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FHAIL T2 Total Carbon Column Observing Network (TCCON) 512 & » T T\ 5, HARTIX, 4HEIZ LT L D GOSAT X°
GOSAT-2 @ GOSAT ¥ U —RIZ K DIREZN RN A DA OHRICE DT D, —J7, KiF, IR HI1L, #EISREHRT 2D
TLAEEFHT A ARE L COBLREN T LEEAFHHL, TOMITEED TWD ZOBRAEREMBT LT —4 &
GOSAT vV — XOBIIFES: & OLIRIC X A ET — &% OFEMA, AFFEOBERTH D,

2. HAB JURITAE

ZACIRB N 1 T A B OFNE, ESIFIERHAIE AR E RN IR (OST) o3k TEFUEREZ B 5 L7t i bk
FHEFHRR OB & IST AR B EE (et orEdl - B 7' n 7 7 4) 38 [CO, KRN 7 AREA
FFHEEE OTE M - B RAEHE) 12XV B L7z FES-C AHlIgR 2 4 HEIZ DI LV B BICHRE L TfTo T 5, FIRFHIC, #he
TEENC KV IREDRAT AP SN T D RIS & L THIICTHER L, R EERAMEEKOR LIZ 0SA ##%E L TiT> T
W5,

Goddard Earth Sciences Data and Information Services Center (GES DISC) [1]DFfEMTT— Z 7> S LI - BLHIRFR] TR L 72 E»
HEE - KGR T — X EHEH LT, ELICKRGTRER LW SBUERT - BLIGFTHEO EOKG T — X [2] T, fiEx1To7
FE R T — XL VB ORI AR MBI ab— 85 2 & TEIT — % Z2ff T Lc, 7 — Z T ICIE R R R
SUBLERFZEHT D A 83 5 5 PN -,

S S OB ZAT 5 ANCENEREEF O FTS & OFRIFFFHZITV, ZTOMR LT 52 L T, MEBICERE L3
? Scale Factor % 0.990 & AfiH V|, MEESOBINT — % ZMIE LT,

3. HREBE

2018 457 H 22 H)2 5 2020 47 A 31 HE T, MEBBIZBIT AT — & 2T L. KEGARET T 20%% E4 L35 Solar
Timel0 BE2> 5 14 BFOREMIESZ O FEEZ@L L, £ D HD Solar Timel0 FF> 5 14 B DKM EH% OEOEHEFZE2 = T —
N—=L LTRLEZ (K1), #E2DpEEIZmT T 2BLRBSIEHT 5 Z 2R T 72010, KREITOT —F X—ANbHEE
Ot ETHBIL7=7 — % 2 X 1 ICER, FEA T 2ETH EOFHAT —ZIZH_T 3 ppm D 7RVMEZ R LTz, ZOEWDNL,
R TRE COWDHRBCHETIHEENG OND ATREEN D D720, HEECHI L ORI 2 E 2 T 5D, S
HIZ, FHIEE AR T D720, Ref[3]&2 2B\ 2 FEO A & 1 IRBIE & MG o 72 (1) T Fitting L, ZREAD R TR
L7z, 2014~2016 42 72X K FHHE @A TIT o 7o i R [4] & R o [E SLERBEMF CORLHI T — # [5] & Mauna Loa O D8]
WF—ZelLZ Lz (F1), ERFIMHEYOLARICL Y &2 TOEINT9 A _BLRBEN DR IhoTe, “EMLRFED
FAEPFUISEWHE RO FF 2 AEICRKEZ AT, BESE CHERT2-0BERETIES AR—ETRHEL otz ()
O Fitting B & M 2.87ppm O ZELIRFIRED LA P SN o7, T OfEIFHER 0N L LTV % MaunaLoa @ 2.55
[T VME LTz,

CO,Mixing Ratio = I +T

ntercept rend

-t+ Amp, -cos| 27 =4 + Amp, - cos| 4z =4 | @
365.25 365.25
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112 GOSAT |2 THI L7 — % #HiaT-, #R{a TR L7 Fitting MR % 13 ST X 9 1H ZA D GOSAT 7 — & 2334 LTV
Bz e, WRHIAEL < fThivTna &Il LTz,

420
g 415 ;
& "Zul
£ 410
CtE §
o
£ 405
X
=
d<400
(&)
395
JASOND/JFMAMJJASOND|JFMAMJJ
2018 | 2019 | 2020
E1 EBRO CO: FHHTLEMMHER
@FES-C fIE{E (SF 0.990), 7r# Fitting B#R, AGOSAT £AlfE, @K RTEHADME CO2 &
#1 Fitting B OFRER
Site Intercept (ppm) Trend (ppm/y) Amp: (ppm) Amp (ppm) Max. Month Min. Month Ref.
S 3933 2.87 3.62 1.45 5 9-10 This Work
o 393.6 1.07 11.8 1.99 2 9 4
2L E 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. FLHESHOREE

PSS FES-C 3% L CRHAl L7277 — & 2T L7, KEUTH S RO ECEEI L T3 - LiRSE & 5 3 ppm
TR REL 725 T2, GOSAT 7 —4 CHSBICFES-C #E L CRHAIL7cT —# &3, IRIE—H LR E2EL 2 80
T& 7, TEFHEMITRF TN D72, 5%k, FHIlENE T —2 LD zitEd T, £2, HRFERPMNBEEKOR
12 OSA ZERE L TIT> TV D _BR(LIRF LN T L BEDOT — X R 51T 5,

BEH
[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).

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

[6] https://www.esrl.noaa.gov/gmd/ccgg/trends/
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W R bAE (YMC) d—Br & LT, 2017 FFAZTEIZA < M FIZBWTERE 72 YMC-Sumatra2017 £
ﬁ@%ﬁ%ﬂ%k#é BERIER S FREET L NICAM & AW T FEBR 21T\, B O B FR 23 v K g

B D HEHIEE & FEHNEIICRIET B OV TR, MR T, 53 22 chRiE i 2 2R g N R T
%%wé ERMBENTEY., WMEOBREZEYICET NV TRET S Z Lk, FHNIESOHEM & TRICE
WTHETHD, 2O0OEMMHBRORTE U)é%ﬁ%ﬂmﬁt%&ﬁ (2) REEtFEAcdESN
T DR E%ﬁwf4$®ﬁﬁ%%%ﬁ%\ﬁ%%ﬁﬁbto(M Tix (1) IR 72 5
Uit AKRAAKHE O HBIBENEL, 2 i@@i%*®@9ﬂ47zﬁ&§éhto@LT@L%%%W
m\ﬁmﬁﬁkf®iﬁﬁmﬂ%¢5(é%ﬂ%%mtOTKﬂé)ﬁ\$%W%%®ﬁﬁﬁ%%®%%m
I, ¥ ETH HBEMEENIERAT S 2 LT, KRR S v, HE I E) & FRHNIREN AN 098
LT ENpholz,

1. XC®IC

RRETIE. 2EREMMEE T /L Nonhydrostatic lcosahedral Atmospheric Model (NICAM; Satoh et al. 2014) W i=%%
km~-+48 km 2 v > a2 OFUEFEERI LOFHT 2175 Z LI2 L0, EBREKBERO X = X A8 D A 7 — VI ORI A BIR & #fiR
L, BB ECMTEMEESESZ EE2HNE LTS, ZNET, EEF2Y =7 b Years of the Maritime Continent
(YMC; ¥ REehFstig b, Yoneyama and Zhang 2020) EHEAHIM A xR L T 20504 T> TE 7, WERE (v FRvTHE
W) TR, AV A TSR AT R AR BRI R T D Bk o B EHIEEN S i U, BV OMREFN I KEREIL T H 2 FHINE
FoRBE LT HEEE R, WEOHABMEEERICS I 2 Lb— T 52 L, BEMOBREF BN TS KX i s
o TWD, REEIL, TROICESEDLAS TR L LT, EMPELARICER L, 2 S ORKXMW 2P EIZOWT, —il
DIIEHR 2TV, BK H BB OIS, ZFEHNIRE) & Bk B RS & OBMRICKRH 2 2% B 5202 L7z (Nasuno 2021),

2. MEHE - A&

NICAM % F\N"C YMC-Sumatra2017 4 BRI IZ 54 L7 FRHINIREN -5 (20174 11 H9H—12 A9 H) ZxtRETHLEK T
km A v = 7 HFHE (0000 UTC #I3RSLI, 31 7 —R) 2 ZNENOEMWEZTEICONT>72 2 'y M), FIHET— 21X
NCEP final analysis 2>LPNHE L, ME/KIEIZKEEICHIN B ORZEE N 2 7R850 % 5 % 7= (GEBRERE OFEMIE Nasuno 2019
ZR), EMEIEEE (NSW6; Tomita 2008) (IZ2OWTIE, REMR2O0FHE (1) FENLTHOFANCEA Miura et al.
2015; Miyakawa et al. 2014) (2) KMEOHBMZ EH (Kodama et al. 2021) ZERH L7z, (1) TiE. ik L7z KRR
EOERHMEFFOHHIMEZ @D D70, BKWE O FEE 26 LTV 2 sl %Eﬁ%oxw)fﬁﬁiﬁﬂ&@%ﬁﬁﬂ
K& BOBEIZREEZMIEL, mﬁwim%ﬁﬁ&%%ﬁféﬁ WCHRERD D, ZEENIEBIORAEREICB N T, KERKE
{ENEETHDHZ LMD, ARETIE, BEICKEKWLEIZOWTORREERT, FEHZLOMITIZIE, YIRS ORI T—4 %
ERGOE TER LRRSIT —2 2 iz, (1) (2) ZHAVWEEHEEZZNZENCTL, MOD &9,

