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The APL/JAMSTEC seasonal prediction system was built on the basis of the Scale Interaction Experiment-Frontier (SINTEX-F1)
fully coupled global ocean—atmosphere GCM, which has been developed under the EU-Japan collaborative framework on the Earth
Simulator. The SINTEX-F1 seasonal prediction system has so far demonstrated high performance of predicting the occurrences of
El Niflo-Southern Oscillation (ENSO), the Indian Ocean Dipole Mode (IOD) events in the tropics and subtropical dipole events in
southern Indian and Atlantic Oceans.

Using the SINTEX-F1 prediction outputs, we found seasonal predictability of subtropical dipoles in southern Indian and Atlantic
Oceans. Because of good performances of the SINTEX-F1 prediction on the subtropical dipoles, ENSO, and IOD, the prediction
skill of the southern African summer precipitation is also high in the SINTEX-F1 system. In addition to those basin-scale climate
variations, the predictability of the regional climate mode off the west coast of Australia, the Ningaloo Nifio/Nifia, is found two
seasons ahead by the SINTEX-F1 seasonal prediction system.

We also explored possibility of a climate-based global yield prediction, and found that it is significantly skillful in predicting rich

or poor harvest in the world.
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1. Introduction of 2013. In Section 2, we show recent important discoveries
The APL/JAMSTEC seasonal prediction system on the basis of seasonal predictability of subtropical dipoles and the new
of the Scale Interaction Experiment-Frontier (SINTEX-F1) fully regional climate phenomenon off the west coast of Australia,
coupled global ocean—atmosphere GCM has been developed the Ningaloo Nifio/Nifia. In Section 3, possibility of a climate-
under the EU-Japan collaborative framework using the Earth based prediction of global yield with the SINTEX-F1 seasonal
Simulator. The SINTEX-F1 has emerged as the leading CGCM prediction is discussed.
in the world to provide reliable real-time predictions of seasonal
to interannual climate variations. The experimental seasonal 2. Discovery of seasonal predictability
predictions based on the CGCM are produced regularly, and 2.1 Predictability of the Subtropical Dipole Modes
the real-time outlook is published every month on our website Seasonal predictability of the subtropical dipole modes is
since 2006 (http://www.jamstec.go.jp/frcge/research/d1/ explored (Yuan et al. 2014a [1]) using the SINTEX-F1 coupled
iod/e/seasonal/outlook.html). In this fiscal year, the process model (Fig. 1). Despite the known difficulty in predicting
studies and model development with the SINTEX-F2 GCM subtropical climate due to large internal variability of the
were initiated on another project (Project representative: atmosphere and weak ocean—atmosphere coupling, it is shown
Yukio Masumoto, RIGC/JAMSTEC). Therefore, we focused for the first time that the coupled model can successfully
on investigating recent tropical climate variations and their  predict the South Atlantic Subtropical Dipole (SASD) 1 season
prediction skills, and their experimental societal application in ahead, and the prediction skill is better than the persistence
this project. in all the 1-12 month lead time in the hindcast experiments.
In the following sections, we introduce several important ~ The prediction skill is lower for the Indian Ocean Subtropical

results obtained from our research activities in the fiscal year Dipole (I0OSD), and only slightly better than the persistence till
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6-month lead because of the low predictability of the sea surface
temperature anomaly in its southwestern pole. However, for
some strong IOSD events in the last three decades, the model
can predict them 1 season ahead. The co-occurrence of the
negative SASD and IOSD in 1997/98 austral summer can be
predicted 5 months ahead. This is because the negative sea level
pressure anomalies over the South Atlantic and the southern
Indian Ocean in September—October (November— December)
that trigger the occurrence of the negative SASD and IOSD are
related to the well-predicted tropical IOD (ENSO).

