21— g v

2022 1 FNSHAE LTe 7 o 90 R BVEKITEE S KL E S P RIAROI R « REUEFEI 5 2 D508
ZEHld 5 HEY T, &t MIROCS (Watanabe etal., 2010) (S & S VT8 & iUERE A AV -
7 Y LR A C& % CHASER (Sudo et al., 2002; Sudo and Akimoto, 2007; Sekiya etal., 2016) %I
L7c, ARSEBRCONTRGIEEIL TS (F)1.87 ), $hEHMNL 57 TR Uiz, 72 b AEKR s
ARE LT VEFRI T LT, SRS SR CIISEIROBLARE R HEIL T2 L D127 00 B U MK PR S ki
PEYE & U C B EhiERE 0.5 Tg & KA 145 Tg 2 @/% 20-30 km (Z{FEA LT,
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34 fER

3.4.1 MIROC-SPRINTARS (Z & %5 RAMIP 5

B11Z, MIROC6.1.0 CHHA L 7= ISR O RECEAMEIZ B LT, PEEEEmMAINHBUE, £ L T21004£% T
DRERIIEEN 2R LT\ D, FEEREMATD DBIEE WD & 1995-20144F CIIEESEEMAT D D257 MBI
THHI TN 50.84-1.10°C (IPCC-AR6, 2021) LG T o 72, FRRIZERTIISSP3-7.027 U A% H]
WCER LR E . =7 2 Y L DHSSP1-2.60D >+ U A% AW TEHE LIAEREZ /R LTV 5, 210042
B 5ENThOREMREE RS & SSP3-7.00F U ATIFKBSCTH Y, =7 1/ /LDHSSP1-2.63 )

UATIIRM0CE T2 oT2, ZAUISSP1-2.6>F U A ClE=7 v Y ABHR S D 72012, =7 vy g
TT 1NV LTI KD HIER A0 DB L 7o T2 72 SR T & 5, oo X5 e, =7
7Y VIR K DI bR L L TR T D LR SAU TS (Hodnebrog etal., 2024)

"
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1. EEEEMATHH21004EIZH31T DMIROCG.1.0 CHE L/- IERIBSEREHE (EEEEMFIORIRITRT
T HERHE) . BIE Q0144F) F COFFILBEFHERRE, BED 521004 £ TOFFEIIRAMIP T
FRIE ST KRGS &7 VI IZ5R Tier 1 316 L OSKAU A A5 7 VIl 38R Tier2 D—#8 (N AR
=7 u Y WHEHED A ZSSP12.63F ) A L2 b D) OFEBFERTH D,

3.4.2 MIROC (T SR FHELA X — LA DB BAER

MIROC DK THMAF— MBI LT, EBhifR 2 b2k CHE L7 a0t R o X M AFHN L7
LA, IHNFE TCOEHRTH -7~ Eul60 (Eulerian A % — I THUZEE 60 7D « FBAkKTE FIXE S48 L
NEREND) ITHAT, [T dr D Imp60 (] implicit A 2F— 2 TEEL 60 7 « k% T 60 75) T
1% Eul60 (2T 15%D b, Imp120  (HFHE] implicit A 3— 2 CHEE 120 7 - B T 120 ) T
% 22%DEnd b A EN D Z LN TE 2, MIROCT THEEHERIIZ A AL TV B Bk T 2 20— A3,
MIROC6 DIEHERR Cd o T-fEKZWIHRL A 0 — A DFR 2 A b & HA_T 40%FREEHE 2 72007273, Tmp120 T
IR X — ADOFHE TR R EHARTEH 10%FREOINCE EEofz, LichioT, AREICLD
ERVEIC K> CET VR LN FEEL S L, FERICONT CET VR E LA DT, RN 3
LHIJEARET T, 2 ESKISTE D L RIAENS,

