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AICE X - EE— R T IR ERENUTLE S HEREE S 7 A 137 (Cs-137) DR T-BIHEIC T 5 R T £
TEM LT, EBRE R OB R L R L2 & 2 A, i, £30%D 1 T %, 0.6-0.9 OFHRRE. 67-
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BT Y 2 — NV EE X D72 T Cs-137 BERIIEIIA E LR o7, Ziuk, FE Lizsfln i
EDARETHDLIZEHERE L TELLND,
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TT 0 N ORMERE A SR T T A 7201, =7 a Y L ORERSAICET A EBRME A LSS D ENELE R
Do LML, =70 VLR ZERIZE N L <, /\1V~v5/ﬁfiit+ TRV, INETHENS, =7y Ly
Lo lb—a VORBEREORE /3L, =7 v Yy B EEOREEMICER T 5 Z ERMbTWS, & 2 TR TIX
7 v Y VBRI B L 2@ o T, ENEES (Rainout) 3B KX OEMPEIBIROEAMCIER L, & BIFIEEHIE S
Pt A (Cs-137) 2B & > TRMEEMED ERb A B LT,
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2020 FEFEICIE. RKMELEMIZERT S R0 & 72 U BA%S STV BIEERIGERET /L TCOCO) &, &
GFFEAT CEICBE SN TV D IMRLCOM] O A GO FLE & U, #ET T VA 7 1
Y7 FAAKI TOMIP)) 2WEF ARSI L—T O TEH Bz, 2021 FEREICIE. Z0
OMIPj ZHAz & LT, MET ABRREICL D EEIC~ VT ET VEROIAT &by 23k 7=,

1. [XC&HIZ

2020 - OAILRIBFFZE Tid, RRIEERFZEAT AL & 72 0 BI% STV D IEERIEERE T /L 1C0C0) &, KRBAFIEAT CEICH
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Table 1 Area—accumulated track density in (5-45N, 115-
160E) for the ensemble means of July—September 2018.
Numbers in the parenthesis indicate percentage in each
case. See text for the details of TC/TD categories.

Fig. 1 Sea Surface
Temperature anomaly
in July-September

2018% WhiCh.iS used Case TC TD (dvlp) |TD (nondvlp)| ALL
In the experiments. CLIM+ | 1.058 (43) |0.327 (13) | 1.071 (44) |2.457
The box domains are
¢ S | replaced with zero in CLIM 0.735 (31) | 0.339 (14) [ 1.282 (55) |2.356
100E 1206 140E 160 180 160w rsom 12w toow  sow SPCLIM and TPCLIM. SPCLIM 0.776 (36) |0.257 (12) | 1.132 (52) 2.166
S5z 030805 © 03 06 6o e 15 [ TPCLIM | 0.726 (36) |0.209 (10) |1.102 (54) |2.037
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Fie. 2 Simulated track densitv (davs/3 month) of TC in (a) CLIM+. (c¢) SPCLIM. (d) TPCLIM. and (d) CLIM.
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Fig. 3 The period mean anomalous 500-hPa vertical velocity (shade) and 850-hPa wind vector in (c¢) SPCLIM, (d) TPCLIM,
and (e) CLIM. Anomalies from CLIM+ are shown.
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Fig. 2 Model results of (a) nitrate concentration, (b) 8'°N of nitrate, (¢) ammonium concentration, and (d) 8"°N of ammonium in

bottommost layers (Yoshikawa et al., in preparation).
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Fig. 4 Sediment model profiles for the boundary conditions of the clusters 1, 4 and 5 (C1, C4, and CS5). FOrgC, SOrgC, and ODU represent
fast- and slow-decayed organic carbon concentration, and oxygen demand unit, respectively.
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Abstract:

Using a 500-m resolution model, we investigated the mechanisms affecting the upslope flow of modified Circumpolar Deep
Water (mCDW) in deep troughs and canyons off the Cape Darnley Polynya (CDP, East Antarctica). In this region, Dense Shelf
Water (DSW) is formed and flows down the continental slope mainly through the Wild Canyon. The strength of our realistic
model also resides in the high-quality of bathymetric data that is essential to reproduce gravity currents in canyons regions. Our
investigation revealed a clear canyon exchange mechanism in the time-mean, with downslope flow of DSW to the west side and
upslope flow of mCDW to the east side of canyons. Besides, our analysis revealed the existence of strong current oscillations of
period ~5-day and amplitude 0.2 m. s”! (i.e., same order as the mean flow), prevalent over the entire continental slope. We propose
that these oscillations are caused by a Coastal Trapped Wave. Our model findings are consistent with mooring observations in
the study region.

1. Introduction

In the Southern Ocean, the upslope flow of warm modified Circumpolar Deep Water (mCDW) from the offshore regions onto
the Antarctic shelf is of crucial importance because these warm waters affect ice shelf melting and play a role in the material
cycle. This upslope flow is favoured by the presence of canyons across the continental slope. In a recent study, Morrison et al.
(2020) demonstrated that the upslope flow of mCDW in canyons is strongly correlated to the downslope flow of Dense Shelf
Water (DSW) in dense water formation regions. However, their global-scale model has a horizontal resolution of (0)10%m, is
not eddy permitting, and uses bathymetric data that may lack in accuracy in some essential trough regions. Therefore, there is a
need for establishing a smaller-scale model to study in detail the mechanisms affecting the upslope flow of mCDW in canyon
regions.

Here, we develop a high-resolution model in the CDP region, where DSW is formed and flows down the continental slope via
several canyons to form Cape Darnley Bottom Water. There, very-high resolution bathymetric data were recently acquired by
Japanese research vessels. The high-resolution bathymetric data and model offer a unique opportunity to further investigate the
dynamics affecting the mCDW upslope flow as well as its interaction with bottom water formation in the Wild Canyon system.
Combining our model results with mooring observations, our study focuses on the processes affecting the mean upslope flow
and its temporal variability.

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 500-m resolution model for the year 2008. We analyzed the model
output in current velocities and temperature for the period extending from day 165 to day 225, which corresponds to the peak of
sea ice and DSW production, as well as downslope flow of DSW. We analyzed both the mean flow during this period as well as
the 3-hours interval time series. We compare the model current velocity data with data obtained from mooring deployed in 2008
(for comparison of time series) and a set of 3 moorings deployed across the Wild Canyon in 2019 (for comparison of time-mean
data). We also estimated the mean and time-varying heat transport from the model data.
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3. Results

The time-averaged velocity data across several canyons revealed a clear downslope/upslope flow system within each
of the individual canyons (Fig. 1a). The current is mostly northward (i.e., downslope) on the canyons’ western flank, and
southward on their eastern flank. These currents have a strong barotropic component but include a small baroclinic component
explained by the presence of more DSW within the southward flow (Fig 1a), and more of the less dense mCDW in the northward
flow. Lastly, the magnitude of the downslope and upslope flow is similar, indicating a volume compensation of the downslope
flow of DSW by the upslope flow of MCDW. These results are consistent with the canyon exchange mechanism first delineated
by Morrison et al. (2020). This is also consistent with the time-averaged near-bottom current from three moorings deployed
across one of the canyons (Fig 1.b).

The time series of current velocity at depths greater than 2000 m reveal major temporal variability of about + 0.2m.s*
at ~5-day period. This variability is spatially consistent over O (10%) km, with the current exhibiting clear reversals every 2 to 3
days all along a transect roughly following the 2200-m contour (Fig. 2a-b). A 3-8-day band-passed filtering of the current
velocity revealed the existence of a westward propagating wave-like signal with wavelength of ~120-km and period of 5.5-day,
that is prevalent over the entire continental slope from the 500-m isobath down to the ~3000-m isobath. We propose that this
wave-like phenomenon is a Coastal Trapped Wave (CTW). Our preliminary analysis suggests that the CTW may not affect the
mean heat-transport budget, though. Note that deep moorings also exhibit a bottom current variability consistent with that of the
model.
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Fig. 1 (a) Cross-section of meridional velocity across the
Wild Canyon system (Canyons Cl1 to C4), averaged

between Day 170-180. The green line represents (b) the 4. Conclusions and future works

limit of DSW. (b) Time-averaged current at 3 near-bottom

depths at moorings W1, W2 and W3 (locations also Fig. 2 Deep (>2000 m) cross section of meridional
marked in a). velocity on Day 191 (a) and Day 193.

Our high-resolution model revealed the existence of a canyon exchange mechanism which favors compensation of the
downslope of DSW by the upslope of mCDW. This confirms the results of the previous study by Morrison et al. (2020) and is
consistent with mooring observations. Besides, we found that a wave phenomenon with 5.5-day period and a wavelength of O
(10?) km greatly affects the current variability on the continental slope. We assume this phenomenon to be a CTW, and to confirm
this assumption, we are going to apply a linearized CTW solution to our model results. Further, we will investigate the forcing
mechanism of this possible CTW. Lastly, we also plan to verify if the phase propagation observed in the model can be observed
from mooring observations.
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Figure 2: Observed vertical sections of (a) potential
temperature and (b) salinity between December 2019 and
January 2020 in Totten glacier ice front. Simulated
vertical sections of monthly mean (c) potential tem-
perature and (d) salinity in January 2015 along same
section.
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Figure 3: Simulated vertical sections of Dissolved
Inorganic Carbon (DIC), Nitrate (NO3), Phosphate (P04),
and Silicate (Si02) along 110°E (shade). In-situ
observations of DIC, NO3, P04, and Si02 are plotted in
circles.
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ML 0T, PMGCM OEER « KAFHEGB L H v 7V V7 EET, BHRY TV OV TKEDOKE & NERIRE OFE
O3 - HIBC & B ERER < KA OZEENCPE S HIFR D EE & 100 HEA S — L THEAL, T bx b LI CRIS 2T HIFE IR
KEZFHA L. AT Z v 7 A% 45~65 mW m? TEFE L7z. CRIS & ALICE OBEE XX 1 2R

MIROC 42 GCM (/KA fiEEE T21 DFRIE 52 J& « i@ E~95 km C, ZZMEE DRy 1 « FRBLZE O iR & ONE S &
LB « SAEYERURENE Yamamoto et al. (2019) & [Al— & L, EARROWHLETE & HiERARK ORI b 2 i B ek 58

29



FRAEA L TWAFHE, 2016). FRIERIE Pioneer Venus BNIZ S < EFRICHEVE— F 1 (FRIEE 049 pm), E— F2 (7 1.18
pum), E— R 2°([A 1.40 pm), E— N3 ([ 3.65 yum)® 4 FHEZZBE L TBY, ZOHOBNE— R 1 & 2 OAREE[E LIEITHA
(Ando et al., 2021) L DEHE L 705 TWN 5.

3. HREER

VI K BEHELITHIERSE 0.5, 1, 1.5, 2 bar, KEEALL 0, 1, 3, 6%, BLEMERME 200, 40°, 60°DFF 48 /S — N2 DWW TIT o 7=,
Z DR TIRIE R S (2 bar, H2IRE T 6%)TiE, FEAKIC & 2 HiF Gk TELI VNs O 6 Hla 1 5 ~E 5 OREHI A & — /L TR
THZEAERLE(E2E). £-0HEAT ERV)EMQ bar, HaIRA L 3%) TIIKITERAZIC X 0 B VNs 0% 5514 10 /5
~BATEOREM A r — VTR T 2 Z L 2R LIZ(K 2 /)28, Tk 0 EE RSN 21X 2bar, H2iRE b 0%)TIiX VNs OFF
A LB AR KT AR 1 XA U e v o T

MIROC 4252 GCM DO FE TIX, WiFEE O EAIE £ 13 Peralta et al. (2020) THE SN 7z L 9 RZEOE SN I 2028
695 & 5 BENRE S 3), ESIZEE 50 km (2B W T ZORERBEIT 5 E TOOART v v LR USRS
OEFLEFARD &, TN EVEOBEIC—ET DL ) RLI;BEENR A ONT-. F A X DRE - ShEEIEFLONHE & =4
WROMMZFRD &, MERNEONFHESEFORIAN L 225 Z & HARE E(Andoetal., 2021 & 13X RR BHER), F/t%
BT JER Sy TR O/ S VRIS b FHL SN2, BUERSIRRBICmT TE LRz T 5.
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Fig.2: (left) Annual averaged runoff (mm sol-') with a H> mixing ratio ~ Fig. 3: A snapshot of optical
of 6% and surface pressure of 2 bar. (right) Simulated global thickness of sulfuric acid
Fig. 1: Schematic diagrams of (top)  istributions of glacial thickness (m) in the equilibrium state witha H, ~ clouds ~ (in  2.26  pm)
river model CRIS and (bottom) ice  mixing ratio of 3% and surface pressure of 2 bar. For both cases the ~simulated with our Venus
sheet model ALICE. obliquity was set to 40°. GCM.

