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(a) Composite SST anomalies (in °C) observed during the austral summer (December-February) of the

positive IOSD years (1986, 1987, 1992, 1998, 2003, 2005, 2006, and 2010; see Morioka et al., 2014). Anomalies ex-
ceeding the 90 % confidence level using the Student’s t-test are colored. Black boxes indicate the central re-
gions of the positive SST anomaly pole (27-37°S, 55-75°E) and negative SST anomaly pole (13-23°S, 70-90°E),
respectively. (b) Same as in (a), but for the SLP anomalies (contour, interval of 02 hPa) and latent heat flux
anomalies (colored, in W m2) during October-December of the positive IOSD years.
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Fig. 2. (a) Time series of the composite anomalies of the mixed-layer temperature tendency term (MLT, in 107
°C s) and its components of net surface heat flux (NSHF), horizontal advection (Hor. Adv.), entrainment (Ent.),
and residual (Res.) terms in Eq. (1) over a warm pole of the positive IOSD simulated by the SINTEX-F model.
The closed and open circles show anomalies exceeding the 99% and 95% confidence level using the Student’s
t-test, respectively. A 3-month running mean filter was applied to the anomalies. (b) Same as in (a), but for
composite anomalies of the net surface heat flux term (NSHF, in 107 °C s) and its components of shortwave
radiation (SW), longwave radiation (LW), latent heat flux (LH), and sensible heat flux (SH) terms. (¢) Same as
in (b), but for the composite anomalies of the shortwave radiation term (SW, in 107 °C s!) and its components
of the first, second, and residual terms on the right-hand side of Eq. (2). (d) Same as in (c), but for the compos-
ite anomalies of the mixed-layer depths (in m). Modified from Morioka et al., (2012).
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Fig. 3. Same as in Fig. 1, but for positive SASD years (1989, 1996, 1999, 2001, 2008, and 2010; see Morioka et al.,
2014). Black boxes indicate the central regions of the positive SST anomaly pole (40-50°S, 30-50°W) and nega-
tive SST anomaly pole (20-30°S, 0-20°W), respectively.
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Fig. 4. Same as in Fig. 1, but for positive SPSD years (1983, 1984, 1987, 2001, 2003, 2005, and 2008; see Morioka et
al., 2014). Black boxes indicate the central regions of the positive SST anomaly pole (35-45°S, 155-175°W) and
negative SST anomaly pole (30-40°S, 115-135°W), respectively.

FERLEE, $hE31fE) 2w CBEDOHEFHIERZIT
72 o 7% (Doi et al., 2016) I & % &, I0SD O Tl
EPEHRFEED 4 7 Air» 5 ERLT0 5 2 EPHERS
nx L,

INETDETA, SPSDIc oW T FHEITFTHEM: 2 F~
W3 H 0 FR-AD, WA YA R —VERO T
Exrm bEx¥s LT, FUEORBEEE O THIEED
M EICKREL DR DD 728, SHBOWHRIROICHAFS
nx7,

4. EEA 2 NEFEEBAAEFEOTERRE

TR~ FEELERETEICHEN S 7 7 U AR T,
F—HALICHE b Bl S W 7oK RICHED» 6 ZHEDO R
HZ2 b O HERIBEZAENHE L Tw 5 2 LI n T
WE 9 (Tyson et al., 1975), FE/KEOHERBEZEIC
1%, FEEA v FEEOWFKE & BRI R S 15 H4E
FEEH DD > T\»wa Z L8 Allan et al., (1995) T

MINTOET, Ml v FENHERETRE2 25
FRIZEF, vAH Y rERESEAITELINTED,
ZNITHES TRERA » FPED 5 7 7 U ARSI KZER A
High, BokE, 2 aHEHECh D £9,

FAHA v FPEO-HERBEAENE, KRR EWEIHE L
EEELTEZLNR T ET (Reason ef al., 1996a)
7, ZORIFIC OV TIIEL 25235 b £ 9, Reason
et al., (1996b) 1, KFHEEA v FiFEE2OHR AV P2
7 BRI O R BT O HERBEZE)IC X o T
ZZHL, MEA Y FEOHBHEER?® - L W INET 5
T &, FEEBA ¥ FIEOMHI RIS TR B A3 E U
BT %, BEKEREFVEHOLERD SHERLT
WET, —HT, MElA Y FFEORELEFHHERTH 2
I0SD 28 HEBIBCEF L CB b, MElA ~ FEDOTE
BEAB LERL T b L@ d H b £ (Yamaga-
mi and Tozuka 2014),