3.4.3 MIROC-CHASER Z W= 202 ET7 o H h v gAY I 2 b—Ta v

HEA SIS0, & KRR ORI R BI) & iR —E A "9 2 L 2 D%, v Ialb—vay
FESARNT Lo, BRITIE, FEEOOHIRE ORFAE 2R LT D, ZORER, 707 b ATkl
I IKFELDGAEZ L . OHIREED L5 L, 2RI TR EOHD UEREICH £ 5 Z LR S, £
7oy BBIORLEZY R 2 b—ya U LB 7 0 Y L EERE S SAOD) 1%, FEEIcA b
M2 CE 7 (ERBHREROKNTARS) . UL, KRSAODIMO K Z & LRI OWTIL,
EEIE 13O ODDORVEO N 570, BARIIIZIX, BEKIEZDD L O 5O IR B X
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RELBRDZEND, LX) T CORZERBHAN L D8REIREE 7 2 7 7 A NT— 252 LT ZOREAEET |
T AN =ALIDVTHGEAED TS, [FIRRZ, G2L2 7'BrX 7 MINET 5/ T AR, 7 /LOFE.
AL O COifTAED TG,
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Abstract:

Our goal is to evaluate and improve the simulation of cloud and precipitation systems simulated by a
global non-hydrostatic model, NICAM (Non-hydrostatic I[Cosahedral Atmospheric Model), using satellite
observations. Various types of cloud systems are formed depending on the environment on the earth,
influencing human society via extreme events including heavy rain and strong winds. Also, the change in
radiative forcing associated with cloud systems is one of the largest uncertainties in predicting climate change.
To evaluate and improve the simulation of cloud systems by NICAM, we perform cloud-resolving
simulations for regional and specific meteorological events using the NIES supercomputer.

This year, we analyzed radar reflectivity and Doppler velocity using EarthCARE CPR observations and
global sub-kilometer NICAM simulations. The simulated results showed that vertical structures of cold fronts
and convective systems were realistically captured in both datasets. By applying a retrieval method based on
the relationship between Doppler velocity and radar reflectivity, we estimated terminal velocities of ice
particles. However, limitations remain due to random errors, NUBF effects, and model biases. Continued
validation and refinement of cloud microphysics are essential for improving vertical motion representation
and the accuracy of convection observations.

Keywords:
global cloud system resolving model, precipitation systems, satellite simulator
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1. Research objectives

It is important to reproduce realistic cloud precipitation systems of numerical models in order to improve
the prediction skills of climate models and data assimilation of satellite data. It is possible for the global non-
hydrostatic model NICAM (Non-hydrostatic ICosahedral Atmospheric Model) to simulate global cloud
systems explicitly with various levels of temporal and spatial resolution, and it is expected to be the next
GCM to predict climate and hydrology cycles. This research aims at evaluating the cloud precipitation
systems of NICAM using satellite data and a satellite simulator for the understanding of the physical
processes of clouds and precipitation.

Keywords :
global cloud system resolving model, precipitation systems, satellite simulator

2. Record of supercomputer use

2.1 Devoted computing time (April 1, 2024 — March 31, 2025)
CPU hours v_debug :0.00 hours [VE * hours]
v_normal :0.00 hours [VE * hours]
Total : 0.00 hours [VE * hours]

2.2 Details of supercomputer usage

The NIES supercomputer was used mainly for the calculation of radiances from the NICAM results
using a satellite simulator. Several sensitivity tests of cloud system resolving simulations were conducted
with a stretched grid in NICAM. The visualizations and statics were done using the workstation of the
Atmosphere and Ocean Research Institute.

3. Research progress and results

3.1 Outline

In this fiscal year, we analyzed radar reflectivity and Doppler velocity using EarthCARE CPR
observations and global sub-kilometer NICAM simulations. The simulated vertical structures of cold fronts
and convective systems were realistically captured in both datasets. Using a retrieval method based on the
relationship between Doppler velocity and radar reflectivity, we estimated terminal velocities of ice
hydrometeors. However, random noise, non-uniform beam filling (NUBF) effects, and model biases remain
as limitations. These results underscore the need for continued validation and refinement of cloud
microphysics schemes to improve the representation of vertical motion and enhance the accuracy of
convection-related observations.
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3.2 Research background and purpose

Clouds remain one of the most ambiguous and challenging elements in climate models, influencing
the accuracy of both weather forecasts and climate projections. Addressing these uncertainties requires
advancements in observational technologies and numerical simulations. In May 2024, the successful launch
of the EarthCARE satellite (Illingworth et al. 2015; Wehr et al. 2023) marked a significant milestone in
atmospheric science. Equipped with the groundbreaking Cloud Profiling Radar (CPR), EarthCARE provides
unprecedented observations of radar reflectivity and Doppler velocity, enabling the detailed analysis of cloud
particle size, falling speeds, and upward air motions. For the first time, the satellite offers a global view of
atmospheric vertical motions, a property that remains one of the least understood in both observation and
modeling

The primary purpose of EarthCARE is to enable us deepining understanding of cloud and convective
processes for the validation and improvement of numerical models using its observational data. This synergy
between the satellite observations and numerical models represents a critical step toward reducing
uncertainties in future climate projections.The first step in this effort involves a detailed comparison between
EarthCARE observations and results from advanced numerical models.