3059 s

6057

4. FLHESHEDEE

SAEFEIT EREOFE R Of, MIROC ~N— 2D kE GCM (DRAMATIC)/SEER A A b A h— LB HL - EmEE7)s b B S - is
WHR Y = vk ORHEEREIR (Miyamoto et al., 2021), } Y RSL (Recurring Slope Lineae) & FEIZI 5 7 L — & — ORH 72 & CHIHI X
N5 BWHRAE D S OKRZK DO & ZDIER Y O« U E— b v o702 K D8 FTREN: O MFE(Kurokawa et al., 2022)1C
Aubh, ENENMICEERN e S7z. DRAMATIC IZ LA AEBKERREO VI 2L —ra i, BRICEEINTHWDKEK? D
DKFERMBAE - KEAERK & EALK - HDO/H20 RN BEERRICIZ, LU AL DKREKOWTEH FokH b DKER
HOFEERELTNDE L ZATHY, REELBFEORIAIMNAIAEND.
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Dynamics of general circulations of planetary middle atmospheres
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BE
BENRERRKKRBRETT VT, #HIREEEN SEILE ~O T X)L X — LR EL O AR K - %
RT vy VEEIC, BEAPEILOBESCHKNEZZR L. EVWETEDLDNEHREDA— R\ —n—FT— 7
VORI LTE, YT TY y RRAT = VKRN A — = —T — 3 VL5 2 5B ERE L.
1. [XC&HIZ

IR A RERREMTOh TV 5, BEPERIAER O AR IIML SN TH2RWY. FiZ, &R0 L9572 ENWET
BONTRIK] ORKFT IR S TORV. AKBFFED B B9,

(1) HEE & B 2 M A0A A 724 B KRG KA ER &5 /1 (Yamamoto et al. 2021)% VT, G EHBEILOFSE LRIN 2 50N T 5.
FrlZ, BROFREY = v MROERANOMMHGE D 3 K& 25200 5. £, BRAMEBILNAA——a—F—rv a3 ik
2 DB EIMET 5.

(2) Venus-like f#il%{ GCM (Yamamoto & Takahashi 2016, 2018; Tsunoda et al. 2021)% IV T A — R —1 —F —3 3 > D S0 EL
DY T TV BRI — VEHUKFEEZ A 22T 5.

LIEDT, REEDIEELEDT-.

2. MENE - A&

BERR RKAKRERET L (LROMFEER 1) 1I2B LT, Tkeda(2011)28 AR ERKHEERNTFE AT THR%E L 7= g o —
R & HIE & LA A T2 4B GCM % T63L52 TaEH L7-(Yamamoto et al. 2021). A 4E 1%, ERAMEILOME & kK S>WTHRE
L.

INEFTA—N—a—FT—2 g VOKEERTIE, 77Uy RAZF— VK EEROEIZET VIZE > TR Y, HEK GCM
THOWAKEEREL YV KEVWET AN SWVWETARDLS. LLERD, ¥ 770 v RRAZ—VAKEIEHN A —/—a—TF
—3a N E 2 DB LSTIERE S TV W, REET, Venus-like fEIE{ GCM (Yamamoto & Takahashi 2016, 2018; Tsunoda
etal. 221) & VT, KB A —_N—0—F—2 a VICHEZ HEBIOWTHLRHE L (LEOMZERR 2).

3. RBRLER

3. 1. HEHMEEEHEERAAA LSRRI RERET IV

TR KRR KHFER 2T O 4 B REKRIEER T /L (Tkeda 2011; Yamamoto et al. 2021)IZ351F 2 B HHELL1 —10 B FE)IZ 7 + —
HAL, FOHRTHHEBL7ZHEOMESE LRI OWTHA Lz, ETH65—70 km)REJEK(~50 km) D4 E L E O CThe d 7R
W T VIR PER S L D 7.5 A Ch otz ZD 7.5 HiElE, ZE EHTIE Rossby Il & LC, EE TIEIRE Kelvin-like I & mf
J& Rossby D=7 & LTHELT 2. E LFO Rossby 1%, M & AKEMEMGREIC X 0 RSB LE = 20 — 0 B EEL~
DOEPEZ Y, HERLEICE DM - PR IS, BT, BIUGEZ Y 5 /KRGS L ONEB &kl L 200k
WEPEB) T R LK — & BRI A INLE = L T HIBILA~O LN Z 5 DT, 7RI Kelvin-like 7 & %% Rossby I D,
KE LTKFEST—REE (D WVITBEERRE) LMEERLENTRRIND

EE AT TIE, 7.5 B OMBRBECOHEE R T v o v LS SR E 2 B9 5 L 9 72JEBE T, Kelvin-like #i7 & Rossby i 723
AT D, FREOEEEMU TrE(~54 km), 7RiE Kelvin-like #1281, FRiE Rossby WAHH TS, Zo koI, BirsrE
EBIOMER T, B25EHEELY 0. BREESCIHERARE LA TR IEEEZ L 22 2OEDOT I, TERRME 284
B2 MBI ECHE R T vy v 0 TER AR E RS E EORREIEN b O x X — A 20 L TRE L TW A
N ERSY dhl

3. 2. ML LIZ&RKRKAKIBRET L

Plaid& v, €20 X 5 RKKICEEE © OBE A L 72 Venus-like f&il%{ GCM (Yamamoto & Takahashi 2016, 2018;
Tsunoda et al. 2021) & W T, 77U v N 27— LAKFEILA RKAKTGRMEEIZ G 2 2 BIZOWTHRA L T& 7z, REEIT,
BEBRSHNTEZITY, TOERFBRELEIE L. RO LD REHT TCONFH a7 ORMKHMBEIIZHENT, A——n—7F
—va Y EERRY T Y v KA — VDK 4 RIEEIZEUER TH D 2 L BNbho Tz, KSR RN &, A——a—F—
gV OBENKEL Y, BIROBBERNFHEDS. 77, ZOMUVKEEIL, NEEET S /NAr— L OEBELE 8 < #ok
5728, SREESERRICEEL 525, BI&HE, A= - —T = a VOEKRBES Y I 2 L— 3 VI KR
DR EFEBRIIESNT, KEEBNA— S~ =T — 3 a3 VOB IS E 2 DB ME T 2L ER S 5.
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4.

FEDESHRORE

BER 22 @R RKRARIEERE 7V T, HRFES5 0 HEELE~O = 3L 5 — L ROEEL O WAL  HERT > o v & 2k
2, ERMESLOEIECRRZ#E R L. REE, b Lizv. S5, Zo77e—FZ2E8WWEICLISAL T, 1HEBX
OV H BT B OB BRAEIEC = R L X — I & B 5 M L72w.

BEWETELNEEREDORA—R—a—7— a3 VOFICALTUL, £BO LI REH T ToNFHa T ORMRFEE S ICE
WTC, 3770y RATZ—)VKLB A —_—a —F — 2 3 VL E X D8 % i~ T, 5%, KFERS 4 Elh B S0 )
MEIC A DB e LA LY. BRMICIIBEREERKIKIBEER T T VOWRIZHORIT -0

S5

@
O]

®)

(4)
®)
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PE BRI B TRy, HETE O 58 W ALK « BUBIC 3817 2 A 2R i KL 22 i H Bl RE O %6
A AT = K2 & R HERBIRENC I 1 D EI 2 e 2 7201, SRR 7 /L 2 O T2 AR B ALy
EATolc. ZORRERITENT — & L OHIRIZ L - T, KERERLRESBERZDOBHIRMESEH LD TH
% LHEPO B, ETAWTO R HERBIRBINHR TE TS Z L PR TE L. ZOET/VOKIR
FAEADOBRIHE A2 T A TRAFL, ST T2 BUNGKIRIT 24T > Tof R, ShEdkfi e = h LA X
;A3 AP AEBUBIREN A O Vg KRR ZDTERIC B W THEEREH Z R L THD Z BB LMNITR

7,

1. [XLC&®IZ

BHEDKITAE U AR AN ERIC—EHEE L, ROAZETHEHT 2 7ot X 2 &A= /KRR 2 HB0EEE (UL
T, WPERHBLERE) &9 (Namias and Born 1970, 1974; Alexander et al. 1995). Z D A B =X NIHENR, [HHEEEVEEED
WEERIEOIREGBIIFHAIE S AN E TH Y, ERREAEOTICRY I, KENLAFIINT THREENHVEL
RBDITEN, = M A U Ay NEE U TRIFEOL LS 2ERKIRRZEDN B BT 5] B2 6 TE7h (Deser et al.
2001), ALAFLEO—HE OV CRUS SR AL D BRI TR AU 7 7 v 7 ARANEE &R Z R L5 52 Lo3ke
i 417z (Murata et al. 2020). F7z, WHEFHBUERITHEEOLAN LA ~OKIRREHEREE L LTEIZOND Z LD,
KA RBARES) (PDO, Mantua 1996) 2B W CHE/REE Z R/ L TVWAHLEZX LN TS (Newnan et al. 2016) 2%, DT
7B iE A2 B L7222, 22T, AFRIZE W T, $hiE 7 a2 ARNKET o AR TEEILBS &EF261D
ALRTEEF - ISR AHHER MBLATE D A I = X AOMFEE BT & & b, KEEHFERARE O E &N BEL B L
7.

2. ETIL

ARG L= 0, FEEERETET L ROMS (Shchepetkin and McWilliams 2005) T 5. FEASEBUTALA S « )
#B (180° E-100° W, 10° N-55.5° N) "CTACPHMREEE 1/4° X1/4° , #1340 L)L Toh H. World Ocean Atlas 2013 D7KiR - ¥
SEEIEE S L, KEFEMATT —4 JRABS-do (Tsujino et al. 2018) o 3 WrRARINGT — % ORBEEE HWT, 20 4Ef 2 v
7w LTz E D%, 1958 45 2015 4 F T JRABS-do @ 3 RFEIIRE T — & THRE) L 7=, MIBEEER SRS, MHER LT — % ORAS4

(Balmaseda et al. 2013) & H EHMEZMHEH Uiz, SAEIAEL « FPEREOFHEIZIE Furuichi et al. (2012) D/RXT A X Y —3
avEHA L. ZOFES TIISERHAT v 7 CREZCEOSFHEERT L TN D728, BRI U DIREG BN M 217 5
TENTED. AIEEOIIET, KERLRABENRENICHETE TNWDL I L 2R L.

3. mR

EFNVOMAFEREZ AT, M KIERZIC T 2 RBROEITEIER (EOF) &1 To72& 2 A, PDO IZRE S Wik KRR~
DOZEMH — 2 LR RBAFR SN TS Z ENHERTERL (K1), £2C, $ICED PDO (1979-1995 4£) &£ ® PDO

(1960-1975 4=, 2001-2013 4£) OHAMIZE L CQRABBN LD a R Yy M 21TV, AZFHKIERZEDEKRA =X
LEH~T (X 2). PDO IZHE D R AKIRRAICIIFEERFERH 0, BERICEENNES L, XFITRENRE < D Hman A
SN2, T ANORET AW THELIT o7, TOFE, PDO oM (175° W-155° W, 25° N-40° N) OADWEREK
BRZOERIZENT, SHEEHEE = oA VA NEPREEREEZ R L TN ZERHLMNI -T2, —F, Wi
75 v 7 R & A IREITAOEEKIRREEZ & v 7T BT EICEN TS Z &R ST R 7.

4. FED

AWFZETIE, AEAOERES - IS T DYEHEREHLATED A B = X LD & PDO x4 5 &E| o0 EEfE A B L T,
FESIEEE T /L ROMS % KK FMENTT — 4 JRASS-do IZ L > THREN 25 I = L—a VEFER L. AL THW =TT LT
PDO # L < HHTE CWA Z ENHERTE 2728, EATNENONAE TOKIBIRZER R A B = X b ERETEEUNZMITIZ X >
TR A, SREIIHE T R LA U AL MHIZEDFENRKRE N EBHAL NI/ o 72, PDOIZHE D LZFEOHFE /KGR
ZEOFRHAIEILRNEE TH D Z L 2 LI ORI WD TTH S, 4%, SHEEBEORZOFRR AR L =9I,
PREIHIR IS DIRZED A D = AL HBHLNZ LT FETH S.
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ABFFED BN, EHFZEFTOILRFIIC & > T, REUHE~ VT A7 — VEB ORI 2 B9 & L 7o 5B IR
WEATD 2L Th D, AMEEITRITR S HOIRBEICER L, 87 — % L HERKE T VA LTl
AR OIRBEALAS A A D DOREAR BRI 5 2 5 B 2 i~ T, WEGEEE O @ ffG I O SEE T 7 L 2 FV TR
HALTZ 20 HACICIST 2 B HMEOWFRIKIE DR ¥ — v % | SEIERRET VO FTERASLEL LT
ARG & i~ TR AR OIRBRALIS X0 PIE OIS FRIESA> ©& FE P sl B AL BRI 361 2 oK &SN
THZENALMNTIRo T,

1. [ZLC&HIZ

KEDIEACITEOEEE IR LA TV D, BEOIFZEN D 20 R OHERE/KIEDEBELO A B — NiE, B £ v
B FE e E OV ERATE AL CTRENWZ EBH LN ST D (FIZIE, Wu et al., 2012), FEFEETIEZD D HEFDT
VD FURICHE S A Y T, SR E OfEEBIEEE T L %2 AV 20 RO AKIROFBERZITVN, B F 10 Bt
I & P ERFEOREEN LD 2 25FT O8I CHERRAKIRD EF R L RAKEWZ L 25202 L7z (Sasaki and Umeda 2021),
REFITZ 0 20 M2 C7-BEKE LS P Ly RRKRRICE X2 EBEZPLNITIHZE2EMNET D, TOEDITEED
MFFRIC L0 WBEED D RRADIEVZEN R I T D 6 H (Sasaki and Yamada 2018) (255 H L, #8lllT — & L fHI KK ET v
A BB DRI EIT O,

