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Application Laboratory (APL) has, since 2005, developed a seasonal-interannual climate prediction system based on an
atmosphere-ocean coupled model, called the SINTEX-F. Many efforts such as upgrading the model physics and incorporating a
new initialization scheme of ocean data assimilation have been made to improve the prediction skills, leaving a large number of
publications and the prediction information open to the public. Through extension of the prediction lead-time to up to 10 years, we
have made the first attempt to explore decadal climate predictability using the SINTEX-F model. This decadal re-forecast experiments
for 1982-2015 period shows high skills in predicting the decadal SST variability, particularly in the southwestern part of the southern
Indian Ocean, which greatly affects the rainfall variability over southern Africa. The SINTEX-F skillfully predicts a warm state of
the region in the late 1990s and its gradual shift to a cold state in the late 2000s. The associated atmospheric variability is also well
captured. These results have many implications for decadal climate prediction studies in the other ocean basins, particularly in the

Northern Hemisphere, where the long-term ocean observations are available.

Keywords: Sea-surface temperature, Decadal prediction, Atmosphere-Ocean-Sea-ice coupled model

1. Climate prediction system [SINTEX-F] 2. Decadal re-forecast experiment

Application Laboratory (APL) has developed, since 2005, Although the SINTEX-F model has shown high skills in
a seasonal-interannual climate prediction system based on seasonal-interannual climate prediction, it was unclear to what
an atmosphere-ocean coupled model called the SINTEX-F, extent the model has the ability in predicting decadal climate
in collaboration with a few European research institutes. The variation involving low-frequency ocean variability. This
originally developed SINTEX-F1 model, although has moderate motivates us to further explore the prediction at lead times of up
resolution in the horizontal and adopts a simple initialization to 10 years. For the purpose, we performed a decadal re-forecast
scheme of sea-surface temperature (SST) nudging, exhibits high experiment using the SINTEX-F2 model with a simple SST-
skills in predicting major climate phenomena such as El Niflo- nudging initialization scheme. The experiment procedure is as
Southern Oscillation more than 1-yr ahead and the Indian Ocean follows: the SINTEX-F2 model is first integrated over 32 years
Dipole up to 6-month ahead (Luo et al. 2005 [1]). from 1950 with the monthly climatological SST derived from

Efforts are made to improve the prediction skills through the observation. The model is then integrated with monthly
upgrading the model physics (Masson et al. 2012 [2]) and observed SST from 1982 to 2015. After that, decadal re-forecast
installing fine-scale vertical mixing scheme in the ocean experiment, in which the model is freely integrated over 10
model (Sasaki et al. 2013 [3]). This led to the successful years, is conducted on every March 1st of each year from 1982
implementation of the second-generation SINTEX-F2 model. to 2006.
The SINTEX-F2 model shows much improvements in Taking into account an uncertainty in the initial conditions,
predicting subtropical and mid-latitude climate phenomena such we utilized two types of the observed SST from NOAA/
as the Indian Ocean Subtropical Dipole and the Ningaloo Nind/ ~ OISSTv2 and three different strengths of SST-nudging
Nifia (Doi et al. 2016 [4]). Also, a new initialization scheme initialization. Also, we employed two types of fine-scale
(3DVAR) of subsurface ocean temperature and salinity using vertical mixing schemes in the ocean model developed by
in-situ observation data has been recently incorporated into Sasaki et al. (2013 [3]). These different initial conditions lead
the SINTEX-F2 model (Doi et al. 2017 [5]). These research to 12-ensemble members of decadal prediction. Based on these
activities greatly contribute to a part of the JAMSTEC mid- ensemble predictions, the monthly anomalies were calculated by
term research plan by providing seasonal-to-interannual climate removing the model’s climatology over the prediction period.

prediction information for societal applications. For comparison with the observation, we used the SST from the
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NOAA/OISSTv2 and the Sea-Level Pressure (SLP) from the
ECMWEF/ERA-interim during 1982-2015, respectively.