3. HBRLER

Fig. 1ICWERREEEIZET 2R EY OB AR O Z2/RT, EHLORETYH, WETO ANMHEOKESS (Fig. 1, A
F) | f2 BN T HIRZEDRIEA R E < SEHBEKED L, Lo TEFERBHR I TV 5, CTL TR 2RI~ B k=R
INEL L BEEBEKOBEIMEN RS DA, MOD TIXZ O TABEMENTND, 2 ODFEOEROFHNIREI~DFEE R
7%, Fig. 21CkEUk (Fig. 1PHANE) CTF¥ LI KRESIEE KPR « S1ERSOFN) O FE — R 2~ (3
RIEEIMED D DIF7E), MOD Tix, L (Fig. 2 £) I2BWTHE L (Fig. 2 £) LV bERAULEFOREN KX . EHNIES)
OBMAETORE o (fE ETOEL) BN 225 Z NS5, —J7, EENIEBOFEEMG I, WL L0k
e EA AL A2 D, ZAUBIE, MOD TIX CTL £ 0 b/hAr — A O sHR s 58 4E LS < . ZEEINIREIBAART (7G5 1
F) @ BFHC L DTSRG (B3 RN SERIEENE (L CRIERIL) LBV L2 L TW5, —F, FEHNIEEIC
&5kﬁﬁ&ﬁﬁﬁ%@%ﬁ(Mﬁ%&@ﬁk%ﬁo)im1®ﬁ1i0i<%ﬁéné(Fma,nﬂk—mﬂ5aﬁn§9
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HNIEBOBIAIIC WL, B ETHHEETH MOD 12 X 2oL 2NHECTH 5, Zhik, AEMEENIEE S A —v
OxtENEE - EEBES f%é’é’ﬁ?ﬂﬂﬁ%@%ﬁ%%ﬁb%#é ZE R T S, ekl E TOMITIEEOMREHRT S0
Fig. 3 (CHIMPFEIARGEE RO LEZ/RT, FHMIIE, BEEO/NR 7 — L OxiES (FEEORZICE— 7,ﬁg3aﬁ
ﬁ)mﬁ%?%ﬁ%@ur%m@ﬁmﬁﬁﬁ%%%ﬂfé(%&M@m%ﬁwé Fig. 3a FH) Z &0 nb, =770, =
WIEEhOBIAIIC 1T (Fig. 3c, d) &RAIIC MOD 12 X A1 L@ 238 L, #ETH BBEMERLTRBY (FH) . FrciE L
DK Y —7 HiZ (BHEEZ OF] ; Fig. 3d) (2133 ETH MOD 12 L AL MEm N R S5 5,

.{a) _mean precipitation (b)  diurnal difference el MOD-CTL (unfiltered) ocean ['T] MOD-CTL (unfiltered) land
" - " T B T CMORPH 121 suppregs pnset.[latter active | suppress pnsst | lotter "Cb“'
ey 104 \
£ 81
gl bt h “,,J |n
T gfmt | i .\
4 |
B 2] ! ' |‘ .1\ W‘I
gldmats :
e T3 OO OB ot 175 0 Tk 130 1€ SR S TR B4 ”NW 15"‘0\’ 21 OV 7-5N0V 1DEC SDEC 11N0V 15NW 21NOV ZENOV 1DEC GDEC
— o — 2017
(g) o °+ oo pe o om oy ~1-0.5-0.20.2 0.5 1 [1.0° kg/ke/s] -1-0.5-0.20.2 0.5 1 [ID‘ ka/kg/s)

Fig. 2 Time—height section of moisture advection difference
(MOD-CTL) over ocean (left) and land (right) in the target
domain (box in Fig. 1) Anomalies from the period-mean profiles
are drawn. (Reproduced from Fig. 4 of Nasuno 2021, SOLA.)

wmi(a) 1200UTC wi(b) 0000 UTC j=(0) 1200UTC I.T(d) 0000 UTC
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Fig. 3 Vertical profiles of moisture advection for CTL (solid)

"*%5C 95 100€ 105€ 1906 115¢ 120€ 125 430F 1352 140€ 1452 150F 1558 BOE 95E 100E 10SE 110€ 115E 1208 125€ 130E 135€ 140E 145€ 150 155€

ST ee o os on o8 T Gawd = 1 9s 0 o085 T % fmrl and MOD (dashed) over land (red) and ocean (blue) in the target
Fig. 1 Mean precipitation (left) and diurnal difference domain at (a) (c) 1200 UTC, and (b) (d)0000 UTC. Averages for
(1200 UTC-0000 UTC) (right) in (a) (b) CMORPH, (c)(d) CTL, (a) (b) the total period and (c)(d) the onset period.

(e) (f) MOD. (Reproduced from Fig. 2 of Nasuno 2021, SOLA.) (Reproduced from Fig. 5 of Nasuno 2021, SOLA.)

4. FLHESHEDESE
WERFEICH T D HoK B AAES O BN X O OZEHNEE & OBRICKT 2 EMY RO PR AT L2 HH
& LT, YMC A5 TP FP I R AR U 7= BB NR B 01 & %f 5 & 975 NICAM & W 7 EE5EBR (CTL, MOD) %1T-7=, EHoHd
BRETH, WHEORK BB O, FHRNRENIME O KAKZIIRFHR I TEBY . /AT — L OROKHE R # L5
VY GERHME L7 ZEDMERF S LBV MOD (CTL) OFRETIX, BAMEEN L v i< (33<) Bniz, T OMEREIXFFICH E TR
< %@#%@Lfiiﬂ% VPR A & D AEE & £ S A, RETNIREI O BIAAIIC I L Ch o B EA IR M E 5 2
ERICIREEAMEE SN D 2 ERD-o T2, AFZETIE, 1 HBREDORERT — 4 2 ERA b CEMYEEROIEAN 2
%@%%mbtﬁ AT LD EVESHIMOBIERERREZITV., EAY L RIEBOMAER 28 OB L2 LNz Lz,

Bl
NICAM DFEIZITHER Y 2 = L—Z Z v, MHEERLFKICTHSTEV =, CMORPH |X NOAA Climate Prediction Center 7225
e,

SE 30

(1) Satoh, M., et al., 2014: The Non-hydrostatic Icosahedral Atmospheric Model: Description and Development.
Progress in Earth and Planetary Science, 1, 18.

(2) Yoneyama, K., and C. Zhang, 2020: Years of the Maritime Continent. Geophys. Res. Lett., 47, e2020GL087182

(3) Tomita, H., 2008: New microphysics with five and six categories with diagnostic generation of cloud ice. J
Meteor. Soc. Japan, 86A, 121-142.
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BE
KRRMELERFZERATA L & 72 0 B S QW A HEERMEERET /L 1C0C0J &, KREHFZEAT CEIZBFE ST
% [MRI.COM] O A LLERZ EHIMINAT ) 12D OREE 2, WET MBI N —T O ) THTITHREE LT,
BEETNVOMAELRIZE Y, 5BOETIVHREITHHCBWTHERRIERNGOLND E WS n D,

1. [XC&HIZ

Fx . [EMFEPT X OKRKEED I EE R ERE T LV (LT 0GCOM) & BAFIC D7z - TRIFE L T X7z, OGCM IZRE S AT
AETNVOEERAFR—F 2 M LTHAIAEI, IPCC HEZBDXTEEB THINZEB L TX72, 0GCM OZEEREE S AT
LETFNORRELELGT DI E0D, WIEETFHEREK 2= 7 b TOMIP) BNHEE S, RO A 0GOM AR
AR STV (Tsujino et al. 2020), OMIP IZ & 2 &ET /VORATCHTOFHIL, 0GCM BHFE 12 & - TR DS & 2o
Tn5,

OMIP T/RENTETI/VBHFRIZE T DA B OMEIL, BIEETHOET VBB W T HBEE 7 VA A LR & 2877
FRNELNDAREEZ R LTV D, FlZiE, HD2AF—2OFMEEZFHRDERT, HERD X 5 ITMEBIT T M BGA A T2HE R
P TERL, BEETVICEDHEREAB ORI, LV EMREMERIECRY 55, £z, ETLOEECEEILO TR
PERILE TEIUEBROBEIC SN D, EDITE, T AEOZECER TIUE, [RETRNC E > TRAIRRE T VARMESE
HEOFRLESND, ARENOEER 0OGM THDH KLZMEENFEFTO [C0C0J & RBMFFEFTD TMRI. COMJ &2\ T, ie#i
— 2 a— RIC XL B EBRMALEARS ST, RIS L TRESHBRT 2 L8/ SNn %,

FEEE, T ABRICEIT A AELEBOIEAITE L
WE R TIE e < B ZIE B ARENOEZE 0GCM Bl % 7
=2k B 2012 o 0ELFEHFETH BfE S
TWe, L LIEROILFEFETIX, ROILEHIC

& mri-ocean /OMIPj  Private ®Unwatch ~ 1 ¢ star | 0 % Fork | 0
ERNYTHN, B0 ET IV ERSLCHENTY
‘-‘/l/@ij\:ﬁ’”ﬁki&)i 0 J\Ei 73?75)0 7;_:0 - h&iw D <> Code (D lIssues 9 Pull requests Actions Projects Security Insights
BE OB T — L& Bl U CRREEET 2 R 72 S o Camn GEER o
Mmol-T- L %71 YA ° K%ﬁﬁ%li\ *Eﬁtkﬁi%% . COCOEMRILCOMOABEL,
?‘f/l/Filﬁ%\é7g o % L:;f‘ﬂ.#ﬁ{l’fl » 0)%25 L LT\ & mii-ocean-admin Phase 1: 2HSSTOBBENSDBEERT #10 0 oniSlan D10 =B
00C0 & MRT. COM OO BFEH AHARAT > — L0 T e % LT L
SATT DB DM A0 LT 5, Fox 3, A . seren e
BWFEET A7 0 Y= 7 kN AAKE TOMIPS) - e
EAfTT T, i e

O .gitignore :_globe, sst_pola... 3 months ago

[ READMEmd Phase DREETRT #10 last month

2. HERAFEEBOFEL

OMIP; (3fHTY — v & AR B bl BB AL AR D — o0 README S 4
bk S, OMIPj fRAFY —IL - Kwor—= Languages