2. MEEE - A&

FHIEKEE T /VIX WRF @ ver 4. 0(Skamarock et al. 2019) ZffH L7z, §EIRkIZ 31°N, 120°E ZHula& Lz T UL MIEMAM
BERNECTHFE M 200 77V > K, BAELANC 180 277U » R, SRE F ML 32 8, ZEMIfi4 1T 20k Th 5, BT L OIS
& M BE R 451413 NCEP/CFSR FRMT T — &Z D 6 B Z & DT — Z &, FHERSAFIL 01SSTv2 O HfFDOEE T — & & 2= LIz
HKIRT =& 2 Uiz, BRI 1991 4E2055 2010 SEE THAED S A 28 AMNBH 7T A 1 HTHDHN, AT v 7OHM%E2%E
L CEITIZIE 6 HDOT — X OB E[HH LT,

20 HAZOWEEKIE LA ORKA~DOHBE PR L7201, FEROBEEFEER (ct] run) 1T % CTRSEFEER (sensitivity run) 21T
o 7z, TR SEER D 72 8D O W T KRR 22 X VA | R B 7 LV & AV CEER L7 1901 422005 2010 A E TOHR U TIZEIT 5
HFRIKIEOBRIE b L2 FOMEIZ 100 FEE2 0T TN S, F O R TOMECEIME (9+1.5C) Z31\Wimb 0 &2 5 x 72, ZDZE
/& — 0%, Bl U7z &5 1 B di T & HrEVR o KEEM B T\ IE o m K iRm 2 (9+0. 5°C) HF 5| EA LIS O
THWIED» LA O /KBRZZFF > T2 (RURE7), ZOWEKIRRZEZ. 1991 025 2010 FEOKAFEO FEHER IR
LTETAVEREZITV, ERFERICOWTRERR L 0L L 5 2 LT, ZORSFTHOWHERAR LH b L2 FORKA~DEE
ZHONTT D,

3. HBRLER

FP. BETFILOEMEEROEROZYMEDF = v 7 D72 DIZEKEIZOVT TRM (Tropical Rainfall Measuring Mission)
3B43 7 — & L 1998 4D 2010 D 6 H OFEKEDFEEHEIZONTHIEEZ{T o7, EORE, MRS S B AREZLOREK
BEEETAIFTLFIHLTND,

WITTEFEFZBR 21TV, A ARBLOREKEIZ OV CTEAEERR & 02 Z T2 (Fig. 1), ZOREE, LN S /M &AL
NT TREKEORBEZREMMA A LN, $ebb | 2D OfR CIEEE U & P ER RO KEM EToKiR BT L
TREAREDEIMLTWD, —J, ZOBEJOE S T ETIEEKEOROIRALND, LIcBR> TRV T ESKTEY LR
IREITHERERER & EERTIZ L A EEN R, 2O Z &%, HEKERZESE U THRY T CTOFEBEYEEZ Wi 5 2 7
TELEEANTH D,
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EHICZOETNANTRLNIZINE S RS &AL 2T TOBRKED AL, EBEOBKED hL v REBEMNE S
DD 7= 912, APHRO-JP dataset 0 1900 £4E7>5 2011 £ £ TORE EOFKE L . NOAA D 20 AL FHARNTT — % (NOAA20CR)
D 1901 F- 5 2010 FF TORBRKEIZOWT, B LY FEZORHEELZRDZ, TORE, Eboor—24n»r68 E
WOETVOFER & RSN S FE P g S AL 0 TR E 2B EOEINN A LN (KRET), Fl2EKkEEboRE
MECoNWTh, =& =L LCRBETH D, 72720, 22 — 3B o BB LD TN XL 0 LT\ 5, BRIk
DOFBEARERIMD s L v RiZ 6 AR Tk, EEH LZBKEICLADLND, U EOREE L HD & Bt & hE
RO RN Lot E AR EFIE, WIEOFMEEERD D R SILIc BT DBk EZ NS Y5,

33N -

30N -

! ’l 2 I l‘ — 'f
123E 126E 129E 132E 135E

o Fih: .
24N 2 v k

[mm/dayl]
Fig. 1 Precipitation difference (color) between sensitivity
minus ctl run from 1991 to 2010 in June. The contour denotes
the regions whare the difference is statistically significant
at 90% confidence level.

4. FLHESEDEE

ARWFFEOET AAEFIZ L0 | BT HEOHFE KR LS L2 RSN S EE SAEEIc s T oKk ED EHEZETL D 2
EDRHLI R ST, ZOWEOBBROA N =X LEHLMITDH I ENABOBBETH D, A RIOFERTIE, REERT
THERER S L U CH 2 i AKIRR 22 T R O i COFIRCESMEEZ S W e b D TH o 7o, ZIUTKKROEREIZ X 5 i KR
DOIEBL DB ERET D720 Th o7z, L LR COWRIKIR _EF- OB EAE F+1. 5°C/100 F) i, KRADEEL
IV bREN, LB T, ZOETARERKRETHDINICOVTHLAEHR S BITHRFTT 2HERH D,

SE R

(1) Sasaki, Y. N. and C. Umeda, 2021: Rapid warming of sea surface temperature along the Kuroshio and the China
coast in the East China Sea during the 20th century. Journal of Climate, 34, 4803-4815, doi:10.1175/JCLI-D-20—
0421. 1.

(2) Sasaki, Y. N., and Y. Yamada, 2018: Atmospheric response to interannual variability of sea surface temperature
front in the East China Sea in early summer. Climate Dynamics, 51(7), 2509-2522, doi: 10.1007/s00382-017-4025-
y

(3) Skamarock, W. C., J. B. Klemp, J. Dudhia, D. 0. Gill, Z. Liu, J. Berner, W. Wang, J. G. Powers, M. G. Duda, D.
M. Barker, and X.-Y. Huang, 2019: A Description of the Advanced Research WRF Version 4. NCAR Tech. Note NCAR/TN-
556+STR, 145 pp. doi:10.5065/1dfh—6p97.

(4) Wu, L. X., and Coauthors, 2012: Enhanced warming over the global subtropical western boundary currents. Nat.
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Development of a Venus Atmospheric General Circulation Model Based on NICAM
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IR 1T TV NICAM 2 & B RKUCEAT 2 M 21T 72, @REEZTT LVORBEEED, ENMOK
FRAZ %S 2 R AR AT E 2 R~ T, &R KRR PICEET 2 BRI Eh O MY 247\, ek, 4 B (7
NMEVHE) S B (mAE—) EEERTWERREES, FhbbrAL— s FLE VA REEICE
STRIEEND Z L EZRALNC Uiz, £z, FiIZBAF LIZRAVRSIREET LV E GCM IR R, ZZE
IRy CE D T L Al LT,

1. XC®IC

SEREER [Hro& | Rl EERFEOBNIZ L - T, £ROH L WKRKEPCEELSFHR VTR 4TS (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 &), TNHOBRIL, EREFoxtiEEBER LY, TORE (PIREOR) 22703578, @Il
ESHERDORZARIEERET L TIZIELS RETE RV, AFETIE, SEFOEWR - MU aR 4 M2, shEiaiEL
CRUETE LRI NFETNERRET LI LICED, FICBRAENTZREBEGD A = XL 5T 5, RS, BUE KK
RNMFE DO KRKKIGER~DHF G 2D TIEFICFHI L, KRA—/\—a—T— 3V OLERMEEFEEOMIIZE 5T 5,

2. MEHE - A&

RERFEFR)FT TV NICAM D I8 55 % B4 5, WHEERICE LT, SNETOETHEE L CEZ M T L%
BB L, NICAMIZHLASATe, Z OIELEWATL, REBERA 7y — L ORKERSG (RICBWEWIE & REEILER) OMERE - $0E
BRI R 2 S THREMEERZIT, 2D OF ORGSR T 2EBHOXHREOREEHLMMCT 5,

LSAEFE IS EEWMHE T L L RAFRET T L OB EED, GOM ~DMPIALEEEZITH & & b, BEFEDH % M I
By 3ab—varT—2 5L, SRERRPICHEET 2 XEREE O/ 21T - 7=,

3. HBRLER

F5 GO ZFIH LI PRI L D, R RKF ORI T a Y VOESMAOBIZ T 5 KAKMEERR L ORA
WEIOEEMAZI S22 Lz (Ando et al., 2021), EAEE O FEERE CTIX, FOEEIFEET D7V E IR 2B IR )
W& -C, HERE 1 OEZOREMELND, ET LV TELNEEORFNESZREL 72825, &2TH CHIN SN DR
RO ZEIMEE & IFRIAEN A L KRBT 5 Z EAVR ST, R, THEORKITIER TRHMEOMERICL > TELND L&
ZONTEIEN, R TIRRICHE ) KIEZENFHKTH D Z & bbhotz, WICHE I KIEEENK 7 LV E ANGET DD, &
RRZEOHIR TEOAR, REFRAOHK TEDEREFNBE, MRE L THAERK | 0EMERERINL, LrLAaRL, k
JBE (B 65-70 km F2EE) OFBMIIIMEENA LN, 2T, EBRBETT o VORELZIEL L, EXTLOUNES
Ko7, ZOfEE, FEETIIREE GOWRE) OB T oYy AIMELND Z EAREH, B & BANRESMHNEHES
D ATREMEDS R STz, BFE, RS NDENAGT DT A —ZRIFEEZEI Lo>ob Y, MREMIEHEICERTETH D,
SERKOEE (FE 70 kmf2E) TiX4H L5 BREREORMZ b ORKEENBE STV, R LRI 2 JEAL
FRIEFE & W ONFAET DREE /DA DN D, TNENIRE 7V E K & FfEEr A B —ik & FEEIL TV D (Del Genio & Rossow,
1990; Imai et al., 2019), ZA 5 DOPEDOHEELHERITZNE THOLNIL > TR R, FxidFFhFoMick-Toh
OOWDOEHBIZKE LTz (Takagi et al., 2022), i LVMEHTOREE, 4 HRIZRERO 7 L E L E— R (B 65-80 km) &
MEOD AL —F—F (FE65-75 kn) OBz D ToxAb— -« ¥ LEUREEREZTE (Iga & Matsuda, 2005) | 12 X - CTlahid
ENTHWEZEEBELMNMILE, 4 BIICKL 2 AEBERXIIFENE THY, FHHETEER A =X (Gierasch, 1975;
Matsuda 1980) #E LU T, KRA—/A—0—F7—3 a3 VOMRHICHEG L TWD Z NSNS, —F, b HiKidkEso v
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Bt — R (G 40-55 km) & HEEO o A —F— K (B 55-80 km) BLOEBEDO o A —F— R (& 45-65 km) @
SODPDHIBIZL DAL — « FAVEVHARLEICL > TSN TS, FAbErE— REffEEa A —E— R 352
K OZRNTH, AV E Y E— REmBEn A —F— RiE 341 K OZRMNE ETHES LTS, 5 BIITRER X ICAEE &%
kL, THMEROKRKIA— —a—7—a LV ORIICTHEST AR S 5, £z, FHE L EHRED T X v —F— NI3H
ERZERREEZ LD, BEERMmE &AL E-> TS, ZLE U E— FIIEE 55 kn O AEE LY LITEE TR
W2, EE BRI TEFEEOrR AL —F— FOAREAIEN 5, 5 BFIILEEORWEFHCREENI =D, 4%
NICAM |2 & 2 FFBLERR 2 Eiid 5 TETH D,
FRIMEDEBRZABSFETANZERE LT2T2D, RT3 =~ A EF = v 7512 DITE S5 GCOM ICHLAIA T, BRIy
EFEME LT, THMRERICL D &, MimfHIoKIE2? 680 KFEE L/, BHIED 50 KIFEELS eoTz, /T A—H &l
L, HENREESHAFER TERE, NICAM ~DEAZED L TETH D,

4. FEHESHEDEE
NICAM {2 X B &R KRGO M 2D 7=, 551X NICAM IZ&EKRKOWHELBE Z HAGAL, Hro Bl L ik Lo, #h
W 4 HIK « 5 HIK DO J1F ORI 2D 720,

SE R
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the cloud top of Venus. Geophys. Res. Lett., 44, 12098-12105.
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Understanding climates for terrestrial planets using MIROC and NICAM
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=E (B opt)
HERARE ORI B EIERA A Z X C O ETHHE T A XLV RELSEBEZIT L EBmbNn
TW5, BEHEL OFRINBENBRH SN, &% & E4AIRIER A 2 MERBSENBES N TV S,
MIROC & NICAM % T, HIERIC I~ BHRERANRKE S Bt o XE TORBEEREE LZ, R L
LT RGIE L EDNRTAZ Y —2 g OEWNCEY, VI alb—ra V SNERBEITRE S BELZT,
L KBRDOEE| O BEIENH LMo T,

1. FCHIZEHDRE:MS T2 vy 9pt) (UTEEDEA FLEIERFIOBEY THELSTH, EENBHPELLESHEETT )

BUE, BRI L ED D &, 5000 RIKZE 2 2 RABENRHB S, ZOPIFENE Y T — U NIZH DHIERIZEITZ 31 7
B RO BRI SR NS STV 5, #IERD B iRiE AL 1T HERICEHLE 2 7 5T ERTH 0 (1], FAEDOMHEITH 23. 5°
TH DN, 4 FERIT22° 005 25° T TENT D2 0> TV, AT, K& AREEZE- 2V kB0 B isEER 413,
0015 60° FREF CTEH L T\ LB T 5 (2], BESEMEAAIL, ~"EX T LVEEOKIEICBWTRE B Lo
EBEZBND, RABRER IR T 2 BREREHEE I L TN E — R ITHH S €T LML — R IEZ R F— T AET
MTBWTHEE S 4L, ITFE, RRKRIEERETT /L (GOM) Z AWV IZ RBEHEE D A E - CE 72 [3], RO K[KRERET NV TiX, 7Y
v R — VLI FOE KR BE L 7= W % 245 O 72 OIS RBBLEERE M OB E iR A Z VP — a VA HWLR T
7oo — T, HIERRGONEIZBWNT, BT VOAKEAHGE O SRGEIZ LY . ERMWEEZ GRS L5k, Ll
NG, RAXELSBFIZBWT, [T VoE MG ER] 2 TEMDELD] 2 EOREXLTED? IIMFETE TV, ENLAK
ELREABERZEZDDbDONE I NETERBMICH LTS Z &0, RABRELGHEICBW T, BMEEET LNLENE )
INDEZIZIRBTIEA D,

