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problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 

In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national 
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techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and support 
of the Federal Highway Administration, United States 
Department of Transportation. 

The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board's recog-
nized objectivity and understanding of modem research 
practices. The Board is uniquely suited for this purpose 
as: it thaintains an extensive committee structure from 
which authorities on any highway transportation subject 
may be drawn; it possesses avenues of communications and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special-
ists in highway transportation matters to bring the findings 
of research directly to those who are in a position to use 
them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
are defiaed by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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FOREWORD This report will be of interest and usefulness to highway and transportation 
administrators, safety engineers, and others who are involved in determinations of 

By Staff whether or not the use of studded tires is to be permitted. The report describes and 

Transportation presents the results of a major search for hard evidence regarding the direct effects 

Research Board of studded tires on highway safety. Winter accident and driving data from Minne- 
sota and Michigan, where a considerable proportion of vehicles have been equipped 
with studded tires for winter driving, were used in the analysis. Because a ban was 
placed on studded tires in Minnesota during the study period, a "before-and-after" 
type of analysis was possible for that State. 	The basic approach throughout the 
study was to compare studded tires with their most likely substitute, snow tires. 
Primary comparisons were made in terms of accident rates, using both accident data 
and exposure (time-on-road) data, nature of accident involvement as influenced by 
slippery roads, and the incidence of injury. 	Accident data were obtained from 

police-reported accidents. 	In Minnesota, tire type was obtained from question- 
naires sent to accident drivers; in Michigan, tire-type information was obtained by 
the police. In both states, exposure information was obtained by questionnaire. 

The complexity of the numerous interactions among the factors of influence 
necessitated application of advanced statistical procedures in the analysis. 	Even 
though a large quantity of data was available, analytical results, in a number of 
important instances where definitive information regarding the safety effects of 
studded tires would have been highly useful, proved to be without statistical signifi- 
cance. A strong, clear-cut quantification of the true safety effects of studded tires 

continues to remain an elusive goal. 

Few items promoted in highway circles as means for safety improvement have 
been surrounded by more controversy than studded tires. In the decade or so since 
their introduction, much has been learned about their advantages and disadvantages; 
more remains to be learned. Performance tests have shown that studded tires can 
improve traction on icy surfaces. The considerable damage that they can inflict on 
pavement surface is known and has been measured by a number of agencies to 
serve as a basis for estimates of repair costs. But firm information on the all-
important degree of safety improvement, if any, that accrues from their use in the 
real world—an essential element if their acceptance or rejection is ever to be 
rationalized on a cost/benefit basis in which pavement repair costs are weighed 
against enhancement—has been difficult to obtain. 

The present study is the most comprehensive that has been attempted to date, 
at least in North America, to determine the direct effects of studded tires on acci-
dents on icy or snowy surfaces. Data from 91,375 winter accidents involving 



136,639 autos were available for the analysis of tire effects. Even with this rela-
tively large sample, some of the most sought-after relationships did not prove to be 
statistically significant at the 0.05 level of confidence. The findings of the study 
tend, in general, to show a slight safety advantage for studded tires. The Caispan 
Corporation researchers, noting that the magnitude of the benefit depends on the 
specific characteristics of the geographic area, suggest, as a rough guideline, that the 
reduction in winter accidents attributable to the use of studded tires is of the order 
of 0.5 percent. Although no better evidence exists regarding the influence of studded 
tires on winter accidents, at least one major study produced a finding that, for the 
area studied, highways were not made safer by studded tires (see "Winter Accident 
Experience in Ontario With and Without Studded Tires," P. Smith, Highway Re-
search Record No. 477 (1973) pp.  16-26). 

The pe4ormance  advantages of studded tires on icy and snowy surfaces that 
have been demonstrated elsewhere were suggested in the present study not to be 
fully translatable into the service environment. The present analysis showed a 
tendency for some drivers of studded-tire vehicles to exploit to the point of negation 
the advantages that are offered by studded tires. Among three groupings of drivers—
those with studded tires, those with snow tires, and those with standard tires—
the studded-tire group was observed to show the least increase in caution when 
traveling on icy and snowy pavements. 

The findings of the study were employed to produce tables that other states, 
using local data, can apply to determine guidelines as to what changes in accident 
frequencies might be associated with the banning of studded tires. Anyone intend-
ing to use the tables is cautioned to read carefully the limitations that are explained 
in the text. 