R —IV EEAE R 2 MENTT 5 Python > — /173y ‘ .
b‘_i/\‘o COCO k MRICOM ’Cbi:‘}?‘/l/ﬂjjj - T+ — BEE$ETIVERILE fOMIP] DTV )L - Ky -2,

v FRBRRDIDT — H FIIABE Y 2 — I BEEM

EF BT B, ZOFOH LA & Stk -

T5ZLT, ALY — A THEHET VO EHRZD

ORI RLE, Y—Ra— RHEFIZLL i T Fig. 1 OMIPj page on GitHub, a source code sharing site. In
W% Web ¥ bk TGitHub) #F|H L. £5 V3 addition to sharing analysis tools, the “Issues” tab provides a
HENEFETHE T AREAREEL-(X 1), summary of comparison results and task management. At the time of
FEERERR A A LB O 72 DI T RN ER R T writing, this page is only available to developers.
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DEDLETEBIMENRND D, KFHAEDOR R TLUTO 2 >OHEERE LT,

® T X1(20204 10~12 ) OMIP (Z1&fk L7=F 5 /L EBHE R O ik

® TxAX2(20214F 1~3 A) HHDY—A=3— KT OMIP FEED [ FEST

7z A A 3LIKEIT 2021 FEFEICAT O PETH D, HMZREAZ AV BARERC, WKk EBMEICESEZ Y TEEREZBRF LT

5,

ZTOMDAZIa=r—ay HTY —VOERICLA, EBRHEROKREICLA, WETAHAREOHERDE ICLETH D, F

WAL= —va Y EUTOFETERIATS TN D,

& FrTAvI—TFT4vF HA1EOR—ATHME, V— Ao KRN A T, T VR ORE R RRR BT,

® GitHub Issues ETif~7 GitHub O ¥ A7 H Y — L TEETRELLEROLBEIT> TV D, VI
MRI.COM DBFEEELUIRAIE N>, 2018)I272 5> T %,

3. LEEB#HR

o —fFlE LT, 7 =4 X1 THiE L7Z COCO & MRI.COM D AbM/Ed o gk 541 2K 2 1SR, EFHIBORIRICHE
THEENRDDDNS0 D, 2a DFRKHEIOKKIZ COCO TIZH L TWASA MRICOM TIHBWTWS, (B 2 b TiX
MRI.COM H DK D EZ MO L VW7 Y v REZ A~ HE SN TWD Z S ICHER, ) —J7. koA ITm
FTILETEY, ZHIEEET A E LI Fa—=U VT ENTEHERIEA S, TR THLOMEMNL D L, 2000 4 3 A TiX
COCO L ¥ MRI.COM D J5 N KITIA< Y HL Tz, BlziE, M 2a RREIO 7 7 vy 3 —¥ 735 T, fiE CEsE
PRNAZE TIKIZITFEOK LTz, BIEILY —AHEZ BN E L TRV #EROMKRITFRITORBETH L2 OO0, 2 bhh
ROBENEET NAAHEOENORERER S TOE 20,

4. FLEHESHEDEE

OMIP C/R SN FHE LI OF] i % OGCM BRI K VW BRI T 572912, ENOEE 2 £ 7 /L0 (KRKIBLENFSERTH 0.0 C0Co
& KGRIERT .00 MRL. COM) DA AL LLI & EHIRIZAT 5 TOMIPS) #BRsE L7z, A7 m =2 M XY, WET A L—
T Python T — /L L WIS EBR L2 AT ORBEAZ X LD TEETE 2, 4%IEIATa Yo7 Mafk L., Kt T ViR
BN B L TV FETH D,

SE R
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Fig. 2 Sea ice concentration distributions for (a) COCO and (b) MRI.COM in March 2000, drawn using the common Python
tool developed by OMIPj from the experimental results provided to OMIP. The two arrows in the figure indicate areas

where topography and sea ice distribution are notably different.
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Fig.1 Porosity and bioturbation (cm? d'!) considered in this study
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Fig.2 Model results. FOrgC and SOrgC are fast-and slow-decayed organic carbon, respectively.
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Fig. 2: Sum of the liquid water path and ice water path (shaded) and (bottom) convective available potential
energy (CAPE; shaded) at ¢ = (a), 51; (b) 86.5; (c) 110; and (d) 169 h. The orange crosses show the
locations of flashes. (Sato et al. 2021)
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Abstract:

We simulated the formation and descent of Dense Shelf Water (DSW) off Cape Darnley Polynya (East
Antarctica) and investigated the model sensitivities to horizontal and vertical grid spacings. Horizontal model
resolutions equal to or higher than 2 km were required to simulate the descent of DSW and a realistic Antarctic Bottom
Water (AABW) production, as well as bottom flow properties (temperature, current velocity) consistent with
observations. Vertical resolution had little influence on model performance in this region. We also found that high-
resolution bathymetry datasets are crucial because the newly formed AABW volume was reduced by 20% when a 16-
km resolution bathymetry was interpolated onto a 2-km resolution grid.

1. Introduction

The formation of Dense Shelf Water (DSW) and Antarctic Bottom Water (AABW) in the Southern Ocean is
an essential part of the thermohaline circulation, and understanding this phenomenon is crucial for studying the global
climate. DSW is a dense water mass formed in winter following brine rejection in coastal polynyas, and AABW is
formed as DSW flows down the continental slope and mixes with the surrounding waters. However, DSW formation
and its descent remains a poorly resolved issue in many global climate models which yield unrealistic AABW
properties. Finer resolution models yield significant underestimate of the dense water volume transport and variability,
possibly because their resolution may still be insufficient to resolve the canyons and troughs through which the DSW
flows. Here we sought to simulate the formation and descent of DSW and investigate its sensitivities to horizontal and
vertical grid spacings. We focused on the Cape Darnley Polynya (CDP) region in East Antarctica, as this is one of the
main regions of AABW formation, with numerous observations to compare our model results with (Ohshima et al.,
2013).

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.
Our configuration is an improvement of Nakayama et al.’s (2014) setup for the CDP region, as we included sea-ice
modeling and wind forcing. We also improved the quality of the bathymetric dataset by including newer, high-
resolution bathymetry data. We designed various experiments using different horizontal (1-, 2-, 4-, 8-, 16-km) and
vertical resolutions. The coarsest vertical resolution was that of the ECCO product (50 layers, from 10-m wide at the
surface to 465-m wide at 5,000 m). The 40-m vertical grid had the same resolution as the ECCO grid for those cells
whose width was smaller than 40 m, and all other grid cells had a width of 40 m. The 20-m and 10-m grid were built
following the same principle. We also ran a 40-m vertical, 2-km horizontal resolution experiment with a 16-km
resolution bathymetry linearly interpolated to the 2-km resolution grid to assess how the accuracy of the bathymetric
data may affect the downslope pathways of DSW.

3. Results

The time series of AABW volume obtained from different horizontal resolutions suggest that resolutions of
2 km or better can produce AABW in reasonable amounts that reaches the bottom of the continental slope (Fig. 1a).
The maximum AABW volume was strongly dependent on resolution, increasing from 5,200 km? (16-km) to 15,000
km? (1-km). The time series of the 2-km and 1-km cases were comparable and yielded a similar maximum AABW
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volume, suggesting a 2-km resolution threshold. Reducing the quality of the bathymetric dataset significantly yielded
a 20% decrease of AABW production compared to the standard 2-km resolution. The vertical resolution has little
influence on the AABW volume produced, as the time series for all four different vertical resolutions at a fixed 2-km
horizontal resolution exhibited no significant difference (Fig. 1b).

The bottom variability of ocean current and hydrographic properties at the mooring M3 is characterized by
an approximately 5-day periodic flow of cold, dense water down the slope (Ohshima et al., 2013), with oscillations of
~0.5° amplitude preceded by an abrupt drop of ~0.5 °C in May. The temperature time series outputs with 1-km and
2-km resolutions (Fig. 2b—c) exhibit a temperature drop and high-frequency oscillations consistent with those of the
observations (Fig. 2a). A 4-km resolution failed to replicate observations (Figs. 2d), as the temperature dropped only
by -0.3 °C and exhibited minor variations. The amplitude and frequency of the temperature variations in the 2-km
smoothed case (Magenta line in Fig. 2¢) generally resembled those at 4-km resolution. The 8-km and 16-km outputs
compared poorly to observations, presenting no significant variability. This resulted in inaccurate properties for
AABW.
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Fig. 1 Time series of AABW volume below 2000 m Fig. 2 Time series of potential temperature at mooring
for (a) all horizontal resolutions (40m vertical), and M3 (2,600 m) from (a) observations, and model at (b) 1-
(b) all vertical resolutions (2-km horizontal). km., (c) 2-km, (d) 4-km, (e) 8-km, (f) 16-km resolutions.

4. Conclusions and future works

The essential criterion controlling downslope flow in our model was horizontal resolution. For resolutions
equal to or higher than a 2-km threshold, the simulations yielded realistic downslope flow volume (Fig. 1), AABW
properties, and bottom current and hydrographic properties variability (Fig. 2), all consistent with observations in the
region. Lower resolutions, and high-resolution grid with poor bathymetric data quality yielded significantly lower
AABW volumes, and did not reproduce bottom flow properties accurately (Fig. 2), leading to misestimates of AABW
properties (not shown). While we found that vertical resolutions did not affect the model performance in the CDP
region, we are now in the process of verifying whether this conclusion applies to other AABW production regions.
Specifically, we verify whether different slope inclination and plume thickness could affect the resolution needed to
properly reproduce AABW formation in other locations. We are also running a 25-yr long simulation to examine the
variability of AABW production in the CDP region.

References:
Ohshima, K.I., Fukamachi, Y., Williams, G.D., Nihashi, S., Roquet, F., Kitade, Y., Hindell, M., 2013. Antarctic
Bottom Water production by intense sea-ice formation in the Cape Darnley polynya. Nat. Geosci. 6 (3), 235 - 240.
Nakayama, Y., Ohshima, K. I., Matsumura, Y., Fukamachi, Y., Hasumi, H., 2014. A Numerical Investigation of
Formation and Variability of Antarctic Bottom Water off Cape Darnley, East Antarctica. J. Phys. Oc., 44, 2921-2937.

