ooooooooooooo®
(Coon)

oo o or
(0000000 0)

goood

gobogobooobobbooobboooboooobbooobbooobboobnboo
gbobogobbooobooobbooobooobbooobboobbooobboon
goboboodobooobooobbooobboobbooobboobbooLobboon
gbobogobbooobooobbooobooobbooobboobbooobboon
gobooobobooobooobbooobooobobooobboobbooobbooon
gobbooobbooobobooobbooobuooobboooo

doooodggoooodon

OO0O000000b0b0ob0o0ob0obU0obooob0obU0n (Keschmieden)hOOOoOo QOO
gbobbooobboooboboomoobooobbooobbuooobuooobobooooobo
goboboodobooobooobbooobboobbooobboobbooLobboon
gooogoo

doooggoogodgooodg

gobogobooobobbooobboooboooobbooobbooobboobnboo
gbobogobbooobooobbooobooobbooobboobbooobboon
goboboodobooobooobbooobboobbooobboobbooLobboon
gbobogobbooobooobbooobooobbooobboobbooobboon
gobbooobobooobooobbooobboobnoba

doboogdooogoobogdgoooag

gobogobooobobbooobboooboooobbooobbooobboobnboo
gbobogobbooobooobbooobooobbooobboobbooobboon
goboboodobooobooobbooobboobbooobboobbooLobboon
gbobogobbooobooobbooobooobbooobboobbooobboon
goood

donoogdoooggooogdooodg

gobogobooobobbooobboooboooobbooobbooobboobnboo
gbobogobbooobooobbooobooobbooobboobbooobboon
gbobbooobooooobooobboon

‘D00000000000000000
00000000




donoogdoboggooogoooodn

Koschmieder OO0 OO0 0O00OOO0OOOO0ODOOOODODOODODOOODOOODOODODOO
O, ccbbbougobooboboboooboboboobobobbooboboooobobog
goboboodobooobooobbooobboobbooobboobbooLobboon
gobboodoboobogobbooobobooobbooobbooobbboobboobnboo

gopooodoooooboooooboan

gobogobooobobbooobboooboooobbooobbooobboobnboo
gbobogobbooobooobbooobooobbooobboobbooobboon
goboboodoobooobooonboboa

sy

gobogobooobobbooobboooboooobbooobbooobboobnboo
goboboodobooobooobbooobboobbooobboobbooLobboon
gbobogobbooobooobbooobooobbooobboobbooobboon
gobboodoobooobooobbooobboon



N -

8.
9.

NN NN

W w w w

A

~N NN~

N CSI \C I

-

STUDIES ON THE VISIBILITY FLUCTUATION
AIRBORNE SNOW PARTICLES

by
Keishi Ishimoto

CONTENTS

INTRODUCTION ~— mmeee
THE PRINCIPLE OF VISIBILITY OBSERVATION AND F O LD OBSERVATION
INTRODUCTION
EXPRESSION OF VISUAL RANGE
OBSERVATION STATIONS
DATA ACQUISITION AND TRANSMISSION SYSTEM

VISIBILITY ATTENUATION BY AIRBORNE PRECH)ITATION PARTICLES  -—--- 5
INTRODUCTION

VISIBILITY IN FOG

VISIBILITY IN BLOWING SNOW AND FALLING SNOW

MECHANISM AND SIZE OF VEHICLE-GENERATED SNOW CLOWD  ====- 6
INTRODUCTION
THRESHOLD OF REDUCED VISUAL RANGE CAUSED BY SNOW ENTRAINMENT
IN VEHICLE WAKES
SIZE OF AIRBORNE SNOW PARTICLES
SURFACE FABRIC OF SNOW COVER RELATED TO DEVELOPMENT OF
BLOWING SNOW
DURATION AND SIZE OF VEHICLE-GENERATED SNOW CLOUD RELATED TO
HIGHWAY DESIGN

DISCRIMINATION BETWEEN FOG, FALLING SNOW, BLOWING SNOW AND
VEHICLE-GENERATED SNOW CLOWO — —mmee 9

INTRODUCTION

NEW EXPRESSION OF DISCRIMINATION BETWEEN PRECIPITATION

PARTICLES

VISIBILITY MEASURING SYSTEM USING BRIGHTNESS CONTRAST  —=—=- 10

INTRODUCTION

INSTRUMENTATION AND FIELD OBSERVATION

CERTIFICATION OF THE NEW SYSTEM AND A BASIC OBSERVATION
VERTICAL PROFILES OF VISIBILITY FROM ONE VIEW POINT
CONCLUSIONS REGARDING TO VISIBILITY MEASURING SYSTEM USING CCD
VIDEO CAMERA

MECHANISMS OF THE IMPROVEMENT OF REDUCED VISUAL RANGE ~ —=-—- 15

INTRODUCTION
SNOW FENCE AND SNOW BREAK FOREST
THE EFFECT OF VISUAL CLUES
CONCLUSIONS 16
ACKNOWLEDGEMENTS 17

10. REFERENCES 18



1. INTRODUCTION

The number of traffic accidents involving many vehicles has been increasing in attenuated
visibility condition in winter. The largest number of traffic accidents in Japan occurred in snowy season
in Hokkaido in 1992. Sudden attenuation of visual range by falling snow was reported at that time.
Dynamic visual acuity reduces with age and higher speed of vehicles. Study on visibility fluctuation
is becoming more important to keep safe transportation.

