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Abstract

This study focuses on the potential risk associated with poor visibility
hindrance causedby blowing snow. Measures against poor visibility
hindrance and drifting snow onwinter roads include snow fences snow break
forest and drift free cute.These fasilitie have been evaliated as highly
effective through a series of surveys on national highwaysand in light of the
decrease in the number of road closures due to blowing snow.lnrecent
years,however multi-vehicular collisions and road closure due to poor
visibility caused by blowing snow are increasing. Snowfall and blowing
snow are the causedpoor visibility,which is the main cause of multi-vehicular
collisions and road closure inwinter.Because effective measures to prevent
such poor visibility have not beenidentified to date,more effective
measures are required.

Such development required a better understanding of the principal
causes andfeatures of poor visibility. To that end, quantification of poor
visibility as seen from thedriver’s viewpoint is necessary. However,few
studies have focused on the developmentof methods to measure visibility
during continuous driving at high speeds. Also few studies have been
made to identify places on winter road where the visibility is prone to sudden
change that might endanger dribers, or to identify safety measures
effective for
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such places.

In planning facilities to mitigate poor visibility, the quantity of
drifting snow at such places is considered. Howeber date that quantify
drifting snow for all parts of Hokkaido are unavailable. To support
installation planning of snow protection facilities,we made investigations to
identify dangerous sections with poor visibility and measures effective for
such sections. Necessary data including the occurrence of blowing snow
that obstructs traffic, an outline of places with poor visibility, and the
frequency of blowing snow were obtained from studies of the weather and
conditions on and around potential routes. However, conventional
measures and methods for evaluation of blowing snow that causes poor
visibility are insufficient. Thus, new survey methods are required.

Given the state of measures against poor visibility, this study
clarifies the major causes of poor visibility by snowfall and blowing snow
and quantifies the present conditions to clearly outline them. In this
guantification, the characteristics of the poor visibility due to a sudden
desrease in the visible distance are first identified, and a new method for
determining measures is proposed

To accurately understand facilities effective in mitigating poor
visibility, a method is devised to calculate the amount of snowdrift with a
30-year exceeding probability for 1-km mesh, and a distribution map of
the amount of snowdrift for all Hokkaido is made. The sections requiring
measures against poor visibility and their levels of were identified by
studies to plan snow protection facilities. We propose a of measures
necessary for each section.

This paper is divided as follows.
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Chapter 1. Introduction
Describes the background and objectives of the study and the
structure of this paper.

Chapter 2. Standpoints of past studies and this study

Reviews past studies to highlight the original aspects of this study.
These aspects relate to causes and quantification of poor visibility,
effective new measures against poor visibility, and planning of such
measures including investigation and desigh.

Chapter 3. Causes of poor visibility

Categorizes the types of poor visibility on roads and their principal
causes, and discusses their interrelations, because factors causing poor
visibility are considered to vary with road topography, weather condetions
and surroundings.

Chapter 4. Quantification of poor visibility due to blowing snow

Clarifies the quantification method of poor visibility and presents
the configuration of quantification systems, the measurement examples
and the use of (1) newly developed sideways scattering vehicle-mounted
visibility meter, (2) ordinary transmission meter and (3) reflection meter.
These systems conduct measurements to identify plases where poor
visibility due to sudden reduction of visibility range occur, to identify
characteristics of such poor visibility, and to clarify factors causing the
poor visibility and the features of such factors.

In addition, the effect of measures is discussed in relation to the safe
driving of vehicles under poor visibility, which is important in examining
the snow prevention methods,
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Chapter 5. Measures against poor visibility

Proposes countermeasures effestive for newly identified problems,
whose solitions are sequired as early as possible, after evaluation of
conventional measures for poor visibility and clarification of their features and
problems. Based on the data made available for the first time in Chapter
4 of this paper, countermeasures to sudden visibility reduction caused at
break points of the road structure and edges of road facilities, and by
topographically complex roads were examined by using digital simulation
to find more effective countermeasures using a secondary snow fence. To
improve driver guidandce under poor visibility on road with snowy, icy surface,
a method of installing delineators was studeied. Also, an advanced,
intelligent delineator that automatically starts illuminating at
appropriate brightness in response to visibility changes was developed.
The new delineator was tested on the national highway currently in
service, and was verified to be highly effective in guiding the driver. New
measures against poor visibility are proposed.

Chapter 6. Planning method of countermeasures to poor visibility

Proposes a new method of planning countermeasures to risks
according to their potential, such as poor visibility and snowdrift on
winter roads throughout Hokkaido. We studied the method of estimating
the amount of snowdrift around facilities, whish of necessary for designing
facilities of proper scale. The chapter discusses the mapping of the
distribution of snowdrift amount with a 30-year probability in 1-km mesh
for all Hokkaido. A method of calculating and evaluating the risk potential of
poor visibility is introduced to identify sites where danger is great during
poor visibility, and to outline the places where potential risk increased
due to poor visibility. We ranked areas of Hokkaido according to the
snowdrift estimation map and the potential risk map, and
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proposed measures to correspond with those ranks. In doing so, we
clarefied that the potential risk is a highly effective index in planning
countermeasures to poor visibility.

Chapter 7. Conclusions

Summarizes the method of quantifying the visibility hindrance on
winter roads toward effestive use in planning of countermeasures. New
measures against poor visibility at snowstorm and snowfall were
proposed.
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