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This project explores merits of 100-ensemble simulations from a single dynamical seasonal
prediction system by evaluating differences in skill scores between ensembles predictions with few (~10) and many
(~100) ensemble members. A 100-ensemble retrospective seasonal forecast experiment for 1983-2015 is beyond
currentoperational capability.

Prediction of extremely strong ENSO and the Indian Ocean dipole (IOD) events is significantly
improved in the larger ensemble. It indicates that the ensemble size of 10 members, used in some operational
systems, is not adequate for the occurrence of15%tailsofextremeclimateevents,becauseonlyabout 1 or2members
(approximately 15% of 12) will agree with the observations. We also showed an ensemble size of about 50
members may be adequate for the extreme El Nifio and positive IOD predictions at least in the present prediction

system.

Even if running a large-ensemble prediction system is quite costly, improved prediction of disastrous
extremeeventsisusefulforminimizingrisksofpossiblehuman and economic losses.

Keywords : Seasonal Prediction, Large ensemble,

1. Occurrences of Extremely Strong El Nifio and
Indian Ocean Dipole Phenomena are Now
Predictable with High Accuracy

We have developed a system capable of accurately
predicting the occurrence of extremely strong El
Nifio/Southern Oscillation (ENSO; *1) and Indian Ocean
Dipole phenomena (*2) several months in advance. When
these phenomena occur, they produce abnormal seasonal
weather (e.g., heat waves and warm winters) around the world,
including in Japan. Therefore, extremely strong occurrences
of these phenomena merit close monitoring, and the
generation of accurate predictions as to when they will occur
is of extreme importance from both societal and economic
standpoints.

An integrated atmosphere-ocean-land-sea ice systemic
circulation model was used by JAMSTEC Application Lab
scientists as the basis for developing the SINTEX-F Seasonal
Climate Prediction System (*3). The system was designed for
performing predictive research on the occurrence of seasonal
abnormalities, ENSO phenomena, and other such events that
will occur several months in the future. It has traditionally
been difficult to understand and predict the scale of these
events; despite this fact, the SINTEX-F Seasonal Climate
Prediction System was developed and the number of parallel
worlds used in its predictive simulations was increased from

approximately 10 to approximately 100. As a result, though

El Nifio, Indian Ocean Dipole, extreme evernt

their frequency of occurrence was rare, the system succeeded
in accurately predicting the occurrences of extremely strong
ENSO (Fig. 1) and Indian Ocean Dipole phenomena (Fig. 2)
several months in advance. Additionally, when the system’s
accuracy in predicting extreme drought events across the
globe nearly six months in advance was examined, the results
showed that the system improved the accuracy of predictions
(Fig. 3). This is the first experiment yet to have examined the
accuracy of a seasonal climate prediction system based on a
single climate model and featuring the generation of
approximately 100 parallel worlds for past climatic events.

The vast calculations required in this study were made
possible by the free use of the functions of a global simulator.
The knowledge gained by these simulations is expected to
lead to the strategic development of numerous seasonal
climate prediction systems in the future. Our goals are for this
success to spark the comprehensive analysis of prediction
results featuring numerous parallel worlds, the discovery of
new processes and the identification of new prediction signals,
the development of climate prediction research and expansion
of applied research based on predictive information for
extreme climatic events (e.g., crop and infectious disease
forecasts), and to make specific contributions to societal
initiatives aimed at ensuring the safety and security of the
public.

The above results were published in the Journal of Climate
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issued by American Meteorological Society ([[1] Doi et al.
2019].

25
——= Obs.
24 —— 12 ensemble mean (original)
~——— 12 _ensemble member (original)
—— 108 ensemle mean
1.5 LAF ensemble members

ino3.4

-3 .:{‘g < ‘\c{z_
L
Bl I P

-4.5 2y T T T v v -+ v T v T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN
1988 1989

Figure 1. Variation over time in the ENSO index Nino3.4
(i.e., the divergence from annual mean values in sea surface
temperatures averaged over the area of the eastern-central
tropics of the Pacific Ocean, from 190°-240°E, 5°S-5°N, °
C).Thick black line, observed values; light blue lines,
individual ensemble (parallel world) prediction values from
6/1/1988 onward using 12 existing ensembles from
SINTEX-F. Thick blue line, average prediction value from
6/1/1988 onward using 12 existing ensembles from
SINTEX-F; orange line, 96 prediction ensemble members
newly added for this study; thick red line, average value for
108 ensembles (i.e., the existing 12 ensembles and the 96

added ensembles).
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Figure 2. Variation over time in the Indian Ocean Dipole

index DMI (i.e, the difference between sea surface
temperatures anomalies in the eastern and western tropics of
the Indian Ocean, °C). The colored lines are defined as in Fig.
1.
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Figure 3.  SEDI skill scores for the predictions made each

year, starting in early June, for the global distribution of
average precipitation from November to December of
1983-2015. For extreme drought events that have a less than
15% chance of occurring from a climatic standpoint, if their
likelihood of occurrence is predicted to be approximately 20%
greater than it is in an average year by the SINTEX-F system,
then the simulation predicts that the event will occur, and a
skill score is calculated to determine the accuracy of the
prediction data. The results indicate that predictions using 108
ensembles (b) are more accurate than those using only 12
ensembles (a) for Mexico, northern Brazil, southern China,
and other regions (c).
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