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In recent years, blowing snow-induced multi-vehicle collisions have occurred during extreme snowstorms, even in areas where the
frequency of snowstorms in average years has been low. To mitigate traffic problems caused by such snowstorms, road administrators
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need to manage roads more appropriately by clearing snow and closing the roads to traffic in a timely manner. This research aims to develop a technique for
predicting snowstorm-induced visibility reductions on routes in order to assist road administrators in their decision-making on road management during snowstorms.
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A method for estimating visibility during snowstorms based on weather conditions,

and 1ssues toward 1ts development
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Based on generally available meteorological data (air
temperature, wind speed, precipitation, and relative
humidity), the Civil Engineering Research Institute for
Cold Region has developed a technique (Figure 1) for
estimating the occurrence of drifting snow on the road
and for estimating the visibility (m) during snowstorms
using the snow mass flux [g/(m2s)] at the driver's eye
level on the road. The technique is used in the
Snowstorm Visibility Information System, which is
geared to road users (Figure 2). However, the visibility
estimated using this technique is based on the assumption
of well-developed blowing snow at points where a flat
snowfield exists windward of the road section (a
considerably long fetch). Therefore, the actual visibility
reduction on the road may differ from the predicted
results.

EPSP)

MRS FIF
TZHIR)

[ First step ]

«Judge whether drifting snow will occur.
+ Differentiate between snowfall and rainfall.

[52R 7 v ] [ Second step ]

FREZEEZEDHTE -Estimate the density of blowing snow.

[ Third step ]

«Estimate the snow mass flux.

[Z54R 5y ] [ Fourth step ]
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Fig. 1 Flow for estimating visibility during

snowstorms based on the weather conditions

+Estimate the visibility.
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Fig. 2 Snowstorm Visibility Information System
(experimentally provided to the road users (drivers))
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Visibility hindrance on the road
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It has been found that visibility reductions caused by blowing snow on roads are
complex and that they vary depending on the roadside environment, road structure,
and other conditions. Figure 3 shows an example of the relationship between the
roadside environment on a route and the visibility measured using an on-road
visibility observation vehicle. The figure shows that visibility 1s lower on road
sections with flat, open land on the windward side (Figures 3(b) and (d)). It can be
observed in Figure 3 that the visibility is not reduced much on the bridge section (a),
the section with narrow flat land on the windward side (c¢), and the section that runs
through an urban area (e).
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Fig. 3 Relationship between visibility and road environment from the road

(a case using measurements from a visibility observation vehicle)
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Comparison between the onsite observed visibility and the visibility estimated based on

the weather conditions
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Estimation of snowstorm-induced visibility reduction on routes and

10.0

the provision of forecast information
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We analyzed the ratio of estimated visibility (i.e., visibility

estimated based on generally available data of air

temperature [°C] and wind speed [m/s] at 5-km grid points 150
and on precipitation [mm/h] at 1-km grid points) to observed |
visibility (i.e., visibility measured on the road) (Figure 4). It
was found that this ratio tended to vary more when the wind
direction was orthogonal to the road than when the wind P
direction was parallel. Regarding the relationship between S 3
visibility ratio and road structure, the visibility ratio tended to
be higher at the bridge section. The visibility ratio tended to

be higher the wider was the windward tree zone.
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Fig. 5 Support system for decision-making during snowstorms (concept) (information on
o T visibility reductions along routes)
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Windward tree zone
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Fig. 4 Visibility ratio = observed visibility/

estimated visibility
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