Parallel to this observational breakthrough, global storm-resolving models (GSRMs) have emerged as
pivotal tools for climate and weather studies (Satoh et al. 2019; Stevens et al. 2019). With a mesh size of
approximately 1 km or less, these models provide a resolution capable of resolving mesoscale convective
systems (MCSs) and their intricate dynamics (Stevens et al. 2020). For this purpose, we employ a global sub-
kilometer mesh atmospheric model simulation, specifically obtained by the Nonhydrostatic Icosahedral
Atmospheric Model (NICAM; Tomita and Satoh 2005; Satoh et al. 2008, 2014), which has a horizontal mesh
size of 870 meters. While not the highest resolution tested by NICAM, this mesh size represents one of the
finest resolutions commonly used for such studies (Satoh and Matsugishi 2020). Previous tests with NICAM
at resolutions as fine as 220 meters have demonstrated improvements in capturing precipitation
characteristics and better resolving the vertical velocity within meso-scale convective systems (MCSs),
highlighting the model's sensitivity to mesh size (Satoh and Matsugishi 2022; Matsugishi et al. 2024).

The use of global storm-resolving models (GSRMs) like NICAM, with horizontal mesh sizes of
around one kilometer, marks a recent and innovative direction in weather and climate simulation (Slingo et
al. 2022). These models, referred to as global km-scale models, are being actively developed and utilized by
several international institutes for a variety of research applications. Coordinated intercomparisons of
GSRMs have also become a focus of the advanced modeling parties (Stevens et al. 2019; Takasuka et al.
2024). Such efforts aim to benchmark the performance of these models and refine their application in
addressing key atmospheric and climate science challenges.

To complement EarthCARE’s observations, we conducted a simulation using NICAM at an
unprecedented resolution of 870 m, covering the entire globe during EarthCARE's initial observational period
(June 28-29, 2024). This simulation represents one of the highest resolutions ever achieved for a GSRM
(Miyamoto et al. 2016).

Using a satellite simulator, EarthCARE-like observation data were generated from NICAM’s
simulated meteorological and cloud microphysics profiles (Hashino et al. 2013; Roh et al. 2022). A
comparison of EarthCARE CPR observations and NICAM simulation data revealed remarkable
correspondence in locations and timing of MCSs. However, quantitative discrepancies in radar reflectivity
and Doppler velocity highlighted biases, offering a valuable opportunity to evaluate and refine atmospheric
models using EarthCARE data.

Vertical air motions, a key feature of atmospheric circulation, remain poorly understood in their
detailed structure either by observations (Kollias et al. 2018) or by simulations (Sueki et al. 2019). The
synergetic analysis with the EarthCARE and NICAM’s sub-km resolution provides an important step forward.
While not perfect, it bridges the gap between observations from EarthCARE and more commonly used
GSRMs. The present study explores the vertical transport of hydrometeors and mass within convective cells,
emphasizing the synergy between advanced satellite observations and high-resolution numerical simulations.
These findings pave the way for improving the representation of convective processes in climate and weather
models, fostering progress in the emerging science of vertical air motions.

Doppler velocity measurements from space are challenging due to various uncertainties. The
EarthCARE satellite travels at approximately 7 km/s, and even small vibrations can introduce errors. There
are some researches related to the uncertainty of Doppler velocity related to random errors from small satellite
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vibrations, multiple scattering effects, non-uniform beam filling, and positioning errors (e.g., Battaglia et al.,
2011; Kollias et al., 2018; Hagihara et al., 2022). Therefore, validating and assessing the performance of
Doppler velocity measurements using numerical simulations is essential.

In this study, we use NICAM to simulate atmospheric conditions at an 870-meter resolution in the
global domain and compare the results directly with EarthCARE observations.

