1[5 At

=
=
o
o

SEC IRESES

WK KEKUBEMZEAT
Sl AT AT R



=P

. OET—% LBIEET VORE I X 52EDOFKBROWIE
OQORIREMGET N ORF KT — Z bt
SYPHERE - KKK & EEMRUA N OE L OMBEEMIZET2ET Y U 7. 5

. R T =2 LIEET NV OBEIZ K D EDOFREREDONITE
STHERE - IR T VAW E L 2 OREIERFE IR T D REBRITTE ... 7

- IEFUERER A ER E 7/ OFH AL
SyHEVE « REUEEITIERT R K OVRGMIIERT O HERYIEHE RIEER € 7 /v O AL .....9

. BRT =2 ERIEET NV OBAET N X DI =R IR O AT
SRR R T — 2 CEBIEE T AV OEERIIC L DIEENRT A DN e 11

. BEREMGE T VORI KT — Z T
SIS - BRGRET /TR T DWEIETE D @A 13

IRRERSE 7 /L M ORI & 7 L DB %
SHEE  TOTE LA OBEY I 2 L — a3 OO O YRR O &AL &
F e B IAUETFEE D BT oottt 15

It

@
H

. WEEYVEEER - BETTE D T2 O DE T VBT - Bl IR
SRR - W ERERE T L & MO TOKI OV R R IEER A TN BT D0 ... 17

CWEET VIR AT T ) v RBIRORIT A —24}
Sy PRGREE  VEPEIRIEIC BT AELIRIEI D /ST A Z VB =2 3 2 e, 19



[tk FprsE]

CEEHPKMAEERICE D 27V E R, ARBRET ARG, TREET V... 21
- RSB T O A e EMEARIU B T D W RIEBR T T /L OREBA oo 23
. NICAM K O MIROC & 7 /v & FIW T2 LR 55 T - W0 B % - SRR B DBFSE..... 25
. BRRBBEDOLERIEH ST T IV NICAM T L DEH (oo 27
CRE - REVI 2L — v a v ERAWERESEBIGO A J = X AT L5 29
. MIROC & NICAM % 7= BRI R IC351F D A/ — R — LR EEZE A S D fiR B .30

7. RAEET IV - REREMAGET N % RO BT RKGIITE oo, 31
8. WEFHE ZHNZBEAKRFRIET /VDBHTE (oo 33
9. AEE L OREIREMBGTT L2 O TZHIHERE THIBFTE oo, 35
10. WBEEEF AL —7 20 L — R R 8 K DU AT B O FEL e 37
1 1. BERFERGRIEBRD I ettt 39
12. mv=—=3a - FHRBBIROIEAENE & SREELIRIR S 2SR RE 41
13. RIREMEETNT —Z 2 MO EIFET OBEHT oo 43
14, RERKRV—— L RERE G T T /L & FIRRIC T T2 o8 RKORTE B 0 B e i
DFEFH oottt ettt 45

15. BIEETNVERWERT U7 KEIGERDEEN ) F-DERTE oo 47
16. WHET—ZIEMIC & 5 BEREFNSHEEIZMT T2 RKET /VBHFEIITE o 49



. B E A BATHIC R D & AR R T DRI e 51

- MEHEICIRT DTSR - AKBRERL - ik - IREICBI T D EUEAIAF I oo 53
C MBEEARER — (NI AERERE AT T VA2 W T2 84 BERBE O LI o 54
- I B E D 72 D DT A — A DEE © FFEEEAL o, 56
. FEFR VR T L OPAEE OGCM ~D v — A L A 7e8zfe (HERT) v 58

. T MR O T R T BT DR e, 59



THSFEARHARRSEDRITICH=LT

HERAPARKBEAEATE. RIEVATLRAERZHRDIC, HIKEEEICRIRRT
BRSO, TOEBLGLI[IEOERBEZMRICMYMBATOES T BESIaL—
DAV ANIBHEBRAT—2BITERAELDD. BN ORI - B & &
LMD, [UEZENCBEI 2 BT/ SRJL (IPCC) [CL A MBS EICE T AMEELER
LTEFEL AERMRIEFSLIEEDEEL—BEFBS5LDTT,

EGRBRIEDEZEIITUIEDRRALGAIE THEELL, EMOEB LV o-BIRARZEIL
HELT. NEIDEFOHEANDERERZNEEZELTOET, HEERIEAL0TH]HE
FEOFE. HECRE N ROIREAMETFMEAL . HhECRECEBOBRICHITT
(FBEVNEH S BEMANEREA TIRADZIEADELSN, F5LEMEDISETE Al
DFERGEFRMLGHENZORRANRDOONTVET , RIRICHRDFEMBEICEALT. #
BT REL. - ENEMRZEELET LI L TH AREARORBADREYT
HHEDEEZET,

AHEHAEDL EHAULE[ERZOERARI S EENLTXEREMRICEIHR LAY
SFHICREFAEDBZIRMEL. RIFVATLOEMBESIRTEICRDEBERDO—BIIC
HHTEER>TUVET,

SF6E11H
HRAFARLBENAER [URVATLHER 2R
P &R



2023F-JF ST AT AT B ILEMSE SR Oy —E
) 20234 J& I 4
9T LA A 7 %
HF 7 R =] i iR *H ik Y WHEESL | ik & & F
X5 g §=| J — RHEFH M TH T
BE|RET — ¥ EEMETT VOmAIC L DEORR ([E 7B R Kl FEREE g KRR 50, 000 0 0 0
wrze (FE O BF5E [E N7 BR BRI 22 Pl + Hbdnk B 55 % 42 Rl Ik TH fiit FERIRFZE B EpE Bt
LB ERE MR 7 L DRSS L OV — & fifHT ISR N T e VERE Btk HEH =
BEMET — % LEETT L OMAIC L 5 EOFE [IbiiE KPR F B e b Vepk  Bath HeH % AR ERES] 100, 000 0 80 80
wrge [FE O BF5E Bl SN SN T R FoE  #% Hidz
2 Bl SEpNE s NE T e 2 ¥ Et Hz
Bl SN SN T 2 JI BRI
B ISEPNE S NE T e ITRE RFBEE
AbEE KRS KRR BT g B2 PN e
W [T R BR E 7 /L O B LR R[REBITREMIERT RERKKIELENFFEED W AE AR Py R 43, 200 0 0 0
fF5e HEF B2 EE
3 B 34 TR
JIl L MEE WrotE
A H5L iiAE
R [T — % EBUEE T VOBAEFIHIC L 5= [ EBKY: IN D A% SH O R— 3, 000 0 80 80
i ge | Bh SRR D fiE AT
4
e [BEREfE 5 L OB L T — X il =AlIpNE ok HH Hibz Vepk B 100, 000 0 40 40
fifF5e
5
FeiE [ 0 e KRR E T VR O ST 7 VO | KB TIESRAEE Sie 786k Erie KFE & THRE WEER s 16, 000 0 0 0
WFge % TV B E b S T
6 &VE &Y XA NES
EfE HET HIR MR
A e A ChES
g B Bt EAE
BHA & HE
AHE ik HE
ik BT HE
wew Ve E E E R « HETEFZR D 7= OF TR |5 1L K22 S P 22 AN S e B [ 100000 0 0 0
715 - i E R
B (MHEETNVICEBIT A7 27Uy RBGO/NT (&I IR KRR AW IR M #hidr W% Py R 60, 000 0 0 0
gl A —# 1k BRI R K AU PEBR BE R 24 At A B H#E
NN T e Y i Jrisn 4k Bh#
AN 7t 472, 200 0 200 200




20234

e AT LB S HIEMFSE

S5 M OV sy —

20234F FE I 55
i KER A 57 %
HF iR R 8 Bt e *H ok HY HEES | ik & i
X 28 ) — FEERH T T T4
— i PECEMDK A EAENICBID 2 T 7 VIRME, ERER [AbifEiE KRR R - JE AT ETRNERES Bh# FEs %1 33, 000 0 80 80
fRge |7 VRS, R E T LR AbiEE K7 KPR R Pt M1 BKER Tl
1 B RS NE N O e R I KA A PNE e
AbiEE K7 KB sRE R b mii ki KFBEFAE
— % | KU ZS ) T O AN FEARIRUIC & 3 DU KT8 |WEEERFZERl e dbmERBE A EiR A 2 — /E  Fht FIESERE= P R 100, 000 0 0 0
Wrge |[BRE 7V O RS WELERFZE B R BREEAETIIAIZE v ¥ — $5K SRR A=
2 WCEMT B Rt BRIRA B PRIt o ¥ — 0 BRA ¥R B
WEENTIEPH I8 pEAE BRI R il o 2 — R Hk HEWFZERI AT
— B INICAMK UMIROCE 7 /v & WL E R R T [ KRB P2 T2 R BE s Bh# Vefg  IER 100, 000 0 25 25
fge | - W B - KRB O FH O OER iz FEs %1
3 O RRIE %
I RS BhZ
sH Ak FHEAE B
WAE RE Kt
kR Rk KFpet
M| FE KRBEt
T BRE pNE S
RN NE T S R A INE S ERI RrEBh L
1% B 15 W TeAk A M ORET LR
FUA E R eIl S A%
KPR NT R Al B2 Bz
— % [ REREBG O RERIEE ST T ANICAMIZ & [ EEZE K AR AEsA Hr% Veflg  IEM | 100, 000 0 100 100
wroe | 5 iR FUAR E R PNl e A%
4 B IS R BR T AR EEZ iz
RHEE RS B R Bz
U E R T WRE R BhZ
[E ST ER AT SR T R MR
— R KEY S 2L —Y g A FWESRERE [BE O KL KT CCTITI Bh# PEH HENE 12, 000 0 0 0
e |FRG D A = X W4 D k%8 HA &1 Kybet
5
—fB [MIROC & NICAMZ W2 HIEERAY IR 1T 51T 2 X [ KR A SUBIFZER ol 2arserétE )k &H) LSRERIES s ¥r 100, 000 0 10 10
e |/ — AR — VIR EZE AN Sk D fif i WEERFIEBH RS HUER BRI TERE A = Ve IEAs
6 WAL K FRFBL B E HE W I )
—fx |G EET v - REREMB T T L E H OB K | KPR R ZE R =W HEHTZ b 100, 000 0 0 0
ke | XA 7 Koy FLpiE Kpet
7 A A KFBEE
-2 AlBA PNE e
REF FHE KEFBEA
H b bt FHTEE R B
R RE g ¥ — I B
— i |TEJE 28 & D =K P T L D B3 WRUKS:  AFESIRFZEET R E % TR HETs 100, 000 0 0 0
ke 113N AR
8 LF E HRURSEREBIESE B
rH KT R AT
B.M. Diani N.A. KRB
iy W KRB B
FH KR KBet
BN oy N TR Y Y S A EH Bh#
I KEE itz
— g | 2Bk X OV EMG T T L &2 O TS ([VErERTZ2 B st i ER B 555 Y P HES = EVE =) 50, 000 0 0 0
ke | T RIBFSE INE FIESERTIE = mAE K
9 IWHE R ¥R B
FHk  ®EIT R
[E S BREERTZRAT  HIER S 2 T A fETk VA AV EXER =
bEE KT BRER L e e ¥R B
HRURS:  KRRMFENTZEHT TEHE AR KRBt
SEE HERH pNE s
— i fEEET Vv E W — 7 2 v L— RS b KRR A SR AT K BE—AS iz Pt 50, 000 0 60 60
WFge 7K DT IA W FR D FEBL Mensah, Vigan FEBh 2
10 i B2
— i | B T KRKRTEER D ) UM K220 F 70 A 2 A HEHIZ VefE IEAs 1, 000 0 60 60
e
11
—x | =—= 3 - MTIREBHG O RN & A E | KRS R SR Wi md HeHIZ S RS 15, 000 0 0 0
e [SLIRIR G 03 e 7o 1% E A B A KA
12 =EIEEYN pANE e
— i | BEREMRIG T VT —F W BR EIRBE O (48 [ B R 7 EAK iz Vel TEA 50, 000 0 90 90
TifF g | AT [CpNESE =R EH B W=
13 HR PR e B - RS R =R HEHSZ
— R | RELRA L — & — & RERE R L T TV A AR | RO KSR R B B R SE Yeig Bz P 1R 100, 000 0 0 0
g (A O 72 R R K SR A B 0D s Je i 3 oD e R B Bh#
14 B W& KB
— % (BT T B W] T 27 RRAGER OB )] | B K e B Bl i se & o 2 — R iz T HETs 50, 000 0 0 0
ke | 7 ORIt R B W=
15 B B ARG
R Bh#
AR FEBh#L
BAE  EUR B2
— R T — X IE I L D RERR BN HEE IS M ([E S BREE A 22 AT VARV C) FEMEER Vel IER 50, 000 0 0 0
ke |72 K& T T VBSR4t P ST FEMFIER
16 TR FEMFEE
11 HES EXER =
b Fnpk FERIBFZE B
IE AR FERIAZE B
Guangyu Liu FeRlAFgT B
— i (10— MR A RBAT RIS T B RS & AERESRIT [ B R R R M PERT 22 T g 22 HEHIZ P TR 86, 400 0 0 0
Wk |BE 9 2 BAEpo a7 LEgF BOK FHTAE B
17 R KB
JEE VIS5 RS 7K PE R b b B
— % (BRI BT DIEER « AKIRTEAK - #k - IR SB[ B K KRR MEEERTFSE AT ZH o —RR Hiz P R 6, 000 0 0 0
e |9 2 I gE o &9 Bh#
18 FATR 0T ¥R B
R B FHTAFE B
RkoEE Kbed
Pex R[S KB




20234EFE RS AT MBI A ILFEIRFGE BN Oy

20234 JFE I 25
i KER A 57 %
HF iR R 8 Bt e *H ok HY HEES | ik & i
X5 58 / — RIEffH M T T
— i [ PEAG B — IR AR RE R AE AT T L & W 7 ok [ K KR PENT S92 T ik HE— iz P R 20, 000 0 0 0
A9 |42 BBRBE 5 D i i 4t Wk FIE Bh#
19 erx R T SRR SR R
v AR YR LRI =
AR ises
— % [ I L E D 72 8 D A % — A O Ei - & | e R T B LR A% AR EERER 100 0 6 6
fifFge s EEAE
20
— i [BEE e T L OYLAL & 0GOM~D > — 2 [t K2 KR MR ERF 32 T AR FEIE Bh# P tEEE [ 100, 000 0 0 0
wFoe [V A 7n e WU R R KIEEDTSE T NS SEAE WS
21 WK TR PR fd Al s R i 2 R T+ ¥ KBeA
B SP R Be i s Bl i B A F 2e B W Him KEBEA
et E AR A A ST A R EE il
AeiEE K AR R 0 I AT Fig & FATEIE B
The University Centre in Svalbard KB RBRE Guest postdoctral fellow
JUMN R B 1 A e i AH H—8 W
JUM R ke 5 B T 52 A ISR KB
— % |7 — 2 Ak &2 e R EE T BT 5098 [BLRTRS: [ Ed Bh# Fs &1 8, 000 0 0 0
FoE Matthew McKenny WFoeHBEF 9T B HA& EM
22
N 7 1,231, 500 0 431 431
¥ iE Jt: [l & 7t 8 Gs 472, 200 0 200 200
— i BiE [l & B 22 4 1, 231, 500 0 431 431
& 7 30 14 1,703, 700 0 631 631




ARMFERFRIARVELOHEEERICETSET) VIR

A modeling study of interaction between atmospheric particles, short-lived gases and clouds
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Fig. 1 Global and annual mean values of (a) effective radiative forcing for anthropogenic aerosol-radiation interaction (ERFari) for net (sum
of shortwave and longwave) radiation, (b) ERFaci for anthropogenic aerosol-cloud interaction, and (c) the net ERF (sum of ERFari and
ERFaci). All units are in W m?. In ERFari, the reference of Forster21 is estimated in the net radiation by IPCC-AR6 or Forster et al.
(2021)'?, whereas the reference of Thortsen21 is estimated in the shortwave radiation by Thorsen et al. (2021)'?. The reference for Smith20
is Smith et al. (2020)'Y. These are shown in Goto et al. (2024) 'V,
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Fundamental study of clouds and their relating process by using a high-resolution regional model.
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WA L U CiBi 5 Process Tracking Model (PTM: Hashimoto et al. 2020) % SCALE IZfi& L7=fEE T iz L » T4 =]k
MRE 2652 & U7 BB R A S L, Ik & BRI KRBT 2 BELEME (L 328%  (Pseud-Global Warming Experiment: PGWE,
Adachi and Tomita 2020) &5k L, & OfEROMHT 2> & AHEE T S 1L 5 BRI T O 2L OB % 772,

2. MERE - Fik
FIF L7z SCALE @ version 5.3.6 TH 2, JIFOFFITITHEVI 2 Hv, EYEEA S
— AIEPIM A2 L7- 2 B— A > hSL 73 (Seiki and Nakajima 2014) %, A, &L ™™ 7
TRDEHFNLZ 4 MSTRN-X (Sekiguchi and Nakajima 2008) . MYNN (Nakanishi and " )(
Yl

calculation area

A
oy

!%%\K‘

Niino 2006) & FIVN TR LTz, HIEEA D OBLERREY 7 v 7 23 vy EcitE 0. 2
L. 7SV 7 12303 (Bel jaars and Holtslag 1991) IZFEESWCEHE L=, #BETT VIZH
WP BT 2 PIHMEOME CHEE L CRE 2 M Uz, RS & 5 5 6 ¢
W (K1) Tha,
FEBRIT PTM &4 L7z SCALE & W2 N FNE D v A r— 0 v 72 K- T, BUERE = .
&L PR A RE L POWE O 2 RO EBR A Fehi L7z, FHARI G 2020 4R 12 S
H~2021 4£ 2 Ao 90 HRITH Y. 1 BT LITHTH O 18 Wt 30 B o0 55k 4 HEH HEREEEREMEE R RO
L. &HID 6 Bz AT v 7HIE & UTHITISN B L, 90 HORERORE , .
D 24 WM DR AT Ui, WA & BEFURIC TG ST O A Y MRHFE (MANL, K Pfiglg Tie- 1 Caleulation domain
K Sk, 3 WFRIRING) G, KT, W (D, HiE) 5 S5 MEHRE (Relative dePicted by red square
Humidity: RH), HFEKIR/R &% iz, PGWE X, BI{ERMEDEEIC d4PDF (Mizuta et al. 2017) @ 4K FH-EBRICBITAX 1 O
FEEE D EIR & . d4PDF OBIERFEDORIR L DFEDYY % MANL OKIRICINZ 726 D2 WIHIE « BRI L L THFEMA T v A —
U T %4100, ZOB, RHZEEDOEE 952 LT, FFREMEICBIT DRRKEDOINAZ R LT,
e BARMZECTHW D PIM IHIEE = & OF R & EBRHIEREIC X > TAER S BRI OB EE TWAKE LT
T 5, ZIHDOHT Y L (Nakaya 1954) 2DV TR ENICEEBEKRRL T OFBROBEREKR L TWDHERZ D ENTE S,
AAFFETIE Z NS DO EEBE KR DT E R 2 S T T 21T 7=,




