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The SINTEX-Frontier coupled general circulation model version 1 (SINTEX-F1 GCM) has been developed under the EU-Japan
collaborative framework to study the global climate variability and its predictability. The seasonal prediction system on a basis of the
SINTEX-F1 GCM has so far demonstrated high performance of predicting the occurrences of El Nifio-Southern Oscillation (ENSO)
and the Indian Ocean Dipole Mode (IOD) events in the tropics. However, it is still very challenging to predict their teleconnections
to the mid-latitude, and the occurrences of coastal Nifio phenomena like Ningaloo Nifio/Nifia and California Nifio/Nifia, subtropical
climate variations such as the Indian Ocean Subtropical Dipole (IOSD), and the South Atlantic Subtropical Dipole (SASD) by the
SINTEX-F1 seasonal prediction system.

In order to improve those difficulties, we successfully developed a new high-resolution SINTEX-F2 model with sea ice processes,
which was implemented on the Earth Simulator. Using the long simulation results of the new model, we focused on the process
studies in this last year. Those outcomes contribute to deep understanding and improving prediction skill of the teleconnection
patterns and the occurrence of the subtropical climate variations.

In this fiscal year, we developed a proto-type of the real-time seasonal prediction system with the new SINTEX-F2 GCM.
Preliminary analysis showed that this new seasonal prediction system improves the prediction skill of the IOSD and the austral
rainfall in Southern Africa relative to the SINTEX-F1 seasonal prediction system.

In addition, we installed a suitable three-dimensional ocean data assimilation method (3DVAR) to improve on the SST-nudging
coupled initialization scheme. In this fiscal year, we conducted test experiments for the 2012 Indian Ocean Dipole event. We can
confirm that the new initialization scheme with 3DVAR correction can improve its prediction. Next fiscal year, we will conduct the
reforecast experiments with this new scheme.

Using the SINTEX-F1 reforecast experiments in 1982-2014, we found an interdecadal regime shift in rainfall predictability related
to the Ningaloo Niflo in the late 1990s.
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1. Introduction

We have been conducting seasonal predictions every
month using the SINTEX-F1 seasonal prediction system
on the Earth Simulator and providing a real-time outlook
of seasonal to interannual climate variation on our website
(http://www.jamstec.go.jp/frcge/research/d1/iod/e/seasonal/
outlook.html). From last fiscal year, those real-time seasonal
prediction experiments were conducted by another project
(Project representative: Swadhin K. Behera, APL/JAMSTEC;
“Study on the real-time ensemble seasonal prediction system
and its application”). Therefore, we focused on the process and
predictability studies with model development in this project.

The SINTEX-F1 seasonal prediction system has
demonstrated its outstanding performance of predicting El
Niflo-Southern Oscillation (ENSO) and the Indian Ocean
Dipole Mode (IOD). In addition, it is recently shown that the
SINTEX-F1 prediction system is highly skillful in predicting
not only basin-scale tropical climate phenomena like ENSO
and 10D, but also the regional climate phenomenon like the
Ningaloo Nifio/Nifia off the west coast of Australia.

However, it is still very challenging to predict ENSO and
10D teleconnection patterns and subtropical climate variations
such as the Indian Ocean Subtropical Dipole (IOSD) and the
South Atlantic Subtropical Dipole (SASD) by the SINTEX-F1
seasonal prediction system. To tackle those difficulties, we
successfully had developed a new high-resolution version of
SINTEX-F with sea-ice processes, the SINTEX-F2. Some
previous works showed that the SINTEX-F2 GCM is better
in reproducing realistic mean atmosphere/ocean conditions,
tropical/subtropical climate variations and extreme events, such
as tropical cyclones, relative to the SINTEX-F1. We are hence
expecting significant contributions of the SINTEX-F2 for better
understanding of finer scale climate processes, mid-latitude
climate variations, and interactions among climate modes in
tropics and mid-latitude regions.