2. MEHRE - A&

ARFFERRE I, NICAM[4] & A€, DARAREEE (T220km #57-) + KBRS /BE /ST A X VB — a v, 2) BfifgETT
v (Cldkm ¥ 1) VEMBR O 2 FEEOFAE FEBR 2 B rp 5 B EfE A (0°, 23.5°, 45°, 600) 12 W TTTo 7z, $hEMRGEIL, €
TV k% 40km & L, 40 B & Uiz, WIHPRAEL LT, 300K OEE KK, Qobs B v T 4 v 7V THX-SST 2B 272, AT 74—
Ty CETINVERNT, IREEIL S0 & L, FEKEIL, 348ppm O LIRS A B AT | [IEDERENIGE Lz, BENAER/
B, ANEEY, BERAEE I IHEROME E 2, (BB EE T T UL 16 £, B E T T VT 10 EROFED 21TV, %D
SEZMNT L, FEITETA— N—a ¥ a— ¥ FHETEM LT,

3. HBREEE

ARG 7L T O B 8MER A (00, 23.5°) DA, HEifEE L 0 IKEE CHNEN S, RERE XA R RIS TR
B CEIRICR o7z, —H T, @ BEERA (45°, 60°) %A, FEBEE CHRNENR L, REIEE L&V, (KB SR
DA L E R OB TR, OO T TR OREAREZ R Lz, B, KEMERICEBW T LT 21TV, Je TifgE
LEVWEAENRLENTWD Z & 2R LT,

EfEET T AN OE LN EREEE L, EoHEMERMAICEBVLTL, BREBETT VL VEWIRELZ R L, MA T, &
iR FE ¢ HEREERLA 60° OBA DR T UM LR T2, BRI - TRE L AR DIEEARAN, EiEE CIx B bR
45° & 60° TR BN, ST VT, BIFGEET IS, £< OKRRKR R EBEREEL R L, REBRICBWLTH,
TG BE £ 5L D BHGEER A 45° TIX 1 B TH o728, ST 7 L o BlisilERs 4 45° TlL 2 B Th o7z,

AR EEE TV & EfRIREEE T LV CORERZ LT 5 & | ZMMELE BB Lo mfiR T T W% < OBEE L KBEXEE R
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Uiz, F70. HEREERMA 45° 2B 2MET T T, BAD2RGEREEZ R L, BEALREAE S K3 Thotz, Mx T, Kk
EET LTI EEEICCHRROE — 27 2R L TWed, @B ETT /WL ITCZ O X 9 MM 4R Liz, RT3 ER
TN 2 BTS2 &, BRBEET MBI 5% OE - KEKPZFNAX—INKICHFS L, BAHEE L B 2 BE AR % F
L TWBZERNbhotz, ZOREIZ. ET AN TOZ RV —SAANERREZ LI L TWHWD Z EERBRLTEY, 5%,
S5 DT ATV RUIETERA 1 = X LD ED TV FETH D, TN HRERIE, BB - BENERICB O TREEZITD,
The Astrophysical Journal ~REH~TH 5,

4. FLHESKRDEE

AR TIL, MIROC % 2 KBS E 2 28 X 72 BRI T X e o Tz, REEDAR & KRB EF ORI E ~DEE 2T~ D &
ZAETTERNST, LoT, A%IE, ZNO B L, KRUBEROIRLZ TV, KR OHMLED THWEZNEEZ TS,
THUHEARIT, HERREEZ BT 27202 EEL T, ARIBESEOKERT - RIUFSFIZEWT, BEERMENG L DT
O, BFRITZDOICRD2bDEE 25, 51T, MIROC & NICAM D E SR 53E - [oAEEL. —RIOLRRERESE~LFD
LD DEEZTND,

SE R

(1) Abe-Ouchi, A., Saito, F., Kawamura, K., et al.2013, Nature, 500, 190.

(2) Laskar, J., and Robutel, P. 1993, Nature, 361, 608.
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~v Ty Va7 U RE) MJ0) DOBE(LORFEEBNICH LT, =r=—=afiikE (ENSO) LUK
JEREYE 2 RS (QBO) 235 A DI OV T OEBIFHI & . EERIER ) FERKE T /L NICAM 2 i
THE TR K > THT 5 AEEELITHRAC QB0 DB Z T 2 72D DT v 2 v ZHERE D F2dkds L ORI 21T
D L& BT, ZOBRBEKNDNYIEH 2 A X7 b &z, ZOfER, itk LfE LY EoBd RIS
LT QBOZAE D AERSAT DT v ¥ 7 24T 5 2 LT QBO A3EhiEE - 2 e S im0 O KUR A ED S B 5
FICHEBEND Z & 28 Lz, — 05 C B HRTEE) ~ D QBO D R8I RMIN 7058 N AR < ITFERR TE 77,
PRERGE O B &Y REIOEBROFEM 72 & ORaR OBV RIS T,

1. [ZLC&HIZ

TV e Va VT UER MJ0) BT TR D BE AR EHNIER CTH D . IR L U7 AR EN S A o FENGTE
KR DNT THI 30-60 H DIFIR 7 — /LT o D HRIHET 2815 & LT, FRCILEERAFRITISRICBBI & b, MJO 1T~ 72
KR KEBICEEE 228K D10, TOEBNH DEIZENTZTIERIZRY 5 D 0ELEAT W ER 28R L,
WY TRNCORT 2 Z EIFEETH D, MO OIFBZRFNICEFR I RBGOEE L LU, =h=—=3 - FHFREH
(ENSO) (e. g., Hendon et al. 1999, Suematsu and Miura 2018) & jikJE &Y 2 428 WIHEE) (QBO) (e. g., Yoo and Son 2016) 23
RE\E 2B E L TET LN TWS, BIZEIZOWT, Bz 1E Suematsu and Miura (2018) XA R AEFEICEIT A /KIED F5-
23 MJO DEBRTEACIC TR & e BRI A o9~ 5 2 & A aHii L7z, %A T DWW TiE, Yoo and Son (2016) ~Ti QBO A3 HUEZAH DB
12 MJO DIEENDNEFICRDEAICH D 2 LA RELTEBY ., Z0BEHBD1-2& LT, QB0 O HFERAZENT L - Tt B T ir
Wi & 5 RIRIRZEDS S TRIGEOIREZ T L T A a[EEENREZEZ SN TV D, 2 S OBFZEIEL ENSO & QBO 45 4 o Hijh s
EwLTWBH 5T, ﬁ%@F%ﬁmﬁwmj@#%kLTMM@@EMﬂB@;Q_ﬁﬁﬁﬁbfw7 MZOWTORIRITE
2L, ZOEMEERD H7-HIZI%, ENSO & QB0 12 &L 5 MJO BRTE (b ~DfER « AWM /2 2% BiEY I 2 b —Ta V& I5H
L CEEMIZEMT 2 2 aﬂ#o®ﬁw%&%z%hé

ENSO BAftod MJO BRTEAL~D A AT BRI, TSI TH 2 KIRSA O/ 35 — 2 8 K ONRIE 2 832 /UL
KRERDITHEEFRETH L8, B0 FEFNEHEPNIEE TH L7720, ZOHBENZIZI T REALETH D, & I TR TIE
RIBEOKRT G E T v 795 (e.g., Martin et al., mM)_kT&m® B NI T ARE# LA L L L, ﬁﬁ
FBEIZZEOY —VORBELRIEEZITO & L HIT, QB0 I D BAH TR B~ S 70 B8 % BRI L 72,

2. ETIL-ERTHSY

ARWFFECHEH LT T2 %##ﬁ%kﬂ%TﬂNmmfﬁé QBO DA T HANAH « FRNAH DS ZET VI T v v
T B TETMIEY ATy, BIRMIZIE, ERA-Interim (23317 % 1979-2018 FE DAL EkAZ= (11 A-3 H) ® 50hPa [f D
Eﬁ@ﬁ@@ﬁﬁﬂﬁ;@%QSEEﬁ#ukdéw(k%w)ﬁ%mm@ﬁﬂum(Eﬂum)kLT%mL i 7= 4E
TarvRYy b LESMNAOKEREZ . AEIFAICIEL 30N-30S, P MEIC - T, $EGFIANIZEER 13km BLEISK
LCFHo P F Lz, TPy 7olERIMEETHI N, ZZTIREEBLXO 1 HOBEREZHIT L, SRy 7o
FAEN ) EL RENTWADEOMER L . QB0 DOALFDE IR 2 B K ~DEL 7oA R0 FEFNDLZENAT
BT, K - ENEMEEE X Z N EN 220km » 40 | (BT L kv 1 40km) &N LIRS A4 RARERED S & T, 2004 4F
6 A1 BEWHMEE T2 50 AMOHENZIT -7,

3. HREER

X 101%, BV L OFESBIREEY U= &0E & RPEEEZ QB0 OBENAE & RN A AZ T v P 7 LEERDES L LR
L7-2rk CorALEnEWEK TH 0 . R EARITZENETNRES LA L 1 BOBEIZHIGT 5, EHLDEATHIRERIE
O TEREE TITRE., 2L ETIIREEZ R LTEY . QBOICHE D HEEOLEE 2T v v Il X » TEYNSE T VICERY
AT ERTETVWD I EBHERIND, KBS ERD & FREM T ORHRE R D T a2 TIRIBR 2
BEINTEY ., KEROF v 72 L > TAHRIZBO I RIBEB LRI TEX D22 03bnd, EbIT, Ty YV 7TREER
DEEWE, A& 1 B OEWFRE T QBO IZfE ) M ESCKIROIRIEIC SIZFEHB LRV & bbholz,
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Zonal mean T & u (EQBO - WQBO) 0.5day 1day

30 |

20 r

Height [km]

10 4 10t -

208 10S EQ 10N 20N 208 10S EQ 10N 20N
B _ e
4 3 2 1 0 1 2 3 4
T

B 1 B R L OB IR (50 ASEY) LR (=% —; R 5m/s TR A OME) L5 (U7 —) 1L
T, QBO DHENFHZ T > ¥ 7 LIeERN O HEBNFZ T > v 7 LI EROER 272 LI WicRAkshERiER, Sy o v
BEEHAY () FRAOHEAE. (B) 1 HOBA,

QBO IZFE S HERAB DT v P v 7, BLOEIIC L » T SN 7= RIRRZE DB SRR ENC 5 -2 5 B8R A R N &
DT, X212 QB0 DMJANLAE - HENI AR ZFFER 1 A TFH v V7 L=FERICRIT 2 BBk S iz R~T, 5L L
T, Ty VU7 %L TORWEROKER G RRFICR LT 5, SNFHIOBEKE — 27181 K EZ g3 25 & QBO HJEAL
HWOF o7, Fyvr 7L, BRNAET v ¥ 7 ONEIZEKED
KFLTEY ., ZORERIL QB0 O H AN OB TR B ANEFIZ 72 >
TWABRIOM R EEEHNTH D, — T, BRKE—7 LS OBEIRD
GOTRLE VT LY ER Uz & D R 72 250 BRI TR Y 3L -
TWBLIFEZR, ZOFED 1 S>ORREMEE LT, KAFER CEA
U 7o SR BRI FE 3t i e — i B & 2 RBLT A IZIEARR LTS Z
\ EREFOND, BT, KEFREEOR LB X OHESIHMOEE S
VETHDZENRESND,

1 / | K2 @ooEEMHETvYLs (B)., Fydr sl (6. TR
§:\ y

O = N e N 0O = N L
R T I S

NARETF Yo7 (F) LEEBRICE T 2 W LK EOR IS,
TP TREERIZ 1 BTH D, BEAKE — 27 (%L CIE QBO ATAH & kHi
THENOREGRIZOWTHELN & REROMH Th 523, EOMOBGIRE T
305 255 205 155 105 55 EQ 5N 10N 15N 20N 25N 30N 8B LT L HZFD X 9 R HivZeu,

