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Wind and visibility data continuously trans-
mitted from two monitoring stations on 1-80 
between Laramie and Rawlins, Wyoming, are 
analyzed real-time by a computer. Suimnaries of 
conditions are printed out hourly, with recom-
mended regulations and warnings when minimum 
standards are exceeded. Required speed limits 
are determined by equating "stopping sight 
distance" to the hourly average minimum visi-
bility, and solving for vehicle speed. Studies 
reported here show that for wind speeds > 7 m/s 
in blowing snow, visual range(V) is related to 
wind speed (U) according to V AU 5, where the 
A coefficient changes in response to snow 
availability. The A coefficient calculated 
from the incoming data is used to index snow 
conditions, predict visibilities based on wind 
forecasts, and detect snowfall. This infor-
mation is used for road closure or opening 
decisions, and to estimate time required for 
visibility to reach the prescribed standard for 
opening a road. Computerized analysis of 
weather data is essential for timely and ob-
jective traffic operations decisions, and the 
relationship between wind and visibility in 
blowing snow can provide the basis for standards 
that are technically sound and unambiguous. 

The Visual Range Monitor 

Perhaps no other experience can be quite so 
terrifying to the uninitiated motorist as driving 
blindly on the highway in a blizzard, unable to 
proceed and afraid to atop. And yet, paradoxically, 
no other driving hazard has received so little at-
tention from scientists and engineers. The failure 
to standardize decision criteria for traffic oper-
ations in blowing snow has undoubtedly been due to 
the lack of a satisfactory device for'measurin'g - 
visibility under these conditions. 

In cooperation with the Wyoming Highway Depart-
ment, Dr. R. A. Schmidt of the Rocky Mountain Forest 
and Range Experiment Station developed a visual 
range monitor (i), also described in a separate-
paper at this symposium. Operational application 
of this device on Interstate Highway 80 (1-80) since 
January 1974, has demonstrated the accuracy and 
reliability of the data; but ithas also raised the 
question of how visibility information should be 
interpreted and used. This paper presents results 
of experiments exploring the relationship between  

wind and -visibility, with emphasia on changes ac-
companying snow cover depletion, and shows how this 
information is used for traffic operations. 

As described by Schmidt (1), the visual range 
monitor (VRN) uses a photoelectric particle counter 
to measure size and frequency of blowing snow 
particles. Given certain assumptions, visual range 
(V) can be calculated from these data using the 
equation 

(1) 
FX2  

where U is windspeed, F is particle frequency, K is 
particle diameter and K is a constant. A generating 
anemometer is used to measure wind speed. Although 
the particle-counter measures a light path only 
25 mm long, averages from even a period of minutes 
appear representative of conditions over the longer 
but varying sight distance of a motorist. 

Another feature of the VRN relevant to later 
diocussions is the standard placement of the - 
particle-counter at-0.5-m height to assure response 
to light drifting events while minimizing the 
effect of minor variations in snow depth. This 
height is also reasonably representative of a 
driver's sight path, as verified by the visual tests 
used for calibration. All visual range data pre-
sented in this paper should therefore be interpreted 
as "motorist visibility.'! 

The Wyoming Highway Department has installed VRN 
units at two locations (Arlington and Elk Mountain) 
on 1-80 between Laramie and Walcott Junction. Data 
are telemetered via a combination of radio, micro-
wave, and landline to highway department offices in 
Laramie, where wind and visibility are continuously 
recorded on strip charts. 

After the first year of operational testing, 
the need for visibility standardi in highway -oper-
ations became apparent,. A corollary observation was 
that relatively subtle changes in the wind/visi-
bility relationship that existed over the course of 
a drifting event would have to be taken into account 
in the development and application of standardized 
decision criteria. 