3. MREABOREY

X 2 £E i X HAE R e Dt
SR TR b HE
TOEKEKICHE L
TWEmRE et 2%
RLTZbDTH D, BE
S TR A A Ok
ENEBT2IRES (-
36 < 7'< =20 °C) TOHH
EREICLDHFEN K
b K & W HiuE A3 IS & E
IR > TCWWb, —JT
FRICB W TIE, B
RS BLHES 2 Ak v v
B 2 D LT R A R
B2 HFENRRDK
AN RERRVIN i NI
0 WITHORAE f OBk
ENET DR ER (-

Dominant category (PD) Dominant category (4K)

=

45°N

o
° Dep (T<.36 "C)

44 N Dep.(-36<T<-20°C)
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Fig. 2 Dominant category of PTM to the mass of the surface solid precipitation on (left)
present day and (right) future. Dark blue, blue, sky blue, green, yellow, orange, and red
represent that the largest mass fraction remaining in the solid surface precipitation is
the depositional growth of Irregular needle (-4 °C < T < 0 °C), the depositional growth
of Needle/Columnar (-10 °C < T < -4 °C), the depositional growth of Plate (-20 °C < T < -
10 °C), the depositional growth of Dendrite (-17 °C < T < -14°C, S > 7 %), the depositional
growth of Columnar (-36 °C < T < -20 °C), the depositional growth of Other habit (T < -
36 °C), and Riming. S means supersaturation over ice. (Sato et al. 2024)

20 <

7< =10 °C) TOFRFEXRDOFENZVEHRPIER > TS (M24), —HT, BIERRETHENKE Do AR O

R T DIREHR (36 < 7 < 20 °C) CTOFRFERRICLDFENREWVEBIIIES oo TWic, ZoORERIT, JbimEIcE
B EEFEAKIL, BERECTEHFEREICLD2FENEEHTH D OITx LT, MREETIE, BRMEREICL 2 HFS N RE
LY, BRIMECBENTERICARDZEEZERLTND, 20X ) BREBRMCHRN TR E 72 5 ERFEKT, BERBEICBIT 5
B AREK &> TH Y (Hashimoto et al. 2020), k. JLMEEDZENBUERBEICI T 24RO X 9 2B R D Z L a5
LT3, S%IFIEED A7 53 HAROHER A 58 & U7l R A F L, BURBE AR T OfRZE Iz W\ X 0 aiEr
R D, BB I ORBITEMERIE LT L OKEKRFEOFERFETH D Journal of the Applied Meteorology and
Climatology |Z#&fE L. BAELETH TH D (Sato et al. 2024),

275 3k
(1). Adachi, S. A., and H. Tomita, 2020: Methodology of the Constraint Condition in Dynamical Downscaling for

(2).

(3).

(4).

(5).

(6).
(7).

(8).

9).

(10).

(11).

(12).

(13).

(14).

Regional Climate Evaluation: A Review. J. Geophy. Res.: Atmos., 125, https://doi.org/10.1029/2019JD032166
Beljaars, A. C. M., and A. A. M. Holtslag, 1991: Flux Parameterization over Land Surfaces for Atmospheric
Models. J. Appl. Meteorol., 30, 327-341
Hashimoto, A., H. Motoyoshi, N. Orikasa, and R. Misumi, 2020: Process—Tracking Scheme Based on Bulk Microphysics
to Diagnose the Features of Snow Particles. SOLA, 16, 51-56
Mizuta, R., and Coauthors, 2017: Over 5,000 Years of Ensemble Future Climate Simulations by 60-km Global and
20—-km Regional Atmospheric Models. Bull Am Meteorol Soc, 98, 1383-1398
Nakanishi, M., and H. Niino, 2006: An Improved Mellor-Yamada Level-3 Model: Its Numerical Stability and
Application to a Regional Prediction of Advection Fog. Boundary Layer Meteorol, 119, 397-407
Nakaya, U., 1954: Snow crystals, natural and artificial. Harvard University Press, 510 pp.
Nishizawa, S., H. Yashiro, Y. Sato, Y. Miyamoto, and H. Tomita, 2015: Influence of grid aspect ratio on
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g5E
LR CEICBRER EN TV S IMRI. COMJ IZHEASHRE'E &7~ grease ice scheme Z3 A L. ¥R KAERE
BOEEZIN LTz, ERM A — A% HWERICH EKEORN, KEHERomb, EiEsiRS
AT AOFEFNTE ERFRO BT,

1. [FLC®HIC

KEMBEEFEFT N L E 72 D B SN CODHFERIEERETT /L [C0C0) RRBAMIEF CEIZBFE SN TS IMRI. COMJ 1%
nEh, AAREOEERMEKS AT LET L THS MIRC) & MRI-ESM) OWEFEEHRTH S, ML T REEETTV
FH A LEREEHI] (CMIPTIZ AT T, 2D DET VOB AL RIS THED HNTND E ZATH D, 2020 FEMND 2022 4
FENZ DT TRIE S AT DS R ILFFSE O FfL A CHME SN WET T AV ER 7 o U= 7 N BARRR TOMIPj) @ LT, K
BBV TH CMIPT I CTHEKET VO EEAETFLE LEERRE SN TE L, — T, ZOXIRTETARRITET
JVZNTET DRAZEME O T2 DI I LT L b ZOFT AREEONSAL T AU 272085 LIXR L a0, o7 o 2n
HWIHER LA IBREEZ R TETAVNTRIAIN TS L& FFET R RADHOLFIIMO 7 0 & A OBEDFKFEIT MM
V. ETNERKRONAL T ANRET LR H DD THD, MRL COM & AW 2T T VERICEBW TS, FEBFENR Y
= v T W CONERERE SR OMHENT KT L7223, WE - EEAKO @R A 7 ANEALT 5 &y 9 BIREIZE R L7z, MRL.COM T
WX Z ORREIZ S LK ET VO FE 72 5 @ EALIC Lo THIS TR BB EZED TN D,

2. MEEE - A&

TISIEE Cld, KKD B OIWHHIZEIC L 0 KRS A Z TR 2 mEREIC 2 o7 & & | frazil ice &MHIN D/
RKDFERNAER S D, Frazil ice ITMFHEAIUTICE L, BFEOWEK L & $1T grease ice & METAL L MR DR & FERL T
%, Grease ice NHRHMHAFEZR LEROBEBEZ R CTHRE L TWTIX, —EOREI 2R KICEET 5, hHEZ T
[ZRRD D DOIEEZ T T, frazil ice AR L., MK~EEET 2 Z LR <MEAKR~LRE D, MRL COM TIXZ D X 5 22ifEK D
RREIEEZRE L TB LT BMAVKBTFET UL BB EIS O = 3L F — (TS LT & OWPK % BRI BNEZIC AR T 2,
ZOETARINIBKE ZEER & LTI KK CRINCE>TLE D Z L1IT2722 0 | BI/KE TOFMMEKARDAEIZSAR
N5, FES TIHHEKOREBRRED %2 /3T A 25 A X L7~ grease ice scheme WEEINTHY (e.g., Smedsrud, 2011) .
WFERIEBRE T L ~DEAFEG & HE SN TS (e. g, Smedsrud and Martin, 2015; Mackie et al., 2020),

N DEATHIGE R ST MRL. COM IZ grease ice scheme ZiE A L7z, RO F MUK AR A F— L 2 F| A3 2 EAEEER
CTRL & grease ice scheme ZFIJH L 7285 325k GREASE % 50t L. grease ice scheme |Z X 2K « ML ~DHE L FEIZ
PN L7z, SEBREREIL COMIP6/OMIP2 I[ZHEHL L 7=, KEFMIINZ JRAS5—do v1.5 ZfEH L, World Ocean Atlas 2013 version 2 @
IRAL + X0 /oA 2 WIE & U TR IREED & 366 AR D IERRIAS 7y & S0 L 7=,

3. HRLER

FERO—FIE LT, WMEBROUKIED 3 HXOV9 A HBIKEEE (19802009 4E3EH)) Em7ZE% K 1 12787, Grease ice scheme
DALY R CHEKERN BN M H D 2 LN D, BHIMEERERICEENKE L, JKWEETO0.5m &1
THEKIEDS BN L TN 5, GREASE ZEBA T ER TR LMK AR I Bk & 61 CTRL EEBR L W L TH v | K
ARRMBRE SN TND Z ENRBIND, JHUCHE, B30 FICHBT 51 v F-RKEE~OIREAKIL EjiEi: 1.4 Sv ik &
Nize TEEEBKOEBENGRD L, TO—IJF Tk 26. 5 FCTOILRIEHERE/KE FREICITIRE 2B WITR e
ST, JEEKDOEBE - EEIHBROMILICAEV, GREASE EERCTIE CTRL EEROVERE - KB I AL O N T-miE A 7 ABREM S
7o EERKCEEEMET 3 BFLEOREFNCE EDN, NI AR L > CTHICKE 2R E2GD 2L bHIFTE 5, Grease
ice scheme OFIFNTLE S FHEH 2 2 MEIXRED 1% bRV, AR TOLIDRNRAF—LTHDHZ ENbholz,
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[Mar.] GREASE [Mar.] CTRL

T T T T T T T T
00 02040608 10121416 182022242628 3032 34 36 38 40 42

Thickness in [m]

T T T T
-0.50 -0.40 -0.30 -0.20 -0.10 -0.05 -0.01 001 005 010 020 030 040 050
Difference [m]

Fig. 1 Sea ice thickness distributions of the experiment GREASE (left column) and the experiment CTRL (right
column), and their difference (center column). Climatological average from 1980 to 2009 in units of [m].

4. FLHESHEDEE

SEBHFZET CEICBRE SN T3S IMRI.COMJ 2 grease ice scheme Z3E A L., HEETET /L OMRER BRI AT — AT
BB L ERMER LT, SBITEBRFE RO DIITIC L o THEEM EOBERZFMICHE LoV, FLEARAR—LD/NNT A —H
WX ETREOR M S B2, IEEERZE LT OMIPT ICA T 72l 8T A — 2R EERRB LN EEZEZTND,

SE

(1) Smedsrud, L. H., 2011: Grease—ice thickness parameterization. Annals of Glaciology, 52(57), 77-82.

(2) Smedsrud, L. H., and T. Martin, 2015: Grease ice in basin—scale sea—ice ocean models. Annals of Glaciology,
56 (69), 295-306.

(3) Mackie, S., P. J. Langhorne, H. D. B. S. Heorton, I. J. Smith, D. L. Feltham, and D. Schroeder, 2020: Sea ice
formation in a coupled climate model including grease ice. Journal of Advances in Modeling Earth Systems, 12,
€2020MS002103.
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®E

AIAEFZ B IE. GOSAT X° GOSAT-2 D GOSAT U — X2 X DIREHIREN A DG OEIRIZEE O T\ D, —F, KiGiE, Fiber
Etalon Solar Carbon (FES-C)FHHI%R % 4 H#d% 512 &LV M5 B2, Optical Spectrum Analyzer(OSA) % F ~ 53 B 225 K2 R iR
DR EICERE L THET> TWa, EOFMEIT — % 2 MAREENFTR T 2 BILEKFICE S TH b, HREKFERKWE
PRSI D AN L L) T — Z T A D T, PSS OBNT — & 2T Uiz B bIRE T 7 A EERIL, KBITHEEE
O ETHIIL T D ZELRFE DRI 3ppm FRSFERE L 72> TV, ZOENNS, MBI TRE TV ESGUCET
BIEMMBE SN D A REMEN $ 5, FES-C, OSA |2 X 2#I%. GOSAT/GOSAT-2 O#AIT — X OMFENHEYTH Y | Fd 51D FES-
ClC X2 T bRFBIEEH T 2 &EIE, GOSAT DF —H LIFL A E—F LR E R~ LT,

1. [FL®HIC

AR, IRENRHN A ZFLRFE RO RKF OREOHEMNMBEIZ 2> TWD, O ZFLRFRE D54 & Z{LOEN E
FEI/2 > TV 5D, W TIE 0CO-2 72 & O EIZ X 5 BllI<e Fourier Transform Spectrometers (FTS) % T F 4 HilZ 5% & L CRRRRTIC
#HHI L TV % Total Carbon Column Observing Network (TCCON) 5 (2 K- T{ThiIL T\ 5, HARTIE, 4HEIR HIZ LD GOSAT X
GOSAT-2 @ GOSAT ¥ U — X2 X DIRBERN A D54 OHHRICEZD TN D, —F, KiFL, #LICORBERITADON 7 b &%
FHAIT SR AR E L C i IRE S T L REFHI L, O EED T D Z OBLRIFE R A MHT L7277 — 4% & GOSAT v I —
ZOBBFER L OB X 28R T — % OFHIi, RO B TH 5,

2. EtHHIEB KON HE

T UIRIEE) N T LB OFHEINE, ESIAFSEBRRE AR SR IR ELEAE (JST) o3 T FUEHEL B 15 L7 Jee iy bk
FEHBFHAZROERBRTE ] & IST WFER R RAFZE GRimatBl ol - ¥R 7 0 7 Z ) 8 [CO2 KK 7 AREH
BEHHILERE DTG - MR AEdE | 12 &V BAYE L7z FES-C 3HHlIgR 2 5 HBR B IC L VBB BICRE L TT> T2, RIS, the
TEINZ L VIREDRT AR SN TV DRI & L THAIZER L, B FE R EERORE BIZ OSA 2% #E L TIT-> T
W5, & D%, Goddard Earth Sciences Data and Information Services Center (GES DISC) [1]DFfEHTT— & 2> S I - BLAIRERK <
WIFL7ZED D@ - KRBT — 2 ZHH L T, EOICKRETHNER LW ABHGET - BHSEThE oM EoKRT —#[2] T,
WEEITSTZEE - KRBT —Z I L VBHHOWRILARY MLEY I 2 b— 952 & CHRINT — % 2 LT, T — 2 fifhric
IEHO RSP RGIEEF IR D A S 2 2 2 Tz,

3. WHRLEBE

[ENZBREERMFZERT S HTA LT\ 5 FTS & Fiber Etalon Solar Carbon (FES-C)&Hl#E & O D RMEFHNIC L 0 15 S BT — 4
D FFATHE R & belge U= 5 5. SR EEAR% (SF) A% HITRAN2016 Tid 0.990 727273, HITRAN2020 Tid 1.000 & RAES - 7=, BIfE,
HITRAN2020 FHD 7' 11 75 KR0/RF A — & Z AV TR B & T FES—-C DB — # <0 Optical Spectrum Analyzer (0SA) 2 & % 3
FUERE KR R COBMT — & (2t U CHMBIT 2D TV D,

2018 4R 7 H 22 H225 2020 -7 H 31 HE T, MEBICBT 23T — 2 2t L. KRG 2840 % EF L 35 Solar
Timel0 B2 5 14 BEOKEMIEZ O THE2@ L L, T D HD Solar Timel0 25 14 Fr D EEMIER OEOEE R4~ T —
NR=t L ORLE (R, #ErSERBEIZT C EBEREMERT D 2 & 2RT720I0, KEITOT — X _X—ANLHE B
O ETEHRIL7-T — & 2K 1ICERT, DT A8 EOFHT —Z 12T 3 ppm D72RVWVEEZ R LIz, TOEWND,
R TRE T DHRBCETHHEERNEOND ATREMENH D720, HEECHIEH O KK 25 2 T b, &
DT, ZHEEZHRET 5720, Ref.[3]2 552 2 MO A MBI & 1 kBIHUE L AG b 7=X(1) T Fitting L. FREO MR TR
L7z, 2014~2016 I HAFUFZZRTFHE @R CIT o 7o Re[4] & [RIREH O [E LR AT C OB T — # [5]1 & Mauna Loa Ol E D]
WF =26l AR L. (21), EBIIHEMONRAKICL Y 2 TOBEINT 9 AIC BILREENDRL Rotz, “BLRED
FEAEPUSEOVEFC O T 2 ARICRKEZ AT, MESE CHEBET 270 EETIES AN —FTRbE Lol (1)
O Fitting B#R2 5 4 2.74ppm O “FR(LIRFIRE O EF R S0 e o 72, ZOEITHFROEAE L LTV 5 Mauna Loa @ 2.55
[T VME L Tz,

CO,Mixing Ratio = | +T,

rend

-t+Amp1-COS(27fﬂj+ Ampz'COS(47z' t—¢2 ) (1)
365.25 365.25

ntercept
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395
JASOND‘JFMAMJJASOND|JFMAMJJ

2018 \ 2019 | 2020

1 ERBD CO: FYhS LEMRITER
@FES-C #1E B (SF 0.990), 77#& Fitting Bh#%, AGOSAT £AEG KRR TFEHADMI E CO £

# 1 Fitting B ORERE

Site Intercept (ppm) Trend (ppm/y) Amp: (ppm) Amp2 (ppm) Max. Month Min. Month Ref.
P 394.2 2.74 3.71 1.67 5 9-10 This Work
W 393.6 1.07 11.8 1.99 2 9 4
2<4E 384.7 1.88 7.9 2.93 1-2 9 5
Mauna Loa 397.4 2.55 3.11 1.03 5 9 6

4. FELOHESHBORE
HITRAN2016 M54, Scale Factor 78 0.990 & /)N SUMEIZ 72 > 72725, HITRAN2020 O34 1F1F 1.000 D% 7FEE - 7=, HITRAN

T =B R—=AD COr AT NT—=HDERIZLD ZO X ) ImiEN 25T, £D7=H, HITRAN2020 (2 L 25 FRIHE 2D 7203,
Scale Factor DMHIEL DT — X I ZIT K& 2B W T EN - T2,

FA S 5 1C FES-C 5% 8 L CRHl L7e 7 — # 2T L7RE R [GIT M SR O TRl L T b iRk R &5 5K 3 ppm
TR REL 72> T2, GOSAT 7—4 ERJSHIZFES-C 2 E L TRl L7cT —# &3, 1IRIE—HR LR Z2ED 2 &M
T& e, BfE, EREERZEHEEROR LI OSA 2% E L TiT> T3 bRFLHH 7 2 &FHHT — 22t LT
HITRAN2020 % W 7= fi#fT 28D T 5,

BEH
[1] https://disc.gsfc.nasa.gov/datasets/M2I3NPASM_5.12.4/summary?keywords=M2I13NPASM

[2] https://www.data.jma.go.jp/obd/stats/etrn/index.php

[3] M. Inoue, et. al., "Validation of XCO2 derived from SWIR spectra of GOSAT TANSO-FTS with aircraft measurement data", Atmos.
Chem. Phys., 13, pp.9771-9788 (2013).