4. FLEHESHDEE

MJO DERTEALAEE DORFA B O TR % ENSO & QBO O WhFiit) Ze /ER OBLE D & E BN HGR T 5 7o Ol & LT, AREEIL
QBO D52 % 2B T T /L NICAM IZED AND T2 DI BT v 2y FHEBED FELE L iR, 55 KUY QB0 ONLAR A BVE 1t TG Bl
~G5Z DWW IR A Ry N EiRA LTz, QB0 O P RA B & BV OB R T T U ETHy Py /952 LT, QB0 AT
L 7-RIBEE S ARICKRBLTEX D2 &b olz, £, BAKE— 7 ITHIZRBVTIE QB0 & G B O BAFRIZ DWW CTELH & [F)
FROMBRA R 57— T, BRI DILo TEDO XS REANAH D LIINT L L E X ehole, 4%, ShEMRERE DR
EEPMOREERREZITO L EHIC, LV EHOERICE O THNECTHARICHE IS MJ0 OBETE{LAEEE & ENSO/QB0 & DR
FEBENICHRDTFETH D,
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S R EIR RS (TF) 1%, *HRE R O 20 DR W P2 B AT B, s & sk
DM OWE R BN EE B 2 BT E XN TV D, ARWFFETIE, FifrT —% & O, TF
HERT —#Z AT, BN ERCRETS TF 2172, £, MIERTE&EEICBIT S TF
DI EHEE DR T2 5 AT T2, FeATHIZEDORE R & [RIBEIC . TF 13RI B TR AHEE
DR & 725 2 LNbo T, MEBHBLOEILOMET = %L —O MBS & T 5 &, 1@
EE) T R L — ORI, BN A D 1000 km LA EFGICAZE LTUVv 2, ZOfEERIE, #ER
EREARIC BT D TF ORAMEE OB AT, A=A T v 7 OSHET TIEHBATE 20

T3 TF O arRYy MENTEIT -T2, B s

EDORRAEDNRR E 7R o7 & & TF BAEMB O T QY MLOFEE L FREMABIM S T,
Q X7 MDA, BHIEIZRER Y = v b & BALTRNCHE/ N U 72 B O BEELICAE 5 i
HEDOBILICBEEL TS B bND, LA ML—U U ZHERICIED & MMINRIZED < #
fLoze W%L@WM(OiD%%ﬁﬁ@W%);OWT\%@kW@%ﬁkﬁW%ﬁ@W%@ﬂ

g2E
ZEERBLTWS, KRIZ, IEfnZEzE
DRIZTHENZ SOV CTiim L7,

1. [ZLC&HIZ

UTAR X > & IR £ COIRW @R R & LTC @R - S MRE 2Bl T O T D, BRI E She

T R& L —H&— (PANSY L —& —) [ 5 & H e
B E T 3 WITEOENE 7 1 7 7 A V& mREE DD
BVEE - FEE O MERE CHElEREI T o T N TE LM
fME—D L — 4 —"TdH % (Satoetal., 2014), 20154 10
AMNE PANSY L —&—LZ7 /Ly AT A & Difi#l
PEMHE L TBD, KRR L —F—& LTEE R
RWEMER T — 2 BNERE I TWA, sk R o

ETCxa—REOHBRNBND Z LBH BTN DM,

INETOBMOFT, MiEREA 2RI TRET S
ek R iR =FR S (LT, TF) ) 2MEBICEIH S
T& 7 (Figure 1), TF xRk & g oW E sl
BOWTEEREREZRI-TEE 25T (Holton
et al., 1995; Sprenger et al., 2003), Z#LE TIZ, TF DI
A S R IR BV TR & 72 D T & M e X
AWTWER, ZOWEBEIC OW O FaIcfib i
TWehol, 22T, RBIMEICBW T, BT
—& ., KO TF OFBERT — % OHTIZ L0 | Mk
BRI 61T B TF DI A AT~ 7=,

2. Fk-7—4
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Figure 1: A time height section of echo power observed by the

PANSY radar. Black closed circles indicate tropopause height.
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3. #E
F9. BENTT —# (BERA-5) & AV TF OFAEME O PR3 2 F1<7-, Figure2 IZ6~8 A& 1 2~2 A D TF OIS
EaRLTz, 6~8H (FPERAZ) ICHEMIKFIRIZBWT, TF ORABENBRE O EBRH LN E o7z,

Figure 2: Spatial distributions of the frequency of TFs in (a) JJA and (b) DJF. The elevation higher
than 2.5 km is denoted by thick gray contours. The stars mark the location of Syowa Station.

2016 4£ 8 J] 4 HICHEFIAEEH 22 CHRA LT TF A X2 MIHOWT, HHE T I X A HREREZIT o 72, SHRERE. &R
3km EFTTFHELTEY, Zhid, PANSY L— ¥ —MEX ok R O E & 3FE—% T 5, S5, B — % 20T,
MRFNIEH CHRAE LT TF A X2 MZOWTH RN 21T > 72, Figure 3 I[CHEFNEEH E25C TF 23384 L7z H OS2 R LTz,
TF F8AERFRFIC 1T, BB ORRENHEL U (Figure 3b OFEMR), FFTHZRERY = » h235R({k (Figure 2b O 7 7 —), KON,
IRALDOAKEAFA L (Figure 3¢ OH T —) BELIL, RO FHERIENTWD (Figure 3d) Z EBHA LN ERoT, QX7 K
JZHEAS TRHTIZE D | TF BAEMROITEE TRV Q X7 MVORBMNTFET 5 Z L2 HENDIZ, QX7 MLOsARIE, R
VR = b & BRI ICHE S U7 R O ELIC AL S AT E OILICBE L T b LB X b D,

(a) BREASE (b) u & Z @ 500hPa (c) |v6| @ 500hPa (d) w @ 500hPa
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Figure 3: (a) Composites of (a) anomalies of tropopause heights, (b) anomalies of zonal wind (color) and geopotential
heights (contours) at 500 hPa, (c) potential temperature (contours) and anomalies of horizontal gradient of 8 (color) at
500 hPa, and (d) anomalies of vertical wind at 500 hPa. Only areas with a 95% confidence level for the two-sided t test

are colored. Gray thick contours indicate the coast of Antarctica. Stars indicate the location of Syowa Station (69.0°S,
39.5°E). The contour intervals for (b) and (c) are 10 m and 3 K, respectively.

ZOFRERETTIC, bA P L— T VEERICHESE | FBBIRFE T TF 2SR Z 2 BREBR LT, MK LT o dm A
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2 biLd,

PLEDORFIERR R, #RFRCE LTE & O 54, Journal of Climate |25 FE X 41TV % (Kohma et al., 2022),
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BEWEHEELY, TEBEORKOEBOKRE D ZHHT 5720 T, WREMRDY =y MRROMEE « F
WICHET5HT, RAERFRZDIEHRIC OB L 52 5. /T V7O FRICALES 5RO BB
BELTEBOIG R 2 (A =L 8T v 7)) 1%, BRIRHEELORE R IRK & 720 5 BATIEBE D3 6/ &
72 % FEEA R FREIEAT 2R T8, E OERNTIIRMALR R Z . ABFTE T, RIIFICHE S KRR
— X OIRNIC S E, Hx DT X~ - A7 r e AEBILUCHE ) 2o FLX—THRL, BILOEE
(IRAFE L7 TEBR | 23 i 2F T, AEAHEEOBEMERELEEI OHMEERF - TR A 11 = X L OFHitk %
ERMICIRA L7c., BEWERELOIEBIE 25N & 72 2 AL, IEBROZBAR LM S THHEIRESR
7. ZOFEMICE, MALREARZ TR LT DBERN R R X —EROKN L EA~OE T LT, JEX
FHIASDIEBR O =R F— DR HDEA N L FE~OBAPEHETH Y, NHERL2IER BRI TFS LT
WHHEIIR ST, ABFRORERIT, AERFEEOBBMEHEELEE OMERF - TEAKIZBID 28R IC OV TEHERY
REBNERE 52, £ OREHNFHIETHIERO A I = ALK L TV LEEZRRTIHDTHD.

1. [ZLC&HIZ

BEEOREKTEE, PEBEICBIT S H 2 ORKAOEILO KIS BT 57200 T, HTReRd Y=oy NRIROHER -
JEEA~DHELZE LT, RABEREAEDOHERBICHEEL 525 L0 ) HIZBWT, BHEER - HERFMICEE TH 5. MIBEE
ALEZEHIC LU, BELORKRERIL, FEALEEAEOKRE SIZHFlT 5. EREHETIE, Y=y PREORESE 2 b —L4
hZ w7 OIEBEORIZ, BEERLZ TG L EANRBERNRRLNDN, TO—FT, RT7PTHOREL NREICEETH S
FEKRFEOA =L T v 7, Py NMREOBEARK & 78 2 BLTIFTERBUNE 705 L5, Blig L&A LW ZEiE
A7 5 (Nakamura 1992). Z OFFEA72ZHIEITIE TELOEIRE T ) &MEEN, xR Um» SRR Thh TEZH00
ZD AT =R DI ARFEIA 22 .

FATHFZE I, THAOREET) 23 LE2ERE LT, Y=y FREOBVWWKEY T, EZEOY =y MRS FEOM
JERE OREEE, FEWENEAD RS, Y= v FONREBREN TH AR Y = v MAITH D102, EfiNLEFL T 2EIL0F
Btk ERBTHNTWS. LaL, ZNHOFESOMMARLEIIR 5 TH 5. BEWMEELICHE ) =R — DI IEITIC
X0, 7o 205 OB ERLIMNRIZFET D00, — 5O T o ADHDOFMIZE E > T %) (Chang et al. 2001),
TR - AREBA A AL TS0, BEMEEELOREZ O L OOFHEOFEEEALTLE-> TS (Zhao and
Liang 2019) WO RERH 7=, THAOIRIEE T O A D =X LOEMIZIE, BEWEEILICAE ) =3 XF—D % - ARkl
Bl B K THE ZIRITHICHE Yy L2 B C, BEMEELLCE S o x L ¥ — B X L — L HHE T X —0Ff) THAL
L, EELOEIEICE S ey T8 - ARkhR ) OZFEIVE 2 EREICEEM - LT 2 0ERH 508, TO X 9 RREIL I E Tf7
b TWipho Tz,

2. [HREERRE - Ak

AT, RO BROTZHIZ, SERKKEMNT JRA-55 (6 FEfHE, A 1,25 ) ZHWTHRIT 21T o 72, Tt RixsE
B DAL K ELET, HIRIE 1958/59 725 2016/17 D 59 Z=EiTh 5. BEMWEEELRSICHE S ZTER I v M4 7 W 8 A ol
M7 422 HOTHE L, SEEICIE 31 BOBENESZ i Lz, i b OBEMEEELICEE ) BB 2L X — KAL)
AT F—DEH, AINET RV —DER, KEEERLD) D OEB) = 3L F— K OFNLE T RV F—DOEHRIN .,
A EPEREEE A & DIER D T R L F—i A& 274 L 72, JRA-55 TIZARFRITLE 5 FERTBVINBVRANME M S LTV S 720,
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HMLE T R X —ERIEZ BT 2N RETH D, NS OEH - ATEA2 L EEERoFE R (b L <X m) 2
5 100hPa [ £ T =K ITHNZHE D L, S GIZEFLICHE ) 2 p VX —TR$ 2 & T, FHO 18 - A pizh=R | 27l L 7= (Okajima
et al. 2022).

3. REREERE

FI, FEATARZE L i LT &Y REIMICE 2 KBEICB VLT, dERFEEA b—2A b T v 7108 5 S g o r bRy
B, T8 ORI & % 0N B AT N 2 R SRS S 7. AL T RO R Sy S LT IEEELICAE O @B — Rk L %
— AMET R LF—Th, FREROFEMEZHR L. BEIWEESLO =2 X —NEA b A - ARHEO P TIE, HRh
D OFAE T RV F— LW O AN TENCKRE <, ZOFRENHALREARICERT 250 ThH Y, BEWEEELD
HERNCRES 2 E WO WHE LA LTV, TORREBMP L HMLITHRR LR, BAPLRETHIT TUTPLRE T LT/,
HREG O OB T L X —LHTREL 28 L TRTHY, BEMEHEELATROY = v MR ZHF L T2 HELEENTH
ST WRE~OIEENERONRITELITRR 250, ZOFHMELY = v M AHETO Y = v hOSHtIBhEY %
FRANICED bIo b STV e, FEBBINENCHE 5 B O RITAF 2B L TURE - ETh o777, LRI b OIERD
TR F—FHITEAITR KR E Y, FRITHT TORDBEE Th o 7o, RAEKY & OMAERICHE S BHOROFEHMEIT
INEoT, TNORTOBRBEAERT LI LT, BRGNP OFDET RV X—LHWOBHE L W LT, EROEHRSEN
FVBERBELADR T 2R TERHL ML o7,

AT, Nakamura et al. (2002) T/r&#L7c THADIREIKT ) ORBARIZOVTS, RO RVF—ISHRITIC L D &
W R ZFE L7z, BEWEEELORIEO [BELORIFIT ] SRR E 725 1980 FAEIXLBOMIM T, ZALRTO#IM & H
L THELORT XN F—DRADKR TG AP E 0D 2 &, S HICEKROEHRGROBLADR T HI{bT 2 FNER I L.
Z OIEROZERNR ORI, & LTERED D OAMLE T /L — 242 & SO~ D IER O = 1L ¥ — ik 3 %5 5
LT, —7%, HEGHO OER T XL —2HT TELADRIME T ORMZEMZ350 2 Gz, £/, 1EKRO
EHWNRORYAEMRD, F& L THEIMEORMLRICER L T FELRRI L.

4. FLHESEDODEE

ARAFFETIE, BEMEEFLICE T2 = RV —IUKMTIC L D, W7 7oK, OREICEE TH 5L EHEA h—L T
v 7 O TEAORIFIKT) [ZBb2 7ot AL - AREETMT 5 2 & T, &7 1t AOFHMEZ LGN OE &I
B U7z, RS OFIILE T X —EHNRO YLD L EL~DOEK TN A, EREPES~DERDO = L F—jiHOE
LN DESORD KO 5350 6 OIEB = %L X —EHROFHME S EROLEHRIROBEL DR FIZHE L TBY, [EXDREIR
IR OFEEDR, BEDOA D =DKW L THDHENRBR I (Okajima et al. 2022).