3.3 Data and methodology

The Earth Cloud Aerosol and Radiation Explorer (EarthCARE) was jointly developed with the Japan
Aerospace Exploration Agency (JAXA) and the European Space Agency (ESA) (Illingworth et al. 2025,
Wehr et al. 2023). It was launched at 23:20 UTC on May 28, 2024, from Vandenberg Space Force Base,
California. The EarthCARE satellite is a groundbreaking mission aimed at reducing uncertainties in cloud
processes and improving climate models. Its primary purpose is to enhance our understanding of cloud and
convective processes through the validation and improvement of numerical models using EarthCARE’s
observational data. Cloud Profiling Radar (CPR) on board EarthCARE is the world’s first spaceborne
Doppler radar in the W-band (94 GHz) and was jointly developed by JAXA and the National Institute of
Information and Communications Technology (NICT). This study utilized the CPR Level 1b product (version
vCa), which was publicly released on 14th January 2025. The product includes radar reflectivity and Doppler
velocity data. There were contaminations related to second-trip echoes (Battaglia 2021), and we removed
them based upon a method of Battaglia (2021). Additionally, the Doppler velocity values were corrected
by assuming the Doppler velocity at ground surface was zero, and unfolded for values exceeding the Nyquist
velocity.

We use the Nonhydrostatic Icosahedral Atmospheric Model NICAM (Tomita and Satoh 2004; Satoh
et al., 2008, 2014). The global horizontal grid interval is approximately 870m. The model has a terrain
following grid system with 78 vertical layers. The model top height is 50 km, and layer thicknesses gradually
increase with altitude. Applied physics schemes are the NICAM Single-Moment Water 6 cloud microphysics
scheme (Tomita 2008; Roh and Satoh 2014), which considers six categories of hydrometers as prognostic
variables, Smagorinsky type subgrid turbulence scheme and two-stream radiative transfer with a correlated
k-distribution scheme MSTRNX (Sekiguchi and Nakajima 2008). The MATSIRO land surface model (Takata
et al 2003) and slab-ocean model are used for the surface process. Initial conditions of the atmosphere and
the ocean are derived by linear interpolation of ERAS (Hersbach et al. 2020). The simulation started on 00
UTC 17 June 2024.

The satellite simulator, known as the Joint Simulator for Satellite Sensor (J-Sim), is used to calculate
EarthCARE CPR-like signals based on NICAM simulation data (Hashino et al. 2015; Roh et al. 2022).
Vertical profiles of radar reflectivity and Doppler velocity are derived using vertical profiles of cloud
microphysical variables (specific mass, size distribution, and density of hydrometeors categorized as cloud
water, cloud ice, rain, snow, and graupel), meteorological variables (temperature, pressure, and density), and
surface conditions (albedo and emissivity). For simplicity, the satellite simulator is referred to as J-Sim
throughout the text.

3.4 Results

Figure 3.1 shows cross sections of the EarthCARE CPR observation and the EarthCARE CPR like
signals of the NICAM simulation calculated with J-Sim (see Methodology) during 1:08-1:20 UTC (referred
to Case 1). In each panel, the radar reflectivity (a,cl) and the Doppler velocity (c,d) are shown. Case 1 is the
observation along the cold front system of the extratropical cyclone. The radar reflectivity shows stronger
signals in the middle level of convective clouds near 50°S. The Doppler velocity distinctly illustrates a faster
falling speed in the lower levels and a slower downward motion above. This boundary is inclined, extending
from approximately 52°S to higher and lower latitudes, with an altitude of about 2.5 km at 40°S. The faster
falling speed corresponds to rainfall, while the slower downward motion indicates ice-phase hydrometeors.
This structure is characteristic of stratiform clouds associated with extratropical cyclone systems. The
boundary between the faster falling speed and the slower downward motion approximately corresponds to
0°C in temperature A cold front forms when a mass of relatively colder air advances into a region occupied
by warmer air. The drier, colder air creates a steeply sloping boundary beneath the warmer, moister air at the
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surface, forcing it to ascend as the front progresses. The boundary near 52°S separates precipitation
associated with cold air (snow, green) from precipitation linked to warm air (rain, blue). The Doppler velocity
clearly distinguishes between cold and warm air near the surface.