[4] Xiu-Chun Qin, et. al. "Observation of column -averaged molar mixing ratios of carbon dioxide in Tokyo", Atmospheric Environment X,
2, pp. 1-8, (2019).

[5] https://data.caltech.edu/records/958

[6] https://www.esrl.noaa.gov/gmd/ccgg/trends/
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2E

BIEREET ML, HDHEFEOKRZINE L OB EYEEANCESWTERMICTFIIT 5, KRICITEE
SOYBTBEARGEENTNDLeD, TNOLERERRET NV TREABICKET L LIIRAETHD, L
728> THRESLET LTI, WO 7ot 2%, YR RED FIOEEMICEY fibh T s,
INERTAZYE—va b kS, BRKRICEDAEM, FHIORRBKE CIIEMWEL Y o AN EHE
REEE R L TWAE, BRI AZ TP — a0, ZOBKT 2 22 BERLET VICEB W TH
DS 2D H DT, KOME(LORLT D2 « IFEEOBHMBEEZEATND, I T, K107
B 72 e RRRBR B IT D B /8T A—ZIMLE SN TWED, T SHDNT A —Z DIED G PRI E M
FTABN B =2 a NIBITFARERMED 1 S5THY, ZhikiElbd s Z &Ko THEE A2 H ESYE
EEEZOND, UL EOWEEEBIZARFIETIE, EWMPELRTAZ V=2 g VZEHEENTNDH/T A —
Z OEELIZEI LT, FATHE TIRE ST Green BEIEDO BN AT, ZZTlX, HDHRTFA—F%
B L U CHIERS 21TV, ZOMEO—HE2MH L TN 2T v 2 b ) A X A TRER 2 BLME 2 4=
B UTe, Bligk, Bien 37 2A—% % HWTEER S E1T, TORER AR LIZBBEERE S L9183 7 2
— X DIEIEZEATV, BHIOMEISE D D& DIz, BN, FEFIZHMAL S 72 Bk E 7 /1 (Lorenz 1963
ETV) WZHEA LI E A, EFICRWHETILONRT A= DHENTE T2, KIZ, BEEOXKRET VE
HAWT, H2ZEWNERZTRICFROEREZIT72E 25, EMMHETT LB T H LTBOY /8T A—
ZIZBELTY, SRR BHE A AR L2 NRT A= %, HHREOHETHET 5 Z L AHRTE T,
TRDOLREBMEETNDIIRT A—Z DREEIZIBT, Green BEIEITIHLERFED 1 O THD 2 LAVRIE
=i,

1. [FL®HIC
WA, BIE(LOEITIZHEWVEREOBHMRROBEHEN EN-> TWND EnbTEY, ZOTHIEEOR LIXEER]
BTHD, €9 LIBEKICEAD MY 7' 2T, [EEHEET NV TIETEMPBIARZ A X2V E—a v TREINTWD, B
EFERAENTWENRTAZ YL =23 0%, Linet al. (1983) OWFELLRE LD T, EK, WK, XK T, & Ei
EEKWE % %o OREICXBI LN 6, KOMEALIZT The SHL T O/ %€ « HFE5OBME/2EREZ T RINIcR L T 5,
FEONRTGRAZ Y RB— 3 T, ERENORLT O ERCEUE I b AR ST A — 2 AN LTS,
INBORT A—21%, EHEREMYELRRE AR TRKE, EORNREY, PRSI B 5252 b, ZOED
UM EMPB AT AL V=2 a VBT A RERMEDO 1 5TH D, £, Zhzioi{bT 2 2 LXK THIEE %
mESE58EEZILND, FATHIFETH D Menemenlis et al. (2005) TlE, MHEKRMEERT T VORBEOFRMELZ M ESED
7212, Green BIEUEE AW ET A NT A =X OEHECOFIEEZRE Lz, ZHIUTREEZX—A 7 A VI L THIBLTE
LEVHREDL L, KO A MEKER/IMET H LI RT A= ERE(LTH2LDOTHD, ZOT7 T u—F1F, FEE
NUHETH Y, TV ORE L KIGICH LS5 etk &R, 7272 LEHE 2 2 M3 T 2 — & OBz e LT
95 50%, ERAMICE L CTHEE 72 5 55 THD, Menemenlis et al. (2005) TI, Green BE%E 2T GOM (2@ L,
BT — % L O EITo 70, EOFERTT VOERIKN I SA T AT L, (EROTESOFINE & il U T e s »
BN, 202D, AFREAZLIBEFTNLDONT A—FICHEATH 2L T, EMHELBRD /(T A —X ZiEt T 57
REMEDN B B, LA B2y S AMFSE Tld Menemenlis et al. (2005) 12 & - TRZE &7z Green BI%IEE, BYULEAFZERTIC L - T
SINTRRET /L SCALE OEMPERET MIBITHFLHROUIF /AT A—ZIZHA L, ZbORBRIN/NT X —F Ot
EATHOZEEBUT, BT /APMEGRKE, FRCEWNICKT 2 THREEON L2 BT,
2. MEERTE - A&
Menemenlis et al. (2005) DHIEDIEARRLE Z L, BRAENR—AT A (BELHIOET V) ITHESWTHRIBICER T
EHLWVWHIHLDTHD,
Yops = baseline + Gn + €
T 2T Oyl FBNIE, baselinelZET N 3T A — X LRTOET VTR, enid—BEMIEHE, &0 0iE el 35, X
I, y,ps — baselinery, THEE#HZ 5 &,
€=yq4—Gn
LB, ZZTITAGIE, BT ARG A= BENIHT H AR LRI TE, Y- EBTH D, 1THI6D jHFH DI,
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Z I TCe I EEANY ML, i NI A—FORENEESR), GTETIANRAT A —ZEEFTHT LIS TH S,
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FATRAZERASBATHIQ L RICBEAL T, KERQMEAZERET DL QTN 2 X FEEEE 1 HOMENBAT 5, Zhik
TEDRT A—H~OEFHEEMENZ 2R L, RERAREREESCREND D LB OND, NERQEOHEE, T/3T7 A—
e REFETLHENRNZ E2ERT 5, R UFERERDENDH D, filoer a2 FEKICRAT S &,
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J=1"0" "+ (ya— MR (ys - G)
L%, A NEBYERAMET DRI,

aJ
an 207" -26G"R ' (ys—-Gn) =0

n=(Q'+6"R16)¢"R 1y,
L b, TNEBELULTROONTZNT A—FOBEEFIZITEDONRTA—=FE2NZ D EH LT A—ZHEEIE LD,
Nnew = Nold + n
3. BREER
F 9 Menemenlis et al. (2005) DFHEE, Lorenz (1963) AT AT LT, /3T A—X OHEERIE 2D 85, Lorenz
(1963) AT AlX, IRD X HIZ3 2O IR\ Ta,p, D 3 DD/RT A—H & TND,
dx/dt =a(y—x)
dy/dt =x(p—2)—y
dz/dt =xy —fz
£9(0,p, ) = (10,28,2.66) L\ H N T A —F ZHfEE L, BEED ZTWBIRIEO AR Z T 5, 7272 LA L2 BIIMEIC 1
THE=0. 58=0.1 OH VA /A RX%&Mz b, MIFERTIE, TORTA—FOEELITEIHE (22 Tlid(o,p,B) =
(12,30,3) L L72) O I ab—a VEITWD, NTA—=F 2[RI (ZE(So,6p,68) = (1,1,0.1)D) EE) % 5.2 T, Green
RO KElL 7 0B A Z WU CTRT A—F ODEEICIT S D E D DERIET 5, ZOMKE, (0,p,8) = (993 £0.23,27.21 +
0.22,2.71£0.02) L 72 V), Green BSIEIFIIFRIE DV AT A TH T A — X OfE GICHEARTRETH D Z E Ny ho Tz,
WIZ, KEFMEET NVOEMPELNRTG A Z VB — 3 NIEENTWD, /T A —X OHEE % FEMNTEO R K EZ A
T{To77, Z Z TIXSCALE (Scalable Computing for Advanced Library and Environment) & LI REET/NEHEHL
TW5b, ZIUIEMEFPHIZEAT (RIKEN) ICX o TR SN TWEA—T v Y —RDET LV TH D, EMPpILEREIZE L T,
Tomita (2008) TR ENIEAF—2AHEALTEY, ZORAF—ATITE TN D EFEOBKYE OB 72 B0 Bs g
WD DERA R T A =2 DN, FEOYI/F T A—=2 (NO;) LHmOYIF/F A =% (NOg) I[ZFH L7z, 202148 H 11 H
N5 19 B2 TN ST B ARIZB W TRA LI FH 2 3R, Green BIEZBH L CTHEND D, T DRFEERT
%, Wainwright (2014) TIREIN TV
NOg = 3.95 x 108, NO; = 5.26 x 107
REMEE LBHME A AR T 2, BELRIOENZEND/RT XA —F %, Tomita (2008) DHIEM TH %
NOg = 3.0 X 105, NO; = 4.0 x 10°
L, BEAKICERSBERORNIED 1 > Th 2 Al KEEZ NN THEEZ{To72 & 25, ZhEh
NOg = 3.95 x 108, NO; = 2.58 x 107
Lipole, TROLH LWHEEMIL, WINbBBREARAO/RT X =2 OFn~RE o7, Fiild Lorenz (1963) & A7 AiF
ETEREIRER TIRZRVD, ZHUL 3 DDNRT A —=F DR EFOHMILSNTIZ Y AT L TH ST, ERORKITEMER T 2
TATHY, MOIEREN T OB ARNGFETHI 2B ETHEHIAERERTHL LB XS,
4. FLHLSHEDRE
ABFFE Tl Green BIRUEE FIWT, BHEZRIERIE Y AT KB 537 A —Z Fal{b O AlRErE 2 i~ Tz, Frlo, KBET LD
EWMHBNRTA—FIZBTLELHRDOUIFRTIA—FIZHER L, ZOREIL~OBEHFTRMEIC DWW TN, £9 HfiR
Lorenz (1963) €7 /L& AW - B bRGEEFER 21TV, FET /MCBNTNT A—FHEFEEMN 2 OBBHEARH 0/F 2 —%
W3 ZE &R L, ERBENRREETT VBN THE T A —Z ORI ekt 2 HETE 52 L %, EBEOZMEH)
BT LTe, 2D ORERIT Green BIBIED, BMERIERIE Y AT DB W TCHBEMFRETH D Z L2 mR L TWD, 4%
X, EBEOBLEZ AW CEMDEL AT A —2 DWEZAT) TETH D,
SE
(1) Menemenlis, D., Fukumori, I., & Lee, T. (2005). Using Green’ s functions to calibrate an ocean general circulation
model. Monthly weather review, 133(5), 1224-1240.
(2) Tomita, H. (2008). New Microphysical Schemes with Five and Six Categories by Diagnostic Generation of Cloud
Ice. Journal of the Meteorological Society of Japan. Ser. II. 2008, Vol.86A, p.121.
(3) Wainwright, C. E., Dawson, D. T., Xue, M., & Zhang, G. (2014). Diagnosing the intercept parameters of the
exponential drop size distributions in a single—moment microphysics scheme and impact on supercell storm
simulations. Journal of Applied Meteorology and Climatology, 53(8), 2072-2090.
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YEIRREOBEILIC L 27 VT A=V EO PR E R EC, RO EMK ETo g E T
TIODOEEFETE IR 2. BEEMTBROKE EARTREKET LV (GSM) DAY FILEHRO
GPU LIZENENE Y AT, FEEMTIBEICBIT2MEOMRI 2RO T at A0S EICEY
SETH & E D = O RS K2 98O BEK O T IS EE I £ O oK O H ZE(LORBP K EI N D Z
L EHERR L, GPUALIZEBWTIL, GPU M CTOEHED MPLB{EX°, GPU (i b S -2 7
A4 75U OFMIZ XY, Wisteria-A (23T, CPUFIHKEL W & GSM D 227 |k LZEHLN EE IS
FEITEND Z L BB LT,
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KRBT, RKTHOB BT WOV SRS % HIC, KFEAHEER 13km (TQ959) DAERET /L (GSM) #BLEEMA LT 5,
GSM DFRHRIGLE T EREIFARTHDLT VT T A= REIUTHE D AR FRIOREE R Lo dicid, MELERO X0 Bk
B, BEEET ML DZEMA 7 — AV O/NSWBGORBN ENEEIZR D, BETHRE T NOREELITITRE REFHE
WEET D0, FEOFHFMMERN LOR—ARHIE L CWRBRCCPUO LI RT 78TV —FOBEEEREEXD L, CPUD
PERE _E72 NI S TIZEE THRE T V2RO A AbE TEd b L T Z E L EERBRREL 25, TNLOW R
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TdhDH AT FIVEHD GPUALDOFATICEY FHA T,

2. HEREOHE
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SHRIEFE (RTAZY¥—30) ([ZXoT, BTN LW A —/LOXRICEE 9 stk « Bk a2 EHH L TW\W5D, 3
TED GSM OFEEXHREBRIZIL, BESOWE IR S TEEGEO&EOBEEILHE O VAN RE STV, BESHTIBROJ
FEkosd [ hY FT—] EFHIN DA XD E21Then & B EORKO BZ(LOMMAPBR LY b REDL Lo -3
BAH D, ZORMBESOMRIICHET T, BMENROBES2RDS [7a—Vx—] CHINDESORE L E2TT 572, GSM DR
ESHREBEE, ~AT7 T v IR (BT TV v RATZ— L O ERAROERE T 7 v 7 RA) BIOAX—LDO—FT, /u—Tx
—IEBEICBITAYRATI v 7 A M ODREX EDOTHRFBEROBTRENDS,

Q%@:Jv_ﬁﬁ (1)

ot T
A (1) OFLEF 1T, FIRICLE S FSOT S EFECRES OE. A OREBIEKAT 2H, H2HTEERYRATF v
ADWEETH D, ARECTRIEE T, X)) OHTE 1 HIZBW CHRE T EORESOBE~DRELZmD 5, Kbk
SEIRFRIC X 5 A8 ORI Z LR IEKGF T 2HDOEBEE L Wo It B 21T o 72,

2. 2 GMDRARY ~LEHOD GPU b

CPUDLEHIRT I T L—HE (PU BMABDETA~T B =7 X A B0tk 08k F CafiaE 2R E T L % E il
IZETT A 2 & A BEFIC AL, Wisteria—A ZF]H L7 GSM O GPU kS 28D TW 5, KT, GSM s, HEEs I 5 1
AR Ry 7 (TQ959 DA, FHEKMEEROK 3 ExE 5 D) THoH AT MVERD GPUALELT- 72, GSM IXEkE Lo =
AT NVEEBRBALTEY . ZTOFREMERERR MPT EESC, @l 7 — ) 2B L OTFIREHESE THWA T 4 77 U OMEREIC
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B AE VR A MBNBMESND HOO, CPU 24 & 72\ GPU B O EHHR(E ., GPU (2 b &7z FRT (7 — U =8 CEA) |
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4. FLEHESHDEE
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GPU TOFHFICHBEIL SNIZHFET A 7 UV OFMIC LY., CPUFICH L TEWILESRNE SN D Z L2 L-, 5% b5
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KEF D COIRIE (pCO2) 1. FeHOK I D> & F2H T 20 TR 80ppm BEAN L 72, 2 OZEA(kIE, FITiE
MDD CO, HICERT A LB X b TS, ABFSETIX, MIROC 4m KEE T L% AW 72 HEFBR O
1% W THEED R FEIRRIZET D EEEREIT o7, ERFERIZOWT, K&F pCo, DE(LE KK T
FLER & el IR FBENLIRILARIZ AV HERE Y o 7 Rk L B L, BTV & T — Z RO LOFESE £ IC
DT AEFHA Lz, HEEBROBEIL, W< o0 S TEREIBMR L R0 | =7 W3Rk I9IH
DOWFHENR T L — a OHEINREB BT 2 AMAEFEOHIIRZ /NG L T RmIEeER S 5, KEFE
FFHEAEER DRI 2 BTG U KA pCo, DAL, FICEIUCHE D MR KRS T A7 U EDOE(bIC &
STHIERZ I, INLOFHFHSNCEWVIITBHE LAV, K&EF pCo D IEBRDZE L ITIBK A
DOEALIZH U THEH/ NS W2 E2VRENT,

