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Fig. 1 Meridional overturning streamfunction in the Indo—Pacific Ocean in the units of [Sv] (a) for the exp.
Ka21, (b) for the exp. dL20 and (¢) for the exp. DL10. Positive for clockwise. Climatological averages for the
last 50 years
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3. BRBLUAREEDEHREIE

B 1 IXEE S 7 Rn222 B S 4172 Rn—222 OEBHER TH D, ET /VITEEE (3 Ba/m’ Ll EDA X2k LEF) D Rn-222
DEHENTZ 14 D4R DB, 1240 FEHRL W, EExHEDOE TV LB E DL Factor 2~4 O&EIFAN T
bolo, BBEA NV NEFETE RN 2BIOA Xy MIREOBIRERE Loz Z LICER L TEY, ZoFREIEE
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Fig. 1 Time series of Rn—222 concentration near the surface at (left) Hachijo Island and (right)
Hateruma Island during calculation period. The blue, red, and grey line indicates results of simulation,
6-hour average of measured value, and 1-hour moving average of measured value.
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Fig.1 Changes in pCO22tm between the Holocene (11,000
years ago) and the Last Interglacial (LIG: 127,500 years
ago), and decomposition of the contributing factors.
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Fig.2 Deglacial changes in pCO2*®™ (ppm; solid line) with
ice core data (dashed line).Orange: T1 exp. (no iron flux
change), Blue: T1 exp. (with iron flux change), Red: T2
exp. (without iron flux change)
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RO [ i JEEHUTE |- % 3l 3~ 2 Y iR & o Thibie S 415 WEBJE P AN TEAL T D ELIRIE A & v b A
RNy N OSEGA AT, OB EBROFER, EIRIRGHR v M AR Y b OSRESAR I, MR
DE S & A —/V T % Steepness /N7 A —Z I AKFET HZ EDBHALNITR-T2, Thbb,
Steepness /X7 A —Z P/NSWVGEITIE, R T & 1 s NS & OIERIEAR BAEH 2358 < B < Z
ET, [FEOEWEIRIRAER v b ARy MDD ENDDIZK L, Steepness /X7 A —F NKEWGE
Wi, R R = R L X —DKES S, HEEHEE ISR SN DEERICL D Ky 77— %
ZUTTRIREND Z LT, THOBRWELTRIRE R Yy ARy b BIBREIND Z ERbhoTz,

1. [FL®HIC

WEPETRIE 231 28RBS A1, BV OB 28 U C, REEERIEROM IO —v b ary hr—L
TLEERYEREDO —DO>Th D, ME 20°-30°IT/F(ET 2 R0 L 72 & O ERHITE & iRy i it & O BEERIC L -
ThitE & A7 SR BRI B O NI I 1T YRR s DB TRRIE L TV < iR BT, BRI AT %28 U CTHhiE R
WL DITIEMENE S 7 bk U JE B D = 5 D PN & Ff e - il & 2 (Far-field Mixing), — 5. MREEHUTEZ O FHIZ 5% &
A2 SNE I ORI D J71%. S BIHFET D Garrett-Munk (GM)PNERI S & OIERIZAR A T-#2@ U T, $hiE E5IC
LIS IR B8 % FE R L T < (Near-field Mixing),

TER, Z OWFIEHIZ OITEEIZIT 2 NE L, SAE O TWEHEWIK] ThodLBEZXONTEL, LnLAanb,
WAEE & ORI ORFFE(Hibiya 2022; He and Hibiya 2024; Hibiya et al. 2024)(2 JAuiE, G E %2 BiF TRl dk oo g M e
DOIFESHHEET 5 &, Tidal Excursion /X7 A —%; T, =kuUy/0 (ky: MBEHIEOAKEEL, Uy: BWIWROIER, 0: W
JEE) T A — SN DR OB R B & 22 0 | MEE R 72 TR T OB R 5 L9 127k->T<L %,
ZOWNERER TR, NESE IR L R TR ERHRENR S DO TREL 2D, BEMMME LT S5 Near-field
Mixing DFRECIRE DA S, HEKRBZONTEL LD LR TELL AR > T HAERH D,

AMFZETIX, F7IZ. Steepness /X7 A —% S, = Nho/Uy (N: F1EBHL, hy: MBIEHTE OIRIE) T A —/L S 5 g M
LT DO BRI 23 Near-field Mixing DEREL A KT THEL A OMNCT D720, —HEOHEERZ1T 72,

2. BEETIEEBRETE

BAEFERRIE MITgem & V., FEFIKIEOSME T CIT o7z, KiE 4 km, BHER A2 KE L720E 30 km OFE 2 RICHEE
DJEHIZIEL ky =1/2000 cpm, IENE ho D ESLE T OWIEME 2 5 2 7o, EERWNENT £ =124cph (EEE 307) . %18
WEX N =15cph (—#kpE) ZKE L, HER 7 GM WEEIGZ 8IS0 & L TllAATe & & iz, e LTRE
Up O HJEAE@Q =1/12cph)Z N2 T, 20 W ARG Uiz, MEHE O b ICfHEN 2= (v F—T7F v 7
A Ep~pNkyh3UE/AE (p: WK DEE) R —EIRTENDE I T, & S, ZAllflliLARNSG. S, #HExICE{Lst
(0.09 < S, <0.79), MFEEM MM EICIA S0 % Near-field Mixing DSRESM i 2 <72, & 512, Near-field Mixing D $h
B 2 R ET DK 2B 52T 572010, GM RIS 2 B 2 EBR b 1T~ 72,

3. BREER

BAHEBROFER, T, BRE S WEA PR S 53551213, Near-field Mixing DR ESMAi 1L, S,IZiR< KT D 2
ENbipolz, BRI, WML HE ORIEI/NESUNS, < 0.2) HEITIE, GM WEREYS & O AEAERIC XY $hE
BONSIRIFOEWELIRA AR v F ARy MBS0 O L, M HIEOIRIENA R E <7258, 2 0.2) &, i
EHEOKRE 221 EORWVELRIRG A v b ARy bICEE L TSI ELRZ (KD, 5T, S, 2MEINL, WK
M HITE OIRIR S K & < 72 212200 C, VR B 150 m &2 DI PER 2 R & & blassfb s (K 2), Z OB
I RE > TIEFOEWELRIES R Y ARy MIBEREIND Z L bbrolz,

WIT, S, BRE WG OMEMENE O H RS 2 T8 ~72, $nERHRE T 2 PIETE T O ACEAZAR R EE & B PR S 7 D 7 A
—ET LRI, K 3D L DI, WERE TN B EA N, ShEREHE SR T H L DI Ry T =R a T
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D TH 2> TLEDI E WD b L— FAT7ORRAHEEEND Z L1205, /B, 2O K57 S, KAEMER, mf6HE
RN & > TR &4 D Near-field 126 % x5 & U723 FE OBIANE X O E SRR R & A0 TH 5 (Sheen et al. 2013;
He and Hibiya 2024),

4. FLEHESHEDODRE
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FEREA R DFIIRG 2% L <L T 2 aRettnd 5, 4%, TNETRBESNTELEMIREAAR vy F ARy hof
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HOEHIFFEIND,
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P,
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SIEBEZ B, GOSAT ¥V — R L DIRENET A D5A O ITEZH T\ D, —FF, K&, Fiber Etalon Solar Carbon (FES-
O)FtlIgR 24 %02 512 XV M S 1Z. Optical Spectrum Analyzer (OSA) % % ﬁ’?’ﬁﬁ?%jﬁ%ﬁﬁﬁ AR IR L“CJ{E'J%EﬁO <
Wiz, ZOBUT — % 2R HAREENFTRT DR RFEICE S TH b, FRKFRKUPEFZEIT O AN a 2k 7
— XM &7z, FES-C, OSA C X DBUNT — & &gt L7 “B(LIRFE D 7 L EFERIL. GOSAT/GOSAT-2 OBLHIT — & Off
AERNBETHY | BBSED FES-CIZ X2 “LRFEFHIH 7 L&, GOSAT DF —# LIFE A E—HLIRE R L, &5
12, OCO-2, GOSAT {Zh1 % #i 7+ Total Carbon Column Observing Network (TCCON)% 7 — & [R{LIZ X 0 BT — & L Fix
OBRT — & L O A 1T - 7=,

1. [FLOHIC

WA, NI A O ZBLRFEEDO KK OREOBINEEIZ /> TWD, 2O BLRFREDH5AG & L OHEENE
T/ 5 TN D, I TIL 0OCO-2 72 E ORI L % BLHIS° Fourier Transform Spectrometers (FTS) % tH L4 HilZ 5% & L CHRERRBVIC
#HHI L TV % Total Carbon Column Observing Network (TCCON) 5 (2 X » TI{ThiI T\ 5, BARTIE, 4EEIE HIZL D GOSAT X°
GOSAT-2 O GOSAT VU =R EBIRENRA AOZFOWRIZE O TND, —F, KiGIE, H EICRENRI 20N T 2 EE
RHIIT DB A RRIE L C RMLIRHE D T LA BEAFHIIL %Wﬁﬁﬁ%‘fﬁ&bfwé DBLIE R A fifhr L7=7 — 4% & GOSAT vV —
X@Eﬁ{ﬁﬂ/ﬁ%%& @tl:fﬁx WL DMET — X OFmA, AFEOBMNTH D,

2. FHAIR L UMENT Hik

TR B A T A2 OFNE, E S IERHIIE AR E RN IR (OST) o3 TEFUERE L B 5 L7t i bk
FHEFHRR OB & IST FEACREEE (et ol - B 7 n 7 7 4) 38 [CO, KRN 7 AREH
RS E OG- W &EHE ] 12X Y BH%E L7z FES-C fHIZR 245 HEIR LI L VEERICRE L TIT> T\ 5, R, 42
IHENC L VIREDERTANRPEHIN TV D R & L THAEICHEE L, TP RKATREEROZE EIZ OSA Z3%E L TiT> T
W5, & D%, Goddard Earth Sciences Data and Information Services Center (12) [1]D AT T — Z 2> S BRI - BLAIRFRL CPFFE L
TP DEE - KRBT — X HHH LT, I HICKRGTHIR LT 2850 - BUIGAT o o 1%7‘ H[2]C, fHIE%E
TolrmE - Re7 —ZIC L VBHMOWRIN ALY "LE I 2 b— 52 & TERINTF — 2 4T Lz, 7 — Z f@fric s
KFRKHHEF LI D A 83 5% Tz,

3. BRLEBE

[ESTERBEHFZEFTASHTA L T D FTS & Fiber Etalon Solar Carbon (FES-C)EHHIZR & D O RIFFFHANC L 0 15 5 7= 8L — & Ofi
Mt o & bl U 72 . REEFRER(SF)AY HITRAN2016 TiE 0.990 727273, HITRAN2020 Tl 1.000 & @ARiH ~7-, BifE,
HITRAN2020 D7 v 7'F Lo/ T A —2 % W T & TO FES-C O#IT — & <> Optical Spectrum Analyzer(OSA)IZ & 5 B
FUFER MR R COBMT — 2 1Tk L CRRIT 2 D T 5,

2018 47 H 22 HA 5 202047 A 31 BE T, MEBICB T 25T —& 2 L. K33 2 K4 % 1IE4- & 95 Solar
Timel0 B 6 14 BFEOREMIER O T A el L, Zd H D Solar Timel0 BEAs 5 14 B O JREEM IEHS O ORI R 2 = 7 —
—& L ORLE. M b B aEREIC AT T ELRBIERT 5 Z & 2R T 72010, [REITOT —Z_X—ANLEBEOM T
LT —% 2K 1 ICEREZ, FHABEZTET 5720, Ref 3125512 2 FMIEO B & 1 kEEKZ2MAEDEEZDT
Fitting L, ZREOHB TR LT,

2014~2016 12 HFU PSR FMEHE S TIT o 7o SR [4] & RIRERA 00 [E ST B < OB — # [5] & Mauna Loa O =BT
%¢m&%mﬁbt<%n BRI ONEARIC L 0 R TORFIL I HIC LRFZEND L holz, “BbRFEOFRE

CIHWEFER O FIE 2 AEICRKEZ AT, MESHE CHERT22OEEETIES AR —FETRbEhol, XD
F1tt1ng HIARN D 4ER 2.74ppm O “ER(LIRFBIRE D LN LN o702, ZOMITHRAOERE L LTV % Mauna Loa @ 2.55
IZATVME L TuN =,

CO,Mixing Ratio =1 +T

ntercept rend

-t+ Amp, -cos| 2z =4 + Amp, -cos| 4z =9, )
365.25 365.25

0CO-2, GOSAT (2 z #1 E#FHHI Total Carbon Column Observing Network (TCCON)% 5 — % [@l{kiZ X ¥ FHiEHT > — % 53, GES
DISCIZT OCO-2 D 1 H Z & D F{URFFI N T L BOFMEN 7T —2 (0CO2_GEOS_L3CO2_DAY) [7]IMARISN TS, =
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DF —Z 1%, DEREHEEE 361 /S, FREE 576 MICHEILZ 1 ADTF — 2 OT=h, RGO EEL-0Ici, 2T —20 5
HETHLENDY ., MEROFE 16 A AN 25, w250, LI 247, EANZ 2170 ) OEN S SEOEE
HEEL TR L ICERT, TEBLRZBEE D T LENL W 12 HD 5 A TIFHEFIC—H L TWER, 6 Hnb 11 H oricE
NREN 9 HNRLREREVDRRLLNTZ, “LKF LD T LBNPEO Xianhe, AADER, #FE Tld, Xianhe 235 b
. MEBIIYR»otz, UEDZ NG, TUT REDTNS KGN HN T E RN, KEOHE TS S5 gk
RFBIND LB D, RIT, ZOZWEINIIEEEOBEN LA L TS =0 M OME I “BLRBLPIVIAENTND &
EZE2H5D,

420

415 ¢

410

D
(=]
(3]

CO, Mixing Ratio (ppm)
S
(=1
o

w
©
o

JASONDJFMAMJJASONDJFMAMUJJ

2018 2019 2020

1 MRBO CO: YA LEMFTHR
OFES-C #IE{E (SF 0.990), 7R Fitting Bi#R, AGOSAT £RIfEC OCO2 L3 » CO &

#&1 Fitting B OFRER

Site Intercept (ppm) Trend (ppm/y) Amp: (ppm) Amp (ppm) Max. Month Min. Month Ref.
Xianhe 401.4 1.88 3.90 1.76 4 9 [7]
17 398.7 2.25 2.95 0.50 5 9 [7]
S 394.2 2.74 3.71 1.67 5 9-10 This Work
HOR 393.6 1.07 11.8 1.99 2 9 4
2<0E 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. FEHESHBDODREE
HITRAN2016 D4, Scale Factor 73 0.990 & /NS U MIEIZ 72 - 7223, HITRAN2020 D354A 1FIF 1.000 Ol % At - 72, HITRAN