Although visibility is defined for static conditions in meteorology, characteristics of visibility
attenuation depend on mass flux of airborne particles. Visibility fluctuates a little in falling snow and
fog, but varies greatly both spatially and temporally in blowing show and vehicle-generated snow
clouds. Although it is difficult to observe and record visibility continuously by human eye,

A visibility meter can be used to monitor visual range directlyl

The following topics are investigated in this paper.
1)The characteristics of visibility attenuation in fog, falling snow and blowing snow.
2)The mechanism, size and triggering condition of vehicle-generated snow cloud.
3)The discrimination among fog, falling snow, blowing snhow and

vehicle-generated snow clouds.
A)A new visibility measuring system using brightness contrast that can measure visibility of six

arbitrary points from one viewpoint in the scene of a CCD camera every 0.5 second.

2. THE PRINCIPLE OF VISIBILITY OBSERVATION AND F O LD OBSERVATION
2.1 INTRODUCTION

Visibility is defined as the greatest distance in a given direction at which it is just possible to see
and identify with unaided eye (a) in the daytime, a prominent dark object against the sky at the horizon,
and (b) at night, a knownn, preferably unfocused, moderately intense light source(l). Visual range, on
the other hand, signifies the distance that something can be seen(2). A comparison of calculated
visibility with visual range as sensed by the human eye shows that the transmissometer can be used
to measure visibility in blowing snow(3). According to Takeuchi(3), visibility relates more with

mass flux than with volumetric density of airborne snow particles.
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2.2 EXPRESSION OF VISUAL RANGE

Visibility meters may be classified into two broad types. One includes devices which can monitor
the brightness contrast between an object and the surroundings. The other includes devices which
monitor a limited volume of air as a transmissometer. The latter is more popular than the former
because it is easy to operate for continuous monitoring and has a clear theoretical background(3).
Visual range is derived as follows. If the luminance of the target is Bd and that of the background is

Bh, the contrast C is defined as:

C=(B,B,}/B, (€D)

where Bd is the luminance of the object d (m) separated from the luminance meter, and Bh is the

horizontal background luminance. Duntley (1948) expresses the contrast attenuation as:

where o is the light attenuation coefficient. O, is the contrast at the luminance meter.
Koschmieder(1924) defines the visual range (V)as the distance at which the brightness contrast

reaches the threshold (e is the threshold of the brightnes-contrast, e = 0.05, in highway meteorology):

eze ™ ©)

Consequently, the visual range V(m)was derived from the brightness contrast as:

v=d 1ln(e) /1n{c/c,) (40

where d is the distance from the luminance meter to the target.
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Bouguer®s law expresses the light attenuation coefficient as:
0=d™'1n (1/1) ©)
where T is the transmissivity. The visual range through the transmissometer is:
V=d 1n{e)/1ln(T) (6)

The desirable distance from the sensor to the target is calculated to get the most accurate visual range

The relative error is:

AV p-l eswﬂ
—_—= T:
V. 1ln7™* 3dv!

aT (70

If oT is the preset accuracy of the transmissivity, one can show that oV/V has a minimum at 3 d/V =
1; Hence, the most accurate measure of visual range occurs when the base line is of the order of 1/3
of the expected visual range, we can get the most accurate visual range(4). Most adequate span of a
transmissometer varies according to visibility to observe as shown in Figure 1(3).

When using a transmissometer, enough space without optical obstacles must be provided, and
it must be set firmly to provide a stable optical axis. Therefore, a reflector-type visibility meter is more
popular on highways. The output voltage (V,) from a reflector-type visibility meter was compared

with the visibility measured with a transmissometer-type visibility sensor(Figure 2)(5). Visual range

(V)is calculated by:

V=26.33V0.0'87 (8)
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2.3. OBSERVATION STATIONS

Figure 3 shows the locations of observatory stations of the Civil Engineering Research Institute
of Hokkaido Development Bureau. Road weather involving visual range was observed at Ebetu,
National Highway Route(NHR)12 and Douou expressway. Another permanent road weather
observation station is located at Nakayama mountain pass on NHR 230.

At Ishikari station, basic studies were carried out as following :

1) Comparison between visual range through a luminance meter and a transmissometer-type visibility
meter.

2) Relation between a reflector-type visibility meter and a transmissometer-type visibility meter.

3) Development of CCD camera-type visibility meter.

4) Airborne snow particle size in blowing snow.

