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In this project, a high resolution coupled GCM SINTEX-FRCGC (SINTEX-F1.0: ECHAM4.0/5 AGCM + OPA 8.2 OGCM
+ OASIS Coupler) has been developed under the EU-Japan collaborative framework. The model could reproduce the correct
phase of the IOD, its influence on the rainfall variabilities over East Africa and La Plata during boreal fall and decadal vari-
ability in the Indian Ocean. In a processes study, it is found that the barrier layer plays a role in the spring warming of the
southeast Arabian Sea and associated onset of Indian summer monsoon. The predictability experiments using the SINTEX-F
showed high skillsin predicting the ENSO signal at 12 month lead time with ACC skill scores above 0.7. All past El Nifio and
La Nifia events, including the strongest 1997/98 warm episode, are predicted successfully with the 12-month lead time.

Various model resolutions are also tested.
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IOD and ENSO Analyses:

Thefirst version of the SINTEX-F coupled model showed
remarkable skill in simulating realistic ocean-atmosphere
conditions in the tropical Indo-Pacific sector (Yamagata et
al. 2004). Based on the model results several research arti-
cles are on various stages of publication. Model simulated
results were used to investigate the regional climate variabil-
ities in response to 10D and ENSO. It is found that the
model reproduced the double peaks observed in annual rain-
fall of the Eastern Africa (Behera et a. 2005). Those peaks
are often referred to as long and short rains. Although the
averaged rainfall amount is larger during the long rains than
during the short rains, the latter show more interannual vari-
ability and have larger impact on the society through
changes of the regional hydrological cycle.

The short rains link to large scale ocean-atmosphere vari-
ability in the Indian Ocean is seen from the correlation
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between the short rains index and the rainfall anomalies over
the Indian Ocean from the SINTEX-F1 results (Fig. 1a).
Those correlation coefficients depict a dipole pattern with
peak correlation coefficients of 0.7 over East Africaand -0.5
over eastern Indian Ocean. The east-west inverse correlation
in the rainfall anomaliesis further supported by the associat-
ed changes in the atmospheric conditions. A dipole pattern is
observed in the correlation between the short rains index and
the SST anomalies in the tropical Indian Ocean (Fig. 1b).
This dipole pattern concurrent with a high correlation
between the short rains index and the zonal wind anomalies
(Fig. 1b) of the equatoria Indian Ocean supports the role of
10D on short rains variability. The model results are corrob-
orated with 41 years data from the observation. The analysis
of observed data and model results reveals that the influence
of the IOD on short rains is overwhelming as compared to
that of the ENSO; the correlation between ENSO and short
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Fig. 1 @) Correlation of the short rains index with the rainfall anomalies over the Indian Ocean region during October-November season
derived from the SINTEX-F simulation results. b) Same as (a) but for correlation of the short rains index with the anomalies of SST
and surface zonal wind.

rains is insignificant when 1OD influence is excluded. The  compared to other regionsin the Arabian Sea.
|OD-short rains relationship dose not change significantly in In order to assess the role of BL in SST warming, two
a model experiment in which the ENSO influence is  experiments are conducted using SINTEX-F; the reference
removed by decoupling ocean and atmosphere in the tropical experiment (REF) and the sensitivity experiment (PER-
Pacific. It is also found that the 1OD periodicity is strongly ~ TURB) in which we suppressed, only in the southeast
biennial in the absence of air-sea coupling in the tropical  Arabian Sea, the impact of the salinity stratification on the
Pacific. In another study it is found that the SINTEX-F sim-  vertical mixing. Figure 2a displays the April climatological
ulation results capture the 10D influence in the La Plata  SST difference (REF minus PERTURB). Significant differ-
region of the Southern America (Chan et al. 2004). ences are observed from March to May. As expected, the
The SINTEX-F model results also resolve the low fre-
quency decadal variation in the tropical Indian Ocean. The
first EOF mode that explains 37% of variance in the band-
pass (9-35 years) filtered SSTA represents a basin-wide
warming (or cooling) mode which is correlated well with the
decadal Nifio3 index. The second EOF mode explains 14%
of the variance in the decadal band and shows a clear east-
west SSTA dipole pattern. Based on the examination of
dipole mode index and its wavelet analysis, Tozuka et al.
(2005) suggest that the decadal 10D-like variability is an
artifact of the linear statistical analysis. It should be inter-
preted more precisely as decadal modulation of interannual
IOD events (i.e. asymmetric or skewed occurrence of posi-
tive and negative events).