AFFROFEINT, ALK FEA =L T v 7O TEAORERK T 2, ZRXAX =08 MINARERBIR ThH D F 2R
THLDOTHD. 5%1%, BFEOFIECESIRTEER SCMOWERD A F—5 N T v 7 L OHIEBRKTD, HINET R LF—%
HOMROFEFHUEEZ LT TEROI LR IPELED L TETHD.
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nE
SREO I I A RBATHEIRICIS T D 7 A Y A — LB O FERE L AR . B I OF oW BRI - &
HERA~OEBELI SN T 272010, BRI O EMGERME Y I 2 L— 3 Y EITo 7z, TORRND,
KEEPP ORI 7 1 > MRIZBW T, 7 A Y A7 — )V ARZEIEWERERA DL ST 5 afRelt
R LTz,

1. [XC&HIZ

o3 FENI) RN SOREHE 720 1 )7 IR CHRFEUT T S A0 5 4RI RIBEEIC N X . 6 D EEZ NI ITERM0B0, BRI, =R
BE i & O o T2 RN 20 iR 2 T 5, 2O X I R L MPEOMICIIRREO AN K E VY [BATH] BRI, WERRH L
R, EMBEREDR Y hAKR Y b 7o TV, INE—IPEBITHORES L LT EREOWHEN T HiLd, ZROWR
ZIRAL D BRI IX, VA OB & ORISR Z K L, ROEIBERICELS Bb b 2 EBnmbn b, ZFEOBITH CILir
B, BT AV Rr—) (BEIZBVT 10 kmBL FOR 7 —)L) REINREG & WERBRICEER&E %2 R 72 LT 5 al etk osmmg
ENTWD, FFFEREF HIX, MR 5 @ e EER D O BRI & SOOIy 7 A Y A r— o 7ar b RHL,
Z AR U 72 SREIR G TR LS & AERE R~ DB Z IR R L7z (Itoh et al. 2016), L L., ZFEHHRO Y7 A Y 2 — LB D
BR LT ORAERE IR AP ENE N, & 2 CARIIE T, ZEORFE—IMNEBITHIRICB T 207 2 Y 27— ik
DFEHRE LR, B L O OWEHE - AR A~DOEELZI LN T 572012, NS X 2 BUEE0H & AHATIERE L 72 B 325k
AT S, ANELLIIRABE I OHERIER 7 7 METHE CSHUVIES  (Ttoh et al. 2016) 245 U RIS H L 7= $fii 925k & fighT %
1To7.

2. BERE - A&

WEPEEER T 7 /L MITgem (Massachusetts Institute of Technology General Circulation Model, Marshall et al. 1997) % /K EiT{El € —
RTH, BRI D =FRICH 1 CTOERBBERRRZ SR L LIZmEOBEY I 2 V—3a v & 1T o7, FHAEBE 38°30-
43°00° N, 139°45°-145°00'E & L. HEBERIEEICHN D VT A Y 27— WG E #5720, 1% 39°15°-42° 00N,
141°15°-143°30’E OFHI T 300m & L, £ OAMAITIIBHTER CTOMFIE 1.5km ~RA IR L7z, SRiEH FIRIZ. 3RE 200 m
T3 m, TNLIERTIIRAICHLR LR FET690m & L7z (FH170 J&), SOEham « KRBT & bICHROMEE 1 x 107° n?
s &L, REEEIZ L - THEMIZEE SN L U B TidZ OfED Thorpe scale 1512 X > Tk &5 Klymak & Legg (2010)
DAF—Da M Ui, AR - RMERREUT 1m?s & Uiz, A0SR AR Y AR & 1 A% BT FORA-WNP30 (Usui etal.
2017) DOKIR - ¥isy - VE - WHEEED 9 A OKRBEEEZ ET VOB~ L TH 2, BEERICBIT 2KIE - 5y - il - Wik
e FE 2 [ QB IR IR AN 2 & & b IS, BHEES ) 51 € 7 /1 TPXO8-atlas (Egbert & Erofeeva 2002) @ Mo, S2, Ki, O1 73]
DNEFEHI TSN L7z, 73, ¥EE 2 OMEE (MUSH, Bl K7 7 v 7 2) 1352 T,

3. HREER

VX2 b— IR EERIER L, ZREOBEM ENSHEERE T T ABRICAMNR IR CHHEFRO b Ry Bz - #EEL,
ZOTHINLE T 2 KEEMPIZB W TIRWKES T 24 U5 & &I, HBERIZHE 2 AOFIHRE 2 G L Tz, To—Fl%X
LIZRT, N Ry By CRIME L /2B Y = v MR & 70 0 REBF DK 100m LLRO Ml 2 diidv, Mo e gs i &
O] (AR 142 JE 5 /3 FHE) IZ8OVERE S T EARES T H#AEL D (K lad), AEV T IFEOHEIMEICEEL TR, KEY
7 ovioz (FHXHREE) MBRE /LA OE L 72 28R T, BEIIRBE CHEIE SN 2 ERENRITIICIHE > T Y | —BRRLE
EEAELTWS (B1le), ZAUCLY, SLFEHEE = RV F —Hob R AN O AR ORIFMR Tk S AR Lo T

(1), ZOX D AKFET T, REHBRE, =3/ X —8kRMORERITREEH THY K LRD HiL, £ 2 THRWhEIRES 2/4£
CEABEDO 1 OTHEZLWRBEND, TOAHN=ZALELT, YT AV AT —VRZED—FTHY, BADORT %)L
TMEENGA U5 Inertial/Symmetric instability (Gula et al. 2022) NEx b D, 7272L, ZOXIRYT AV A — LR
LEL, EEMOICELRRES 23ISR 350 b, ZRINICRAET 5 0 7 R LEECH AL E L@ U RS ICH G35 2 &n
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Fig. 1 Zonal transects of simulated velocity field and energy dissipation off Otsuchi (39.38°N, t = 576 h). (a)
Zonal velocity u, (b) Meridional velocity v, (c) Vertical shear squared Sh?= (0u/dz)*+ (6v/0z)?, (d) Lateral shear
normalized by the local Coriolis frequency (év/éz)/f; (e) Buoyancy frequency squared N?, (f) Turbulent kinetic energy
dissipation rate &
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Abstract

The role of sub-monthly sea surface temperature (SST) variability to Madden—Julian Oscillation
(MJO) simulation is investigated in the sixth version of the Model for Interdisciplinary Research
on Climate (MIROC6) following the MJO SST sensitivity Model Intercomparison Project (MSMIP). The
MSMIP consists of five model experiments: one fully coupled (CGCM) and four atmosphere—only model
configurations with different prescribed SSTs. Preliminary analysis based on four-year simulations
(1951-1954) suggest that the spatial pattern and temporal persistence in sub—monthly SST
variability might help simulate the eastward propagation of MJO in MIROC6. Further investigation
and longer simulation are needed to obtain statistically robust conclusions. The five MSMIP
experiments of MIROC6 are planned to run from 1985 to 2014, and the 30-year simulation data will
be publicly available in MSMIP

1. Introduction

Ocean coupling is known to improve the Madden—Julian Oscillation (MJO) simulation in climate models (e.g.,
DeMott et al., 2015). Through comparing fully coupled models and atmosphere—only models forced with observed monthly
SSTs, many studies have reported the importance of sub-monthly ocean—atmosphere feedbacks to the mean state moisture
pattern and MJO eastward propagation (e.g., DeMott et al., 2019). To further understand what aspects of SST
anomalies (e.g., phasing, pattern, or persistence) in coupled models are most important for tropical mean state
moisture patterns and MJO propagation, the MJO SST sensitivity Model Intercomparison Project (MSMIP) is initiated
The MSMIP is designed to understand the effects of sub-monthly SST variability to MJO simulation and their robustness
across climate models. This study contributes to the MSMIP using the sixth version of the Model for Interdisciplinary
Research on Climate (MIROC6) developed by the Japanese modeling community (Tatebe et al., 2019). Experimental
design and preliminary results are summarized as bellows.

2. Model and experimental design

The climate model used in this study is the MIROC Version 6.1.12 (Tatebe et al., 2019). MIROC6 is composed of
T85L81 atmosphere and 1°L62 ocean with considerably updated physical and dynamical packages. The atmospheric
component is constructed based on hydrostatic primitive equations with spectral truncation, and the oceanic
component is constructed based on Boussinesq hydrostatic primitive equations on tripolar coordinate system. The
MSMIP consists of five model experiments: one fully coupled general circulation model (CGCM) and four atmosphere—
only model configurations with different prescribed SSTs (AGCM_x). The settings for CGCM correspond to the historical
run of Coupled Model Intercomparison Project 6 (CMIP6). This CGCM simulation provides the input SSTs prescribed in
AGCM_x experiments. AGCM_mon uses monthly mean SSTs, which removes all sub—monthly SST variability. AGCM_ldrandpt
uses pointwise randomly shuffled daily SST anomalies (SSTA) to break both the pattern and persistence in sub—
monthly SST variability. AGCM_ldrandpatt uses randomly shuffled daily SSTA patterns to retain the effects of pattern.
AGCM_bdrandpatt uses randomly shuffled 5-day running SSTA chunks to retain both pattern and persistence. The SSTAs
were shuffled only over the tropical band (25°S-25°N), while its value remains the same in the extra—tropical band
(>35°). For the southern and northern latitude bands between 25°-35°, original and randomized SSTAs are merged with
a linear filter. In current study, the five MSMIP experiments were run from 1951 to 1954

3. Results

Following previous research (e.g., DeMott et al., 2015, 2019), intraseasonal rainfall anomalies is used as a
proxy to measure the convective signals associated with MJO. Figure 1 shows the longitude—time evolution of 20-
100—day rainfall anomalies in Global Precipitation Climatology Project (GPCP) observation and the five MIROC6
experiments. As observed in GPCP, Clear eastward propagation of MJO signals can be found in the CGCM, AGCM_5drandpatt
and AGCM_mon run, while the propagating signals are less clear in the AGCM_ldrandpatt and AGCM_ldrandpt run. This
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result suggests that the spatial pattern and temporal persistence in sub-monthly SST variability might help the
eastward propagation of MJO from the Indian Ocean to Western Pacific. However, the AGCM_mon run forced with monthly
mean SST that removes the effects of sub—monthly SST variability also simulated a clear eastward propagation during
the four—year period. To obtain statistically robust conclusions, detailed examination and longer simulation are
needed.

CPCE. 1997 2021 prec . QO™ AW o

AWM SaPardP e AGOM 1 ARanc ot AWM | B

2 ANl £

Fig. 1: boreal winter tropical (10°S-10°N) 20-100-day rainfall anomalies (mm day!) correlated with 20-100-day
tropical Indian Ocean (10°S-10°N, 75°E-100°E) rainfall as a function of time lag and longitude for GPCP observation
and the five MSMIP experiments: CGCM, AGCM_mon, AGCM_ldrandpt, AGCM_ldrandpatt, and AGCM_5drandpatt

4. Conclusion and discussion

In this study, the role of sub-monthly SST variability to MJO is investigated in MIROC6 following the MJO SST
sensitivity Model Intercomparison Project (MSMIP). The MSMIP designed five special experiments to address this
question: one fully coupled simulation and four uncoupled simulations with different prescribed SSTs. Preliminary
analysis based on four—year simulations (1951-1954) suggested that the spatial pattern and temporal persistence in
sub—monthly SST variability might help simulate the eastward propagation of MJO in MIROC6. Yet, further investigation
and longer simulation are needed to obtain statistically robust conclusions. The five MSMIP experiments of MIROC6
are planned to run from 1985 to 2014, which corresponds to the last 30 years of the CMIP6 historical run. In
addition, much research has reported the importance of mean—-state moisture on the eastward propagation of MJO (e. g.
DeMott et al., 2019). Through close comparison between the coupled and uncoupled experiments, what aspects of the
coupled model SST anomalies (e.g., phasing, pattern, or persistence) are most important for tropical mean—state
moisture patterns and MJO propagation will be further investigated
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s TRy, ZELKRE 4 B O — X THREARK ) ORBERR+5ThD Z ERERINTWS (D), Zha=iFT,
2017 AEPELT 29 /N2 R 14T T U 3D (bR A4 GRS RHG L2 T — 70 (LR, 4 ffHE3HERR) 2B L7223,
20 PACDFIR _EFH-OFHIENEL | [PCC ARG IZHEH T2 EBRICITERA S o7, £7o, EEEXHSITEE 4um TRk
SRR & HOER R RIS 0 1T CRMET 5 X S ICRiEb 21T > TWA T2, E 4um 8% TREBHUR & HIBR U % R 3HE
D EBRENELRLT VY, 2D OREEMRT 5720, MEEEIT Y FORHEIH S - IS8 E LB L, #x RIRE TORMED
WU T E D LWRIRRIL T — 7 LV OBRFE 21T > 72, £72, HEIRHER TOKRBRKE B NI S TN D Z N bho
TN5(2), ZORREE LTE, BEELILTODIRELHER O T — & ~X— 2|3 HITRAN2004 (3) T ¥, HITRAN2012 (4) LAREIZ
A SN RIMR O KEROWRIRA BB SN TORN 20, BNHEIZZR > TS Z ENBEXLND, 2O b, 546
BEVX, FEBH AT T VI 7 1 ¥ = 7 R (CKDMIP; Correlated-k distribution model intercomparison project) (5) ~DOZ % B L .
B O IO RERIN T — 7T VOB EIT o1z,