For a given vindspeed, visibility-was poorer 
when there was ample fresh snow on the-ground, but 
improved near the end 'of-, an.event when the ground ' - 
had "bared up". Evidentinretrospect,'his re- - 
lationship between visibility and snow -availability 
is difficult to, recàgnize'on the charts duriig an 
event, and impossible to'quintify because wind is 
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seldom steady long enough to allow conclusive com-
parisons. The relationship between wind and visi-
bility can change rapidly, as during a period of 
snowfall, but more subtle gradual changes equally 
relevant to highway safety can extend over many 
hours or even days. 

For these reasons, a computer, was utilized to 
analyze the data real-time and provide the complex 
interpretations that boggled the mind of radio 
operator, scientist, and engineer alike. Two years 
of intensive research were needed to quantify the 
relationships between visibility and wind that now 
provide a more complete assessment of conditions 
affecting traffic operations. 

Relationship between Wind and Visibility 

Snowfall with Light Winds 

The relationship between wind and visibility 
during snowfall with light (< 7 m/s) winds is rela-
tively easy to deduce from equation 1. If size of 
snow particles remains Constant, visibility will 
vary inversely with precipitation intensity. If 
particle frequency also were independent of wind, 
then visibility would improve in direct proportion 
to wind. Our data from study sites on the lee side 
of mountains in Wyoming, however, suggest that 
intensity of orographically induced precipitation 
increases as the square of wind speed, because 
visibility varies in simple inverse proportion to 
wind. 

Interesting as the low-wind case may be, the 
associated visibility attenuation is usually not 
severe. The remainder of this paper will, 
therefore, be directed to the more critical case 
where snow previously deposited on the ground is 
relocated by winds >7 m/s (as measured at 10-rn 
height), with or without concurrent precipitation. 

Antarctic Studies 

It is not as clear how visibility might vary 
with wind for the case of relocated snow, because 
both frequency and mean diameter of particles 
increase with windspeed. 

Data presented by Budd (2) suggest particle 
diameter increases (approximately) as the square 
root of windspeed (U). Mellor (3) has shown from 
other Antarctic data that the mass flux of snow 
particles tends to increase according to U7  at 
heights above 0.5 m, and U 5  at lower levels. 
Equation 1 suggests that visual range should vary 
as a negative power of windspeed, so that 

V AU 	 (2) 

where V is visibility at observer height, U is 
windspeed at 10-rn height, and A and B are constants 
for a given snow condition. Moreover the above 
relationships indicate an expected value for B of 
about 5 at 0.5 m height. As shown in Figure 1, this 
deduction is substantiated by the visual measure-
ments of target extinction in the Antarctic reported 
by Liljequist (4) and Budd et al. (5). Liljequist 
specifically concluded that visibility at observer 
height (2 m) was related to the -5th power of 
windspeed over his range of data. 

Since both of these experiments were conducted 
where snow supply on the ground was essentially 
unlimited, we are left with the problem of how A and 
B might change as snow cover is depleted. This 
important question led to the following experiments 
using the visual range monitor. 

Figure 1. Visual range (V) at 2-m height as a func- 
tion of 10-rn wind speed, from visual target data in 
the Antarctic by Liljequist (4) and Budd et al. (5). 
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Experimental Procedure 

Our studies were conducted at two separate 
locations. The Cooper Cove site (elevation 2,360 m) 
is a nearly level area covered by short grass 
vegetation. The Elk Mountain monitor station 
(elevation 2,220 m), with low-growing brush vege-
tation averaging about 20 cm in height, served as a 
second study site. 

The electronic data acquisition system, designed 
and built by Dr. R. A. Schmidt, used electronic peak 
detectors to sample the maximum values of wind and 
visual range signals output from a VRM over a 
5-second (s) interval. This method of sampling 
helped assure matching of visibility and wind 
values, since the anemometer was installed 10 m 
above the ground, while the particle counter was at 
a height of 0.5 m and located about 15 m upwind from 
the anemometer. An electronic calculator served as 
system controller for selecting channels, con-
trolling peak detectors and digital voltmeter, and 
storing data on magnetic tape. The least-squares 
value for A and B in equation 2 were calculated at 
10-mm. intervals and output on a ptinter and X-Y 
plotter. Visibility and wind were continuously 
recorded throughout six separate drifting events 
totalling 234 hours, over a wide range of weather 
conditions. 

