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National Research Institute for Earth Science and Disaster Resilience

Snow and Ice Research Center
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Aiming for a secure and comfortable winter life in Japan

We aim to minimize the effects of various disasters that arise from heavy snowfall that occurs over more than half
of Japan. Living in a country with harsh winters requires coping with difficult winter conditions including associated
disasters that occur annually even along Japan’s Pacific Ocean side. The frequency and severity of hazards that
occur changes from year-to-year due to climate change and also as the number of vehicles on the roads increases.
The National Research Institute for Earth Science and Disaster Resilience (NIED) has established the Snow and Ice
Research Center to assist with the social needs that may arise during the winter months. The Snow and Ice
Research Center treats entire topics from basic snow science to application of snow science to snow disaster
mitigation, such as avalanches, blowing snow, snow accretion, and the road hazards.
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Organization and History
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National Research Institute for Earth Science and Disaster Resilience
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Snow and Ice Research Center
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Cryospheric Environment Laboratory
(Shinjo Cryospheric Environment Laboratory)
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Building and research facilities

Snow and lce Research Center, NIED EEMEERRES

Snow pit observation site
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Falling Snow Observatory (FSO)

F& (EE=E)

Main building and cold laboratory

HERERRIES 5% - MERARS

Avalanche slope
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Snow and weather observation site Multi-Phase precipitation radar (MP2)

Snow and Weather Observation Network (SW-Net) and
Snow Particle Observation Line (SPLine)
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Automatic snow and weather stations (SW-Net)

are located on mountains in heavy snowfall
regions (cf.12p.)

FBEH TERAIER (SPLine) DY A +
A fully equipped site for snow particle
observations (SPLine)
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Ubasawa site at Mt.Gassan, Yamagata Pref. Location map of observation sites
within the MP2 radar range
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hinjo Cryospheric Environment Laboratory, Snow and Ice Research Center, NIED
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Main building
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Snow and weather observation site
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Snow pit observation site
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The Cryospheric Environment Simulator (CES) is a large, state-
of-the-art facility available for domestic and international
cooperative use. The CES can reproduce the natural cryospheric
- | environment including natural snowfall. This unique facility
allows us to conduct many basic and applied science projects

and to evaluate disaster mitigation techniques related to the
/ cryospheric environment.

REREEHRKRK Schematic view of the apparatus in the CES
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Snowfal | (crystals)
Snowfal | (ice spheres)
Rainfal |

Solar radiation
Experimental table
Wind tunnel

=G ) ==

E 5k MRI Cryogenic MRI




MZE IO 5 b Research Project

ERIT HEKRKEFOERELEEEMNFAORSHE

Research on combining risk monitoring and forecasting technologies for mitigation of increasingly diverse snow disaster

ERKERF. [RERRITEIYBEK - RE - ERBEDKRALGHEEAREL. TNITHCTHEREEN GER -
HMERZE) PHEEAT (AHBE - £8 - RERELRE) 1 2WITHYFET, BFORBEEHICEHLS5BIHRLER
SREZDHB K EORECHEEELSELEN. HEBEOCHRA VIIHNELT S LTI THERTLK
EAHREDY T HAREMENHY ET,

EXRFEAEEL I —TIE. COKIBEKRKEOSHILIZHIET 51012, BICKERIREZTFAT ST TRH
. BEOKEFREERADE D ETHESADKF LS VA 2R L TRRGKERGIZTOAITFS TFEKHK
1B ZBIETHMRTOC Y b+ [EBTHEKKEORKRERELEMFTROMEHTK] £MAMLELE, O
=012 TEXRKERREDERIEE] Z2TVE0OHEREZ ERKEOEMTFTR [CEAT EVSRKIfiAFEERE L
MREHELTOET, oI, TEHEACPERGELEEL T, ERICHKFEREXTERIENT FRLREL
TWEY,

Snow-related hazards take various forms such as snow/ice accretion, blowing snow, and avalanches depending
on the weather conditions. Consequently, this leads to a wide range of damages (e.g., human casualties,
blackouts, and traffic obstacles) at various locations (e.g. human settlements, roads and mountain slopes). The
scale and form of the hazard may change as extreme weather events associated with recent climate change
increase; the damages induced can also change due to the transformation of social structures and infrastructure.
To counter such a large-scale diversification of the hazards, we have recently begun a project titled “Research on
combining risk monitoring and forecasting technologies for mitigation of increasingly diverse snow disasters” to
construct "Disaster Mitigation Information System" that enables us to provide prompt countermeasures for
potential disaster scenarios by combining various hazard risks. This approach is based on core researches: 1)
developing real-time hazard monitoring techniques and 2) developing a hazard risk forecast system covering a
wide geographical area. Furthermore, we investigate this method by coupling "Disaster Mitigation Information"
with realistic countermeasures, in cooperation with stakeholders.
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Event tree of snow hazards.
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Research on combining risk monitoring and forecasting technologles for mitigation of increasingly diverse snow disaster
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Conceptual scheme of the project: Research on combining risk monitoring and
forecasting technologies for mitigation of increasingly diverse snow disaster.
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Conceptual scheme of combining risk monitoring and forecasting
technologies for the mitigation of snow disasters.
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Study on monitoring and prediction of snowfall distribution and snow particle properties
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It is essential to monitor and predict where, how much, and what kind of snow is falling to reduce the risk of snow-
and ice-related disasters. For this purpose, we are investigating quantitative snowfall distribution estimation methods
using a polarimetric Doppler radar. We are also developing a snowfall monitoring system by combining the radar with
the snow and weather observation network.

