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High-resolution regional climate ensemble simulations with 5 km grid intervals are conducted using Nonhydrostatic Regional
Climate Model (NHRCM) to investigate a characteristic of extreme events. The Japanese 55-year Reanalysis (JRA-55) and ten-
ensemble member of the database for Policy Decision making for Future climate change (d4PDF) are applied to the lateral boundary
conditions of NHRCM from 1980/1 to 2010/11. Total integrated years are 31 and 310 for JRA-55 and d4PDF downscaling (hereafter
JRAS5-DS and d4PDF-DS), respectively. We focus on heavy snowfall in Japan. The d4PDF-DS enables us to evaluate much heavier
daily snowfall events than those simulated by the JRAS5-DS. The composite analyses of top 30 heaviest daily snowfall events show
that typical sea level pressure (SLP) pattern causes heavy snowfall in each area. A comparison between JRA55-DS and d4PDF-DS
indicates that heavier snowfall events at Tokyo can occur when the more developing coastal extratropical cyclone passes along the
coast. We classify the SLP pattern in all snowfall events at each grid. The SLP pattern causing heavy snowfall events depends on the

region rather than those causing all snowfall events.

Keywords: Dynamical downscaling, regional climate, heavy snowfall

1. Introduction 2. Experimental design

Extremely heavy snowfall causes traffic accidents, isolation 2.1 Specification of regional climate model and
of towns, and surface avalanches in the mountainous areas. experimental designs
Strong cold air outbreaks bring about heavy snowfall into the We used Nonhydrostatic regional climate model (NHRCM)

mountainous areas in the Sea of Japan side. In contrast, meso-f3 developed in Meteorological Research Institute, Japan
and meso-y scale phenomena such as a local-scale depression Meteorological Agency, for regional climate simulations [2]. The
and a local convergence zone cause heavy snowfall over the specification of NRHCM is almost same as that used in [3] except
coastal areas in the Sea of Japan side. The convergence zone for urban climate model. The NHRCM in this study includes the
appearing in the leeward of Korean Peninsula, which is called Square Prism Urban Canopy Scheme (SPUC) [4]. A horizontal
as Japan sea polar air mass convergence zone (hereafter, JPCZ), grid interval is 5 km. Figure 1 shows the model domains.

causes heavy snowfall in the central and western part of Sea of
Model domains and orography

Japan side [1]. On the other hand, extratropical cyclones passing 55N

at the south of Japan sometimes bring about heavy snowfall in 50N / B ‘. 24

the Pacific Ocean side where the largest urban area, i.e., Tokyo .

Metropolitan area, is located. The purpose of this study is to .

clarify the characteristics of extremely heavy daily snowfall
35N
in the middle Japan using high-resolution regional climate

ensemble experiments. We conduct the composite analysis of 80N
extremely heavy snowfall events and discuss the difference of 2581

synoptic patterns causing heavy snowfall in each area. 20N/,

15N .
110E 120E  130E  140E  150E  160E

Fig. | Model domains and orography. The area with black thick and thin
are model boundaries of 20km and Skm NHRCMs, respectively.
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The lateral boundary conditions of Skm NHRCM is the
database for Policy Decision making for Future climate change
(hereafter, d4PDF) ([5][6]). We focus on 31 years from 1980
to 2010 and use 10 ensemble members in the past climate
simulation (hereafter, d4PDF-DS01 to d4PDF-DS10). The total
number of integrated years are 310 (hereafter, d4PDF-DSall).

We analyzed the results from October to following June. We

conducted the similar experiments using the Japanese 55-year

Reanalysis (JRAS55) as an initial and lateral boundary conditions
(hereafter, JRA55-DS). The simulated precipitation and

temperature are compared with Automated Meteorological Data

Acquisition System (AMeDAS), which is a dense observation

network maintained by JMA.

3. Result and discussion
3.1 Simulation skills

Similar temperature biases are found between JRA55-DS
and d4PDF-DSO01 (Fig. 2). Both experiments show cold biases

in the northeastern parts of Japan main islands and warm biases
in the central and western parts of Japan. Winter precipitation
is underestimated by the JRAS55-DS over the Sea of Japan side
in the central and western Japan. Similar biases are found in
d4PDF-DSO01 except for Kanto district. Kanto district shows
positive and negative biases in JRA55-DS and d4PDF-DSO01,
respectively. In comparison with the 20 km NHRCM in d4PDF,

the reproducibility of winter precipitation has much improved [6].

3.2 Heavy snowfall simulated by JRA55-DS and
d4PDF-DS

Composite analyzes were conducted using top 30 heavy
snowfall events in d4PDF-DSall at three stations, Tokyo,
Tsunan, and Nagoya. Figure 3 illustrates the composite of daily
snowfall, rainfall, sea level pressure (SLP). In Tokyo, low SLP
appears over the south of Japan, indicating the south-coastal
extratropical cyclone. This is a typical SLP pattern of snowfall

occurring around Tokyo. Tokyo is located at the boundary of
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Fig. 2 Horizontal distribution of temperature and precipitation biases in JRA55-DS and d4PDF.
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Fig. 3 (Top) Composite of top 30 heavy daily snowfall
events simulated by d4PDF-DSall. Colors represent
daily snowfall (green) and rainfall (blue), and

o V' contours represent sea level pressure. (Bottom)
° Differences in the composites between d4PDF-
° DSall and JRA55-DS. Green color represents
N that snowfall in d4PDF-DSall is larger than that
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in d4PDF-DSall is lower and higher than that in
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JRAS55-DS, respectively.
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snowfall and rainfall. The penetration of higher SLP is found
over the eastern coast of Japan island, which is known as cold
air damming [7]. On the other hand, in Tsunan, the composite
analysis shows the typical SLP pattern during cold air outbreak,
i.e., the prevailing northwesterly. The composite of heavy
snowfall in Nagoya shows the similar SLP pattern to Tsunan
(Fig. 3c), although Nagoya is located in the Pacific Ocean side.
The pressure gradient is larger than that in Tsunan, meaning that
the heavy snowfall occurs at Nagoya during stronger cold air
outbreak. Moreover, the heavier snowfall band appears over the
southwestern part of Sea of Japan, which represents the JPCZ.
Therefore, strong cold air outbreak and JPCZ are important to
induce heavy snowfall in Nagoya.

The JRAS55-DS and d4PDF-DSall have climatic fields for
31 and 310 years, respectively, suggesting that the d4PDF-
DSall simulates more infrequently and heavier snowfall events
than JRAS55-DS does. We compare the composites of top 30
heavy snowfall events estimated by JRA55-DS and d4PDF-
DSall (Fig.3d-f). In the case of heavy snowfall event in Tokyo,
the low SLP anomaly appears in the south of Tokyo, indicating
the enhancement of the south-coastal extratropical cyclone in
the d4PDF-DSall (Fig. 3a). The high SLP anomaly appears in
the northeastern part of Japan, indicating that cold air damming
is strengthened. For the heavier snowfall events in Tsunan, the
pressure gradient from southwest to northeast is larger, while the
difference is small. The difference of the composites is clear for
the heavy snowfall events in Nagoya. An increase in pressure
gradient indicates that the stronger cold air outbreaks cause
heavier snowfall around Nagoya. Moreover, the snowfall and
SLP anomaly show an enhancement of JPCZ extending toward
Nagoya. The stronger cold air outbreak, i.e., winter monsoon,
and more enhanced JPCZ can produce heavier snowfall around

Nagoya.
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