Air temperature and humidity at 2-rn height were 
recorded with a hygrothermograph; precipitation was 
measured with recording gages located in tree-
sheltered spots near the study sites. Character-
istics of the snow cover were observed and photo-
graphed throughout each run. 

Results from Wyoming Studies 

The power function (equation 2) is an empirical 
approximation for the Complex relationship between 
wind and visibility. Over the narrow range of 
windspeeds encountered in a 10-mm. sampling period, 
the power B was quite variable and ranged from 2 to 
8, with the lower values generally associated with 
lower visibilities. To provide the widest possible 
range in the variables, data were grouped into 
periods having essentially uniform snow conditions 
and up to several hours in length. Results of this 
analysis over all snow conditions gave an estimate 
for B of 4.90 ± 0.20 (.95 confidence interval), 
determining an integer value of 5 for the mean. 
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Statistical analysis of individual storms by 
hourly intervals showed B to remain essentially 
constant as snow conditions changed. This is 
demonstrated by the results shown in Table 1 which 
describes typical drifting events of February 20-22, 
1976. Prior to the drifting, approximately 30 cm of 
snow (3.0 cm of water-equivalent) fell during a 
24-hour period beginning at 1700, February 19. 
Winds accompanying most of the snowfall averaged 
between 1 and 5 m/s, with air temperatures between 
-12 and -4'C. For the last 5 hours of the precip-
itation period, winds slightly exceeded the 
threshold (7 m/s) for relocating snowfall, causing 
low-level drift with visibilities ranging from more 
than 10,000 m to a minimum of about 600 m. Data 
for period 2 (Table 1) are plotted in Figure 2, 
although points with visibilities >10,000 m are not 
shown. 

Air temperature ranged from -15 to -3'C from 
the end of snowfall until stronger winds abruptly 
began at about 1800 on February 21. At this time, 
the snow surface was covered with small dunes and 
weakly developed erosional features from intervening 
light winds, but essentially no vegetation showed 
above the snow surface (Figure 3A). Drifting 
continued for the next 20 hours with winds seldom 
exceeding 20 m/s, and air temperatures as shown in 
Table 1. By 1300, February 22, air temperatures had 
increased to +2CC, and drift essentially ceased 
although winds continued to gust as high was 17 m/s. 
The original snow depth had been reduced by about 
75%, exposing vegetation above the snow surface 
(Figure 3B). 

The variation in B throughout this event is 
typical when hourly periods are used for analysis, 
reflecting variations in the range of data and the 
approximate fit of the power function. Neverthe-
less, there seems to be no consistent change in the 
general relationship as temperature increased or as 
snow cover was depleted (Table 1). 

Data representative of the beginning of the main 
drifting event (period 6) are plotted in Figure 2. 
At this time, the A coefficient of eguation 2 
(assuming B - 5) was about 7 . 10 rn'/s5 which is 
significantly greater than the 1.13 	l0 value the 
author calculated from Liljequist's (4) plotted 
data. The only time this latter value was 

Figure 2. Minimum "motorist' visual range as a 
function of maximum lO-m wind speed over 5-a inter-
vals. Data for three periods, shown in Table 1, are 
representative of the beginning, middle, and end of 
drifting events at the Cooper Cove site in Wyoming. 
Corresponding snow conditions are shown in Figure 3. 
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approached was during periods of snowfall (e.g., 
periods 2 and 3 in Table 1). Liljequist stated 
that his results are representative of air "satu-
rated" in relation to its snow transport capacity--
a condition that might be assumed for periods 2 to 
3 in view of the light snowfall intensity (0.5 
mm/hr). Certainly, the steady ablation of the snow 
surface in the absence of precipitation, as oc-
curred over periods 5 to 22, is indicative of 
"unsaturated" conditions so that A values greater 
than 108  m6 /s 5  would be expected. 

