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Fig. 1. (a): Annual mean of Ekman upwelling (10% m s™) calculated by wind stress of the NCEP/NCAR reanal-
ysis data (Kalnay ef al., 1996). The negative values show upwelling. The average period is 1997-2010. The val-
ues in the 2°N-2° S band are masked out. (b): Same as (a) except for 20 °C isothermal depth (m) from the EN4
gridded observational data (Good et al., 2013). Some of oceanic thermal upwelling domes are also shown. (c):
Same as (a) except for chlorophyll concentration (mg m™) from the SeaWiFS satellite data (Hu et al., 2012). (d):
Same as (a) except for the standard deviation of the sea surface temperature (SST) anomalies (°C) from the
NOAA /OISST observational data (Reynolds ef al., 2002). Some of the large value regions are associated with
the year-to-year climate variations.
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Fig. 2. Schematic diagram of the link between the Atlantic Nifio and the anomalously warm Angola Dome. (a):
In Austral fall, an unusual relaxation of easterly wind stress in the western equatorial Atlantic associated with
the Atlantic Nifo triggers second baroclinic downwelling equatorial Kelvin waves, which propagate eastward
along the equator and poleward along the coast after reaching the African coast as coastal Kelvin waves. Then,
downwelling Rossby waves radiate away from the coast and cause significant warming in the Angola Dome re-
gion. (b): In Austral winter, the weaker West African monsoon associated with the matured Atlantic Nifio leads
to weaker Ekman upwelling and thus the warmer Angola Dome.
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Fig. 3. Schematic diagram of the positive Atlantic Meridional Mode (AMM) and its link with the Guinea Dome
(GD). Late fall in the preconditioning phase of the AMM: the GD is anomalously weak and the mixed-layer is
anomalously deep in the GD region. This condition reduces the sensitivity of the mixed-layer temperature to
the atmospheric cooling, and as a result leading to the positive sea surface temperature anomalies (SSTA) in
early winter. Spring: this situation is sustained by the Wind-Evaporation-SST (WES) positive feedback through
the Intertropical Convergence Zone (ITCZ) migration; anomalously northward migration of the ITCZ causes
the southwesterly wind anomaly in the Northern Hemisphere and weaker trade wind. This results in weaker
evaporation and thus suppressed latent heat loss, leading to warmer SSTA. The outcome is further northward
migration of the ITCZ. Summer: the GD becomes unusually cold as a result of stronger Ekman upwelling asso-
ciated with the positive wind stress curl anomaly owing to anomalously northward migration of the ITCZ. It
plays an important role on the decay of the warm SSTA through entrainment. Aadopted from Doi et al.

(2010b).
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Fig. 4. Sea surface temperature anomalies (°C) in Feb. 2011 from the observational data of the NOAA OISST

(Reynolds et al., 2007).
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Fig. 5. Schematic images of the climate state over West Australia before /after the late 1990s. Left: Interannual
variations of rainfall over West Australia are influenced by several climate modes such as El Nino/Southern
Oscillation (ENSO), ENSO-Modoki, Indian Ocean Dipole, Madden-Julian Oscillation (MJO), and Australian Mon-
soon. Generally speaking, a climate model has a difficulty with capturing those teleconnections. Right: Frequent
occurrence of the Ningaloo Nifo, partly due to the interdecadal Pacific Oscillation and global warming, starts to
drive the atmosphere locally. The local response is well captured by a climate model better relative to the re-
mote effect. Actually, seasonal prediction skill in austral rainfall over West Australia is enhanced after the late
1990s by the SINTEX-F1 seasonal prediction system. Adapted from Doi ef al. (2015).
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EDHIBENT WS (Behera et al., 1999; Saji et al., 1999;
Vinayachandran et al., 1999), IEE EDOA RV 235D,
IE(B) Of XV PPFRET S E, B~ FHEOREE
T SST 2 P4E X & (&) <, PEEBT SST 28| (%) <
%%, EOARY FBFETZLE, W77V TIREN
Wi %7, A v F2T 7 TCENPP %%, BLw
T2 Lk EERGERTEHAL»H 5, —F, AOA
Ry FHFEET B L, BEIEHA  FECIERS R
RS SITEFHERD, A VRV TRA—ALTUT

THAP% %50, JkE2FIERHIT, S5, ZOHE
A Y FEERAEZ T T, ML T V7 7 LA L
W9 % (Guan and Yamagata, 2003 ; Saji and Yamaga-
ta, 2003), > T, HAZEOGHT 27 OFHI TR DK
Wik >T, KD V= —=aBlRFIFTHL
(Wang et al., 2000), £ v FEES A K—LE—FHROD
THNIHRD CEETH 5,

