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The costs of winter maintenance represent a substantial portion 
of the maintenance budgets of the snow belt states. These 
snow control expenditures are justified on a variety of basis. 
Principally accident reduction and maintaining traffic flow 
The latter being justified as the basis for alleviating economic 
and social impacts to the community. However, the actual 
substance of these impacts and the methodology to measure 
them, in many instances has been inodequote. This paper 
outlines methodologies for measuring delay, speed reduction, 
volume changes and accident rates as a function of weather 
modified pavement surface condition. It cites the results of 
modified accident rate evaluations in three states. A principal 
finding is that accident iniury rates increase as pavement 
conditions deteriorate, which is contrary to current views. Both 
public opinion polls and business polls were conducted. The 

business polls indicate that many costs attributed to storms 
have probably been over stated. The public opinion pall was 
conducted in four states. It has an error of estimate of ±5%, 
the results indicate that driver expectations increase in the 

middle and lower oge groups. One possible result of these 
higher expectations is an increase in the number and size of 
liability actions against all levels of government. Vehicle 
corrosion costs are on the decline and have been substantially 
overstated. Structural deterioration remains the highest 
substantiated indirect cost of winter maintenance salting 
programs. 

Table 1. Speed Reductions by Road Surface Condition 

PERCENT REDUCTION FROM. NORMAL TRAFFIC 

INTERSTATE 	 NON-INTERSTATE 

UNCONGESTED 	CGESTED 
0 

0 
C/i 	0 	 00 0. 	fl 0 	0 	0. 	C/i 0 	00 0. 	(00 

DRY PAVEMENT 	 0 	 16 

WET PAVEMENT 	 0 	 16 

WET PAVEMENT & SNOWING 	997 	13 	5.0 	398 	21 	4.5 	676 	17 	5.2 

SNOWING & SLUSHY 	3,888 	22 	5.1 	292 	36 	4.9 	2,978 	21 	5.1 

SNOWING & NOT STICKING 	1,548 	30 	5.1 	518 	35 	4.8 	831 	26 	4.7 
IN WHEELPATH 

SNOWING & STICKING IN 	2,194 	35 	5.2 	 ** 	 ** 
WHEELPATH 

SNOWING & PACKED* 	1,696 	42 4.2 	 ** 	 ** 

ADT 	NO. LABES 	PAVEMENT 	ACCESS 	*1CM (1/2 INCH) OR LESS 
INTERSTATE 	61,607 	6 	CONCRETE 	NO 	** DATA NOT AVAILABLE 
NON-INTERSTATE 18,059 	4 	ASPHALT 	LIMITED 
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State, county, and municipal governments spend over $500 million 
annually on snow and ice control activities (1, p.2). Actual amounts 
expended by individual agencies can be highly variable. In the four 
years for which we have data; expenditures as a percentage of 
state maintenance budgets have ranged from a high of 49.4% in 
Vermont to a low of 1.6% in North Carolina. Variation within a 
state's maintenance budget can also be considerable. New Jersey 
spent 5.2% of its maintenance budget on snow removal in 1972-73 
and 21.7% the following year. the variation in dollars expended can 
be somewhat more illustrative than percentage variations. 
Minnesota expended between $8.5 million and $9.7 million in the 
three years preceding the winter of 1974-75. That winter, snow 
fighting cost Minnesota $16.7 million. Expenditures per lane mile is 
the indictor having the greatest variability. Data for 1973 showed 
that Texas had expended $16.73/lane mile in that year while 

Connecticut had spent $1,758.86/lane mile. 
Typically, expenditures for snow and ice control are justified on 

the basis of accident reduction and maintaining traffic flows. Both 
areas were evaluated in depth over the course of the study (2, 
5). The mechanics of delay, speed reduction and volume reduction 
were closely examined. Time delay was isolated as a key com-
ponent for measuring the dollar value of various levels-of-service. 