Figure 3. Snow conditions at Cooper Cove, for 
comparison with data in Table 1 and Figure 2. Snow 
particle counter extends horizontally from pipe in 
foreground. A values (in o6/s 5) refer to the 
coefficient of equation 2 assuming B 	5. 
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Table 1. Analysis of visibility/wind relationship for typical drifting events at 

Cooper Cove. U is mean windspeed at 10-m height (m/s), V is mean visual range 

averaged over motorist sight path (m), B is the least-squares estimate for the 

power in equation 2 shown with 0.95 confidence interval, A is the least-squares 

estimate for the coefficient (mb/sS), r is the correlation coefficient, n is the 

number of samples, A(_5)  is the least-squares estimate for the coefficient 

A (lOmb/sS)  assuming B 5, and T is mean air temperature at 2-m height (SC). 

Period Time 	U 	V 	 A 	r2 	n 	A(5)  T 
----------------Febrary 20, 1976  --------------------------------- 

	

1 	1140-1218 	8.7 5859 	4.6 t 1.2 	9.57.10 	.29 136 	2.59 -09 
2 1218-1321 9.3  3269 4.2 0.8 2.95.10 .29 249 1.90 -09 
3 1321-1429 8.9 2659 1.3 0.5 1,59.104  .09 298 1,22 -09 
4 1429-1532  9.4 3811 3.3 0.5 5.22.106 .35 300 2.30 -11 

----------------Fetary 21, 1976 ---------------------------------- 

	

5 	1802-1904 11.6 4222 	3.4 t 0.7 	1.53•10 	.29 208 	7.58 -07 

	

6 	1904-2006 14.4 1531 	5.2 t 0.4 	9.06.108 .74 281 	6.68 -07 

	

7 	2006-2109 15.6 	837 	4.3 t 0.5 	9.3410 	.46 306 	6.42 -07 
8 2109-2211 15.5 1074 4.5 0.5 1.77.108 .48 306 8.51 -07 
9 2211-2313 15.5 949 4.1 0.5 6.05.10 .46 306 7.26 -06 

	

10 	2313-0016 15.6 	851 	3.8 t  0.6 	2.10.10 	.35 306 	6.72 -06 
----------------Febrry 22, 1976 ---------------------------------- 

	

11 	0016-0118 15.1 1355 	5.0 t 0.6 	7.64.108 .50 303 	9.71 -06 

	

12 	0118-0220 13.6 2319 	5.0 t 0.6 	9.32.108 .49 272 	9.03 -06 

	

13 	0220-0323 1,4 1481 	4.9 ± 0.5 	6.82.108 .56 303 	10.38 -06 

	

14 	0323-0425  15.6 1574 	4.7 ± 0.5 	4.66.108 .52 302 	12.47 -06 

	

15 	0425-0527  16.8  1070 	4.4 t 0.5 	1.86.108 .52 306 	12.05 -05 

	

16 	0527-0629 17.3 	919 	3.8 ± 0.4 	3.96.10 	.49 306 	11.25 -05 

	

17 	0629-0732  16.0 1245 	4.4 t 0.5 	2.15.108 	53  306 	11.23 -04 

	

18 	0732-0834  14.5 2610 	4.8 ± 0.6 	8.20.108 .46 283 	13.82 -03 

	

19 	0834-0936  15.1 1505 	4.5 t 0.4 	2.12.108 .58 303 	.76 -02 

	

20 	0936-1039 14.6 1864 	5.1 t 0.4 	1.10.10 	.61 300 	10.20 -01 

	