The radar reflectivity reveals a weak melting layer at approximately 2.5 km altitude above 51°S, though
it is not distinct enough to clearly differentiate between snow and rain. In contrast, the Doppler velocity cross-
section provides a clearer distinction between rain (blue) and snow (green), reflecting differences in terminal
velocity.

NICAM successfully reproduces a realistic cold front system similar to the observations, with a
boundary location consistent with the observed system. The NICAM simulations also capture a similar
structure in both the radar reflectivity’s melting layer and the Doppler velocity distribution. However,
NICAM tends to overestimate radar reflectivity and underestimate Doppler velocity due to an overestimation
of the terminal velocity of ice hydrometeors.

In this case, convection associated with the cold front is relatively weak compared to terminal velocity,
as evidenced by the lack of significant upward motion above the cold air between -55°S and -50°S in both
the observations and simulations.

Figure 3.2 presents cross-sections of low clouds in the Southern Hemisphere and mesoscale convective
systems (MCSs) developing off the coast of southern Africa and near the Caribbean Sea in the Northern
Hemisphere during 07:30-07:42 UTC (referred to as Case 2). These cross-sections illustrate precipitation
associated with low clouds producing drizzle, characterized by a Doppler velocity of approximately 2 m/s,
and rainfall linked to a tropical storm, exhibiting a Doppler velocity of around 4 m/s.

In Case 2, stronger convective systems are observed near 8°N and 20°N in the EarthCARE data (Fig.
3.2a, b). Radar reflectivity is more pronounced at higher altitudes, reaching approximately 10 km. A faster
falling speed is generally observed below 5 km, while slower downward motion appears at higher altitudes.
However, in convective regions, the structure becomes more complex, with areas of enhanced downward
motion near 8°N and a mix of strong upward and downward motions near 20°N. This profile suggests the
presence of significant vertical air motion within the convective clouds.

In the EarthCARE data, two convective cores are evident near 8°N and 20°N, as indicated by radar
reflectivity. The Doppler velocity reveals that the convective core near 8°N is a narrow and intense convective
system. The observed precipitation appears to exhibit fast downward motion, but this is primarily due to a
folding issue, where the Doppler velocity exceeds the Nyquist limit. The actual Doppler velocity likely
represents strong upward motion within this convective system.

The convective system near 20°N is identified as an MCS, consisting of both a convective core and a
stratiform precipitation region. This system demonstrates a mix of upward motion in convective regions and
more uniform downward motion in the stratiform precipitation area, consistent with the expected structure
of an MCS.

NICAM simulations successfully reproduce the cloud and precipitation structures observed in both
hemispheres, including low clouds in the Southern Hemisphere and MCSs in the Northern Hemisphere (Fig.
3.2c, d). However, NICAM simulations capture only one of the convective systems near 20°N, and the
convective core is very narrow, making it difficult to fully resolve, especially when compared to observations.

The radar reflectivity and terminal velocity are well represented by NICAM simulations, but there is a
slight overestimation of radar reflectivity and underestimation of Doppler velocity compared to EarthCARE
data, similar to what was observed in Case 1.

We investigate the relationship between radar reflectivity and Doppler velocity to estimate terminal
velocity under the assumption that vertical velocity is relatively small. This approach has been widely used
in ground-based observations to derive terminal velocity. For instance, previous studies have determined the
terminal velocity of ice particles by fitting a power-law relationship between radar reflectivity and Doppler
velocity (e.g., Protat and Williams, 2011). In this study, we apply the same assumption across different cases
and compute the corresponding power-law relationships.

The Doppler velocity V, from space is defined as

Vp =V, +w+E 0]

Where, V,,is the radar reflectivity-weighted terminal velocity of all hydrometeors, w is vertical air
velocity, E accounts for errors arising from random satellite vibrations, multiple scattering effects, non-
uniform beam filling (NUBF), and positioning errors (e.g., Battaglia et al., 2011; Kollias et al., 2018;
Hagihara et al., 2022). However, these errors are not included in NICAM simulations.

The radar reflectivity-weighted terminal velocity (V;) is expressed as
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where D is the particle diameter, N(D) is the particle size distribution (number concentration per unit
volume per unit diameter), v;(D) is the terminal velocity of a particle of diameter D, and ¢;,(D) is the
backscattering cross-section of a particle of diameter D.