29



S[RE RIEDZSAL—YaVvFAVERERBREZROA DS

Mechanisms of planetary-scale meteorological and climatological phenomena and their simulations

Il B, BAEK - EHALY:, E-mail: tsubasa(at)is.ocha.ac.jp
K B8, ﬁji K&, E-mail: suematsu(at)aori.u-tokyo.ac.jp
SR AR, BOK - B%%0R, E-mail: h_miura(at)eps.s.u-tokyo.ac.jp
mZEE Kiili, JAMSTEC, E-mail: dtakasuka(at)jamstec.go.jp
KFnE B, BAK - F#FE, E-mail: owada.mayu(at)is.ocha.ac.jp
T, BEK - 1HHFHS, E-mail: ogawa kimiko(at)is.ocha.ac.jp
Tsubasa Kohyama, Department of Information Sciences, Ochanomizu University
Tamaki Suematsu, Atmosphere and Ocean Research Institute, The University of Tokyo
Hiroaki Miura, Department of Earth and Planetary Science, The University of Tokyo
Daisuke Takasuka, Japan Agency for Marine-Earth Science and Technology
Mayu Owada, Department of Information Sciences, Ochanomizu University
Kimiko Ogawa, Department of Information Sciences, Ochanomizu University

HE

KIPE LD TREBROMEILHRTG I 90 ERE THH DI L, A v FEELED D +— I —1EBR O TR D
I8l 20 ERECTHD, EOTCTELA—LDLH7, BERAFr—NL L0 /NS B RROEEN, ZOTF
Btz T L CBREA T — VO T+ — I —BBREMAERT LN TEDLLD, 4V FELDOT +—h—1F
F@?Wﬁ@&éi&ﬁ_m¢6 it,ﬂﬁﬁﬁmﬁgkbf,_wTmeﬁéi,%ﬁ77Jwtﬂ

IZRBWT, BRIk N ROBRBEARERME S L THATWD, £ 2 TAIFETIE, Zok0 FEfE KO
[BE| LIEQY, Z O EERmZ 500 Ltoi%i%@%TwNEm%ﬁWt%ﬁ@ﬁ%@,ﬁ779ﬁ
DOIHERIZ LA 8EIRED [BE] ORIV ETH D Z L2435, -, ®7 7V o s Iz
B &, BHREK A RORPGARBEGHEN K DILD,

ALIZEAT 2%

A=
1. BE=

U4 — AR, &b B R 0K
BB KGR CTH D, VA — I —EERIC
BHMId 2 SR IEEN T, T, iR
DR (F R EEORK T —VE) To Lk
i &, T W iER GOKRE RO
%) TO RIS TRER STV S 2 & N EEfR
EhTnb, [EEd Lt oR#E T, vr—%h
—PHERD b L RORELED, K[EE— R
R AT A5k & OBFETH MO S
TWo, ¥FlZ, 7 ——EEROKEFR O
BRIX, TORFELENHER E b AR
EEZHEE—RTHLIo L= —= g FIRE
(ENSO) OKRZMOZEFY Lo TWH DR
INTW3,

L LERIEEEZRD &, A v REERE EZED
74— —EER O TR S VLA R LT
B, Zhiddie &b RKFEED TR
THRITHD, X 11%, FEFEHOFRE LEOH
EEE), S & RIS, BOKEOFELEE
/?Lfb\é A v FEOTEN E (40° E-60° E)

B W TR NFET DD L, HK
iFﬁ@ (90° W-150" W) (Z1E55 < TRV FREFEA
F1ET 5,
2ODWWHDRKESEZEZD L, ZOWELEMD
I b7 A MINT LS EKN TR,

a) Annual Mean Equatorlal Vertlcal Motlon 10°S -10°N)
100 hPa

10 Downward

0 (hPa/day)
300 [ ' 1
500 [ N 2
700 [ ’ 11 4-40
900 [ i
: : L -60 Upward
60°E 120°E 180° 120°W 60°W
b) Annual Mean Middle Tropospheric Vertical Motion (500 hPa) Downward
L ] D (hPa/day)
60°E  120°E 180° 120°W  60°W Upwa'd
¢) Annual Mean Outgoing Longwave Radiation -
ear
. ' . 270
15°N (W/m2)
EQ
15°8 J ] 240

Convective

8

H (mm/day)
0
dry

BT 2ENED), & RS, BOKBOFTFEIE,

60°E 120°E 180° 120°W 60°W

d) Annual Mean Precipitation

60°E 120°E 180°

120°W 60°W

X1 FRIEHI

30



2. MERE - A&

ARFFE T, OakForestPACS LIZEIF ARGV I 2 b—arEHAWT, A > REE/mC T2 PR BAEEERIERD
eV, REKREERET L (AGCM) AWTHOMZ LTz, BLTICZEOFMZTTR T 5,

TEHWN FRERMNFZIR SN DHITIE, WiEERE 2 % T 2 O OmMENER LI TH S, BV OKER T, KIFH TRk
RWBEDFIEIZ Lo THERB IS, L, A v FEO TR B TH Y, BERHEIO L TILE RN Z O TREIEOIE
SEPHTERWED, 4V REEEOKRRE 151E T FAT) MoFERBFET D LR I8, £2C, WEK
WZEBRIBEICE S TEZEORIDWETISIL TN D LW RGELE LT, SEREMMGT T /L NICAM IZ X 2 HE IR &2 AT, H
77U g (30° S-30° N, 30° E-50° E) DFEE % 1 m & L7= FLAT_EAST_AFRICA B, =54 HEDE £ & L= CONTROL FEBR
%, 2013 4F, 2016 4ED 7 A-9 HIZHOWTIT- 7=,

3. BRLEE

FLAT_EAST_AFRICA 5B ClL, CONTROL 2Bk & H#E L C, A > RFEELO FRERIENIEE 72, ZO—d& LT, Fhm & Bl
NIEY, BAKENEZZ (K 2), TR UF—IHOMITICEL Y, MIEOBEENIABAL R MEERICAG U TR 2 R4 S
B L, Thbbiflk LIEMERAIC L VN EEGIHIMERE S CREE EEAmL SN2 ENEETH 5 & ikmST 7=,
INEDREREMNS, BEOFIEICIIRT 7 U I OHIERLETH D L FEHRST 7.

a) September 2013 (ENSO neutral) b) September 2016 (La Nifia)
15°N
EQ
15°S

15°N
EQ
15°S

Control

15°N
| Flat East Africa (FEA)| EQ

15°N
EQ

15°S AN 15°S c :
60°E 120°E 60°E 120°E 66°E 12IO°E v 60°E 10°E
Convective ] Clear dry [ Convective ] Clear dry [IE]
220 280 0 8 (mm/day) 220 280 0 8 (mm/day)
(W/m2) (W/m2)

B 2 Shim & RO & BRI OWT, Bl (B, CONTROL %8 (FE), FLAT EAST AFRICA %8t (TFE) Ok,

4. FLEHESERDRE

FARELE LIRS, A > FEETEIRICALE S5 Walker fRER O TR DOIFAEERME & LT, MERGIENIEA TRy (R
R, AT CTH D Naiman et al. 2017 & ST D), B, BHORKRKEET VBT D 77V W0 EMEENLD
MRz 31T 2 BK OFHiPE O BEMEMEROCERH X, (HEEOFBMEORKSIC L > TR SN A WTRetEnd 5,

ARG T L, BAER el & EBEHR SCHESE Jounal of Geophysical Resarch, Atmospheres (Z8efE L, BIAELET H T % (Kohyama

et al., in revision),

SE X

(1) Naiman, Z., Goodman, P. J., Krasting, J. P., Malyshev, S. L., Russell, J. L., Stouffer, R. J., & Wittenberg, A.
T. (2017). Impact of mountains on tropical circulation in two Earth system models. Journal of Climate, 30(11),
4149-4163.

(2) Kohyama, T., Suematsu, T., Miura, H., & Takasuka, D. (2021). A Wall-like Sharp Downward Branch of the Walker
Circulation above the Western Indian Ocean, Journal of Geophysical Research, Atmospheres, in revision.
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P RS AT IS B TR, RO T WAL - SEBIC IS 1T D A& 281 i /KRR 725 1 HH BB AR 0 %%
ERA T =KW EREEHERBERENC BT 2% BN 28T 272012, fEkiEETT v E AW REEETRE S
1Tl o=, T ORSRERITENT — % L OliRIC Lo T, KERELCRAEERZDOHEENE VDT
D EHEND L. ZOETNVOKBENCROKEE L T4 U THRELTND D, ERIZH L 2L
KIRHTZAT O Z ENTE, L0 AU KRR 2 HBLUARR D A 1 = X A ERGET 5 2 LR E+
EREET S Ob Y 2 EREMNICERTHIENTED LHRFEND.

1. [ZLC&HIZ

BIED KA U= AT KIBRZENEZIC—EHK L, ROLFETHHET S 7 1 & 2 2 L35 H /KRR 22 i HEE R (DL
T, VBPEFHEIERR) V5 (Namias and Born, 1970, 1974; Alexander et al., 1995). Z DA H =X NIIHENR, [k ErE
OWERIE ORATE XTI ZENBHE TH Y, EFRE\O FIZEV EZ I, KENDLAFTIIHT TRAEIHORE
SIRDDITHEN, T FLA Ay Ml UTHIEOL EBEMNRMHRKBRANFHET L) £E20NTE7=0 (Deser et
al., 2001), ALK TVEED—EROWEE CRUG IR ZEICFE D BRI TR AECHEE 7 7 v 7 AMRAENEEREHEZ R L5 2 &
EfE S N7z Murata et al., 2020). F7=, ¥EFHEBERIIFBEDOANSLA~OKIBRZEMEREHELE LTEXLNDZ L
NH, KVPEHEHAIEE) Mantua, 1996) (B W TCEEZRKEZ LTS EE X 5TV D (Newaman et al., 2016) 23, %
DOFEENRBUREZ B L7-WFRIID 720, 22T, RAFRIZBWT, $hE 7B ARKET a8 AIZHA_TEEIZEL EE52 5
DI - IS BT 2R HERRO X h = X LA0HRE BT & & b, R HERERE) & o E B 72 FfE
ZHE L.