JAMSTEC 7 7V r — 3 a v 5 RN D ifF5eE L
B L CBF L T %7 SINTEX-F F#l> 2 5 4 (Luo et
al., 2005) T, ¥EU 7N A LT, 2006 FEICFEE L 2R
DAV EFHEZAF—VE— FEHROFEETHENICH L
EWNS O EZE»E D LI, 4V FESA K-
E— FHRRO T E B D 2T 2 B lRE H 1
7z (Luo et al., 2008), ¥LfE(E, JAMSTEC 7 7'V 7 —
YavIikREED, TAVH, KM, F—=X+FF7VU7T,
HE 7 E ORI, 4 v RS K-V E— FHER
DOFAETFHEREZHEY 7 L2 4 LTRELTVS, Ly
L, BEMoFHS 27T LTH, Koz lr=—=3
WRIE LI, AV P A R—vE— FEHRO TG
EPEL BwONEETH D (Zhu et al., 2015), ZD—
HELT, AV FHESAR—NVE=FHRDOA XY Mg
DEHEEMENEZ NS, 4V FHESA F—LE—FEHR
DHET R R, AV FRTUTDAT T BIRED
BALEPEE R EREE R LT3, 2O
HEEEIA RV MREICRLD, ZOFKEAN =X LOE
WHFA R O TMAREEIC SR L TW 5B 2 EAR
X C\ % (Tanizaki et al., 2017),

FEHELIZ, ERoEFVEGEEN (HKETIVOEA,
SRR EA, MEAF—L0WES) LE2RER S
SINTEX-F2 (Masson et al., 2012 ; Sasaki et al., 2013)
EHEBLLT HLOFHTFHC 2T 070 947
FSINTEX-F2 > X7 L) 2BAFEL, 4V FESAF—
E— FEROPRANEE 27, WAV O TR E O
M EICEER L72b 0@ (Fig. 6 @ (a) £ (b)) (Doi et
al., 2016), 1 v FEHESA XK=l E— FEROFHIEE D
M ExEEBHCE Lo/, Z2IT, Filth7r Tu—FL&
LT, PHlS AT LOWHEDIEEZERT 2 702 2%
EEA L, MR, BE» SN SST IBHO A%
HDAA TV, FLL, BONED 3 RICDO KGR /
By oM T—2 (R¥E 74 (Bl 21E JAMSTEC o
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Fig. 6.
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(a): Anomaly correlation coefficient (ACC) for September-November (SON) averaged 2 m air-tempera-
ture between the NCEP/NCAR reanalysis data (Kalnay et al., 1996) and the prediction initialized on every 1lst
June of each year with the SINTEX-FI system (9 ensemble mean) in 1983-2015. Dark-shaded is a region
where the ACC is below the persistence. (b): Same as (a) except for rainfall between the CMAP (Xie and Ar-
kin, 1996) and the prediction. Dark-shaded is a region where the ACC is below the persistence or the standard
deviation of the interannual variability of the observation in 1983-2015 is below 0.2 mm day-1. (c) and (d): Same
as (a) and (b) except with the SINTEX-F2 system. (e) and (f): Same as (a) and (b) except with the SINTEX-

F2-3DVAR system. Adopted from Doi et al. (2017).
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TRITON 7' 1), EEWAITEAZINL T3 ARGO 7
u— b, fiiEE 7z &) & 3 XLk (3DVAR) T
{9457 vvx%&MA7 (SINTEX-F2-3DVAR > 2 7
L), ZOfER, 4 v FESA K= E— FHRROTFHE
Eolm Ficfih L7 (Fig. 6 @ (b) & (¢)) (Doi et al.,
2017), B OMIETIE, ANV FMEO T REL X EHEIC
FECHN D LT, ARV MEOTFHISED P 2
DUEFE L EEZHLDIIL T ZEDPHETH 5,

5. BHYIC

BAOEH) L 2O TFHNICET 20580, Wi, KEE
IR, [EOTHREE R LI KECEHBRL, At 04iE
WESBDb o T 2, ZoHhTH, FRICEHEL L, B
(upwelling ) ASEE B 7 AL % B 72 T S BITHR O Tl
HROFBICELEZE S CHREZED TE R, F2HT
&, BT RO SIERFHR LIEA F — LBRICOW
T, RMFEETVOTT Ty MEFTICK D, ZOEET
Ol 2RI LI, BIHTE, RETTAVEELL
ZEHi TS AT LOWEFTEERDO T Y b7y b iE
Frick v, HE=—=aBlROTFHRKE ORI R L 7
HITTREME 2 MRS 72, AR, AT, FEITHS
2T LEEEE, AV FESAR—LVE—-FHROF
HIKEEE I o7 0 O ZEREREN LT, EES DS F
TOMEERVIES &, 7o 20HEL, ZO T
Jek %, MAN»OEENICHED 5 2 L THIRNITTS
EPTERLEVR D, R, THIOKEED, M b T
MRS o Ricm g 72580 7z O I BE LR TH -
Teo BlZ1E, FHIZALCLE S A H =X L QEED,
TR S 2L —va v EifioRE (58T 7L E
OO P72 &), &I TFHPBAENICE Z £ TrlHE
72 DD OEERIFEIHL 7 v v TOVOELD v o R 75
ExREDT, TN DFRORNROR A, BT
WO Tthol- bt 525, LIzoT, BHlFT—21C
K BIRGEC Z P HIRHEZ R CIR TS NDEDF R B,
CDED MR T o 2T &k > THEL TELIFH 2,
BHOEIFBIC R PR ORATMOMAFFKETH 5, F
i FHIZED & D & 5 RREEIC IO W I FFEER 7S & R
LTWZET, #H&a~Dkb It —tAZ0Hic L
T Th 55, Mz IRD THUIRERME & 2 o