21 	1039-1141 14.0 2828 	5.0 t 0.4 	9.50,108  .67 275 	11.12 +01 

	

22 	1141-1244 14.0 2865 	5.0 t  0.5 	1.o4.10 	.56 263 	12.42 +01 
------------------------------------------------------------------------- 

----------------Feiary 7, 1976 (end of event only) ------------- 

	

23 	0808-0910  23.8 1011 	5.7 t 0.9 	3.57.1010 .5 301 	66.53 -01 

	

24 	0910-1013 22.3 3243 	5.9 t 1.2 	1.63.1011 .31 198 147.80 +01 
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The visual calibration of the VRM, even though 
aided by closed-circuit television, leaves room for 
the same error as might be inherent in Liljequist's 
target observation data, and so neither experiment 
provides a standard. Owing to the steep exponential 
relationship, only a 10% discrepancy in wind 
measurement could account for the entire difference 
in A values for conditions of (essentially) un-
limited snow. It is not clear if the Antarctic data 
are truly comparable to our instantaneous measure-
ments. Liljequist used contact anemometers which 
would tend to underestimate wind speed maxima, as 
compared to our use of a standard d-c generating 
anemometer. Further, visibility measurements from 
the Antarctic studies may represent averages over a 
presumably short interval of time. 

Considering these uncertainties and the expected 
differences in snow conditions, the quantitative 
results from the Antarctic and Wyoming studies 
appear to be in reasonable agreement. 

An additional test of the estimation of B is 
available from a drifting event February 6-7, 1976,  

that began with about 20 cm of snow on the ground. 
Strong winds (>30 m/s) and rising temperatures 
(+lC at the end of the event) succeeded in re-
moving essentially all relocatable snow after only 
12 hours. Results of analyses for the final 2 
hours of this event are listed in Table 1 as periods 
23 and 24. Data for period 23 are plotted in Figure 
2, and snow conditions are shown in Figure 3C. 

The hypothesis that B 5 cannot be rejected 
even at this extreme stage of snow cover depletion, 
although the A coefficient has increased by two 
orders of magnitude from the value for unlimited 
snow conditions. It is also shown in Figure 2 that 
variance in the wind/visibility relationship in-
creases as snow availability diminishes, and this is 
observed throughout the experiment. 
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Summary 

Conclusions from the above studies can be 
summarized as follows: 

For practical purposes, it can be assumed 
that the function 

V AU 5  

applies to all winds strong enough to relocate snow, 
over the entire range of snow conditions, and with 
or without concurrent precipitation. 

The A coefficient ranges from 107  for con-
ditions of maximum snow availability with concurrent 
intense snowfall, to >1010  m6/s5  in the final stages 
of a drifting event. A therefore provides a re-
sponsive index of snow availability. 

Variance increases as snow supply dimin-
ishes, affecting the reliability of the estimates 
for the A coefficient. 

Visibility values obtained with the VRN are 
in reasonable agreement with published target 
observation data. 

Operational Use of Wind and Visibility Data 

Interpretation of the A Coefficient 

The preceeding evidence leads to the practical 
generalization that the power in the visual range 
equation 2 is constant and approximately equal to 
5.0, while the A coefficient changes in response to 
snow availability. Even subtle variations in the 
character of the snow surface can bring about sig-
nificant and identifiable changes in A. A striking 
example is the abrupt decrease in the A value with 
the Onset of snowfall. Precipitation intensities as 
light as 0.1 ian of water-equivalent per hour have 
been observed to lower A from 109  to 2 108  m6/s5  
over a period of 30 minutes. The reason snowfall is 
detectable from an analysis of the wind/visibility 
data output from the VR14 is because older snow con-
sists of subangular grains sintered to form a 
surface relatively resistant to particle dislodg-
ment. Fresh snow, however, is quickly fragmented 
and easily transported, so particle frequency 
rapidly increases whenever new precipitation is 
received, even though the older snow may lie meters 
deep on the ground. Therefore, the A coefficient 
will continue to decrease as precipitation continues 
until, to use Liljequist's description, the air 
becomes "saturated" in relation to its snow trans-
port capability. Once the input of fresh snowfall 
ceases, however, the metamorphosis of particles into 
"older" snow is rapid. 	- 