T =B R—=Z2D CO2 AT MT—=FOEFIZL Y ZDO X ) @257, Fox S TIbiRFEKRED T LB LE GOSAT X° 0C0O2
72 EOMEBINT — X L OB EIT S 7212 0CO2 L3 OFfTT — & L Ol %177, o, KROMhEEET 5701
P B % R & T B RRRENT 21T 5 72, OCO2L3 & DZEN KX 2WIE, MEEEFEN D ORKMADBBEMEL TNnE2H, —
FRALIRSE DWFE~DOWIABHE L T2 EBbh b7z, BIE, “LREFEOBILICOWTHELZED TV D, o, HAFEE
KA BEEROE FIZ OSA Z3%E L TIT - TV 5 (b FE N 7 L &F7HIT — 2 12%F LT HITRAN2020 % F 7= fifthr %
HTWNAB,

S5 M
[1] https://disc.gsfc.nasa.gov/datasets/M2I3NPASM_5.12.4/summary?keywords=M2I3NPASM

[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).

https://data.caltech.edu/records/958

https://www.esrl.noaa.gov/gmd/ccgg/trends/

https://disc.gsfc.nasa.gov/datasets/OCO2_GEOS_L3CO2 DAY _10r/summary?keywords=OCO2_GEOS_L3CO2_DAY
https://tccondata.org/
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SOYETaEAREGEENTNDZD, TNLEBIERSRETT LV TCREIZEHR]T D Z LIIRFAHRETH D, L
2R o THERBRET L TIE, W ONOWE T ut 2%, B4R EED FIGERENICER Y b T 5,
INERTAZ B =g s bE, MRREICED DM, BRI K CIIERDE 7 0t A)NEE
REEEZ R L TCWD, ERMEHARTAZ Y= a0, TOBRKT T RAEZEERIRETT VIZBWTH
DS oD H DT, KOFESRLT O - PFEEOBMLMBEEZEATND, T 2T, K10V
HI 72 PR FEICE D D 8T A= BMEESNTWDN, ZHEHD/RT A—F DIED T P EH s <
TAZV B = a VBT ARERMEDO1>THY, ZNERE(LT D 2 L IEBKOTHRIEE % m LS
2HEEZOND, L EOWREILICATETIE, EMPBE AT 22 )L — 3 ORI AT 72 RN
TeHFgE L LC, HARHED PREFEFEEEREEIC I DT A X046 (DSD) DR ZRE L=, JAEICIE, BA
W BT RS THOMBBICREBINT-T 4 2 Fu A —2 |25 - T 24ERMITh 7 W INE SN - BLHF —
B &AW, ONTORER, RREEEER CIEEIC 2 DD X A 7O DSD OSHFRERNFEET S 2 L B ST
eol, TNHlE TREZRMEY A XB (D-type) | BLW LW EFHEEEAR (N-type) ] THD, DAL
N B DKL, ZThEFn, 52 ONTRKMBEICH L TR A XBRRKREW, HDEWIXHHREEENE W E
WO R A RO, IR DA O EEIREIC L AEAHLORE, NAIE W OERIZEE L Tk Y,
— D EIOBEAKITKIABEZ B U TRAEL TWD Z ERENT, I OIIARNFZEIL, fEsiill & -
TR ERETDHIET, BKBROSEGEEZ L0 L<HEBETLI-OOH R FELREL TN D,

1. [ZLC&HIZ

IR, IR L OEITIC WG OMER R DORAMEN LR > T EW0nbTRY, ZOTHEEON FIZEEARHET
BB, TH LIEBKICEDAWHE 7 ot AL, KEHIETT )V CIIEMRBE AT A X ) — 3 TEHEENTWD, HIEFH
SNTNDHNRT AKX Y — 30, Lin et al. (1983) DAFFENLSRE L= H DT, EK, MK, EX, 5FH, & EEKkY
BaZOPOFEEICKB LN D, KOMETZT T BT O « fFEEOEMLRRL TR LTS, £t
FTABVE— 3 T, TNENORLT O 72 BROBE I D 2 BB T A —2 BNHV b TS, ZhbDRT
A=, BEHREMDHELRRE AR THRKE, EORGFHE, N EEICEEL 5252800, ZOEOFSEITEMY
FRRTG A BN P— g ANIBIT DA RERMED 1 H>ThHh 5,

AWFFEIE, TR BT D BEK DRI E T A X054 DSD) LW HBANLHALNI T EEZEME LTINS,
DSD i%, BEAKKIT-OV A XL ORI ERT AN NRTA—2THY, [0 —F —BHHERK THRET VICEIT 2 EM
PELAREOFLRIZ B IR FIH I TV D, WEROBISE T, HFitE/ERNE, REtE MM L Wo lm 5 JEICHE S &, MBS
D DSD DEFE WA FEMICHAE SN TE 70, BlxE, W EOHMERAKIR, [ UREARBE CHEEEL D &/ X7 PEPR 2 & RO f
MRS D, FoKEEERKT, RIS TOEREREN R E <, DSD DEIR/XT A—FP/h SN2 EHLH b TWD, ITH
TIX, DSD DRI R LEEMEITIEB ANEEE Y, Dolan et al. (2018) 1% 12 DEMFT — &2 v FEHWT, ME# =L ORFMR
DSD % A 7% 6 DIZHFALTWD, LNLARND, I 95 LIZHROS IFBEHEOREE - IWEHICR-> TB Y, FEEEERo
T I RRLTND, ZOHMIBITBEEEDORWVEIRICSH D, [HEHE L EORE L /NS W oM E OEMYERERENFIET 5
AREMER B D, TOX v v T EHMD DT, AR TIZIHAREBINETIMBEICT A A R A =2 2RE L, 2EMIbIZS
GBI 2 0 LTz, T ORER, 2N E TONETIIL A EN/R0 572 DSD ORI SN2 Y, EOFREBRELEAI K A
=X BN T DH TR bz, RFRICTIE, BUAIFIE LT FIEERA L, SN2 DSD DX A 7 L ZITHE ) BREE
FHOBEBWERT EEBIC, FRET — X L DOLEIC L > CTRKBROBMEZEDHZ L2 HIEL TV 5,

2. MEHE - A&

ARFZETIE, HARWRICTERE NSNS RS - B BICBWT, 202043 A FAND 2EMICHTZ5T 4 A Fr A—4% (LPM) I
KoMKk CHEoNTT — 2 2 ERAT 5, B RIIEEY (4~9 H) THY, BfFEheT —2 D5 b /A4 AR E a3k
ShL, BRI 18 TR T — 2 G bhTe, F-BoKICBEET 2 EOFRERN EZTARL7-0I1, FHIEKREHEE 0FEbD 8
Bl ORISR (10.4um) OMEERE (TB) F—F 28I Uiz, i TEEREKEREE (GPM) #EICHE# S - " FHE
AKl—F— (Ku # -Ka #) ICK 28T —% HIEH Lz, LPM 1E, WY A R B FHEICET I T — 225 TE
v, FINONMEGEECEEMEEYEZR On), BAKIRE, KAKE W), BT/ X7 A—% (Nv) Z2EREHEINS,
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3. HBRLER

A B TEONEBEAKRTOBRT — 2% &2, WA 25 (DSD) & BEAKME L OMRE ST Lz L =5, EENE
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12 N—type 1T EEEHEREBICHEAED LD L E L2 HNLA, Dn & Nw @ 2 RICHEFENA T, N-type 1T/ F, D-type IXdfHEIC
E—27 %> TEY, Dolan et al. (2018) 238 L7zH#EERE ETo DSD AAIZIZZ DX 572 2 B— & ix Aoy, Zh
HOT—H OKRYL Bringi et al. (2009) 23HEZE L7 ERIER/K OFEIKANIZILE > TE Y, F7= Thompson & (2015) DXyt
S BIRMESTHE I, D-type MRHRMEMK & B> TWD, ZORMEIL, TEROSHEFENTRERESEICIL T LLEHTE
RN EERIEBELTND,

WIZ, N-type 38 LU D-type ORKRMNZ2FHHIZEY Bif, FEBINC L HEOMEIRE (TB) & ORREZ MG L7z, N-type 2
BN D r— AT, B AII KRB 2 K G EL HiE < FEdL, ETEREED 260K DL E o iR 2 B EE R IR D - TV,
—7J7, D-type IXZETEIREN 235K LLF Em7=<, RBELLBEWVIRMEEIZRHSE LTV, ZOEWE I SIZELSHRSD
FEHD TBIZHESWTT =2 @Rl Lz L 2 5, 263K 2852 N-type 75 D-type ~& LI — AN 0 b 5 = & NHFEIC 2 -
7o 263~273K OWRERHITMAHEKPFIET AHBE TH Y, N-type 2WKMHEFE 2 RV IRIRFE] ICERT S DKL, D-
type (IKAHEEE (RREE, B4, BHKRE) KXo TEREIND LIRS D, £7- GPM 2O _JHHFEAK L —4— (DPR)
W& > THEBNTE DSD XT A —F & AW THSIRAEETT 572 & 25, EBOSHR TIZ/NE 72 D, IRORHRLBIRPER K TIIRk &
72 Dm DXEINTH D LW IHERDE LN, RO EBAFER EEENThHo7 (K2), WEROIFATIE, T4 AR A—
HEED L — & — T 3 — DR ERECACEAREE IZ S W TR KB EE 2 HEE L T2y, BAUSIZRIREBL O R X 230 5
—HT, HEOEETB T —& LOMAELEIE, LVMENOAENRFIETHD I PRI NT, EBE, TBIZLAEHHLET
9 Z &, N-type LR TB (BE2NEE) 1T, D-type IX{KIE TB OKZE) IZHIE LTV D Z ERPERICHR L N, 2 b ORER
W, 77747 —2 07 T, MEOEEIRET —# LM FBZMAEHbE5Z & T, EMWHORT ALY ¥—
va VORGECIERA TE AR EZR LTV D,
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4. FLHESEDODEE

ARFGETIE, HARMICAET AHES - MABICREINTLT A A R A =X 2 Lo TH LN 2 FOBAIT—2 % b LI,
HHEFEVEPERIC I T DT YA X494 (DSD) DB ZIH LT Lz, ZORE, BKBENFERE TH->ThH, Bpn 2 fHE
DB ORHENPTEET D Z ENHBA L, ok DA (KRRAD | <, MRS 2RNEARMcHY, 5 120 IN
B O(ZEEERD) ] T, DMRIRRLEOLVNENZEN TH D, 5, HENLHON D EHOERE (TB) & DB
X oT, DENIETHIRENMEI, T72b KR Z S BKICHIE L TEY, —Jo NEIIE W TB Z/m 3 iE) O L & B
WL TNWDZ ERbMholz, ZADHOAIE, 76RO DSD /388 Gehuieth Jaikek, Bk M) CIEEB L Ehihotz, Hifk
FEVRCESS A OB K E 2 - IR T S D TH D, AWFFEIE, DSD OHERZECHE KT ABIREOBRICERT 5 & & biZ, RET
HRET MBI DEMDE AT AZ V=2 g VORKREE - WRBIZETHHDOTH D,

S5

(1) Tsuji, T., K. Yasunaga, and A. Hamada, 2024: Statistical Characteristics of Drop Size Distributions in the Warm
Season over the Sea of Japan, Scientific Online Letters in the Atmosphere (SOLA), 20, 255-263.
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Perturbed parameter ensemble simulations with

a global earth system model MIROG-ES2L

v ) 7 %W YA GRS, E-mail: sam(at)sci.u-ryukyu.acjp, =8 Ky (Y UIVKFEK),
B Rt (NIES), BUs %+ CGROK « RRIBERD), &4 B GRK - KKUEED),
R KRR CROK « REWBEDD), B0 FERS GROK - R&UEBEEDD), 4 H Bfd+ GROK - REWVEFED,
FEED TRdh (JAMSTEC), BT 7% (JAMSTEC), /& HnJ% (NIES)
Sam Sherriff-Tadano (Uni. of the Ryukyus), Tomoki Iwakiri (Seoul National University), Michiya Hayashi (NIES),
Ayako Abe-Ouchi (AORI), Masakazu Yoshimori (AORI), Kentaroh Suzuki (AORI), Masahiro Watanabe (AORI),
Yukiko Imada (AORI), Hiroaki Tatebe (JAMSTEC), Manabu Abe (JAMSTEC), Tomoo Ogura (NIES)

=S
HIER S 2T 257 /L MIROC-ES2L (3 AL VE A M B KIR S A T A 2 RiD. T OHER 2R HER, A
DEGFNE AL T AOBEBEMENHA LN o7, HOSHTEA X — L% 2 72 MIROC-ES2L T/RXZ A X T >
B2 TIVFEERE 500 ATV, 23T A Z DTV AL 5 K BN, D E S BT 5 % 5 BB A 3T L 7=

1. [FLC&HIC

HIBRIBREALIC AR, KUESECE LT 2 ATREMEA R S VD, SUICELT 2 aTREE 2 F> BRI T s vV 7= L
A2 N MR, FlE UCOHRRERL O Yy THECEOKIR, T Y VORI ERNFETFT oD, b T 4y BT TR
Y RORERTRIN Loz, < OHERY AT AETVTIRE(LERZ E3 T Tnd. LA LETOET LV TIEIRAE
FBR OWFHEAIBIZ K E 223, T ADNFET D720, [AEDIRICEL T D ER S OMESCTFEEILORE S, HEOFHIZKE
TRARREFME DA U 5. JAMSTEC CRA%E S 4172 MIROC-ES2L (1) B EEE TH 0 | Vo THEN 2 < FFAET 5 ALVE RV di 2V L AR/KIRAN
AT ADHDHZ ERDLN>TND. KR TIZZ DORA T AOER Z i, MIROC-ES2L Z AW 7 ¥ TV EREITH 2 &
TRMEERTTNINTG X ZPNEHIIRANENAA T ZADREIC G- 2 5 EEA LTS 2B LT
2. BRT—RETUYUIILEERERTE
IPCC AR6 [ZHEH & 4172 MIROC-ES2L @ piControl, Historical & AMIP SEERFERAMENT L, BT NAOKEAL T A 25 & 24
SR 2T, BRI TR T L TR SN B 2 CERES-EBAF & Eb#S: U, BRI E A 7 A 2 gl L=, £ = [FkE
DFFAT 2 W PR T F o 7 205 T U SV T hiT- 72
RIZ MIROC-ES2L W TARREE /23T A X INERNRICE 2 DB L5720, T A 2T Y7 V3% piControl i%
ETITo7c. ARIOFEERTIL, MIROC6 T H S 415 Vel A %— A% fil 2 72 MIROC-ES2L Zf#i ] L 7=. MIROC-ES2L (DZE A % —
LNTR EORMEER T A4 31 JEERHNIEL I 5 /37 A X T 4 70 (PPE) Ef g 500 AIT-72(8F A2 13(02) 7 8%
TEIBIE L7, 2 ITKRRT A Z %79 . 500 DT LTIV A U R—E3 T T A 78% 2 — VRIS TEE L7 (61 (3)).
ETORAN=T24/FD L, ZD 55 1A H OFFERE ESmHEINEA =5W/m? LN D 230 2 2 /3—% X 512 15 FF5 L
2. 2B DOEBROEFEMID 10 % spin—up & L, kO 7 F 2 AT vz,

3. #BRE

%9 IPCC AR6 |ZH#2H 7z piControl & Historical FEERO LT AT EVT KR SA 7 2 ZFH L7z, Historical {22\
TIF 19812010 4EDET VP2 T/ A L N—D )% FW o, LRI — 4% & LT, W0A2013 TIRILE TV D 1981 45
2010 0 30 F O XUEEE e, 1 X0, BT VEKRENRKBEARY—=VEFHLTHNDHO0, BN~ THERAK
% 2 ERREME/ NI L CWA Z Enbootz., T2 OKIEASAA T AIZE 2@ L CRieT 2 Z Enbnoiz.