0o DR LI EREDIEL» S DFE L LT,
Morioka et al., (2015b) Ti&, FEARPEEED & ki & T
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IR THET 2 KR & B RTE O TR AT %
BFTwET, EBIC, 77U DR THRIKEDYZ 2
1990 Ao, WBIIAKIR & I S DR 72 % i~ T
A% L (Fig. 5), 1993 4EI21ZFE 7 7 U A O CTIED i
KRR 22N TE D, 1999 FF T - < b EREHA
VRHICH P THEL TW AT PR SN E T (Fig.
5a), 1EOWEHE KRR O E 11213 1E O Mg 5 R 22 23
W& (Fig. 5b), 1993 F5 5 1999 FF i 1 TER
FEDRZEPHEAKRRZE EDICHELTWE I LD
0 FET, 1999 FICIEERTE DA ICHE S HIR DRI
k0, BEEA ¥ REDPS T 7 U AR AKELAEIEN,
77U AT TR CRKESIEA T E T,

SST DJF1993

FARPEIED & RS A ~ R PRI 2 M KR & JE
[UEDRZA, BT — & CHETr 7 ey 7 21Tl
%L, RRBEHEETVCOHETELZEDBODD
% L7, Morioka et al., (2015b) TiZ, KR&RBHEREEE
7V (SINTEX-F2) % T 300 FoEME S %17\,
RBABOBING AT 2B L T, Ml v FEoHERR
ZRENIC AT S M 7K R AR 22 08 B & ISP B R R R AR
£ BMHKRRAEDBRICE->TECL T L2HELT
WET, EBRIZ, MANEOHIKEFEEZETVOH
SRR U TN R 7 EBR 21T 5 &, WK R
AR TR OBNREREOHED Aok bEL
foo TOTEIR, MWHIKHEMRAEOFEICIZRSK LWETED

(b) SLP DJF1993
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Fig. 5.
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(a) Temporal evolution of the 8 year high-pass-filtered SST anomalies (in °C) observed from Decem-

ber-February 1993 to December-February 1999. Black boxes indicate the region (40-50°S, 40-60°E) where the
large decadal SST variability is observed. (b) Same as in (a), but for the SLP anomalies (in hPa). Modified from

Morioka et al., (2015b).
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MAFRAPED-oTwB I EE2RBLTHET, EDM
KRRz O Ll c kKOS S £ b, FTEX
K[OREEIHINT 5 2 & T, BEEELOESN2H
b, BRERECHERZMERLLT VI LIEZLONE
9

ZNTE, EO &S RYET v v A CHIHKRREZE X
HHELTWADTL & 99?2 KABHEKEET IV THE
SNTFEHEA v FHEOTERBEAEIC O W T, HEREOD
KifRZ=%2F 7= L 2 5 (Fig 6a), EDKIRRZEDK

(@)

T (40-50°8) _

(b) Dynamical T (40-50°S) (c)

H00m ETELTCWEIEXDLDE LT, A v
FEECIEDOHHEIKIRR AL E U 589 6 4ERTICIE, FAPE
PECIEDWH/KERANE L TE Y, IEOKIRREDH
X300m FTKRATVET (Fig 6a LE), 20k, M
KEGPEDKIRRAZ@ > L DHHEL 2235, KD FEVH
SRR A T RTP RN E T (Fig 6a H TE),
O &I, KRR GRSENTZ T R,
REBOEF 2o TOB I LD ET,