In general, an A value < 1.2 	108  m6/s5, or an 
abrupt decrease in this parameter, appear to be 
reliable indicators of precipitation. On occasion 
we have also observed smaller decreases in A without 
precipitation, presumably associated with the dis-
ruption of surface crusts at the onset of strong 
winds. Other changes occur with the arrival of snow 
from discrete contributing areas upwind, and each 
location has its unique characteristics that might 
provide useful information about the progress of a 
storm. 

As demonstrated by Figure 3, the A value can be 
interpreted in terms of snow conditions and po-
tential visibility attenuation. But the change in 
this parameter over time can provide additional 
information about trends in snow availability rele-
vant to traffic operations decisions. 

Sampling Visibility and Wind Data 

Numerous problems are encountered in choosing 
the method by which data are collected for analysis 
Because adequate sampling procedures are critical  

and somewhat complex, a brief description of the 
methods we have developed for the Wyoming Highway 
Department system may prove useful. 

Analog signals of wind and visibility are tele-
metered from the field monitoring stations at 
Arlington and Elk Mountain on 1-80. Data process-
ing, analysis, and peripheral hardware control are 
performed by a Hewlett-Packard 9825 calculator with 
23k byte memory (the use of trade and company names 
is for the benefit of the reader; such use does not 
constitute an official endorsement or approval of 
any service or product by the U.S. Department of 
Agriculture to the exclusion of others that may be 
suitable). The calculator controls the clock, 
scanner relay, and digital voltmeter used to measure 
instantaneous values of wind and visibility at the 
rate of one sample pair from both stations each 
second. This sampling frequency is sufficient to 
insure that extremes will be sampled within 5% of 
their maximum or minimum values. 

Every 8 s, the largest and smallest values of 
each variable are determined, and only these are 
retained for analysis. This allows wind values to 
be matched with their corresponding visibilities--a 
procedure made necessary by the fact that the 
anemometer is located about 10 m above the ground, 
while the snow particle counter (SPC) is typically 
installed at 0.5 m height. Although the SPC is 
positioned about 15 m upwind of the anemometer to 
help compensate for the resulting arrival lag caused 
by the logarithmic wind profile, the delay in a 
gust's arrival at the anemometer and the SPC is a 
function of wind speed, and so a matching period 
becomes necessary. Our experience shows little 
difference between a 5- and 10-s period for this 
purpose (although variance begins to increase on 
either side of this range) and so we have chosen 
8 sec. Both maximum and minimum values are used to 
provide the widest possible range of data for sta-
tistical estimation of the A coefficient in 
equation 2. 

These paired visibility and wind values are 
accumulated over approximately 10 minutes to pro-
vide an adequate sample number for estimating A by 
least-squares regression analysis, assuming B 5. 

The Critical Visibility Statistic 

In using visibility data for traffic operations 
decisions, one is faced with selecting the critical 
statistic. Should traffic operations be based on 
an average visibility? And if so, over what period 
of time? If minimum visibility is considered the 
limiting factor, over what time period? To the 
author's knowledge, this problem has not been 
resolved for the case of blowing snow where visi-
bilities exhibit such a complexity of frequencies 
and amplitudes. 