2-month Lead Prediction
) 5(a) SASD

Owing to the overall good performances of the SINTEX-F1
model in predicting the SASD, some strong I0SD, and ENSO,
the prediction skill of the southern African summer precipitation
is high in the SINTEX-F1 model (Yuan et al. 2014b [2]). The
precipitation anomalies over southern Africa (16°— 33°E, 22°-
35°S) in December-February are the most predictable from the
October 1st initialization (Fig. 2). This study presents promising
results for seasonal prediction of precipitation anomaly in the
extra-tropics, where seasonal prediction has been considered a
difficult task.
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Fig. 1 Time series of (a,b) the SASD and (c,b) IOSD indices obtained from the observational data (black lines) and ensemble-mean predictions at (left
panels, red lines) 2-month and (right panels, blue lines) 4-month leads. Red (blue) shading denotes the ensemble spread of 2 (4)-month lead
predictions. No smoothing has been applied to all the monthly time series. (Fig. 15 in Yuan et al. 2014a)
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Fig. 2 Time series of the southern African precipitation indices in DJF. Years in the x-axis represent the 3-month-mean period from December of
that year till the following February. Black (blue) solid line represents the index derived from GPCP (ensemble-mean predictions initialized on

October 1st). Also shown are the box-and- whisker plots for the nine ensemble members at each year; the red boxes represent the interquartile

ranges of the middle 56% ensemble members (five out of nine members). Green horizontal bars within the red boxes indicate precipitation

anomalies of the median member, and red cross symbols show the maximum and minimum precipitation anomalies from the nine members

(Fig. 2 in Yuan et al. 2014b)
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2.2 Predictability of the Ningaloo Nifio/Nifia

The Ningaloo Nifio is newly identified as a regional climate
phenomenon, which is characterized as warmer-than-normal
SST anomalies off the west coast of Australia. In particular, we
experienced an unprecedented Ningaloo Niflo in 2011. The SST
anomalies in Feb.-Mar. 2011 reached about 3°C off the west
coast of Australia, which is above four times of the standard
deviation of its interannual variation in recent 30 years. Using
the SINTEX-F1 CGCM, we have examined its prediction skill
of the Ningaloo Nifio/Nifa (Doi et al. 2013).

It has turned out that the model is skillful in predicting the
Ningaloo Nifio (anomaly correlation coefficient (ACC) > 0.6 and
normalized root mean square error (RMSE) > 1) up to 5-month
ahead when initialized on the first day of each month form May
to November. In particular, the Ningaloo Nifio is predicted very
well when the model is initialized in austral winter-spring. Also,
we have focused on the prediction of the unprecedented extreme
warm event of the 2011 Ningaloo Niflo. The SINTEX-F1
prediction initialized on June 1st, 2010 successfully predicted

this extreme warm event in February 2011, i.e. 9 months in

2011 extreme warm event of Ningaloo Nino (°C)
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advance (Fig. 3). The potential source of this predictability is
due to high prediction skill of La Nifia. The model reasonably
predicted the rapid development of the La Nifia condition and
the easterly wind anomalies over the equatorial western Pacific
in December 2010. It also predicated successfully warm SST
anomalies off the west coast of Australia with northerly wind
anomalies, the intensification of the Leeuwin Current, and the

coastal downwelling in February 2011.

3. Prediction of seasonal climate-induced variations

in global food production

We present a global assessment of the reliability of crop
failure hindcasts for major crops at two lead times derived by
linking ensemble seasonal climatic prediction with statistical
crop models (lizumi et al. 2013 [4]). We found that moderate-to-
marked yield loss over a substantial percentage (26-33%) of the
harvested area of these crops is reliably predictable if climatic
predictions are near perfect. However, only rice and wheat
production are reliably predictable three months before the

harvest using within-season hindcasts (Fig. 4). The reliabilities

3
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Fig. 3 Monthly time series of the Ningaloo Nifio Index (NNI)
for observational data of NOAA OISSTv2 (blue)
and SINTEX-F1 27 ensemble member prediction
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observed NNI in 1983-2006 (o) are also shown by
shaded (Fig. 3 in Doi et al. 2013 [3]).
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Fig. 4 3-month lead climate-based prediction of the year-to-year variations in the yields of rice (left) and wheat (right). A region where the model
is skillful is shown by orange. Blue shows a region where the model fails to predict the yield variation owing to failure of seasonal climate
prediction. White shows a region where the observed climate information (temperature and soil moisture) is not significantly correlated with
the yield variation. Grey indicates a region where historical yield data is not available. The dark grey area indicates non-cropland.
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of estimates varied substantially by crop: Rice and wheat yields
were the most predictable, followed by soybean and maize.
The reasons for variation in the reliability of the estimates
included the differences in crop sensitivity to the climate and
the technology used by the crop-producing regions. Our findings
reveal that the use of our system to predict crop failures will be
useful for monitoring global food production and will encourage

the adaptation of food systems to climatic extremes.
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July 24, 2013.
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