WA 2> & B R g O /KR 2 O T OB R 2 iR % 72 0,

Density (40-50°S)
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Fig. 6.
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(a) A longitude-depth cross section of the 8-32 year bandpass-filtered ocean temperature anomalies (col-

ored, in °C) averaged over 40-50°S from the SINTEX-F2 model. From the top to bottom panels, composite
anomalies for 6 years, 3 years, and 0 year before the warm era of the southern Indian Ocean are shown, respec-
tively. The contours show the climatological mean potential density (interval of 02 kg m™) during the austral
summer. (b) Same as in (a), but for the ocean temperature anomalies (in °C) accompanied with ocean density
anomalies. (c) Same as in (a), but for the ocean density anomalies (in 10! kg m3). Modified from Morioka et al.,

(2017).
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Taguchi and Schneider (2014) 12fil> T, KiEfmz= 6T
HERZEC X 55 6T, LIEAHIEIC X o TR ERZE
2DV 8T 1293 T L % L7z (Morioka et
al., 2017),

VT - Vp

8T=6T,+ 6T, =
L lvp|?

Sp+8T,s (4)
TIT, VRAHRERROMS 2% L £, Fig 6b 1,
HEE (2 % 0 5 KRR 722 6T, ORI EE R L £¥, ¥
KPGEED SFEEA ~ FEEICTD - T, BEREZ S K
MR 6T, 13w > < b HHEL, KifRZE 6T % & < 39
LTws I EhghrbEd, Fic, IEOKIRREZAD
BERAZME->TED (Fig 6¢), FEKEEDHRERA ~
FHEFTO-L DML TW AREFAERTEE T, &
DOFEER CRERPET L MElA v FIEO®EF7Z1C EOF
fRT 2 T/ L 25, ROKELLEFHL LT, BHH»S
K 1,000 m F TRE2E U CIRIED E S 5, SAflilE
&% b OBEOLE SR oNE L, £72, A
VED S FIEA v FYEANBEOEE 2 2cms” OWET
FEL TV AT DR SNE L, HENRONEHE
150 FEp 5 40 FERIC I, MMM A2 W L T
5-10cms’ CTHEZCHN TV ET, T OFEHTEK
WHRERAPEL S L, HEE - FOfr AL —
Wiz 2-3ems TPEL &S L LETH, BMOEHAE
O AMRTEOFELZ ¢, SililEEMHEES b - 71
EHTAE—ELRAZIEEL 0D LBIRTEET,
FAPEIEIC BT 2 KR ERICES T % KO HER
#13, HEEoRROERHEMZLBIBERLTVLET,
FEFER T RETEL D 0 R DRZEZES 72O, Wit
W CIERTE P E QYRR I E 0, WK DB % /I
S T2EHIBHEET, £/, MATEEICBLTRS
BB BT 21T -7 & 25, IEOMEHKRRA XS
KUERZEIC & - T, REED 5 F 0Bk il X
hizZ b, MERORZEIC X > CHEED 5 OEHH
PFESEPFLELTOVE L, MAEEO T EHE
ZENCIEE EORK[OZEEFH P B B> TR D, ST
FTORER LB EAMTT (Venegas et al., 1996, 1997),
Z OBOWIET, FAPEFEDOH ST I HERB S %
L TRED 1 2L LT, B RKERE O HERIEZAE)
WHES RERDT LIRSy a v HRBRENTHETH

(Lopez et al., 2016), K&5EEREEET V2 H 0z ER
FERICKFELTB Y, &b EWRERET—21C X 3836
DALY,

5. EEEBA 2 RFELBMARFEFEDTERELEHD
T AT REE

AEEERICBR & 3R EER O M HIAKIRIC FL 5 1 5 TR
ZENZ N T, MWIRIRE/L O T W% O i A
(World Climate Research Programme Decadal Climate
Prediction Project; TH A SARMFZE A 4R S5 37300
7uy ) ofT, MEIRSZAOFELNY Ah
e RRMHERAEET VEMWT, THAREEZHN S0
TEE L7, iz &T%{ 0T, RARETFVHO
BB 2 70 ERL[OBE R 22 3¢ 5 2 LT,
TR E CHENE TFHRBEIS SN2 T EAHE S
NCTwET (Meehl ef al., 2014), L2 L, FEEA ~ Pt
PEARAEFETAONS L5 7%, SHFmEHITIER (REA L
WPEOMHAAERIC & - THEL 2 - HERBZEN O TG E
FHELELH Y EHA (Guemas et al., 2013),