2. ERT—4
CKDMIP %, R UF—4 _R— 2 Z AW THEE D MET VR R L, HE 0.1 : .

ERHKT 507 b THD, RIROT — X IXKE 53 48, &IR 5 48, K

ERE 12 ATHEEIN TS, JELEXKEOKTIEK 1 0B THY . K

log4op

BRREICENELT D Z LT, G0N RKGMICHEE LIZT —% % 1k E
WD ERTED, BN OWIRBUIAZEREITRAT LS, kel I
TIHEGFT D720, T—F_"—2bENTW5, FEHFTHOMGEIZE 1O
WY THY, B THTI2 5A, FHE TR 312 TR TH D, m; 1
W RAR ORI, KAER, B bRFE, Vv, B =R, A ¥, .
Wi, %%, CFC-1leq. CFC-12 ® 9 FEH T b 5, BHRIFWILA/NE 720, g
EBE SN TORVBRHETABL NN, K7 vy =7 ~TlaaERRIL 100 © )
BhdeELTHRbLALTWS, £z, ~"ah—KRUHEHIZOWTE, CFC12 &
FOMO T T —RRITGTERTEY ., TOMo e i —R A FHOWIL
13T CFC-11 OWINIZHE L TEE STV 5, 1000 3
# 1 : CKDMIP 5 — ¥ O 5 fitg e g
Longwave Shortwave 10000 [ 3
0-1300cm!  0.0002 cm! 250 — 2200 cm'! 0.002 cm™!
— 1700 cm! 0.001 cm™! 2200 — 2400 cm™! 0.001 cm™! :
-3260cm!  0.005 cm™! 2400 — 5150 cm™! 0.002 cm! 100000 E ‘ . '
1

5150~ 16000 e 0.02 e’ 20 160 200 240 280 320
emperature
16000 — 50000 cm™ 1.0 cm’! P

X1 : CKDMIP QRIART — % DEIE « [RIRKE T
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3. HRLER

ZOTFT—FEANT, FTA NEBOFREN BT 70, FEEROT —Z 134k 250-50000 cm™ OFEFHIZ DUV THUAG S
TWBDT, ARIFARTIEMEBINT =TV Z OBV IZEHRE LTz, I ORI 2R 2V —D 99.99%% /13— L T
W5, RICENENDFIRICOWNT Y REI R4 o T2, BT T v 7 ZADOWBIREE 2 BB T D58, Lo & b BUREEN
W H DIFREDOWIUREL TH D2, Z OWEARFIEC OV CIME A TR E1T 5 720, T OMOBRESREEK RN R
WTRESELRNE DAY RREFEZHRE Uiz, EEER CEET X E LTRGBS AT L E - =7 1 Y )VRTIC
L DWHRE, VAV —HEETH D, 7o, N FNTEET 2 RINKBORIERD BN D & -7 S AEEE 72 0 By
DEELL 2B &b, [BEBIFOERZ NV FERE L, N R EICWIBINKEE T LI E L, 20X
UCREE L2y RO L OWING R Z2 R 2 1RT, S ROEBRPHITS BB SN TREERD 5,

K2 I D8 MR E BE S 5 RINEIE

#g Band range gas #g Band range gas
1 6 250 — 2600 Hz0, COz2, O3, N20, N2 1 6 250 — 2600 Hz0, CO2, O3, N20, N2
2 4 2600 — 3200 H20, CO2, O3, CH4, N2 2 4 2600 — 3200 H20, CO2, O3, CH4, N2
3 5 3200 — 3800 H20, CO2, N20O 3 5 3200 — 3800 H20, CO2, N2O
4 4 3800 — 4500 H20, O3, N2O, CH4 4 4 3800 — 4500 H20, O3, N2O, CH4
5 4 4500 — 5350 H20, CO2, CH4, N2 5 4 4500 — 5350 H20, CO2, CH4, N2
6 5 5350 — 5900 H-20, CH4 6 5 5350 — 7550 H>0, CO2, CH4
7 3 5900 — 6200 H20, CO2, CH4
8 3 6200 — 7000 H20, CO2
9 6 7000 — 7550 H20, CO2, CH4
10 4 7550 — 7780 Hz0, CO2, CH4, O2 7 5 7550 — 8500 H:20, CO2, CH4, O2
11 2 7780 — 8060 H20, Oz
12 2 8060 — 8320 H20, COg2, O2
13 2 8320 — 8500 H:20, CH4, O2
14 5 8500 — 9100 H20, CH4 8 5 8500 — 9100 H:20, CH4
15 2 9100 — 9650 H20, COg2, O3, O2 9 2 9100 — 9650 H20, COg2, O3, O2
16 4 9650 - 11000 H20, O3, O2 10 4 9650 — 11000 H20, O3, O2
17 3 11000 — 11480 H20, O3, CH4 11 3 11000 — 11480 H20, O3, CH4
18 1 11480 — 11620 H20, O3, O2 12 3 O2 band H20, O3, O2
19 3 11620 - 12850 H20, O3 13 3 11620 — 12850 H:0, O3
20 6 12850-—13220 03, O2
21 6 13220-14280 H20, O3 14 6 13220 — 14280 H20, O3
22 5 14280 - 14580 H20, O3, O2
23 1 14580 — 15140 H20, O3 15 1 14580 — 15140 H-0, O3
24 4 15140 -20000 H20, O3, O2 16 4 15140 — 20000 H20, O3, O2
25 4 20000 — 24600 H20, O3, O2 17 4 20000 — 24600 H20, O3, O2
26 1 24600 - 25700 H20, Oz 18 1 24500 — 27400 H20, O2
27 1  25700-27400 02
28 1 27400-29870 03, 02 19 1 27400 — 29870 03, Oz
29 4 29870 - 36000 O3 20 4 29870 — 36000 (OF}
30 2 36000- 50000 03, O2 21 2 36000 — 50000 O3, O2

RO E BB ERET DRELEFN Y FTITo 7, RE(ET2RKA T 07 7 A /i3 AFGLARHERK 6 i &, KUARE &

RARD 1.2 (54 L7RRE. KBTI KIEIC 1T 2 IRES BRI, 2100 FI2BI 2 HEDOREBNRTUKRE 2 Az, &
DT, KBERTEA 538 Y (c0s0=0.1,0.3,0.5,0.7, 0OV T HBE L, KT 120 O KRXUREIZOWTHREILEZ T 72,
¥ RNT 2 EL EOWRINRAEEZE L T A4, #IE%E 218 Y (completely correlated, uncompletely correlated), &4y
BEAEEMSE O FREED SE TV BREO 20 FH48 0 0EREZITo-, 2O X 22 L THELREERIZBWT,
BN RIZBIT D LEVEIIRE L, HRE., diiBAE (2 2 Tl 200hPa &2) 2B AEKROKKN 7 T v 7 2ADE%E
2N 0.2Wm2LL T, EBaH A28 0.1Wm2 UL F & L, ZNEMET b bABODARWERERA LEZ, Zhcky, £20
MY 303 K103 88 21 N R 76 mOWIRT =7 VAR LTz, &6 506 RK L MRE TOREN R 1 Wm2FEE &
ol MBEDOT a7 7 A ICRRENAGND T, Bl &I FHEEIT ),

4. FEHESHEDEE
S81E CKDMIP 2SI SN TV D7 e 7 7 A L E W TRl 21TV, B 7 7 v 7 AL INEVRIZRT U CRE 2 MRFE L €
W FETHD,

SE Xk

(1) Pincus et al., Geophys. Res. Lett., 42, 5485-5492, 2015.

(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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Estimation of impacts of climate change on oceanic ecosystems using
a next-generation ecosystem model
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O 7 Z 7 N A AEBRBERIC O W T IR I RIBLEAERE R E T L A BT L, RURE B OWEARER ~D
WETWEITO ZERRFREORKBENTH D, ZNETITHBE LEZKRERET VTR, #7770 F
RRBREZHEIST 2D BIL) Fice A=A LREAINTWD, KHRET LTIy v 7 1 VRESA
DOFBENERET MR TRES A LL, SMEFRAOZ a7 ¢ VRE (HERE7 2o 7 4 K)
DEERDH NS — 2 R THO THBET L Z LI Lz, REEIZZ OEF % Nature Gl o
Communications Earth and Environment 38 TAZF L7-, WIHASET L CIIEEEICS Uk X » T 7 5
YU NN D 7 mr T gL s RFEHTET TR KFE - BRI (CN ) & T 5, 1ERET LTI
RF#E - H T Redfield HLIZEE STz, RERET A ZWZFERIC L - T, BIfkic L > T CN Hd
RE D AT = X LTIEHEFERTHE O/ CN O ZBIESC, BGEN T O ok TR A O CN thoZE
MDA EMBCE D2 N ghoTe,

1. [ZLC&HIZ

WEEOREM 7T 7 bt BRI L > T LRFEZ I T D &0 9 8, MEERWEH ORI L 725 &V ) RICBWTE
BB 2 B LT\ D, RELTNC K > T, WERM 7T > 7 b o DO—RAERATE « AN EIT 5 & WEERO g
(LIRFBRINENEALT 2 DITMA T, BYHEEZ @ U CIREAE~OBENEL D LEZONTNDS, IO DOEEFNMZIT
BERL LT, ERBRTT LA DY EAERTT AVNHNLNTE L, AFETIIEY T T 7 b ARRSBREEIC
HWeT 2 Bk) A= X LEEANLUTEERRET VERBE LTS, ZNETIZ, M7 77 b BB & - CTHillg
WOz ou7 ( VEREETNERED AN = XLNEED 7 o a7 ¢ VISR OB ERNCEE R 2 L B30 ho Tz,

BT T IR BEZLITE UL K> THEH 7 F > 7 b D CN BB T B A D =X LB EASN TS, i~
T2 RO CONIINARIZE > THEESNDIREEBEFATEREZREOL TH Y | WEDREMHER & ERMERLZ BT 5%
BB L T05, b L., FERORBELEIM > THEM T T 7 Frd CN AT 5 LHEEICRINEND COr DENZED
%,

2. MEHE - A&

BEFERTITHY 77 7 2 ® CN Hid 3.0 725 20.0 molC molN-! D& TLE T2, £7-. M2k > T CN b ZB ks
RHZENRMBNTEY, v FRaayh A TEEE (T CN LOZEEFE P, HEEOBRBEHITIX, w77 v
CN LbDTF —Z 137, R TIRAEHY O CN IZEFEICH Y, HEE T CON EREL< 2D, BB TR 252 ENmLNT
W5, BIMEIZE > T ON EBRED A D= A D L > TCIN O OBHGFERZFHATE 5008 2008, AR THMBETH D,

AR AERER T L LA T DHERIEER T T MIIK B EF I AEETT L (MRLCOM) Z#HWTE Y | #KET L
LEFENTVWD, HEFEEITRIRT, ILBELS OAKCEARGE IXRE 1 ExpEdh 0.5 ETh s, ABRET /ML, W77
NoVFE, BT T b1 FEERT, BF - SEEREHFE LD, ZOFET/LIE Pahlow and Oschlies (2013), Pahlow et al.
(2013), Smithetal. (2015) THEVE ST BRERIZ B DUV THEEE S L7z, Rl HARTIE 1985 42005 2004 4R TH U | FfEF ORGSR 2 Bl
kg LTz,

3. HREER

Jana 7 4 VIBESAE ORI, BiFEEREETER I TS DT, Communications Earth and Environment 382 #8# < U
7= Masuda et al. Q021)DFE R Z BRICHENT D, Fea DU I ab—a VR TIRHEREB 2 0 a7 ¢ ARKIZIEEE T 100m LA
TR, HEFEHF T 30~40m, FREIT 60~70m IZALE LTV | BlIFER (Yasunaka et al. 2022) LS LT 5, Fio, BHIKT
IR RISE DS U224 T SCMIRENE K 725 L0 ) BUIRE R & BHHIR TV 5,

WAHRE T VA LTV % Pahlow, Smith OEFGTIX, #7727 F v ON HIFAERY Y — R By O biZ#Eh LTk
F5, ERY Y —RIERETER (RFEOER) L RBEVIN (ZBROER) I LB S, FHFIZY Y —2%2H< EH 9
RN LbEEE%ZT5, MAHRBO XL S 2N EE CREEN AT HRE T, RARIC XL D REOEEIIRS 20, il
R OB TR DT, CN R EL 2D, VY —RINERIZLDRFBOEG LY | REEOBHEIELNICE Sy SN DD
T, N7 oa 7 4 VERARITIELS 25, WIZ, EE 120m DX I BRAENRRE L, REENEFRBECIL, XEMRICK DR
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F ORI EET DHIEOBRIIAR S 7O T, CON HIFIKLS 725, U Y —RATNARRIC L D IRFEOBEITELMIZE D I D
DT, MIENZ va 7 A VEAEIIFEL 78D, %, Pahlow, Smith OB Tiﬁ%77/7b/@CNmim%W7nm74w
EEREBEFICEEL TCELLTEY ., ZHTEEEROBR L EANTH D, ZOMHGICESH BRI NZRIERET L E
WA T, $AE Y L7z ON TR EIERE DR O TR LE < 20 | FHREREOEWVEMRE TR LK 2D L0

IRERPE LN, THUTRFIREEY OBRGEN ) HHE 617 CN O SAICESGHTH 5,

FRIZ Lo T CN O ZALR B2 5 IOV T, EFICHRIRR AR AT R 72 k5% - 23 (Qo=Droop’s minimum nitrogen quota)
FRIZ L DBVREL LT\, BBRERTHLNL TS QdH#iFHIL 0.038~0.13 moIN molC! TH 2, EH:EECREEED Qold 0.038
~0.7 moIN molC!' TH Y, v razay AL MY a7 2 I 7 AF 0.08 moIN molC! LI D Qo ZFf>, BYFERE CEm T 7 >
7 FDCNLEEFHET S EL QoA 0.04 moIN molC! DL 6.0~25.0 molC moIN' TH Y, Qo743 0.13 moIN molC! DFEIL 2.5~
7.7 molC moIN-! DEZFF>, SF V| FERERTH SN CN ELOZEEEHIFH (3.0~20.0 molC moIN) | Qo DF7R Dk & 22 FE )

BTk 28I L > TON A ELSEH T L THITE D, £72, Qm< 2512 E CN LOEEENRL 725 & ff
Bid, X33y b A0 CN LLOEEIENEERE A TR &V ) R EROMRZHHATX 5.

