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1. Accurate Prediction of Summertime Sea Ice in the
Antarctic Ocean from Previous Winter Conditions —
Winter Sea Ice Thickness is Key to the Prediction—

Many researchers have been studying physical processes
underlying sea ice variability and predictability due to the
contrast between decreasing Arctic sea ice and increasing
Antarctic sea ice. The Weddell Sea, located east of the Antarctic
Peninsula, is one of the key regions for active formation of the
Antarctic Bottom Water that potentially affects the global climate
through the thermohaline circulation.

Although the sea ice extent in the Weddell Sea has not shown
an increasing trend since the 1980s (when the satellite
observation data became available), the sea ice cover experiences
distinct seasonal and year-to-year variations. Morioka et al.
(2019) [1] has recently reported that sea ice variability during
October-December can be accurately predicted from September
data by initializing the climate model’s sea ice concentration
(SIC) with the observed SIC. However, their methodology
showed very limited ability, with only a few months of prediction
lead time. Therefore, further improvement was necessary in the
prediction strategy to extend the lead time beyond one season.
The team thought that one plausible way would be to initialize
the sea ice thickness (SIT) in addition to the SIC in the climate
model. Since thicker sea ice generally tends to last longer, there
seemed a high possibility of extending the prediction lead time to
more than one season using the SIT initialization.

To explore the impact of SIT initialization on the sea ice
prediction, two hindcast (i.e., retrospective) experiments during
1986-2017 were conducted using the SINTEX-F2 model on the
Earth Simulator. In the first experiment, only the model’s SIC
was initialized with the one from the reanalysis product, while in
the second experiment, both the model’s SIC and SIT were

initialized.

Figure 1 shows the accuracy of the January-March mean SIC
anomalies prediction from July 1st. Here, the prediction accuracy
is evaluated using the correlation coefficients between the
observed and predicted SIC. In the first experiment with only the
SIC initialization (Fig. 1a), the prediction accuracy is high only
in the northern Weddell Sea, whereas the second experiment (Fig.
1b) shows higher accuracy in the southern Weddell Sea as well.
The improvement in sea ice prediction is also evident from the
difference in prediction accuracy between the second and the first
experiments (Fig. 1c).

Although this study highlights the importance of SIT, its
observation in the Antarctic Ocean is spatio-temporally limited.
In addition to the in-situ observation of SIT using research vessels,
satellite observation data of sea ice thickness has become
available in recent years. Since large differences exist in the SIT
based on satellite observations, more accurate observations of
SIT are indispensable.

The content was published as Morioka et al. 2021 [2] and
press-released [3]

January-March SIC Prediction Accuracy from July 1st
(a) SIC initialized exp
Weddell Sea

(b) SIC and SIT initialized exp (c) Difference (b)-(a)

T b G T b G i b e

NeGtiVe ey, PoSitive ACCUIECY g ACCUTECY
Correlation Correlation Decrease Increase

Figure 1: (a) January-March SIC prediction accuracy from
July Ist in the SIC initialized experiment. Prediction accuracy is
evaluated using the correlation coefficients between the observed
and predicted SIC anomalies. Hatches indicate statistically
significant correlation coefficients. The purple line corresponds



Annual Report of the Earth Simulator April 2021 - March 2022

to the northern edge of sea ice defined as 15% of SIC. (b) Same
as in (a), but for the SIC and SIT initialized experiments. (c)
Difference in the SIC prediction accuracy between the two
experiments (i.e., (b)-(a)).

2. Comparison of MMCFS and SINTEX-F2 for
seasonal prediction of Indian summer monsoon
rainfall

A comparison of the Indian summer Monsoon Rainfall
(ISMR) in two different coupled models (viz., Scale Interaction
Experiment-Frontier-F2; SINTEX-F2, and Monsoon Mission
Climate Forecast System; MMCEFS) is carried out to ascertain the
predictability sources in these models and their strengths and
weaknesses. SINTEX-F2 has a stronger cold sea surface
temperature (SST) bias in the central equatorial Pacific, and it
simulates mean ISMR better while underestimating the
interannual variability of ISMR. On the other hand, MMCEFS has
warmer SST bias in the tropical Pacific off the equator, simulates
a drier mean monsoon, but has a more realistic ISMR interannual
variability. Further, the cold SST bias in the central tropical
Pacific adversely affects the ability of the SINTEX-F2 to capture
the El Niflo—Southern Oscillation (ENSO) related interannual
variability and teleconnection patterns with monsoon by shifting
it further westward in the tropical Pacific Ocean. The models'
skill in simulating various climate indices are compared by
considering criteria such as anomaly correlation coefficient
(ACC), spread to root mean square error (RMSE) ratio, and
signal to noise ratio (SNR). The prediction skill for ISMR in
terms of ACC in MMCEFS (.53) and SINTEX-F2 (.45) are
comparable for hindcasts initialized in February month. However,
RMSE for ISMR from February initial conditions in SINTEX-
F2 (1.43 mm/day) is small compared to MMCEFS (2.34 mm/day).
A simple multi-model ensemble prediction system based on
MMCFS and SINTEX-F2 results in better prediction skill in
terms of ACC for tropical SST and ISMR. The spread/RMSE
ratio for ISMR is similar in both the models but is better for
ENSO indices in MMCFS at a longer lead time than in SINTEX-
F2. Considering the SNR as performance criteria, MMCFS has
an advantage due to better predictability of SST and vertical wind
shear in several parts of the Indo-Pacific domain.

The content was published as Pradhan et al. 2021 [4].

3. Predictability of the Chile Nifio/Nifia

The recently discovered Chile Nifio/Nifia is an intrinsic
coupled climate mode in the southeast Pacific, which influences
both regional climate and marine ecosystem. Using the Scale
Interaction Experiment-Frontier version 2 seasonal prediction
system, it is shown that the Chile Nifio/Nifia can be skillfully
predicted up to 3-month ahead. Although the occurrences and
related climate impacts of the Chile Nifio/Nifia are captured by
the prediction system, the predicted magnitudes are weaker than
observations in the ensemble mean. Further analyses of the inter-

member relationships indicate that the Chile Nifio/Nifa
predictability depends on how well the coastal ocean-
atmosphere-land positive feedback among alongshore surface
winds, coastal upwelling and the SST anomalies is captured. The
insufficient reproduction of this essential feedback is responsible
for the underestimated magnitude. Therefore, accurately
predicting the Chile Nifio/Nifia remains a challenge. Improving
model resolution and ensemble size may be a key to enhancing
prediction skills of the coastal climate modes along the eastern
boundary upwelling systems.
The content was published as Xue et al. 2021 [5].
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