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We used subsurface ocean observation data from sea turtles tagged with devices to measure depth and temperature to
improve the predictive accuracy of variations in sea surface temperatures a few months ahead. This is the first time that
observation data based on animals, which are traditionally used for ecological surveys, have been utilized to improve seasonal
climate predictions in the tropics. Our results show the potential of this method for not only understanding the migration patterns
of wild animals, but also for constructing an ocean/atmospheric observation system using biologging.

An extremely strong positive Indian Ocean Dipole (I0OD) occurred in 2019. Successful predictions were made from
the autumn of the previous year using “SINTEX-F” numerical simulations with the “Earth Simulator” supercomputer. The
occurrence of the El Nifio Modoki phenomenon in the tropical Pacific Ocean was a key to successfully predict this super IOD.

Keywords : Seasonal prediction, Indian Ocean Dipole, Animal-borne instruments, Observing system experiment,
Ensemble prediction

1. Applying Ocean Observation Data from Sea Turtles
to Seasonal Climate Predictions

In a collaborative effort, we and researchers in the Behavior,
Ecology and Observation Systems Group of the Atmosphere and
Ocean Research Institute, University of Tokyo, have succeeded
in increasing the accuracy of a new system that predicts sea
surface temperatures a few months in advance by applying
subsurface ocean observation data from sea turtles. Variations in

tropical sea temperatures often lead to unusual seasonal climate
variations (e.g. heat waves, warm winters, etc.) and marine
resources. Thus, high-precision predictions are very important
from both social and economic viewpoints, as they enable

preemptive measures to be taken.
In order to generate high-precision predictions, it is crucial to
accurately determine ocean surface/subsurface temperatures at

the start of a simulation. However, there are currently not enough

observation data from marginal seas, which are surrounded by
landmasses and islands and often have complex bathymetries
(i.e., seafloor topography). In an experiment, scientists released
five sea turtles after attaching devices that can record and transmit
depth and water temperature data via satellite. Using these

loggers (Satellite Relay Data Logger), they succeeded in

recording the water temperature structure of the Arafura Sea,

0E

which is a tropical marginal sea for which observational data
have been lacking (Figure 2). By incorporating these water Figure 1: SST anomaly in November 2017 from (a) the
temperature data into a seasonal prediction system, it was found observations, (b) the original forecast issued on August 1,2017,
that the predictive simulations of variations in water temperatures and (c) the forecast after assimilating the sea turtles’

in nearby marine regions were greatly improved a few months measurements issued on the same date (°C)

later (Figure 1).
This study is the first of its kind in which the seasonal

temperature structure of a tropical sea has been predicted by use
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of observational data from logger-tagged animals. This success
could trigger new developments in ocean/climate simulation
technologies and their predictions, as observation data from
animals could become integrated into international observation
systems, advancing our understanding of the complex
interactions among large oceanic bodies and marginal seas. The
results of this study were published as Doi et al. 2019 [1].

2. Prediction of El Nifio Modoki in the tropical Pacific
Ocean was a key to successfully predict the 2019 Super
Indian Ocean Dipole phenomenon

We showed that the El Nifio Modoki phenomenon in the
tropical Pacific Ocean played a critical role in successfully
predicting the extremely strong positive Indian Ocean Dipole
(IOD; *1) that occurred in 2019. The IOD causes a variety of
weather and climate abnormalities worldwide. For example, it
increases the seasonal precipitation in East Aftica but decreases
the seasonal precipitation in Indonesia and Australia during
boreal autumn. For these reasons, accurate prediction of the
occurrence of such phenomena is important not only from a
scientific perspective, but from a socioeconomic one as well.
However, it is extremely difficult to predict IOD phenomena,
which occur from the summer to autumn, from as early as the
previous autumn and across the winter season.

We distributed monthly quasi-real-time IOD prediction data
up to 12 months in advance, based on the numerical prediction
system “SINTEX-F”, which uses the “Earth Simulator”
(URL:
http://www.jamstec.go.jp/aplinfo/sintexf/e/seasonal/outlook htm

supercomputer

). While the current predictive accuracy of simulations
conducted from the previous autumn remain low, the 2019
prediction of the super IOD was accurate (Figure 2). Upon
further investigation, it was found that the occurrence of the El
Nifio Modoki phenomenon in the tropical Pacific Ocean was a
key factor that controlled the accuracy in this prediction. The
results of this study are expected to advance our understanding of
the mutual relationships between the IOD and El Nifio Modoki
phenomena, as well as the development of agricultural and
infectious disease research associated with their predictions. This
study was published as Doi et al 2020 [2].

*1: Indian Ocean Dipole is a climate variation phenomenon
that is observed in the tropical Indian Ocean once every several
years from summer to autumn. This phenomenon has both
positive and negative phases. When a positive Indian Ocean
Dipole occurs, sea surface temperatures become cooler than that
in an average year on the southeastern side of the tropical Indian
Ocean and warmer than that in an average year on the western
side. These variations in ocean temperatures cause vigorous
atmospheric convection, which usually occurs in the eastern
Indian Ocean, to move westward; as a result east Africa receives
more rain, while Indonesia receives less. These variations also

lead to less rain and higher temperatures in Japan. Conversely,
when a negative Indian Ocean Dipole occurs, sea surface
temperatures are warmer than that in an average year in the
southeastern tropical Indian Ocean and colder than that in an
average year in the west, causing convection in the eastern Indian
Ocean to be more intense than usual, and more rain falls in
Indonesia and Australia, and generally more rain occurs in Japan

with lower surface temperatures.

Prediction issued on Nov.1,2018
,(a) Indian Ocean Dipole index(°C)

34 d

3
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Figure 2: Indian Ocean Dipole index. The black line is the
observed value and colored lines are the predictions made on
November 1, 2018 (light blue lines: predicted values of each
ensemble member; dark blue lines: averaged value of the
ensemble members). The trajectories of the dark blue line and the
black line are very similar, and the prediction is thought to have
been broadly successful though some variations are seen among
the ensemble members (light blue lines) with some
overestimating and others underestimating the occurrence of a
dipole event.
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