2. ETIL

AW CEH L7 EF i, SEIRVEREET /L ROMS (Shchepetkin and McWilliams 2005) T 5. FEAGEIRITILAERES - B
#5(180° E-100° W, 10° N-55.5° N) T/KMRMEEE 1/4° X1/4° | $AE 40 L~LTHhH. World Ocean Atlas 2013 D/KIR « ¥
DGEEYFMES L, RAFMEHTT —4 JRA55—-do (Tsujino et al. 2018) @ 3 WEHIAIFET — % OXMEMEZ HWT, 20 FMA B
Ty P LTz, D%, 1958 D 2015 4E £ T JRAS5-do 0 3 BERAREIRE T — & CBREN L 7=, MIBEEE R4E1X, VEPERE T — # ORAS4
(Balmaseda et al. 2013) DA F¥MEEMHH L7z, AECTHE LIZ/KE L BE CER LZIRSBEOLEH)I 0RASY 2 L < H
HLTWDZ ENHERTET-.

3. R

ETNOFBMEZ B LRORAEDHBMRNT THRR L2 L 25 (XM 1), KiRRZAIRES AL E, Mazin Tl BT
TV, —5T, BEBEEICHE L THAKRIZ EHBEFREITSE < 20 b oo, KiFEZAE TR L7 HBIRE O & WifEk LT o/
BMERAEH > TWD 2 E3D05. BEMEOE > 72RO KA & LT, AEEE oo L i imsiftic k2 b o,
(CHNIFETIC & 2 AKIRATROZEEZ R ZT T 2 LN R Z A2 TR K VRSN D, —F5, FIAHS CIIRiny Ofiffg
FEZIRAF L TV RWEDN S, RERFNZ LD 2 ENFERDO—2>Th o EHFEZLND. Oy TIIFRRMAT v 7 CillEZE(LH
DEEZRIF LTV DT20, FERIZH L 2IRGEBNCEIT 2179 Z LR TE 5.

4. FLEHESHEDEE

AWFFECIE, AERERET - BN I T A UIETT HBLBRIE O A I = X A O & KEPEHEBIRENC oF 0 5 251 00 i Sy P g
AL T, SEEELETE TV ROMS &2 REFERNTT — 2 12 k- CTHREN L, dbKFEEE - BE o KR4y O REIR 0O /K IR AR 75 0 F- Bl
ZHGER L. £, WEERARBICE L T M EBRMENE W EHER L Sz, 551, ZOBSREE W THE 0k
ADHMEDO L OKIBRMEOHHIUK L TENL DVDOFEGEHE S TWEDONEEBINITHRDL L L HIT, TOAHT=XLNRK
HEHERAEIRENZ S W T ED L ) REEZ R L TWDEONEFTHRITV FETH D,
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[X] 1 0RAS4 & T NVHIFEROMERE, ()EH/KEMRZ (Sea Surface Temperature, SST), (b)IEAJEERZ Mixed
layer Depth, MLD). fff &% t € CIEHEXH 99%LL & k9.

BE X
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ORASA4. Quarterly Journal of the Royal Meteorological Society, 139, 1132-1161. doi:10.1002/qj.2063
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NICAM # KK =7y Ialb—vay, KO MIROC #X—2 T 5 K8 « &RKKKIERT
FTNAERNK BEWERROY I 2 L—3 3 U EITD, BHlE Oy i 2 im L CHIERRE KR OW
Bk & RAELEN ST A AN A BER L T\ A. A4 IIHFIC MIROC 5 V& AW BED KA
FOKE RS EE TRAPPIST-le DY I 2L —3 g LZOWTEBRH 72720, ThbERET 5. BiR
HOICIE 2018 ISR TR LIz RIRY X bR b— AR BB ORI LS L D L 5 2B E RIFT %
IR Ay R BE(T106) 315 7> & 5% L (Kuroda et al., 2020), £7-#13 1 & FE - 1% EE#E 2 AHE L=
TRAPPIST-le DEfFEY I = L— 3 2 DWW TEEEM 7 GCM 75 B0 A LB 28 LT,

1. XC®IZ

o2 13T B KB/ L= MIROC £ 7 /L(DRAMATIC MGCM: Dynamics, RAdiation, MAterial Transport and their mutual In-
teraCtions Mars Global Climate Model)& VT, HiZK 2> & F EA) 80km F TOE I Db & ABHREIZ DU TR ERE T106 (fE
JE « R PE S ARREAYD 1.1°%1.1°, 7R3 T OARAR FHIFRAT 67Tkm) DB IHEHL AT A Z VB —2 g v &2 IR WEHR N DRGEZ TV,
IR s=61~106 (A 200~350km) DI EN A5 KR O H & RO BHFIZ K & g Ba 52 5 Z L 278 LT & 72(Kuroda et al.,
2015, 2016). =D L5 72H, 2018 FITKETREKABVWRS THBEOF A M2 M —A0 11 FSVITHAEL, KEEEHE Mars
Reconnaissance Orbiter #4# Mars Climate Sounder |2 X 57— & fif#fr 5> b 2 DM O HFRAT I O BE W DR 23 KIBIZIMZ b T
% Z & 3R 7z (Heavens et al., 2020). & Z THEA TN Z OO X A NREE ORFZE[#]ZEH)(Montabone et al., 2020) %
L7z TI06 BHAEZITVY, RERF A N A b —ARRNVGA OIBFFERE R (Kuroda et al., 2019) & [ilgd 2 Z & ¢, HJEORLE
BT DX A MA b — LD ER T

F72, TRAPPIST-1 fERIZHT DM A~ 40 SEEBEN T2 HRICH D ARE LY DFNICRENT A ZDOBREELET, 7 DD
HIERIZBL 7 W A R OB A HGE £ 28 0.06AU LINIZR L STV 5. FRICEE 4 B2 D TRAPPIST-le (3HEE S 5 1H 2 KU 0 &
NORBNAEY TAREFMHICERT D EEXONTEY, TOREEHED GCM BRI O F— A2 LV 1T (Wolf, 2017;
Turbet et al., 2018), GCM AHE I 7 v ¥ = 7 N LT T 5 (Fauchez et al,, 2020a). GCM FH A LLBIZBEET /AN HE 2 513 L
FUROVEE Y BHIFFTE 5728, MIROC THRBEOFHIZEF L.

2. [MREEE - Ak

DRAMATIC MGCM % FIVNT, KEAMERE T106, $AE o L-L 49 &, KK B EE T 80-90 km TEHE 21T~ 7-. B AWEH
NRIAZ Y= a 3G T, BEREBRGIEIT TR TOSE CRFFAIIZEELTE)ZIE L TW5. 24 A F A b
— 57 UEHE (“lowdust”, Kuroda et al., 2019) & 2018 fEDAER# A kA h— A& 45E L 7= 3HE(“MY34”, Kuroda et al., 2020) TEFE
NI H A MREOZ R - EEAHIIK 1 OEY TH 5.

TRAPPIST-le DEMEFHIL, FAGH T 1 Fauchez et al. (2020a)0> GCM FHA #7110 = 7 MIES &, KEG(IEE ) S %2 2600K
DT 7 BARITE X W2 - o — RAREEE, #1% 1 KED No KKK COr RERUTHOWT, - EN#E N2 B0 ek 2 (K
B 72 L) & 2ERMEOHE 2 (Relaxed Arakawa-Schubert FEZEX I & KHFESRGIZ K 2 AR & BO SR EZBE)OLEIZ O
THE AT 2. KESMEEEIT T21, $AE 6 LUV 208, K& B 0~0.01 THRE L.

3. BREER

T106 KEFHIZOWT, TEHIEOK TR LK s=61~106 DFLST)D kinetic energy & potential energy D FINZ 1T 2 BERZ A N A h—
LV 7R LTOETERRE TV D& 2 1R, RIRY A PR P—AICL Y FTRERRKTIERRAOLEENEE -7
HETENEORERINZ B TND—FHT, LE@EERN 70km)TEY A A b — LIS REMBGRKKKRIEER & B
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A& b1 692 LA AR EOE S EBICEHE LT ARY, TO/BEENEORAF—AKIBIZEML TV 5.
Z OEENIER T — & OMEHTRE R (Heavens et al., 2020) & & —F 3 5. #F LW il Kuroda et al. (2020)% S Sz L

it,E3Kﬁﬁﬂﬁ%ﬁﬁbtHmwmmw@%@%%ﬁ%m%mgk%%mﬂﬁ%%@#.%BE##TiWﬁm@
RO 4 FEO GCM O R (Turbet et al., 2020) & FERBAR—FK L7-—F T, EXEFF TIITREOBEN LD GCM OFEFR
(Fauchez et al., 2020b) & ¥ K 30K %ir“.—,w%% Lo TEY, H0 KUKHS ORECAKTILHD e-folding REMFEE % MFET 5
MERHDEEZEZLND. KEKE - E2LIREOEOREEL CTH GCM L EEMNRERNHALND D, E/0A0 I3 A g
x5 GCM @Fﬁﬁf%ﬁ‘fﬁﬁ’]f£/\7 Y % 3K & W (Fauchez et al., 2020b)728, FHALLE O TEHHZ I HIZFHE L HREET 5.

Dust opacity, lowdust A(Ep+Ek), MY.‘M- Iowdust 260P0
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g5 8 8

ET 360
Dust opacity, MY34 A(Ep+Ek), MY.'.M- Iowdust 260Pu
-

Latitude
§8s8 8§

360
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Ls
Fig. 1: Seasonal-latitudinal cross- Fig.2: Seasonal-latitudinal cross- Fig. 3: Horizontal distributions of preliminary simulated sur-
sections of dust opacity imple- sections of the differences of the face temperatures and 250Pa winds for N2 land (“Benl”, left
mented into the T106 MGCM, sum of potential and kinetic energy  top), CO2 land (“Ben2”, right top), N2 aqua (“Hab1”, left bot-
for “low-dust” (top, in Kuroda et per unit mass by gravity waves tom) and CO: aqua (“Hab2”, right bottom) settings of tidal-
al., 2019) and “MY34” (bottom, (s=61-106) between “MY34” and ly-locked TRAPPIST-1e, as defined in Fauchez et al. (2020a),
in Kuroda et al., 2020, data from  “low-dust” scenarios in the T106 by MIROC. Surface pressures of all simulations are set to 1
Montabone et al., 2020) scenari- MGCM, for 260Pa (~5km, top) and  bar. The sub-solar point for all simulations is the center of the
0s. 0.1Pa (~70km, bottom) altitudes. figure (0° longitude on equator).