Morioka et al., (2018a) T, FEIHA » FIELH AN
O TERREZT %2 R HEL Tw 3 KABHERS ST T
)V (SINTEX-F2) % H\»T, &5 )L O ¥1H K iz 8
T ZIEDT T (L), TEEETTNT 2%
BEfToTwid, MEBHINIHKE o7 1982 4F0 53T
FET, MEA v FIECHMS N HESEZE)IC O W
TRz E 25, 1990 FEREZF 2 5 2000 FFAURTH 1
LN BHERA v FEDOFRIRDY, 1994 F0 6+FuETF
WL ZEBRTRZ SND L0 £ L7 (Fig Ta),
% 72, 2000 FARATHED 5B ICH T CHEBIIOER S 2
K728, 1999 0 6 FHIL 72 =l cd K (I TE S T
EWH 0 % L7 (Fig. Th),

Z5 L@ PHEE 0T RICIE, FAREED SFH
A ¥ FHEICHET 2 Mg KGR 2 AU O AR 22 8
ERRMBHEREET VP THICTFHTCE VB L LB
RLUTWE L7, RRMBER G E 7V OMHIKIR % Bl
T—=Y Tt T 52 LT, ELORGADBIEEL, R
HEEMH AR 208 L CHEREZE O > 7 F v &R
LT R ENRRINET, ET NV OYH]
L@ BB T/ o M HKIRD A2 v Tw» 57
b, WHEARO T — & 2 HEERD R £ 5 1980 1R &
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(a) Time series of the yearly mean SST anomalies (in °C) over the southwest Indian Ocean (SWIO; 40-

60°E, 50-40°S). The black line indicates observation, while the red line corresponds to the ensemble mean of
12-member reforecast experiments in which the model’s SST is initialized on March 1%, 1994. Each ensemble
member is described as dotted line. (b) Same as in (a), but for the results from the reforecast experiments ini-
tialized on March 1% 1999. Modified from Morioka et al., (2018a).

DHRNCAHIET 2 LS TENIL, FEEA v FPEOHFEHE
ZEOFHNEE 2 S 5 1R TN 2 L b AHE
<7,

A~ FPELECFEE VT, MAEEDAK
BIC RSN 5 HERBEBIC>WT, FHERZT-7-
EZA, BERA ¥ FIICHARTTFREE MR C &A%
PO F L, BEA Y FEERT A T A REERIC & 5580
YT KR AT 2 £ O 72 D KRR L PEDRE AV T T2
(Nakamura ef al., 2012), FEARPEEONEFHHEIZER K
HTRZ B D R VI O KRR LR EDFT L, R
BB S N oG E €7V THBEITE Tw ik
WZEREZLNET,

Z 2T, RRUBHERSE T TV OMHKERSZ T TH L,
YRR D AR P 353 & B T — & CHIEME L TR %
fTol& 2, MARAETEO HERBIZAB) 2 FEE & < Tl
TEBI LN hD £ L7 (Morioka et al., 2018b), Fig-
ure 8 1% 2001 £ 5 54T LIV L 7B KRR 2 %
KLET, BT —2 %2R 5 & (Fig 8a), 2000 4 Hi
Fh BT T, FARPETEDWHIKIRIZFESIHD &
EHICZ D b, 2010 FFEAHETHEIC 2 CRBEMEIAY55 £
DoD2H b F T, 2006 4F F TRRMFHEAE ST T VO
KR D % B 7 — & T oIk L 7z Bk (Fig. 8b),

2006 FLARE DR~ D EE A TFHITETE 59, 2010
ERETEE CEAPRE T 5 L FHIL T T, —7,
KREMFVERG A€ 7OV QWAL 72 T T <, MENET O
AR &M b B 7 — & c oML L 72 Bk T3 (Fig.
8¢), 2006 4 LARE D IR~ DB AIEL { FHITE T
B0, 2010 SRR DIRBIOWMELS L {IA 5T
9, BT —% LHAT, BHEKIRREZE QRIS E
BRENDH DD, FEARPEFED HEREZEICHE S i
KifREDREE Y — v 2TV TLLFHITESLZ L
DD £ L,