WHAEETH S Z L IFMEC R VY, BUCHEFEL T3
REQR  JfEA RV P ADE LB #ERE LT,
SHBOHEr AP 6 BIEHRORE T M OREE R EIFZE~ D
BHABNETH B,

5T, ThoOYHZROTHIERE, oS
FHSCEIIERT T E, Ko AL2FEALL TV
BRICAET 2MADED ERETH D, HRNLIR
7u Y =7 bTH, climate service, & % 1% beyond
climate L Vo Zz 20 —F v BB NIBD T2, FED
FiEd 27 77—y avsRTh, ZHETHBEREZIE
AL, ZEMNPHET Y7 OEYMEXTHEIRT 7 U A
DBEGSET 7 EICHLD $LA T (Yuan and Yamaga-
ta, 2015; Tkeda et al., 2017 ; Oettli et al., 2018), T4
Krz, WIERD E D & 5l A& DETRICHK IO 0% B
RRNICHRT 2 2 IR RDSENT VR E XS ITEL 5,
B OMMEN I L 725 ¢, K[UETHITTEI R
L, ZOfER, N2 OEEDZD - BECET 5 L%,
HiZg 2 AH7 — LClid/e{, BMARWAFITHIEL Tw L
RETH D, WHEMEOEI BRABEZERL 225
SHBIBAOME L FRIOMEZED TV E v,

I

COBERMAEDHREZICH,PLZ LICRD, BicbE
BHFICHELET, L BERZEEDOH 4 LR
RLLHYFHAD, TORMICLEHRNDLHZHL LT,
WL OFBICEBT RO ERLS LTS 2 3HF
<7,

B OWRE 75 - 7R IE, TR L vzl
KBLEE, RET Y v R bR, £ BAED JAM-
STEC/APL ¢, %< oiff%F D4 L L, H4 %
LAWETEBETT, CITRTOBHDOE4E%
LEFp L ETcEERAD, FICEEO LEE L CHE
HLCHWZ, HRKoWBRd, iRkt FAAREE
KE 7Y v 2 kKo Vecchi fit;, JAMSTEC/APL
@ Behera fi+t:, Bprhffit 77 SADHEN S HHE
o TERNC B - 72, HAEL, KEEL, &
iR LD S EH L CBY £3, ZohThRicIE
S, YL, [ENYOEREN» S, 2ottt
FAFTEEME E CTSICHRA CHE £ L, HEDHFE~D
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BE2HRICEL 5 LT, e d 2082 2%k
OELELFIEFETHEEZ L, AYIEHHLTBD &
T, EfEREEKIER € 7V OFES ® K&k GE T
WUTCM @7 % + 7' + OffTTid, FAR%GE, #Hx
RIEE L, FIFBEICREBHFFIC R 2 L, £,
SINTEX-F & MEn 3 D5 E T 27 L& {fH o
7o o w T, Luo i+, f£4 REHE, Masson
BLOICE KRR TMN%2TEE E Lz, BROSEA TS
RES AP EMIbEAADIE, 2Dy ay
LAYy FEMC, HAWVWHEZ I 67 SAE
fEL TR roRRBICEML 2w EBwE T, 72, %
NHEDOLA Y —%BEOERKICHIEMOTHH X5 &
S, HRVZWERVWE T, SB LD TIHEHREO
BEALIBBEVWELET,

—H ORI BRI AR O HEE S (2-1405), HARE
ENFIERAFE RS (AMED) & ElR 0 /15EHE (JICA) 293
1 U CHEME 2 M BRE R E N IS E R R A BT i 1) 7' m
27'Z L (SATREPS), HARSAfTIRE S BTS2 B AL
(16H04047, 16K17810) 7= ¥ Offifh %252 CHMEL £ L
72

WBRICRD £T25, RORERICEZ LI ELDHV
Er AL THE LT T i s, Hx oo
ETEOMOFTTHHEE ZANDETFIEITLH, HEH LT
BhEd,
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Understanding and predicting variation in tropical and
coastal ocean upwelling

Takeshi Doi*

Abstract

Understanding the mechanisms of variation of tropical and coastal ocean upwelling phe-
nomena is crucial for not only physical oceanographic but also fishery and climate studies. In
particular, the interaction between subsurface ocean upwelling and climate modes needs to be
well understood from the viewpoint of climate prediction and its societal application. In this pa-
per, I summarize three research topics for the 2017 Okada Prize: 1) tropical Atlantic climate
modes and their link with upwelling domes, 2) predictability of Coastal Nifio/Nifia, and 3) pre-
diction of the Indian Ocean Dipole.

Key words : upwelling dome, Atlantic Nino, Atlantic Meridional Mode, Ningaloo Nino, Indian
Ocean Dipole
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