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We have experienced several heavy snowfall events under recent climate, but still not sufficiently-understood the extreme
snowfall change that occurs with global warming and its mechanism. The prediction requires ensemble experiments with
several kilometers horizontal resolution using a regional climate model. The high resolution is especially an essential
element. We thus operated a large number of ensemble warming projections for Skm grids spacing dynamically downscaled
from the 20-km RCM ensemble dataset to reveal the change of the extreme snowfall event due to the warming shift in Japan,
which has two typical snowfall patterns. As the domain-averaged response to the warming shift, the snowfall amount of
south-coast cyclone pattern regions was decreasing with the temperature rise. Meanwhile, winter monsoon pattern regions
showed little change in canceling between increasing and decreasing trends in mountain- and coastal-snow type area,
respectively. Based on the existing snowfall mechanism, the reason for the increase of the mountain-snow type is the
temporal-irregular intensification of cold air outbreaks; the cold air mass flux blowing toward Japan Sea clearly increases
only around the day of extreme snowfall; the cold dry air obtaining more latent heat on the ocean increases the precipitable
water vapor; the air is transported into the land by winter monsoon and more largely encourages the intensification of the
precipitation activity resulting from the orographic updraft. Such a set of processes beginning with the cold air outbreak may

more strongly control the extreme snowfall phenomena on the warming field.

Keywords : meteorology, global warming, extreme event, adaptation, climate change

1. Background

An extreme heavy snowfall is one of the mesoscale
meteorological phenomena, and sometimes has a
disproportionate impact on our human life as weather
disasters. There are two typical pressure patterns causing
snowfall, “lake or ocean effect snow pattern” (e.g., the
downstream area of the Great Lake, Norwegian sea, Japan
Sea) and “snowstorm pattern” due to extratropical cyclone
(e.g., East Coast of North America, Pacific side of Japan). it is
difficult to quantitatively estimate the change of snowfall by
the warming shift; the regional-scale snow impact given by
the regional climate model (RCM) has left much room for
scientific discussion even now. An extreme snowfall event
being difficult caught by the single or several model-runs
designs because of probabilistic rare event, it needs to realize
the climatic relationship with global warming by using a
statistical uncertainty derived from an ensemble experiment
by RCM. Most existing large-scale ensemble experiments
have unfortunately had coarse spatial resolution (>100 km) as
well as the climate change projection by AOGCM, and only a
few studies had large-scale ensemble experiment with higher
resolution. It is not able to pursue an argument to longer-term
rare snowfall events due to the limited number of model run
in the existing high-resolution ensemble experiments, that
unequivocally is an important factor that results in the

uncertainty of the less-frequency event

In this study, we operate a large-scale ensemble experiment
with 5 km grid resolution dynamically downscaled from the
20-km RCM in the d4PDF dataset to reveal the change of
extreme snowfall event by the warming shift. Japan has many
world’s leading snowiest major cities based on two typical
pressure patterns causing snowfall on topographical
complicated region, and recently several heavy snowfall
phenomena. Thus, by applying the estimation of central Japan
into the Generalized Extreme Value (GEV) distribution, we
examined the difference between the present and future in
each typical snowfall pattern, referring to a mechanism of the
extreme snowfall event including the relationship with a cold
air outbreak. We randomly extracted over 1000 years’ data
from the regional 20-km grid resolution d4PDF dataset over
several thousand years, and conducted the historical, and 2K-

and 4K-warmer future scenarios simulations.

2. Methodology

To obtain probabilistic future projections of low-frequency
local-scale snowfall events, we used the d4PDF regional
climate dataset including 2K warming experiment. The
dynamical downscaling to 5 km grid resolution was
conducted with NHRCM from the d4PDF 20-km regional
climate dataset (Fig. 1). To attempt certainly understanding for
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frequency of occurrence of a rare event as the probability
density function, we remedy the deficiency of value within
the extreme range by using GEV as the extreme value theory.
As additional data analysis for the model outputs, we
estimated spatial and temporal variations in cold air mass flux
by using the isentropic cold air analysis tool which defines the
mass below the threshold potential temperature as cold air

mass.
B " Dynamic downscali skaps .
JRASS 20kmDS N — Validation
(re-analysis: 1980-2010) S Slyeans” o d—
31 years” Dynamic (Kawasc et al., 2018)

downscaling This study
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“31years” x 12member

d4PDF 20km - f f
(far-future: +4K) ' .
“3lyears”x 12member 20km res. ) E flcct of global war
onmeteorology

Fig. 1. A design of the ensemble warming prediction by the

regional climate model

3. Results and Discussion

As a Japanese snowfall pattern is divisible into two regions
according to the atmospheric pressure pattern, each frequency
of the extreme snowfall events was statistically analyzed with
PDF relevant to the extreme event extracted from all snowfall
data (Fig. 2). The winter monsoon pattern experienced little
warming impact from temperature rise field compared to the
south-coast cyclone pattern. Thus, we examined PDF in each
increasing and decreasing regions with the same way as Fig. 2
(Fig. 3). The spatial variation had an increasing trend in the
mountainous area and decreasing in the coastal area.

(a) Winter monsoon pattern region

HPB-DSS5 (372 years) 2K-DS5 (372 years) 4K-DS5 (372 years)
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(b) South-coast cyclc
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Fig. 2. Statistical comparison of extreme snowfall between (a)
the winter monsoon and (b) south-coast cyclone pattern
regions among present, near- and far-future. The south-coast
cyclone pattern indicates a condition of atmospheric pressure
distribution locating cycles off the south-coast of Japan,
whereas the winter monsoon pattern is atmospheric
pressure in - which high pressure liesto the westand low
pressure to the east. Maxggy is @ maximum snowfall value
that is statistically defined by GEV distribution (SLSC < 0.03)
and k represents a shape parameter of GEV with an error
range (£0).
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Fig. 3. (a) A difference of the extreme snowfall between
present and future climates in the winter monsoon pattern
region. (b) Comparison of extreme snowfall distribution
between increasing and decreasing regions.

4. Conclusion

The domain-averaged amount of the extreme snowfall of
south-coast cyclone pattern regions has quantitatively
decreasing trends along with the global-scale temperature rise,
but that of the winter monsoon pattern regions had little
difference among present and future climates. Thus, this study
mainly focuses on the future changes in the extreme snowfall
event under typical winter monsoon pattern regions. As a
result of the composite analyses with the ensemble
experiment, we concluded that, the future warming shift
largely increases saturated water vapor based on the
Clausius-Clapeyron relation, leading to an increase in the
winter precipitation; the temperature rises results in crossing
the threshold for water phase change in a part of the region.
For the Japan Sea side, the reason for the precipitation change
is increasing the dry cold air mass flux from Siberia.
Consequently, it augments opportunities for a snow cloud
formation by more sufficiently supplying the heat and water
from the ocean. It suggested a need to add further weight to
the constant monitoring of the cold air outbreak in the extreme
weather forecast on the warmer field.
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