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The Indian Ocean Dipole (IOD) is an intrinsic ocean-atmosphere coupled climate phenomenon in the tropical
Indian Ocean with warm (cold) sea surface temperature anomalies with enhanced (reduced) rainfall in the western (eastern)
tropical Indian Ocean during a positive phase. A strong and long-lasting positive IOD event occurred in 2019, which caused
climate-related disasters in countries not only around the Indian Ocean but also East Asia, including Japan.
Successful prediction of the teleconnection of such a super event may contribute to reducing the risks of socioeconomic
losses under suitable measures for adaptation and mitigation.
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1. Introduction

Many parts of East Asia experienced extremely warm
conditions during the 2019-2020 winter (e.g., NOAA Global
Climate Report: https://www.ncdc.noaa.gov/sotc/global/). In
particular, western Japan experienced a record-breaking warm
winter. The ski resort cannot operate if there is little snow. In
northern Japan, winter snow is also an important water resource
for rice cultivation. Also, the extreme warmth caused some
varieties of vegetables to grow faster than usual. Sales of winter
items were down at stores as reported in local newspapers. The
successful prediction of such an extreme season a few months
ahead may contribute to reducing the socio-economic losses
under suitable measures for adaptation and mitigation.

The extreme warm event was successfully predicted a few
months ahead using the 108-members ensemble SINTEX-F
dynamical prediction system. It was quite surprising because the
skill assessment in the reforecast experiments in the past 30 years
shows not-so-skillful for predicting the winter season. We note,
however, that the extremely warm winter conditions in 2019—
2020 were preceded by an extremely strong positive Indian
Ocean Dipole (IOD). Since the SST anomalies associated with
the super IOD lasted long even through the winter, the persistence
could be the key to understanding the successful prediction of the
warm winter conditions of East Asia in 2019-2020.

This super IOD persisting through the winter may have excited
a unique teleconnection pattern affecting the winter condition in
East Asia including Japan. Since the peaks of the positive IOD
events were mainly in boreal fall, only a few studies were
conducted to investigate its winter teleconnection pattern.

In this study, we explore how the warm SST anomaly
associated with the western pole of the IOD may generate winter
teleconnection patterns to East Asia by analyzing the outputs
from the SINTEX-F dynamical prediction system.

2. Analysis of inter-member co-variability

Anomalies among the ensemble members (defined as
deviations from the ensemble mean) may provide useful insights
into possible precursors and teleconnection patterns related to a
climate event. In some of these previous studies, a way of
sampling was not only in the ensemble-dimension, but also in the
time-dimension by ignoring event-to-event diversity of climate
events. In this study, however, we sampled only in the ensemble-
dimension to explore the inter-member co-variability while
maintaining event-to-event diversities. This is because 10D
events display a diverse range of amplitudes, spatial patterns, life
cycles, and developing mechanisms. We calculated the inter-
ensemble correlation: correlation coefficient between a target
index (e) and a horizontal map of a variable (x, y, e) for each grid
point among the 108 members of ensemble prediction in a
particular month. In this analysis, the conventional time
dimension was replaced by the ensemble dimension. For the
present purpose, the ensemble prediction system with 108-
member (Doi et al. 2019) [1] has an advantage in finding possible
teleconnection patterns influencing the mid-latitude climate with
the large stochastic internal variability.

3. Results

Figure la shows a horizontal map of the inter-ensemble
correlation between the WIO index (i.e., the SST anomaly
averaged over the western box) and global 2m temperature
anomaly. Considering that the degree of freedom is 108 based on
the ensemble size, a correlation beyond 0.25 is statistically
significant at a 90% level (using the two-tailed Student’s t-test).
Interestingly, we found that positive correlations over western
Japan and the Korean Peninsula are above the significance level.
For the inter-ensemble correlation between the WIO index and
the GH200 anomaly (Fig. 1b), the positive (negative) correlations
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Figure 1. (a) Inter-ensemble members correlation in the
108-members prediction between the SST anomaly in the
western tropical Indian Ocean (WIO: 40°E-60°E, 10°S-
10°N) and the 2m air temperature anomaly. (b) Same as (a),
but for the geopotential height anomaly (shaded) and the
wave activity flux (vector) at 200hPa. The wave activity
flux of which root mean square value of zonal and
meridional components is above 0.25 is shown by arrows,
except for the tropics (10°S-10°N). (c) Same as (a), but for
OLR.

were found over the WIO and the northwest of Japan (southern
China and a northern part of the Middle East). The wave activity
flux shows propagation pathways of stationary Rossby waves
between them, causing the meander of the subtropical jet over
these regions. Also, a negative correlation is found between the
WIO SST index and the OLR in WIO (Fig. 1c). The co-
variability of the ensemble members for the WIO may suggest a
possible teleconnection as in the following. The warmer SST
anomaly in the WIO enhances the convective activity locally and
excite stationary Rossby waves, leading to the southward
meandering of the subtropical jet over southern China (upstream
of Japan) and the northward meandering over northwest Japan.
The analysis of the wave activity fluxes shown in Fig. 1b also
suggests that the meandering of the jet in East Asia may be partly

due to the northward meandering above the northern part of the
Middle East. As a result, the southward penetration of cold
airmasses from the high latitude to Japan was weakened, which
caused the warm winter in Japan. This is also seen by the time—
latitude plot of the daily 2m air temperature zonally averaged
around Japan.

A zonal dipole is also seen in the correlation maps for the
temperature and the OLR anomalies in the tropical Indian Ocean
(Fig. 1c), confirming the link with the super IOD 0f 2019 (Doi et
al 2020a [2]). The observed DMI was decaying at that time.
However, the SST DMI was still about 1.0°C above climatology
in December 2019, and it was 0.4°C even in January 2020. We
note that the predicted ensemble mean DMI value was 0.8°C in
December 2019 and 0.5°C in January 2020.

The results were published as Doi et al. (2020b) [3].
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