Under the assumption that vertical velocity is relatively small compared to terminal velocity, the average
vertical velocity is zero, and variations in terminal velocity are minimal in the radar reflectivity—Doppler
velocity space. Consequently, we can estimate V; using a power-law relationship:

Vt=

Ve ~ azg 3)

where a and b are fitting parameters, and Z, represents the radar reflectivity factor, which is the
sixth moment of the particle size distribution. However, this method has inherent limitations due to its
sensitivity to vertical velocity variations and the large uncertainties associated with terminal velocity.

To quantify the relationship between terminal velocity and radar reflectivity, we fitted a power-law
function using data points where radar reflectivity exceeds -20 dBZ (with large signal to noise ratio) focusing
on ice clouds above the melting layer (3 km for Case 1 and 5 km for Case 2). To consider the impact of
turbulence and measurement errors, only Doppler velocity values below 1 m/s were considered. Our analysis
shows that the power-law relationship between terminal velocity and radar reflectivity remains almost
consistent to the power-law relationship between Doppler velocity velocity and radar reflectivity , with
smaller variances compared to Doppler velocity in Case 1 (not shown).

The power-law relationship derived from EarthCARE is consistent with the results of Kalesse et al.
(2013), who reported coefficients of a=10.71 and b = 0.06 for ice clouds with cloud depths exceeding 3 km
at the Atmospheric Radiation Measurement (ARM) site in the mid-latitudes. In our analysis, EarthCARE
data yielded a=0.812 and b = 0.089 for Case 1. When accounting for standard deviations in previous studies,
our results align well with earlier findings.

For Case 2, we observe a high frequency of data points where radar reflectivity exceeds 5 dBZ and
Doppler velocity is lower than -2 m/s. This suggests the presence of rimed particles such as graupel and hail.
In contrast, Case 1 is dominated by smaller ice particles, including snow and cloud ice, which have slower
terminal velocities than graupel and hail. As a result, the correlation between radar reflectivity and Doppler
velocity is stronger in Case 2. Additionally, the power-law coefficients for Case 2 (a = 0.853, b = 0.182)
show an increase compared to Case 1, reflecting the influence of rimed particles.

NICAM simulations show similar joint histograms to those observed in Case 1 (Fig.3.3). However,
when comparing the fitted power-law relationships between radar reflectivity factor and Doppler velocity,
discrepancies emerge. In NICAM, the a parameter (1.093) is overestimated compared to EarthCARE (0.812),
while the b parameter (0.030) is underestimated relative to EarthCARE (0.089). This suggests that terminal
velocity is generally overestimated in NICAM, particularly for weak radar reflectivity values. Despite these
biases, NICAM captures the case dependency observed in EarthCARE data, with an increase in coefficients
for Case 2 (a=1.387, b =0.062) compared to Case 1. However, the terminal velocity remains overestimated,
similar to Case 1.

Using this relationship, we can quantitatively assess various microphysical processes. In cold front cases,
where vertical velocity is weak and rimed particles are scarce, terminal velocity estimates for dry ice particles
are more reliable. In contrast, in tropical convection cases, the presence of rimed particles and radar
attenuation introduces challenges in estimating terminal velocity. However, this method still allows for a
quantitative assessment of the fraction of hail and graupel.

By leveraging the derived power-law relationship, we can ultimately estimate the function of terminal
velocity as a function of particle diameter (v,(D)). This demonstrates the potential of EarthCARE
observations to enhance our understanding of cloud microphysics and improve microphysics
parameterizations in numerical models.
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3.5 Discussion

This study underscores the unique capabilities of the newly launched EarthCARE satellite, particularly
through its Cloud Profiling Radar (CPR), which enables global observation of radar reflectivity and Doppler
velocity. These measurements provide detailed insights into vertical hydrometeor motion and cloud
structures. A key contribution of this study is the demonstration that global sub-kilometer simulations can
realistically reproduce vertical cross-sections of convective systems and cold fronts, with strong resemblance
to EarthCARE observations.

The synergy between EarthCARE data and global sub-km simulations reveals convective mass transport
patterns that were previously unobservable on a global scale. Through the application of a satellite simulator,
the study successfully links Doppler velocity and radar reflectivity to estimate terminal velocity. However,
several limitations persist: Doppler velocity measurements from space are subject to random errors, NUBF
effects, multiple scattering, and pointing errors.