4. FLHLESHBDEE

DRAMATIC MGCM [ Z Z T/RLIZFERND 6 k& GCM & L COEHEMEOE SNEIESN TR Y, TI06 HEITLERL 2 kA
b — ARFIZ R BB EE S S 2RO R Y = v N ORMEIMEIR, £EIZH 55 RSL (Recurring Slope Lineae)?» & DK%
KB OBRIFTREMEORRGER EITHWH N T, ZRENEREGRSCERTOBRM CTH D . EIoAREET TITFAMITHIE L2,
MIROC % Wz kK2R EO B TKEREE, EERKKDE - m%/:;v—yg/gNKAM%%th7DYw%ﬁ%wk
ZOKBEZE~OEMRBRED FE Y 72OV THENEIAEITETT T, FHIEREKRKKR Y I =2 —3T 3 X CHASER #~X—X
W LTALFERROEAIC G ET L TEY, REELFEORRAIHAHREENS.
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Numerical studies on physical field and ecosystem in coastal-offshore transition zones
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ZEORFEATEBITHEIROBRE S MBI OV T AV A r— g e 5 e LT, v I =L
—va UEREM LT, EEERA Y X A T R T DEEIC OV T, KUEERR A Y A 7 — g E b
Z A TR A AT o I FE R, HRIR I —BU AT CBUGBLIIRE R L B G 10 e 7 2 Y R — LA DS 8L
ST, BT A YR — ARG, BERIER - BB ORI LD A Y A — VG OB ERTRAE T
U CHsEET A fih, HARIRIE & i A « I R O AAERIC Ko TE U T A AlREE S RIR S 47z,

1. [ZLC&HIZ

A 21 EEZ IR & BHE 22 W O CHREEAH T S 2 2RI RIS E A 25— T, £ OME I ERE0Bm . <R,
SEAERE & W o T R AT AL D 10 & P A ORICITREE O AEA K E W TBATH | BSTERR S I, MBS HL & EWERE,
EMEIREDR vy NAKRY hERoTND, 2O XD RINF—ITEBITHONREF & LT EoOMRNHT b d, —REOWR
ZURAL D BRI, VA OB & ORISR Z B L, ROEIBERICELS Bb 5 Z N EL LML TWHR, ZHERAT
WCIIFE, P77 A Y A= (HEICBWT 10 knPA FO A —)v) RENAERRRICEE R &E 2 K72 LV 5 ATReE N3G
B BRI TS, FERARED OIX, ZREMICIT 2 S BN O R & B ORICY T AV R r—Lro 7 m v
MERH L, ZHUCBEE U7 SRiE iR G R b & AR TE R~ DA 2R L7- (Itohetal. 2016), F72, HEEHE H A 2018~2019 4
O HAMME (KS-18-8, KS-19-4, KS-19-7, KS-19-20) (2 L - CTEHIEEOBLZ SEHE L7 fE R, =FEBITH Tkt - it8oic
FELOWEHEMNGFIET 55T, EFENOGKBIINT CTEHERT T AV A5 —VEBRAE LTz, 2 b —HOBHNG
BT R A — )L DRSS Z R TR 35 1T 2 W E AW A EIZ S5 LTV D ATREME S HESR S D 2%, =Rk
DYV T A A —NVEED R E ZDORAEA D =X LI ARPLREN S, £ 2 TARPFFE T, ZEORFE—IERI TR
T BH T A Y R — VG O FEHE L BERE, 3B X OV OWE R - AERER OB LI LT SO, IS X 5 B E
AW U BB SEBR 21T D, T OH Bt & U CARERE L, BRIRROBNINRRE RV ERY ¥ A T 2RI 5%
D BRI 2 6 5 & L2 iRES OBIERR 2 £l L. F OKBEEARY 7 A Y A r— &S 2 50T 5,

2. MEHE - A&

WIS ERE 7 /L MITgem (Massachusetts Institute of Technology General Circulation Model, Marshall et al. 1997) % F v, Mg
B ZRRIZHNT T ORI 2 i 5 & L2 ORIE S S 2 L—3a v KERR) &1T7-o7-, FHEMEE % 38° 30°-43° 00°
N, 139°45°-145°00°E & U, JE8REEHE-BUAE U CRAEIMICELIN 20 72 0B85 (Itoh et al. 2016) Zfif{4 T 57-9, K TIE%
39° 15°-42° 00’ N, 141° 15°-143° 30’ E OFEI T 300 m |2 @ ARE (L LU, 2 OSMITIEBIERE R TO 718 1.5 km ~R2 IR L=,
BREMEFIRIL, KB 200m THE3m, EALURTIIRZICIEE LR FET690m & Lz (G170 J&8)., SHhEdii - ptEtRius &
BICHEROMEZ 1 x 105 m? s & L, RETEIC L - CTEREMICE BRI E U728 CTlx % DA Thorpe scale 12 X » Tl
S5 Klymak & Legg (2010) DA X —A%EM L, AKFERL - KMEARENT | m? s & U7, RTBISRMRIEAR FE AT R
FHEHT FORA-WNP30 (Usui et al. 2017) O/KIR « H5y « WiE - W EE O 9 A OXREEZ ET VOB~ LT 2. BISER
WU BKIR - My« T - Y A A R RIS IR IR R LET V2B L7 (W M L3RR . Zauamx, BIBER D
LY £ 7 /L TPXO08-atlas (Egbert & Erofeeva 2002) @ HEH (Ma) NEEMIW it CERENT 2 B (MW A 0 £ I L7z,
72k, WE2HOE (BUGTT, B - KT T v 7 ) 1352 TH2Rn,

3. HREER

X la, b (ZHIY M U SEBAE RO /KIR & YEEExHBE D04 &2~ fHHE SN ZEHOREIBIZIL, ¥ v A T IROERE
Fit LAt B2 B oRICAL R SR 2 LA AR o2 (K 1a), ZOBMIE, bk 40 R C =R EICERET D
& & BITFFARIT A, L RN R IR < Wk LT, HESEE D VE FIRPEEFNT (b 40 J2 25 43 J800) ClEL oW 25 THE
i L CWAKIR « WO DFERZ @ UT-T=4 ) VAT, 20X 9 B RKIONER LN 9 H2xd 10 HIZH 0TI
W Z HILTWA, Ix T, BT 7 /WS R = e i R AR ek B 32 o0 g it - BU R O R B IZ B\ T 3 ot 72 7
4T A MEENR SN (RNTEM) . FEEOREIE 2020 48 10 A2 HEEE S 2SHTE AL KS-20-15 legl Ll T %M L 7= Bt
CID BHTHIRZ OGN TE Y, AKEET AN ZEBITHIR CHRE SN TV 58 LSO ME2 —CREFB LTV
ZEBHERSNTZ, VT A YA — UEEICE LT, BB Y v A T ORI o CTHERATFMEIE N E U0 SRR 3EHRAE RIS
Reonz (K1b), FOSMETIE, EOWRENREH L7 1T A v MEERAR TH S —H T, NEMNTIZTRORBENTETH-
Too FRICHEHERIETR S HIIE & A8 B AR 2 £ U 5 JLURIBH-CREZMY Clxgf<—1 & 7222 X D R ADMENLE U 5 —FC, centrifugal
instability & #EJI XD RLZEITEER LIz SnE R - IEEBOTRIIC K o TRBITIRE OB AE U TWne, F7z, ZRIcEEL
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Dynamics of general circulations of planetary middle atmospheres
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Abstract
The role of an imposed large—scale forcing on convective structures and self-aggregation is
investigated in a three—dimensional cloud resolving model. Under large—scale upward motion,
convective cloud systems become larger and stronger, while self-aggregation becomes hard to occur.
Our result suggests that the boundary between scattered and aggregated state is very sensitive
to the existence of large—scale motion

1. Introduction

Radiative-convective equilibrium (RCE) is the statistical equilibrium state that the atmosphere and surface
would reach in the absence of lateral energy transport, in which net radiative cooling is balanced by convective
heating and surface sensible heat flux. It has been used as a simple idealization of the tropical climate in
numerical modeling since 1960s. Recently, a unique feature known as convective self-aggregation (CSA) has been
widely observed in RCE-type simulations by cloud-resolving models without prescribed wind shear or rotation.
Initially scattered convections tend to organize into one or more spatially coherent clusters even under homogeneous
boundary conditions and forcing. This instability of the RCE state arises due to interactions among convection,
radiation, environmental moisture, and surface fluxes. In contrast to the RCE state that has no net vertical mass
flux, tropical atmosphere is characterized by regimes of net vertical motion, which are often found in associated
with convective activities. Large—scale motion acts to offset the thermodynamic imbalance between precipitation and
radiation and modulates convective structures significantly. The goal of this study is to investigate how atmosphere
in RCE will respond to upward motion associated with certain large—scale disturbance such as the Madden—Julien
Oscillation (MJO) and how the behavior self-aggregation will change under large-scale forcing

2. Model and simulation design

The cloud-resolving model used in this study is a regional atmospheric model constructed with Scalable Computing
for Advanced Library and Environment (SCALE-RM Version 5.3.6; Nishizawa et al., 2015). The control experiments in
RCE state follow the RCE_small configuration proposed in Wing et al. (2018), and the effects of large-scale motions
are implemented into the RCE system using the method proposed by Warren et al. (2020). First, a time—invariant
large-scale vertical velocity (W) is specified through their eq. (4), where Z,, is the tropopause height and Z,,
is the height of the maximum of vertical velocity (W... Then, the associated large-scale vertical advection is
calculated using the model mean vertical potential temperature and water vapor gradients as in their eq. (2) and
(3). To consider the increase of total mass from adding moisture, the term in equation (3) is also added into the
continuity equation. Last, the same profiles of advective tendency are applied to the entire domain. Horizontal
advection is not considered here, and vertical advection of momentum and liquid and ice condensate are also
neglected.