In the following sections, we introduce several important

results obtained from our research activities in the fiscal year

of 2014. In Section 2, we show that preliminary results with a
proto-type of new SINTEX-F2 seasonal prediction system. In
Section 3, we show our discovery of an interdecadal regime
shift in rainfall predictability related to the Ningaloo Nifio in the
late 1990s using SINTEX-F1 hindcast experiments.

2. A proto-type of new seasonal prediction system
by SINTEX-F2 GCM

We developed the SINTEX-F2 GCM for better representation
of several physical processes and to resolve relatively small-
scale phenomena in the ocean. Table 1 briefly summarizes major
differences between the SINTEX-F1 and the new SINTEX-F2
GCMs (there are also some differences in numerical schemes
and parameterizations). Owing to these differences, model
biases in climatological fields are much reduced in SINTEX-F2
compared with those in SINTEX-F1, particularly in mid-
latitude. As a next step, we have been trying to develop a new
seasonal prediction system on the basis of SINTEX-F2. In this
fiscal year, we successfully developed a proto-type of the new
SINTEX-F2 seasonal prediction system.

Similar to the SINTEX-F1 system, we adopted the SST-
nudging coupled initialization scheme in SINTEX-F2; model
SSTs are strongly nudged toward daily observations by applying
three large negative feedback values (-2400, -1200, and -800
W m-2 K-1) to the surface heat flux since 1st January 1982.
These negative feedback values correspond to 1-, 2-, and 3-day
restoring time for temperature in a 50-m surface mixed layer,
respectively. We used two kinds of daily SST observational
data; one is interpolated from weekly NCEP analysis with 1.0
degree latitude x 1.0 degree longitude global grid (Reynolds et
al. 2002), and the other is the high-resolution daily SST with 0.25
degree latitude x 0.25 degree longitude global grid (Reynolds et
al. 2007). The coupled SST-nudging initialization scheme can
capture well the interannual variations of the equatorial Pacific
thermocline due to its high model performance.

Concerning large uncertainties in ocean vertical mixing

estimations, ocean physics is perturbed in two different

Table 1 Main differences between SINTEX-F1 and SINTEX-F2

AGCM OGCM Coupling Sea Ice
ECHAM4.6 OPA8.2 Every 2 hour
SINTEX-F1 T106L19 2%(0.5-2) L31 No flux correction No
ECHAMS OPA9
SINTEX-F2 T106L31 0.5%0.5 L31 Same as F1 Yes

Table 2 A proto-type of seasonal prediction system with SINTEX-F1 and SINTEX-F2

Initialization Ensemble size Lead time Reforecast Period
SINTEX-F1 SST-nudging, every month 9 2yr 1982 ~
SINTEX-F2 SST-nudging, every month 12 6mo 2000 ~
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Fig. | Three-month averaged time series of the El Nifio Index (Nino3.4: SST anomalies averaged over 150°-90°W and 5°S-5°N, °C) from the
observational data of NOAA OISSTv2 (black). 3 (red/blue) and 5(green/yellow) - month lead predictions from a fixed start time by the

SINTEX-F1/F2 seasonal prediction system.

ways by considering or neglecting ocean vertical mixing
induced by small vertical scale structures (SVSs) within and
above the equatorial thermocline. Therefore, our ensemble
prediction system attempts to measure uncertainties of both
initial conditions and model physics for forecasts. Based on
this semimultimodel ensemble prediction system, we have
performed 12-member retrospective forecasts with 6-month
lead from the first day of each month from January 2000 to
December 2014 by SINTEX-F2 (Table 2).