Moreover, the study identifies areas for model improvement, especially in cloud microphysics and the
representation of vertical air motion. Systematic overestimation of the terminal velocity of ice particles in
models, as seen through comparison with EarthCARE data, reveals the importance of data assimilation and
validation efforts.
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This study highlights the unique capabilities of the newly launched EarthCARE satellite in capturing
global Doppler velocity and radar reflectivity through its Cloud Profiling Radar (CPR). By comparing these
observations with global sub-kilometer resolution model simulations using a satellite simulator, the study
reveals a strong resemblance between observed and simulated structures, particularly in cold fronts and
convective systems. The combination of observations and simulations enables a novel characterization of
vertical hydrometeor motion and terminal velocity on a global scale.

By bridging observational data and high-resolution simulations, this work establishes a foundation for
improving cloud microphysics and vertical velocity representation in next-generation climate and weather
models.

5. Future perspective

This study demonstrates that the integration of EarthCARE Doppler velocity observations and high-
resolution global simulations offers a promising path toward improved understanding of cloud dynamics and
microphysics. As EarthCARE continues to collect data, future validation efforts by JAXA and ESA—using
ground-based and airborne observations—will be critical to reducing uncertainties in Doppler velocity
measurements.

Advancing the retrieval algorithms for terminal and vertical velocities (e.g., Sato et al., 2024) and
incorporating them into model evaluation will play a pivotal role in refining cloud microphysical schemes
and convective parameterizations. Furthermore, global storm-resolving models (GSRMs) can support the
interpretation of EarthCARE data, particularly in the identification and quantification of systematic model
biases.

Looking forward, the EarthCARE mission marks the beginning of a new era in global atmospheric
observation. The Doppler velocity dataset enables unprecedented global monitoring of vertical motion—an
essential quantity for cloud lifecycles, precipitation formation, and atmospheric circulation. The mutual
reinforcement of observations and models is expected to foster major advances in climate and weather
prediction, particularly in convective process representation and radiative feedback understanding.
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CGER-1025-"97 (Out of stock)
NUMAGUTI A., SUGATA S., TAKAHASHI M., NAKAJIMA T., SUMI A.: Study on the Climate System and
Mass Transport by a Climate Model

CGER-1028-"97 (Out of stock)
AKIYOSHI H.: Development of a Global 1-D Chemically Radiatively Coupled Model and an
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Introduction to the Development of a Chemically Coupled General Circulation Model

CGER-1035-"99 (Out of stock)
WATANABE M., AMANO K., KOHATA K.: Three-Dimensional Circulation Model Driven by Wind,
Density, and Tidal Force for Ecosystem Analysis of Coastal Seas

CGER-1040-2000 (Out of stock)
HAYASHI Y.Y., TOYODA E., HOSAKA M., TAKEHIRO S., NAKAJIMA K., ISHIWATARI M.: Tropical
Precipitation Patterns in Response to a Local Warm SST Area Placed at the Equator of an Aqua Planet

CGER-1045-2001 (Out of stock)

NODA A., YUKIMOTO S., MAEDA S., UCHIYAMA T., SHIBATA K., YAMAKI S.: A New Meteorological
Research Institute Coupled GCM (MRI-CGCM2) -Transient Response to Greenhouse Gas and Aerosol
Scenarios-

CGER-1055-2003 (Out of stock)

NozAWA T., EMORI S., NUMAGUTI A., TSUSHIMA Y., TAKEMURA T., NAKAJIMA T., ABE-OUCHI A.,
KiMOTO M.: Transient Climate Change Simulations in the 21st Century with the CCSR/NIES CGCM
under a New Set of IPCC Scenarios

CGER-1057-2004 (Out of stock)
MiIYAZAKI T., FUJISHIMA S., YAMAMOTO M., WEI Q., HANAZAKI H.: Vortices, Waves and Turbulence
in a Rotating Stratified Fluid

CGER-1060-2005 (Out of stock)

HAYASHI S., MURAKAMI S., XU K., WATANABE M.: Modeling of Daily Runoff in the Changjiang
(Yangtze) River Basin and Its Application to Evaluating the Flood Control Effect of the Three Gorges
Project