WK ASA T AR Z M~ 25 728, MIROC-ES2L D AMIP FEERIZIS1T DI 7 T v 7 RO 24T o 1. fEk & LT, ki
SIS E BT T v 7 AR TH D ZENEETH S Z N7z, EIHBFHCE L TEEFOET LR RORENR
KELGEAT T o 7 AL TRAOILRASBRKTH D Z EBREEL Tz,

MIROC-ES2L N DAL /2 /8T A Z DKIBREMES A T AN 2 DB REET D728, WS AR —2 2 A7~
MIROC-ES2L C PPE EB# 1T - 72, K 212437 A ZITB LT 230 A U N\—DEFFFEGER & BROMEZREIRLEZLDO %
Y. AEPE AR A T, BRI B AR B2 537 A 2 L LT, BEXEA ¥ — A0 webmax, clmd, 7V EHAEA F—
2@ minpdc, eismax, KEUREHTE D vicee, bl NEHE TH D Z LD -7z, T OMEETIE, A L/ —[T20W/m* FREE, ZEA)
RS TL BT NN, RT A ZOMABEDOERE TR A 7 AR TE 5 AlREMEN oh o 72,

4. SHORE

FEOMMZERET S5 Z & T, MO A2 MERE/RT A ZPNKIEAA T ACEZ DB TR T D HENDD. £
IR A T KIERT <Y VIR L, 7 4 v BV T L AV MEEIR BT VAN, T ASOEETNZITH) ZENEETH H.
SE K
(1) Hajima, T. et al. Geosci. Model Dev., https://doi.org/10.5194/gmd-13-2197-2020, 2020.

(2) Ogura, T. et al. Geosci. Model Dev., https://doi.org/10.5194/gmd-10-4647-2017, 2017.
(3) Sherriff-Tadano, S. et al. Clim. Past., https://doi.org/10.5194/cp-20-1489-2024, 2024

19



(a) MIROC-ES2L piControl (b) MIROC-ES2L Historical 1981-2010 (c) WOA2018 1981-2010 (d) piControl - WOA2018 (e) Historical - WOA2018
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Development of Physical Parameterizations and Data Assimilation Technique Aimed at
Numerical Simulations for the Asian Monsoon
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BOR ek, ARm ok, ZEE BEE
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E-mail: globalnwp(at)met.kishou.go.jp
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KIR D RFRRE (N T R) KBIC L 2K/ BITRRET VO TREE R L2 BRI, REmbiEe &
OSHHETE Tl b 5 KEME O BIL 21T - 72, FFIZ. [IBEO TR E~OFEN KX\, EiH
WRIZBT 2 BEEFEHE S (Leaf Area Index; LAI) D HT & hBRRIZ T 5 W iR R IEE R
EOEFICERVMAT, BEOKERIEL LU KB L2 LAl KAEE~OFEHIT LY kB ok
B SA T AN, IR R KA T BT L 0 s O @il A 7 ADMEI LT,

1. [ZLC®IC

KRETIE. RERTHLERTHROEMAEE 2 BAVIZ, AKEMREER 13km(TQ959) DOEEKET /L (GSM) #HFEEH L T\ 2D,
GSM O TRHIG LT HARRIRTHLT VT F L A= RFAUME S MER L OB T RO E R L7 o12ik, WEhEEo LV
BN LE L 725, KIEOBHREEELCHEREOB I 2 F T A MR LT T U7 ' A= REOREN B2, B
RGBS EET 5, 2 HIEETIE, FHAEDIRESCE OWERHEEZ R T /N7 A —4 | BAFHROBRIZEET 5 KA
WERST OREZEIZONWT, BHESCHET — 2060 M) —TIZESSKREET —%E > b ONF2A—%) 2EHT 5, FF
12, PEmERRCH R IL, AN S ZWEfET — 2 & > h OFEEASMMOYBLERIZERTE L, 2O R RROKIRSCKER
DTRAREEICEZ DB REN, TNHOERND, 2024 F41E, (1) REE@RICI T 5 EHEAHES (Leaf Area Index; LAI)
S, R ON2) BB IC BT D bR B R E R E ORI fLA T,

2. AROWME
2. 1 EEBEICEITS LAl [IZEEH

FEFRARICI T DA RT A —Z DUV E D TH D LAL IFHADHE LR L, ZOZRITEA - BT 7 v 7 2D TN %
525, #ilkZ & @ LAT 54 ORFEZ £ 0 Kk L 72 [ ERI IS L 28 - BBV Y T > 7 A OIS % 18 U7z GSM O xf ik
JBIZ BT B AR RRIRDO IR L2 BRI, FEEBRRICBIT 5 LAl RAEME O EHF 21T - 72,

FEHTHTO GSM Tl LAL KBEAEIZ MODIS 2 &7 b (Myneni et al. 2002) (2D < #EHF (RHEEE (<23.5° ) - fiBE (=23.5°
<B5° ) « EEEE (255° ) D 3 X4Yy) R UMEATER] Z L d 2001 5 2010 EE TO ARPEHEEZFIH L TW5D, 2RIk LT,
B T IR « FATER S EEME ORI 2 b &7 K T B ~OIEE L, KUEEIEREROTEHr (2010 225 2019 42) |
MODIS 7 u &2 hD/X—0 5 D v005 225 v006 ~D EH (Myneni et al. 2015) Z i L7,

2. 2 WMEBRIIETIZ-BIERFEESIFEERESR

GSM CIXRERD " LIRFEIRE & LC, TR 2ER—ER - BEOKBEMEEERA LT\ 5, BED M THO SN TV D R
(LIRFBIREE (X 2013 FEDBMPED 396. Oppmv TH S (BIHIFA (2019)), LAL, FEx O BLRFBRED EFIZE Y GSMNT
O R CIRSBIRIE & B ORI L IXTENE T TN D, £IT, BHO BLRFREL LTHREINTWS 417. 9ppmv (2022
EDHIME WMo (2023))) IZEH L7,

3. R

8 A® LAl KUEMEOEHRIZ O N, KA T T A VBEEET v (RROBUIMECIRTESE 2 Ji) )12 R € 7 VBT Tl
THETNV) ITED 2000 4F 8 ASLEDIEENT T v 7 ADEAE Fig 1 1T, MEEEH - HAERNFEHE T < HET ST
OEZFIHT 22 & T, BUrCEERM OB T LAI AL, A > R —T U7 KbeNEE T4 2%, Fiilko LAT
AT ORI L0 KBS D K9 ICZE b LTz, RO LAT 0 (B \oxt s LTI Z > 7 AN (i) Lic, S 612,
CEOP (Coordinated Energy and Water Cycle Observations Project; Roads et al. 2007)#MT —# & HW=MiEn o, KEHE
TN L VIEE - BB T T v 7 A TUHEO FEFRZEN MR TR 32 Z L 2R Lz (K5,

Fig.2 1. MEHTTEY1 2 VERE D AL 2023 48 A0 A TR GIROME T 107 7 4 A ER LTV D, “R{LRE

21



RESGEEOHEINC LY | BJEE DS PEECREBSTBRICE 2GBHOMRE D R 64 (KK, &KX T IKEREDOKIRDHRD
BRONT, XHRETIEZ < DT ITIEDBM A R S 417253 0. 05K £V /N EWELETH -7, ThHITHEmRMICEE S
% “IRALIRFEIR AN L D KIROEL LA LTV D,

S HIT, LAL KUBMEHHT, —RRfL AR IR B AU BORT & LA B o 7 SR B ITE TR AL ERIT IV T Ui T g R - i
AL T 2D BBEORIRAA T AWD EVolo, MAGDEIINELES LIcWEL R Lz, (Fig.3)

4. FLHESHEDEE

2024 FFEEOBRCIX, FEEIBRRICKIT 5 LAT KM & GHBREIZ BT 2 "R bR FRIRE KM ER IR AT, BUE
DORBRIEE L0 R L7z LAT RAEE~OEFIC L0 . M EoxhiE FE 2 PO RIBO NS 7 ARNMKT 5 2 & 2R Lz,
T LIRB R ERGE RN L DR LRSI BN AL 5 i o0 Z < Iz miiaAb & pE B OARIRAL D L S A, i o
TR & HERE LD GSMIZ 81T 2 i BB O iR/ N A 7 ABME SN D Z & 2R Lz, 24 b GSM Ot R I% 2025 4F 3 A 18 H
NDORRITOREEME TR AT MTEAINT, 5HIT, LR INT- M 2_—R2, YERE (E, BE, fRiclE+ 58
FRE) OW AR HFERT —F ML FIEOR B 2k L TH#ED TV & & b, FROHEBEA~ORIGRE 5722 5 B ELICm
FCGPUEBIGH LFHEMRERI T b, RERET A OSEIZT 2 ERICE VA THL FETH 5,
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SE R

(1) BEos, EiEs, $)iz, B, 20190 5o, Bl Taafadd - RIS 65 5, K[GU7T T35, 66-80.

(2) WMO, 2023: The state of Greenhouse Gases in the Atmosphere Based on Global Observations through 2022. WMO
Greenhouse Gas Bulletin, 19, 1-11.

(3) Myneni, R. B. and co—authors, 2002: Global products of vegetation leaf, area and fraction absorbed PAR from
year one of MODIS data. Remote Sens. Environ., 83, 214-231.

(4) Myneni, R. and co—authors, 2015: MOD15A2H MODIS/Terra Leaf Area Index/FPAR 8-Day L4 Global 500m SIN Grid V006
[Data set]. NASA EOSDIS Land Processes Distributed Active Archive Center.
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Development of ice-ocean-carbon coupled simulations and state estimates
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E=

VEPE LOKRMIPK ST A INEIR It FR O OMEERIC L - T, VEEMBI/EBERICE o THER T 0B ANGEET S, i
ZAE, BRI O PE/ B AR T, RO KA KEEM E~TRA L, MK EBRE ST 5, £72. U= v TV 0 AT,
REITHEKATERE S, AKEAEBEEL L, MEBEEKERERT 5, 20 OWEREE Y o' A%, WEEICENE R REER & K
L. WHE/IRFEMERICO EERE X295, T, 2RO IRRFEROERRME X 2 BERFBRIUIERL TV L Shbd,
LU, IO RO BTN R0 T, £/, EYHERE 2 FH X 2 ROBEARARZ BB TE 25T /U LA EBFR
IITUVRVY, 2024 AFREITIE, 2023 AR DR L C, MR, 7' —2 T 2 RINEROET BB EME L7, FFoKk
SRR, IR T VEIR O DA S, BARBSEINE FET A R b v T KPR O ' T iz o T, it o
ET B LT, BRI SN D DENAZKEHFETE T, by T UHDKEE Y 22 A& THE SR TS &V o |
BN -T2, BETFABREOFRERND ., HEWAZTKEZFHET 51203, (D)KREEIIAE L2 05978 X 125 2 mmsset i o sy Wik,
BIOLQKIUNSDER TS v 7 RAAETFAFHEICKBEELZ L DHEETHD LV Z LRI T, KEOHREETIT,
FRZZOMRBIZERB L TE LD A,

1. [XLC&®IZ

AP T, MHESUMETE 7 /v MITgem((Massachusetts Institute of Technology General
Circulation Mode) % FIVNC, 7 = v 7L/ 0 AU/ FFEMRIT/VE 27 ) — T o ROk
WEEET VB Z R L C &z, HpMgET Vv, W7 —2F 0 RikET Lizon |
TIX, EBIT, WFEEBRET LV EORGEEMR L. (K1) , BEEX Uo7
JWHEPE 7 Y —2 T 2 MR T SOV TR LTHEEZ £ Lo, AEEIL, R1H S \
e 7 L BRICOW TR LN £ LD D, g

WO b > 7 VK EIRERICIX, WEKHERH) 3.5 A — MVERE EH SH 580K
BIET D, THE, by T U KIIZIEH D BEEKTRA L TWAD Z LR, K OFiE)

BWENIR L TWDZ ERNMBN, SBIBAE LFICKRELS FETDZenEHEER

TW5, BE, BAKDOHBARA =X LI L TR OHFIENEA T DB TIE, 7K .

BEENEERER L L THER SN TWD, KIBEE & 13058 STk LTRSS 2z
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a. Classical Monte Carlo Algorithm b. Quantum Algorithm
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Abstract:

Using a 500-m resolution model, we investigated the downslope flow and transport of Dense Shelf Water (DSW) from the shelf
off Cape Darnley Polynya (CDP, East Antarctica) to the oceanic bottom through the Wild Canyon and its network of sub-canyons.
We made a thorough comparison of the model data with observations from three moorings located across a narrow canyon. The
model accurately reproduces the 2-D structure of hydrographic properties and velocity, with the presence of a bottom-intensified
downslope (upslope) flowing current on the western (eastern) flank of the canyon. The current velocity time series from the
model and observations also exhibited comparable variations. The model is then fully validated by observations.

1. Introduction

In several locations in the Southern Ocean, cold and salty DSW forms in winter due to strong atmospheric cooling and sea ice
production. The DSW production and subsequent downslope flow from the shelf to the offshore is crucial because DSW
contributes 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. 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 models are particularly helpful to study this topic. A high-
resolution is preferable due to the downslope flow being enabled by small-scale topographic disturbances. Previously, we used
a 500-m horizontal resolution model to describe the DSW downslope flow process. However, validation of the model data with
observations was needed to confirm the results. In 2019, three moorings were deployed for a year across a 20-km wide canyon
part of the Wild Canyon system (Mizuta et al., 2024). Here, we use the salinity, temperature, and current velocity data from these
moorings to compare with our 500m-resolution model, with the advantage that the location of the moorings on the western,
central, and eastern side of the Canyon allowed us to also evaluate the model ability to reproduce the 2-D flow structure.

2. Model and experimental 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. Here, after including the latest bathymetry data acquired by various Japanese research
vessels and the Japanese icebreaker Shirase, we ran the 500-m resolution model for the year 2019 following a 1-year spin-up.
The comparison dataset consists of 3 moorings W1, W2, and W3, deployed between 2200 m and 2600 m depth across a 20-km
wide canyon located around 67.7 S — 66.7 E (Fig. 1). The moorings were deployed in February 2019 and included CTD probes
and current meters spread from 40 m to 300 m above the bottom, as well as ADCPs deployed at the bottom.