One theory is that visibility information gained 
by a motorist during a lull between two gusts can be 
applied to traverse the seen distance safely even 
though subsequent gusts may at times obscure the 
"farthest point seen" (with the necessary con-
straint that the maximum seen distance not exceed 
the "minimum design sight distance" for the road). 
Assuming a simple sinusoidal variation in wind 
gusts having a period of 60 s (typical for primary 
fluctuations), it can be shown that "stopping sight 
distance" (SSD) cannot exceed the minimum visibility 
if a safe vehicle speed is to be maintained. Since 
amplitude varies with time, a logical course is to 
base traffic operations on an average of several 
minimum visibility values measured over a specified 
time period. To reduce the weight given to a-
nomalous or extreme gusts while providing a sta-
tistic representative of minimum visibilities, we 
have defined the hourly minimum visibility as the 
geometric mean (i.e., calculated from the loga-
rithms) of the six 10-minute minimum values. This 
procedure simplifies programming for hourly reports 



and recommendations, and has given reasonable 
results in preliminary tests and operational trials. 

In summary, although the statistical analysis 
to determine the A coefficient uses all the wind and 
visibility data (150 paired values) over each 10-
minute period, only the lowest visibility value (and 
the strongest wind gust) are retained for traffic 
operations decisions. Although these 10-minute 
extremes are used to warn the computer operator of 
dangerous conditions, traffic operations are based 
on the hourly minimum visibility as defined above. 

Use of Visibility Data for Traffic Operations 

Traffic operations routines are included in the 
same program used for measurement and analysis of 
the wind and visibility data telemetered from the 
two field monitor stations on 1-80. Warnings and 
notices are printed after each 10-minute sampling 
period as required. Summaries of visibility and 
wind conditions are output hourly, along with recom-
mended regulations and warnings when minimum 
standards are exceeded. A typical printout is shown 
in Figure 4. 

Recommended speed limits are determined by 
equating SSD to the hourly minimum visibility, and 
solving for vehicle speed. The metric version of 
the commonly used equation for SSD (6) is 

0. ll8U2  
SSD m,  0.278U T + 	v 

v 	30(f + g) 	 (3) 

where U 	vehicle speed, km/h 

T = preception-reaction time, s 

SSD 	stopping sight distance, m 

f 	friction coefficient 

g 	grade, rn/rn (+ for uphill, 
— for downhill) 

Solving forU  and substituting hourly minimum v  
visibility V 	(in meters) for SSD, 

min 

U v = -35.34T(f + g) + 127.12 
1 
0.077T2(f+g)2 

+ 0.016(f+g)]05 	 (4) 

The effect of grade can be ignored in view of the 
arbitrary definition of V 	. Taking 2.5 a as the 
usual approximation for T1 ' then 

U 	-88.35 f + 127.12 [0.48 f2  

+ 0.016 f Vmin]05 	 (5) 

Application of equation 5 requires that information 
on road surface conditions be kept current in the 
calculator's information file, and that appropriate 
friction factors are known for various road 
conditions. 

Perhaps the most important function of the on-
line computer is to automatically provide recommen-
dations for road closure (or opening) using 
standardized criteria and decision logic. Minimum 
visibility standards are specified in terms of the 
vehicle speed required for the stopping sight 
distance" to equal the hourly minimum visibility, 
thus taking road surface conditions into account. 
The author has observed an increased tendency for 
inexperienced drivers to stop their vehicles when 
speeds <50 km/h are required to negotiate reduced 
visibility in blowing snow, and this value has 
therefore been selected as the minimum requirement 
for keeping the road open to traffic. Although  

future experience may suggest the desirability of a 
different value, this standard has provided the 
basis for traffic operations decisions consistent 
with the opinions of high'say maintenance personnel 
over three years of operational testing. 

Road closure decisions involve many factors in 
addition to current weather conditions, and the 
computer allows consistent interpretation of nu-
merical data analyses incorporating past experience 
of maintenance foremen. Factors included in the 
decision program include 

Average hourly minimum visibilities over 
the last 3 hours, 

Road surface conditions, 
Traffic problems, 
Time of day, 
Condition of alternate route, 
Trends in snow availability as indexed by 

the A coefficient of equation 2, 
Trends in wind speed, 
Weather forecast (wind and visibility). 

