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This study evaluates different types of flood risks associated with climate change using dynamical downscaling of ensembled
climate data. The number of cases of 5-km dynamical downscaling were increased for Hokkaido; Kanto and Kyushu regions
were also included. The results helped us analyze the factors influencing rainfall and the changes in the rainfall intensity due
to climate change. The factors contributing to the spatial deviation of rainfall within the basin were evaluated in terms of
dynamical and thermodynamic effects. Additionally, the relationship between rainfall intensity and near-surface air temperature
was investigated. The analyses of the characteristics of the rainfall distribution in the basin and its influencing factors require

high resolution data and significant number of samples, which was realized using Earth Simulator in this project.

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

1. Introduction

In recent years, Japan has experienced severe damages due to
torrential rainfall. In addition, there is a concern that the intensity
and frequency of heavy rainfall will increase owing to global
warming. Therefore, the assessing the impact of climate change
on the frequency and intensity of heavy rainfall needs to be
urgently addressed for planning various adaptation measures.

This project aims to evaluate the flood risk due to climate
change using dynamical downscaling of the database for policy
decision making of future climate change (d4PDF) [1]. In this
project, the number of cases of 5-km dynamical downscaling was
increased for Hokkaido; the Kanto and Kyushu regions were also
included. The results enabled us to analyze rainfall factors as well
as changes in the amount of rainfall due to climate change. The
factors that contribute to the spatial deviation in rainfall within
the basin were evaluated in terms of the dynamical and
thermodynamic effects. In addition, the relationship between
rainfall intensity and near-surface air temperature was also
investigated.

2. Dynamical downscaling

This research uses d4PDF, which consists of a large ensemble
of climate simulation results, i.e., past climate (PAST) of total
3,000 years and 4-K warmer climate (FUTURE) of total 5,400
years with a 20 km grid spacing for DDS, which converts the
horizontal resolution from 20 to 5 km. We conducted DDS using
the regional climate model NHRCM [2] for the Hokkaido, Kanto,
and Kyushu regions. We set two experimental settings, where
one included 15-day DDS targeted for annual maximum rainfall

events, and another was 1 year continuous DDS.

3. Result
Figure 1 illustrates the relationship between hourly

precipitation and temperature using results of OBS and PAST

d4PDF (20 km), PAST and FUTURE from d4PDF (5 km) at the
Obihiro, AMeDAS point for OBS, and the corresponding closest
grid cell for d4PDF (20 km) and d4PDF (5 km). Figure 1(a,b,d)
show that the frequencies of precipitation intensity for each
temperature bin of OBS and PAST d4PDF (5 km) are similar,
except in the high-temperature range (> 25 °C). The 99" and
99.9" percentile hourly precipitation of each temperature bin (Poo
and Pogo, respectively) are shown in Figure 1 as lines. The
precipitation—temperature relationship follows the Clausius—
Clapeyron (C—C) relation (i.e., increase in atmospheric water-
holding capacity associated with increasing temperature) at 7%
per 1 °C until a certain temperature. The Py and Po9g of PAST
d4PDF (5 km) and PAST d4PDF (20 km) were similar; however,
PAST d4PDF (5 km) showed more intense precipitation and its
peak precipitation intensity was closer to OBS. Figure 1(c, d)
show that the Py and Poo9 of FUTURE are also close to C—C
relationship up to a certain temperature, and are negative at
higher temperatures. However, the temperatures corresponding
to peaks Poo and Po9.g are both 24 °C, which is 3—4 °C higher than
those of PAST. The maximum SF of Poo was approximately
10 %/ °C, which is higher than that of PAST.

We also investigated the reason for the differences in
between PAST and
FUTURE. The thermodynamic factor dominates the differences
in Pgo and Pooo between PAST and FUTURE (not shown). The
results indicate that the thermodynamic effect (near-surface

precipitation—-temperature  relations

moisture availability) is a key factor for the generation of the

gradient of precipitation—temperature relationship. The
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Figure 1. Relationship between precipitation intensity and near-surface air temperature for (a) OBS, (b) PAST d4PDF
(5 km), and (¢c) FUTURE d4PDF (5 km). Py and Pogg of OBS, PAST d4PDF (5 km), FUTURE d4PDF (5 km), and
PAST d4PDF (20 km) are shown in Fig. 1d. The color bars, black solid line, black dashed line, purple solid line, purple

dashed line, and dotted line indicate the number of occurrences corresponding to each hexagonal grid, Pog, Pog.g, Pogapt,

Pogadpr, and C—C relation (7% increase per 1 K), respectively. (cited from [3])

differences in Po9 and Pooo between PAST and FUTURE in the
entire catchment was mainly associated with ambient
thermodynamics, regardless of the extent of the surface
characteristics (e.g., flat versus mountainous areas).

4. Conclusion

We performed dynamical downscaling from a spatial
resolution of 20 km to a resolution of 5 km from the past (PAST)
and future (FUTURE) ensembled climate experiments for
Hokkaido, Kanto, and Kyushu regions. A comparison of extreme
precipitation and the corresponding temperature for observation
data and PAST showed that the 5 km experiment better
represented the precipitation—temperature relation compared to
the 20 km experiment. Observation, PAST, and FUTURE
demonstrated the rate of change in extreme precipitation with
temperature follows slopes close to the C—C relationship until a
certain temperature with negative value at higher temperatures.

The application of 5 km resolution of hundred-year climate
dataset enabled us to quantify the spatial distribution of each
contribution over thousands of square kilometers of river
catchment (not shown). The application of better computer
resources and relevant adaptation measures in the future will
enable us to analyze precipitation and other hydrometeorological
variables using the statistical methods provided in this study,
especially given the large climate information ensembled at high

spatiotemporal resolution.
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