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In August 2016, 4 typhoons sequentially attacked Hokkaido region (Northern part of Japan) within 2 weeks and caused severe
flood damage. Because this sequential typhoon attack is the first time in recorded history and remarked maximum rainfall amount
on many observatories in Hokkaido region and this heavy rainfall caused various flood disasters (inundation caused by dyke break,
damaged to load and farmland), it became one of a trigger that led river administrators (Hokkaido development and Hokkaido
prefecture) to consider flood risk change associate with climate change. They organized a committee in order to project future flood
risk in Hokkaido. Ministry of Land, Infrastructure and Transport has also organized a committee since fiscal 2018 in order to consider
flood prevention plan associate with climate change. As can be seen these backgrounds, projection of future flood risk became
important and urgent issue. This study quantified flood risk under both historical and 4K warmer climate conditions over 2 river
basins (Tokachi and Tokoro river basins) in Hokkaido by using a large ensemble simulation dataset (database for Policy Decision
making for Future climate change (d4PDF)). Using Earth simulator enables to finish these quantification during a period of the

committee though this study required heavy computational resource, future flood plan is going to be discussed based on the results.

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

Background flood prevention plan associate with climate change. As can be
Recently, heavy rainfall caused by line shaped rain band seen these backgrounds, projection of future flood risk became
and typhoon has frequently occurred in Hokkaido, Japan, and important and urgent issue. This study quantified flood risk
changes of their tendency have pointed out (Yamada et al., under both historical and 4K warmer climate conditions over 2
2012, Kitano et al., 2016). In addition, when global warming river basins (Tokachi and Tokoro river basins) in Hokkaido by
progresses, it is indicated from multiple prediction results that using a large ensemble simulation dataset.
annual maximum rainfall increases nationwide and the rate of
increase is especially high in northern Japan (e.g. Hoshino and Methodology
Yamada, 2018). This research conducted flood risk quantification which
In August 2016, 4 typhoons sequentially attacked Hokkaido started with simulation of rainfall and ended with simulation
region (Northern part of Japan) within 2 weeks and caused of flood damage (Fig.1). In this research, we use database for
severe flood damage. Because this sequential typhoon attack Policy Decision making for Future climate change (d4PDF)
is the first time in recorded history and remarked maximum (Mizuta et al., 2016) which consists of large ensemble climate
rainfall amount on many observatories in Hokkaido region and simulation results (historical climate: total 3,000 years,
this heavy rainfall caused various flood disaster (inundation 4 K warmer climate: total 5,400 years) at 20 km horizontal
caused by dyke break, damaged to load and farmland), it resolution. This quantification is consists of 5 steps. (1): to
became one of a trigger that led river administrators (Hokkaido detect annual maximum rainfall event in target river basin from
development and Hokkaido prefecture) to consider flood risk 20 km horizontal resolution data. (2): to conduct dynamical
change associate with climate change. In fact, they organized downscaling (DS) using a regional climate model NHRCM
a committee in order to project future flood risk in Hokkaido. (Sasaki et al. 2011) for rainfall event detected by previous step.
Ministry of Land, Infrastructure and Transport has also DS can reflect topographic effect more precisely and spatial

organized a committee since fiscal 2018 in order to consider resolution of the DS results (Skm horizontal resolution) are
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high enough to define shapes of the target river basins. (3): bias
correction reference to observation results (Uemura et al., in
prep). (4): to calculate return probable rainfall under historical

and warmer climate. In this step, we conducted a resampling

in order to obtain shape of return probable rainfall distinctly
(Masuya et al., in prep). (5): to estimate peak discharge and
flood damage (inundation area, number of fatalities, etc.) by a

rainfall runoff model and a flood simulation model.

Dynamical downscaling d4PDF experiment

. We conducted dynamical downscaling(20km to 5km)
in order to reflect topographic effect more precisely
and to define shapes of the target river basins

Conducted DS for
annual maximum
rainfall event

Historical (60yrs x 50member=3000yrs)
4K warmer (60yrs x 90member=5400yrs)

. After DS, rainfall amount(fig.2) and Example
characteristics(hourly precipitation intensity(fig.3) d4PDF(20x20km) After DS(5x5km)
and spatiotemporal distribution) of rainfall became - o )
similar to actual rainfall events. -
NHRCM NHRCM -
Horizontal grid interval 5km w
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coefficient are 0.99 for Tokachi river basin and 1.10 for
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We conducted a resampling in order to obtain shape of
return probable rainfall distinctly (number of sample is
109).

Reliable sections of return probable rainfall can be
calculated and the sections under historical and 4K
warmer climate condition are partly over-wrapped.
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. The results showed 4K warmer condition
cause bigger damage at same return period.
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Fig. 1 Contents of this research
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Results
The results of DS under historical climate condition and

annual maximum rainfall obtained from observation results
have similar frequency (Fig. 2) (Yamada et al., 2018). There
are many cases of over maximum recorded rainfall, it means
this dataset is effective to evaluate extreme heavy rainfall event.
Rainfall intensity is shown in Fig. 3 and the result of DS also
has similar frequency in terms of intensive rainfall. These results
show that DS is effective way to make many possible heavy
rainfall patterns.