5) Surface condition of snow cover in blowing snow using a thin section analysis.
Visibility fluctuations in fog, falling snow and blowing snow were observed at Nakayama mountain
pass of 800 m in elevation.

The trigger condition and the mechanism of vehicle-generated snow cloud were observed at

Ebetu. The improvement of reduced visual range was observed at Ebetu and Iwamizawa on NHR 12[]

2.4 DATA ACQUISITION AND TRANSMISSION SYSTEM

Data observed in field is recorded every 0.1 - 0.2 second using personal computers with A/D
converter and hard disk or magnetic tape recorder for the higher frequency recording. Every 10
minutes data average is transmitted to our institute via NTT telephone network to monitor our

observation system and to help make decisions regarding additional observations.
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3. VISIBILITY ATTENUATION BY AIRBORNE PRECIPITATION PARTICLES
3.1 INTRODUCTION

Characteristics of visibility attenuation are influenced by the physical properties and spatial and
temporal distributions of airborne precipitation particles. As a result, visual range of drivers is affected
by visibility fluctuations. In this study, the visibility fluctuation in fog, blowing snow and vehiclel

generated snow cloud were analyzed and compared with each other.

3.2 VISIBILITY IN FOG

Fog occurs when clouds extend to the ground i mountainous areas like the Nakayama mountain
pass NHR 230. Airborne particles in fog are smaller than airborne snow particles and are adequately
diffused and distributed homogeneously in the atmosphere. Figure 4 shows visual range and wind speed
in time series. Wind speed in fog is typically lower than that in blowing snow, and the fluctuation of
visibility in fog is therefore less than that in blowing snow. Visual range is reduced but stable in such
foggy condition. The mass flux of blowing snow increases in logarithmic scale when approaching
ground level(6). The distribution of snow particles depends on wind speed and topography. The peak

of the power spectrum as shown in Figure 5 is lower than 0.1 Hz.

3.3 VISIBILITY IN BLOWING SNOW AND FALLING SNOW

Visual range fluctuates according to falling snow intensity, wind speed and topography in
blowing snow. Figure 6 shows a time series of visual range and wind speed in blowing snow on
Nakayama mountain pass along NHR 230. Visual range in blowing snow fluctuates more than that in
fog as described previously. The power spectrum of visibility in blowing snow (Figure 7) has a peak
of nearly 1 0 Hz, and is therefore 1 00 times larger than that in fog

Visual range and wind speed in falling snow are shown in Figure 8. Mean visual range is almost
stable with little fluctuation. Although the power spectrum of visual range has a peak in high
frequency, the power is not as large as that in blowing snow (Figure 9).

Wind carries snow particles which reduce visibility.
Cross-correlation (Rxy) between wind speed and visibility at 0.2m above snow surface was calculated

as shown in Figure 10.
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R, (T) = R(EYY(E+T) /X 2¥? ©
where X(t) = wit) - w

Y(t) = v{t) - v

where t is time; T 1is time lag; X(t) is wind fluctuation, and Y(t)is visual range fluctuation every 0.5
second for 20 minutes at 0 2 m above snow surface. Sudden violent rush of wind was followed by
reduced visibility a few seconds later. Mean wind speed was 6 m/s and mean visibility was 165 mO
Downward arrow denotes zero-lag time by considering the distance between the light-pass and the
anemometer.

Tabler mentioned characteristics of visual range attenuation in blowing snow in relation to
motorist vision(7). He derived the equation to estimate visual range as a function of wind speed and

pointed out the relationship between gust frequencies in space and time.

4. MECHANISM AND SIZE OF VEHICLE-GENERATED SNOW CLOUD
4.1 INTRODUCTION

The cohesion of snow particles on a road surface is destroyed by the mechanical action of vehicle
tires and the shear stress exerted in the wake by moving vehicles. Therefore, the visibility will be
decreased and the number of traffic accidents will be increased by the vehicle-generated snow cloud

without appropriate countermeasures against reduced visibility[

4.2 THRESHOLD OF REDUCED VISUAL RANGE CAUSED BY SNOW ENTRAINMENT IN
VEHICLE WAKES

Figure 11 shows the threshold condition of blowing show with precipitation(S). Bonding of
snow particles tends to increase with temperature. Figure 12 shows the reduction of visibility by
vehicle-generated snow clouds in relation to temperature and precipitation. Precipitation increases
visibility attenuation in the wake of moving vehicles. As the temperature drops, the cohesion of snow
particles decreases, causing them to be blown up from the road surface more readily. While the
threshold wind speed of heavy blowing snow has less relation to temperature, reduced visibility in

vehicle-generated snow cloud varies greatly with temperature.
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A snow cloud generated by a large truck in the passing lane is shown in Figure 1 30 1n this case,
the wind was calm soon after precipitation ended, the sky was clear, and the air temperature was -4
O . Although the road had been plowed and the travel lane was mostly bare, a little snow still remained
on the passing lane.