As shown in Fig. 1, ENSO prediction skill is almost same
between the SINTEX-F1 system and the new SINTEX-F2
system. This is not bad news at all, because the SINTEX-F1
system already shown to be highly skillful in predicting
ENSO. In addition, we found that the SINTEX-F2 system is
much better skillful to predict IOSD. This might be due to the
better simulation skill of the mean state in the mid-latitude
and interactions between the tropics and subtropics in the
SINTEX-F2 GCM. Also, we found that it causes improvement
of seasonal prediction of summer rainfall over South Africa
(Fig. 2). The previous works showed that La Nifa, the positive
I0SD event, and the positive SASD are highly correlated with
the wetter-than-normal condition over Southern Africa in
austral summer, which can be its potential source of seasonal
predictability. In particular, December 2012 is very interesting,
when La Nifla and positive IOSD, and positive SASD events
occurred together. The SINTEX-F1 system nicely predicted
La Nifa and positive SASD occurrence from the Oct. 1st 2010
initialization, but failed to predict positive IOSD occurrence.
Therefore, the SINTEX-F1 system underestimated to predict
the wetter-than-normal condition over Southern Africa. On the
other hand, the SINTEX-F2 system nicely predicted La Nifla,
positive SASD, and positive IOSD events occurrences from the
Oct. 1st 2010 initialization. Therefore, the SINTEX-F2 system
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successfully captured more-than-normal rainfall over Southern
Africa. Those results may encourage development of an early
warning system for anomalous rainfall events and their impacts
to agriculture, water management, and infectious disease around
South Africa, using climate prediction information by the
SINTEX-F2 system.

In addition, we installed a suitable three-dimensional ocean
data assimilation method (3DVAR) to improve the SST-nudging
coupled initialization scheme. In this fiscal year, we conducted

test experiments for 2012 Indian Ocean Dipole prediction. We

ACC skill score for NDJ rainfall from Oct. 1st ini.
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Fig. 2 Anomaly correlation coefficient (ACC) for the austral summer
(NDJ) rainfall in 2001-2013 between the observation and the
prediction by the (a) SINTEX-F1 and (b) SINTEX-F2 seasonal
prediction system initialized on every 1st October of each year.
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Fig. 3 (a) Monthly time series of the Indian Ocean Dipole Index,
DMI: SSTA difference between the western pole (50°-70°E,
10°S-10°N) and the eastern pole (90°-110°E, 10°S-Eq), by
observational data of NOAA OISSTv2 (black), the SINTEX-F2
prediction initialized on May 1st, 2012 by the SST-nudging
scheme (°C, blue: ensemble mean, thin sky blue: each member),
and the SINTEX-F2 prediction initialized on May 1st, 2012 with
3DVAR correction (°C, pink: ensemble mean, thin orange: each

member).

confirmed that the new initialization scheme with 3DVAR
correction could partly improve 2012 Indian Ocean Dipole
prediction (Fig. 3). In the next fiscal year, we will conduct

reforecast using the new initialization scheme.

3. An interdecadal regime shift in rainfall
predictability related to the Ningaloo Nifio in the
late 1990s (Doi et al. 2015 [1])

Using the SINTEX-F1 reforecast experiments, we found
an interdecadal regime shift in rainfall predictability related to

the Ningaloo Nifio in the late 1990s. The global warming and

Before late 1990s
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the Interdecadal Pacific Oscillation (IPO) started influencing
the coastal ocean off Western Australia, leading to a dramatic
change in the regional climate predictability (Fig. 4). The
warmer ocean started driving rainfall variability regionally
there, after the late 1990s. Because of this, rainfall predictability
near the coastal region of Western Australia on a seasonal
time scale was drastically enhanced in the late 1990s; it is
significantly predictable 5 months ahead after the late 1990s.
The high prediction skill of the rainfall in recent decades is
very encouraging and would help to develop an early warning
system of Ningaloo Nifio/Nifia events to mitigate possible
societal as well as agricultural impacts in the granary of Western
Australia. It is ironical that the warming SST may increase not
only the extreme rainfall event and its societal impact but also

predictability of the event by use of a climate model.
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Fig. 4 Schematic figure for an interdecadal regime shift in rainfall predictability related to the Ningaloo Nifio in the late 1990s. Austral summer

rainfall predictability near the coastal region of Western Australia was drastically enhanced in the late 1990s due to the air-sea coupling process

associated with the Ningaloo Niflo.
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