Result of annual maximum rainfall under historical and
4 K warmer climate conditions are shown in Fig. 4. Annual
maximum rainfall under 4 K warmer climate condition is
heavier in both 2 river basins. 99 percintile values are especially
heavier (rate of increase, Tokachi river basin: 1.34, Tokoro river
basin: 1.38).

Figure 5 shows return period of rainfall in Tokachi river
basin. Because the method uses the large ensemble dataset,
reliable sections of return probable rainfall can be calculated
and the sections under historical and 4 K warmer climate
conditions are partly over-wrapped. This result shows difficulty
and limitation of probable rainfall evaluation based on several

decades observation data. Estimated flood damage under 4 K
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Fig. 2 Frequency of annual maximum precipitation in Tokachi river
basin (d4PDF, DS and actual). Lower figure is focus on over
99%ile.
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Fig. 3 Frequency of hourly precipitation intensity

warmer condition is also become bigger on same occurrence
probability. Inundation area is about 1.4 times increase in both
of two river basins and number of fatalities is 2.3 times increase
in Tokachi river basin and 6.7 times increase in Tokoro river
basin. These results show necessity of flood protection plan
considering climate change and these quantified flood risk can
be greatly helpful for adaptation plan .

These results became the core of the discussion at the
committee related to future flood risk in Hokkaido, Japan which
was held in fiscal 2017, future flood control measures are going
to be discussed based on these results. Using Earth Simulator
enables to finish these quantification during a period of the
committee. The importance of HPC is increasing in the field of

water disaster prevention.
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focus on over 99%ile.

Tokachi River Obihiro reference point Samples 10x 10°
r 1000

Gumbel distribution

SLSC Average of
1.0 % 105 Sample

99.50 / 200
Historical climate ~ 99.33 / 150
simulation : 0.017 9 -

+4K Future climate
simulation : 0.019

50

©
-

20

AI150 probability rainfall
/ Actual 226mm 10
Historical climate simulation
202mm-289mm
+4K Future climate simulation
264mm-395mm

Non-exceedance probability (%)

_____ +4K Future climate simulation minimum and maximum values
[0 +4K Future climate simulation 95% confidence interval
----- Historical climate simulation  minimum and maximum values
simulation  95% interval

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Quantile value

Fig. 5 Return probable rainfall (Historical and 4K warmer climate

==
—— Actual

conditions)

362



HERS I 2 L — & YRR

Acknowledgement

This study was conducted with Prof. Nakatsugawa (Muroran
institute of technology), Mr. Tokioka, Mr. Sasaki, Mr. Hamada
(Hokkaido Regional Development Bureau, Ministry of Land,
Infrastructure, Transport and Tourism), Dr. Yamamoto, Mr.
Chiba, Mr. Tomura(River center of Hokkaido), Mr. Yoshida,
Mr. Omura, Mr. Masuya and Mr. Uemura(Docon Co., Ltd.).
This study was supported by MEXT/SICAT. This study utilized
the database for Policy Decision making for Future climate
change (d4PDF), which was produced under the SOUSEI

program.

Reference

[1] T.J. Yamada, J. Sasaki, N. Matsuoka: Climatology of line-
shaped rainbands over northern Japan in boreal summer
between 1990 and 2010, Atmos. Sci. Let., 13, 133-138,
2012.

[2] Y. Kitano, T. Yamamoto, A. Kobayashi, T. J. Yamada:

Statistical analysis of typhoon related events in Hokkaido

and surroundings in the last 56 years including the 2016

heavy rainfall, Journal of Japan Society of Civil Engineers,

Vol.73, No.4, I 1231-1 1236, 2017. (in Japanese with

English abstract)

363

[3] T. Hoshino, T. J. Yamada: Analysis of annual maximum
precipitation over first-class river basins in Japan using a
large-ensemble dataset(d4PDF), Journal of Japan Society of
Civil Engineers, Vol.74, No.4, 1 187-1 192, 2018.

Mizuta, R., and Coauthors: Over 5000 years of ensemble
future climate simulations by 60 km global and 20 km
regional atmospheric models, Bull. Am. Meteorol. Soc.,
pp.1383-1393, 2016.

H. Sasaki, A. Murada, M. Hanafusa, M. Oh'izumi and K.

Kurihara: Reproducibility of Present Climate in a Non-

(5]

Hydrostatic Regional Climate Model Nested within an
Atmosphere General Circulation Model. SOLA, 7, 173-
176, 2011.

S. Masuya, and Coauthors: Probability rainfall considering
uncertainty based on a massive ensemble climate
projections in actual river basin, Journal of Japan Society of
Civil Engineers, in prep. (in Japanese with English abstract)
F. Uemura, and Coauthors: Estimation of annual maximum
rainfalls based on a massive ensemble climate predictions
in actual river basin, Journal of Japan Society of Civil
Engineers, in prep. (in Japanese with English abstract)

T. J. Yamada, and Coauthors: The influence of climate
change on flood risk in Hokkaido, , Journal of Japan
Society of Civil Engineers, Advances in river engineering,

2018. (in Japanese with English abstract)

i — Barth Simulator Strategic Project with Special Support —