3. Results

The modelled cross-canyon structure of hydrographic properties and current velocity exhibits remarkable similarities with the
observations. The model 2-D structure of along-flow velocity is consistent with observations, exhibiting a contrast between a
bottom-intensified downslope current on the western flank of the canyon and an upslope current on the eastern side of the model
(Fig. 2). The bottom-intensification of the upslope current could not be verified due to the absence of current measurement far
above the bottom but is most likely accurate given the distribution of hydrographic properties and the geostrophic dynamics
governing the flow within the canyon. Both the temperature, salinity and density isolines slope downward from west to east (Fig.
3), highlighting how the colder and denser water flows on the western flank of the canyons. While the model temperature is
slightly colder than the observations, the modelled salinity closely matches the observations. Consequently, we could define the
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newly-formed CDBW as the layer with 62500 greater than 39.487 kg.m?, vs. 39.46 kg.m? for the observations (Mizuta et al., 2024).
We note that the flow structure in this canyon, with a downslope flow (western flank) and a counter current (eastern flank) is
common to all the sub-canyons of the Wild Canyon system according to our model.
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Fig. 3 Time-averaged cross-section of (a) Salinity, (b) Potential Temperature, and (¢) o2s00 with the model results in
color shade and white isolines, and the mooring results as dashed gray isolines.

4. Conclusion and future work

The comparison between mooring observations and our model in a narrow canyon yielded good results that enabled us
to validate our model results and give us confidence about our previous model-based description of the downslope flow of DSW
through the canyon system. Importantly, these findings allowed us to refine our definition of modelled CDBW. The downslope
flow presents river-like features, with small tributaries (the narrow canyons) merging into rivers of increasingly large width (the
larger canyons) before forming the main river (the largest downslope flow at the bottom of the canyon). We plan to submit a
manuscript describing these findings this fiscal year. Once the works related to this topic and paper submission will be completed,
we will focus our efforts on running a large-scale, high resolution (~ 4km at most) model in East Antarctica.
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NICAM % AW e KIGRAERBEZTRE L TOM L G T TOREY I 2 b— 3 2, MIROC ZX—R &
HKRE - BERIKEERET NV ERNTK - WERRRSEARBREO Y I 2 L—ra VETYD, KGREE
WCOW T & O+ 728 %28 L TR RKORLE T - WERS - KELTNIC R 2R A 72 BfE
ZHEL TS, SEEITHIC MIROC T VA AWZHEKREICBITS LAY AKEEHE RO -1
TARAT D ZEFIARY— I DUV TR SCHEFE L (Kobayashi et al., 2025), £ 72U 100 TEOKEIZBWTL I
U ZKWHE & BUEERIA AN A G A Lo FKRBREORE, S OICHHIKREICEA L T2k - ik
WK« KEA 7V v T HEO KGRIV RE(TRAPPIST-1e)BRE~D# A I DWW THEHRENH - 1-0 T, Th
HEBINTS.

1. LI

2L TH D, MIROC E7 VO KEGEIE L O LY - E2LICET L, KERIVERE QIR G HRIFIC AN i X2
RE - RBEACHERT 2R EZAIH L TS, 202 LI2A, KEICHWTITHIER - #F OKEREEOHIED 10~20 FEL0H A
BESZAEA- L CTEER N v 7 725 TE Y, Mars Ice Mapper 252 AU EIR Z2 B W 7SR EEAE H ENA CRIEI S U T
5. BbETKE, KOZORET + R XD L IRYIEN b OKREREEHELL, 2026 FI2FHH LITFED JAXA OKEFAE
% MMX (Martian Moons eXploration) X v 3 a1 NIBIT D EERFEY —47 v hElroTn 5.

B2 TED X5 RIFREE~OHEBRE R, KEHEDO L Y AKX 5 KREAHPKEROWASE & MT~OKOERZHET 5
K& - HTAKE T 7)) o V3R EZED TS, IHICED LD RIBFELZE LI KB OFHEIE, 74K - AR EDORR
DIRNRIFIZHHEHAEET, ZNbE2Z—57 > b & LIEBER B REE~DOERR RIAD 5.

Mz TEA IV KROKBREOMIIZH7-Y, MIROC 1T X DK EREFREICHIZRFKET /L CRIS (Catchment-based
Rlver Simulator) & 42EK KK E 7 /L ALICE (Accumulation and ablation of Large-scale ICE-sheets with dynamics and thermodynamics)%
Wy 7Y T EE, KK O H OIREHATIE CToBIRDBERNNFE L 2 DIRER 7 — A 2 IR E E 6%) « KA O JE R S Hi R it
KE b bTWIBR T —AHIRE L 3%) « K CEOIVERE D Z1E LR WEB R — A(HIRE L 0%)D 3 /37— ORIk R
KMz B L, Bl STV 2K (Valley Networks) 534 D 1 J5~100 4 A - — /L CO BB DU Tigam 217 > 72 (Kamada et
al., 2020, 2021, 2022). A4 2023 LTINS OFFEIZK 12 FEBAHICHRE SN 2PUEERADEI T v aty F A7
IVEEAN LT B 21TV, 55 72 3R iK « KK 5340 & Valley Networks 7347 & OEAPENTERTOWIEMEAMA B EFIHE L Y 4%
1T &M E L7z (Kamada et al., 2023). T O FEFRARDGROAE, SHIZKBRAREREOR LI RIFIZEAT 22T, L
BREKRE - "EXE DT 4 ORI VIRED Z AR/ TE S.

2. MEEE - A&

MIROC4 % _X— A & U7 KR KA - FJE KRB A 7 /L 0 MIRAI (Mars climate model with water Interaction between the Regolith,
Atmosphere, and pore Ice) (Kobayashi et al., 2025)% 1 FiE S 1 km £ TR L C, K EOREE T10 TREIESD 21772, K&UE6H
[ 15 JE( B3 60km), HIRSUE 7hPa THI R OIRE &K% 16 8 Cfif X, B8 R L B (Lasker et al., 2004) % E & L 7= 100
TKEFERID GHAEE COROFHEEIT- 7.

7o, KERAOREERZ 0.028AU OBLERFET 6.1 HAHTHEEIL, "EZ 7Y = AiEL TN EEZ LT
% 25 TRAPPIST-1e (Gillon etal., 201 7)iZ-DUN T, FIHIK R & RIFRIZ GCM 1T £ D &RUERIR & HIFRGEK - KIRERE T » 7V v 7
SETKBEEOHEEF R 21T o 7. WWEEQRIEEAH=A A ORE T, FTETAVEMEAELRKDO Y 7 k221 (Fauchez et al.,
202000 ZHEVY, AKESTFREE T21, $A1E 30 &, HiZRSUE 1 bar T N2+ 400 ppm CO2 K& & #ifE CO» KA DOFHH %2 T E iz 28k
R i fo OVRERVE IR (AR ER 72 LD A DWW CEHEAE Lz, i) TRE AW, KAk LT CRIS ALICE & H v U7 &
H, ERREKOMF~DRFELERE LT 10 TEARSRERMES Lz TBENKEREREHERE] 217-o7.

3. HBRLER

1 LXK 2 IZFFI 100 T K BERT~BTEOEMA S FHE TH O NI N KEOKFE(T 7 28R ORE- RIS 2 R~T.
100 J7 K BEFHEORICE W THEEHMERIBICRKE 2ZBLIT R LN 7208, §uEEEA 2 30 ELLEIC2 5 &Moo =Z 2
B2 < R BB TR TOARELKENEIL, FHIUT VT ~DO KOS HIEE SN IETF RO, T AR E~
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FETIE 1 em BANOEWER S 2 T ) THK 50 kg m3, I~ @& TI3ES 0.5~5 m 4 B — 7 [T KT 200 kg m3 #4812 TF
ETDHIEIRENT., FHEES ISmETOIT LETRD EHEE 30 B EOP~EEE T 100kgm? 282 55T, £
NLLTF OEFEE T 0.1~1 kg m2 [T B ¥ > 7= (Kamada et al., 2024a). K/EE cm 2 OV TR &L, 12 FEBEYICTEHT D
TUEERME OZACICHE ) RERKERE - REREZ(COLEBHOXELZHRZIT L. —FTHE m BEDO L VIENHTNOKEIXZ
NHOREEZIFIC L, Fx O BRI OERIOM FARCKIEL 10 FER 7 —NVE EORMICHTZ> TRELTHEL D
5 & &R L7z, Mars Odyssey $4# 7 o < #1553 JEFHGRS)IZ &L - TEM X 7= H R 7Kk FEOKIZHE ) & (Feldman et al., 2004) & L
BLTH, xDETAPRLUEZMTARY T 2EBFTEEMIZEES LTV,

TRAPPIST-le DRMEFHFHICOWT S, B S NZIRER O RITME T /L OFF A i (Turbet et al., 2022; Seegeev et al., 2022) & HE
REAL, THEAKEEHE OMURER CIXEmERm) TOKRKEKEOEEN L LN, FIZIREEZME CO KEEZRTE LIZFH
TITHIR K b B & 4172 (Kamada et al., 2024b).
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201002005 01 0.2 05 T 2510 2Io:m Fig.2: Simulated latitude-ground depth distributions of
Fig. 1: Simulated amount distribution of subsurface water (sum of zonal-mean subsurface water (sum of adsorped water and
adsorped water and ice) in 0-1.5 m from the surface on Mars (in kg m?) ice) (in kg m) after the recent 1-million-Martian-year
after the recent 1-million-Martian-year calculation (Kamada et al., 2024a).  calculation (Kamada et al., 2024a).

4. FLEHESHDEE

St OETIVBFICHET ZFE & LT, GRS BN X 2 kK EM T KREHEE TIET T AV THE L 72 IR (~40%) % LR 5 K
HELRENTEY, ZHITEKEEEMOFEEEZTE LTS, Lo TERDOKIEIGIZ & » THIFICEE SN D KOEEL
L% alb—varyTHEELTOKYERDHD. 126 ORRIE, Fa 3D 20N SHIEIZE D £ TOKEKEREEIE
{EOFRH, X HIZFONKRE~OREFIZMITTZETRIEBTHY, 5% 3 R DIRAEEITUVRRRES - BUANCERT 5 2 & & HiA
ATWND.

Mz TR SBIEICEL E TOEEORBFEENA T I 21— a VITHLEFLTEY, BIIESL T o VYV LOBRSIER~ 7
A= R D OBRERINC EOREFRET MOV TR EZED TS, 25 5 OREBIME b REELIBIZITZ 5 R
ABTHD.
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HE
BT O LT LY 2L ORIIEEPBH S, ZOPITITHERRRED L5 REEbHESh TV,
LAL7e3 b, BUEIZKRBHED X 5 /B2 TR KVEREROEENZ—F Y bofubli->TEY | &
EREEE ) OMBRUBREORMNEERIET —~ & LB T b TWD, 20X 5 kB R 1T, HE
OO ORI LY | I EEIREICZR>T0D EEZLND, Lo T, ABIERETIE, MIWEESH
ToHIBRAUR BN ED & 9 RRMEIREE LV 5 20NTERE YT, [UEET VLTI &2 HEL Lz,

1. [ZLC&HIZ

BRSO ElzL v, BEIZ5 00 0 RIKAELZ 5 RAKENBR M S 4L, £OFIZiE, TRAPPISTI 5#2X° Proxima Centauri b @
X577 "EETNAY = NOHERAERE LIBETE A REBMEIN TS, LELRRL, REKBO X S RGHRE T,
< EDES LT WERERE (MALR) G OMERAIRKENEH Z2EH T, BllbEA TH D, MALEIZGRIZEICHAK
BTHW oD, "EX T = ATHLEEHFICAE L TN, 207, MEEDODAEZ TV = AIf#ETHEEZx L5
BB 2 R OB R X, FOENLOWMW N LY MWEEREBICH S EREIND, MEEEREL X, BEEH & Ad
JFHEBRFEH L T DRETH Y, TOXBEIIEANZREETHEZFHFOEEZ LN TN,

ZO L) W EE SN HERTRE DA X B 7 ¢ RRBERRE BET 2 2 L3, £ < oBFEICIS W TEERGET
HY, BWELFOHEE L TRBEN TV, ZTNETOXEONEHX Y T 0 OKEHE. $hiE 1 RITET MIFE S\ - 2ERE
VI 72 RE R B TH o 72y, W EERZE D L 9 722 7e e —kiE 2 OREOYE . 3IRIT 2B G & 2 5 W EEnN
HD, WEOFHEZFEOHEKIZE Y, SRILKKAKRERE T V& AW RAAMERAIRE I 255K 2 = L— 3 UM Tbi
W, [IEORFEPBMINTET, LOLERL, KRV AT A EMRET LT AT b (KA. M, KK, K, E2L)
DEERRES~DORE L ERAICFHE L, BT 5 72O KRR AT T VREMETT VOB NEERREE 2 5.

2. BMEBEE

KEHFERES T/ (MIROCAM) %37 [ S /- MER s B i L, KRB ST T VREEREZIT 5, T O, NICA
FIRR WY [ 8 S 72 BRI R I L, KRBEFEBRPITZ D £ DI Z1T 5, MIROC & NICAM D/ ic B L Ciddi@ L
TWAREIINE L H D7, RIMKEBICIZE T DU 0 OB BILFRIRZAT /2 572, HEAY MUZBE L TiE, BT-Settle &
TNERWT, BEMEHEEE 2700 [KIDER AT MV ZFHR L, PR &R 2T hEndl 2 iz b L oica— K
Bl 21770 o7, Zud, P OROFEBFEREMEMER AT LD T 4 — =IO BRRFEDIZRDBZH, ZRETOX
V7B HWETRY D JEEKS & KEMF OB TR TERLBRDINETH D, £io. [AERINT —T7 VOEFH ITHR -T2,

3. BRERE

MIROC & NICAM Z_X— 2 & U= W EE S - BRI S BAL OB N 52T LTz, 5%, BERESL 2B\ T, EMfES % 3k
THFETHY, THRAX—MEOBLED B ERKEIZBIT D EMERIE A T =R DO 24T 5 FETH 5.,
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ARSI EE % 5. 2 72 R O - AHIA <V FCH B 42ka 4 _ v b+ DFERIZHR T4 1R &
nNTwiawn, I7vavydF - 34 70 & 3 HIEEO RIINZEL S RIENIRZ BN IC R L 7= nREME A
fEf S CTw 323, HEMORBKEEICS 2 258 IXARHTH 5, AiffgEclt, 2E&KHEET L

(MIROC6) % T, 4.2ka @ HEEMA X v FE & I 7HUKIC I T 2 HIEKREES AR S MEEK B OS8R I
Bz 7B %ML 72, % OFER, 42ka © ARSI, BEOKERZE D b 7\l © b oK oS 2 iR
ICHEE 7B % 5 2 FRICHIRBK A < vt olEineEokoEHitoZ L5 & Lz,

1. IILBIC

SUEE B AR R IRR DR ICHEZ KIT T 2 L IR O KRENTL A HHS 5 CH 5 (Seneviratne et al,, 2023), LA L., i
SUERFZEIC B TR, IR 22 Bkt Ic B 2 A 13k R & LT 7w (Kong et al., 2024), HEAL & v o 72 FERFE R 77—
DREKA Ry M ix, WRET 7 LRI, TAERLEL 3¢ 2 AEEEDH % 729 (Kino etal,, 2021, 2024) . FRiRIc BT 5 %
KEFEZ RS 2 2 L IXEHETH 5,

FERTH AR & BIA~ DRBATIAIC B 72 5 §7 4,200 4FHT (4.2 ka; Walker et al,, 2019) (%, HRZH TR T IE003%4E L 7=