1. XC®IZ

ook Wi H (LGM: Last Glacial Maximum) 75 52@rtICHNT T, KREKTP O ZELIRZERE (pC0.) 115 80 ppm #EHI L
Too RERFOBEEZRATAD ZOZIE, HFEOFEHRIFHZ(LICHT 2RES AT AOIRE L LTk S L, R
B READ CO A KREH pCo, DEINZ L7126 LI EEZ LN TV, S HIZ, KEFETFHERMER (AMOC: Atlantic
meridional overturning circulation) DREIK/RZALE ZIUTHE D FEREIORIEZEL S . MBHED B KK A~D CO, HHIZBS- L
TWHLEZLNTND, UL, RAEBKEINTI T DMBERBANER OZ(LER & £ KKT pC0 2 RIFTHEIZHONT
OIRIIB N TV D,

EHE LT INETIT, WIERIERET V&AW T, MEMER = 7 f8kH DT SHUBTEBRELIC LSV T LM OV R
FIEBRG 2 MAREBT 5 Z LICEI LTV 5 (Kobayashi et al., 2021; /K « i, 2023), FEEHOHIRICLY., ZhET
OWFZEIL. KKESM T COREFIKEBOINEDFEMICRE SN TE T, LLaeNnD, MIEREBMEREZMEKRT 7 nk R
V. M C O HERIESC D372 T ARSI . AR T EREIEER . BIK CORMEOHRSE L FM T e 22574, K
DEAIZ L o TH—IZELT B DI TIEARW, £ TARIFRIE. HEFEHOR T > 7o a vy NURFHETIERL, LM M5B 5E
FrittETORN 1 THREICOI D EIEEREZ1T 5, BIEFER E T OB EOBRINE R & Ol 28 U C, WEORBIRER 2R T
LZ3FXE T avAR, BEOREBE EBIZEDIIIZELT I EEEMIZTHRDZ L2 HNE LT D,

2. MEEE - A&

MIROC 4m 55 7 N DRAGBKE (2 5 1 TAERND 15 1 THFD ICh 2 EBBERN LA LT, AMOC DRI E
BELT 2 RO R RS 2 W T, Z ORI OWERBIRER ORERER LT o7, £, WEHREY = 75L& 0 R OfA
TG, BEERTHONIRBEMRL LY 27 T — X 2T 5 2 & T, MFERBEEROENDOET VT —
HHIDOMHIES, T VHNOBTIERRANA T A, BIEE STV H 5 WIER/NHE S TWD 7 e o0 Cigam L7,

ARG CER LI ERERET AR LN L —Y—FF /L%, CCSR Ocean Component model (COCO) version 4.0 T
Do EPHER(LE b L— Y —F T VO TR, FEE, BT AMRER. IBFERIKE, T B RTEL BT
F. RFRINAKR(EC, M0) NEEND, T /NVEBITEEKEE T, MEREIIATEFM2 T 4, $HEHFN 43 J& (BIE : 5-
250m) T D, AWFIETIE. KH & UK O M OWEREHE OZELITZE L TRV,

3. HRLER

BUEEBRIZ L > TH LI K&K pCo, D2 LI, KR 7itsk & EMEMIZIET—EH L T\ 5d (Fig. 1), Bz, K&H pCoy i
NA Y e HEOKEI 1T (HS1) (210.2 ppm#EIL, ZDH%X—V 7 « 7L L—F# (BA) I127.0 ppm D L, S
— RU 7 28] (YD) 126.8 ppmEEM L7z, LOLARND, BF/MIKKa 7RENDEITCENMEE LT, 2 b DI
IR 5 KRG pCo, DAL 2B/ Nl LTV 5, iR FER L O LERFBRMKLE O (AYC B LTS %) X, TR
KA OWEED R F L — 3 » OIEFAL & EMAFEODFIR T 2B/ NG L TWA Z L 2R L, Z OEW X K THE
WCHETH D (Fig. 2), HUEERI/RT HSL TR DR pCo, DI N S 22 ki, 246 OWRFEEREEZ L o/ NG
LR35 ATREMERS 5, BA 8L TUNYD HIMIZIZ, AMOC DA TR L L BEAE L TR Y . ZHICHED AMC & kL, HfEa T
OB T MR —F L TWD, 7275 L., HEREY = 7 308kIE YD #1208 U TR T § BC O RNz R~ L TV AI2Hh
DL, BT VIO E AT, JUE. BT AR T YD Hod AMOC DB LR H DV IEZE OMBENETE D0, 1E
HERBOEMEREOBLPN NS TELZ L, BEERETMZELRATE TV WERLE T o AICER R H 5 2 & 2R

17



LTW5, SEOFERTIE, KEH pCo, OERNZZEAOFEUIR 5 TIEH DM, Fhvgk b7 b3 HKD pCo, ZLDEHIT
oL ERE AL TRz, ZOMR, 9 HSL OWIMICIE, KRD EFIZE D C0, OUREE DR T A3 K& H pC0, F57-DF- 31
KTHHZENHLMNI R oTz, FTo. ZDHD AMOC DRI AL A T 5 BA & YD OBV CIE, #iEKEE 7Y
FEDTAL AR KK T pC0, DZEAITIc b KEREBE 5. 25 Z LN LT/ 272, HEKD pCO, ZAGIZHT 5 KR & IR1E I R

F, TNAVEOFENENEIRZET 2 2 LT, ANOC DR EAL & ZHUTHE D KEEIZ L D K& pCo, DZEALIXIRE R
T, FOFER L LT BA O REH pCO, D/NEAL 2B & YD H] D KA pC0o, DIINZZ G545 Z Lavr&aniz (Fig. 3),

mo?(hJ' I l¢ Fig. 1 Deglacial
280 E ;
E 2g0 - - changes in
20 "L atmospheric pC02
8 oma J = (ppm; solid line)
P I *é{ L with ice core data
:ﬁgf? HS1 BA YD [ .
03111+ (dashed line).
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(b) Global
-

Fig. 2 Deglacial changes in A AYC (%o), difference in A
UC (%o0) between the ocean and the atmosphere, averaged in
the mid-depth (500-2000 m; blue solid line) and deep global
ocean (2000-5500 m; red solid line), Atlantic Ocean (40°
S-90° N), and the Southern Ocean (90° —40° S) with
compiled sediment core data (dashed line)
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Fig. 3 (c) Temporal changes in sea surface pCO, (ppm; gray)
during the Bolling-Allerod (BA) period. The contributions
of changes in temperature and salinity (purple),

temperature (red), salinity (yellow), dissolved inorganic

carbon (DIC) and alkalinity (cyan), DIC (green), and
alkalinity (blue) to the changes in sea surface pCO, are shown. The thin gray line shows the time series of
the AMOC strength. (d) Temporal changes in the partial pressure of atmospheric and sea surface pCO; (ppm)
during the BA. (d) The contributions of changes in temperature and salinity, temperature, salinity, DIC and
alkalinity, DIC, and alkalinity to the changes in sea surface pCO, are represented by different colored bars
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L5ZLTHD, REBAXF—LEET L, HAMEOAKFIRBEN 112 EOET L EFANTNT A —2 D
AT o7,

1. XLC®IC

D DN DTz 2 WEEEC A 77— VI AAERICEE T 2 i RES O - DI, WHEET LV E AW EEERZFATH
B, WIS BHEORF ARSI N A MEOWM BB OMRE TE LT IRERICRELTE 2@ BERENRD L
Do ABEEOIETIE, PR 23 RHEIR CEM R MRBE D LIRIGEWRE TH D, B AUNE % KFER 500m #1CE S 4
EKREERA NETNERHWTEEREEREITH,

2. MEEE - A&

ARFZETIE. B RSP RRIECERT ST & MEPERTZE B T ks (JAMSTEC) THLREIBHIS - ) S TV DK HEERS & 5 /L C0C0
(Hasumi, 2006) ZHiZ L7=MSFH+3 A FEF /L (Kurogi et al., 2013) %A=, EF/LIZLO-L3 D 4 SDETF /L) LA
INb, LOIE=MERERICE DSV RERET L TH Y | Ak 63° LU O R 1R AT R BB O AR IR 1/4 JE X 1/4cos ¢
& (o130 Th D, L1, L2, L3 ET /VOKFEERE AR R RIS & | AKHRGE T2 T4, 1/12 £ X1/12c0s ¢
B, 1/60 FEX1/60cos ¢ . 1/180 X 1/180cos ¢ ETH D, IND L3 EF /LD /K EMEEIT 116. 98E-150. 32E, 23. 69N-47. 69N
Thbd, EFMIROFIETER L, (1. (2) TIE232m BEDRT i % VKR & Hioy % BT — % FORA-WNP30 (Usui et
al., 2017) ZFEFOL7=, WEAEEOEMETG) ORP E THATWHEN, Q) IIMEE LREEZE 2 OKE - EokEme L) FJi3t
BT,

(1) LO-L1 =5 /L% 2000 451 A 1 H2>5 2012 4F 12 A 31 H £ TR

(2) LO-L2 =T /L% 20124512 H 31 B 5 2013 4F 1 H 1 H £ THIS (L2 oW (1) OFE R % M)

(3) LO-L3EF /L% 2013 4E 1 H 1 BSOS Afkle (L3 OFIHIEIL (2) ofE R 2 Mk, EMAORT vy dH )

3. HRLER

LO-L3 BF /W% 1 ERRERSY Lz 2 AT, BIEWEIAT T TRBIEFITIELS 20 HESMHE LT LE D MEN A Lz, Kn
FEFITIEL R B JRENL, 7 L — N OBKGEAIZ £ 0 B EHEAE O 5 oK DO VIR 25 Z EDNRETH H &5
Zbhi, 22T, (1) MEEROWEZIETDZ L, 2) HYMES RDE COKEE K& T2 8, (3) WKOHES
DREZE/NELTHIE, LWV 3 oOx LR L, ET VEREICHET 2 Z LTk Lz,

F7o, FFICEMIICBW COERMIOKEBENEE T R2WEREICKLS 22ERNH L Z LN LZD, BAEBAX—L%
Noh and Kim (1999) 7>%. GLS (Umlauf and Burchard, 2003) IZZ®E L. LO-L1 ET /L EZHWT/NT A—F OFHE LT 571,
COCO TIE. GLS 1% Warner et al. (2005) (IZFSW TSN, Carniel et al. (2009) 129t~ THEEIZ XL D TKE input OZhE
DMz 5N TS, K 1 1F GLS TEHENALREEZAWEAIZE TS L1 740 2013 4 8 A OWE/KIEZBLA  (MGDSST
(Kurihara et al., 2006)) &HHZL7=HDOTH DA, Hifk, HAW, A H—Y 7 HIIZBOTET L OWR AR B X v
SCU KR poTe, MIRXA—HERELEZTHE L Z A, #HFICEL D TKE input (2B T 5,37 A —% CW (Carniel et
al. (2009) D B) D CW) ITRENH D Z LAVHBA L=, CW=100 2MEAERIRETH D08, 20134E6 5 CW=10 & LTEFE L
THES LA, 2013 4F 8 A O AKIRD/NA 7 ARER S e (X 2),
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4.

FEHESHRORE

WEEEEIC 5] E e & | /KR 500m 4% - H AR T 7 /L OFES Ziflkise L, EIC 2 DORBEA~OMILZ1T 2 -7, 15 H ORI,

R E AT U CORDIER ICELS RV HENHFE L CLE Y RBETH Y . MiFE « KVHER - KOS ORBEICL YV ET LV ELE
WZERENAIRE & 7o 7c, 2 DB OREIX., FFICEMIZE W CERHIOKBEMELS 25 2 Th D, IREBAF— L% GLS IZEH
L. ARMHEOKEMAGEN 1/12 EOET NV (LOHLL TT V) ZHNTRT A =X OREEITRoT-, 5k, HELIZ T A—

2 & HOTHT ZHkET 2 TETH D, £72, GLS T2V Tk, MR COM (Tsujino et al., 2017) & COCO DHELEZ T 5 &

fEFI LT 5 stability function Z|EWVWRH D L O THD, TETNVORBNER LD, 2 b DOREOEVDOEEIZON

THBBIT B TETH S,

(a)TIDE (b)MGDSST (c)TIDE—MGDSST

AR
J

56 7 8 9101112131415161718192021222324252627282930 -5 -4 -3 -2 -1 1 2
1(a)L1 £ 710 2013 4= 8 A OfiKiE, (b) 2013 4 8 H O fiKiE O BLHIE MGDSST) . (c) B & D KR ((a) ~ (b))
HALIXC,

2(a) 201346 AMD GLS D/RXT A—X EEFT LT (CW=10) HAHD L1 ET /LD 2013 4= 8 A DifEm AR, (b) 201348 H D

(a)TIDE_CW10 (b)MGDSST (c)TIDE_CW10—MGDSST

A {r“
=
y 7

5678 9101112131415161718192021222324252627282930 -5 -4 -3 -2 -1 1 2

e AR OBLHIE MGDSST) o () Bl & D KR ((a) - (b)) o HALIFC,

S &Rk

(1) Carniel, S. et al., 2009: Ocean Modell. 30, 225-239.

(2) Hasumi, H., 2006: CCSR Report, 25, Cent. for Clim. Sys. Res., Univ. of Tokyo, 103 pp.
(3) Kurihara Y., T. Sakurai, and T. Kuragano, 2006: Weather Bull, 73, sl-sl8.

(4) Kurogi, M., H. Hasumi, and Y. Tanaka, 2013: J. Geophys. Res., 118, 1182-1194.

(5) Noh, Y., and H. J. Kim, 1999: J. Geophys. Res., 104, 15,621-15, 634.

(6) Tsujino, H. et al., 2017: Tech Rep 80, Meteorological Research Institute, Japan.

(7) Umlauf, L., and H. Burchard, 2003: J. Mar. Res. 61, 235-265.

(8) Usui, N. et al., 2017: J. Oceanogr., 73, 205-233.

(9) Warner, J.C. et al., 2005: Ocean Modell. 8, 81-113.
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Study of the weather forecast, material transport and climate change of multi-planetary
atmosphere using NICAM and MIROC models

B WIS, SFEOEE, P REE, I RS, kA AR, A ZE, AR ROk, il AE,
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NICAM % H\W 72 KEGRAVEE ZABE L CORRL BREHET TOXREY I 2 L—3 3 2, MIROC ZX—R &
KR - BRRKKEERET VA RVTK - WEFRRSSEAREBROY I 2 L—ya U ETY, KBRERE
WOV TIHBN & O3 728 #4218 L CTILEE RKORE Tl - MBS - KUEEEC 5T DA M 72 R
ZHELTWA. SFE RIS MIROC BT V% AWBITEKRIZE T 5 L 3 U ZAKWAEIZHE D T KA
DFE, KOWOEERA LR 28 A LA R KBREOHRICOWTERRH 70T, ZNHEHENT
5. SLITKEHTASTHEOFELZIEHL, MMX OA F U BHRINZ K5 7 478 2 NE K EHEE & sl
B R Z T 7 4 R ANFKECHEZITV, 533 L2 (Kamada et al., 2024).

1. XC®IC

T2 I TH S, MIROC E7 /LD KEEER OB - ©RIICEF L, KEGRINRE OB HE I A7 ik 2
KRG RIBEFICHEBRT 2R EZA L TWD. 202 EI2NA, KEICBWTIEHIE - #l FOKREEOEIED 10~20 FEOH A
BEEZRBEX- ECHEER M Y7 725 TEY, Mars Ice Mapper FEZ AU EIR 2B W2 RFREAR BN Citl ST
5. BT TAR, ROEOEET 4+ R ADORIRE AP & OKEEEERIE, 2026 FIFHTH EFTED JAXA O KEHEE
F% MMX (Martian Monns eXploration) X » 3 @ > (Kuramoto et al., 2022)I235 1 2 FHERFE X — 7w F L 7po T 5.

Fex 320 X ) R REE~OEBE RiEZ, KBEHEDOL TV A2 X5 RATKKKDOEE LT ~DKOEREZFHRT S
KZ - HTKED 7Y o THEZEDTND, SHICEDOL ) RBREZE L KB OHEIL, 74R8X - AREDKR
DIRWREBIZHEHATHET, T bx ¥ —7 v b & LTeERER ORI E ~OEMRD RiAD 5.

Mz THx IO AR OKRREOHINZH= Y, MIROC I X Ak RREEFEIZHZE /KT T /L CRIS (Catchment-based
Rlver Simulator) & 2 EkK A& €7 /L ALICE (Accumulation and ablation of Large-scale ICE-sheets with dynamics and thermodynamics) %
By 7N 7SR, RETO H DIRE TS CIoE D BERNAAFE L 5 2IEBE/R 7 — A (H IR A EL 6%) * KR O JEER AR 73 Hi
KE bl TR T —AHIRA T 3%) - K TREDIVERM b IFE LRWER R — A(H2IRE L 0%)D 3 /3% — L OFIHIKE
SfEEFH L, B8l ST 23tk (Valley Networks: LARE VNs)Z3 A D 1 7 ~100 4E R &7 — L COBFBUZ DWW Tk 1T - 72
(Kamada et al., 2020, 2021, 2022). 7272 L 246 OFHRITHGEERA & EE L TIT- TRV, K 12 HHEEHTHE S 2 BB
FAOEHI T abyFHA 7 /WEBEINTW ot

2. MIEEE - A&k

MIROC4 % ~_— R & LT KE GCM 12 L 5 K EH FKBOFEIL, AifEE COEBE b L ICBMEET — 200 b oo L =
Y ZRiFE5347h (Presley and Christensen, 1997), L = U ZRiFED 5 AR S o 72K D 72\ IR HE T D223 (Sizemore and Mellon, 2008),
K OVE A 2 Hifs(Clifford and Hillel, 1983; Bryson et al., 2008)0D 3 20D /$5 A —ZIZOWTRER— R 2 E L35 & ZZEM0 &5
BLEHAZIT-7, $7220X 57203 Y AT XD KORF: « HUFKEDSERE 2 KK O 72 WRIEIZE A L7/ - RN
7K T /L ASTRA (Asteroid and Satellite internal water TRAnsport model) Z Bi% L, 43 (HEFINOHIEET TOMREIND 7 4R
A DRERK ST DN TEFL 2 AT - 72(F 7 /L DFE#IE Kamada et al., 2024 (ZF0R). 02 TR KR O/KBREE 25 ClI#E
BREHE % 40°—>50°—40°—30°—40° & A8 S ¥/ 12 HHEMORESFHHE %, MIROC+CRIS 12 X 5 IREY; - #iFR K OHEE & ALICE
12 K DOKRARE D 15,000 FRIAE S & ARV 2 LI X0 FATLC, R - i - BT Eh O — A2 >N TR b b HiFK
Valley Networks 0 A OFBMED T v 75— h 247 o 7.