The monthly mean air temperature in Hokkaido from December 1 to April I typically ranges
between -10 and 0O . The threshold of vehicle-generated snow clouds depends on air temperature.
Besides real-time meteorological data, forecasts for precipitation and air temperature are also available
from on-line meteorological services. If one knows the correlation between the threshold for snow
entrainment in vehicle wakes and the air temperature and precipitation, it is possible to provide the

motoring public with information on adverse conditions caused by vehicle-generated snow clouds.

4.3 SIZE OF AIRBORNE SNOW PARTICLES

Granular snow particles on highways soon after snowfall are smaller than those of falling snow
(9). According to previous studies concerning snow on highways, the sizes of snow particles range
from 50 to 300p m in diameter and the shape is round when compared with new fallen snow crystals,
The size of melted snow particles in blowing snow was observed on the glass slide covered with oil
as shown in Figure 14, Figure 15 () shows the size distribution of snow particles size obtained by this
method, and Figure 15 (b) shows the distribution as observed by a snow particle counter (10).
Statistical tests indicate that both distributions are samples from the same population. For practical
applications snow particle counters can be used for real time observation of airborne snow particles
on highways. Figure 1 6 shows the size distribution of snow particles on a highway in blowing snow
(Ieft and middle) and in vehicle-generated snow cloud(right)(U). These data were obtained on Douou
expressway Sapporo and lwamizawa. In the vehicle-generated snow clouds, the number of smallei

snow particles was greater than that in blowing snow. No particle larger than 250 py m in diameter was

found.

4.4 SURFACE FABRIC OF SNOW COVER AND DEVELOPMENT OF BLOWING SNOW
The surface fabric of the snow cover varies with the development of blowing snow. We car

observe the development process of blowing snow before freezing of the river surface at Ishikari river

site. The river width is over 300 m as shown in Figure 170 Most of the snow particles from the
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windward side drop into the river before reaching the leeward side. Then we can observe the
developing process of blowing snow and changes of the surface fabric of snow cover on the flooding
area of the Ishikari river. Snow samples for thin sections were used to observe the surface fabric snow
cover after several hours of blowing snow with precipitation. Figure 18(A)shows the thin section(A)
of snow cover at a point 10 m from the edge ofopen water of the river, and Figure 18(B) shows the
thin sections(B) of snow cover 300 m from that point. More porosity was observed in the thin section
near the edge of open water of the river than at the downwind location when the porosity between
snow fabrics is filled with smaller snow particles carried. Speed of sintering is higher in smaller snow
particles. Wind pack effect is predominant and the strength of snow particle bonding increases with
increasing distance of snow transport. Tabler pointed out that older snow consists of grains sintered
to form a surface relatively resistant to particle dislodgment. Fresh snow, however, is quickly

fragmented and easily transported(7).

4,5 DURATION AND SIZE OF VEHICLE-GENERATED SNOW CLOUD RELATED TO
HIGHWAY DESIGN

The diffusion of a vehicle-generated snow cloud is influenced by the geometry of the road and
nearby structures. The duration of snow in the wake of vehicles is defined as the period fi° om the time
when visual range is reduced below 300 m to the time when the visual range recovers to 300 m, Visual
range caused by snow in the wake of a large truck lasted longer than 60 sec on NHR 1 2 at a location
along a river embankment with 5-m-high snow fence 10 m upwind(Figure 19). At this location, the
embankment and snow fence delayed the diffusion of snow in the wake. In comparison, the visibility
measured by a reflector-type sensor on the median ofNHR 40 showed the duration of reduced visual
range to be only about 10 sec as shown in Figure 20. At this location, snow particles in vehicle-
generated snow clouds are dispersed more quickly. Figure 21 shows the cross sections ofNHRs 12
and 40(12). During both observations the air temperature was -90 and the wind velocity was about
1 m/s.

Visual range reduced by snow in the wake of small vehicles was observed on NHR 40 at the
same time as shown in Figure 22 (air temperature of -9.6[0 and mean wind speed of 1.1m/s).

The duration of snow clouds was about 5 sec at the observation point. Minimum visual range was 40
% greater than that associated with the snow cloud generated by a large vehicle. Larger wakes formed

by large vehicles cause poorer visual range lasting longer period than those formed by small vehicles.
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The wake generated by vehicles has been investigated in relation to air pollution. The height of

wake | was estimated as following:

1 o YAh{X/h)¥* (100

where X is the distance behind the vehicle. A is the cross section area of the vehicle, and y 1is a
constant of the same order as Karmaris constant. The height of the wake expressed by Equation (10)
agrees with the observed results in the field (13). The height of a vehicle-generated wake given by
Equation (10) reaches several times the height of a vehicle as shown in Figure 230 however, that of
a vehicle generated snow cloud as shown in Figure 24 does not. The photograph (Figure 24)taken on
the Douou express way illustrates this phenomenon.