4. FLHESKRDRE

W77 7 b OREREEIL mr 7 0 WVREICRE IKFT D, Ko T, BRI D —RAEERELZELSET L TH
B2 gl LCZun 7 0 A0MMPE L FRINTWARITIUIR L2, Fx OfmE7 va 7 4 VAR OFHIZ
RERIRAHD=ZALFERGENNCT D2 E T, BIFEO - RAEERO RHEEMEZM LT OICEMRTE 2,

BIfbIZ L o> T CN EEARE 5 A ) = X LTI ER THE O LZ ON Lo £ 80, BLELEITE S -k FIRA-EM D CON %
HATELZ LB holz, ZOREEEE L, THA R,

SKAEFER T, ALY T T 7 N AL B IRAEEICET 23m L EHET D, ZOmL TR F M7 7 b
CSEEREICHEIS L CHIAN Y e 7 4 L E A RAINEE S a bk A0 RS SN TV AR T —RAEEICE
HE LR T,

2022 4R 4 ANHETHIZAER 2B JAMSTEC ICFF BN ZE b > T\ 5, AU E- T, MERTEEE T /L MRLcom (ZHL A A
TV IR MAYEEAERBRET L% COCO IZBMT H2HEHAEIT S, BHNET LIZBRICIIMERET VOEVDERERET LOH
BMEIC G2 DB AR TED LI D,

SEH

(1) Masuda, Y, Y. Yamanaka, S. L. Smith, T. Hirata, H. Nakano, A. Oka, H. Sumata, 2021: Photoacclimation by
phytoplankton determines the distribution of global subsurface chlorophyll maxima in the ocean. Commun. Earth
& Environ. 2, 128.

(2) Pahlow, M., and A. Oschlies, 2013: Optimal allocation backs Droop’ s cell-quota model, Marine Ecology Progress
Series, 473, 1-5, doi:10.3354/meps10181.

(3) Pahlow, M., H. Dietze, and A. Oshlies, 2013: Optimality-based model of phytoplankton growth and diazotrophy,
Marine Ecology Progress Series, 489, 1-16, doi:10.3354/meps10449.

(4) Smith, S. L., M. Pahlow, A. Merico, E. Acevedo—trajes, Y. Sasai, C. yoshikawa, K. Sasaoka, T. Fujiki, K.
Matsumoto, and M. C. Honda, 2015: Flexible phytoplankton functional type (FlexPFT) model: size-scaling of
traits and optimal growth. Journal of Plankton Research, doi:10.1093/plankt/fbv038.

(5) Yasunaka, S., T. Ono, K. Sasaoka, K. Sato, 2022: Global distribution and variability of subsurface chlorophyll
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using satellite observations
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TR A BRI 2 5 GOSAT-2 1%, ZEARIEEFEN X TH D “W{LIKFE (C0y) BL A X - (CH,)
S DWFZEMI A T 2 72912 2018 AEI2HTH B vz, AFRETIE, GOSAT-2 7515 b7z €0, KAE T
VIRIET — 2 2] L2228k CO, MHEHEN MM OMHEEIT O VAT AORREITR> T\ D, AL, Al
HEREE TITBIR L7z NICAM-TM & 4 e miEaE W= v AT L& fic, BEBNT — & % L v BRI
DL AT AOWEEIT- T,

1. [XLC&®IZ

PEEHMLIE, COpy A X > — L —ERHEORK T OIBEZF A A EEIZZ0HIZEEN L (WO Greenhouse Gas Bulletin, 2021) .
ID OIREHFET AOEMMPER L /e - THER I SNDIRBELEC I 2HERBRESINTWD T, IBRERT ADRELE
T 5 FEOWHNC L 2B COBMR R Y FU—2 (e.g. NOAA, 2022) <2, #HHIT —% # AT 272D *
v hU—2 (e.g. WMO WDCGG, 2021) AHEHENTW5,

DX REENS, FENOOIREDRS AOREZBIT 5720, 2009 FIZIRELR AT ABLEANEE GOSAT 84T H EiF
DAL, RERD C0, 38 LT CHy OFAE R (XC0,, XCHy) EDOBLAIABHLA Z 4172, 2018 4 10 AIZiX, GOSAT OEMHEIZ Y 7= DI
SN B H AR 2 5 GOSAT-2 28T H B b, BAEIT GOSAT 38 X UV GOSAT-2 12 L A BLHIA M STV 5, GOSAT-2 (2
VTSR 2B 3 2 B (FTIS-2) BEIOE - =71 Vb4 2 BIRE#H EN WS, BN REENIZEAT Cid, FIS-2 28
BRI NOBET—21n5 Y b — L (5, 2019) (2X D EH L7 0, CHBLP—BILIRED I T LR ESED
FuRr rONRBRE 202011 AMBBE L. Z D% A=V a v 7 v 7 EERTWD A7 1 427 +IEGOSAT-2 Product Archive

(https://prdct. gosat-2. nies. go. jp/) TR IN T\ 5,

AFRBE T, BAEEEE TIZ, GOSAT-2 FTS-2 SWIR Level 2 T AEHKUAIREE 7 0 Z 7 MM S TV 5D XCo, 2 L7
Bk CO, N THEE ERRICHEF LTz, WHEEITIZREHIETE T /L NICA-TM & _— 2 & UTs 4 IRTTESEIT L DTS 257 A
NISMON-CO, (Niwa et al., 2017a, 2017b) Z MW\ T\ %, SFEIE, W A7 LA THEBIIT — 7 2 L0 EMEICIRO DS 720,
BETF — % OEREN A ETH T LT XL —Y 7 —%/L (Column Averaging Kernel; CAK) %IV IiAZ, ¥ AT ADiL
BE1T72o7,

2. MERE - A&

BEY P — UM XV EHE NS T LB XCO, & TV A T B ERICIE, CAK 2 E BT LENDHD (e g
Connor et al., 2008; FHH. 2019), CAK (a) X7 R — 07— AT5] (A) EREMEREK ) 2HAWT0) THS
N5, Il FU— 2B D A A LAV —DETh 5,

]

CAK BB LT NVHEICL D0 T A PHRE (X™) 28T 572012, 79, NICAM-TM O 7 + U — REHRICE Wb
T BB TO CLREDIBE T 7 7 ANV %E Y N — VB v B T LIhBET R 7 74V (x,) ZHMH L. Level 2
BT DEREIRPEE 7 0 27 MRS TW5 CAK, KUEM B, Co, ERIEDEE Fr 7741 (x,) BLUOD T LY
BE X9 "L X" EHE LK,
X™=X*+3¥hja;(x,, — x5); (2)
WIZ, 4 RIEESET X D WfRAT S AT 25 NISMON-C0, 1220 (2) DFHR Z T Y iATeizh, K@) D7 + T — Ka— R T 58
W a—RETVaaqs b BEE) 2—FRa{ERLE, 7YaA v ba— ORI G) IcXkviTo7,
(Mx)"Mx = x"(M"Mx) (3)
T, MIFERIE=— R, MUZZEDO7 v aA v ba— R, xi3EREa— FOEEOATIRT MLV Th D,
NISMON-CO, (T FiE e L THi= o — b 2 AW =B F1E A % — 2 POpULar (Preconditioned Optimizing Utility for
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Large-dimensional analyses: Fujii, 2005; Niwa et al., 2017b) ATV, #HHFa—KET7Va A ha— K42 ZDOfFE
YA 7 T LD NS C NISMON-COL [ZHL D IAIA, T AT AEREE LT,

3. HRLER

GOSAT-2 FTS-2 SWIR Level 2 4 T LA HRRIREE 7 1 & 7 b v01. 04 2 AT, 201943 A6 7 AD 5 » 450 GOSAT-2 1
T —& L NICAM-TM D7 # U — RiHREREZE L2 (1), GOSAT-2 BLUT — X 1X5E 7 7 778 0(Good) D ¥ D D I %
L7zo 7 — & BHuE, XCO, 78 118478 5. XCH, 2% 120330 fTd -7, NICAM-TM D7 4+ U — REHEAT, CAK 2ZE LAV EG L L
7256 DPRAEZIL XCO, T-0. 06 0. 13ppm, XCH, T-9. 1 £2. 5ppb T ¥ AR KD FHHE EE 409. 01ppm, 1842. 5ppb 1256 LT 0. 03%,
0. 5%FLE T > 7=, CAK Z &8 L 7= NICAM-TM FH5HME & GOSAT-2 ZLHME D #2213, XCO, & XCH, 1X# 2 41-3. 08ppm, —5. 5ppb & 72 V) |
HFIZ XCO, TANA TABRKEWVFER L 72 o723, BIEEY MU — VL FEOHE & & B2, NICAM-TM O#IHIES OFEE 21T > T
2o

TVaA Ly NETNAORGREDTZD, XC0, IZDOWTR(3) OFHEAEIEE TITV, 10 & AN OENFIRFAZEORMA (10" o4
—H—) THHIEEMERLE,

NISMON 7 ¥ g A > M ET /UL, BT 2 a1 > b (discrete adjoint; LINEAR) & ki 7 > a A > b (continuous adjoint;
NONLINEAR) @ 2 SDDEF/L23&% B, A [ali% POpULar & NONLINEAR OFLAA DR EZ A Z & & L. NISMON OR¥)O K835
TIIHERIE o — F2iv, ZNUBOKETIET VaA sy ha— el L TUATAEBEL, VAT LARIETHZ L2
LT,

NICAM: XCO2CAK - XCO2noCAK (ppm) NICAM: XCH4CAK - XCH4noCAK (ppb)
GOSAT-2/FTS-2. LZ/SWFPIVOIOA mean  -0.064 | GOSAT-2/FTS-2_| L2/SWFPND|U4 mean -9.127

§ 120190301~2019073" sd 0.132 8 |20190301~2019073 sd 2.529
.. & T|xco2_quality_flag= c (Good) min  -2.032 ~ § 7xch4_quality_flag= 0 (Good) min  -49.346
g 7 |Total: 118478 max 4016 g % JTotal: 120330 max  56.570
g o g g |

NICAM XCO2noCAK - GOSAT2 XCO2 (ppm) NICAM XCH4noCAK ~ GOSAT2 XCH4 (ppb)

2 mean, a 019 84 mean 3.658

2 ¢ 547 = sd  19.421

- min -60 427 i min -254.181
z max 33918 g o] max  197.405
g & §:

© T T © T T T
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1. J)—=rS 0 RKARERKICET2ET Y VITHE

IR, 77U — 0T RKIROE &K S T, BEE~OBFK T &2 L TN D o KRR K 3K -
BRIBWE - SRE A SR - AKERIICHEIE T D720, IR FIBEOIEER - MBS - W EREIC BB A
TRREMED D D, AL TILEEBRGBHNEE I TS 7 U —2 7 v R Bowdoin 7 ¢ /L K& H
te, BEOKIDELEIZTHNIATe 7 ¢ /L REE (Inglefield Bredning: 65.50-700W, 77.10-77.8°N) & %[5 L L
T, FEHIFMHEET ML D 7 ¢ IV RO KR R D€ 7Y o Rt F2i LT, BERIRIC
SN BFER e g EE T (Morlighem et al., 2017; X la)ZFJH L., &5EIZ BT 2K Ehfigk - L
—HP—ZEAL TENENOREKDIEER~DF G 2~ T, FOKIA0 6 ORhRK EIX IR R EE T v
RACMO D HI#ERICIES Wk HTOT — 4%t v h & H L7=(Mankoff et al., 2020). Bowdoin K] At
IZERT 2 &, ARk b L——IREDNRKR LR DREN~60m TH Y (X 1b) , FF/K 7 v— L3R
WZEETTHRELZ LN > TN Z ARSIz, — 7T, AR HGH AL B O oK I A TR AR /K 231 R

FICERE CTEN > TWAEEFBIEZ b, TFLVOLMEMICERT5 &, KBS HD D KIEEK hL—
P—OEIGITH N L ——8&D 10 WIRE Th o7, MKDOEHOERZHIET 5 7-0I121E, REZT TR
SHERE b & O T EfRAKDEERIZRIEN D IR DNEN B D, SZRIZRIFES 21TV, BRI O FRE
HI7R IR 73 0 RFJE DK R K 340 & R TR S 2 mlB K & OS2 35t L TS PETH 5.
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W5, AIFFE Tl MOSAIC a7k (Rabe et al, 2021) THUSIU- UAV BEYER 12 LA EOWEKELKTZIR

66


mailto:yohash0@kaiyodai.ac.jp
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