[42ka A~V ] &ELTHISNTWS (Helama, 2024; Weiss, 2016), Ffic A VR &2 I 7THuUECcl3. ZoklicT v 1 FHEE DA
AR 0, SUREH) & HEAE B OBhEME 2R T EE A & 7o T b (Weiss, 2016), LA L, £ DFKIC DWW TR +4r
KR N CE LT, I7vavyF - 34 7 ik 3 RN HIE &0 B A KRN ZENCHEE %2 KIT L 2l RelE e &,
X FIEARERB I ., EamdS iV Tw 3 (Bini et al., 2018; Bond et al., 1997; Booth et al., 2005; Cookson et al., 2019; Gomez et
al., 2004; Mayewski et al., 2004; Nakamura et al., 2016; Renssen, 2022; Yan and Liu, 2019; Zanchetta et al., 2016)

TDX I, 42 ka DRHRIZ, HREHEOEMPBIHRRICED X 5 % 5 2 %513 2 Lo, RBEANRIEFRTH
2rEZLNDE, X T TAIFFETIE., i< 42ka DRMRICEH L. U0 HE M2 BOK OMEERLIEE IC & D X ) s
BHZ o0k, RERGEETAVERCCGREL 72,

2, Fi&

EERKAImE R AGET v (MIROCS; Tatebeetal., 2019) % L. FEZEHGHET (PD) & X U 4.2ka O KIGHESAFE T CHETHTIG
BRBZEML 72, 42ka D HISAICIZ, 56 XKAMEETNMHALK 7w Y = 7 I (CMIP6; Eyring et al., 2016) D7 7 # v b
5 (BEDER 0.01672. SRR ZE A 102.04°, HREHH 23.45°) B X O, Laskaretal. (2004) i< X B EH5E (HELK 0.018264, Aif
Wi 31.87°, fHAHH 23.945°) ZBA L 72,

FENTR R IE, A Y K& I THUIICAIE 3 2 #FLA Y 4 + (Jeita Cave. Jerusalem West Cave. Gol-E-Zard Cave. Hoq Cave,
Qunf Cave) & X U4IED H{RHETT Tel Leilan & L 7z,

3. BR

42 ka OHEEHET T, L7 70 A5 b A v FHERBEC I CERIBKESEML, A2 viEs X2 omEl (7745 =
AR V) TR L, —F., AR - NEE - 7 A CHERREICME T 29 4 b (JeitaCave, Jerusalem West Cave, Tel Leilan,
Gol-E-Zard Cave) Tld., FHFKEICHHE RZLITR LN o7,

LPL, INLZ2EDTRTCOMIENRI A4 Mics T, HEKEESHEIC IR ZBHR S Wiz, i, hiEhEs
X U'HEEER (Jeita Cave. Jerusalem West Cave. Tel Leilan) Tld. FZFE#IHAD & FHIIC 20 TR FEIC—E Mgk A4 ~ v + o
TEEEDSEEA L . ZERIICIZRER D X D B eickie 3 2 R o iz, 7 A CHEHRRICIIE T % Gol-BE-Zard Cave Tld, &
2 H BT COBKEDBEE I L, 4TI IIBKEENRAD T % & L b ICEBOKH 2 KIRICEIN S % & v )RR RHiA
k@Ml & N, /2. 4 v FiERRE (HoqCave. QunfCave) Tl, MumfKOMEEATHE » . WRKH2 B T2 LT, X
DRC»RFEKBRONDE L ko7, UEX D, 42ka DHESAM X, AV FREZ I THURESHIC W TR 2 FKEHER D
oL L2 Loz,

4, Hm

KRR o N MR IE, SO OMRFMLAILALS) 2 R 5 5 ETHEHERRBR 25 2 5, {KEEHIRIC 3 T 5 Bk ORER(F
fifkkld. FEKED % I3 EEAMK < 72 2 A 2SHESRIIICH 5T Y (Yoshimura, 2015) . FEICHRUGREK A ~ > b IRFIC (XFE3R
FINARHMET 2 L EXONS, Lepio T, &4 + ORKEHEZ BRI 2 B3, FEFLARCER D AR 5\ AR HIE
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&2 NICAM D7 OWELERET VO ZIT o717, EERKOWILER (EWH - KRS - R
) IIRENRBICREREEL 52 T0D, £, SRIIKEKEICET 28T — 2 M B TRLNATE
D, EHTFEER EDEHEMFEZEIIKM LTS, REKRTEERET KRG FET L & EYiE
FNFEMIRA T, KEBER Y D04 & EBHIAE OB R L k45 2 Lic kv, FEes L THIL SN
RIEKEEROGEEEE T = v 7 THLERD D, SFEEIIRTICFET NVEIREL, EWHEET VO %
DT, VAT U TEBEE LT T L ORRR LOREBRREET VORBRE{To7, ZEEGEDT LN
RETNZLE D RRKRFEEROEYET A W= X L ER/R, A— 3 —a—F— a2 ORBEEE ) F B
WL TELBNTWAZ EEZHLNIZ LT, ERKREAD FHER P CRAEINREBREOMZ e v
THRTZLICEY, MOKKE X OREEBO SR A I =X LR LM LT,

1. XC®IC

SEEER (bhrox ] O EEEEOBIENICL - T, EEOH LWVRKEEEBILAHER N THEAINLTWS  (Fukuhara
et al., 2017; Kouyama et al., 2017; Kouyama et al., 2019; Imai et al., 2019; Kashimura et al., 2019; Peralta et
al., 2020 72&), ZNHOHLT, ERToONRBEZERLZY, TORE (PNRBOHR) 2% 70 T570, #HH%
PN ES RO RZARTEERET L TIHIEL S RETE W, AKIFETIE, @EAOEYIR - MW EEL 2, $hExm
EFELSRBTEAERHIEHNFET NVERBETHZLICEY, HiICBAINTEREKHRD A =X L& MRAT 5, K, 2
W IHEE O KRR KBER~O T 552 WD TEMIZFHEI L, KRR —/S—a—7— a3 » OERMEREEORIRICE 535,

2. [HREERRE - Ak

ZAVETITBZE L7z GOM OB 2EWEET L (Ando et al., 2020, 2021) 2LV, EHHMOIAICKTT HBELTLEICKRE
BB ORI NC o TE, LML S, EEER (S 60-70 km) TIHEN LY bEENRD R, KM TEI
ENDEEHOEFENFIICHIL SN AW CPOBBENEREINTEY, EWHETT LVOBBEALETH D, £z, BHEOEY
BT VIIMBAKOLER 1 EORZILFET B A2 +H3IZBE L TO RN, P T FHERR EX A LA — VO RV
BINEMBE DS G Z DB ETANL LN TERY, &R TERKEMCET BT — 2 3B TRONATWNST-5,
HIEETT N CHR SN KEGIBROEEMLZ T ICRGET 2 Z N TE P, RKARA—/S—o—FT— g VORKEHE W72 F
SEREOMR DR E 2P FI272 > T D, £ CTHEREL, MEEE CICHBE LERRILFETAZIBEL, Hil-2EYHEET
VOB I OFEEICEF Lz, HITLT, BHEETTLVOELZED D L LB, BEOHITZGMICEAZY I a2l —r g
=B BT L, SRKRO TEERTICIFET DRBHRBLR ORI 21T 72,

3. HBRLER

SRR E ) 2HLET28MRREIF T ARFIELTRY, TOMEL LTEELKEE Y BV T
0NV OEBMER S, KROEEBESCRERICHD TREREEL 52 T 5D, AFFETIE, HERKEFao-oH -8
SN K o THBITRE RS FETH D —(LRFE (CO) [ZHER L, CO LT A (H2S04) ZHl& ¥ 25 KKk - EWHET L
EHRTDLZLICRY, EYVHET LVOBEIEZRS L LI, BT VTHR SN ESMOWE S OBRIN LI H = L,
HHREEBIN & LIS FREZ2 T T AP TE 2 b0 L HIFF SN D, SHEIL, KREMS Th D _BbRFE C02 OHMAFMEC X
L—fbkFE CO LBMFEFRT 0 OEKRT oA, =i S03 LK H20 OKSIZ XL DHEEHT A H2504 DA RSUSAN
2T, Fx OBEOWTE (Ando et al., 2020, 2021) IZHESEYHT oADK RIZET L, EROET IV TIHIENET
TRYNVOREEZFEE L TV oDl EHREREOEEN /NI IS E W EN G o7, SR T 7Y LV ORE %
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ETVORCTHINTRET D720, L OBRENRESMARHRIND O LR SND, BUE, TT VOFRBEEZIZIFETL,
ETFNNGRA—=BEDF 2 —= T ufToTN5HEZATH D,

I TRE T T VOB 2D, SITAFSE (Haus et al., 2015) ZISIEHRTHETIVORRBICKEL Lz, BE, HF%EH
WEEFPCTH D, —F, TNFE TR LIRS TT V%2 GOM IZHARAALTT A M &EfTo -8, &8 FEOEERIEIC
B LG L, OORARBERENE LN, ZOREZHET D EFERHI, MERL CWDIRIRT — X X—2ADEH L, T
TVOFBEEK > TN D20, ERETICEL O LIEO B2 ET 2 RIAATH D, £, BHAWMXEET AN Z=a— N
HERT5E, E5LTH FTHEEORZEEEBNPFR TERNVI Ebbholz, 2 TRENR L LT, HEMRRSERL &
ERRUICHOETTF a—=0 7 LIERERKOBFHEET NV CTRIATHEELZEDTEY, 2N E &2 NICAM [T AA T
HELBMG LT, 5%, BELRERBUTET VORI EWAT LT, ZOH LWEIEE T /L% V7= B il OB &I B9 55K
MERZEDLTFETHD,

L BRI O X ICHEEE N IR2 I A T OLBREBINC L - T, KEED FTHER (58 50-60 km {10 1CHRBIRE
A — )V OIMFEIERFE R S T2, MOFOFERICIIHARRE (BOXRFNES) O b T A MRL LI, EORER) HHEE X
NTACEREDOHIE, Z OifMMEKEEORERE L CnA 2 L ERLTWA, AIFZETIE, 2 OREBERRE &8 GO 2 Av
THBL, ZOMEBLOREEZEL ST (Inai et al., 2025), ZFOFRER, ZOMITFHES -y Fompdby 72 X A)E
JERZFEIZL > TREE &5 Z &b oTz, MMZEMMRITORBE, BRRERE— MBI SN ZROKFER T — 1 0uE
R &2 T2 2 L 2R &N 7o, IR ALIREGE O R X WHEER CRAE L, OTFET 2 Mk CIEERAL 23 K & < AL
WTW B, IBICEE S K ERIT SR I - CEET A7, 2 FEEH 5\ p FEE T 5 L RAGER < A5, dbRMER T
MRAMED N D, Z OEIRICEE O WV IS & 0 Z25BICIT R E REERENES N, EORHE - RENEL D0, K&
HFHESIOa L FTZARMPMESND DO EEZLND, LPERTHEE Y = v B RET D L, IHERLZEIC L > THNE
HNb, 29 LTARRERTIMMARET S L, ZNBRMFEERTHELSOH A WiE Ty TV 7352 2k, REE#Z
LM EOAEB RN SR L, BPROPHREY v N &R D EFFFS, BPEROPEE Y = v 25D 5, mER
THHEY = v MRFET D L, JBERLEICL > THRBMELN D, MYERTIRMARET D L, TR THEL>2®H 5
Wil E Sy SV T B LICE Y, REEMZ AN E OAEERENS SR ShD, 20X D emdeiiEEkoi &
MEY Yy NOMAERIZLY, 60 HEKHIRE ORI BBEARE PRE Y -y hOLENF| SR S d, E2, GOM
DOFERID, ZOHBIL5.8 HiIE (Takagi et al., 2022, 2023) DOIEEIL bEHELREGRER > TWH I LWNRR SN, 5%
i, BlHIE ORI X 0 ERIIIEEBORFEZIT O & & HIC, MALEEEROMD NG A T =X MIONTHRNT 5 TE
ThD,

SEEEMIOENT VR REPEENDS 10 FAF— L CEMES L, ML CEEEEOEHEER (KRA—/3—
0—7—3 3 ) M 20-30 m/s DIRIETEE L TV DHAMEEERER SN TWD, Z0O8E FERRORKFELZEEE O RIR %
AT 5728, AT AR ROEITHE D KEEIMEGRE O Z B 2 KKKIEERET L (GOM) (THHLAGAR, XV A O IRF 25 8)
BT D Z LTI Uiz, T ORE R, ST RO ZE BT IS B i O$hE A ER EEIC Lo TR IS TWA Z
EEWLNT LTz, BUE, BHmEERT CH 5,
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SBITHEHERL TR S Y, BHREREDEEGEEZT =y 7 L, RRA—A—a—7 = g O/MEREROMIAZED 20,
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DI & HEFFERE I O W TR 21T 72 o 72,
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Fig. 1 Schematic diagrams illustrating the key findings. The upper panels show development of interannual
positive SST anomaly and associated oceanic processes, while the lower panels indicate interannual evolution of
cooler Southern Gyre and its related ocean processes.
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Fig. 2 A schematic diagram showing relations among the surface
intraseasonal variability, Yanai wave propagation, and the
Equatorial intermediate current in the equatorial Pacific Ocean
obtained in the present study.
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JROHAED IR E D, ZOEBT, BWELAT L L THEIT 20 T3 < RS FFEIEER OIRENZHE S & D
TH 5,

1. [ZLC&HIZ
SFEIERBEBREOKRT — I NEBEINTNDH, MEFERKQKRIEER ORI RITHEN SILTWRY, FHlZ, 220X
Iy 7 EWETEDN-RIK] ORKITFTHDICEHMR I TV, AREFFEO B /9T,

(1) BHHMoE & WIE 2 M A NV TIZR R REIKRBERET L2 N T, A—"—n—7 =3 a U RORKREEIO ) F 2 5NN T 2,
AEEIT, A= —n—TF = a COREMER O 3 RoeEE L EB RIS T kIR & i 2,

(2) bt 2 AL L2 RAREBRE T L 2 N T T A —Z —REFEREZITV, RRKEEREEZH 62T 5, Fro,
BRI R DB D F) A bR D,

EEDT,

2. MEETE - A&

FGHBE & MY 2 A A T2 R KA KIGRET MBI LTI, Tkeda(2011)23BH%E L7127 L& BV T, T63L52 DR T
FH4L L 7= (Yamamoto et al. 2021, 2023, 2024), A 4EE L, #REHONMERICIESE | 2— 8 —n—F — g VO E[YEHH O
R & RIK 2R U7o, BT 2 (L L 72 2E5R (Yamamoto 2024)TlE, B A E—¥DH %2 E(L S8 5 LER AT - 12,

3. HRLER

LR RLAKRERE T /L TR LA TS O NZEBNC SV TilA Lz, THRIRESREROKRE EHEY = v FOR
) OBRA) & TEARERFREROR KM GHEY = v NOME) OFSRY| 2T oL, EigEY = v MOSWKICE L
Db, 24 MERAHD XA LTV THREY = v NOBKBNENDE, ZOEKEY Y N EFREY = v bOEBZEX, FRiEm X EBEL
WEE Y T v 7 AOEBEEMT D, 2FV, BHREY v FOBEN, BELEZN LT BN TREY = v MUsb 2T A
LT,