6. FLDHERZE

FA 2Bk O H B 2 & R EE O YEE K IRIC B 5 N B RR4E
EEER, HBE YA K-, HEWESTOLEH)IC
S IRABEORELE DR OFKEC W ICEE 2 %
HxLTWB I ERRHRTHDOTHSELITHDE LT
(Morioka et al., 2010, 2011, 2012), KR&HEHEREEE TV
THIEE V4 R —VBRZFHIT 2 720113, WA E
R[IEOZEZERNICTFHL, BAEEOLH % €T LT
ELLRRT20EDNH D £7,

FEEROHEVT R SE O LB, BiFEsio ENSO It
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Fig. 8. (a) Temporal evolution of the 5-yr mean SST anomalies (in °C) observed from 2001-2005 to 2011-2015.
Black boxes indicate the region (40-50°S, 0-20°W) where the large decadal SST variability is observed. (b)
Same as in (a), but for the ensemble mean of the 12-member CTR reforecast experiments in which the model’s
SST is initialized on March 1% 2006. Note that 2001-2005 is the initialization period so that the model’s SST is al-
most close to the observed SST. (¢) Same as in (a), but for the results from 3DVAR reforecast experiments in
which the model’s SST and subsurface ocean temperature/salinity are initialized on March 1 2006.

IRKDT L ARy v a vy oHiEEORAD NI E T
HDAANO R E, HEDOIRD» S OHEEZ T ET (Mo-
rioka et al., 2013a, 2014), Z 5 L7z RADEENE, HE
BBLOE ARKREDEIN 2> TE D, KOBLLEME
WREAGOROMEICKE KELE T, Big, Fi
EICHEET 2 mEEAE KRS AE TV TIEL S ERB
THRENH D T, EBRIC, EREOKRGEER S
£V (SINTEX-F1; € 7 VI ACEIMER EE 05-2 FE,
SATE 31 BT, KAETTFIVIBKPBEER 1, $hHE 19
J8) 2 BREEAL, 5ICKEFILVEEINL KA
HEPERS A E 7LV (SINTEX-F2; #iEE 7OV IZ AR E

02-05E, $h1E 31 8T, K5E T IVIEAKFBERERN1
B, $hiE 31 JE) THEEITo L T A, BEAEE TR
JEA AR U CFFARITEICITE S 22 b, FERPEPE D &
A R —VITHE S W KRR 22 O MR BN $h, #
WAEIC T T A2 b £ L7 (Morioka et al,
2014),

—C, FEIROEEGT SRR, ST g AR
D% 8 (Morioka et al., 2015a) ik o Kk & DHPE
Bua v 5 2+ (Mlyasaka and Nakamura 2010) 1 % 5%
HEAZIET, 9 LEBRENTOM? VEEE KR
FEREAETIVTRA 220123, L ERBELRKRE
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T EMHEETVRRETT, I 5ICEMBRE R KRN
AT T VRO &Y, HEESKEOLE)
BT 2T BRI R RO K E 7 EAHS 2
eI NET,

B 74 K — L DFEIC R E R WIRATBIE D ZLH)
EMHEETIVCIELSRBT 2 L EECT, HHEG
6 RTEEE TR A BEOFHIA TR E {, HIFH
10m, Z100mZ8Ez25ZLtbdbbEd, HEIES A
K= IVIHRDFET 2680 6 I T, BEEREIXE
(b, HWIRAEEZEFIVCHEHET % 2 LS AK
iR 722 O FBIC R P 8 A, RHTOWBHEET VE RV
T-FfET 70 ¥ 2+ o s (Toyoda et al., 2017) 1
k2E, MEHIAR—VERPE—27ICET S 2HIC
BWT, RBEEEOSKWBELIMEEE TV O T 5-10 m
BRBIEBTHLDELL, BAEBEDSMGEMES K
10m, BELBORESFIOSM THEIEEEZDE,
ETNDEELOZRBHETESERA, BEEIHET S
WEERBICB VT, BEETIVOREMRGE 2L C
LR, KV EMLREGOYME T e R EEURARET
WISINENC T2 B EEZLNET,