3. HBREEE
K1 d LT RRRAN - BB - EAREEOZERAEMEZEALTT v 77— b IR KEM T 2m LV EWE ZAOWE
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KOKDH T BNBSAA(HEN kgm?)Th 5. FrICEA RO MBI AR T KOZEMEEZ H 725 L, Mars Odyssey #iiH]
12 & % RAED Y (Boyntonetal., 2002) & EVERYIZ X 0 AT 28 RAHE SN 72K, 2024). B2 137 + A AR AE K S3AG DFHRE
FERO—FIC, YIHHRIE CROEBIRA I 10% (E/KEDTET/NEEITHAY), LI Y ADKKREBEWRERI)E 10kgm? &
RE L 43 (EEDRES R R E2ITo72b D Th 5. Kamadaetal. (2024) TIEFHRFERICOWTHIHIGKE - L I ZAWERBOMLE
HERLTEY, MMXIZLD 7+ RABAOA A BRI TN Z—2 b OEHEIZ LY 7 4 R AORFEOHFICE#RT 5
ZENIBTEDRENE LN, X DICHGEERA LB E S E LA R R T, B ORI KK & Valley
Networks 434 (Hynek et al., 2010; Alemanno et al., 2018) & OFEES N HIEGFRHA & 40012 [EE L 72 #H (Kamada et al., 2021, 2022) &
T 4%I1F EH) _E L 72 (Kamada et al., 2023).

t=4.3[Gyr] g

100

0.005
0.002
0.001
0.0005
0.0002
0.0001

0 30 60 90 [se-os

Latitude [°] fecos
Fig.2: The simulated latitude-ground depth
Fig. 1: Simulated amount distribution of subsurface water (sum of adsorped water distributions of adsorbed water (in kg m~) inside
and ice) in 0-2 m from the surface on Mars (in kg m'2) (Kobayashi, 2024). Phobos after the evolution of 4.3 Gyr, assuming
the initial water content of 10 wt% and adsorption
coefficient of 10 kg m= (Kamada et al., 2024).

1000

Ground depth [m]

4. FLHESHDOEE

MIROC % AV /= BORKERBEICAR DAFZEIC DUV T, BIFED KM T /K AR B U CHR & i AT DR RN S SN T
Z & TSR A~OERNE, 727 A RAONHKELBHHE~OBEA~DRINTZZET, SHOKEZIZILD LT 5K
B A~DIEIEWEBR AT 9 BEPSIC E TRBAEA . &SI LR OREOMIZ b EITEE HER O K RITIB T DB ER a2
& B LI N KA TR R, TRAPPIST-le 2487 U721V B E K5 -R MR IT I BOKER - WK & B8 L COKIGER
MRIZHETL TR Y, WEEIZHT TREOAIHNRIAENS. G FTMIROC6 Z_X—R & LIZHEKRED GCM b X FE
WFRREOEEZIFITRZ, ZREAVEZARA PR P—=2RERA D =X ARKRKE ETREAOHELSHETEL TS,

SEXH

(1) Kamada et al., 2024: Modeling 4.3 billion years of water history on Phobos. Icarus, 410, 115916.

(2) Kuramoto et al., 2022: Martian moons exploration MMX: sample return mission to Phobos elucidating formation processes of habitable
planets. Earth Planet. Spa., 74, 12.

(3) Kamada et al., 2020: A coupled atmosphere—hydrosphere global climate model of early Mars: A ‘cool and wet’ scenario for the formation
of water channels. Icarus, 338, 113567.

(4) Kamada et al., 2021: Global climate and river transport simulations of early Mars around the Noachian and Hesperian boundary. Icarus,
368, 114618.

(5) Kamada et al., 2022: Evolution of ice sheets on early Mars with subglacial river systems. Icarus, 385, 115117.

(6) Presley and Christensen, 1997: Thermal conductivity measurements of particulate materials 2. Results. J. Geophys. Res., 102, 6551-6566.

(7) Sizemore and Mellon, 2008: Laboratory characterization of the structural properties controlling dynamical gas transport in Mars-analog
soils. Icarus, 197, 606-620.

(8) Clifford abd Hillel, 1983: The Stability of Ground Ice in the Equatorial Region of Mars. J. Geophys. Res., 88, 2456-2474.

(9) Bryson et al., 2008: Stability of ice on Mars and the water vapor diurnal cycle: Experimental study of the sublimation of ice through a
fine-grained basaltic regolith. Icarus, 196, 446-458.

(10) Boynton et al., 2002: Distribution of Hydrogen in the Near Surface of Mars: Evidence for Subsurface Ice Deposits. Science, 297, 81-85.

(11) EHRASE, 2024: BERGRE T ML D LT U REFERNKEH T RO G 2 D BONIE. im0, RALRFR AR
E20/ETE

(12) Hynek et al., 2010: Updated global map of Martian valley networks and implications for climate and hydrologic processes. J. Geophys.
Res., 115, E09008.

(13) Alemanno et al., 2018: Global Map of Martian Fluvial Systems: Age and Total Eroded Volume Estimations. Earth Spa. Sci., 5, 560-577.

(14) Kamada et al., 2023: Impact of the Obliquity Cycle on Early Martian Climate and Valley Network Formation. AGU Annual Meeting 2023,
P21B-3009.
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45 NICAM O 7= OWFLERET VO 1T 72, ERERKOWIER (EWH - K& - B
%) BERKIBCKREREBEL 5.2 TW5, £, &RIIRKEICHET BT —2 "o TR TE
Y, SEHFFHEER OB BRMNEETERIIKRML TS, KEKERETIVICKELFEET L L ZWEE
T B LIIA IR, KEBRER Sy D o340 2 W EBIRSE O R L k45 2 Lok, HEEF LV THERE SN
RIEKGERDOGEEMNE A T = v 7 THUERD D, SFEIRRICTFET NVORFB L OEELZED -, FT
L T ST T L OB EIT o 72, ERERKPITHFET 2 RERKEE 2 8BTS LV CHIATS 2 L
LY, THEBOREY = v bOKKR X OREMEE O A =X L EH LN L,

1. XC®IZ

S REER [Hhox | Ot LEEEOBHIC L - T, @ROH LW KKIEECEELSHR O THRE S T2 (Fukuhara et
al., 2017; Kouyama et al., 2017; Kouyama et al., 2019; Imai et al., 2019; Kashimura et al., 2019; Peralta et al.,
2020 728), TNHOHRE, ERToOEEZBERLZY, TOEE (PgEOMR) 2257035670, Bl
KIS WERDORKLZKRIEERET LV TIHIELS RETE oV, AIFETIE, &@EROZEWE - SRR 2, ShEiaIEL
SRUATE DRI NFETTNERRBET L LICED, FHICBRESNTREREGD A = XA LEMAT 5, F5iC, BWE K
RNFE DO KKKBRA~O T HZ WD TEMICFHIL, RRA—/\—r—7 — g OLRHEREEOMINICE 5T 5,

2. MIERE - A&

CINETICBRE L GOM DS EEMIET /L (Ando et al., 2020, 2021) 2k Y, ESMHMOEEIT T HIBELIGTEICHE
BN ORBRH LN > TE T, LALAERL, EHER (B 60-70 km) TIEBHI LY EEND2 L, KIMRTHEH
SNDETEOEREEN HDICHERIN W EOFENEINTEY, EYHET VORBELNLETH S, $-, BEOEY
P TOVIIMIRAR R DO E K72 EOKRGULZE T 0t A2 H3ICBE L T RN, SEHFFREER 84 A DA —LOEWR
GINELWE DS G 2D HBEMND 2 ENTERY, &8 TIIRKEEIIZET 28T — 4 3 TRONTWS 20,
BEET N CHR SN REIBROGELEZ H0ICRET 2 Z N TE P, RERA—/S—u—TF—v 3 VORKMER L W7 E
FEEOMR O R EZ 212725 T 5, & 2 THEREX, EWILET LV OBEL L M EBRIS L ORI X2 8EET VOE
HEORGEZ B E LT, RERIEFETAVORGBLOEEICET L, FITLT, BHEEET LVORBEEED S & LI,
OB INFEMICE DY Iab—ra T —2 &L, &RRKPICTHEET 2 K2R EOMIT 5217 - 72,

3. HRLER

LERKICIRE ) 2PLET 588 KGLF 7o ANTEELTEY, TOMRELE L TEELKETE S BT
0V OERBAERK S, KRROBEBGESCAIERICHD CTRERFELY H X TC0D, 2ROSTREEZ G RKRER KR
FAPRESNTHD LD (FIZIE Krasnoplsky, 2012), &R KNRTICEET 20 FRESCEERICIIAAZENE L EEIN
TEY, 29 LB OB TR 2 B0 3258 L 72 F 28 TR EN R ENAM-CUE DA 2 HH 95 2 L ICHII LTy
(Stolzenbach, 2023), % I TABFZETIE, HHMEHMOM BB L - TBAITTRE RS TR TH 5 —mbik#E (o)
EFHL, CO LHifEA A (H2S04) ZHLE T HREIE - EMFET VEMETH LI Lz, 2T LY, EWFTT ILOR
EALEKD & LB, TET AV THIAINDENMCWE N OBIE.E RS Z L2, HAHRREBIN & LR A RE72 T T L
TELLDLHFHEND, BE, KRREMD THD O B(bRSE 002 ONCHREEC L 5 —bmR#E C0 LBERT 0 OAER T 1
TAR, LA S03 LK H20 DRIRIZ K DREEN A H2S04 DEMBIEDFLEEZHED TS L ZATHS.
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FW T T VCE & &, BIEHFIRSET VOB EED T D, 2k TICB% LR T 7L & Eil ik
FREET VEFRIR U2 1 IROE « 2 ROEOFHEREEE T VAR L, SRRKOREMEE, FRI2TE RO RE O E it
OFE, FRMOBEZDOIM S EIZER LIS EIT o IofR, THEARK (040 km) (ZIExHitfE A3k S 45 rIaerEa @
Z &, ZORIBICIIAE I TR N FET A Z L R ERAL NI o TE 2, L LR S, BEDET M C02 O
WLINKROD [ FIYEME  (pressure broadening) ZHERT B RHEEMENE TN TWD, ZOARNEENZEUNCETM L, YHEALRML
WZESWTHIET D120 OFIEERFT TH D, /2, EERKIILE L TROEEZEMBD TREWTZD, MERH ORI S
ETNEITRRDIRKBECRLETHDLZ E b0 oT,

&R EBTEOERINBENOFER D, BERRRICIT 4 A5 A M2 XEBBEE A TEET S Z L8/ Bsn T s (e g,
Del Genio & Rossow, 1990), EFDEELEBEMOBENIC LY, 5 AL EERI L OB THLZ ENHLMNTEIN
7228, AR 3 RoTHI A EEII AR £ £ TH o7 (Kouyama et al., 2013; Imai et al., 2019), Zi15 DEEIIE OEH
FEr A Eh L, EREFEMICHAT LR, 4 B -5 Al e A — - 7L E U AREE (Iga & Matsuda, 2005) (2 X - b
Ehazé, 5 BRICEAEBERXICLY THERICREY = v MR END Z L2 EM/RENT: (Takagi et al., 2020),
IHIZ, REVzy hORBENRGZLT VT ARALEICLY 7T HESBEISh, REYzy NRAFOLNDLZ L, 5 HEE 7T HEE
DRHNCREEEBRY KT Z EICED 200 AREDO X A LA — )V TREY = v FBUERYIICHRETIT 5 2 &2 EAE L
272> 7= (Takagi et al., 2023), TN OOFERITEEFEHL X OERFERZ L<HATLIHLOTH S,

4. FLHESHEDESE
&R RRORKAS:, EWE, HEHEXET VOB EZED S & L HIC, £E0OREREEENCET e 21T 72, 5%IT
YELEREE SER S, BURRE DBEMEEZTF 2y 7 L, KEA—/S—0—T— 3 » OHEREREOMIAZ D -0,

SE 3

(1) Haus et al., 2015: Radiative heating and cooling in the middle and lower atmosphere of Venus and responses to
atmospheric and spectroscopic parameter variations. Icarus, 117, 262-294,
http://dx. doi. org/10. 1016/ j. pss. 2015. 06. 024

(2) Ando et al., 2020: Venusian cloud distribution simulated by a general circulation model. J. Geophys. Res.:
Planets, 125, e2019JE006208, https://doi.org/10.1029/2019JE006208

(3) Ando et al., 2021: Quasi-Periodic Variation of the Lower Equatorial Cloud Induced by Atmospheric Waves on
Venus. J. Geophys. Res.: Planets, 126, e2020JE006781. https:// doi.org/10.1029/2020JE006781

(4) Krasnopolsky, 2012: A photochemical model for the Venus atmosphere at 47-112 km. Icarus, 218, 230-
246. doi:10.1016/]. icarus. 2011.11.012

(5) Stolzenbach et al., 2023: Three—dimensional modeling of Venus photochemistry and clouds. Icarus
395, 115447. https://doi.org/10.1016/j. icarus. 2023. 115447

(6) Horinouchi et al., 2017: Equatorial jet in the lower to middle cloud layer of Venus revealed by
Akatsuki. Nature Geoscience, 10, 646-651. doi:10.1038/NGE03016

(7) Takagi et al., 2022: A GCM study on the 4-day and 5-day waves in the Venus atmosphere. J. Geophys
Res. : Planets, 127, e2021JE007164. https://doi.org/10.1029/2021JE007164

(8) Takagi et al., 2023: Formation and quasi-periodic variation of equatorial jet caused by planetary-
scale waves in the Venusian lower cloud layer. J. Geophys. Res.: Planets, 128, ¢2023JE007922.
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To mitigate the impact of typhoons, it is needed to precisely predict typhoon activity before the beginning of
the typhoon season (June). Dynamical-based typhoon seasonal forecast using conventional coupled GCMs
has been intensively examined along with the progress of high-performance computers in the recent couple
of decades. However, horizontal resolution is not high enough to represent observed typhoon intensity and
some bias correction technique is needed to predict the intensity-related index (e.g., ACE) quantitatively.
Here, we used a 14-km-mesh global nonhydrostatic atmospheric model coupled with a 0.25-deg-mesh global
ocean model (NICOCO; an AGCM NICAM coupled with an OGCM COCO) for 2023 typhoon seasonal
forecast experiments.

The SST pattern predicted by NICOCO showed that more La nina like pattern rather than El nino pattern
which actually observed in 2023. TC number in the western north Pacific was overestimated in September
to Octorber and that lead to overestimation in whole season.
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Abstract:

Using a 2-km resolution model, we investigated the downslope flow of Dense Shelf Water (DSW) and its modification into Cape
Darnley Bottom Water (CDBW) throughout this downslope flow. The study region covers the shelf off Cape Darnley Polynya
(CDP, East Antarctica) to the oceanic bottom through the Wild Canyon. The high-resolution of the model and high-quality of
bathymetric data in the Wild Canyon resulted in a good match between the properties of CDBW obtained from the model and
mooring observations. This allowed us to investigate in detail the modification process of DSW into CDBW, and to confirm that
CDBW is a mix of three, rather than two water masses: DSW, Winter Water (WW), and modified Circumpolar Deep Water
(mCDW). When the cold and salty DSW starts to flow down the slope at the shelf break, it entrains some overlaying cold and
fresher WW, with whom it first mixes. This results in a decrease in DSW salinity and density, which then favors subsequent
mixing with the warmer mCDW. As the three water masses mix during the continuous downslope flow, the density increases,
resulting in the generation of the bottom water.

1. Introduction

In several locations in the Southern Ocean, cold and salty DSW is formed in winter due to strong atmospheric cooling and sea
ice production. The production of DSW and subsequent downslope flow from the shelf to the offshore is crucial because DSW
contributes greatly to the formation of Antarctic Bottom Water (AABW) and thus plays a role in the global ocean overturning
circulation. The Cape Darnley Polynya is a major area of bottom water formation, where CDBW is generated (Ohshima et al.,
2013). Understanding the processes through which DSW flows down the continental slope and transforms into AABW is
especially important since global warming may affect the production of sea ice and DSW. Due to the episodic nature of DSW
downslope flow and the difficulty in obtaining a sufficiently high number of observations in polar regions, numerical model is
particularly helpful to study this topic. While our previous works with this model enabled us to understand the transport of the
dense water from the shelf break to the bottom of the slope, details about the modification of DSW to CDBW are yet to be
understood. In particular, whether AABW or CDBW is a result of the mixing of DSW and mCDW only, or whether WW is also
a part of the mix, is still unclear. Similarly, where along the slope and by which process the mixing occurs is also yet to be
understood. Here, we use a high-resolution model and bathymetric data in the CDP region to better understand how CDBW is
formed from DSW and other water masses.

2. Methods and model setup

We used an eddy-resolving regional configuration of the Massachusetts Institute of Technology general circulation model
(MITgem) for the CDP region with hydrostatic approximation and dynamic/thermodynamic sea ice. The model configuration
includes sea-ice modeling as well as realistic wind forcing, lateral and surface boundary conditions. Our configuration is similar
to that of Mensah et al. (2021), who determined that for the CDP region, a minimum horizontal resolution of 2-km is necessary
to reproduce the downslope flow of DSW. We also improved the quality of the bathymetric dataset by including newer, high-
resolution bathymetry data, obtained between 2013 and 2020 by various Japanese research vessels as well as the Japanese
icebreaker Shirase. Following a 1-year spin-up, we ran the model for the years 2008-2011, and 2018-2020. We analyzed the
model output in current velocities, potential temperature (), and salinity throughout the year at 6-hour and daily resolution and
compared its results with similar data obtained from instrumented moorings both on the continental shelf and in the mid-slope.