Precipitation Intensity at EL 1.697388deg Preceding 48 hour Precipitation at EL 1.69738
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Precipitation intensity (left) and 48 hours accumulated

Multi-Phase precipitation radar (right), Kashiwazaki site of the precipitation (right) estimated using data from the MP2
Snow Particle Observation Line (upper left), Myoko-Sasagamine radar for a concentrated heavy snow event that occurred in
station at 1310 m a.s.l. of the Snow and Weather Observation the Chuetsu area, Niigata.

Network (lower left).
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There are various types of snowfall particles, such as snow aggregates, graupels, and rain and snow mixed. The
particle types are closely related to the risk of snow- and ice-related disasters caused by avalanches, blowing snow, or
snow accretion. Therefore, we are investigating methods to observe the types and characteristics of snowfall particles
based on detailed observations at the Falling Snow Observatory. In addition, we are conducting the modeling of the
growth process of snowflakes and graupels to improve the snowfall prediction schemes of the numerical weather
model.
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Falling Snow Observatory surrounded by the wind shielding net. Typical observations of aggregates (left) and graupel (right) at
the Falling Snow Observatory.
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Research on combining risk monitoring and forecasting technologies for mitigation of increasingly diverse snow disaster
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Study on forecasting snow metamorphism

B (Grain type)
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Observation of snow cover structure
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< Simulation results for grain type and
y water content by a numerical snowpack
model
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Snow depth and stratigraphy for grain type and density are key in the forecasting of snow hazards associated with
accumulated snow. However, it is challenging to obtain spatial and temporal variations for these types of data through
field observations. Therefore, we developed a method to predict changes in snow properties and the risk of related
hazards using a numerical snowpack model. We primarily focused on the physical properties and related changes that
are dependent on the type of precipitation particles for the prediction of avalanches following the fall of brittle
precipitation particles. Furthermore, we studied the mechanism of liquid water infiltration into the snowpack and
developed a three-dimensional water transport model for the prediction of wet snow avalanches. This was achieved
through field observations and cold laboratory experiments using non-destructive instruments for measurements.
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Three-dimensional microstructure
observed using X-ray microtomog-
raphy (left). The weak layer with
brittle precipitation particles (lower
S, right) has a sparse structure in com-
wsas -0soen  PArison to the other layer (upper
right) that has a dense network.
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Cold laboratory experiments of liquid water infiltration
into the layered snowpack (left) were reproduced through
simulations using the numerical water transport model
(right). The two figures in the middle are horizontal cross
sections with 2 cm intervals. Water infiltrates through the
preferential flow path and ponds at the interface between
the upper finer (above black line) snow and the lower
coarser snow (below black line). These processes were
reproduced well using the three-dimensional water
transport model.
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Visualizing of preferential flow
in dry snow sample (right) by
MRI (left).
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Modeling the mechanisms of snow related hazards
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The occurrence of snow related hazards such as blowing snow and avalanches may cause road accidents and disturb
the flow of traffic in snowy regions. Snow accretion sometimes disrupts electricity supply, transportation and logistics
systems. The mechanisms of these hazards are currently investigated through experiments and field observations to
determine their relationship with snowfall, snow cover, and meteorological conditions. On basis of the results,
models to forecast the potential hazards are being developed.
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Avalanche Forecasting and Monitoring
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An Avalanche risk evaluation system is currently under development, and trials are being run for determining the
stability of snowpack on mountainous slopes. Meteorological and avalanche observation stations were installed for
monitoring avalanche activities mainly in central and northern Honshu to improve accuracy of avalanche forecasting.
We validated the forecasting results by comparing them to actual avalanches that had occurred and investigated the
meteorological factors that may have contributed to the avalanche release. The avalanche flows were also captured

on camera and the footage was used to improve simulations on the dynamics of avalanches that calculate avalanche
speed and runout distance.
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Upper fracture surface of an avalanche (left) and snow stability at the time of avalanche release (right).
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Avalanche release observed from an observation station.
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Research on combining risk monitoring and forecasting technologies for mitigation of increasingly diverse snow disaster
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Forecast of poor visibility during blowing snow
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We developed a regional model for forecasting blowing snow and the related visibility using the characteristics of

blowing snow that were determined through laboratory experiments and field observations. We also developed a
detailed physical model for blowing snow and snowdrift over complex topography.
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Wind tunnel experiment to investigate the inner structure and An example of a visibility forecast derived from the
mechanism of blowing snow. Trajectories of snow particles were blowing snow model (Niigata Pref.).

visualized using a laser light sheet.
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Forecast of snow accretion
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We are currently developing a simple numerical model for forecasting hazardous snow accretion based on the results of
studies on the effects of factors such as snow particle shape, snow water content, air temperature, wind speed, wind
direction and object shape on accretion processes. The effects were validated through wind tunnel experiments and
field observations.
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Snow accretion on a traffic light. An example of a snow accretion weight forecast for the Tokyo

metropolitan area.
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Investigation of the avalanche that
occurred at Mt. Nasu in 2017
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Experimental application of the prediction
model for blowing snow
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Snow and Ice Research Center, NIED
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Shinjo Cryospheric Environment Laboratory, Snow and Ice Research Center, NIED
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