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This study is to clarify future changes in extreme phenomena such as heavy rainfall, heavy snowfall, typhoons, and heat waves
that bring disasters to Japan. Conducting dynamical downscaling from “Database for Policy Decision-Making for Future
Climate Change (d4PDF)” to a 5-km resolution for the whole of Japan, we evaluated the past and future changes in precipitation,
snow cover, and wind in Japan due to climate change. First, the quasi-stationary band-shaped precipitation systems and
typhoons were better reproduced by increasing the resolution. Past snow cover showed a significant decreasing trend in Sea of
Japan coast in eastern and western Japan as temperatures increased, but did not reproduce a rapid decrease observed in the mid-
1980s. Comparing the past reproduction experiments with the 4-K warming experiment, an increase in annual maximum hourly

precipitation was observed. The increase rate of annual maximum hourly precipitation was greater at higher latitudes.

Keywords : climate change, extreme phenomena, dynamical downscaling, ensemble experiments,

adaptation, d4PDF

1. Introduction

The Coupled Model Inter-comparison Project (CMIP6)
data has a potential enough to discuss continental scale mean
climate change. However, our concern is now focused on the
changes in extreme events!). One reason is a recent increase
in extreme phenomena which cause many disasters and
affect strongly the stakeholders. Mega ensemble experiments
performance to count such hazard are already known. Many
studies have used the “Database for Policy Decision-Making
for Future Climate Change” (d4PDF)’s 20-km regional
climate model ensembles data® to estimate the hydrological
disaster phenomena occurrence frequency?.

However, 20-km resolution is not enough to represent the
quasi-stationary band-shaped precipitation systems®), which
causes heavy rain events in the Baiu season (a rainy season
in East Asia). We already know that a 5-km grid model is
needed for representing such mesoscale phenomena. Till
now, the major obstacle to producing such products is a lack
of computer capacity. The high-performance capabilities of
the fourth-generation supercomputer system appeared in the
Earth Simulator in early 2021 makes it possible to do such a
study with large ensemble simulations with a 5-km grid
model. Here we arrange a product of a super high-resolution
ensemble dataset of climate change projection around the
Japanese archipelago and performed preliminary analyses.

2. Experimental design
Dynamical downscalings were conducted using a Non-

Hydrostatic Regional Climate Model (NHRCM)? with 20-
km and 5-km grid spacings (d4PDF-20kmDS and d4PDF-
SkmDS, respectively) from the Meteorological Research
Institute Atmospheric General Circulation Model (MRI-
AGCM) with about 60 km grid spacings in the d4PDF.
Historical experiments started from 20 July, 1950 to 31,
August, 2011. The one-way double nesting approach was
applied. First July and August are a spin-up duration. We
evaluated the results from September 1950 to August 2011.
Twelve ensemble experiments were conducted by using
different initial conditions and using SST with different
perturbations. A total number of calculation years is 720.

For the future climate projection, 4 K warming
experiments relative to the pre-industrial period in the
d4PDF were used. As with the historical experiments, 12
ensemble experiments were conducted with six SST
anomalies and two initial and SST perturbation ensembles.
Because of an unfortunate power outage of ES, the 4K
warming experiments have not been finished.

3. Results

Using an objective identification procedure by Hirockawa
et al. (2020)Y, we detected the quasi-stationary band-shaped
precipitation systems (usually called senjo-kousuitai in
Japanese®) from the d4PDF-5km experiment. The obtained
distribution of senjo-kousuitai in d4PDF-5km experiment is
in a good agreement with observation, although there are
some biases in Tokai and Kanto regions and Fukushima
prefecture. Owing to large ensembles, the distribution in
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d4PDF-5km is much denser than observation and the total
number of events is sufficient for statistical analyses.
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Figure 1. Distribution of the frequencies of senjo-kousuitai
per ten years. (a) d4PDF-5kmDS and (b) radar/raingauge-
analyzed precipitation (adopted from Hirockawa et al.
(2020)Y).
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Typhoon characteristics in the present climate were
compared between d4PDF-20kmDS and d4PDF-5kmDS.
The typhoon intensity of d4PDF-5kmDS is stronger than that
of d4PDF-20kmDS (Fig. 2), which means that accuracy of
typhoon characteristics of d4PDF-5kmDS has been
improved significantly.
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Figure 2. Comparison of typhoon intensity between Skm-
RCM and 20km-RCM for (a) pressure and (b) wind speed.

Historical annual maximum snow depth showed
significant decreasing trends in Japan Sea side in eastern and
western Japan as temperatures increased, while the trend is
small in northern Japan. On the other hand, a rapid decrease
in snow depth observed in the mid-1980s was not reproduced.
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Figure 3. Mean changes in annual maximum hourly
precipitation in present climate condition and 4 K warming
climate. Four SST patterns (CC, MI, MP, and MR) are shown.

Magnitudes of changes in annual maximum hourly
precipitation vary in the regions. North-eastern parts of Japan
such as Hokkaido show that annual maximum hourly
precipitation increases by 2 times in the 4-degree rise
scenario (Fig. 3). Also, the changes are different among SST
patterns that should be further investigated after the 4K
warming future climate experiments complete.

4. Conclusion

Our challenging experiments have a possibility to clarify
future changes in extreme phenomena such as heavy
precipitation, heavy snowfall, typhoons, and heat waves that
bring disasters to Japan. Historical experiments with 5-km
grid spacing reproduced the senjo-kousuitai and typhoons
intensity. Also, historical annual maximum snow depth
showed a significant decreasing trend in eastern and western
Japan as temperatures increased. Comparing the historical
experiments with the 4 K warming experiments, greater
increases in annual maximum hourly precipitation was found
at higher latitudes. Our 5-km large ensemble dataset will
contribute to the adaptation for regional climate changes in
local governments.
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