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Temperature along EQ (25-2N ave.) in DEC1982 [°C]

a) EN4 ocean analysis
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The SINTEX-F1 CGCM was developed within the EU-Japan collaborative framework to study global climate variability and its
predictability. The seasonal prediction system based on the SINTEX-F1 has demonstrated its outstanding performance of predicting
El Nifo/Southern Oscillation (ENSO) and the Indian Ocean Dipole since 2005. However, there is much room for improvement
in predicting extra-tropics climate variations. To deal with this, a prototype of a new seasonal prediction system, which is called
as SINTEX-F2, is developed based on a high-resolution version of the SINTEX-F embedded with a dynamic sea-ice model. The
SINTEX-F2 system shows the high skill in predicting ENSO just like the SINTEX-F1 system. In addition, it is found that the
SINTEX-F2 system is more skillful in predicting the Indian Ocean Subtropical Dipole, the high-latitude temperature in the Northern
Hemisphere, and some events associated with the El Niflo Modoki and the Ningaloo Niflo.

As similar to the SINTEX-F1 system, the SST-nudging semi-coupled initialization scheme is adopted in the SINTEX-F2 system.
In this fiscal year, we developed a suitable three-dimensional ocean data assimilation method (3DVAR), which may improve the
seasonal prediction skill, particularly in the tropical Indian Ocean, tropical Atlantic Ocean, and the subtropical regions, where the
SST-nudging scheme is not enough for the subsurface initialization. We confirmed that the new initialization scheme with 3DVAR
correction successfully improved the subsurface ocean initialization relative to the simple SST-nudging scheme. Next fiscal year, we

will conduct the reforecast experiments with this new scheme.

Keywords: Seasonal Prediction, SST-nudging, 3DVAR, Coastal Nifios, decadal variations over South Africa

1. A new initialization scheme with 3DVAR correction every 1" date of each month using the Met Office Hadley Centre
The SINTEX-F2 seasonal prediction system used the simple EN4 profile data of subsurface ocean temperature and salinity
SST-nudging scheme as similar to the F1 system; the OGCM observation. The assimilation window in the first guess at
SSTs are strongly nudged toward the observational data in the appropriate time (FGAT) is 10 days.
coupled mode from 1st January 1982. The scheme is one of the Figure 1 shows that interannual variations of the 20°C
simplest approaches, but still a semi-coupled data assimilation isothermal depth along the equator. The new initialization
scheme, which can generate the compatible initial conditions scheme with 3DVAR correction can improve the subsurface
between the atmosphere and ocean. It is important to reduce ocean simulation, particularly in the tropical Indian Ocean
the initial shock during forecasts. The SST-nudging scheme and the tropical Atlantic Ocean relative to the simple SST-
can capture well interannual variations of the equatorial Pacific nudging scheme. Next fiscal year, we will conduct the reforecast
thermocline due to its high model performance. However, this experiments with this new scheme.
scheme is not enough to initialize subsurface ocean where air-
sea coupling is weak (e.g. tropical Indian Ocean and Atlantic, 2. New potential source of seasonal predictability in
mid-latitude). Also, it cannot resolve high-frequency variability the mid-latitude -Coastal Nifio phenomena-
related to MJO events and westerly wind bursts, which can have Coastal Nifio (Nifia) phenomena are becoming an interesting
strong implications for the timing of initiation and termination topic of climate research after the recent discovery of Ningaloo
of ENSO events. To deal with those issues, we developed a Nifio (Nifia) off the west coast of Australia and California Nifo
prototype of a new initialization scheme with the 3DVAR (Nifa) off the west coast of California and Baja California (Fig.
correction. In the new scheme, OGCM SSTs are strongly 2), in addition to the well-known Benguela Nifio/Nifia off the
nudged toward the observational data in the coupled mode west coast of Angola—Namibia. Since the ocean—atmosphere
continuously from 1982 as similar to the simple SST-nudging positive feedback responsible for the coastal warming (cooling)

scheme, besides 3DVAR correction is additionally conducted is to some extent similar to the equatorial warm (cold) event
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D20A|m] along 2S—2N in t1=t192

b) SST—nudging (c) SST—nudging with 3DVAR
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the equator (2°S-2°N average) from (a) the EN4 analysis data,
(b) the SST-nudging scheme and (c¢) the new scheme with
3DVAR correction. Positive (negative) values shows anomalously
deeper (shallower).

called El Nifio (La Nifia), the term ‘‘coastal Nifio (Nina)’’ is
used.

Besides the efforts to understand the mechanism of those
coastal Nifio/Nina events, exploring their seasonal prediction
skill is equally important for various regional applications of
climate information because they can be potential sources of
seasonal predictability in the mid-latitude via their regional
air-sea couplings. We found predictability of the Ningaloo
Niflo (Nifia) and the California Nifio (Nifia), using a seasonal

prediction system based on the Scale Interaction Experiment-

SSTA in July 1991

Ningaloo Nifio.

Fig. 2 (a) SST anomalies in July 1991 show the occurrence of the California Nifio. (b) SST anomalies in March 2011 shows the occurrence of the

Frontier version 1 (SINTEX-F1) coupled ocean—atmosphere
general circulation model (Doi et al. 2013[1]; Doi et al.
2015a[2]). Also, we found that the rainfall predictability near
the coastal region of Western Australia on a seasonal time scale
was drastically enhanced after the late 1990s due to the frequent
occurrence of the Ningaloo Nifio (Doi et al. 2015b[3]). Those
studies may open a new door to the regional climate prediction
in the mid-latitude, where the seasonal predictability is mostly

related to the teleconnection from El Nifio (La Nifia) events.

3. Decadal climate variability over southern Africa

(Morioka et al. 2015[4])

A recent study has reported that southern African rainfall
undergoes a significant bi-decadal variability, which is related
to decadal sea surface temperature (SST) and sea level pressure
(SLP) anomalies in the southern Indian Ocean. However, a
detailed physical mechanism on the decadal climate variability
in the southern Indian Ocean remains unclear. In order to first
examine the decadal SST variability in the southern Indian
Ocean, we analyzed the observational and re-analysis datasets
since 1982 when the satellite observation was initiated. The
results show that decadal SST anomalies in the southern Indian
Ocean are strongly associated with the overlying decadal SLP
anomalies and both the anomalies originate in those propagating
castward from the South Atlantic. Next, we performed two
series of 300-yr experiments by using the SINTEX-F2. In the
control experiment, atmosphere and ocean is freely coupled,
while in the South Atlantic experiment, the interannual
SST variability in the South Atlantic is suppressed with the
climatology of the control experiment. The control experiment
reasonably simulates the observed eastward propagation of
decadal SST and SLP anomalies from the South Atlantic, but
in the South Atlantic experiment, the eastward propagation
is not well simulated (Fig. 3). The comparison between the
two experiments indicates that the decadal SST variability
in the South Atlantic plays a vital role in the decadal climate

variability over the southern Indian Ocean.

SSTA in March 2011
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