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Through a set of ensemble experiments with an atmospheric general circulation model (AGCM), potential influence of
sea-surface temperature (SST) anomalies is assessed on large-scale atmospheric circulation anomalies that induced two
extreme events observed over Japan in July 2018. One is a heavy rain event in early July mainly over western Japan, which
was primarily due to extreme moisture inflow associated with a cyclonic anomaly to the southwest of Japan and an
anticyclonic anomaly to the east of Japan. Our AGCM experiment with global SST anomalies prescribed cannot reproduce
the anticyclonic anomaly, which leads to the failure to simulate the enhancement of the moisture inflow and thereby
precipitation over western Japan. The other extreme event is a heat wave in mid- and late July almost over entire Japan,
which was due to a strong anticyclonic anomaly around Japan. Our AGCM experiments with global SST anomalies can well
reproduce the warm anticyclonic anomalies. The additional experiments have confirmed that SST anomalies in both the
Tropics and midlatitude North Pacific have the potential predictability in forcing the leading mode of the atmospheric

variability over the western North Pacific that brought the heat wave.
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1. Introduction

From the end of June through early July of 2018, Japan,
especially in its western portion, suffered from a profound
heavy rainfall event, which caused more than 230 fatalities 1.
The heavy rain occurred under the extreme moisture inflow
from the south and an upper-tropospheric trough to the west
of Japan that favored large-scale ascent over a stationary
mei-yu /Baiu front. This rain event was immediately followed
by the intensification of the low-level North Pacific
Subtropical High (NPSH) and the upper-level Tibetan High,
which brought extremely high temperature over Japan until
August. Imada et al.?! pointed out that, in addition to the
anomalous intensification of those two anticyclones, the
anthropogenic global warming also contributed substantially
to this heat event. They further pointed out that the former was
likely to be forced not by the global warming but partly by
other external forcing, including sea-surface temperature
(SST) anomalies. This report introduces a work by Nishii et
al.’ who investigated the role of SST anomalies in forcing the
atmospheric circulation anomalies during those extreme
events in summer 2018, based on ensemble experiments of an
atmospheric general circulation model (AGCM).

2. Model configuration

We used an atmospheric general circulation model
(AGCM) by the name of AFES (AGCM For Earth Simulator)
configured at horizontal resolution T119 (about 100km). We

performed four kinds of AGCM experiments forced with
different lower-boundary conditions as follows. In the Global
Ocean-Global ~ Atmosphere (GOGA) experiment, we
prescribed observed daily SSTs over the global oceans. In the
Tropical Ocean-Global Atmosphere (TOGA) experiment, we
prescribed observed daily SSTs only over the tropical oceans
between 25.5°S and 25.5°N, while the climatological daily
SSTs are prescribed for the extratropical oceans. The
experiment in which the observed daily SSTs were prescribed
only over the extratropical North Pacific Ocean (between
25.5°N and 65.3°N) while the climatological daily SSTs were
prescribed over the other oceans is called the Midlatitude
Ocean—Global Atmosphere (MOGA) experiment. In the
climatological (CLM) experiment, the climatological SSTs
are prescribed entirely over the global oceans. Each of the
four experiments has 50 ensemble members integrated from
March 10 through July 31, 2018. The Japanese 55-year
Reanalysis (JRA-55) dataset is used to verify the model
results.

3. Results

Precipitation anomalies based on the reanalysis after
averaged over the heavy rain period (28th June ~ 8th July
2018) were positive almost entirely over Japan. The heavy
rainfall was associated with a profound anomalous moisture
flux from the south. The anomalous moist southerlies were
likely due to slight eastward retreat and northward expansion
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of the NPSH and a cyclonic anomaly over the southern East
China Sea. The GOGA experiment cannot reproduce the
positive precipitation anomaly as the ensemble-mean
response, which is defined locally as the deviation from the
CLM experiment. The period-mean precipitation is even less
than that of the CLM experiment over the western Japan.
Compared with the CLM experiment, the surface NPSH in
the GOGA experiment is retreated too far eastward in
association with the overestimated cyclonic anomaly to the
south of Japan relative to its observational counterpart. The
northward expansion of the NPSH is not well simulated,
either, which may be one of the factors for the failure in
reproducing the heavy rain. The anomalous moisture flux
simulated over western Japan is westward, rather than
poleward in the reanalysis. As in the GOGA experiment, the
ensemble-mean responses in the TOGA experiment cannot
reproduce the enhanced precipitation. Meanwhile, as in the
GOGA experiment, the cyclonic anomaly to the south of
Japan is also simulated in the TOGA experiment, suggestive
of the potential forcing of tropical SST anomalies on the
cyclonic anomaly. The MOGA experiment cannot reproduce
the heavy precipitation, neither.

In mid- and late July 2018 (11th ~ 30th), 850-hPa
temperature based on the reanalysis averaged over the main
islands of Japan (30-45°N, 130-145°E) was the highest in the
same period over the last 61 years and higher than its
climatology by as much as 2.1°C. Associated with a low-level
anticyclonic vorticity anomaly, the warm anomaly over the
Far East centered at the western portion of the Sea of Japan
was so strong that exceeded two standard deviations. The
GOGA experiment reproduces both the anomalous warmness
and anticyclonic vorticity anomaly as the ensemble-mean
response. The ensemble-mean temperature response averaged
over Japan is 1.0°C, accounting for nearly half of the observed
anomaly. The anomalous warmness and anticyclonic anomaly
around Japan are also simulated in both the TOGA and
MOGA experiments. The warm anomaly averaged over Japan
is slightly higher in the TOGA experiment (0.7°C) than in the
MOGA experiment (0.5°C), while the temperature anomaly
distribution in the MOGA experiment is more similar to that
in the reanalysis than that in the TOGA experiment. The
upper-tropospheric anticyclonic anomaly over Japan in the
reanalysis is also reproduced by the GOGA, TOGA, and
MOGA experiments.

4. Conclusions

Our AGCM experiments with observed SSTs prescribed
cannot simulate the anomalous northward moisture flux and
enhanced precipitation over western Japan in early July 2018
as the ensemble-mean response, arising in part from the
failure in reproducing the anticyclonic anomaly. This failure is
attributable to underestimation of Rossby wave trains over

Eurasia in the model, which should be rather manifestations
of internal atmospheric variability.

Our AGCM experiments with observed SSTs prescribed is
able to simulate the anomalous warmness over Japan during
the heat wave event in mid- and late July, which suggests that
the observed heat wave was, at least in part, forced by SST
anomalies.
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