3. Results

The comparison between mooring observations and model data yielded remarkable similarities on both the shelf and
slope. In particular, the increase in bottom salinity following sea ice formation (Fig. 1a) and the high-frequency changes in
bottom temperature associated with the on-shelf intrusion of mCDW were well reproduced by the model on the shelf locations.
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Along the slope, the timing and frequency of 9, salinity, and current velocity changes were also well matched by the model (Fig.
1b-c). The T-S characteristics of DSW or/and CDBW, and their temporal changes were also well reproduced at all locations.
This allowed us to analyze in more detail the process of water mass transformation from DSW to mCDW with the model data.
We found that the first step of CDBW formation occurs when DSW starts its downslope flow at the shelf break. There,
the intense downward flow of DSW with a o500 density of ~30.5 kg.m=3, leads to the entrainment of some overlying WW with a
considerably lower o500 of ~30.0 kg.m™. The two water masses mix, possibly due to strong turbulence associated with the
downslope current shear. This results in water with osoo 0f 30.20 kg.m3. This water can then more easily mix with the surrounding

mCDW whose osqp is 30.17 kg.m3, thus forming CDBW, whose density increases slightly along the downslope path.
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Fig. 1. Time series of (a) salinity at mooring A2 (shelf) at 90 m, (b) salinity at mooring M2 (slope) at 1180 m, and (c)
northward current velocity at M2 in 2008. The black and red curves represent observation and model data, respectively.
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4. Conclusions and future works

Our high-resolution model allowed us to document in unprecedented detail the formation process of CDBW from DSW,
WW, and mCDW. The main focus of future works will be to summarize the results of downslope pathways and volume transport
previously obtained with these recent results of water mass transformation.

References:
Mensah, V., Nakayama, Y., Fujii, M., Nogi, Y., Ohshima, K.I., 2021. Dense water downslope flow and AABW production in a numerical
model: Sensitivity to horizontal and vertical resolution in the region off Cape Darnley polynya, Ocean Modelling, 165, 101843.
Ohshima, K.I., Fukamachi, Y., Williams, G.D., Nihashi, S., Roquet, F, et al., 2013. Antarctic bottom water production by intense sea-ice
formation in the Cape Darnley polynya. Nat. Geosci. 6 (3), 235-240.

38



REPBAIKBIRDNZF

Dynamics of general circulations of planetary middle atmospheres

(WA 5, JUK -« S /U8F, E-mail: yamakatu(at)kyudai. jp
Masaru Yamamoto, Research Institute for Applied Mechanics, Kyushu University

2E
REM 2SR RKKIERE T VT UK EI5 0> D IEELG~ D = 3L ¥ — 2R | 0 [ B4 -
WERT b ZRAEL, BIWEOHECKKEZA LML, RERA—X—a—F— 3 » ONNHEE
% ifam L 72(Yamamoto et al. 2024),

1. FL®IC

SEIERBREREOBUT — 2 PERMIN TV LT, BMEPERIAEROHRARIIML S THRY, FHo, &20 &
972 RWETEDNIZRKIK] ORKAFAI oI fE STV, ARFED B,

(1) BHMaE & WIE 2 7 A T2 R RRRIEERE 7 V& AT, BEIEELCBIW I DR &2 B 6262 5, Frio, Badlib g
D 3 WA & TRV D LR BEREH LML, A—r—a—T—v 3 VI E 2 D8 FHET 5,

(2) MGt 2 AL L2 RAREEBRE T L 2 N T T A — 2 —REFERZITV, RRKEEREEZH 62T 5, Fro,
ERPURR L D KSR D 172 bIRIET 5,

LIED T, REEEDIEEED T,

2. [HREEE - Ak

R EE & W A LA A T2 B KRR KRIGERE 7 /L (ERROWFEE R 1) 12 L T, Ikeda(2011)A3BE%E LB T L& AWV T,
T63L52 D4 e T L 72 (Yamamoto et al. 2021, 2023), S4FEEIT, UMW O & IR ZHIL L, FREA— —a—F—
a > ONEEREIC OV THRE L7,

H e 2 L L 7= Global WRF (Lu & Yamamoto 2020)% VT, & 2 =8OR A2 AL S8 5 HALER ATV, RIEK
RIER ZOERKIEDRE HBIEF 2T~ (REEOFFEARM 2),

(a) (b)

EWRVyba7HED
JEETRILX—EH mEhsRHIZ LS
[Z&51BREH NI E A
mEsdHIZLd ARE—K
HNEEAHE

g -
MERFICLS IR HICLS

ZEEOT® WERE A;
REBE K BEEIRILE—EH HEDE

[Z&5FHEH
AZE—K

1 (a) BEMATEL, MELEHETIENLE LTOBWMHE & () ZA—"—n—7F— = VBT 2RI T OFREM
BT 2 3IRITIE & D R T R - By I,

39



3. HBRLER
3. 1. EHEEEMEERAGAALTE &R RKRKERET L

AL, AR KRR KIGERT T /L (Yamamoto et al. 2021, 2023) % AN 7= HFZE T, BEl5 3 oAz - F g & — r L —I X
WZDOWTHRA LT, ETEMBVR T, Rk & BRI O LA —Bd 5 X 5 2Bk &l AR 7 o o v )L ORI A
R B, KEBEmEC X 0 B ik OFE T 2 VX — BN ER SN D, KEEEMBUC X 25 =3 L —4W72 1) ¢ #RIRE
PIRPER Y = > a7 PrEdT 2 EETIE, JHEZ RVF I L - T 1 BHEO e 2 v —EEN b S b, 7o, Mk
MNHBENTZZER O T (50km LLT) Tid, MBIk FRERKROMET = R F—EHIZE > CTCEAMO o A v —EfHEER Rk s b,
PEREZ BN TV TEBOMBMENS FBICEIE L., WEE L2208 DH-IEICET S & B E R Ry v 7 v il <
272< (X 1a), FRROMBRBLEETHDLZ Enmno7- (K 1b),

< BV OINEME TIE, Matsuno-Gill JEE O L 9 e fiERiiE REENK L e A —EOXT) BArbivd,

B 3IRTTERE 2T AT, RPN GBI XX -G ST B,
ZOMFETIE, AWK OSRER X UK EOERIE T T v 7 A0, FBEIRRCEREITR I L > T, EO LIRS DD
MICOWTH LI LT, 7o, (B2 0 < HICREE L7s) WAoo ALIERIFRAS, HRiE 2480 5 r bt & A A, RiE o
P EILEZ S LTV D Z E AR ENTZ,

3. 2. HERBUEE OXREE D )+

Global WRF (2 HERFHEOKAMER Yy ARy b 252, WERY = v N ONESCHE %2 2 5 B LERZ1T/2 o7,
AR = hOMEEREERT T A—F—L LT, RERY =y hOr A —$%2EHR L T gAY ARy b &
R Y = > hBNERIEKIES O EIRKEZ BT 2 RSt 228 L7 (Yamamoto 2024) (MIERT B KSR B % HiEk
WZHEAE U 72 BEF9E & L THREAT),

4. FLHESHRDEE
BUER 22 @R RKRKRIEERE 7 v & AT AR5 DI~ O = )L % — 2R OFR B - AR T > o v L &2 JEIT
IS W OREECRIN 2 i LT, AR RRATEROERBIOZEIZOWNTHIHA L2T TR 5,

BE X

(1) Tkeda 2011: Development of radiative transfer model for Venus atmosphere and simulation of superrotation using a general circulation
model, Ph.D. thesis, The University of Tokyo, Japan

(2) Lu, L., & Yamamoto, M. 2020: Planetary-size dependence of zonal jets: Effects of horizontal diffusion in an idealized Earth-like general
circulation model. Planetary and Space Science, 190, Article 104976.

(3) Yamamoto, M., Ikeda, K., & Takahashi, M. 2021: Atmospheric response to high-resolution topographical and radiative forcings in a
general circulation model of Venus: Time-mean structures of waves and variances. Icarus, 355, Article 114154.

(4) Yamamoto, M., Hirose, T., Ikeda, K., Takahashi, M., & Satoh, M. 2023: Short-period planetary-scale waves in a Venus general
circulation model: Rotational and divergent component structures and energy conversions. Icarus, 392, Article 115392.

(5) Yamamoto, M., Ikeda, K., Takahashi, M., & Satoh, M. 2024: Rotational/divergent flow and energy conversion of thermal tides in a
Venus general circulation model. Icarus, 411, Article 115921.

(6) Yamamoto, M. 2024: Explosive and binary cyclogenesis over a mid-latitude hotspot and its Rossby number dependence in an idealized
general circulation model. Climate Dynamics, in press.

40



TI=—=3 - BARGBEROMAEE L REILRESHAR =T &KE

Generation mechanisms of the El Nifio/Southern Oscillation and the role of vertical mixing

W e, HOKBEEE, E-mail: tozuka(at)eps.s.u-tokyo.ac.jp
FAS R A, HOKPEEE, E-mail: y-tamura(at)eps.s.u-tokyo.ac.jp
FIE A, HOKBEEE, E-mail: k_usui(at)eps.s.u-tokyo.ac.jp
Tomoki Tozuka, Graduate School of Science, The University of Tokyo
Yukito Tamura, Graduate School of Science, The University of Tokyo
Kento Usui, Graduate School of Science, The University of Tokyo

RS IR R 25 X E TR OREASBG Ch LoV =—=3 - EHR&§HHZIL, £
BEMEZ > TR0 | BN RA R Feolo—= g b EXHEREET L2 EBRMLN TN S, BIEED
FFEC, R 7oA X M D EOWEH AKIBIRZ DO T, ShEIRA BRI b EE a5 2 1
L TWD EWHEREEN, h=—=2 b EEHBOREICB O CREILRIEAS AR &5, 1
DT 5TV, £ 2T, REEOMS T HIEBRREIRG /N AZ VB —va U EAMBICEA L
WHEEET L ROMS) ICE DV I 2 b—ra i 3&, BRI U LIRARBOBINEMIT 21T\, =/L=
—=3 L EEXBBROTRA I = X L EF T, ZORRE, ShERGHERANTL=—=3 t EEXHROME
Wb 35 L, AT CEEMESEH S O EBTRZ b ZIRIICEERICHF S T2 2 LB
ot

1. [XLC&®IZ

T =—=3 - FHEEBIS (ENSO) X, HASHICRE KR L5 & 2T RKEEAFIORELEBR TH D (Yeh et al.,
2018), T/l=—= 3z BIGUIITH A FHEREIRIC W CIEOHEHI KR (SST) (WML U DIEHER) 721 X b (canonical El
Nifio) & HEBAEMRBIRIZIWTIED SST fizE, P - B AOEERERICB W TAD SSTIRENELH o =—=a b K&
DIFET D ENHBEN TS (Ashok et al., 2007), RIEFEDOHFIETIL, FEUEN)72 A X2 b+ (canonical El Nifio) M X h =
R LB JATIEE (12 0E, Huang et al., 2012) CTEEMMNMEM SN TOWEHERBRK LY b, SERABREOGTN, EO
SST RZEDIEALICE L CHAHNCEE L T\ D 2 E NS o 72, FATFE (B 213, Capotondi, 2013) Tik, =/=—=
2 b EXITLED SST RADHAUCIE, BN EE 2R E 2 B- 3 2 LAVRIB I TS0, ¥R X2 b (canonical
El Nifo) &AL, SRENRABBENEELEZE 2R L WD AREMERH D, & 2T, AEEOHIZE T, K7Lt S 0
FAZYP— g UPNEASNEEBEEET VA ANTY I 2 b—3 g 2TV, SERICH U 5 IRATE OB SR 2 479
5ZET, mh=—=a b XIS ED SSTRAEDHEMRA =X L& FEBINCHLNIT A EEENET 5,

2. ETIL-T—4

R L= e T VL, B K2 g & U2 EiEET 5 1 (Regional Ocean Modeling System; ROMS; Shchepetkin and
McWilliams, 2005) Td 5, %4 & LiZET /LML 120° E-67° W, 25° S-25° N T. $HEBEIL 40 B, KPEMEEE I 0. 25°
X0.25°Cdh b, KRNI KRKEMNTT — % JRAG5-do v1.3 (Tsujino et al., 2018) Z V>, IHOBERSAEICITHEERIE
F— X ORAS4 (Balmaseda et al., 2013) ZfHW/-, ELIMIEE /3T AZ U — 3 121%., Mellor-Yamada A F%— A% oI BH%E
SN 7z Furuichi et al. (2012) M L7z, A PEHKEEEZHNT 20 EMOAE LT v T &2ITo 7%, 1958 45 2016 45
THYYET—Z ZHWTHES EITV, 1961 4F00 5 2016 - F TOFERMREBITICH N, v I2b—ra VOKREHAT v 7
TR OFHERTTH I LI2L > T, BRICH U HIREBOBNST 21T 5 L 9 Lz, TT VOMEEDT- D, K
IROBIRT —4 (HadISST; Rayner et al., 2003) EVBPERI{LT—# ORASA ZfdiH L 7=,

3. BREER

ET, ETNVOBERMEORKGEAITo72, ZORER, = =—=a b EXHEEEZMHEREK0.92 THILT %, ROMS NBIG 58
FEHNCHH L TWD Z ERER SN,

Wiz, =v=—=3H EXEHK (Achok et al., 2007) @ 3 » ABENTEEIN, LRI I EERELY DRELRDIFEEZT L=
—=a b EEBRGOREFL LTRIETDHZ LIC Lz, EO/RE, 1961 225 2016 FIZT TTHRIOT L =—=a t L& B4
DRELTNDIENRHLNIARY, av Ry y MEITZITO 2 82 LT, RGBT 21772 24 (K1), ¥z
WA T T v 7 ADONRNEEREE 2 Ri2T03, 20k, MEIRGODEVPHASOREICR b EFE L, BT CEEE
FENTOEREEBRRESES RIS REICEST 5 2 L2831 50T e o 7=, HERT T 27N 2 B AR EHET & B ORI
1T % A 2 ARTETE TR O M O TRRIE > 7 IR 9~ 5 1558 72 S0 B LIRS (Warner and Moum, 2019) 1%, HUHAFEETRER D
FFHFRVAS, PR REI T REARARE 2 B2 LED Z EBRHLNI R o T2, Th=—=a b EERAEITEWVTHENEL
TRIRARFEN BB B 2 - w2 R L0, AFE/ID CTH D, —JF, EsENLr l=—= g BB LRI, =

41



N=m—=ma b EXBRIZBNTYH, R T T v 7 AOBRER, ADT 4 — KRNy 7 ELTE Z LB bMNIT o7z (¥ 1),

Temperature Tendency (°C/month)

Fi

0.5
0.44 —— Tendency
Z-Adv
0.3+ — M—Adv
— V-Adv
0.2 H—Mix
— V—Mix

0.1+

—— Surface Heat Flux

— Entrainment

|
o

|
o
N

|
o
w

|
o
>

_oﬁn(o) Apr(0)  Jul(0) Oct(0) Jan(1) Apr(1) Jul(1)  Oct(1)

g. 1 Composites of anomalies in mixed layer heat budget terms in the central

equatorial Pacific during El Nifio Modoki events.

4.

FEDHESHRORE

AWFFETIE, FHGBEEET VEHNTY I 2 b= a3 V2TV, BRI CLRAEOBNEIN 2 FT+ 5L T, ==
—=a b EXITHED IED SSTRAEDIER A I = X L& EEINTH BT Uiz, BRI, JATHI5E T, SRIEBIRORN
BRI TH D & STV, AFFZETIE, #10 TEREIRE ORI IED SST RAEDTEHUC HE 2 ZEH 2 RIZLTWDH Z &R L

Too BT FERNRANRNV R Lo—=g b EEDOBVORART L=—=a8lR L T =—= v BIROIFPMEICONT

FARXTWLFETH D,

SE 30k

(1) Ashok, K., Behera, S. K., Rao, S. A., Weng, H., & Yamagata, T. (2007). El Nifio Modoki and its possible
teleconnection. Journal of Geophysical Research, 112(C11), C11007

(2) Balmaseda, M. A., Mogensen, K., & Weaver, A. T. (2013). Evaluation of the ECMWF ocean reanalysis system ORAS4
Quarterly Journal of the Royal Meteorological Society, 139(674), 1132-1161.

(3) Capotondi, A., 2013: ENSO diversity in the NCAR CCSM4 climate model. Journal of Geophysical Research Oceans
118(10), 4755-4770.

(4) Furuichi, N., Hibiya, T., & Niwa, Y. (2012). Assessment of turbulence closure models for resonant inertial
response in the oceanic mixed layer using a large eddy simulation model. Journal of Oceanography, 68(2), 285-
294.

(5) Huang, B., Xue, Y., Wang, H., Wang, W., & Kumar, A. (2012). Mixed layer heat budget of the El Nifio in NCEP
climate forecast system. Climate Dynamics, 39(1), 365-381.

(6) Rayner, N. A. et al. (2003). Global analyses of sea surface temperature, sea ice, and night marine air
temperature since the late nineteenth century. Journal of Geophysical Research: Atmospheres, 108(D14), 4407

(7) Shchepetkin, A. F., & McWilliams, J. C. (2005). The regional oceanic modeling system (ROMS): a split—explicit,
free—surface, topography-following—coordinate oceanic model. Ocean Modelling, 9(4), 347-404.

(8) Tsujino, H. et al. (2018). JRA-55 based surface dataset for driving ocean—sea—ice models (JRA55-do). Ocean
Modelling, 130, 79-139.

(9) Warner, S. J., & Moum, J. N. (2019). Feedback of mixing to ENSO phase change. Geophysical Research Letters
46 (23), 13920-13927.