Delay 

Savings achievable from higher levels-of-service can be 
substantial. For automobiles these savings are typically a result of 
time saved by driving at increased speeds. Since all categories of 
assignable value for traffic delay are a function of the magnitude of 
the time delay; an adequate estimator of delay is essential if valid 
dollar values are to be developed. No adequate estimator was 
available. it became a principal goal of the study to develop one. 

The following derivation is the result. 
The magnitude of delay for any one vehicle is given by: 

DELAY = TRIP LENGTH x ( 	1 	 1 	) (1) 
Snow Speed normal Speed 

The speed under snow conditions will vary from vehicle to 
vehicle, as will the speed under normal (dry-road) conditions. The 
delay will also vary, and the way it varies will depend upon the 
probability distributions of snow speeds and normal speeds. 
(Trip length will also vary, but sufficient data was not available to 

define its probability distribution, hence it was assumed constant.) 
Dry-road speeds have been observed to generally follow a normal 
distribution, and it was assumed that speeds under snow conditions 
would follow this same distribution. Under these assumptions, the 
probability that the delay D is less than a given value w is given by 

W,T 

FD(w) =J 	
1 	

00 
1 	exp[5(1±~

)2J

2IWS6N ' y2(y.t)2 	d(y.t) 

exp [.5  

	

	
dydt 	 (2) lttNy 2' 

wI.ere 
T = average tip length, in miles 

U5 = mean value of vehicle speeds under snow conditions 
= standard deviation of vehicle speeds under snow conditions 

y,t = dummy variables 
UN = mean value of vehicle speed under dry-road conditions 

= standard deviation of vehicle speeds under dry-road 

conditions. 

The function fD(w) is the density function associated with this delay 

and is given by 

fD(w) =
; 

F(w) 	 (3) 

This expression has been checked by simulation. It enables the 
calculation of expected comfort and convenience cost and lost wage 
costs, neither of which could be accurately calculated from the 
single value obtained in equation 1. Nor could accurate values be 
obtained by modifying equation 1 using the mean values for Snow 
Speed and Normal Speed. 

The mean value of delay can be computed from equation 3 by 

MEAN DELAY = w x fD(w) dw 	 (4) 

The total delay for all vehicles troveling on a given roadway 
segment can be calculated from 

TOTAL DELAY = MEAN DELAY X AADT X MONTHLV 
FACTOR X 	DAILY FACTOR X 
VOLUME REDUCTION FACTOR DUE TO SNOW 

X 	ROADWAY SEGMENT LENGTH 
AVERAGE TRIP LENGTH 

This is then summed over all hours in the storm. 

Speed Reduction 

In order to utilize the delay formula both the mean speed and the 
standard deviation for the pavement condition under consideration 
are required. The data available from the literature was inadequate 
and it was necessary to develop the required information. 

Speed reduction studies were conducted in Illinois, Minnestoa, 
and Utah. Utah data showing percent speed reductions as a function 
of pavement condition, highway type, and traffic congestion are 
summarized in Table 1. Pavement conditions in Illinois and 
Minnestoo never dropped below the wet surface condition during 
the periods that observations were made. However, the speed 
reduction data collected for the dry to wet condition did 

substantiate that portion of the Utah results. 
Roin has no apparent effect on traffic speed. But if the 

precipitation become intense enough to impair visibility on 
immediate and significant speed reduction was noted, regardless of 

pavement condition. 
Figures 1. through 3. are derived from Table 1. (4, 	). Each 

figure indicates the expected speed reduction distribution for a 
given pavement condition. The heavy dashed line on Figures 2. and 
3. is the overage speed reduction line from Figure 1. Its inclusion on 
these figures was to aid in visualizing comparative effects for 
different traffic conditions and to help estimate expected effects 
where no data for that pavement condition was available. 

VnI L,me 

Significant modifications in traffic volume can result from 
impaired road surface conditions do to adverse weather. These 
modifications in flow are not necessarily reductions. Table 2. 

indicates that although decreases in volume during the storm are 
probably typical; it is also possible to have substantial increases. 
This is particularly true for road network having alternate routes 
with different levels-of-service. 