Snow particles in a vehicle-generated snow cloud were smaller than 250 p m, and that value is
smaller than falling snow crystals reported by Kinoshita (8). Terminal falling velocity is on the order
of several tens of cm/s. Eskridge (13) reported that the height of vertical wind fluctuation reaches
several tens of cm/s at the height of a vehicle roof (Figure 23). Therefore, Vertical wind fluctuation

supports falling snow particles in snow clouds generated by vehicles.

5. DISCRIMINATION BETWEEN FOG, FALLING SNOW, BLOWING SNOW AND VEHICLE-
GENERATED SNOW CLOUD
5.1 INTRODUCTION

Dynamic visual range has typical fluctuation in fog, falling snow, blowing snow and vehicle-
generated snow clouds. Dynamic range and n‘ equency of visual range fluctuations vary more in the
case of blowing snow than in fog. Vehicle speed was averaged for 1 0 minutes duration in several hours
and compared with visual range by a reflector-type visual range meter on Nakayama mountain pass
on NHR 230 as shown in Figure 25. Road surface was covered with compacted snow both in fog and
blowing snow. The correlation coefficient between visual range (visibility) and vehicle speed was 0.25
in fbgl and 0.65 in blowing snow. We confirmed this tendency in 1992(Figure 26) during the periods
January to March, November to December when the road surface was covered with compacted snow
or ice, wind speed averaged for 10 min. was over 8 m/s. The correlation coefficient between vehicle
speed and visibility was 0.65.

A significant correlation exists when wind averaged for 10 min. is over 8 m/s and road surface
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is covered with compacted snow or ice. Figure 27 shows the relation between vehicle speed and

visibility involving all data in the same period for conditions of compacted snow or icy road surface.
There is no correlation between visibility and wind speed. We can get more information from visual
range data if we can discriminate fog, falling snow, blowing snow. and vehicle-generated snow cloud.

Tabler(7) mentioned that the large visual range fluctuation affects transportation.

5.2 NEW EXPRESSION OF DISCRIMINATION BETWEEN PRECIPITATION PARTICLES

According to Weber-Fechner®s law(14), any human sensitivity including that to visual range, is
scaled logarithmically. The intensities of visual range fluctuation on linear and logarithmic scales are
given by equations (11) and (12), respectively. The fluctuation intensities calculated by those two

methods are compared under various conditions by using data sampled every 0.01 second for every 20

minutes(Table 1).

e 2

I{%)= - 100 (1)

<)
<

ff — 2
rr (%) - Y3egV]tog(v)f o, (12)
log{v)

From the calculated results ofboth equations (10) and (11), visibility fluctuated more in blowing
snow and in vehicle-generated snow clouds, than it did in calm, falling snow and foggy conditions. The
linear-scale fluctuation intensities tend to decrease as visibility reduces n' om 305 to 40 mJ but the
logarithmic values remain constant over this range. This suggests that the logarithmic scale may
coincide better with human sensitivity, and therefore provides a better index for visual range reduction.
The intensity of fluctuations calculated by either method can be used to distinguish blowing snow,

vehicle-generated snow cloud from fog, and falling snow in calm condition.

6. VISIBILITY MEASURING SYSTEM USING BRIGHTNESS CONTRAST
6.1 INTRODUCTION
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Visual range is defined as the greatest distance at which an object can be seen and identified. In
accordance with Koschmieder"s theory, the apparent brightness of a black object, with baffles covered
by black cloth, was compared simultaneously with the apparent brightness of background sky near the
target in Ishikari (Figures 28,29 and 3 0), and the visual range was derived by equation(4). The visual
range observed by a pair of luminance meters was compared with that by a transmissometer (4). The
luminance of background (snow cloud in sky) varied from 5000 cd (candela) to 20000 cd.

Visibility through the transmissometer and luminance meter was recorded at an interval of 0. 1
seconds and compared with each other (Figure 31). The visual range through the transmissometer was
usually greater than that through the luminance meter. Wave length of the luminance meter is similar
to that of human sensitivity. Both transmissometer-type and reflector-type visibility meters use
modulated ultra red light. However, visual range observation using luminance meter is considered
more ideal. hence a new visual-range monitor has been developed based on this principle. However
the luminance meter method has a problem of keeping the absolutely black area of the target from
being affected by the surrounding brightness to ensure accurate evaluation. The new system we have
developed compensates for the effects ofthe brightness of the su 0 oundings by keeping the absolutely
black area within the lens of the video camera.

A new visibility-range measuring system has been developed which uses a video camera with an
optical filter similar to the human eye. Using this system, visual range can be estimated by measuring

the brightness contrast of a black target against a standardized background as described below(15).

6.2 INSTRUMENTATION AND FIELD OBSERVATION

The development of CCD video cameras has made it possible to overcome most of the long-
standing operational shortcomings of tube type video cameras(16) such as distortion of the image due
to its position in the visual field and high-light intensity burn-in and after images. The CCD image
sensor used in our study was composed of an array of 384 x 491 cells charged in proportion to the
intensity of the illumination of their cells. Thus, the CCD video camera was able to measure the
brightness of any chosen area visible within its range.

