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To implement social adaptation action against the climate change in Japan, it is necessary to utilize the detailed climate change
projections generated by the dynamical downscaling of the global climate projections. Here, we designed and demonstrated a
methodology that provides user-friendly information on regional climate change in extreme weather events by using the output of
intensive ensemble experiments. In order to investigate future changes of extreme precipitation in the surrounding areas of Japan,
monthly precipitation provided by the d4PDF archive was analyzed. In Hokkaido the intensity and frequency of abnormally high
summer precipitation is increased in the future in July and August. On the other hand, in western Japan, the probability of abnormally
high monthly rainfall is reduced, indicating that there is an increasing possibility of severe droughts in the future. Meanwhile,
abnormally high winter precipitation showed an increase across Japan in December and January. The increase in the amount of
water vapor in the atmosphere and the change in middle latitude storm activities are considered to be associated with the increased

frequency of abnormal monthly precipitation in winter.

Keywords: extreme precipitation, drought, climate change adaptation, downscaling, precipitation change

1. Introduction a methodology that provides user-friendly information on
There has been rapidly increasing demands for detailed regional climate change focusing on extreme weather events by
regional climate projections aiming at promoting social using the output of intensive ensemble experiments. In order
adaptation strategies to minimize the harmful influences to investigate future changes of extreme precipitation in the
caused by climate change. It is important to take appropriate surrounding area of Japan, monthly precipitation provided by
counteractions to reduce the risk caused by weather-related the d4PDF (database for Policy Decision making for Future
forcing, such as floods and droughts which potentially climate change) archive was analyzed. Many earlier studies
induce multi-sectoral damages. Therefore, the magnitude conducted analysis on short-ranged extreme precipitation, such
and occurrence frequency of such forcing events need to be as accumulated precipitation ranging from hourly to several
evaluated. However, the available information on regional day timescales (e.g., Kimoto et al., 2005[1]; Yamada et al.,
climate change is limited in terms of the number of extreme 2014[2]; Kawase et al., 2015[3]), which is useful for discussing
weather event samples which is necessary for evaluating adaptation strategies for reducing disasters related to heavy
the probability (or return period) of the rarely occurring rainfall and also river discharge controls. Meanwhile, the future
strong forcing events because of the limited length of climate change in probability of monthly total precipitation is poorly
simulations. understood despite abnormal weather conditions which is likely
Another barrier for the social implementation of adaptation to persist in a monthly timescale is essential for evaluating the
strategies is the difficulty in interpretation of the simulated impact of climate to water resource and agricultural yields. As
results. Based on the quantitative evaluation of the probability reasons mentioned above, this study analyzed the probability of
or the risk of extreme events, policymakers must understand the monthly total precipitation in summer and winter around Japan.
scientific meaning of the risk and interpret it to citizens at the
time of crucial decision making. However, it requires sufficient 2. Data and Method
knowledge in meteorology and statistics. The dataset used is d4PDF (Mizuta et al. 2017[4]) which is

To overcome these issues, we developed and demonstrated derived from intensive ensemble experiments by 60km mesh
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MRI-AGCM3.2 (Yukimoto et al. 2012[5]) corresponding to end
of the 21st century under the RCP (Representative Concentration
Pathway) 8.5 scenario of CMIPS5. In this study, monthly mean
preciptation and other meteorological varaibles in present
climate run (Historical simulation; 61 years and 100 ensemble
members) and future climte run (+4K future simulation; 61
years and 90 ensemble members) was used. Firstly, exceedence
probability of monthly total precipitation for each month was
calculated at each grid point. Secondly, future change in the
amount of monthly preciptation was evaluated. To establish a
user-friendly outcomes, we consider the reference precipitation
amount by taking account of the observed precipitation value in
past years. In this demonstration, precipitation amount observed
at Sapporo in August and December 2016 was adopted as an
example. By using this reference precipitation amount, local
citizens is expected to easily imagine the intensity and impact of

climate forcing to be discussed in relation to climate change.

3. Abnormal precipitation in summer

Figure 1 displays future change in extreme monthly
precipitation in August. The abnormally low (high) preciptiation
years were defined as years when monthly total precipitation
was below Ist percentile (above 99th percentile) level,
corresponding to once per century severe dry (wet) years
in summer. Future change in monthly precipitation at low
precipitation extremes shows decreasing tendency in many
areas of Japan except for Hokkaido. This means the intensity
of once per century drought becomes more severe in the future
climate. Total precipitation in extreme wet years become larger
in future climate over the Sea of Japan. The change was not
clearly identified over western and eastern Japan. In contrast, in
Hokkaido 99th percentile value increased by 10-30% relative
to the present climate, indicating abnormally high precipitation
years that occur once per 100 year become more severe in the

future climate.
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Fig. 1 Future change (defined as percentage change) in monthly precipitation in August
for abnormally (a) low and (b) high precipitation year defined as 1st and 99th

percentiles, respectively.
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Acordding to the 141-year-long observation record during
1876-2016 in Sapporo, August 2016 was ranked 7th largest
precipitation, approximately corresponding to the 95th
percentile monthly precipitation and return period of 20 years.
In the present climate run, 95th percentile monthly precipitation
in Sapporo is 297.3 mm/month. The once per 20-year monthly
precipitation is increased by 367.4 mm/month indicating that
future wet year is stronger than the current one. The change in
return period for monthly precipitation of 297.3 mm, i.e. current
once per 20-year precipitation, is projected to be shortened by 7.7
year, suggesting that abnormal wet summer in present climate

tends to occur more frequently in the future.

4. Abnormal precipitation in winter

Figure 2 shows future change of monthly precipitation in
abnormally wet December. Extremely high winter precipitation
tends to be larger in future climate simiar to mean winter
precipitation change. This is consistent with the likelihood that
the increase in atmospheric water vapor content and also likely
due to the change in middle latitude storm activities. Among the
past observed monthly precipitation since 1876 in Sapporo, the
December 2016 was ranked second highest precipitation month
(206 mm/month), approximately corresponding to the frequency
of 1.5 times per century. Therefore, the result can be interpreted
as, in Sapporo very wet winter like 2016 December is likely to
occur more frequently and become more strong in the future.

These results suggest adaptation actions for summer
precipitation need to be arranged for each region, i.e. adaptations
to increasing wet summers in Hokkaido region and to increasing
dry summers in other regions, while winter precipitation

extremes call adaptations to increasing wet winters across Japan.
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Fig. 2 Future change in monthly precipitation in

December for abnormally high precipitation

year defined as 99th percentile value of monthly
precipitation.
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