In current study, simulations were performed with an SST of 300 K for ., values of 1 cm/s, with Z,, and Z,, set
to 15 km and 10 km respectively. These values were chosen to provide a reasonable match to monthly mean W,s profiles
during the TOGA-COARE, TWP-ICE, and DYNAMO field campaigns. A series of simulation with different horizontal
resolution and domain size are performed to investigate the role of large—-scale motion on both scattered and
aggregated state. Several sensitivity experiments are also carried out, and the detail will be discussed in the
result section.

3. Results

The role of an imposed large-scale forcing on convective structures and self-aggregation is investigated by
comparing the RCE control runs and their counterparts with large—scale forcing

When large—scale upward motion is imposed, lower to middle troposphere becomes moister and warmer, while upper
troposphere is drier and colder. To balance the moistening and adiabatic cooling from large-scale forcing, an
equilibrium state of stronger precipitation and lower outgoing longwave radiation (OLR) are reached, and more
liquid and ice water contents are produced. Domain—mean cloud fraction increases significantly in upper troposphere

A cloud-partitioning algorithm developed by Tulich et al. (2007) is applied here. This method classifies grid
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columns into three categories, i.e., shallow convective, deep convective, and stratiform, based on the maximum of
vertical velocity, cloud-height, and cloud condensate path integrated over different levels. In the forced runs

cloud coverage of each cloud type is increased, and the area covering by deep convective objects is doubled.
Convective cloud systems also become stronger and have larger size. On the other hand, as discussed in section 3. a,
more ice clouds are generated in the forced runs. Those optically thicker and widely spreading high clouds change
the distribution of longwave radiation and further modify the radiative driven circulations. The longwave radiative
cooling near the top of boundary layer is weakened significantly in the anvil cloud region of the forced runs. The
longwave radiative cooling near the top of boundary layer is considered as an important process that drives the
shallow circulation between dry and moist region.

The dry patch fraction is used as an index to measure the degree of self-aggregation following Yanase et al.
(2020). The result shows that dry patches are hard to maintain and expend under large-scale upward motion (Fig
1). For all forced run, no distinct contrast between dry and moist area can be sustained when equilibrium is
reached. As have been discussed in many previous research, the expansion of dry area is due to the subsidence
driven by radiative cooling. However, in the forced runs, the moistening from large-scale upward motion outweighs
the drying from radiative cooling (Fig. 2). Dry patches are then hard to maintain and expend. A sensitivity
experiment with #s setting to 0.5 cm/s is carried out to test this reasoning. When the large-scale upward motion
is halved, dry patches are able to sustain and expend. Another possible reason that self-aggregation is hard to
occur under large—scale circulation is the weakening of longwave radiative cooling near the top of boundary layer
over the anvil cloud region. The longwave radiative cooling near the top of boundary layer is considered as an
important process that drives the shallow circulation between dry and moist region.

P&YFRACBO: RCE(solid) & W1(dash) & WO0.5(:) & W1 _EOFF(-.) H2L384_UO_xPBL_W1: advq_net at Day 5
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Fig. 1 (left): time evolution of dry patch fraction (area where PW is lower than 30mm)
Fig. 2 (right): vertical profile of net moistening between large—scale moistening and drying by radiative subsidence

4. Conclusion and discussion

In this study, the role of an imposed large—scale forcing on convective structures and self-aggregation is
investigated in a three-dimensional cloud resolving model. Under large—-scale upward motion, domain—mean
precipitation in equilibrium is increased to balance the moistening and adiabatic cooling from large-scale forcing.
Convective cloud systems also become stronger and have larger size. Widely spreading high clouds with larger optical
depth is observed in the forced runs. Those optically thicker and widely spreading high clouds change the
distribution of longwave radiation and further modify the radiative driven circulations

Self-aggregation is difficult to occur when large—scale upward motion is imposed. The moistening from large—
scale forcing outweighs the drying from radiative cooling. Dry patches are then hard to maintain and expend. The
smaller longwave radiative cooling near the top of boundary layer also weakens the shallow circulation between dry
and moist region. Our results show that the boundary between scattered and aggregated state is very sensitive to
the existence of large—scale motion. Even a weak upward motion can change the behavior of self-aggregation
significantly
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Fig. 1 Comparison of global CO, flux (g C m? dy ') estimates in July 2019. Left panel shows GOSAT global CO, flux
product, center and right panels show global CO, flux estimates using NICAM-TM 4D-Var with GOSAT and GOSAT-2 total
column average dry-air mole fraction of CO, data.
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Fig. 1 Distribution of Pacific saury on 15th October 2019 simulated by the model. Cohort 1 to cohort 17 corresponds
to 17 cm to 33 cm at the begging of the simulation.
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2018 - 7 ADFENETIE, HHAZFLET DL PAOERKDY, Z0%ORENESE VD, fhe - &
NDEBEDORE 2 2 SOMIEHSENRAE L. 2D OMIESIE, AARFREORKIBRFEZEICHE > TEL
7L EZLNDN, AFETIE, KREKEBRBEFLOT oYU TVERICESX, 20O RKERIFEAEIC
K9 D UFRIKIRIRZE DITE B Z G Lz, 7 A RO B ARREOEKEMRZE & Utk 5 kR &
DML, BRSNEBEKEEZS 22T o 7 VERTIIFRINT, BllSNEEZmN I KEDON
BTN AL D PRERIRZE ISR T 2 HA R ST, — 5T, 7T ABYORIAREE S L) hRKfERE L &
BIRAENE, 7% 7VERRIC L > TERKIRFEAICRT ARG E LTRSEEEIN. Zhiaig, B e
PR AL T2 NS TR S s KRR 7Y, ALPE AR EORSIEER O FEE — RO5EH| 218 U
THEG LTRSS, MM T, 6 A2D 7 HITHhHT TR L2 ALl R TOREVE Y = » hodk
TR K O, AbeEk e et B o i m 2= 2t L, Bl S iz KR M7 55 L Al RetE:
LR ENT.

1. [ZC&HIZ

2018 /F 7 A, TAETIX EAICHE AAZFLETHEMN, £ L TETOEZEOEENLRES L, BHROKEKENEAE L.
%Iz TR 30 4F 7 A& g &z, 7 A BANCSEAE LIZZMIE, W AAZ PR CRREMZREAKZ 5 L, )l
OISR T AN e EI2 R0, BBPEE 237 B2 X UDERBEELGISEZ Lz, 2o PEKR 30 F 7 AZM) B L TiE, B
ICEBOREMTONTEY, Bz TEAAZEN] SMEEhE7THL H~7T Ha ' —2 L3578 0 ARDEMIT T 5 KK DOl
PRI D GOV THEIMTOILTVD. I 2 ITKRET ORERKKEMNT JRA-55 (2T, 78 0 AZENEHZIZEE 25
TR LTARD TLE DKL A AL CEEEICINH LTV = (Takemura et al., 2019). RS, PWHADO LZ2ICHHEA L-H
EREFKAREITIEE 60 FIZB W THRIE T, M OoKARIRRIGRERK TH-72. ZONKEEL 7L Lio—/ L, FEHA
M ICHERNBTRRDMER L 72 2 & TH DA, 2T EZEOMRE Y = » MRIRSSEIEE S EZ2 CRfR L AN E7E L AR
T B LN REITOEHEHE L2 2 212> T % (Shimpo et al. 2019). X HIZKERITA VST —2OIERIC LY, [THHA
L] DRI R BK & 3 2 7o B B O KFRRIMARZE DO KT SN TEBIC L D b O TH - 7208, FHuc L 2 B s
DORFEIERNEHITKRRRICEREDIREZLEO LT EFELHLNE /o7~ (Sekizawa et al. 2019). [k 30 £ 7 H5
) OE®ZS 8 HE TRt LIEE T L TiE, TEOEENSKIEA P EEOF Xy MERLEOMIE (Shimpo et al. 2019)
WA T, AZBEFEOHERER(LOZELTHIN TS (Inada et al. 2019).

L2 L, Zio OfmEZIIxT L CHARBLOWEN R LI &SN OW IR SR 2. R, 2018 4 7 AIZIZHAR
OFEHME_ S HE EICBWTERI S e +2 EU EOBRKFEZERR, BHSN X o 2 KRKMERRAOMS %8 U CERCHES
W L CHEBEEZRITLED EEZLNDN, TOFEITH3IciThbh T,

2. MEETE - A&
LR BRDEDIZ, AHFETIE, KRKBEREEFADOT Y TIVFERICIE-SE, 2018 £ 7 A DR EL L5 X Lz
SRR 72 DRI KRR ZE DO IERISS B 2 5]l L 7= KRR KIEERET Vv & LT AFES Z /K AR 2 T119 (T100km 4%+-) ,
SAIEL 56 B TRV, 2ERICEIII S 7z SST 2T VO FEBERSM L LTH 25 GOGA F85R, ZVEIR O 28I S 7z SST 2 5- 2 fh
DIk 2 K5 SST & 32 TOGA F28R, ALREEH EREEEIZ O A 7= SST % 5 % 5 MOGA F8R, 4BR TR SST 2 5-2. %
CIMEBRD A7 oo TNVEREER LT, BEBROT Y T A =513 50 T, 2018 4E 3/10 7°5 7/31 £ THE %17
77. SST 5 — &% 0ISST % iV, &fEfiid 1982-2013 4E D & LTEHEAE LT-. 72, RRKRKEMTT —% & LT JRA-55 %
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3. HBREER

SO (6/28~7/8) D AKXEDOFERIEMEMZEL, T S KK ER OZMIL, Bl & EmKRE 5 2727 o3
VIVERR CIXEHR SR o 7. TOGA SEBR K O GOGA FEBRTIE, & b AARDEYE Lok T ORI ENERZE OIRE 8
MWEHB L TRARKTHY, ZHItEs THIIE BB X OKERR T T v 7 AREM LT\ £72 MOGA EBRTE LK
SIEERIEBE IR I o7z, TH FRAOEREET VERPEI LZ2WERE LT, @AY =y M ROERTHRY = > MMZ
o TEIR SRR HEBR S TORWERET BN, 25 OEINTRKKONEETNICE > TER STV 2 ATREMED
5.

