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In this project, a relatively high resolution coupled ocean-atmosphere GCM SINTEX-FRCGC (SINTEX-F1: ECHAM4.6
T106L19 AGCM + OPA 8.2 ORCA2 OGCM + OASIS2.4 Coupler) has been developed at FRCGC under the EU-Japan collabo-
rative framework. The model has shown excellent skill in reproducing tropical climate variabilities including the variabilities of
Indian Ocean Dipole (IOD) and EI Nifio/Southern Oscillation (ENSO). Using sensitivity experiments it is found that the ENSO
variability is affected by the IOD variability. ENSO events last longer and are intense in absence of IOD events. The predictabili-
ty experiments using the SINTEX-F showed high skills in predicting the ENSO and IOD. ENSO can be predicted up to 24
months ahead with ACC skill scores above 0.5. All past El Nifio and La Nifia events, including the strongest 1997/98 warm
episode, are predicted successfully. The 2006 IOD event was successfully forecast up to one year lead in a real time manner. The
10D predictability is affected by the spring and winter barriers in addition to the barriers raised by process with different scales

such as monsoon, ISO and synoptic disturbances in the Indian Ocean.
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1. Tropical climate modes and their interactions: the control experiment. Therefore in the non-ENSO experi-

The SINTEX-F coupled model showed remarkable skill ment the atmosphere did not recognize the interannual SST
in simulating realistic ocean-atmosphere conditions in the variability in the tropical Pacific Ocean. Similarly in the no-
tropical Indo-Pacific sector ([1], [2]). The model results also IOD experiment the tropical Indian Ocean was decoupled

corroborated observational findings that the IOD is an intrin- from the atmosphere.

sic coupled mode of the Indian Ocean ([3]). To verify this It is interesting to observe that the IOD evolved in the
observed independent nature of the IOD we carried out sev- non-ENSO experiment as is in the control experiment. In
eral atmosphere-ocean coupled global model (CGCM) fact in the non-ENSO experiment IOD became a dominant
experiments using SINTEX-F. In addition to a globally cou- mode of climate variability with strong biennial signal.
pled run is named as the control experiment, a couple of sen- Therefore it is concluded that the IOD formation in the
sitivity experiments are carried out by decoupling the tropi- Indian Ocean is not necessarily related to the ENSO in the

cal Pacific (no-ENSO) and the tropical Indian Oceans (no- tropical Pacific. Moreover, the IOD impact on the East
10D). In the second model experiment the tropical Pacific African region overwhelms that of the ENSO during the
Ocean was not coupled to the atmosphere which is named as short rains season that coincides the peak season of 10D.
the non-ENSO experiment. In this decoupling strategy, the However, it is found that the western pole of a positive IOD
atmosphere is forced by the climatological SST derived from event is warmer when concurrent with an El Nifio event.
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This link to El Nifio is associated with both the atmospheric
bridge and oceanic connection. The western pole is seen to
be affected by changes in the Walker Circulation and
Indonesian Throughflow during concurrent IOD and El Nifio
events.

Further, from a comparison between the no-IOD experi-
ment and the control experiment results, it is found that the
periodicity of the ENSO variability is affected by the IOD
variability. In the no-IOD case, ENSO variability was pre-
dominantly pentadal as compare to a variability of 3—4 years
periodicity in case of the control experiment. It is also found
that the concurrent evolution of the IOD shortens the aver-
age lifespan of ENSO; ENSO events are seen to prolong
until the summer of the following years in no-IOD case. This
indicates that the future variations in IOD evolutions, which
are expected to be more frequent under the stress of climate
change, can change the ENSO variability in the Pacific.

In another set of sensitivity experiments, the model is used
to assess the role of the Somali upwelling on the monsoon
variability of the Indian region. It is found that a decrease in
the upwelling strengthens monsoon precipitations along the
west coast of India by increasing SST along Somalia-Oman
coasts and thus local evaporation and water vapor transport

towards the Indian Western Ghats (mountains).

