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The numerical seasonal prediction system using the SINTEX-F ocean-atmosphere coupled model has so far demonstrated a good

performance for prediction of the Indian Ocean Dipole Mode (IOD) despite that the system adopts a relatively simple initialization

scheme based on nudging only the sea surface temperature (SST). However, it is to be expected that the system is not sufficient to

capture in detail the subsurface oceanic precondition. Therefore, we have introduced a new three-dimensional variational ocean data

assimilation (3DVAR) method that takes three-dimensional observed ocean temperature and salinity into account. Since the new

system has successfully improved IOD predictions, the present study is showing that the ocean observational efforts in the tropical

Indian Ocean are decisive for improvement of the IOD predictions and may have a large impact on to important socio-economic

activities, particularly in the Indian Ocean rim countries.

Keywords: Seasonal Prediction, SST-nudging, 3DVAR

1. A new initialization scheme with 3DVAR correction

The SINTEX-F1/F2 system adopted a relatively simple SST-
nudging scheme for the initialization (Luo et al. 2005; Doi et
al. 2016[1, 2]). In the new scheme, OGCM SSTs are strongly
nudged toward the observations in the coupled run continuously
from January 1982, which is similar to the simple SST-nudging
scheme used in the F2-system. In addition, 3DVAR correction
is conducted every 1st day of each month using the Met Office
Hadley Centre EN4 profile data of subsurface ocean temperature
and salinity observation. The set of in situ observations
consists of all types of ocean profiling instruments that provide
temperature and salinity (when available) from the expandable
bathythermographs (XBTs), mooring buoys, sea stations, Argo
floats, etc. A fully non-linear observation operator is used
only once to compute the initial departures by employing the
background fields closer to the observation time (FGAT). In our
formulation, only temperature and salinity are corrected after a
3DVAR/FGAT assimilation step; altimetry sea surface height
observations are not assimilated. The assimilation time window
is 10 days, using all types of ocean profiling instruments that
provide temperature and (if available) salinity (e.g. ARGO
floats, moored buoys, etc) included in the temporal range
of £5 days before and after the assimilation time. We have
implemented this new initialization scheme to each 6 ensemble
members of the F2 system.

We have calculated anomaly correlation coefficients
(ACCs) for the 20°C isothermal depth anomaly (D20A) for
May of 1983-2015 using the EN4 analysis as the reference
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(Fig. 1). The condition in May is known to be important for
preconditioning most of IOD events. The skill is high over the
tropical Pacific in both the schemes. Even so, compared to the
simple SST-nudging scheme, the new scheme with 3DVAR
correction performs better over the tropical Indian Ocean, the
tropical Atlantic, and the subtropics. Such improvement in the
subsurface ocean initialization is expected to improve the IOD
prediction skill significantly.

Horizontal maps of ACC skill scores for predicting 2m air-
temperature and rainfall in SON from the June 1* initialization
are shown in Fig. 2. We find significant improvement in the
prediction for 2m air-temperature in the SINTEX-F2 system as
compared to that in SINTEX-F1 system over Central Africa, the
western pole of the DMI, the Bay of Bengal, Japan, the Sea of
Japan, the Kuroshio-Oyashio Extension region, and southeastern
Australia. The SINTEX-F2-3DVAR system, compared to
the SINTEX-F2 system, shows much improved prediction
skill over Central Africa, the western and eastern poles of the
DML, the Bay of Bengal, and the Tibetan Plateau. This is due
to the change of the ocean subsurface initialization from the
simple SST-nudging to the 3DVAR correction. However, we
do not find much difference among the three systems in the
rainfall prediction. We need to improve atmospheric responses,
particularly moist processes and teleconnection patterns related
to IOD and ENSO.

A paper about those results is submitted to J. Climate (Doi et
al. 2017[3]).
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ACC for D20A in May in 1983-2015
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