FAEE A~ FREE MRPEIEIC R o 2 HERBLE ©
&, FERPERETA L KRR ADFER AL, Pk
FRROHEEEZ T CHEEER AL —KE LTHET 2
T EDARIERTHH S 2T b £ L 7% (Morioka et al.,
2015h, 2017), FAKPEIEDKIRMFEAEICIE, B _EOWE
FEfRZESED > TWE$25, 2o+ HEsh
TWEH A, KRBERSEG T T IVE W 1,000 412
SRAEOFEBIC KD, BT HERRZE)IC
S RZDTLART e aryBNEL5T2 T LARRIN
TwZ 7 (Lopez et al, 2016) %, #HlF7—% ¢+
MAES N TV ER A, BIEROPTEEEICE T 2 KA
NHEZ#HTH 5 AAOICH RAMEH N EBKL TE D
(Yuan and Yonekura 2011), AAQO AS#iZEFERTEDE
BHErbodAHEbdbET, ETINVERICIVES
NIAERZRIET 5121, & 0 B OKRE L O
T— BT £7,

KREFFEIC &0, BEEA ~ F3E LR O HEREA
Bicow T, PHHLTFEOEVIC X b FHGEICKE 7%
EWAR 5N % L7 (Morioka ef al., 2018a, b), FFEA
YRR, TH T ARIE R EKRATRE Y, KR

WPEDKEE D572 (Nakamura ef al., 2012), €57 L
DOHFHARZ LT 2 2 L TREAMIBE L, KAHEE
HAFMZB L CHEREZE 2 PHTE 2 LH0H
b % L7 (Morioka et al., 2018a), L» L, FKVEED
NEBREIL C L3R VKR AT & fEb v/ b, BEA ~ F
FLDDRRAEMBEDREEDFH O LNEZLNET,
FARPEVED R AT 2 fEE L { Pl 2 721,
E 7OV OWFFENTR O KR & 8Ll 7 — & eIk ¢
DD H Y ET, L L, FMAETEDWEBENLEEE
AV FHEEERED?, Zhll hiczZlvwed, ERRIC,
T T\ — M & BRI AR ORVETE RN L 72
2005 FEDURE, £ 7OV ORI ORI LS T IR EE o
W EICFHFSGLTWB T ED9hb % L7z (Morioka et al.,
2018b), FAKPEITZ &UR RO Z RESH S
L, FEFRORELF OB FHIC K> ¥
Ao

BRI, FEROMEEHKRIC RS 2 RELEHOTHE
BB EE, Mo SRR EKRICHEE L2 X 7
&, MFAAGRZEE) O Tl R O SR ZE B Tl & 7%
SO ERHIfFIhE T, ERIC, RRMEBEREGET IV
O ERGRELPEIR L FEOWRIC X - ¢, W& A
R— Vo FHREE M EL, 77V AEEBOERICET
LK BEEBOFENEE A EL2#HED H Y £ (Dol
etal, 2016), 77 U AFEEOMEKEIZEEY IR <
SV T ERRBHEDFE L ROBRICH 2720, KkE
EEOTHE N5 OFFICISHT 2HESTLR T
%7 (Ikeda ef al., 2017), ZD &S, HEFFRIROXUE
EEEHRICEHLT, W7o 22 1EL CHEL, K
RIBERAET VAR TREE LS FHT 22 L25, K
MR DWIFETZ T Tla A RUREE D E LRI T ViR
EE CEERESICE > TEETT,

i

B BT > & g EEIC L 5 1 2 M T /KR DO A
25 HERBEA IO W, YT oe X &AM
ZHFRBUMFE—EHL TT, A8 H 2 HARETARM
MEE2ZETHILickD, BEREOESXICLLDE
AL EFERT, RFiC, WEIREREHEERIZER T
BHEFHICAD E L, HEHBOUMRBLAELSEZIX
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U, FRMERBEZ, FIRH ORI G H B & A
K= VHRICET RO T — < EH» b FiE, BT
FEROMME T, TEICHEEL TSI, KEABRAR
WHFEE L L CoRBERED 2 N TEE L, IIE
BBLEBIRICE R 0 5 EEE 2 F I T L X5 E,
FEIRAATORRE T TR, BLE2ERINTIAET
fibh iz ENSO v —2 27— ~0&fie, it 24K
12280 KF0 IPSL 4R C ¥y HOW9iA v & — v 7z
E, XLLBED B 2N O EH Ligint b Lig
NABLEEELEATOREEE L, ALEBED
FOHCILICHIE 21T - 7 RREBRDS, K¥EBEEFE L2
BOMFRALICREE»r SN THET,