A half-black and half-white plate was used as a target with the CCD video camera. The white
area of the target represented the surrounding brightness and was so illuminated as to make possible
the measurement of visibility at night. The three targets were set up 30 m apart and at heights of a

0.45, 1,1.5 m above the snow surface to observe visual range simultaneously at three different levels.
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These targets were placed in parallel with the prevailing wind direction, and were painted with an anti-
reflecting paint to avoid reflection from the snow surface. The lay-out diagram of the monitoring
system is shown in Figure 32. Observations corresponding to a visibility range of 0-990 m could be
made using an output voltage of 1 - 5 VO Parameters were changed as required by adjusting the
monitor. The lens with auto-iris can respond to brightness over the full visual range and is therefore
capable of monitoring all possible conditions. The behavior of the auto-iris itself can be monitored by
the CCD control unit that reduces the effects of the surrounding brightness on the brightness of the
target.

During 1987 and 1988, this monitoring system and a transmissometer were set up at a height
of 1.5 m above the snow surface at the blowing snow observation station of the Civil Engineering
Research Institute ofHokkaido Development Bureau in Ishikari. The light pass of the transmissometer
was 15 m ahead of that of the CCD video camera along the prevailing wind direction. The air
temperature, wind speed and wind direction were recorded simultaneously in the field. The field
instrumentation of the video camera and the three targets are shown in Figure 3 3 [

In addition to the use of these devices, visibility to the human eye was assessed by using seven
black targets of a size equal to half the visual angle from the observation point to the recording
apparatus shown in Figure 28. The luminance of the black and white areas of the target in the scene
of the monitor are used to calculate visual range, and are introduced into the system after adjusting
the luminance of surroundings. A series of adjusting process was needed to get accurate visual range
in twilight conditions.

The relationship between visibility and transmissivity is derived from Koschmieder®s equation
and Bouger-Lambart law as Equation (6). The visual range detected through the CCD camera is
expressed as Equation (4).In any experiment using this system, the brightness of the targets depends
on a number of other factors in addition to the presence of airborne snow particles, and these
additional parameters were used to correct the visibility-range values obtained through the CCD
camera. In some cases, automatic correction was made by the automatic iris, and in others adjustments
were made through the keyboard of the parameter-setting monitor. Maximum possible brightness of
the white area of the target was allowed for in this way. The revised algorithm of Equation (4)for

considering surrounding brightness is:

C:(Bd_Bh)/Bh' co:(Bo"Bh)/Bn (13)

12
000000000 195000  No.107



where Bh is the brightness of the background; Bo is the brightness of the target at the CCD video
camera, and Bd is the brightness of the target at d(m)from the CCD video camera. A further

experimental equation can be obtained for the black area of the target:

B (Bdo_Bmin) C) (14)

where Bmax and Bmin are the maximum and minimum values of brightness for the black area of the

target. Bdo is the brightness of the black area of the target at the luminance meter. Bdo is monitored
within the lens of the video camera, and C is the constant to exclude the effect of surrounding

brightness for values of Bmax = Bmin = 000 and C = -1. Additional algorithms for use in twilight and
at night are being developing. These algorithms must be able to adjust automatically in response to
changes in the brightness of the surroundings. One of the daytime analyses that we have made is shown
in the next section of this paper. The analysis was made as a means to illustrate the comparison

between the visibility data obtained from the CCD video camera and by the use of a transmissometer.

6.3 CERTIFICATION OF THE NEW SYSTEM AND A BASIC OBSERVATION

The time interval between the readings in the collection of our data was 0.2 s. A typical example
of our observation in blowing snow is shown below. The trend in visibility change with time as
observed through the CCD camera was compared with that identified by the transmissometer(Figure
34). Figure 35 shows the visibility by a transmissometer versus that by the CCD camera. The lens of
the CCD camera by means of optical filter eliminates the wave of light that the human eye cannot
sense. Visibility by a transmissometer is larger by a factor of two than that by a CCD camera.
Because the transmissometer was located 15 m ahead of the video camera in the windward direction,
the time lag of the visibility fluctuation due to difference of observatory locations had to be corrected
to allow for a precise comparison of the readings obtained. The cross-correlation coefficient between

visibility at the CCD camera and visibility at the transmissometer, Rxy(y )is defined by the equation
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R (1) = X(E)Y(E+T) \/=\/: (14)

where X(t) = vVit) ~

v
Y(t) = v{t)y -V

where t is time; T is time lag; X(t) is the visibility fluctuation by the transmissometer, Y(t)is the
visibility fluctuation recorded by the CCD camera, and V(t)Ov are the instantaneous and the mean
ranges of visibility, respectively.