Wiz, TEEHOREY =y "R ED L S ITEBEICEEL 525002 ZHAONITL0IC, ETEO THAREYmRILTGEIC
LAEEET S v 7 2@ ORRY|] 2P A, FEY =y MR RIZE L%, UG O SRRES R AL I X A R
SRR T T v 7 ANBRTHRKIZAR S, TOMEESERRT T v 7 AOHKEHZ, FRES =y PBAED L, BRED = v b2
HWRTHOT, REYV=zy heEHFEEY = v NOREZENRE 5,

HARSEH R PG 3R () & HRRE R AL @) O ZEBIT/ N SV, FOHITADbE TR SN EERE Y T v 7 2@w) DEBT KX
W, 7, AKEESE Y T v 7 2@V)IE, REY = v b EEBEY = v FOREEZREICES L TWDH, BRIk
WMOEHET Z v 7 2 X0 L —Hi/h&W, LR -> T, BN Z OWNEEE 2 £ & L CTREIT 50 Tide <, R FESmEIbiRic
EAMAEER R T T v 7 AN, FlEYxy PEEHEY =y FORBEELBL L, #R P REROEE 2R 5, ZOH
WEHOEEIT, HEk - XETLIEZ LTRSS QBO D X 5 R#ELHOREHNLS (RE—FHRoMEMER) &R
0. HREH A ERERONRENCE D BEIA =X L TH D,

LU s, @Yy b EFFREROEEOMENG £ A HET 5, FFRRMEER O & OmIY = D
IR E M OB B LR IC X 2 B RUIER O L) L B9 5, 5, Y= v b OEEER ORISR LR X 5 3P RN
HERTIE, 182 AMEBNIT-oZ Ly, Tz, BFEEY sy hOZLEIN, 1420 EMO T FiEeR & & IisE oM
BEIAFFSZ EMEE LV,

EREE Y =y bR | BRRIESSREE & ERRES TR ER Tk, 12 AR oEENRNICHRSh D, 182
ORI R R O UREN L, BB O PEER IR O L &4 5, FREO SN KGE N2/ 2 & ER-CIRE 2 285
L. BEBSFOBHEIRICEEL 525, HEEZRWZERTIE, 14£2 B B0 FFEBRORIIZHRN WV 05, RER
OHIE N FFHEMEER ORI 2 LA HTEHER O —2>Thb EEZLND,
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4. FLHESEDEE

EERRKIRMERET VOEREHE T, 1 &2 AAMONBES N HE Lz, GEEY -y MPBRICELZOS, 24 HER
HENTREY = NOBKBHND, ZOEMEY Yy MEFREY =y ORIEZET, MALEILERNZE Y 7 v 7 AOEE L [H
W35, RiEY =y NHPBRICE LI, FAREE ORISR ILIC X 28R & Efh&E 7 7 v 7 ARERTIRKRIZR D, 20
Wb X EBE Y T v 7 AOWEKIFIZ, FEY =y FEEBEY =y FOBEENEE D, ZOZENT, BiLATE L CERET 5
DT L WIREHFFHEEROIRINC L 2 b0 TH 5, FRER & R EE T EIEER O IREN TG I HERF S5 23, BRIk
WM/ 22 HIF CIX, ST 2> b 1 &2 ARAMOEEN A X2 725,

LSt BERIKMEEREET MVICHEL UL, 1 &2 ARAMOEEIMA T, ~10 £2AAFr— 1V ORIKBEROEZH L LN
HOT, 2O OEFAMEBICOWTHHHAE L2THIER 5720, HARE Mgk L7 Z8ICBI L TiX. Global WRF %
TR Y b ARy ML TrRAE—H0O A% B S8 5B LFER A 1772 5 72(Yamamoto 2024), S 4EFEIT, HIERZ 551
L7z ZHOBRKERCBEHRSTE O HBLIEHFICOWTHRARTZO T, 4%, HERKA~ISHA LTtz oien,

BE X

(1) Ikeda 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) Yamamoto, M., Tkeda, 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.

(3) 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.

(4) 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.

(5) 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, 62,4001-4015.
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Numerical studies on physical field and ecosystem in coastal-offshore transition zones
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Eisuke Tsutsumi, Faculty of Fisheries, Kagoshima University

ST ZEMET T S KS-22-11 236\ T HE ZR = RRDME & I 530 TN S 7o ih R /K DT RS 2 B & 7>
(ZF D72, ZREOHEFMIE & BRI 2 AR LI BERR 21T > 72, 2 Offilsfb U2 BAYE B ITBI S h
TR AR DSEPERIC BB & v, KRR £ CICFEM L 72 BLEM R 2 BB L 2R E b EEHTH -
7T b, BRI & = PR HOE M OB - RIBES AR U D IR FB A AME o IR E D OV R KB RO
FHERERTHD Z LRPF NI NI,

1. [ZLC®IC

HADR IS EOT)IRCHIBAFEIET S & & i, TR 08, BRI, SOoEMEOWmmRA L. 282
WHEREDER SN TCWD, ZORFEEMEOMO TBATH TiX. WERR L EWERE, EMEZEEDOR Y hARy Mo
TW5, —EOWEIIARNABITHE CH Y, & 2 2 Fh 2 HEEER TR @H) 234 UMb L Z LM b T
WD, IR ISR S e 7 A Y 2 —) (BEEICRB VT 10 knPL FO A7 —)L) OFEINEA L WEREZ®B L, B
BRERZ R LD EE2 NS, TFRARKRE OIX, =PSB 2 @GNS | HBBRER & R ORI 7 2 Y 2
T ORI E R L, SREIRAGRL L AR~ OB LR L (Itoh et al. 2016; 2022) , LA L =R O 7 2 Y 27—
JIREN D FE BRI RTZA 522 T, AWFERE T, WE—IPEBITHORED 1| D ThHLHY 7 A Y R — 1 EEDIRK
AR =R EYVERELR - ERRA~OEBEZHALNCT LI L2 HMNE LT, BEET ML DMAEIT S, AHEEE TOMET
. KB OEIEEGR 7 1 > MEICBWTH T A Y 27— VR TEDIA L $RETE - JIEO 5 A & BB SR & HLIGE0R o i i
TaRL, ZTOER & U CTHEEBE & = REREEEHOMAEER 25 27z, 7270 UEBRIIBEN RN EZZ TER LD, =
Rzt o> BGRCBL 3 KON I & ) o To HERIBR LA O BHE R OB b b 0 | BBERIR O OMRPERE ThH o7, 22
TAFELNL = RO MY & R O 5 % B8 LB LSRR A 52 U, ERE~KEO =@INEDOT 7 A Y 27— Vi gkt %

~N7,

2. MIEHRE - Ak

WEPERAGER €7 /L Massachusetts Institute of Technology General Circulation Model (Marshall et al. 1997) % VN, =Ry & i 5
BRI A AL LB R 2 b— a3 V& T o 7o, BHESEIBUIHFE H I 288 km, FEALGAIC 864km & L7z, =FEoifil
a7 U BEETEL L, MIBEORBRr— (HUv 7 OREME) % 50km, LA —/v (FEHERFZE) % 60km & L7
B (BED) Z RSO TEMICERE Lz, O DI R 7 — L& 24450 25 km 38 L V0 km (BB OSSR & L=ERY
To72. Fiz. BB HEMISK 60 km ORI TIZREEMZE LAKZE 200 m & L, Z 2756 REMIANE 248 L TS tanh BE%L
TS TKEE 1000m (I2KE < Lz, KEEHEOKRFIEIZZNZI500m & 10m & Uiz, HEERREE I E O 72 DI BT
EL, WAEHBIZAT—/L 10 km O T 7 AROFEES A 2 FOKTEHE X, ZORKEEIZ05ms! £ 01lms! D275 —R%%E
2Tz BBIIKIBORTE 2, MIHBIIZEESR N=102s ' O—kREE Lz, HIERAEOEIT fmirBlcEE L, bk
3950 ) AV B (f=6.77x10%rads™") #5272, Mx T, A0z AV B (f=-6.77<10%rads™") 2 5%, 2V F
U1 M ONE RO EE R ERBIT o7z, SHENHL - AMEREIL S DICEROMEZ 1 x 105 m?s™! & L, $HERHAR
B X o TEREE RN A U728 TIlEZE 0 5 OfE A Thorpe scale 1412 XK » THfb X415 Klymak & Legg (2010) D A F— A
ZEH Uiz ACEIEEL - FEPERENE 1m?s! & Uiz, ERIEIRITRAL OB R O ECmslncEfmd 2/ ch 2, Thlist
DIGFTTIFEEFUC I T DEELO SR & B < 7o /KR, T, W & B 2 ISR ISR L, 7Zpds, EERIER A ER TR L 72
EEEDFEE BLD THER LT o720, AREETHRARDHEE L OMICARENREVIZR N7z,

3. HREER

PE 0.5 m s, HIFEOWENE 50 km DO FERR — 2 OFEAERO—F GHEBAK 42 AE) 2K 1187, 2 OEMEER CILE
FEEFE CTOMETH LN TGN (B 7 I5) FhICB T 2 ERER O S & #EE, ZUCrE S KESERE (BERADHR
FEJB) Ok, BE ORI > T HHRKEBEOE T 2 EHICHER L Tz iz, BERE~EE WIS 25K O EE 2K
%A = R DRI & S REMTEM O BEERICH D LB X b D, HIZERELOEIR W TITShEILE 7 7 v 7 A L0 b
BEBIRT 7 v 7 AREBLTEY | HANAE L D720ITKIRMET LTWe, Eio, ML L Tl CIEmiud RLE & 72
D, BENMTFFE A - MUBRETRE AN 1 2BV T A Y A7 —/LOBKEMBIINER SNz, 2R REN
TR E W ESHAEIERT 5 2 & TIRKIEMRERR L BA 2L LTz (K1, x=30km, y=-80 km), ¥iiE% 0.1ms™' &
L7z — A CIXIRAVTIE R B 238069 2 72 O HEECIRSNIIE R S 4197, B COWHKIRI T b ClXRho7, ii#E 0.5 m
s CHIEOIRIEZ B r & L7mERMEREO 7 — ATk Bl L7z Bgu3i & 37, EEEZ 10 & Lz — A CIdBeRIc R
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% I & 2 S KRR IR IC 2 o7 (7272 LHIBERE PN 0 ZIRFEBRIC K 5 @B DAL & IR B 5 O F A 13
FIZRONTD), PO X 9 ICHIf e T4 U 2 i o JIBES M LIS 81T 2BA 2B L TV 5D & W I FERBE L7203,
a VAV EEEREAL Lz (R UCEMNCHRRED 5 D LARE LTz) EBRTIE, DL e © R U< 72 28m 2380
FICR BNz, ZREO X9 IZiAUSK L TAERICHER 2 & 2 B8 IS OB L C D03 Y7 T v 2 Vg7 & Ty ST
BY . ZHIEEEES TN O RBEER RSB E RITT 720 TH 5 2 L BNHEGRICH & T 5 (B %1 Pratt and Whitehead
2007).

4. FLEHESHEDEE

AWFRIZ & »C, EEZRINF TEAZ2BESEDLA D= A0 E LTE, HIBLEHRETICE T 2N ORFEENEE T, i
IEHIFE O =R OWGE, Eo = U AU BB (RE) BNEET S Z LB LN ENTL, SBITFER TR ORI & BEF
PRI & DBAMEICOWTIHRS TFETH 5,

Surface Velocity

200 0.2 200 B ; 1 200 + 3
0.1 0.9

100 100 5 100 M2
0 - § 0.8
-0.1 0.7

0 0 - 0 -1
4-0.2 0.6

£-1OO =4-0.3 £-1OO - [ 0.5 §—100 0

> > >

-0.4 0.4

-200 -200 5 -200 - -1
0.5 0.3
-0.6 1 0.2

-300 -300 r -300 -2
0.7 4 0.1

-400 T -0.8 -400 T -0 -400 T -3

0 100 200 0 100 200 0 100 200
x [km] x [km] x [km]

X 1. BUEER MEORE 50 km, HEE 05ms?) O t=42day (B HHERKIRRZE ['C). MERE ms!], 22—
Ol fUERTT] DA, BRITE T AHIEOREEM  OKIE 200 m) ol OALE 2R,

P

(1) Itoh, S., H. Kaneko, M. Ishizu, D. Yanagimoto, T. Okunishi, H. Nishigaki, and K. Tanaka, 2016, Fine-scale structure and mixing across
the front between the Tsugaru Warm and Oyashio Currents in summer along the Sanriku Coast, east of Japan. Journal of Oceanography,
72,23-37, https://doi.org/10.1007/s10872-015-0320-6.

(2) Itoh, S., Tsutsumi, E., Masunaga, E., Sakamoto, T. T., Ishikawa, K., Yanagimoto, D., Hoshiba, Y., Kaneko, H., Hasegawa, D., Tanaka, K.,
Fukuda, H., Nagata, T., 2022, Seasonal cycle of the confluence of the Tsugaru Warm, Oyashio, and Kuroshio currents east of Japan.
Journal of Geophysical Research: Oceans, 127, €2022JC018556. https://doi.org/10.1029/2022JC018556.

(3) Marshall, J., A. Adcroft, C. Hill, L. Perelman, and C. Heisey, 1997, A finite-volume, incompressible Navier Stokes model for studies of
the ocean on parallel computers. Journal of Geophysical Research, 102, 5753-5766, https://doi.org/10.1029/96JC02775.

(4) Klymak,J. M., and S. M. Legg, 2010, A simple mixing scheme for models that resolve breaking internal waves. Ocean Modelling, 33 (3—
4),224-234. https://doi.org/10.1016/j.0cemod.2010.02.005

(5) Pratt, LJ and JA Whitehead 2007, Rotating Hydraulics, Springer, pp 589.
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Extreme weather prediction study using global/regional CR
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The prediction of sea surface temperature and sea ice may influence the forecast of extreme
weather events. However, in experiments using COCO with a horizontal resolution of 0.25° , there
was a bias in which the Kuroshio current overshot as far as off the coast of Tohoku. In this
study, we conducted experiments using COCO with a horizontal resolution of 0.1° . As a result,
we found that increasing the horizontal resolution of the ocean model improved the overshooting
of the Kuroshio. Furthermore, by applying tuning, the underestimation of sea ice was also improved.