(10)Yeh, S.-W. et al. (2018). ENSO atmospheric teleconnections and their response to greenhouse gas forcing. Reviews

of Geophysics, 56(1), 185-206

42



ERERBETILT -2 ZRAVRETETDOHEN

Analysis of the tropical cloud activity using the output of
Nonhydrostatic Icosahedral Atmospheric Model

Vg EEL, @K - B, E-mail: nornishi(at)fukuoka-u.ac.jp

EW B, &K - FIFFZEES, E-mail: hamada(at)sus.u-toyama.ac.jp

= #ge, WK - BREEAFSERL, E-mail: h_miura(at)eps.s.u-tokyo.ac.jp
Ve ER, HROK - KKWEEEDT, E-mail: satoh(at)aori.u-tokyo.ac.jp

NISHI Noriyuki, Science Faculty, Fukuoka University
HAMADA Atsushi, Academic Assembly, Faculty of Sustainable Design, University of Toyama
MIURA Hiroaki, Graduate School of Science, The University of Tokyo
SATOH Masaki, Atmosphere and Ocean Research Institute, The University of Tokyo

G
EEREMUGTE T L NICAM % VT, KPEERTET OB O I AT 5 AT km 128 L SEHR
DAL~ DEIFFSEIRG OFHRFIEREAT o 7oy, MEREICE| & AFEEOFER TIIHIRTE HEHITD 72
Mo ToB3 2016 2 H OFFNZOWTEIRH RAT 2 T BAE R 2 157, AT ERAS OfENT & [FIRFICHED | 7
B[O FEERROEENEILICEW-EEEL o2 &, O/ XX NICAM EBRfERICITALRARNT &
NbhmnoT,

1. [ZLC&HIZ

FRPE A SRR O BE I R A ITCZINC BV T HPEE T km 128 L S EHENZIF RIS SE T 28145 RWE L TEFD
AT ZAT > T X 7-CCilik 1), WEAEEEE TIZ, REREMSEET L NICAM % VT, KIEFEFTEEOBEINRAL O TR AT B H
PI3T km (B X SEHORBIL~ORIEDEIRLOHFHREREZIT- 7208, BRTEXD2HMIZL hotz, AEEITE SIS
OHOEFOFBRERLITH & & b, BT —% ERAS 2 AW -BERK TOBREOMHT & W4T L TITo 7=,

2. EBRAEBLUHER

a2 —# Wisteria-O (28T, NICAM Version19.3 ZH\\ T, @K AL E (Thm) O Eig 2 58A 72, FIHIE L LT,
ZOBER L SHEEN TS ERAS O 7 — & 2 fv, BIGEAED 2-3 A6 OMD 21772, EMELA X —ATiE,
NICAM Single Moment Water 6class Scheme (NSW6) % fv 7=,
(1) EBROT= O OEFIRE

FEREE T EBRTIX, HFE 0 RVHIERDEONRD -T2 06 RELEILR 5 X BEMARIR THEDO KX WIS %
HOF T, BRFIEREITO Z i Lie, HEIRIOFH@IIE)IR. +5102 < OFFELEZ 5 241 < < Bl ke LT\ 2 5541
BRBAICHH LT, 20U X M &I oEEGZ BETHE L, PIHHEOREICENT, BENPGRDIEROERZRAT S
EWVWIFMEERWD Z LIZE T AE TRV IEEMIZYIMHEORENTE D L5 1oz, UTOBBRERTHWZFFIL Z 0
ECLTRDITID 2 ENTE, Fio, 4 FTHHBLIIEITHPHAEETORME S TWzA, SEIOME TIE, B
ERMIOME KR TYH 1 FIRWEFT Z N TE R,

43



(2) FBLFER

AREFET) D IFIE TR 7= F I IBLIR 2 FHZDON T D
BT, AR BERFEAITI LN TE, BHRIF, 2016
F2H 8 HICHH K TETREZL DT, AR L RE XD
LEBEOLO L TR > T, £72, UATEVEHLTWD
2020 £F 12 A 24 AOHFEFNZOWT, FIHIREL &2 485 U7
KB EIT o7, VIR A 1 RHAE L RIIIEEAEED
Hieholz, PIIREZZ 1 HHEAMCTET LR TIE, 23H0
FFZOIEE L2 O TIHREVWHIMERH o720, TN L B
<THEL TH, FHRMEIZEL 2o, I EI% A
FEWEEBRWETER, BORE LT v A2 1 AREILZ DS
WS ZENEEZITWND,

(3) ERAB 7 — ¥ fiffT: 4 OE -

ERA5 57— 4% AW CTHRERR OB 217> 7=, DEIH%O L
JEETROEEN, EEN LRI N TIEER O TIEZE D
AESAEEDICHRE SN D MRV L 23, WL 2O HEf|T
OB, K 11E, 2020 4F 12 H OFEF O PR EMTICE
5 EKE L MRS E R LTS, #OHFOEK RO
KiZ, 300 hPa TiZ 10.5N {32 & 573, 200 hPa Tl 12N £
HICH D, ERFEOBONES BIFIER CHATICH 0 (RIEmr S
P), 2O EFHENEHOBEDOTERICK & 2B %2 B2 LT

ERAS V(color) CIWC 165—170E 12224Dec2020
NG : 7 : : B

B1: 2020 £ 12 A 24 B 122 12&1F % 165-170E TI
L-FdLRA (B, m/s) EEBKEORE (FER ORBRES
FEMTE.

LLHBND, Fio, BHMEOWHKOMMEIL, 300 hPa i TlX LHROMADD LN B4, 200hPa T LALANC A5

N, TOEIIZ,

EEDOEFITITROVEIEERN M E-> T2 L9 THh D, ZOEROEEIL, BRSPS DRERHE T, fk

BRI HAOND X O, ZOEHOBENEE X, (SIEZOMEOBEALREOEHEEE U TH Y . EFITEANICBR I TW
HLEZOND, ZOLERBORKIZIEZ-EY LTELT, AROMBITALETH D,

3. FLHESHDEE

AL 1 B2 TH 503, NICAM & V7= FFl 0T
U LT, ORI O 012iE, Eoagic, Al
BIN O KR L OE RS ENEETIE RV N EE X
55, ERAS & AW BLERF O ClIaHl Lk
FEMUOERTIE, RFEIEIELS BEIHED LN D
Tl LE, EREED. B EoXRRI A X 2
127, NICAM FEBCld., Z 0mVWVERBEEITIFR S
LZOEN, EHOMEITEE A LBRD BN, HEES
REVERIIFH IN DO, 2O PFHE IRV
ERENC OV T, EREBLTEZ TV BLERD D,
WEELFEIZZORICER L TEbIZEREZERTZ VD E
EZTW5D,

BE X

(1) Hamada, A. et al. 2013: Seperation of zonally
elongated large cloud disturbances over the
western tropical Pacific. J. Meteor. Soc. Japan, 91,
375-389, DOI:10.2151/jmsj.2013-309.

44

150hPa

300hPa

south

z
Weazk divergence Wﬁk:/ 7 Strong
i 4 I Time
Strong Weak  Re-developing
I southerly
Decaying
cgnvection
—
north
Difference
AN [ ]
y [ |
- 4 ,"_."
ERAS: NICAM:
Tilting much  Tilting little

M2 LEOEFEZECHARELAOELMGHA. TORE
H LIE. ERAS & NICAM [Z X 2 EFRBDEWNETRY.



RERRL—F—E2KESREBETTIILEZHGEMICALE
B RKKIEIR DB 1E D #EEA

Elucidation of the hierarchichy of dynamical processes in the middle atmosphere
using atmospheric radar observations and global high-resolution models

Vel B, K - RKFPPE# 72058,  E-mail: kaoru(at)eps.s.u-tokyo.ac.jp
fERE ES, K - KFPPEE YR58,  E-mail: kohmasa(at)eps.s.u-tokyo.ac.jp
Kaoru Sato, Department of Earth and Planetary Science, The University of Tokyo
Masashi Kohma, Department of Earth and Planetary Science, The University of Tokyo

e
2021 45 A 18 HICFHEMBIBFIFE O L— & =2 IV BBl S KRKE D (LLF, BEAE) I2onT, Bl
M7 AR - IBEOFFHO T T, &ffgETT v e V=B EE Yy I 2 —va v aFE Lz, 0
FAE IR, KRR EE 250 m, $REL D FRBE 60m & L, FENTT — & ) BAERR L 72 AR — 4k 72 iy 5o im0 #h
BoAi & AW, £ OFER, mBKEEREROSRE Z T 2RO MBRICHE A, Fr—U v 7 Py 7R
AL, TOTHEIZBWT, /A7 — )L OELFRI 72 EEL (Turbulent wake) 23E#d 5 Z & SRR &S NT-,
BRI Z 12, Z @ Turbulent wake O JE¥IZEB L ZHEIHONCTE Y, ZIULEE 8km LV LOFEETHR
DNDEINPEOMAERE —FK LTV, ZTNHOBMREF OMNITT B 72012, (ABRRZ #Y) 5 ShE WX %
YERE L. MIFRAMAITICBWTED B =R o Lo, BIEOBELR Y ORI « ik oEsE 7 &
I ANBENDZ EEHELMNC LT, T, HFERAUT O Turbulent wake O Seufins & B 13 203 it & 5 1%
WRHDH LR THRRTHD,
1. [ZLC&HIZ i
SEAE  REFEEE 7 0 Fh I & T O IR FE B A X 5 & B iSEms T tymeemr — ST ] 4100
L 7= @i - @ e 2 B T T 5, BEFN AL H R i Sk St o [P
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direction.

0
-75 50 -25 0 25 50 75

y (km)

1

iy n Bwemm 1
s

0
<75 -50 -25 0 25 50 75

y (km)

Figure 3: (Left) Vertical sections of 8 (contour) and v’
(color) at altitudes of 0-12 km along x = —50 km. (Right)
Same as the left panel but for v'w’.
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1. Introduction

The inter—hemispheric gradient (IHG) of carbon dioxide (CO,) has been used as an important constraint on sources
and sinks of carbon. IHG is maintained by asymmetric distribution of anthropogenic CO; emissions and uptake by
biosphere in northern hemispheric midlatitudes [3]. Cross—equatorial exchange of CO, also influences the variation
of the IHG. Several mechanisms have been proposed to explain how cross—equatorial exchanges impact the variation
of IHG. Cross—equatorial transport of CO, by divergence in the upper troposphere associated with the convection and
by via upper tropospheric equatorial westerlies termed “westerly ducts’’ has been demonstrated to contribute to
cross—equatorial exchange of CO, [1, 5]. Respective cross—equatorial exchange contributions and the balance between
them remain poorly understood due to uncertainties in atmospheric transport processes in model simulation. For a
better understanding of the variations in the IHG, precise simulations of the cross—equatorial exchange of CO, by
different pathways are required

2. Materials and Methods

In this study, we have estimated the global CO, distributions using the Non—hydrostatic Icosahedral Atmospheric
model (NICAM) and atmospheric measurements from
ground—based sites, with a focus on the period
2008-19. The horizontal resolution was 223 km with 4.0
a vertical resolution of 18 layers from surface to

10 hPa. Horizontal wind field from ERA-5 reanalysis §3-5 \MWA\A\I/\/’/‘\/A’\/\\
data were assimilated using a nudging technique. §
The emission inventories were from the NISMON—CO,— 53-0 ‘

=

2022 [4] —— No Ndg

. —— UV Ndg
\/J NISMON
3. Result —— Obs

The THG reflects a combination of variability in 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

N
3]

carbon sources/sinks and atmospheric transport.
Fig.1 shows the time evolution of the inter—
hemispheric gradient of C0,. The simulation

Fig. 1. Time series of inter-hemispheric gradients of carbon dioxide between Mauna Loa and
South Pole from the in-situ observations and model simulations.0 km area encompassing each

site for each month.
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accurately captured the increasing IHG in 2009-

e == No Ndg 2010 reported by in-situ observations, which was
80 — :J:';ng caused by inhibition due to weak westerly duct
60 [1]. Discrepancies between simulations and
observations of the IHG in 2015-2016. Compared to

40 the observation, the IHG in simulation and
20 inversion indicated stronger enhancements in
l 2015-2016. It is possible that the disagreement

o T T T T B of the IHG between observation and simulation in
-20 2015-16 arose from underestimating the cross—
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 equatorial exchanges via the Westerly duct in the

Fig. 2. Monthly zonal winds averaged from October to April (300 hPa, 5N to 5S, 140 to 170W) model.
In most years, the westerly duct is positive in

boreal winter and CO, can propagate southward via the duct. Fig.2 shows westerly ducts in the upper tropospheric
Pacific equatorial region. The westerly ducts in 2009-10 and 2015-16 were found weaker, which is attributed to the
simulated enhanced IHG in 2015-16 seen in Fig.1l. However, the gradual increased IHG in 2015-16 may be caused by
mean southward transport of CO, due to a stronger Hadley circulation [2]. The discrepancies arise from incomplete
representation of balance of multiple processes in the model, including westerly duct and mean transport of CO,.

4 . Summary

We compared the 3-D wind fields and CO, simulated by a global atmospheric model NICAM with ground observations
and atmospheric reanalysis data. As a result, we confirmed that the simulation reproduced the large interannual
variability of CO, IHG. One of the factors causing this variability is the change of the zonal wind in the upper
troposphere in the tropical Pacific region, which has been proposed as the “westerly duct.” The simulation results
include years in which the magnitude of the interannual variability of IHG is quantitatively well reproduced and
years in which it is not, and further analysis is required to determine the factors causing these differences.

This study allows us to understand the cross—equatorial exchanges of CO, and their impact on the inter—hemispheric
gradient and highlights the critical role of simulation in refining CO, emission assessments.
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1. [ZLC&HIZ

HADRFZIZZEOMNIRLWNERFET 2 & & bIT, AT RECB], R, RAMRM S OW R AT, 2k
WHERBENTER STV D, ZORREEMEOMO BATH ] Cld, WEMRER L EMAEFE, EMEREOR Yy NARy Mo
T2, ZBEOWEIRRNLBITHE TH Y . £ 2 2 iii 2 HERiE CIEnmme (91H) 24 CIREBIERICEb S Z L mbhn T
WD, FIUCIRIEBIC R 22 7 2 Y 2 —)L (EICBV T 10 knPl FO A —)v) OFREINRG L WERERAZ®@ L, &
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B AERERICH 2 2O BN E UTEIEE 7 /WIC K DM 21T 5, AR 0 HE i A 2 4B U il fic >
W, WEEREE & T oo =RITIN 2 B AR AN AL 2 BE VL S R KRR 2 5k 2 & LT SE 21T - 7,

2. MENE - A&

HECERFEERE T L MITgem (Marshall et al. 1997) % AV, Zpinh & KRBYEBE 25652 & L2 iRE) L SNEIR G OBy 2 = L
—avEITol, BT AV R — G E ST 570 EERER CIIACEE TIEZ 100 m & L, ZO4MICIBasE R Iz
THTIRE 1 km IZE THRIE L7z, SRER TIRIC OV TIE, RIE 200 m T2 m & L, THLUETIRA IR S Wiz, #EMEIC
1359 50 m 1@ Global tsunami Terrain Model (Chikasada, N. 2020) ZfEH L. EF A FICHNEL THE X, $AEILN -
FEMAREIT & HICE FOfEEZ 1 X 10°m? st & L, REEHEIZL > THEBEVIZN A U TIEZEI S OfED Thorpe scale
FEIZL > TH{bEN 5 Klymak & Legg (2010) DA F—AZEA Uiz, ACEIEHL - $MEREUL 1 m? s & Uiz, IS IRIE e
WU TIRALTE AR R I FEARAT FORA-WNP30 (Usui et al. 2017) @ 8 A OKMFAE A, KREEMEIEC SV CILRE IR B R FH T
FHRZERIN S B — R 3 R 9 A Vi T4 DREAMS_E (http://me. oce. kagoshima—u. ac. jp/vwp/) 7235 2022 4= 8 H & H EHfE
Z N, KR - Ay - VR - MR EE 2T AR ~NE L T5 42, BIEERICRIT KR - HHy - TEE - i & A R AR
WZIREIICAER N 5 & & BT, BRIEER D H#IW TSV TPX08-atlas (Egbert & Erofeeva 2002) DM, S, Ki, 0,478 EF
W CHREN L=, WH 7 7 > 7 Ao ik, EfhE (BUEH) 3523, —EE G0 Wn?) O FHMEDOERDEAT Z v 7 A%
527,

3. HRLEER

MRS L7e £ 9 1S AN CH D8 B OIS HE L0 b2 OKBEA D A 3 2 M KRS AS B &
N-(X 1), ZOHKEEZECEKEOKETFIIAZE 2mEI YV EVWETELTRY ., &EMEEE-> T, F-mBKEOSIL
BN D HERRA A RE L FHAEA L TAE L2 E LWERIEERESOSHIC—H L T\ o, ZOBKEOEREREZFHRDH 72D
WK DME U728k CRUCE DT 24T 728 2 A, 20mIE TN O DOSRERIR T 7 v 7 ANEERTH Y | 4 ik TIEF-H
ELTNDIEERETIMERETH (K2), £/, WAL L AEICAE T TREY, ZEoalid s AAIC X 2w
BT 2 IR L MR A5 e 5 & ICKIRIR FAMEEE S N2, — 7 REEBICIWWTiE, X3, 4R T X 9IS
SO IR TIRA LT ~FIBET 2K EMEROPNE THAKNEC 25HERB R TH - 72, ZOEKIEME I ERFICHB LT
B, R D ¥ A R ORI RS KRBT & 806D B B A AL LIS BRI - N0 5, 2o X 9 A KR s
T B INZIASNIE L& SWEDEHBGE O AR /AKEZEICRO LT, WOk b CRE 2B Ee A —% R, =
[0/f] (QIFERBE DEERR Sy, fITIEMERE) THES T BND, 2D X 5 2@V R, & FF I X » THEh S 5 it
T, WmEREN - BRERIC 0D B THEENET D Z ERAIRDS (2023) 12K > TRENTEY , HETY vV EBHNOEH &%
O _EEOBEET AT > A2 H BIMTHOEER TR SN TR Y, AEROBRERLFERICHHASNS EEZ LN D,