The forecast visibilities referred to in item 8 are 
calculated from the current A value (as calculated 
by the computer) and the latest wind forecast issued 
by the National Weather Service. This is a most 
important application of the wind-visibility re-
lationship because it allows potential visibility 
hazard to be expressed in meaningful quantitative 
terms. As a hypothetical example, current winds 

Figure 4. Printout from Weather Condition Monitor-
ing and Traffic Operations Program during storm of 
April 4, 1977. Original thermal printer output has 
been retyped for legibility, but text is exact 
reproduction. Dashed lines indicate deletions, and 
English units are used throughout (A values are in 
ft6/s5). 

1131 APR 4, 77 
**DECISION REQUEST BY 	capal 
Conditions do not currant decision at this time 

1141 Apr 4, 77 
WARNING.. . POSTED SPEED LIMIT TOO FAST FOR CONDITIONS AT Arlington 
vimasi ronge equals SSD at 40 mph 
next hourly report will give recommendations 

1204 APR 4. 77 	 SIFORMATION ON PILE. 
Regulations in Effect: 

road open 
55 speed limit 

Road Surface: 
snoupacked • sanded 

Precip. Reported: 
Arlington: heavy snowfall 
Elk Mtn.: heavy snowfall 
(note that computer has detected snowfall) 
Traffic problems: 
none 
Weather Forecset: 1044 APR 4, 77 

35 macmum wind 
snow showers in & near sIns. 
precip. probability. S unknown 

Decision Criteria: 
imperative cede - 2 
highway 30 condition cede - 2 

Operator on duty: 
cupal 

1204 APR 4. 77 	°°°°°°°° CONDITIONS LAST HOUR *sauaaaaascsasn 

	

ARLINGTON 	ELK PEtE. 
Ave. nan. wind (mi/br) 	 37 	 31 
Ave. mm. vinual rsnge (IA) 	 267 	 307 
Minimum safe visual range 	 185 
Precip. reported? 	 heavy snow 	heavy snow 
Precip. detected? 	 yes 	 pen 
A" value 	 lOt 11 	 7.21 10 

Computed driving time to/from Rawlins 	2:16 

1204 APR 4, 77 e*a000500s*o  REGULATIONS INDICATED 5*a*0eu5a**a5 

Speed limits required 	 35 	 45 
WARNING ... POSTED SPEED LIMIT TOO PAST FOR CONDITIONS AT Arlington 
WARRING. POSTED SPEED LIMIT TOO PAST FOR CONDITIONS AT Elk Mtn. 
Speed limits ,hould be lowered as indicated sbove 

1344 APR 4. 77 
*COECISION REQUEST BY 	Tnbler 
USING STANDARDIZED DECISION CRITERIA, ROAD SHOULD DE CLOSEÔ. 
cODECISION WADE TO CLOSE ROAD 
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speeds gusting to only 13 m/s with an A value of 
3108rn6/s5, would imply present visibilities to be 
more than 800 m. But a wind forecast for gusts 
reaching 25 m/s would mean visibilities as low as 
30 m. 

As described previously, visibility data are 
used to detect snowfall, and this information is 
also used in the decision logic. This feature is 
important when reports are not available from the 
field; in addition, it is often difficult for an 
observer to tell whether or not it is snowing during 
a heavy drifting event. 

A final application of the wind/visibility 
analysis is for estimating the time required for 
visibilities to reach the prescribed standard for 
opening a road previously closed due to poor visi-
bility. This is accomplished by extrapolating the 
current rate of change in the A value to determine 
the time required for the standard to be attained. 

These examples show how on-line computer analy-
sis of wind and visibility data can provide the 
engineer or foreman with essential information not 
otherwise available to him for making timely and 
sound decisions. Analysis of the relationship 
between these variables can provide the basis for 
objective traffic operations standards that are 
technically sound, unambiguous, and legally tenable. 
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