—J7, mEOMM (7/11~7/30) DHARZE S X 5 e@KIEMHmZENE, TOGA EBRIZB W CERRE &g, 7o 7 nsE
& LTRSS I S, TOGA SEBR K OYMOGA EERIZI W T b H AREIC ERR AN E N AL b, £ ORIRIL 0.7 B & 0. 5 B & TOGA
FERO TR0 DD, MOGA FEERDISE DA A TEN SN IREREC IV EE L T e, BRIROE T 7
FEBRD A 23— Tk LCROF AT 24T 2 FIT XL 0, B & PHEREIL AR N2 R S 7o e KB 2278, ALKk
DR ﬁﬁ@z?f@%—k®%% i@ L, AABELOKRSIERFEZEDOEMKIZHTS L W= affEtE 2 RIe§ S iR E 5.
MAT, 6 ANS 7 AT TRERE L7 AL KEE COMBN Y = v N OALmEA R O, AL R B o 7t B8 o i e 258 1) L 2
XL TH, Z6OWHKIRFED T H O REMENRR S L.

4. FLHELESHBDEE

RHFFETIE, KRRKEERETNDOT Y T NAFEBRICHSE, 2018 F 7 HOFZEMEEE 25| & Z LI KAIERIFZ ST
2 M KRR 725 OIEAERO B 2 31l U 7=, Ml KRR ISR 2 REUGE X 7 A LAOSERICHE D fERIFEZ FHEL Lo 7203,
AU SN SRR FEICKRONEEINCAE ) ERFEAICER T2 F 28T 5. —F T, 7T A% L0 BARRLOKRKFER
ﬁ%ikﬁkﬁﬁ%%wiﬁmmgkbfﬁﬁéﬂ,ﬁwéntﬁ% IxF L, B R OUERSERE R O SSTREN D72 &b
BPHINZIEH G L Qa2 /3%, (Nishii et al. 2020)

Kﬂn@F%i 2018 4F 7 A DBEICH HBREO TR REEMENFET A HERTHOTHLHN, 7o U 7 VERIZEBNT
%@%%i@mﬁﬁéﬂfwé FHCIIRKRET VORBENR+THDAHREMICIZ T, 7o 7 VERTHE SN
Mo TCHBE Y = v RIS 72BN OF GO GEENF T o0, SHOERIMENLETHD.
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ZE (5] opt)
ARBFFED BNE, EMFZERT OLFERNC & - T, REHEFE~ VT A5 —VEBOMRI Z B & U7 ABRIaT
RwATH L ThD, REEITFITR S FMORBCITIER L, WML OEBIEREET L EBNT — 2 %
MAGDEIMIEEAT o Tz, T ORER, BT WO REIFTAT T & ThER R O KM Lo 2 22 O fEE T 20
HACDWERIAAKIRD L5 P L2 RRREWZ ERW SN o, BRI OFER, Zh b oKiE R
FATMDOEFIC IV AETTWD Z ENbholz, 72U, BlE U O Z B3R & Fis D5 1)1
EVALTWD S, KREEM EOWRERTI RS T EORFTRIRRKEIZL VAT TN,

1. IZC&HIZ

RLEDIBIRACITEE, M D IRBELSHEA TH D, WEOBRET — % 2 AW 5 20 okl oWR KB ORELO A v
— R, BEReA X aBiin EOWEERTEE L TRENVZ EBRHLICR > TWD W ZIE, Wu et al., 2012), A%
TIEZED ) BRBINHEND WY THRZESZ Y TDH, WO RIS bR AKED LR P Ly RRREWZ ERRESNT
WANR, ZORT D 20 HALOWREAKIED EH b LY ROFEMRERIEES, £O A =X LTI LT > TR,
BT — % OB FAWT 2 b ORBEIC DWW TN 217 5 56 B EBILIETIEIINC K 2R E KR T — & 1322 MR 5 MK
W, FE 72 20 HACATRIFERT — 2 F D0 OR LW E WS ERH D, —FH BEETAVICL DI a2 b—a Y EITOIHE.
YT P ED OB RIEMCIR IR b T 7 BNEET 5720 SHREH-E N EHET, JMEE O L Q0 DU S T,
R ERBEDOTT VRN ETH D, £ CTARMIE T, ZEMICEIRRE OEIREEET LV E AV TR HEIZRBIT 2
20 fL O AR OB BUEER & B OBREFER ATV, KR EFOFEMAERGE L EORA =X LERALNITHZ L5 H
By & U CRT 24T - 72,

2. FRERE - A&k

FEIHERETE 7 /L% ROMS (Haidvogel et al. 2000) Zffi ] L7-, fEIIE 23°N~41.5°N, 116°E~132°E T&H V. $HiE ML 2
< JEEEC 32 JB ., ZeRIMREEIE 0. 1 BEXO0. 1 BETH S, WIFIE 1871 D 2010 EFETTH AN, AT v 7OHMEEE L,
FRATITIZ 1901 4ED S 2010 4E A L7-, WIHAS1RIE World Ocean Atlas 2009 OZKIE LM OKMBAE L L, W, W& ER
EXTaTHD, KEOERSMIZNOAA O 20 MHACHEMRNTT — & O HEBT — & B Uiz, MWLM RS0, e mER
W7 —H Todh 2 SODA 2.2.4 OAKIRE, ¥y, WG - FAED A T —F 2 M Lz, Wiz o0 TiE, A L I KR
B T T VORI B RMBM L TH 272, 72 RITIZ X 2K AL Dai and Trenberth (2002) DF — & D A%
EEZHWTE 2 TW5,

WRE KR EFOA =X LER LT DI OICEBCSRNT 21T o 72, Z OBMNSIAOKTH (BT, 58, K& H OEL
7T w7 A BERE)IZONWTE, FETANTAE Y 74 U THEEITo T2, R HEORRELICH LT, W E &
DUVNEHE S TSNS OITIRFTH DN EH ST H72012, HEHEEER (CTL 7 ) ITMA T, 2 MHOBREEREZIT 72, 1
FEBIXET LV OMERER G ERBEMHEIZ LI-EBRTH S (LLT, REMOTE 7)), &9 1 FEITET VRO KK OEEMN LM% A
SEEIZ L7 FBRTH D (LLT, LOCAL 7 V),

3. HBRLEER

F3CIL 7 v OWREKIRD b L2 RIZHONWT, 2 FEOBNT —# &L Ol %17 - 72 (Fig. la—c), ZOfEFR., B THED
WEREAKIR EFO N Ly RORKEWEIRIIEETE R 5 R O B r & FEBREOXKEN Lo 2 iiFEET 22 E 08B 60
W7oty 72202 OOMEIKICEIT 5 CTL 7 > O/kIE EH Uy ROEEIL, 2 BEOBINT — % OFILE L, £T L0k
BIIBHOKEER MLy FEESEHBLTWS, 2B, 25 0OKIEEFIIFHNICHD L LR BIRFEAKE VL, 2025
DOFRICHIT DK EF A=A LZHSENTT DD, HEHE D S KEGE 100m OKIBZEIZ OV TR BT 21T > 7=, B
FROBEMEIE b2 b TEREABBT, I, RENOLDET S v 7 2D 3 DIT45T T, EDOFENRE DO TN %
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ToTofb S, BpRdEh T & K ECHIENOBBROEENRKRE W Enbhrole, ZHUIXH LT, KRNRbDET F
7 AT Z OBTRIC X A KE LA AT AIENT WS, 2 SOFEE O 5 BT IR B oK EREOH I L 5
AR OB M AR EF IR b EHFS L TWD,

F 72 2 FIHOKEFRROFESE, REMOTE 7 A BEIEEh (T OR /KR LA 2 /895 2 & 25 (Fig. 1d), LOCAL 7 »idKhkE
M EDWRAE/KE FFE2HRT D2 ERHLMNI R 72 (Fig. le), ZOFEREIZ. 20 2 SOHEEBOKIE EFDO A 7= X LR 58
B EERT, Tihbh, BEIOKEFREOBIMET, BT ECidse < Y (BT VRSN TOA DB BN EE T
bV, ARFHEETORISHO MLy REFHRD L 10N 15 20°N OFEHF TAD MLy RE/RL, ZHIUHB RS HETO LM
DMLY RIZHEHETHD ZENTRRIND, —J7 KRE EDOKIE R LY RIZHOWTIEL T Bz 2 dbE o 55 b am 23,
Kt EOER 23 b S E T\ 5,

(a) HadISST (b) Minobe/Maeda (c) CTL run
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Fig. 1. Linear trend of sea surface temperature from (a) the HadISST dataset, (b) the Minobe/Maeda

dataset, (¢) the CTL run, (d) the REMOTE run, and (e) the LOCAL run. The HadISST dataset and the
three model simulations cover the period from 1901 to 2010, while the Minobe/Maeda dataset covers
that from 1901 to 2002.

4. FLHESHBDODREE

ARFZEC X0 BT IR R & R RO KEEM B0 2 ETO M T 20 HidOMEE HEKIED EF L2 R3K
TN ERPALN oz, IO OKIE EFITEROEIMI IV AETCTND Z Enbholz, 772 L, BT O
AT T WO TN L D E T TOD A, KEE_EOWREENIR Y i Lo RN RKEIELI VAL TND, 7B
PLEOREFIZ OV TIL Sasaki and Umeda (2021) 25612 L TW 5, RFEEIX, ZOH T THORBELIZST 2% O8I S0
T, LVEEMICHRTZITO TETH S,
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