2. Predictability Experiments:

A forecast system is developed using SINTEX-F with
only sea surface temperature (SST) information assimilated
in the model prediction experiments. The coupling physics is
perturbed for each member through varying interaction
between ocean surface current and surface wind stress ([4]).
This accounts for the uncertainties not only in the initial con-
ditions but also partly in the model physics. Compatible ini-
tial conditions between the atmosphere and ocean are gener-
ated using the simple coupled SST-nudging scheme with a
strong restoring coefficient to the observations. From an ear-
lier predictability experiment, it is found that the model has a
high predictability score for ENSO: All past El Nifio and La
Nifia events, including the strongest 1997/98 warm episode,
are predicted successfully at 12-month lead time. The model
ACC skill scores reach above 0.7 at 12-month lead time with
the RMSEs much smaller than one standard deviation of the
Nino3.4 SST index. Recent hindcast experiments for extend-
ed ENSO prediction show that several ENSO events over the
past two decades can be predicted even up to 24 months lead
(Fig. 1, [5D).

Recently, the IOD is shown to have profound socio-eco-
nomic impacts on various parts of the world. A predictability
experiment is carried out to access the model's skill in pre-
dicting the IOD. Prior to that retrospective ensemble fore-
casts of IOD index for the past two decades show skillful
10D predictions up to a season ahead. Skill scores are seen
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to remain above 0.5 until 3—4 months lead time. The shorter
lead time for IOD predictability as compared to that of
ENSO is caused by a winter prediction barrier associated
with its intrinsic strong seasonal phase-locking. The pre-
dictability of IOD is also marred by various modes of cli-
mate variability found in the Indian Ocean such as the mon-
soon, ISO and synoptic weather disturbances. However, pre-
diction skills of the SST anomalies in both the eastern and
western Indian Ocean are higher than those of the IOD
index; this is due to the influences of ENSO which is highly
predictable by the model. Nevertheless, the model predicts
the extreme positive IOD event in 1994 at 2-3 seasons lead.
The strong 1997 cold signal in the eastern pole, however, is
not well predicted owing to errors in model initial subsurface
conditions. Interestingly, the model could successfully pre-
dict the IOD event of 2006 one year ahead (Fig. 2, [6]). This

was the first time that a real-time forecast system predicted
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Fig. 1 a) Prediction plumes of the monthly Nifio3.4 SST anomalies ini-
tiated from 1 January 1983 and 1984, and 1 July 1983 and 1984
(grey, yellow, blue, and green lines) for the 1984/85 La Nina
event. b-d) Same as in a), but for the predictions of the 1997/98,
199972000, and 2002/03 ENSO events, respectively. The thick
solid (thin dashed) colored lines show 9-member ensemble mean
(each member) predictions for 24 target months. The thick black
curves denote the NCEP monthly analysis.
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Fig. 2 Prediction plumes of the IOD index and eastern Indian Ocean
(EIO, 90°-110°E, 10°S-0°) SST anomalies initiated at 1-month
intervals from 1 November 2005 to 1 June 2006. The blue curves
denote NCEP monthly SST analysis and the red curves the 18-
member ensemble mean forecasts for 12 target months. The
dashed lines denote individual member forecasts. The IOD index
is defined as the SST anomaly difference between the western
(50°=70°E, 10°S—10°N) and eastern Indian Ocean.

the IOD at such a long lead time anywhere in the world. The
predictability is owing to the negative heat content anom-
alies in the southwestern Indian Ocean associated with the
negative IOD event of 2005 and La Nifia event in 2005/06
boreal winter.

Real time seasonal forecasts at one-month intervals with

increased ensemble members have been started since 2005.
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Climate forecasts out to 12 months has been made available
and continuously updated every month on http://www.jam-

stec.go.jp/frcge/research/d1/iod/index.html.

3. Development of higher resolution SINTEX-F model:

A new version of SINTEX-F model with high resolution
ocean and atmosphere components has been under develop-
ment. The atmosphere model is ECHAMS with many
improved physical processes compared to ECHAM4. The
horizontal resolution varies from T106 to T319 with 31 (or
60) vertical levels. The ocean model is OPA9 with and with-
out sea ice model. Compared to OPAS8, many physical
processes have been improved including the partial steps for
bottom bathymetry. The horizontal resolution is 0.5° globally
with 31 or 300 vertical layers. The coupler is OASIS3 with
better parallelization efficiency. Preliminary results based on
the new coupled model are encouraging.

We appreciate the support extended by the Earth Simulator
Center in achieving our project goals.
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