1. XC®IC

BRVIEFERT UTREEICER L, LITULIRERRRELZSISEZT, ZO—FTKERZ LT MELH D, 2D,
BE— X RN ZE OFEO R BIEE 2 T3 5, &R TR OB N LB E N5, BUR I BRI P #IF3# & o % — (ECMWF)
- HMoBETFTHEHE O P ERFH THN S e X7 bEREMEL TN DE (2L x X
https://charts. ecmwf. int/products/seasonal_system5_tstorm_hurricane_frequency 2024. 6. 27 [H'E) 25FF /LD K4 B
DORBRENZEY | +oRMEORREZFH TET, GROBHICBWTREDOBIEEZFFOIRET S0 N, 7 AHIE/ R &%
THo>TWDIONRFIRTH D, ARICEBWTIE, 2FRIEHF 12T T /L NICAM & HEPET T /L C0C0 & & fEA L 7= NICOCO (Miyakawa et
al, 2017) BT I, BROME L H HREFITE 2K HREE COFHTRIERMA R TH 5, 2023 FHE T 2023 FOF
BT RISEER 21T, BV KPR O SST THIVEIIL D 7 =—=% 25| & T o TV, BROBAEK LB LIV Z Tl & 72
ST Z WA U, T, BEIAEALICE TRE L, B ORBEBIRRROFEITHE L TWDIO T2Vt S
T 5D, 0.25 DT T /UIIH RN 222 03ERE T, BRI ~DF — "= a— FRFIZRETEI A TANDY |
DX RRBEEEERT DI LN TERY, E I TAEEIT, 0.1 D COC0 A LI FEREITo 72,

2. MEHE - A&

FAWZEF UL NICOCO (Miyakawa et al, 2017) Td D, KETET /L NICAM DA EARAG AT 14km, $REEEIL 78 (5L F
v 7 50km) & L7z, EMWPLERZBICHEE ., ESRTAFZ V=2 a IAVRY, T A —ZRER E1d Takasuka et al.
(2024) LA U T B, Leonard TEIFE A LTV, HEEEET L COCO DA MREEE I 0.1 FE, SNEJEEIX 63 & L7-, NICAM
DYIEE 1% ALERA2 (Enomoto et al. 2013) 2>& Bk L7=, ALERA2 I% JAMSTEC THERL L TV V5 LETKF _R—Z2 D7 % v 7L K& S
WrT—%Tdh D, ALERA DA =T 63 TH Y, FIHMEIITHRAID A 3= BAERK LTz, COCO DFIHMEIL COCO % JRA55-
do(Tsujino et al. 2018) CHIHIRFAE CERENI9 25 2 & TIER L7, FERMICT Y T NVEREITH Z L& BiA TSI,
AHFETITT o o 7 VEBRITER L TR, 2015485 H 20 A 00UTC Z4JHIREZ & L, 2015 4F 11 A 1 H 00UTC ¥ CHRHEIFE
3 Lz, FEBRTIX COC0 DT A —HF Z BT LIZFERBIT 572, 1 DIFERD S NICOCO DT 7 4V b & SN TWEHNT A —F %
HAWieb o (org EER), 2 DB, COCO DEHFE 7NV — 72 LAWK OFHMER EOSRREER VAL LD (VY —Ra— Ro%E
bate, ice EE) . 3 DHIZMIROC THWHN TWNAE ST A—F —|{Z 00C0 DT A—E &l 5 EhEZbLDTHD (ice2
FEBR), 7B, HEROT-. 0.25 FED C0C0 ZAEE L7-EB & b bl L7z (025 EBR), £7-Hle§ 280015 — % & LT 0ISSTv2. 1
(Huang et al. 2021) Z w25,
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3. HBRLER

2010 4E 11 A 1 H 0 A6 KIEPE D SST 45347 2 X 1 12579, OISST TIXEMIASBEH - 5 W ICBER L T\ 5, 0.1 £ COCo %
WA LIZERTHLZFOMFARLNS, LavL, 0.25 BED COC0 s LI-EBRTIZ, BEiaLprEshcRIETLTRY ., £
2. WAL ETAH—N— 2— RN L TWDAERTRAZ D,

2010 4F 8 H 1 A LRIk OWOKEREE 2K 2 12T, Org EBRE ice FERCIIBIANC e~ THKImAEDNE/ NG & 72> TV D
A, ice2 TITBUR & [FIFREE ISR E > T b, 0.25 FED NICOCO THYUFKAE/NMIFHEL THY . SBREELTHZLEND

20101101 _ 20100801

. ¥ "
130 140 150 180

X1 20154F 11 A 1 H OUEmEKIE D5, X2 20154E 8 H 1 H OB KEBHEE D434,

4. FLHESHBDEE

0.1 D COCO BFEL L, Fa—=2 %1792 & T, 0.25 FED C0CO ZfEE LT EBRICH AR TERBOF—N"—2 2 — hS( T R
MEESN., £, KON B R RD 2 ENbhotz, TS OUREEROWEIC & KRR PRl b iET 5 2 & 2S5
ENDHED, SHEFMIHRTHLFETH D,

SE R

(1) Miyakawa, T., H. Yashiro, T. Suzuki, H. Tatebe, and M. Satoh, 2017: A Madden—Julian Oscillation event remotely
accelerates ocean upwelling to abruptly terminate the 1997/1998 super El Nifio, Geophys. Res. Lett., 44, 9489—
9495, doi:10.1002/2017GL074683

(2) Takasuka, D., ., C. Kodama, T. Suematsu, T. Ohno, Y. Yamada, T. Seiki, H. Yashiro, M. Nakano, H. Miura, A. T
Noda, T. Nasuno, T. Miyakawa, R. Masunaga, 2024: How Can We Improve the Seamless Representation of Climatological
Statistics and Weather Toward Reliable Global K-Scale Climate Simulations?, J. Adv. Model. Earth Syst. 16,
e2023MS003701, doi:10.1029/2023MS003701

(3) Enomoto, T., T. Miyoshi, Q. Moteki, J. Inoue, M. Hattori, A. Kuwano—Yoshida, N. Komori, S. Yamane, 2013:
Observing—system research and ensemble data assimilation at JAMSTEC. In Data Assimilation for Atmospheric,
Oceanic and Hydrologic Applications (Vol. II), S. K. Park and L. Xu (eds.), chapter 21, pp. 509-526, Springer,
doi:10.1007/978-3-642-35088-7_21.

(4) Tsujino, H., S. Urakawa, H. Nakano, R. J. Small, W. M. Kim, S. G. Yeager, G. Danabasoglu, T. Suzuki, J. L.
Bamber, M. Bentsen, C. W. Boning, A. Bozec, E. P. Chassignet, E. Curchitser, F. B. Dias, P. J. Durack, S. M
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dataset for driving ocean—sea—ice models (JRA55-do), Ocean  Modelling, 130, 79-139, doi:
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Analysis of the tropical cloud activity usina the output of
Nonhydrostatic lcosahedral Atmospheric Model
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2
BEREMGE T /L NICAM % AW T, KO OB IR O I F A3 2 AT km (I8 L 5EH
OFEIL~D RS EIHSZOHHEREIT> T D, BT ERAS O HRIFHICED TRV, TR b XDy
FIRAEZOEFIIONWT, L TFTORREEZ, %O OIMEICIT, 2 O0ORr— L OEVEIER LS
ZDZENENTH D, OLOFEEDDO/NS WA —/LOEVEER T, EIRN ORI 72 EERE 7> & A
ENTWVW3E, b9 =22 KOEFDRITILN % 400 hPa & 200 hPa T2 O A % & DAL D K X VWE
BTHY ., OGN RBEICERL TV EE L LD,

1. [ZLC&HIZ

AP R AT EE R O BV I R ATCZIC B W T, AT km (2B L SEH
MFIERIEFICHE I BT 2B % R E L TE ORI 217 - T & 72 CCik
1), ZHETIZ, REREMEET L NICAM % AV T, KERE R0 £y
IWHEOHICRAT 2 WAL T km (28 L SEHORIL~D RS ERED
HEBERZIT > CTE T, MEEX, 1FITIEHHD, HEERE KR E < H
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FA T —RGRERELEL 77T 0¥ 2B BINED R A MA G T2, B LU MERIRRZR B O A TG
FRETNERFES D, FETNVOFA T =TI, WHEHREORZEMAOMHELECHLEL, 7770V
ITWE ORI DM 2 MY T 5, TORR, WEHOT A 7% A 70 (NPZD : K&, ¥~ 7
YN BMTT s ol TR AR RWEOBMBE, B, FRREOEEE L b, ERRWER
£, 77 v 7 AWK ZFRFICEGT 2 Z LN TE 2, 1EROAERRET VTIIREECH -7, WHEIEERD
IRpZE [ oA & JEIE D7 &2 FIRFICHE 2 5 Z & S FTREZR . BB LR/ MET OV I 2 b—v 3 Ul a2
VINE A

1. [ZLC&HIZ

WEEOEMEET V> 7 kL, BIC DI KEND, 34 7 —AREREE (FL—W—3k) & 777 Y ahiBRE (b
TAERE) THDH, b L—V—IRIERERICOAT A OKRCE 70 E) 2R T BN/ BWE EhD, BEFOHE
HERBERET N EDREGNERG THDHZ L0, HHESRIINAAT HERR EOXRBHREMEHET HOIENTND Z 0D,
IR SR B P OWEAERERET MR A ST 5 (B, Moore et al., 2013), xtL T, KT BERNEIXFIRO—HIZETE
T5H0 FFEMFERE) OV Ial—a VIZHENRW, RTOBX BT 52 T, WHEON, &R, Fi2 o
JEHBRGEERT D2 2 N TE D, ZOFEL, WEOBREEZRET L7201, 7T 07 M= TAREBHEERRET LV THA X
N5 (B, Kida and Ito, 2017), ABFFEER L HEEFIL. LFEO b L—H—ik LR BENEORFTZ AE7R R Y =52 L
OO, FHMANI/ NS 2GR V) — A THREITE 28727 b L—Y— R FEAMEEAERRET A EZRR TS, hL——ikL
BT BERNEN, FEEOWEEER A 7 V2R ERRFHCHE T 52 AREO L 5 T /uWid, bitbnp3maRY HRYTH 5,

2. [HREERRE - Ak

HETFNALDRFAT AL LT, NPZD (Nutrient, Phytoplankton, Zooplankton, Detritus)® 3 i 7 /L7 {EKIR 3 EERE oD 2E g
BRETINCTHEAEZITY), AAT— b L —Y =TT VRO EICOTHERENIAKET VL, BEETET L kinaco
(Matsumura and Hasumi, 2008)) ®»—ifé L CHbih b,

KIRAEIT AR E . BARBEO/MEREZBE LY I 2 b— 9 VAT H, DERERE CIIUKEREEE N 1° C 6 FRAEE
1790 B CIIACEMEEE 807100m € 30 HRIARGH 21T 9, TN ENWEY L Kawasaki et al. (2021) & Hoshiba et
al. Q021) CHEMAEINIZT—X LFAEOLOTHY, TNOHEHWTERRET VIZA T 714 THENIT S,

3. HBRLER

BRER L=y Ialb—vafBRBMELN TS, 20 A4 T — b= =L T 7T VR CREE L7 RN
WRFRIEORZEMOHEH NI TELL VWS 2 Thb, 25k Fig. 1), INE/IEEL Fig. 2) PLLORETHHARATES, Zh
WED, FL—Y—ETHWERE, 75 v 7 ZRWEEHELZ FICHY &, 57T 0 VTP TWEOBRBMAEY S5
ETHEDOEMAESTHILENTE D,
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Tracer

Fig. 1 Horizontal mean distributions
of NUT, PHY, ZOO and DET from 0
to 208 m depth after 5 years of
calculation in the global setting.
(Left) Tracer concentrations. (Right)
Gridded from the location of the
particles and estimated concentration.
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Fig. 2 Vertically integrated
distributions of NUT, PHY, ZOO and
DET after 30 days of calculation in
the regional-coastal setting. (Left)
Tracer distribution. (Right) Gridded
from the location of the particles and
estimated distribution.
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4. FLHESKRDEE

b L—H =ik SR IBBNED R 2 A B DT B LUWMRUCR R B O ERRRE T VOB ER L7c, ANA TV v
FETZATIE, A4 T7— =P —EIC LV IERRE, 77 v 7 REWZAM OS5, —J7, NPZD AHERRE . bh, Fnre &
OYEDIBIREERILT 77 V2 ki FEIC LY b7 b D, SR TIEARR NPZD K I3RS E S, —> 0k
TR L —EDOERENED Y TON TV D, SRITFEEREZ S OISR T 5720, K2 FERBICOARET 5
TR, FHREIRETIC L > TR F R b OBEREE LML S LB END,

SE 30
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Mechanisms of planetary-scale meteorological and climatological phenomena and their simulations
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BERERZOTCH, SFEE IO RERERBEKRQEERS ST — FOMREEZITo 72, LLT, BT o
# 3L (Kohyama et al. 2025, submitted) (ZFDWTHET 5,

F9°, ALPERERIRE — F(NAM) & KOFPEEHERMAE(PDV)IX, FHAERBRKE— FGAM) & T 5 KA
WEERSAE VAT AL UTHRET 2 Z L &R Ui, FRBUMELMRAENTIC L D . SST R & KRR Y = v RO
W U= b8 i b XER A E L LT ahiz, 20— NIZIED T 4 — Ry 7 —Fl2k-»T
HMEFFS AL, 2024 FORIERMIENE & ORSE LR INTE, iIAM B OBLIT R TRl OSBRI R R A R
FOTRNZE®RT D EE DD,

1. [ZLC&HIZ

KRV =y MRITTREORG - KIEEHNCB O TEEREE 2 R LT D, T, 2024 FOILFERIZEBIT 2 Fiekn 72 24
Wik, EE0V x v NERERRFICIHRE LEBICRAE L, Py NMRBOREILEEC T 2 TEASELSST— FE L3t
FERER T — F(NAM) A3 V) | & 7o B RS O MR K IR (SST) BB S IBINER ¥ = > MRIEDOMEICHE L 52562 L b
HHNTND, S 62, BRERMARICE T 2IEMEBINBAD AN A M—L F T v oYz y NRIRONE 2 R E-ST 5 v hgtk
BB ENTWD, AHFFETIE, NAM & K ERE-HERIEZESE) (PDV) O AR 8B 28, FAERBRIRT — R (interactive Annular
Mode; iAM) &) KRG RE L TEECE D L 2R LT,

2. MEHRE - A&

AR TIE, BEOBM - BT — 2%y MR T, AR IR D1 & RROLEEIELZRE Lz, 18T —
4 L LC, NOAA OISST ¥ ZKIRT — %, ERA-5 FRAEMTIZ & 2 A PE kS, NAM F54%. PDV FE4k 2 L. 1982 4E) 6 2024 AE £ T
O 27N Uz, SEEHRAITICI W TiE, A RRARBEE L B b Ly RERE Lcmzs AV, RRBUE 0 fiF (SVD) iffTIc L - T
b XA 2RI Y — B L,

F 72, Yamagami et al. (2025)D ik HK-S & | w2 ER R BT T L MIROC6subhires) & N 28— 2 X — 5 — 2B b K
L7z, ZOEBRTIE, 2 2OBRMIKD SST 22> ba—/ L7 2R L, LA OFER TIXRKIEEED B I IRF %
THELIOREL T, MWHENDRERDEEERFEL T,

3. WHREEE

SVD fEAT DGR, AEARERE- R P PEREE (35° N-55° N, 120° E-0° )IZ¥1F 5 SST & MM DE 1 € — K (SVDD) A fhH S, =
DF— RiX PDV AY72 SST ZE Bl & NAM 72 BUpE RZE Bk 2 7= L 7=, SVDL @ SST KR4I & itk PDV $#5%k & OFERIIL 0. 71, HPH
JRURERFI & NAM FEEL & OFEBRIZ 0. 72 TH YD . T O OEBISBD 48%% 4 L Tz,

