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We investigate the dependency of spatial resolutions on summer non-precipitation days and heavy precipitation events using a

regional climate model (RCM) with different horizontal-resolutions. The simulation accuracy of the consecutive dry days affects

near-surface temperature over the central mountainous regions. In the dynamical downscaling experiments with Skm grid spacing

(DS5km), a net radiation decreases over the mountains relative to that in the experiments with 20km grid spacing (DS20km) due to

a reduction of downward short wave radiation. As a result, a daily mean temperature is 0.2-0.3 K lower in DS5km than DS20km.

To evaluate the impact of dynamical downscaling experiments on flood runoff and the impact of rainfall distribution of each spatial

resolution on hydrological process, two types of flood analysis with distributed hydrological model are conducted on selected past

flood events. The spatial resolution of RCM is more important to simulate the heavy rainfall, which causes flood, than the spatial

resolution of rainfall distribution in runoff analysis.

Keywords: Dynamical downscaling, spatial resolution, consecutive dry days, flood simulation, river discharge analysis

1. Introduction

A high-resolution regional climate model (RCM) resolves
complex topographies and well simulates the heavy snowfall and
rainfall in Japan [1][2]. Using the Earth Simulator, our research
group conducted regional climate ensemble simulations using
nonhydrostatic regional climate model (NHRCM), developed in
Meteorological Research Institute, Japan Meteorological Agency
[3]. In this report, we focus on consecutive dry days, i.e., non-
precipitation days, and heavy precipitation events in summer
and discuss a resolution dependency of their reproducibility. To
reveal the optimal spatial resolution of rainfall causing flood, it
is necessary for flood analysis using RCMs in climate change
impact assessment study in local scale. We made an attempt
to evaluate the impact of different spatial resolution of rainfall
on runoff analysis by using a distributed hydrological model
and dynamical downscaling experiments on selected past flood

events.

2. Experimental design
Four dynamical downscaling (DS) with 20km, Skm, 2km,

and 1km grid spacings are conducted, which are referred to
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DS20km, DS5km, DS2km, and DS1km. Figure 1 shows the
model domains. The lateral boundary conditions of DS20km
are the Japanese 55-year Reanalysis (JRA-55). We set the
specification of NRHCM with 20 km and 5 km grid spacings
with existing study [4]. The target term is from 1980/81 to
2010/11. DS20km (DS5km) runs from July 1 (24) of each year
to August 31 (30) of the following year. For the specific heavy

50°N 4 o
40°N =
30°N =
20°N 20km E
T T T T T T
110°E 120°E 130°E 140°E 150°E 160°E

Fig. 1 Model domains. DS1km and DS2 km use the same domain.
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precipitation event, the higher-resolution dynamical downscaling
with 1 km and 2km grid spacing are conducted from DSSkm.
In these higher-resolution simulations, a precipitation process
is calculated by the microphysics scheme only. We focus on
consecutive non-precipitation days, i.e., dry days, in August
and heavy precipitation events in July. In addition to regional
climate simulations, the river discharge analyses are conducted

to evaluate the flood in Nagaragawa River.

3. Results and Discussion
3.1 Simulations of consecutive dry days

During August, consecutive dry days simulated by the
DS20km are overestimated over the central mountains in Japan,
while it is consistent with the observation when the horizontal
resolution is Skm (Fig. 2). In other words, an occurrence
frequency of clouds with precipitation is less in the DS20km
than the DS5km and observation. The simulation accuracy of the
consecutive dry days affects near-surface temperature over the
central mountainous regions in years with a large difference in
consecutive dry days between two experiments. In the DS5km,
a net radiation decreases over the mountains relative to that in
DS20km due to a reduction of downward short wave radiation.
As a result, a daily mean temperature is 0.2-0.3 K lower in the
DS5km than the DS20km.

3.2 Impact of DDS experiments on flood runoff with
distributed hydrological model

To evaluate the impact of DDS experiments on flood
runoff and the impact of rainfall distribution of each spatial
resolution on hydrological process, two types of flood analysis
with distributed hydrological model (DHM) was conducted
on selected past flood events. One is conducted by using the
DS20km, 5km, 2km and 1km directly for DHM (Fig. 3), the
other one is conducted by using rainfall which is coarse-grained
based on DS1km for DHM (Fig. 4), respectively.

In comparison between DS and coarse-graining experiments
of runoff analysis, coarse-graining experiments results varied

narrowly relative to DS experiments in each spatial resolution

20 (2) OBS (APHRODITE)

38N
37N
36N

35N

L

136E

34N

138E  140E  142F 136E

indicate the central mountains in Japan (modified [7]).

b) 5km run

138E
Fig. 2 The 31-year mean of consecutive dry days in August for (a) observations (APHRODITE; [5][6]), (b) DS5km, and (c) DS20km. The
topographic contour interval in (b) and (c) is 500m above sea level (a.s.l.). In (b) and (c), ocean is masked out by gray shading. Rectangles
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(Fig. 3, 4). Therefore, the reproducibility of rainfall by RCM is
more important than the spatial resolution of rainfall distribution
in runoff analysis such as flood. Moreover, in the case of heavy
rainfall was occurred in boundary condition (DS20km in this
study), it is found that heavy rainfall was occurred in every
DS experiments. However, the rank of daily rainfall which
is caused flood might be exchanged increasing the spatial
resolution with DS experiments. Therefore, to decide the event
of DS experiments, rainfall distribution and meteorological field

should be clarified in boundary condition.

O 20km A 5km [ 2km
% 1km mmm observation

1234567 8910111213
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Fig. 3 Comparison between DS20km, 5km, 2km and lkm and

Peak dishcarge (m?® s)

observation of peak discharge in each flood event.
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Fig. 4 Comparison between DS1km, coarse-graining experiments based
on DS1km (DS20km, DS5km and DS2km) and observation of
peak discharge in each flood event.
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