In developing the data shown in Table 2. fourteen road segments 
were evaluated under storm conditions over a three year period 
(1971-1973). The adequacy of the sample size is reflected in the 
relatively high correlation coefficients shown in parenthesis under 
their respective regression equations. The size of the percent 
changes in traffic flow falls within common expectations. However, 
the increases in flow, and particularly the 42% increase 

(R2 = 0.91) on the Minnesota 8-lane Urban Commuter; and the 

11% increase (R2 = 0.99) on the Idaho 2-lane Rural Commuter, 
are probably not consistent with normal expectations. In all 
instances where increases in traffic flow were noted there were 
alternate routes having lower levels-of-service than the roadway on 

which the test segment was located. 
Utilizing the same data base from which Table 2. was derived; 

eighteen variable were examined to determine if it was possible to 
correlate elements of a storm with a change in traffic volume during 
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Figure 2. Speed Reduction by Road Surface Condition 
(Congested Interstate) 
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modified volume equations for average snow traffic from that table; 
and assuming that a wet pavement has no more effect on volume 
than it does on speed (Table 1); the accident rates for these 
segments were evaluated. Idaho, Illinois and Utah results are 
shown in Figures 4, 5, and 6. Minnesota data was not amenioble to 
the method of analysis and was excluded. 

Overall accident rates for the three states evaluated are sum-
marized in Figure 4. The data shown there supports the general as-
sumption that accident rates increase with deteriorating road sur-
face conditions. Property damage cost data for the Utah segments 
was isolated and analyzed. Figure 5. shows these costs (estimated 
by the investigating officer) for the three road surface conditions. 
Undoubtedly the under $50 and the $50-100 categories represent 
only a fraction of the actual accidents that occur in those categories. 

Figure 4. Total Accident Rates by State 
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Figure 1. Speed Reduction by Rood Surface Condition 
(Uncongested Interstate) 
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Figure 3. Speed Reduction by Road Surface Condition 
(Non Interstate) 
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the storm. "the only variable significantly correlating with storm 
caused changes in traffic volume was normal traffic; n& storm 
characteristics showed a significant correlation with these volume 
reductions" (4, p. 33). 

Modifications in traffic volumes resulting from adverse weather 
conditions, if not adequately taken into account, can have a 
substantial impact on evdluotions of storm effects. For instance, 
evaluations of the effects of storms and winter maintenance 
activities on individual roads in road networks having alternate 
routes can produce erroneous conclusions unless the shifts in 
volumes from one route to another are accounted for. Traffic 
accident rates con be particularly susceptible to the distorting 
effects of volume changes do to modified road surface conditions. 
One of the molar uses of the data presented in Table 2. was to 
develop valid accident rate information. 

Accidents 

Accident records from 1971 to 1973 for the fourteen road 
segments on which Table 2. is based were obtained. Utilizing the 
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Table 2 Average Modification in Traffic Volume During Storm for Various Highway Types 