KREBEE XL ot, HAAMHRI S ORFHITFEE &
U C 2 4R, WrEmTSe B bAE o M BRBRIE 22 B sHIs I it
BLELK, ARIERT OIS LT7 4L 07 —=PRND
I REEBIC A TR 70 75 LOMEE L L b
BRI KM R A €TV (SINTEX-F2) 2 HwTKk
R AEERICBE T 201982175 2 LT, R¥PeRAR
ICHARTHRDOZ X VN, PIEOHEDIAA D £
L7, 2 5IRVIES L, o 24ERAHBICHIZRICHE
e AT, BRI omXEET LN TEE L,
Zotk, MRAL L OBEARAERE T 7V 7 —v =
> 5 RicHi)E L, Swadhin Behera FiE Db & THEMR
BEBCET 2% 27> C& % Lz, ZOHT, BT
7V hDOREAEE) L EYE ICBE 3 % JICA/AMED @ [
7wy =7 b (SATREPS) 2 5 EZEL, M7 7Y
AR —n v OifFE S AR EED L I LR T
EE L7, 7uVoy FEELCHEELZBIIE L
DXy b7 =7 3RO CEET, EHEYEBETHAET
5T L CHRDERDIRE D, #ic RO RERIC D%
MO FE LT,

Z Ofth, FEKFOBBEOES &, HREOLES
BEOHES %, WA REOMEEOHS £, 2
LT, 20O TR TS > FHHEROES %
2, DL L EFET, B3 ol 0iEE L &
R—toOBET, BEZTLELL THEERED S LD
TEE L7, SBLHLOHEICHL T, RuEmOHF
FeERITH T LT, KEEBICHEE 2% EEZ & EEE
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BRARICTe D £33, AW CRABHERAGET VOHE
Brefroicdizb, WBEMEMEARMOMIRS = 21—
SEMASE TR EE L, 7, KiwXizowT,
MERE L HHH o RN TR ax v P ewi
&, LDEVEEHHRL BT RS, RUEIR, EEORED
et (FE)NRATTZEBI L, B AR 2R T % B
DC2 & PD, HASREAH T (B) 15K1778 &4 Tt
%6 19K14800 7 &), JICA & JST £ & U8 AMED A # i
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B A2 TS o B SRR R L B x5,
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Interannual-decadal sea-surface temperature variability in
the southern hemisphere

Yushi Morioka "

Abstract

Interannual variations of sea-surface temperature (SST) in the subtropics and mid-lati-
tudes of the Southern Hemisphere are characterized by a dipole pattern of SST anomalies
over the northeastern and southwestern parts of each ocean basin, known as the Subtropical
Dipole. This study first demonstrates that over the positive SST anomalies associated with the
Subtropical Dipole, the ocean mixed-layer thicknesses become anomalously thin (thick) and
enhance warming (cooling) of the mixed-layer by the shortwave radiation, resulting in the de-
velopment of the positive (negative) SST anomalies. The variations of the mixed-layer thick-
nesses are attributed to the latent heat flux anomalies associated with the overlying subtropi-
cal high variations. However, decadal SST variations over the South Atlantic and southern
Indian Oceans tend to migrate eastward and interact with the overlying sea-level pressure
(SLP) variations. The ocean temperature anomalies are found in the subsurface ocean where
the ocean density anomalies propagate eastward as quasi-stationary oceanic Rossby waves un-
der the influence of the eastward Antarctic Circumpolar Current. A series of ocean-atmo-
sphere coupled model experiments shows skillful predictions of the decadal SST variabilities
observed over the South Atlantic and southern Indian Oceans.

Key words: southern hemisphere, sea-surface temperature, interannual variability,
subtropical dipole, decadal variability
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