ZOMAMEHBRET— RGAM OMBEA T =X LK, EOT 4 — Ry 7 0—7L LCRHTE %, ED 1AM A X2 FRFIZIE,
R L7ZY =y MRS KEEB L OKEETCORADORIS T — M RZEZEC, MAE DAL KT v Tk e lEd 25, 2h
WIS LT RBE R 03 L S VB KBRS N3 %, BB E o 7= SST I REERH 2Rt L, REOBEEMEZRILLTY = v b
RO & 5 5 URE MR,

AR R A — B =BT, BRI CE 2 Bz SST BEh S BRIRE — NICRHEI R KRS E 2B ¥ 2 &R &z, R,
ETIVEBRICEIT D iAM-Atmos FEEIT 5 X ATz iAM-Ocean FE4X & HEFHAVICH B Ze REEIFHEE (0. 39) 275 L, SST RiIARIZ & 2 nEk
D RESSEN LHRHGELINTH D Z & DR Sz,

4. FLHESHRDEE
ARG, HARE OB LB A AT HWEE— R e LTO iAM IS DWW TR A HRE L7z, NAM & PDV OfRE B ks DK &
IR ZOHR—DREE VAT LI THHTE D Z L 2R L2 LITX Y | KETOSEHwIG KGR A N - ORfE

DELWREMEDS B 5,
iAM-Ocean FEUTIZMAMEZR LA b LY FAAR O, A FSE R COMIE SN2 FR L BANTH D, 2024 F O
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B ITEERAI R TED I E L BIE L THY . iAM-Ocean 53 DIED Lo REEET 5 & | [FEEORISEGE 1 X MIS % 10 4F
MCkYBEBICRET D ATREMERS D,

Atk OFERE E LT, AARFHEH T To iM OFE % & 0 RS BT 25720, hREEREEN OMIL & &g 2k
ETNVOMGHIZRERNEE TH 5D, £/o, IAMOEBENFEERENEOLM A8 U CEEERERICEZ AHBIZIONTHEDL
RAOMENLETH 5,

SE R

(1) Kohyama, T., Y. Yamagami, S. Kido, F. Ogawa, and H. Miura (2025), Interactive annular mode links jet stream—
ocean coupling to decadal Northern Hemispheric warmth, Preprint: https://doi.org/10.31223/X5742Q

(2) Yamagami, Y., H. Tatebe, T. Kohyama, S. Kido, and S. Okajima (2025), Gulf Stream drives Kuroshio behind the
recent abnormal ocean warming, Preprint: https://arxiv.org/abs/2503.01117

51


https://doi.org/10.31223/X5742Q
https://arxiv.org/abs/2503.01117

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

Generation mechanisms of the EI Nifio/Southern Oscillation and the role of vertical mixing
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W EIRA /T A Z ) B = g U2 EIEA L7 EiEETE T L (ROMS) % KA T
F—H EHWTEEIT 5 Z LI L DT KB OREL B HBERIC K SE, ml=—
=gt PEHSE GUKEERERICIEDOHEKERAED B — 27 NEHEA S iR o L =—= a8
L EILEV, FRKEERERICIEOHERAIRIRZED B — 27 BWEN L B5) (25 IEOHEH KR
TRZE DI 2 SR ESLIRIR G N R TR ENCE B LT, TOMER, EORE RE R R
(R, TRATE OIS IE TOMEKIEARNTE S0, SMERAICE DHHDRNMET T 5%
B L M RE T & REIR OB OFE S 7 AHE D Z L2 X0 IRAEOEMIT TOME LR
B3 U, SEIRAIC X DMHINI F 22 RN EE R RE 2 B9 2 E LMoz, F
7o BREIEME G TR & A, JeATHFFE T OBEBEMENIER SN TV = B TE & 1IE O K
BIRZDOFEEER > T, $hEAREA LRBEOFELZ L TVWAZ ELHLNNI T,

1. [XLC&®IZ

R HICRE R G % 5| S 2 TR FERIROREN R RBELHB L ChH IV =—=23 - EMIFIE#HHS (ENSO; Yeh et
al., 2018) 2%, BB VLERERIZEOWR AR (SST) WZANBLI AIEMER 721~ & (canonical El Nifio) & HEBA-
FETRBEIRIZIED SST 22, PO « B A REIRICE O SSTIREDNBEN D =L =—=a L EEBRFET LI ERMLNATND

(Ashok et al., 2007), RIEEF COMIET, w7 L =—= g HE71F 72 < (Nakamura et al., 2024), T/l—=—=—
3 b EXITED ED SSTREDOHERICE N T, MEIHES PN EE & EZ R T2 LN LT, &2 T, KEEOS
TIE, HB7SREIRG /ST A Z VB —ra UEAMBICEA U FIBIEEET v (ROMS) 2 REKBMNTT — % 2 O THREI§ 25 2
LT R VAT o T R IR OB FEAB R FERICESE | ml=—= g EEBRITM S IED SSTRZEDTAI D 5 SR EEL
THRAIZ DWW T S BIZHE LW 21T 5 72,

2. ETIL-T—4

U7 ee T ik, BV R rE a2 i & L= fEIgFErE£ 5 /1 (Regional Ocean Modeling System; ROMS; Shchepetkin and
McWilliams, 2005) T b, ®HE LI-ET VI 120° E-67° W, 25° S-25° N T, $NEJEEIT 40 &, KM EIL 0. 25°
X0.25°CTh 5, KEININTIIKRKEENT T — 4 JRAG5-do v1.3 (Tsujino et al., 2018) &\, i OFERFAIXHLERL
F—X ORAS4 (Balmaseda et al., 2013) ZHW/=, ELIRIEG/ /ST A Z V¥ — 3 021, Mellor-Yamada A ¥ — A% oIl %
STz Furuichi et al. (2012) 2 L=, AFHREEEHOT 20 FEMORA LT » T 54T o721, 1958 25 2016 4 F
THYYT — X ZHWTHES Z1TV. 1961 005 2016 4F £ COFRAERZMITICA VW, Va2 b—ra v OofRHAT v
TN OFHEEARGFETHZLICL > T, BRICHUIREBOBN KT 21720 X I Lz, BT LVORGED =D, HEHIAK
IROBIAIF — % (HadISST; Rayner et al., 2003) & ¥EPERI{LT —% ORASA 2 L7=,

3. ERLEER

RABENRICBW T, SREIRGHEIL, BEBE LIEABOIRICE T 2 8EAKIBRAE. « SREINHIRED DR IN D720,
INH 3DDOERIZHONTHAZ (K1), EOfEE, EICAEBAEREROERRZEIC L0 R Sk r v e s 3gEn,
EAREAREIRICBE L IREREPEE LY bR 25720, IREBOEME TOMBEKIRAELIFHE D | HERGIZL DM
HBWRMET T2 Z ERHOLMNTR T2, £l2, Th=—=a L EEXBAEORFEICHE D 5RO I, HFERE 2 &
VIRV D A 5 FEARIE R & 1328 ORI HERE (13T 2 B X ISR D RTEER S & HICHOE L, flH s 7R EL 2 &Ik,
REBOIEMN T TOMBEIEARE N ED LT, SERAICEIGANHEDNENEERRE 2 R-T 2 EBNHLNI R - T,
—J., R L = —= g Blg L 3R Y (Nakamura et al. 2024), P AEREFRERICH B RIESBEREIZR T,
BEBOBEEDEIEE S ZEIT, EED SSTRZAEIZIE., F5 LRV ERHLMM -T2,
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Fig. 1 Decomposition of the composited anomalous vertical mixing term averaged over the central equatorial
Pacific (165° E-140° W, 1° S-1° N) for El Nifio Modoki events. Composites of anomalies in the vertical mixing
term (V-mix; blue), the contribution from vertical heat flux anomalies (F° term; purple), the contribution
from MLD anomalies (h’ term; green), and the sum of F© and h’ terms (black) are shown. Dots indicate

anomalies significant at the 95% confidence level by a two—tailed t-test.
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Fig. 1 Prediction examples of heavy rainfall (4 a.m. (JST), July 4th, 2020.)
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Fast and accurate radiation scheme for radiation budget calculation
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Land Surface Models (LSMs) are indispensable for simulating land - atmosphere energy balance
yet they remain hampered by uncertain vegetation and soil parameters. Traditional calibration—
manual tuning or data assimilation—requires thousands of full model runs, rendering high
resolution, multi-site calibration impractical. To overcome this, we introduce a Multi-Task
Differentiable Parameter Learning (MdPL) framework that leverages artificial intelligence to co—
calibrate both sensible heat and latent heat outputs of the Integrated Land Simulator (ILS). A
unified neural surrogate faithfully emulates ILS’ s energy flux predictions, while a differentiable
generator infers optimal parameter sets from site characteristics and past observations via
gradient - based optimization. Applied at sixteen PLUMBER2 sites spanning forests, grasslands, and
croplands, MdPL - calibrated ILS (ILS_dPL) reduces half - hourly RMSE of sensible heat from 53
W/m® to “42 W/m? and of latent heat from ~50 W/m*> to 40 W/m®> compared to default ILS. Against
benchmark models—including four leading LSMs (CLM5, JULES, GFDL, Noah), a pure deep learning
model LSTM surrogate, and a simple empirical flux estimator—ILS_dPL achieves roughly 5% lower
RMSE at the native resolution, with gains amplifying under hourly and monthly aggregation
Computational cost is reduced by an order of magnitude relative to standard evolutionary
calibration, making large—scale, high—-fidelity calibration feasible. Remaining challenges include
expanding calibration targets beyond energy fluxes and incorporating dynamic vegetation
representations.

1. XL®IC

Accurately representing land—atmosphere exchanges of energy, water, and carbon hinges on LSMs, which resolve
physical processes such as canopy radiation transfer, evapotranspiration, and soil heat conduction. (Cardinale et
al., 2012) Yet, LSMs rely on many poorly constrained parameters—particularly those governing plant physiology
(e.g., leaf boundary conductance, photosynthetic capacity) and soil hydraulics (e.g., porosity, conductivity).
Inadequate calibration of these parameters leads to systematic biases in simulated energy balance fluxes
undermining weather prediction, climate projection, and hydrological forecasting. Traditional approaches—manual
parameter tuning or Parameter Data Assimilation (PDA) —demand thousands of full-model simulations, making high—
resolution, multi-site calibration impractical. Evolutionary algorithms can explore complex parameter spaces but
incur prohibitive computational costs for large—scale applications. (Bacour et al., 2023)

Recent advances in Al—specifically Differentiable Parameter Learning (dPL)—offer a way forward by embedding a
fast, differentiable surrogate of an LSM within a gradient - based optimization loop. (Tsai et al., 2021) However,
most dPL implementations target a single output (e.g., only sensible heat), neglecting the intrinsically coupled
nature of multiple energy fluxes. A calibration that improves one flux at the expense of another yields suboptimal
energy balance. To address this, we extend dPL to a MdPL that co-calibrates sensible heat and latent heat
simultaneously, ensuring a balanced energy budget and efficient convergence
2. [EEE - A

The core objective is to improve ILS’s fidelity in simulating the land—atmosphere energy balance—specifically
sensible heat and latent heat across diverse ecosystems while reducing computational cost. We pose the problem as:

How can we efficiently calibrate ILS to produce physically consistent energy fluxes across multiple sites with
minimal model runs?

A single neural surrogate approximates ILS’s predictions of both sensible heat (Q,) and latent heat (Q,) using as
inputs (a) half - hourly meteorological forcings—shortwave and longwave radiation, air temperature, humidity, wind
speed—(b) a seasonal encoding via sine and cosine of day - of - year to capture phenological cycles, and (c) a
candidate 12 - dimensional parameter vector representing vegetation and soil properties. The surrogate’ s lower
layers extract shared spatiotemporal features through stacked recurrent and fully connected layers, and then branch
into two task - specific heads that individually predict Q, and Q.. Pretraining is conducted on synthetic data
generated by perturbing each of the twelve most sensitive parameters—identified from prior sensitivity analysis—
around their default values; these perturbed parameter sets are passed through the full ILS to produce reference
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flux outputs. By minimizing mean squared error between surrogate predictions and these synthetic ILS outputs, the
surrogate learns to emulate ILS behavior across the plausible parameter space, ensuring that subsequent gradient -
based calibration remains faithful to the original model’ s dynamics.

The differentiable parameter generator is a compact neural network that ingests site attributes—one - hot encoded
plant functional type, soil texture class, latitude, and longitude—alongside recent observed flux - forcing
sequences (Qn, Qp, and corresponding meteorological variables) over a sliding window of half - hourly timesteps
Its output is a candidate 12 - element parameter vector, which is then fed into the pretrained surrogate to produce
flux predictions. Training proceeds by minimizing a combined loss function—summing mean squared errors for both
Qn and Qc—computed over a calibration dataset comprising 70% of each site’ s data. Gradients flow from the surrogate
back into the generator, enabling end - to - end differentiable optimization via gradient descent. Validation uses
the remaining 30% of each site’ s data: the calibrated parameters generated by the network are applied in the full
ILS, and the resulting flux outputs are compared against observations to confirm that the surrogate - based
calibration generalizes to the original model.

3. BREER

Across all sixteen PLUMBERZ sites, ILS_dPL achieved the lowest errors in energy flux simulation. At the native
half-hourly resolution, sensible heat RMSE dropped from approximately 53 W/m? with default ILS to about 42 W/m?,
outperforming the LSTM surrogate (744 W/m?) and outclassing CLM5, JULES, GFDL, and Noah (all > 58 W/m?). Latent
heat RMSE decreased from 50 W/m? to ~40 W/m?, matching or surpassing LSTM (39 W/m?) and outperforming other LSMs
(> 52 W/m?). Across temporal scales, MdPL yields roughly 5% lower RMSE than the best pure-Al surrogate (LSTM) and
25%—35% lower RMSE than leading LSMs.

Pearson correlation coefficients for ILS_dPL range from ~0.75 at half-hourly to ~0.88 monthly, whereas LSTM
declines from ~0.72 to ~0.80. Kling-Gupta Efficiency similarly favors ILS_dPL, maintaining ~0.50—0.60 across scales
compared to LSTM’s decline to ~0.35-0.52. These metrics confirm that the multi-task surrogate preserves physically
consistent energy balance relationships, particularly under aggregation where pure data-driven approaches falter.

4. FLHESKDRE

In this report, we present a Multi-Task Differentiable (a) Qh RMSE Distribution Across Methods and Resolutions
Parameter Learning (MdPL) framework that uses Al to co-calibrate o Method
sensible and latent heat outputs of the Integrated Land Simulator vy
(ILS) across sixteen PLUMBER2 sites. By combining a shared neural E 4 i [:]ifnm
surrogate with a differentiable parameter generator, ILS_dPL % ~
reduces half-hourly RMSE for sensible heat from ~53 to 42 W/m? § 40
and for latent heat from ~50 to ~40 W/m?, outperforming an LSTM 20
surrogate and four leading LSMs (CLM5, JULES, GFDL, Noah). 0 :
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