INTERSTATE 

STATE 	ADT 	LANES PAVEMENT 	ROADWAY 	 EQUATION 	 AVERAGE S CHANGE FROM 

(1974) 	 CHARACTERISTIC 	(AVERAGE SNOW TRAFFIC) 	AVNT DURING STORM 
WEEKDAY 	WEEKEND WEEKDAY WEEKEND 

UTAH 	50,500 	6 CONCRETE 	URBAN COI44UTER 
712+.61(AVNT) 	153+.94(AVNT) 	-38 5 	-6 5 

UTAH 	61.100 	6 CONCRETE 	URBAN COMMUTER 	(.80)* 

IDAHO 	16,900 	4 CONCRETE 	RURAL COMMUTER 	143+.78(AVNT) 	-8+.97(AVNT) 	-21 S 	-3 S 
(80)* 	 (.72)* 

MINNESOTA 95,000 	8 CONCRETE 	URBAN COMMUTER -122+1.42(AVVT) 	 +42 S 
(.91)* 

MINNESOTA 65,000 	6 CONCRETE 	URBAN COMMUTER -482+1.09(AVNT) 	 + 8 S 
(.72)* 

ILLINOIS 	41,260 	6 CONCRETE 	URBAN COMMUTER 	29+.77(AVNT) 	 -23 5 
(.92)* 

ILLINOIS 	106,000 	12 	CONCRETE 	URBAN COMMUTER 	22+.84(AVNT) 	 -16 5 
(1973) 	 (93)* 

NON-INTERSTATE 

UTAH 	20,400 	4 BITUMINOUS 	URBAN COMMUTER 
1+.95(AVNT) 	-8+.97(AVNT) 	- 5 5 	- 2 5 

UTAH 	17,000 	4 BITUMINOUS 	URBAN COMMUTER 	(,99)* 	 (.98)* 

IDAHO 	3,778 	2 	BITUMINOUS 	RURAL COMMUTER 	-20+1.12(AVNT) 	24+.76(AVNT) 	+11 5 	-23 5 
(99)* 	 (.87)* 

MINNESOTA 24,000 	4 2 CONCRETE 	RURAL COMMUTER 	202+.77(AVNT) 	 -22 5 
2 BITUMINOUS 	 (.65)* 

*CORRELATION COEFFICIENT 	 AVUT AVERAGE NORMAL TRAFFIC 

Nevertheless the substantive element of this figure is the increasing 

accident Cost, in each cost Category, as the road surface condition 
deteriorates. This finding is also in conformance with current 
expectations of increased property damage costs with deteriorating 

road surface conditions. 
Figure 6. represents a substantial departure from current views; 

and as such, represents one of the more significant findings of the 
study. Utah and Illinois injury accident data for their respective 
segments were analyzed for the three year period. In both states 
injury accident rates increased with deteriorating pavement 
conditions. If the data from the Utah and Illinois segments is typical 
of the snow-belt states then a careful analysis of their data could 
also yield higher personal injury and, possibly, death rates. 

Figure 5. Total Property Damage Accident Rates for Utah  

Tardiness 

Tardiness, has been assumed in economic evaluations of snow 
and ice control to be related to losses in production and/or 
employee wages. In fact, no attempt to quantify tardiness due to 
snow storms with respect to such variables as salaried employees 
versus hourly or contract employees, urban (industrialized) versus 
rural (self-employed) workers or even tempering snow storm 
tardiness with normal tardiness rates had been accomplished. 

Ninety-one businesses were interviewed by phone or by mail in 
Utah, Minnesota and Illinois. Included in the interview- was a 
request for information on normal tardiness rates. As a result of 
this interview Figure 7. was developed. (Both the values assigned to 



155 

Figure 6. Total Injury Accident Rates by State 
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lost wages and the threshold time will vary from industry to 
industry and from area to area. The values shown are for 
illustrative purposes only). Figure 7. shows that there is some 
threshold below which no pay is deducted. The expected value of 
lost wages per worker can then be developed by Equation 6. 

EQ (6) 

LOST PAY (K) = WAGE (K) xII
T'H(K) 

'° WfD(w)dw - TH(K)(1-FD(TH (K)))]1 
60  

where 
WAGE(K) = hourly wage for employees in industry type K 

TH(K) = tardiness threshold in industry type K 

The total value of lost wages for an industry type K is then given 
by an expression similar to Equation 5; taking into account the 
proportion of those who are going to work rather than toward 
home, and the amount of tardiness that can be attributed to snow 
conditions. 

"Economic forecasts including tardiness in the evaluation should 
attempt to adjust the gross approximation by the percentage of 
salaried versus non-salaried workers, percentage of businesses 
requiring an employee to remain on the job until a replacement 
arrives, businesses whose goal is such that smoll time delays do not 
interrupt total progress and the number of workers whose progress 
or lack of it does not affect the progress of other people. It is 
interesting to note from this study investingation (194) that tardiness 
and absenteeism rates during days of snowy weather were 
significantly lower than corresponding tardiness and absenteeism 
rates on a typical Monday or Friday." 