CGER-1063-2006 (Out of stock)
NAKAYAMA T., WATANABE M.: Development of Process-based NICE Model and Simulation of
Ecosystem Dynamics in the Catchment of East Asia (Part I)

CGER-1073-2007 (Out of stock)

NozZAWA T., NAGASHIMA T., OGURA T., YOKOHATA T., OKADA N., SHIOGAMA H.: Climate Change
Simulations with a Coupled Ocean-Atmosphere GCM Called the Model for Interdisciplinary Research
on Climate: MIROC

CGER-1080-2008 (Out of stock)
SHIBATA K., DEUSHI M.: Simulations of the Stratospheric Circulation and Ozone during the Recent Past
(1980-2004) with the MRI Chemistry-Climate Model

CGER-1083-2008 (Out of stock)
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics in
the Catchment of East Asia (Part II)

CGER-1092-2010 (Out of stock)

MAKSYUTOV, S., NAKATSUKA Y., VALSALA V., SAITO M., KADYGROV N., AOKI T., EGUCHI N., HIRATA
R., IKEDA M., INOUE G., NAKAZAWA T., ONISHI R., PATRA P.K., RICHARDSON A.D., SAEKI T., YOKOTA
T.: Algorithms for Carbon Flux Estimation Using GOSAT Observational Data

CGER-1097-2011 (Out of stock)
NAKAJIMA K.: Idealized Numerical Experiments on the Space-time Structure of Cumulus Convection
Using a Large-domain Two-dimensional Cumulus-Resolving Model

CGER-1098-2011 (Out of stock)
UEDA H.: Atmospheric Motion and Air Quality in East Asia

CGER-1103-2012 (Out of stock)
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics in
the Catchment of East Asia (Part III)

CGER-1108-2013 (Out of stock)
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KOMORI S.: Numerical Simulations of Turbulence Structure and Scalar Transfer across the Air-Water
Interfaces

CGER-1114-2014 (Out of stock)
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics in
the Catchment of East Asia (Part IV)

CGER-1120-2015
SHIOGAMA H.: Influence of Anthropogenic Aerosol Emissions on Pattern Scaling Projections

CGER-1127-2016
SATOH M., ROH, W., HASHINO, T.: Evaluations of Clouds and Precipitations in NICAM Using the Joint
Simulator for Satellite Sensors

CGER-1132-2017
GOTO D., SCHUTGENS, N.A.J., OIKAWA, E., TAKEMURA, T., NAKAJIMA, T.: Improvement of a global
aerosol transport model through validation and implementation of a data assimilation system

CGER-1138-2018
TAKEMURA T., AND SPRINTARS DEVELOPER TEAM : Development of a global aerosol climate model
SPRINTARS

CGER-1143-2019
MAKSYUTOV, S., ODA, T., SAITO, M., TAKAGI, H., BELIKOV, D., VALSALA, V.: Transport modeling
algorithms for application of the GOSAT observations to the global carbon cycle modeling

CGER-1148-2019
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem Dynamics
in the Catchment of East Asia (Part V)

CGER-1153-2021

ISHIWATARI M., NAKAJIMA K., TAKEHIRO, S., KAWAI Y., TAKAHASHI Y. O., HASHIMOTO G. L., SASAKI
Y., and HAYASHI Y.-Y.: Numerical studies on the variety of climates of exoplanets using idealistic
configurations

CGER-1158-2022
YOKOHATA T.: Development of an integrated land surface model with ecosystems, human water
management, crop growth, and land-use change: MIROC-INTEG-LAND

CGER-1167-2023
NAKAYAMA T.: Development of Process-based NICE Model and Simulation of Ecosystem
Dynamics in the Catchment of East Asia (Part VI)

CGER-1169-2024
NAKAYAMA T.: Development of a process-based NICE model and simulation of ecosystem dynamics
in the catchment of East Asia (Part VII)

LAR— b D% E, MIERBREEFEE o ¥ —D 7 =794 F)v6 PDF A THEARETT,
http://www.cger.nies.go.jp/ja/activities/supporting/publications/report/index.html

Many of the reports are also available as PDF files.
See: http://www.cger.nies.go.jp/ja/activities/supporting/publications/report/index.html
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