Figure 36 shows the results derived from Equation 1300 and from these it can be seen that Rxy(t )
has the maximum value of 0.7 at T = 1,5s; the mean wind speed at 1 m above the snow surface
measured by an ultrasonic anemometer was 10 m/s air temperature at I m height was - 4 [0 ; the time
lag, T =1.5 s corresponds to the difference in length of the path of light to the transmissometer and
that to the video camera; mean wind speed was 10 m/s[]

Visual range at any location depends on the presence or absence of airborne particles at any
particular levels above the snow surface in blowing snow. In our experiments, targets were located
at three different levels: A=2m, B = 1m, C = 0.45 cm. Visual range fluctuation slower than 1 Hz
is considered to be insignificant irritation to human eye (16). The intensity of fluctuation in visual range
was calculated using Equation (10) after the process through a numerical filter that admits only
frequencies above 0.1 Hz. In Equation(10), V is the instantaneous visual range taken as running mean
ofthe visual range for 10 sec.

The magnitudes of fluctuations in visual ranges obtained from our observations were 24 O at
2m; 29 % at 1 m; and 37 % at 0.45 m. Appearance frequency is defined as the ratio of the sum of
the time intervals for each degree of visual range during each observation; the division of visual range
is 50 mO and the appearance frequencies at the three levels of observation are shown in Figure 37.
From this figure it can be seen that the frequencies of the poorer visual ranges at the lowest

observation had higher values than those at upper observation levels.

6.4 VERTICAL PROFILES OF VISIBILITY FROM ONE VIEW POINT

the human eye. The CCD video camera was set at 55.5 km post on Douou expressway to observe
visual range profile at the roadside of the windward lane. Three pairs of black and white boards were

set at 0.5, 1.5 and 2.0 m above the snow. The height of the embankment at the observation point is

oo0o0ooooo0 199000 No.l0O7 14



over 10 m. Wind tended to join together on the top of the embankment slope with airborne snow
particles. The visual range of the lowest height began to decrease in the early stage of blowing snow

and reached the lowest level of the three heights(Figure 38). Visual range fluctuated according to the

height of the target on the roadside.

6.5 CONCLUSIONS REGARDING TO VISIBILITY MEASURING SYSTEM USING
CCD VIDEO CAMERA

The visibility-range monitoring system using a CCD video camera that we have developed can
about visual range simultaneously with its observation. The physical features in the vicinity of major
roadways are usually complicated compared with those of snow plains. Thus, the range of visual range
in regions with major roadways is influenced by the nature of the surroundings and their height above
snow surface. Using the system described here, we have been able to monitor simultaneously, at one
second intervals, visual ranges at six different points.

recorded through a transmissometer-type visual range monitor. The system reported here allows the

video camera to monitor the visual range.

7. MECHANISM OF THE IMPROVEMENT OF REDUCED VISUAL RANGE
7,1 INTRODUCTION

One counter measure against reduced visual range is to reduce the mass flux of blowing snow
using a snow fence, snow break forest, or a modified highway cut. Other measures include providing

a better visual guide along the highways, spreading a chemical to increase adhesion between snow

particles on highways.

7.2 SNOW FENCE AND SNOW BREAK FOREST

The number of snow break forests is increasing after our experiments on NHR 12 in
Iwamizawa(18).Even a narrow vegetation with 3 or 4 rows of pine decreases wind speed and mass
flux. For example, pine trees 3.6 m tall planted along the highway reduced wind speed behind the

vegetated section to 10 O of the upwind value. Conversely, wind speed is accelerated on snow
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embankment in no-vegetated section along a highway as shown in Figure 3 9.

Mass flux was reduced at the vegetated section as shown in Tables 2 and 3. Mass flux in the
forest section was reduced to 10 - 20 O of that in a non-vegetated section. Transmissometer-type
visibility meters were set on the medians in both sections on NHR 12. Visibility was analyzed as shown
in Table 4. Ten-minutes averaged visibility and intensity of visibility are compared in both sections. The
rate of improvement is defined as the value in the vegetated section divided by that in the no-vegetated
section. The rate of improvement increases in proportion to the decreasing averaged visibility and the
intensity of visibility (17).

Vegetation along highways not only reduces mass flux of blowing snow but also provides better
visual guide than conventional roadway delineators during the daytime. Figure 40 shows the snow
break forest at lwamizawa along NHR 12. Figure 41 shows an observation of blowing snow with
precipitation in Ebetu, on NHR 12, where visibility on the median on a road and wind speed at 10 m
height changed rapidly. On a section without snow fence, visibility was reduced to several tens of
meters three times for 2.5 minutes soon after gust. On a section with a 5-m-tall snow fence without
bottom gap, visibility did not vary as much and remained greater than 100 m. Mean visibility was 107

m and 127 m respectively. Visibility was the same in both sections when wind speed was below 5 m/s.