'When tardiness results in discernable economic losses, treatment 
of magnitude of tardy time con be variable depending on income, 
etc. Values of time delays used by Stanford Research Institute (181) 
for worker trips (to the worker) may be the best estimate of 
tardiness values, properly prorated at this time. However, in 
viewing the mocro-economics of the community, a loss to individual 

workers may not be a real cost, merely a transferred cost in the 
case of workers remaining on the job until replacements arrive." (2, 
p. 144) 

Figure 7. Lost Wages as a Function of Tardiness 

8 
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Absenteeism 

"Snow-caused absenteeism may create a significant cost in some 
areas for very large storms. We were, however, unable to separate 
snow-caused absenteeism from normal absenteeism. Industry often 
compensates for absenteeism by use of sick leave. It is therefore 
not clear that snow-caused absenteeism causes a real cost to 
industry." (3, p.  22) 

Comfort and Convenience 

Comfort and convenience costs are not direct, measureable 
economic costs, but their importance cannot be ignored by anyone 
who must answer to the public. Evaluating these costs is difficult. 
Thomas and Thompson have developed and appropriate method. 
Their approach was to determine the amount of money people 
would pay to avoid a given delay. Figure 8. depicts a typical case. 
Slopes and threshold values vary with the level of personal income. 
The values shown in Figure 8. ore for annual incomes of from 
$10,960 to $13,700. (, p23) 

Figure 8. Cost of Personal Discomfort as Percieved by Motorists 
(Typical Case) 
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Questionnaire Results 

In addition to the ninety-one business interviewed; fifty-three 
trucking firms were contacted. The following conclusions are the 

results of these contacts. 

Lost Production 

Very few of the industries polled indicated a loss in production as 
a result of inclement weather or snow covered highways. In the 
case of production line assembly, workers do not usually leave the 
lob until a replacement is available. For non-assembly line 
production, it is most common for weekly or monthly quotas to be 
met rather than the daily quotas which would more commonly be 
affected by snow and ice induced absenteeism. (Although extended 
cold periods did cause unusual overtime costs in some industries). 

Retail Sales 

Responses from all of the retail companies indicated that they 
were aware of sales fluctuations on snow days. However, no 
company polled had made the effeort to isolate sales during bad 
weather conditions, and approximately one-half of the responses 
indicated that most sale losses would be deferred to a later day, 
thus the quarterly sales index would not be significantly reduced. 
Sale losses consisting of perishable and impulse items may not be 
recovered at a later day, but the magnitude of these losses was not 
known. Of the volume of daily soles, the deferred sales group 
comprises the vast moìority of items sold. 

Wholesale Sales 

Wholesale suppliers of non-perishable goods generally inventory 
goods on a quarterly or a demand basis, thus delivery fluctuations 
on a daily scale as a result of snow did not seem to alter quarterly 

soles. 

Agriculture 

Highways which have a traffic composition including perishable 
products can be affected by snow related highway conditions. 
Especially susceptible are the daily products such as eggs and milk. 

The dairy industries contacted indicated spoilage was not a molar 
problem and only on rare occasions did farmers have to dump their 
milk due to shipping delays. 

Wholesalers of perishable goods reported that produce freezing 
on trucks may be a problem during bad weather conditions. They 
did not differentiate between highway conditions or the cold 
weather as the cause of these losses, nor did they indicate the 

magnitude of these losses. 

Recreational Industries 

Recreational industries such as restaurants, theaters, sporting 
events, etc., fall into the some category as non-deferred sales 
companies. All recreational industries polled with the exception of 
skiing and sporting franchises with seasonal ticket sell-outs felt 
there was a definate decline in business of stormy days. Estimates 
ranged from 20 to 50 percent reductions on bad weather days. It 
was not clear whether this business loss was caused by bad 
weather or by anticipated roadway surface conditions. 