3. Predictability of decadal variations in the
southern Indian Ocean

In this study, we focus on decadal variability and
predictability in the southern Indian Ocean. The SST in the
southern Indian Ocean exhibits low-frequency variability with a
cycle of 10-20 years and has a close link with rainfall variability
over southern Africa. Previous studies reported that the decadal
SST variability in the southern Indian Ocean is due to the
low-frequency variability in the basin-wide ocean circulation
induced by decadal modulation of the Indonesian Throughflow
or to the eastward-propagating decadal SST variability from the
South Atlantic.

Figure 1 shows the correlation between the observed
SST and the model predicted SST at 6-10 year leads. High
correlation coefficient of 0.6 is seen in the southwestern part of
southern Indian Ocean where the Agulhas Return Current (ARC)
flows eastward. This region is characterized by the strong SST
front where the strong air-sea coupling takes place. The SST-
nudging initialization, though a simple scheme, may allow
the SINTEX-F2 model to keep some initial observation signal

through the air-sea interaction on decadal timescale.

SST Correlation (Obs vs Model)

Agulhas
Return
1Current

0 0.2 0.4 0.6 0.8 1

Fig. 1 Correlation coefficient between the observed sea-surface
temperature (SST) anomalies and the SINTEX-F2 model’s
anomalies predicted at 6-10 year leads. Black box indicates the
Agulhas Return Current region where the model shows high
skills in predicting the observed SST.

Based on the high prediction skills in the ARC region, we
calculated the area-averaged SST anomalies and plotted the time
series during 1982-2015 (Fig. 2). The observed SST anomalies
show a warm state in the late 1990s, and this is well captured in
the re-forecast experiment initiated in 1994 (top panel in Fig. 2),
although there exist some differences in the amplitude. On the
other hand, the observation shows a rapid shift from the warm to
cold state in the late 2000s and this is well predicted by the re-
forecast experiment initiated in 1999.

Decadal SST variability in the southern Indian Ocean has
some influences on the overlying atmospheric variability. Figure

3 shows spatial patterns of SLP anomalies averaged for 5 years

212

SST variations in ARC region

oc Re-forecast from 1984
1.5
1.24 Obs
0.9 Model

1985

1990 1995 2000 2005 2010
Re-forecast from 1999

1985 1990 1995 2000 2005 2010

Fig. 2 Time series of yearly-mean SST anomalies (in °C) averaged in
the Agulhas Return Current (ARC, black box in Fig. 1) region.
Observation (black line) and 12-ensemble mean (thick red line)
and each member’s results (red dotted lines) obtained from the
SINTEX-F2 model are shown, respectively. Prediction results
initiated from 1994 are shown in the top panel, whereas those
from 1999 are represented in the bottom panel.

from 1994. The re-analysis shows anticyclonic circulation
anomalies to the south of southern Africa during 1994-1998 and
its eastward movement and intensification in the ARC region
during 1999-2003. The SINTEX-F2 model, although there
exist some differences in the amplitude, reasonably captures the
high-pressure anomalies to the south of southern Africa and its
eastward movement in the ARC region.

The above results suggest that the SINTEX-F2 model has
high skills in predicting decadal climate variability in the
southern Indian Ocean (Morioka et al. 2018 [6, 7]). Since this
model employs a simple SST-nudging scheme for initialization,
it would enable us to explore predictability of decadal variability
in the earlier period, especially in the Northern Hemisphere
where better long-term observations are available. Also, further
initialization of subsurface ocean temperature and salinity using
the 3DVAR scheme may help improve the prediction skill in the
southern Indian Ocean. Along this line, further studies exploring

decadal predictabilities are underway.
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Fig. 3 5-yr mean sea-level pressure (SLP, in hPa) anomalies since 1994 from the re-analysis (left panel) and prediction results by the SINTEX-F2

model (right panel). Prediction results are based on 12-ensemble mean anomalies. Black box indicates the ARC region where the model shows

high skills in predicting the observed SST.
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