7.3 THE EFFECT OF VISUAL CLUES

Roadside vegetation shields highways from wind, ddiffuses snow flux, and improves visual range.
Narrow tree plantings can sometime work as a sign clue. Visual range to illuminated delineators was
compared with that to pine trees located at the same distance 40 to 80 m away from the observation
point in blowing snow. A reflector-type visibility meter was set at 1,5 m height. Delineators were
attached 0.5, 1.5 and 2.5 m above the snow surface at each location. The pine trees were about 3 m
high. Distance at which delineators and pine trees were recognized at each location on different levels

is shown in Figure 42 for several visual ranges(19).

8. CONCLUSIONS

Visual range is reduced by airborne precipitation particles such as blowing snow, fog, falling
snow, and vehicle-generated snow particles. The fluctuation of visual range varies spatially and

temporally, and effects human visual acuityl

16
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Besides blowing snow, snow clouds behind vehicles that reduce driver®s visibility have become
a new concern on highways. Even in calm weather, visibility is reduced by airborne snow particles in
the wake of vehicles on highways. As the temperature drops, cohesion of snow particle decreases and
they are easily blown up from the road surface. The threshold of vehicle-generated snow clouds is
derived from our observations. The fall velocities of snow particles in vehicle-generated snow cloud
are of the same order as the vertical component of vertical wind speed fluctuation. Therefore, the
height of vehicle-generated snow cloud corresponds to the height of the vehicle.

Wide dynamic range and high frequency of visual range in blowing snow reduce vehicle speed
on snowy or icy road surface. We can estimate the cause of reduced visibility by calculating the
dynamic visibility fluctuation using a visibility sensor, and this information can be useful for highway
authorities and drivers.

A new visibility measuring system using CCD video camera has been certified by a comparison
with a transmissometer. This is the only system that can measure visibility at six points simultaneously

from one view point with real time sceneryl
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Table 0O Intensity of visibility fluctuation 1in various conditions
calculated by equation (1) , I and (2) ,IL
falling fog snow
0000000000 blowing snow 0000000000 snow cloud
mean
vis 40 m . 71 m 305 m 604 m 297 m 32 m 516 m
I 40 % 55 % 66 % 35 % 14 % 12 % 65 %
IL i1 % 12 % 11 % 6 % 3 % 3% 13 %
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Figure 0O 0O Black box for a Jluminance meter(
the black and white target for
a CCD camera and seven black
target of a size equal to half
the visual angle from the
observation point
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Figure 0O 0O Transmissometer - typelO O O and

Reflector - typeOd O O visibility
sensor
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Figure 0O 0O Black box with baffles to
monitor the luminance without
surroundina briahtness
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Figure 0O 0O CCD video camera and three
targets O Oooooao OO 0 O
respectivelyl above snow surface
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Figure 0O 0O The «cross - correlation
coefficient between visibility
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Table O

Mass flux of blowing snow

0

two

length of forestO
levels above the median
gooooo d

in the section of snow break forest
100 OOand that of no-forest section at

of the highway O

at

(length of forest

Iwamizawa on

:100m)

- WIND WIND H=1.3m H=2.3m | FOREST/NO FORESTT
PRECIPITAIDN DATE TIME SPEED | SECTION —
DIRECITION | {m/s) . (Kgm™?S™')x107* | "H=1,3m, H=2. 3m
FOREST 18.2 26.3
littie 79. 3 1 15:06 N 12 6B%, 53%
NO FOREST 26.8 49.5
FOREST 6,12 527
no ” 15:25 N 13 58X, B7%
NG FOREST 10.5 7.82
FOREST 4. 42 7.82
light 78 3. 4] 15:28 N 5 48%, 63%
NO FOREST 9.18 12. 4
Table O Mass flux of blowing snow in the section of snow break forest

0

two

length of forestO

( at

520 O Oand that of no-forest section at
levels above the median of the highway
oooooo O

Iwamizawa on

(length of forest:520m)

WIND WiND H=1. 3m H=2.3m | FOREST/NO FOREST
PRECIPITAION DATE TIME SPEED{ SECTION -
DIRECITION [ {m/s) {Kgm 'S5 ")x107" H=1.3m, H=2.3m
FOREST 6. 46 9. 0%
heavy 80. 3. 1} 18:%2 WHNW 9~13 12%, 16%
NG FOREST 55,3 55.8
FOREST 10. 4 11, 4
” ,, 18:15 WNW 9~13 24X, 21X
NO FOREST 43.2 42.8
FOREST 12.8 17.5
“ # 18:43 WNW 12~19 13%, 18%
RO FOREST 98.3 97. 4
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Table O Visibility and visibility fluctuation 1in the section of snow
break forest and in no-forest section at 1.5 m high on the
median of the highway at Iwamizawa on NHR 0O OO

{ | JFOREST {1l JND FOREST ()

V(m) V(m) vV (m)
® 1200 K 1090 36 1.10 0. 86
@ 1130 34 860 42 1.3 0. 81
@ | 11560 32 800 43 1. 31 C.74
@ 480 3 290 70 1.66 0.73
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