Truck Delay 

Questionnaires returned from trucking companies polled 
throughout the United States indicated that no information was 
available on the magnitude of truck-hours delay as a result of 
snowy highways. For purposes of snow impact on truck travel, it is 
assumed from speed measurements that trucks are not significantly 

affected on rural highways whereas in urban areas trucks are 
slowed by passenger cars, which are generally influenced by snow. 

Public Opinion Poll 

The level-of-effort expended on snow and ice control activities is 
in port determined by public expectations. These expectations 
have been solidified in the political sphere thru the legislative 
process and via special interest lobbying. Court action, either by 
judicial interpetation or through increased case loads and/or 
increased size of jury settlements represent another form of public 
pressure for change. The decay of soverign immunity is one in-
dicator for the extent of governmental/judicial response to these 
pressures. Transportation agencies have responded in a variety of 
ways. Modification of policies and procedures either to conform 
with apparent public desires or to protect the agency from punitive 
actions by the public are the most typical. 

If public expectations can be ascertained with some degree of 
confidence. Then modifications in levels-of-effort can be initiated 
with some surety as to the expected reaction. Probably more 
important, additional information as to the reasons for the public's 
heightened expectations can be used to defuse or ameliorate the 
backlash resulting from cut-backs in maintenance. The public 
opinion poll represents an imperfect but viable mechanism for 
evaluating public expectations. The method has been used 
extensively and effectively in defining expectations in other areas. 
As a predictor its potential has yet to be realized by trai..partation 
agencies. The following results give some indication of the 
information that con be obtained and the logic of one evaluative 
approach. Table 3. summates the high ratings from three separate 
questions (four for Illinois). The most striking aspect of the table is 
the consistency of the heirarchicol rating. This would have been 
expected if a single forced-choice question had been used. Where 
individual roadway types were being rated separately, it was not 
expected. Decreasing rating with decreasing expenditures would 
also be expected for freeways and possibly highways. (Toll Roads 
although included in the freeway column may represent a different 
connotation to the rater.) That this expectation was substantiated 
indicates a considerable degree of observational sophistication by 
drivers. It is highly unlikely that any significant percentage of the 
samples had raters with comparative winter driving experience in 
more than two of the states sampled. 

The questionnaires were divided into five age groupings (Figure 
9). In general, the older the age group, the larger the percentage of 
that age group ranking the roadway type above standard or 
excellent. Unfortunately the age groupings were too wide to make 
definitive suppositions. Never-the-less some generalizations may be 

appropriate. 

Figure 9 Per Cent Rating Winter Maintenance Above Standard or 
Excellent by Age Group (Total All four States) 

AGE 



Table 3. Drivers Rating Roadways Above Standard or Excellent 

PERCENT QF DRIVERS 	 PERCENT* OF 
STATE 	 RATING ROADWAY TYPE 	 MAINTENANCE 	SAIc'LE 

ABOVE STANDARD OR EXCELLENT 	BUDGET EXPENDED 	SIZE 
ON SNDW CONTROL 

FREEWAY 	HIGHWAY 	STREETS 

MINNESOTA 	 79.7 	61.2 	21.8 	26.9 	1002 

UTAH (SIJI+IER) 	71.4 	53.5 	26.1 	23.5 	1731 

UTAH (WINTER) 	66.8 	47.9 	18.8 	23.5 	756 

IDAHO 	 60.9 	44.9 	24.9 	19.6 	802 

ILLINOIS 	61.2 TOLL ROADS 	44.6 	19.8 	16.2 	1055 

56.5 EXPRESSWAYS 

*AVERAGE PERCENT SPENT FROM 1971 TO 1975 INCLUSIVE (2. P.29) 
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Figure 9. represents a potential area of concern. It may be that 
the high ratings, with age, are a result of greater maturity. It seems 
more likely though that the expectations of the younger drivers are 
bosed on the higher levels-of-service initiated in the mid-fifties, 
expanded, in the sixties, and continued during the seventies. Their 
expectations, unlike their elders, have not been leavened by the 
much lower maintenance levels of the Depression, World War II, the 
post-World War II recession and the Korean War, It is important to 
remember that when cars were available in the earlier periods, as 
often as not, choins, in many areas, were a precondition to moving. 

