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As the preparations to evaluate spatial differences of future snow cover change with 1 km downscaling using non-hydrostatic

regional climate model (NHRCM), we selected 5 years of heaviest, median, and lightest snow cover in historical, 2K warmer,

and 4K warmer experiments with 5 km grid spacing for Hokushinetsu and South-Tohoku regions. Downscaling simulations

with 1 km grid spacing in historical experiments and global reanalysis JRA-55 have been conducted for both regions. The

results have been compared with AMeDAS and snow depth data observed by National Research Institute for Earth Science and

Disaster Resilience. The simulated snow depth was remarkably over-estimated in 5 km but slightly under-estimated in 1 km in

mountainous area. Negative bias shown in plane area of districts along the Sea of Japan was not disappeared.
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1. Indtoduction

Although snow cover seems to decrease accompanying
climate warming, heavy snowfall might increase in mountainous
area in central Japan and heavy and light mid-winter snowfalls
become more extreme [ 1], [2]. The characteristics of snow cover
distribution are different among region, and affected by small
scale topography. As the preparations to evaluate spatial
differences of future snow cover change with 1 km downscaling
using non-hydrostatic regional climate model (NHRCM), we
selected 5 years of heaviest, median, and lightest snow cover in
historical, 2K warmer, and 4K warmer experiments with 5 km
grid spacing for Hokushinetsu and South-Tohoku regions.
Downscaling simulations with 1 km grid spacing in historical
experiments and global reanalysis JRA-55 have been conducted
for both regions and investigated bias of snow depth simulated

NHRCM with observation at sites located in mountainous area.

2. Methods and Data

The 5 km grid spacing dataset created by Social
Implementation Program on Climate Change Adaptation
Technology (SI-CAT), SI-CAT DDS5TK [3], was downscaled to
1 km grid spacing using NHRCM. The target areas are
Hokushinetsu and South-Tohoku indicated in Fig.1. The black
framed area is already downscaled in SI-CAT program.

SI-CAT DDS5TK is data downscaled based on historical, 2K
warming, and 4K warming experiments of d4PDF for Tohoku to
Kyushu district over 372 years respectively. Also, the experiment
from global reanalysis JRA-55 as initial and boundary condition
was conducted to validate.

We planed that the downscaling to 1 km grid spacing will be
conducted for selected 5 years of heaviest, median, and lightest

snow cover. The heaviest and lightest years are selected by
annual maximum snow depth averaged over the area where the
altitude is higher than 800 mASL for Hokushinetsu and 500
mASL for South-Tohoku, respectively.

The downscaling to 1 km grid spacing with JRA-55 has been
conducted for three winters, 2005-2006, 2006-2007, and 2015-
2016 to evaluate bias. The data to validate snow depth are snow
cover observation in mountainous area by National Research
Institute for Earth Science and Disaster Resilience (NIED) and
AMeDAS by Japan Meteorological Agency. The number of sites
of NIED used in comparison are § for Hokushinetus and 2 for
South-Tohoku, and of AMeDAS are 35 for Hokushinetus and 37
for South-Tohoku.

(a) Topography, DEM_SRTM30
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Fig.1 Simulating areas of 1 km downscaling and elevation.
Orange: Hokushinetsu, Light blue: South-Tohoku. Black:
Central district simulated in SI-CAT.
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3. Results

The results of bias evaluation of snow depth are described.
Figures 2 and 3 show downscaling of 1 km and 5 km grid spacing
from JRA-55 compared with observation. The simulated snow
depth in 1 km reflects topography than that in 5 km. The snow
depth in 5 km is remarkably over-estimated but slightly under-
estimated in 1 km. Negative bias shown in plane area of districts
along the Sea of Japan was not disappeared. The figures are only
for 2005-2006 winter when it was heavy show but basic
characteristics are similar for the other winters.

Table 1 shows mean bias error (MBE) and root mean square
error (RMSE) using NIED data for three winters. In general,
snow depth bias in mountainous areas of 1 km simulation is
improved compared with 5 km simulation.

According to the comparison of snow depth in each NIED
observation site, downscale simulation tends to be
underestimated in 1 km grid spacing and overestimated in 5 km
although site dependency is large. The effect of local scale

topography, such as snow drift, should be considered.
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Fig2 The comparison between snow depth simulated in
downscaling based on JRA-55 and observation (Hokushinestsu).
Top: topography and elevation of observation sites. O :
AMeDAS, [J: NIED. Red circle: Nagaoka. Middle: simulated
snow depth and difference from observation in 1 km. Bottom:

simulated snow depth and difference from observation in 5 km.
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Fig.3 Same as Fig.2 but for South-Tohoku. Red circle: Shinjo.

Table 1 Bias estimation using NIED data for three winter
downscaling. MBE is mean bias error. Units are m.

Hokushinetsu South-Tohoku
Grid spacing 1 km 5km 1 km 5km
MBE -0.33 0.98 -0.18 3.04
RMSE 0.74 1.89 0.98 327
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