Future changes in snowfall and snow cover
at high Japanese mountain ranges
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Introduction

il

Japan has many mountains.
About 75% of whole Japan is
mountainous areas.

Mountain ranges in the
central Japan are called as
Japan’s Alps, which is named
after European Alps.

Japan’s Northern Alps has
enormous Snow cover.
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»  Similar to the lake effect in snowfall of the Great Lakes 3



Introduction

Impact of global warming on the Japanese snow

» East Asian Winter Monsoon will weaken due to global warming,
resulting in a decrease in winter precipitation along the Sea of Japan
side. [Hu et al. 2000; Kimoto et al. 2005; Hori and Ueda 20006]

» Weakening winter monsoon and temperature rise will reduce total
snowfall in Japan, especially lower elevations.

[Hara et al. 2008; JMA* 2017; Kawase et al., 2015]

» Over the Colorado Headwaters region, global warming enhanced
snow melting at lower-elevations, while increased snowfall at higher
elevations.

[Rasmussen et al., 2011; 2014]

» In Europe and the U.S., large reductions in extreme snowfalls are
projected due to global warming, except for the coldest areas such as

the European Alps and the Rocky Mountains
[de Vries et al. 2014, Lute et al. 2015]



Introduction

Impact of global warming on the Japanese snow

» East Asian Winter Monsoon will weaken due to global warming,
resulting in a decrease in winter precipitation along the Sea of Japan
side. [Hu et al. 2000; Kimoto et al. 2005; Hori and Ueda 20006]

» Weakening winter monsoon and temperature rise will reduce total
snowfall in Japan, especially lower elevations.

[Hara et al. 2008; JMA* 2017; Kawase et al., 2015]

Purpose

To evaluate the impact of global warming on winter snowfall
and snow cover at high elevations of Japan’s Alps using the
regional climate model with 1 km grid spacing.
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Topography in RCMs
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Seasonal variation of snow depth over Northern Alps
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Seasonal variation of half-monthly snowfall

Snowfall over 2000 m ASL
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Seasonal variation of SST, air temperature, and snowfall

Heavy snow-covered years (high elevation>2000m)
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Surface wind (synoptic condition) and precipitation

Historical exp. (5-year-mean) [DJF]
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Surface wind (synoptic condition) and precipitation

4K warming exp. — Historical exp. [DJF]

(5-year-mean)
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Summary

We evaluated future changes in snowfall and snow cover at high
elevations of the Japan’s Northern Alps using a regional climate
model with 1 km grid-spacing.

- In heavy snow-covered years, mid-winter snowfall increases at
high elevations of Japan’s Northern Alps due to global warming.
Mid-winter snow depth is comparable to present one in the 4 K
warming climate.

- In light snow-covered vyears, mid-winter snow cover largely
decreases due to global warming.

- A contrast of mid-winter snow cover between heavy and light
snow-covered years gets larger due to global warming.

- Changes in synoptic condition are different between the heavy
snow-covered years and medium snow-covered year.
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Physical processes in 1km NHRCM
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Microphysics

Radiation

Boundary-layer

Land surface

Urban model

Bulk-type cloud microphysics (Ikawa et al.1991)

Clear-sky radiation scheme (Yabu et al. 2005)
Cloud radiation scheme (Kitagawa et al. 2000)

Improved Mellor-Yamada-Nakanishi-Niino (MYNN) Level 3
(Nakanishi and Niino 2004)

Improved MRI/JMA Simple Biosphere (iSiB) (Hirai and Oh’izumi 2004)

Square Prism Urban Canopy Scheme (SPUC) with snow cover process
(Aoyagi and Seino 2011; Tto et al. 2018)




Future changes in precipitation and synoptic circulation
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Many mountaihous areas in Japan
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Japan has many mountains.
About 75% of whole Japan is
mountainous areas.
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central Japan are called as
Japan’s Alps, which is named
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Future changes in daily snowfall intensity

Heavy snow-covered years
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Seasonal variation of half-monthly snowfall and rainfall
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Many mountaihous areas in Japan
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Specification of NHRCMO1
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Seasonal variation of SST, air temperature, and snowfall

Heavy snow-covered years (high elevation>2000m)
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Social Implementation Program

on Climate Change Adaptation Technology
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Future changes in synoptic circulation
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Why increase? Composites of top 50 heavy snowfall events

Precipitation(snowfall+rainfall) and surface wind

H|stor|cal experlments Future exp. — Historical exp

1
| Yoo o I - |-
|3 F |l a b 4 " " | ' e
] B E | [ R = S . il N W _:I:,‘i,_--‘i I
\ _ " N

PaekUJ“Aogatar VLo

Precipitation

1
e e

|
~y ™ ‘-h B

| © = M & O O ~2 D ©

L i B ks \_'-._.-:
L bt B = . Y 'ﬂ
l ) L1 s E % bt
% ' i ; - e
) i
) | L,
b I F - 1 L 1 ! ‘ T
' L 1 e
; d v o4
: k TR t
" - I o e
s ] ! ’ 1 1™ aty 4
3 J | VR el
57 e T i UG { | - i ¥
—
(=1

g e “~_.~.l1“=~_1“=.5“"=‘¥ ==
Ty A AT T
R 1
SO .'p—-::——?- = -2
B T T _IT"'* | -3
_..‘.____h_'l.,_-y— S -4
=== =;-'—.‘;‘: e 8
- —u-:',—_v‘r—-"li_’__*'_:“ £
| -7
=== "= Hio - -8
c=s—=>7 "7, |-Increased precipitation around JPCZ. -9
i e Y/ - Intensification of JPCZ =10
X : Location of Tsunan station momss ol 130E 135 140E s, =l

JPCZ: Japan sea Polar air mass Convergence Zone .



Why increase? Composites of top 50 heavy snowfall events

Precipitation(snowfall+rainfall) and surface wind

Mean vertical wind and differences Future exp. — — Historical exp
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Why increase? Composites of top 50 heavy snowfall events

Precipitation(snowfall+rainfall) and surface wind

Mean vertical wind and differences Future exp. — Hlstorlcal exp
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15-year-mean annual maximum snow depth

5km NHRCM

(historical 15 year mean)
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Future changes in 15-year-mean maximum snow depth

Snow cover change (cm)
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