The inferred impact of these higher expectations is tied to 
decreasing real-dollar maintenance budgets and the necessary 
cut-backs in levels-of-effort/service accompanying these reductions. 
These cut-backs in combination with the inferred increased 
expectations of the younger age groups and the movement of these 
age groups into the bodies politic and judicial may well foreshadow 
on acceleration in liability actions against all levels of government. 

Legal 

The NCHRP has published four Research Results Digests (6, 7, 8, 
9) in the last two-and-a-half years dealing with governmental 
liability. Although the documents are of substantial help to the legal 
entity, as well as being of some help to the administrator, they do 
not adquately define the trend of the low. They describe the decay 
of soverign immunity/and give ample illustration to the nature of 
the changes taking place. What they do not trace adequately is the 

decay over time. 
If the connotations implied in the Public Opinion Poll are valid. 

Then it is of some importance that this decay be traced and 
correlated with the expectations of the public. For if these 
expectations are in fact a principal component of the judicial and 
legislative forces presently impacting highway agencies; then it can 
be anticipated that the legal/monetary pressures of the present 
rather than moderating may well be accelerating. 

Vehicle Corrosion 

The EPA sponsored a document (10), published in 1976, that 
asserted that salt caused $2.9 billion annually in damage to the 
environment. Of that amount $2 billion was attributed to vehicle 
corrosion. A summation of that document will be published in TRR 
#647. Following that summation is a discussion (11) that points Out 
the inadequacies of the assumptions and the technical errors that 
render the vehicle corrosion portion of that EPA assessment invalid. 

The automotive industry, in the past, has probably been far more 
responsible for the damage caused by vehicle corrosion than the 
highway agencies using deicing salt; although the highway agencies 
have borne a significantly larger share of the negative publicity. In 
point of fact, the introduction of reduced sheet metal thickness, 
prior to the development of on adequate anti-corrosion technology, 
in the mid-fifties is largely responsible for the high incidence of  

perforation corrosion beginning then and continuing at a reducing 

rate into the present. Widely publicized, recent innovations in the 
steel industry (coil-coating), if fully implemented, will eventually 
reduce vehicle corrosion damages, do to all causes, to a minimal if 
not negligible amount. 

Structural Deterioration 

Structural deterioration represents the largest substantiated 
indirect cost of snow and ice control. There is no question that salt, 
deicing or environmental, initiates the depacificotion of reinforcing 
steel; although there are a variety of design, construction and 
loading factors which may hasten the subsequent deterioration of 
the structure. Solting programs are 	the principal cause. The 
State-of-the-Art portion of the study (2) deals with this area in 
depth. 

Discussion 

In summary, both highway users and non-highway users incur a 
number of direct and indirect costs from snow storms and the 
subsequent snow removal activities. In the case of the highway user 
the costs of a storm are primarily a result of snow caused delay. 
The molar indirect costs to users and non-users are largely a result 
of salting activities. Ecological costs, due to salting, represents the 
one remaining area of substantial uncertainty. With the possible 
exception of the ecology, both direct and indirect costs are probably 
not as large as formerly thought. 

Accident rates, both property damage and personal injury, are 
highest for snow-pocked roads, lower for wet pavement, and 
lowest for dry roads. The Utah and Illinois data contradicts the 
common assumption that personal injury accidents decrease during 
o storm. If they are typical of the rest of the snow-belt states, then 
a careful analysis of the other states accident data will quite 
possibly yield higher personal injury accident rates. 

Removal of snow and ice from highway surfaces as rapidily as 
possible is a valid objective. Its accomplishment will reduce the 
number and rate of both personal injury and property damage 
accidents; as well as contributing to a decrease in road-user wage 
losses and comfort and convenience costs associated with 
snow-covered highways. 
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