REF-PERTURB, SST, March

o 1
a5e S0E E3 o0 =3 70E 75E a0E a5E S0E E3 0E 3 70 758 3
Longitude Longitude

Process Studies REF PERTURB, SST, Juno REF PERTURB: Proci, Juno

The role of the barrier layer (BL) in the development of the ..
Indian summer monsoon onset is investigated in a process ™ r
study using the SINTEX-F model (Masson et a. 2005). From
February to May, before the Indian summer monsoon, the tem-
perature in the south-eastern Arabian Sea warms up to temper-
atures exceeding 30°C; the so called mini-warm pool. Recent ) ) o

. . . Fig. 2 Maps of monthly climatological differences (REF)-(PERTURB).
observationbal studies suggest that the physics of the ocean a SST (°C) from March to June, CI=0.1°C. b: Precipitation

mixed layer must be involved to explain the rapid warming of (mmday), Cl=1mm/day, significant areas (95% using a Student s
sea surface temperature (SST) in the Lakshadweep Sea as T-test) are shaded.
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presence of the BL favors the spring SST warming in the
southeast Arabian Sea. REF experiment is warmer in that
area with peak SST differences of 0.5°C in April, two
months after the maximum of BL extension. The atmospher-
ic response to this positive SST difference peaks in May
(Fig. 2b). Because of additional moisture transport precipita-
tion anomaly for the REF experiment is 3 mm/day higher
than the PERTURB experiment. The monsoon onset is
delayed by 10 to 15 daysin the latter case.

Predictability Experiments:

The SINTEX-F model is used to investigate the seasonal
climate/ENSO predictability for the period 1982-2001. Prior
to the predictability experiments, several model experiments
are carried out to reduce the model biases; particularly the
problem related to the east Pacific cold tongue and the west-
ward spread of SST anomalies during ENSO. Considerable
improvements are observed when the surface currents are
used in the calculation of the surface wind stresses (Luo et
al. 2005a).

In the predictability experiment, five ensemble forecast
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members are generated by perturbing the model coupling
physics. The coupling physics is perturbed for each member
through varying interaction between ocean surface current
and surface wind stress (Luo et al. 2005b). This accounts for
the uncertainties not only in the initial conditions but also
partly in the model physics. Compatible initial conditions
between the atmosphere and ocean are generated using the
simple coupled SST-nudging scheme with a strong restoring
coefficient to the observations. The model hindcast results
show a high predictability of 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
(Fig. 3) with the RMSEs much smaller than one standard
deviation of the Nino3.4 SST index.

The globa drought/flood associated with the three ENSO
phases is predicted successfully over 9 months lead. This
implies potential societal impacts of the long-lead ENSO fore-
casts. The model results show considerable predictabilities in
the tropical north Atlantic and western south Indian Ocean,
where the SST changes are largely affected by ENSO. In the
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Fig. 3 (a) Nino3.4 SST anomalies (5°S-5°N, 170°-120°W) based on the NCEP Reynolds observations
(solid line) and model predictions at 3-month (red line), 6-month (green line), 9-month (blue
line), and 12-month (yellow line) lead time. Results have been smoothed with 5-month running
mean. (b) ACC scores of the persistence (long-dashed lines), ensemble mean (solid lines), and
individual member forecasts (short-dashed lines).



Annual Report of the Earth Simulator Center April 2004 - March 2005

eastern equatorial Indian Ocean, where the local air-sea inter-
actions are active and the signals are variable, the model
shows skillful predictions only at about one season lead.
However, the extreme 10D event in 1994 is successfully pre-
dicted at 6months lead. Away from the equatoria region,
where mechanisms for generating subsurface variations are
rather complicated, errors of the initial oceanic conditions
found to be more severe. This tends to affect the ENSO pre-
diction at long lead time. Assimilation of subsurface observa-
tions into the model in a coupled mode is currently being test-
ed to further improve the predictability. Besides implementing
the data assimilation in the SINTEX-F, a high resolution SIN-
TEX-F2 model is aso under development. The first version of
the new coupled model (ECHAM5 T159L31 + OPA
0.5x0.5L31 + OASIS3) is successfully tested. The new ver-
sion of the SINTEX-F model is expected to scale well while
utilizing 80 nodes of the Earth Simulator.

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