4. FLHESKRDEE
ARBFFETIR = b & R D S G S < 2 L — a3 b BFITBR SN DI RGO KR ZHET Lic, =T
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1. XLC®IC

JEE R T BFEAEEN IR T O R OBARMEL TH 22, BEET ML 2ABOABRREOFHREMELS | BEOHEE
TRAEENR L OFR TR OR LRy 717 oTWB, R, /INUIRAEORI L R 58 7T v 7 by OFBMENMEW 2 & 23R
BLieoTWnd, £ 2 TR T, HEOWHENNER — MR REMAERRE ST T VA AW T R RO RIEA BER BT A 1
BL, ZHOOMAEEB I OBERRE L KT D Z LIk > T, T AVORBFEHEWALMNCT 5, £o. Al - kERET
TNAOEREITV, L VBENREEZRATE S L5107 5, SI6IT, T4, MFEARR~OREREHRILTWA~S 71
TTAF 7 OWKFTOERREEZRIT HET VA L, FRICEERE —BEEE TV LR L, EA~ORESN % 7T HE
LT BT HEfFEED B,

2. MIEETE - A&

FEIEMEIEE T /L Regional Ocean Modeling System (ROMS) &k ERERE T /L NEMURO (North Pacific Ecosystem
Model for Understanding Regional Oceanography) % f & & 72 ROMS-NEMURO (& X 2 8 EFER 21T\, T OFEM:Z 5L
LT&7, LML, ROMS & W= BUE F5R TIXRH OB OBFBMEN R RWzd, A FEICRIT EEFEREFZHm L, >~
x—¥ )b R— ADREIHE ) HREONEILE L REE~DZ LA A bOBILBWEY T T 7 F T A— A% L
TWn5HZ L& LT&E (Yokoi et al., 2022), F£7z, NEMURO & fBEHDE % # OfHT 724 v~ O R — [|ilEE 7 L
NEMURO.FISH (NEMURO For Including Saury and Herring; Ito et al., 2004) Z~H N2 EIZ@HA L T& 72, L, &
P E R ST FPEING 2B T 2, PEIN S NI B X ONERRIGIC X o T~ & s S, didsl e ok Lo ff
AT, R & & BITIRE KA & REENE L. BERKEICRA KR X OB CRE% ., ML D DIHE - BB~ b
TEMET S Z ENHHNTND, I IOEERBEOBEEEIL, BHFERHIT 10 (2L EOZEB A #E D KT, BTt k-
T, (FHERIORENE W E ZIZAEBREDE N EDRHMOLNTWD, £, v OF A% AWz B JE AT & BE 32 ERALIR
W HTiE R & | AFRM O RE 2 B OEE S HEA NI KIRIRICEA L, 2 < ORI 2B 5 2 & THREDIE S
% L9 growth positive spiral it & #27%E L 7= (Higuchi et al., 2019) 73, AWM EIIRESIN TS, £Z T, %A
DR - EET L&AV T, growth positive spiral (iGGLDOZ Y MAFHNI L T /e, ~ T \OFEER 4 b L ICEE
DOKBARTFHECERER T EZRET S L LI, BOENERTROZBREE ROKIE, KE, HEHGEEETFE (Guo et al,
2020; 2021) Z Y AN C~ A [ELE - EET AV ZME L, 2002 705 2016 4EOfEMRRAKIR, BPEBREZ A7 & L TR L,
SR O LN AT E - 2 RREE & [BIlE L 7o = S SRR 2 R 2 2 & TREMIE S, SR RERIT LY B OREK
WIRAL, SOICEVEFEEZRBRL TND Z ENET AN THRIH, growth positive spiral & 3 £F L 72(Guo et al., 2022),

FROIAROMEET NVE, RAICED ETOREZFIT 2 X 2 RS EEREE 2 FRHICHE T 2 ~ SR — E R
BEEH AT T VAR L CE 7, 1998 E0 D 2018 RIS/ T 21 EMOHET — & 22 HROTKIRR L ORPRERBE 2 5 2 7218
ERRFEREZ TR L, HEAERE LTELILD 1998 D 2014 FO~ PO G FE & FFAERIEIBRIE S & 5 L5 kil
R ROEEARGNE & ERERFMEZ RO TR, BREFMEDO R EZE LT C RN FF S 72 (Wang et al., 2023), ZDE
TN HVIZEIER B, 2000 RO~ B SO BRI EPBEREE O AR 8 L T % — 05, 2010 AELIREO AR O8I IE
KR L ORERHE E DM E NG H TH D Z LA E L TVWD Z & A" L 72(Wang et al., 2023),

ALEFEIL, NEMURO.FISH # HEICK T HKEEEE CH L 7 VA IIUSHA L, BickiT o ~3Eh ) 731 =7 E
WHR D~ F 3 DZNZENOMRAGFE 2 FFOE T A Mz BEEs L0 U 7 4 0 = TR O R — BT 7V ICEAT S
Z & T RFEISEE #3RER LT, Vo~ OpE —BEET MOV TR, BAMBRLE R 2 BUS U7 BEIR o plR —[EiE
ERYOTEXDETNVOMELEDT-, 7o, ARTVETHEL R TWE~A 70T T AT v 7 OFEFERZ LR L, kR~
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3. HREER

TORAISALETET A EAWTEWDEBICBIT 57 U A OmEtEAE R A S22 L, Xieetal. (2024) & L TR CHFE LTz,

BEEICB T B~Y LB Y 7 =T RER O~ 302N EN ORI 2 FoTeT v AL, BB IO ) 74
V=T VR O R — FEE 7 B AT B RFTIERRE N REBRIZOWTIX, B U 7 4= TR BT 5 50 KIEO SRR
RLTEY, B 74N =THRIE CORER L 2FEACHATE TE o3, BIELIELHIT T\ D, BEIIZ OV T,
INFETOFEENORE, FEREE bZE b 0EH TS (Fig. 1),

B OEE —[EEET M OW T, IV 2 BABRSR L ERNAKRLL O o 28D, 100 Bk % B % 5 hilgT — % 2 1{E
LTz, BR —EEE T B W CH AR ZEE MR OEL E MEE L EZRETE 2T VOMELED -, 51, AEK
E-FlEETLVE, v 70T T7AF v JEBEET VICEATHI LT, fEO~A 7077 AF v 7 EilBiRIZET 209E %
BT A2 TETNS,
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4. FELHESHRODEE

FLWAFEA~OILEZED B L &bz, v VN, Vo~ OERE — BT T LV & EEE — BERTEEREE STT VOB A
MlfE U7z, MR — B — EAEEER AT T VR WD 2 & T, fEkoRELENCK L, iR, [liE, BFEENEDLH I
ZALT B 0REWNINT T 5 Z L RAlRE L 72 B,

SE 3

(1) Yokoi, T., S. Ito, and E. Curchitser, 2022, Effect of Seychelles Dome intensity on nutrient supply to mixed
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(7) Wang Z., S. Ito, I. Yabe, C. Guo, 2023, Development of a bioenergetics and population dynamics coupled model:
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Fast and accurate radiation scheme for radiation budget calculation
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project)(5) D& I, Mstrn OXARRUMGETE D HHT 20T T D, AHEREIL Z OBHER 2k L TIT- 72,

2. Mstrn11-LW

WEAEBEVEA L 72 Mstrnl1-LW OHARIZ DWW TRER T 5, R[N T — % 13 CKDMIP TEA SN TV D5 b DA M L7z, RIKHE
WOT — 2 13EEK 0-3260 cm™! OFIFHATH 523, 0-20cm™ O R FIRCIE. WL O S HIERBUR IR 3 1 B S8 S
728 A IR 5 KA 7 — 7L 1E 20-3260 cm-!' & 5% E L7-, 2 OFEIRIT 320K D7 T > 7 BAELD 99.9%% H/N— L T\ 5,
WIZENEN DI DNTN Y RYEIEITolz, BT 7 v 7 AOEBIKTFEZ BT DR, bo & bEHKFEEREV L O
IEREDOWRIRETH D03, T OWHEULIFHIC DV TR k- A ORI & 1T 5 7o 2 OMORECEE N RN TR E

SEMLRNE DTN RREFAEZHRE Lz, £, S FNTEET 2 RIERORIHRAEEIN D & k=040 B ABEE 72 0
DREELLS D Z s, KRRV DEERZ /N RERE L, N RZTEICHOIWNK AR E ST DL I ICRE LT,

R EELZRET DRE{LEK NV RTITo7c, LT 2R 07 7 A /L% AFGL BEHERK 6 FifH & | KURIRE &
FRARRADS 1.2 F5H8 U 72RO IR KIRFIC 36 1T D IRER R KMAIREE 2100 FI281T 2 HEE OIRENRKUKIRE Z AWz, O F
V. KT 24 FEHORKIREBIZOWTHRGEILEIT 72, Ny FHT 2 EORINKE A BE L T 2546, PIEEZ 28
Y (completely correlated, uncompletely correlated), FE4r R EZMIF TN, FLFHEDIFETWHED 218D, 4B O
FEREAT ST, ZDED BoONTRERIZEBNT, &30 Rz 2 LEVWEITRR B, thfm, shiEfm (2 2 i
200hPa &%) | Téfb%mﬁzﬁw T v 7 AOFEFEN 02 W/m? LLF ., BETRHI A2 0AWA LT & L, Zhzliizdbob b
,ﬁiﬁww\m\%%%#ﬁﬁ#é Ll Uz, WS OO RRRC ZE LR FE ORISR 15um 7 D3 KT _EFR o BRME % i
TeF Z E MRS, 3380 R 75 RORREERORERINT —7 NV EER LT,

3. Mstrnl11-LW ¥5EF@

BEICER L7 7 A L CORK B (F) LHEE ) TOBRTZ v 27 20 LBL #HEMERNLOEZK 1 1TR
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(2) Wild, Clim. Dyn, 55, 553-577,2020.

(3) Rothman et al., J, Quant. Spectrosc. Radiat. Transfer., 96, 139-204, 2005.
(4) Rothman et al., J, Quant. Spectrosc. Radiat. Transfer., 130, 4-50, 2013.
(5) Hogan and Matricardi, Geosci. Model Dev., 13, 6501-6521, 2020.
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Study on paleoclimate reconstruction with data assimilation
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KENERBEET VEHRERICHEAT 2126720, ETLEOLOOHFBMNEETH S, AR
KEPLEET V@ EbE B LT, KRN RO EICERT 25T AT 2 ¥ OELY, 7 —#RAfk%E
AVWTITol, ZOfE. ZAVE TR - B AL L L THb T E LRINAK ST A 2 BB 2213
H— s FRIECERT I E RO o Tz, HEE L IXR R AWM A G, HEE SRR T X &
ERWIEEREIT o728 2 A, BEKFRINLIARE « AREKRNL KL O BRI AME ) 726 DHOWET HEETIEES
N, Fo, WEOREIL, BN EMMICERE ZATHE THo, ZOHET, X @ % < O A FRL
T2 LTI AFHEREE N0 LT 5 AIREME 2/ RE T 5, IR ER L KRG8 2 CTRIBEIC 72 5 KK RN IR
LB ORIz L 0 #EERSEE M B HIfF S D,
1. [FL®IC
KFMLIE (e.g., HDO, H2'80) (TR « KIEERICIS T (5155, 6D in Qv [%0] 1o§SM. 6D in Qu [%o] | GAM2, 6D in QU [%o]
E) ]\ Lr— 'H- %Ef\{%'f&}%*ﬁ*ﬁk LVC*IJ)EH éﬂf%ﬁ_ = =200 — 2 + -200 E & -200
KRR ZE R D FINC IR 2 75 2 g: T, ERLRED 2 | U -0 £ 400
EORT B AEECELONEDE - BT 5 En 5 [0 10 Fooon § 1018 -o00
TX %, KEMKEOR S % FIH L/\ DT A L& -50 0 50 800 S T -50 0 50 800
F BT KRR % AL A A 725 71 (RIBEHR GCMD el e ] el
753%% SRTET. TR GOM 12 1Bk A e o2 LMDZa, 5D in Qu (%]  MIROC3, 60 in Qv (%] HadAMS3, 5D in QU (%]
FICEE L TN R85 2 0 MERAEES 585, & Ewf B |17 F [ e Ew0 i
D &5 RMENEY T h D E IR STV, E - [ o 102 oo
7J<|5Hﬁﬁ§:5?°/lﬂ$ﬁé‘i{ﬁﬁ}%ﬂlﬁ)ﬂ'ﬁ“é WZh=v ., kE T B | Co00 <108 L oo
MREF L ZOLOOHIMEIEE CTHS, T2 T, A frroid i “atde (2]
WHFETIXRALIR GCM O RPLARICBIE 925 /3T A & O Figure 1 Zonal mean of the isotope ratios in vapor (HDO)
ExEIT-T, simulated by isotope-enabled GCMs participating SWING2

2. MEEE - A&

AW TIE, T— 2R EAWTRI A ZHEEEZITH, T—FAHETFEICET v I~ T 4 v 2 O—DTh 5 [T
TV TINE TV~ T 4 v (LETKF; Hunt et al., 2007) &AW 5, FEANE GCM & L Cid MIROC5-iso (Okazaki and
Yoshimura, 2019)% Al 5%, HEET 537 A 213, ERERFORIMRIC KX 28 E 5 2 Hifafn X7 A 2 A & RN E
ORRFEREPHOKAR &L RN HNZ D D ERDDIRNT A K e ThbH, eld, KBWEER L BEEIRICOW T TERINT
BY, KR TIEENEN eus, ecc ERKFLT D, TNH DT A ZIIREFEMZE TITRER—Fk - FFRIAE L LTibh T2 &
ICHEE STV, [FET 2 81H1121% Global Network of Isotopes in Precipitation (GNIP; IAEA, 2024)1Z X 5 A S8Rk RN A
S LAY

ARFgEClE, T—HRMLIC X 2 HEEHEEZETAAHMEE L CIEA L2, Whbwb 47 74 Ak (Steiger et al., 2014)
ERHWD, WET YT E, EROENRNST A 2% T 2 NIRRT ERE 245475 Z & TAR L7z (PPE; Perturbed
Parameter Ensemble), 7 % 7V HE 100 A > "—Th b, ok, TNENOERIZBWN T, RS QEmKIE, K
GiAi7R E) 1ZR— Db OE Rz, T A ZHEEZ, 1970/01-1972/12 2 GUAT - 7,

3. HRLER

Fig. 2 12737 2 Z HEEWIMIC 1T 2 MEHTE & 55— HEEEOBK RN R 27T, £ < ORI CIRITIC X D BEENMER L TV 5
CEMHERTE S, ZOZEIET—HEUEREFITEBI L TWD Z & 2R T, /8T A X HEEORER, MR HE—RED D R4S
{bF 2% =g Sz (Fig.d), FURICAWZZBUINZEEICETH Y . 27 —Z FMRIZB W TEEER 2 FR< 72 H1
PRAENSIZRFENEH SN T D720, ZRMICTE L SN RZ =2 bloTVWB I LICHEETIVERH LN, IhE
R AL L L THbN T E ZRIMAR ST A 2 SRR R ZEM 7 — 2« R L 2 R TR S - s
EHTHD,

HEESNTZ T RAZOZYMEZRET DD, 2ER—BEDOT 744 F3F A& (A=0.003, e15=0.95, ecc=0.45) % v 7= EBR
(CTRL) &, HEENRT AZEHWER (TEST) %17-7z, ZOREHE, TEST & CTRL O T, KRN AL ORI 72
BUEIZIEI TR EREMITR SN h o Tz, BRI 2FE T ORI, sk T E O KAKRFNAR I OV T S RO b
WEAEAT S 1o, EDRUGEITR 6N b OOBERBLIIBE SN -T2, —F T, BN ZEMNICE CTH 8 (eg. T—
vy %) CTRBKRNRLEOFRICEEN A LN (Fig. 4), 202 &, BAEMFRORELERTLE EBIC, LVEL D
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Figure 3 Difference in RMSE for Figure 2 Estimated parameters (1, ¢1s, and ¢ cc) with
monthly mean precipitation isotopes data assimilation for (top) the annual mean, (middle) DJF,
(%o) calculated against GNIP. and (bottom) JJA
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Figure 4 (a) RMSE difference for precipitation isotopes between CTRL and TEST for the period of 1990-2000.
(b) timeseries of RMSE averaged over Europe (squared area in (a)). The blue and red line is for CTRL and TEST
respectively
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S NIFZEMANCE LT 5 Z EAVRENTZ, £, HEShEAT AL EAVCCREFREREZITo72 L 25, HEEZTDRD -
TR AT AT D2 A B oK IR AR L « KRR RN AR L O BIMEICSES R DTz, ORI, BN ZE M2 70
WThbHa—a v STHEHHAR CH 72, 20 Lt JVZLOBBEIEZELT D 2 & T/RT 2 ZHEERER N L7 2 ket
ERBT 5, SH%RITRATRIC L D AREKRNLR BRI ORI X 0 #EERE O m &2 L2 HEE S NT2/3T7 A Z #BIE L TR
T RRDEME BIZITRAEAIR L) OvIalb—va VCEAL, TOZYHEORMNETERD D, E - BAKBRITERERE L
THNZB N TRKRORHEIEEEZ BT LT ETVERTH AN, KEAMEEZAWAZ L TINLEMR L AMHIEELZ BT 52
ERMIFREENTEY (e.g, Risi et al., 2012; Hu et al., 2022), AHFFTIT 2 KENAKE T V@ ELITRETT VOB HE
TLZERMREEND,

SE

(1) Hunt et al., 2007: Efficient data assimilation for spatiotemporal chaos: A local ensemble transform Kalman
filter, 230, 1-2, 112-126

(2) Okazaki, A., & Yoshimura, K., 2019: Global evaluation of proxy system models for stable water isotopes with
realistic atmospheric forcing. Journal of Geophysical Research: Atmospheres, 124, 8972-8993.

(3) Steiger et al., 2014: Assimilation of Time—Averaged Pseudoproxies for Climate Reconstruction, J. Climate, 27
1, 426-441.
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