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Flood control measures formulation has become necessary in the light of climate change accompanied by global warming.

In our previous study, a flood risk evaluation methodology based on significantly large ensemble climate projection data was

proposed. The study demonstrated the feasibility of the methodology, targeting Hokkaido region, Japan. In this study, dynamical

downscaling is applied to the regional experiment of d4PDF over the Kanto region. The objective is to construct a climate

change projection database, which has the potential to enable nationwide consideration of adaptation measures. A comparative

analysis of the simulated rainfall scale by DDS and observations was conducted, and it was shown that the application of DDS

improves the statistical reproducibility of climate models. Additionally, the frequency distribution simulated by DDS was

consistent with the width of the confidence interval determined using mathematical theory. The consistency indicates that the

ensemble simulation using DDS is supported by mathematical theory.

Keywords: climate change, adaptation, flood risk, dynamical downscaling, d4PDF

1. Introduction

In recent years, Japan has been experiencing torrential rainfall
that exceeds the design rainfall for river planning, affecting
human lives and social infrastructure. Considering the recent
trend of record-breaking heavy rainfall and the effects of climate
changes, technical studies on flood control measures have been
conducted in Japan. In Hokkaido, a pioneering study was
conducted. An expert committee convened by the Ministry of
land, infrastructure, transport, and tourism (MLIT) conducted a
detailed risk assessment study based on the impact of climate
change using scientifically reliable large ensemble climate data.
This committee has been promoting studies based on the results
of dynamical downscaling (hereinafter referred to as DDS),
which were applied to the database for policy decision making
for future climate change (d4PDF) [1]. The d4PDF is climate
simulation data covering thousands of years of past and futuristic
climatic changes. The use of such large ensemble data, in
conjunction with past observations, is expected to enhance our
understanding of the climate system and enable us to quantify the
low-frequency extremes. In the technical studies carried out in
Hokkaido, DDS simulations were performed using d4PDF
regional experiment as a boundary condition, and high-resolution
climate reconstruction and projection information were
developed in the surrounding area of the Hokkaido region [2]. In
addition, a flood risk assessment methodology based on this
information was proposed, which enabled the quantification of
human and economic damages associated with large-scale
flooding under future climate conditions.

The objective of this study is to develop a dataset that can

evaluate flood risk across Japan and generate basic information
that will contribute to the formulation of climate change
adaptation measures. Specifically, we conducted DDS
calculations of the d4PDF regional experiments, targeting the
Kanto region, compared the simulated data with the observations,
and verified the validity of the simulations using mathematical

statistical theory.

2. Dynamical downscaling

In this study, DDS was performed using the non-hydrostatic
regional climate model (NHRCM) [3] and the results from the
past experiments of d4PDF regional experiment (d4PDF-20 km)
with 20 km horizontal resolution and the 4 °C warmer
experiments converted to 5 km resolution (d4PDF-5 km) in areas
surrounding the Kanto region.

3. Results

The frequency distributions of the observed annual maximum
of 72 h rainfall at the Tone river of Yatujima reference point basin
(during the period from 1926 to 2019) and the simulated annual
maximum of 72 h rainfall of the past experiments from d4PDF-
20 km and d4PDF-5 km are shown in Figure 1. It can be observed
that the rainfall at d4PDF-20 km tends to be higher than the
observation, while the divergence between them is mitigated at
d4PDF-5 km. Figure 2 shows the results of the slope calculated
by the least-squares method by arranging the rainfall of each
observations and d4PDF results in descending order. The slope
was calculated for each ensemble of past experiments, and the
average value was accordingly calculated. The average values of

-1-5



Annual Report of the Earth Simulator April 2020 - February 2021

slopes were 0.81 and 0.89 for d4PDF-20 km and d4PDF-5 km,
respectively, indicating that the reproductivity of ensemble
simulations were improved by the DDS. Figure 1 also
demonstrates the advantages of using large ensemble data.
Although the observed maximum was 308.6 mm during
Typhoon Kathleen in 1947, the d4PDF contains several cases of
rainfall events that exceeded this maximum, which is useful for
understanding the risk of such past maximum rainfall events and
their exceedances.

The range of probable rainfall obtained from ensemble
experiments using a climate model was evaluated by applying
the probability limit method [4]. The probability limit method
enables the estimation of the statistical threshold of rainfall that
can occur under an assumed probability distribution. It has high
estimation accuracy for the tail of the distribution corresponding
to the design level. A method has been proposed for constructing
confidence intervals of an assumed probability distribution for
the statistical threshold of rainfall, which was theoretically
determined using the probability limit method [5]. Figure 3
shows the frequency distribution of the 100-year annual
maximum rainfall based on the Gumbel distribution, and the
95% confidence interval is based on the probability limit method.
As shown in the figure, before DDS, the percentage of frequency
distributions included in the 95% confidence interval (coverage
ratio) was 87.9%, while after DDS, the percentage was 90.3%.
Thus, the results indicate that the application of DDS lets
goodness of fit between simulation and theory improved. In
addition, the ensemble data generated in this study and the range
of probable rainfall derived independently from observations and
the mathematical theory are almost consistent, which supports
the mathematical validity of the DDS simulation in this study.

4. Conclusion

A series of results on the statistical reproducibility of DDS
simulations obtained in this study are mostly similar to the results
of the validation of DDS conducted in Hokkaido [2]. The study
is expected to contribute to the feasibility of nationwide
deployment of flood risk assessment methods based on DDS
calculation results.
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