This study was not designed to take into account the potential hazards asso-
ciated with pavement wear and the obliteration of markings by studded tires. The 
general nature of this problem was the subject of another NCHRP investigation 
(see NCHRP Report 176), which assessed the magnitude of, and defined general 
guidelines for, the research that will be necessary to provide the required informa-
tion. On the benefit side, no study has given consideration to the potential for im-
proved mobility with studded tires. These and other such factors must be considered 
if a truly rigorous cost/benefit analysis ever becomes a necessity. 

The increased likelihood of accidents being associated with slippery roads 
ranged in the Calspan study from 34 percent to as much as 100 percent, depending 
on the breadth of the measure employed. Obviously, the winter slippery road 
problem is severe, and the contribution that can be offered by studded tires is small 
compared with the total need. It would seem that this is a general area deserving 
of additional intense research. 
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STUDDED TIRES AND 
HIGHWAY SAFETY 
AN ACCIDENT ANALYSIS 

SUMMARY 	To measure the effect of banning studded tires, winter accident and driver 
exposure data were collected in both Minnesota and Michigan. The Minnesota 
analyses involved a comparison of data before and after studded tires were banned 
in the State. The Michigan results were obtained by replacing accident rate and 
injury measures for autos with studded tires by those for autos with snow tires; 
in this way, predictions of the effects of banning studs were made. 

Table S-i summarizes the primary findings in Minnesota. It shows the 
before-to-after change in three measures of risk for drivers using studded tires in 
the before period and snow tires in the after period, and for drivers using snow 
tires in both periods. The snow-tire group was the control group against which 
the effects of changing from studded tires to snow tires were compared. Note in the 
table that the first measure (number of accident involvements) ignores changes in 
exposure to icy and snowy roads, whereas the second measure (accident rate) 
incorporates such changes. The second row, for example, shows that the risk of 
an accident on slippery (icy or snowy) roads, relative to clear (wet or dry) roads, 
did not change for those drivers using snow tires in both the before period and after 
period, but that this relative risk increased by 4 percent for those drivers changing 
from studded tires to nonstudded snow tires. 

The primary results based on the Michigan data are given in Table S-2. 
Whereas the Minnesota results in Table S-i reflect before-to-after changes in 
percentage terms, the Michigan findings show risk as measured in terms of rates. 
Here, three measures of risk were employed to compare autos with studded tires 
versus those with snow tires. The first measure considers the direct effects of tire 
type on slippery surfaces. The second measure incorporates the influence of both 
the tire and increased driver caution in response to slippery versus clear roads. 
The second row, for example, shows that on slippery roads the increased risk of an 
accident due to sliding was 7 percent (0.45/0.42= 1.07) higher for vehicles with 

snow tires than it was for those with studded tires. 
Tables S-i and S-2 compare the relationship between studded-tire autos and 

snow-tire autos when driven on icy or snowy roads; they do not take into account 
either the proportion of autos equipped with studded tires or the propoilion of acci-
dents occurring on slippery surfaces. When adjustments were made for these factors, 
the over-all estimated effects of banning studded tires were obtained. These results 
are given in Table S-3. The major reason for the differences in the results was the 
lesser use of studded tires in Michigan. (Other states, using local data, can deter-
mine guidelines for the expected effects of banning studded tires from the tables 

contained in the text of the report.) 
The Michigan findings (see Table S-2) also include comparisons of tire types 

with, and without, the influence of driver caution associated with slippery roads. 
The results of studies performed separating urban and rural areas show that, when 
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considering injury and the direct effects of reduced friction on the likelihood of 
accident involvement, studded tires were more effective in urban, or lower speed, 
areas. When considering the combined effect on accident rates of both reduced 
friction and the associated driver caution, the advantage of studded tires was re-
versed in urban areas, but further enhanced in rural areas. 

Studies of the effects of slippery road surfaces relative to clear surfaces, 
regardless of tire type, indicate that the proportion of accidents resulting in injury 
was lower on slippery roads. On the other hand, the increased likelihood of having 
an accident associated with slippery roads ranged from 34 percent to almost 100 
percent, depending on the breadth of the measure employed. Obviously, the 
slippery road problem was severe. Thus, studded tires should not be viewed as a 
unique remedial approach; rather, there remains a serious safety problem requiring 
a multifaceted search for solution. 

TABLE S-i 

BEFORE-TO-AFTER CHANGES IN RISK IN MINNESOTA 

Tire Group 	 Statistical 
Risk Measure 	Studs to Snow 	Snow to Snow Significance 

Frequency of accident 	 - 
involvement on icy 
or snowy roads 	 + 7% 	 - 8% 	 Yes 

Accident rate on icy or 
snowy roads relative 
to clear roads 	 + 4% 	 0% 	 No 

Proportion of drivers 
injured in icy or snowy 
road accidents 	 + 6% 	 - 5% 	 No 

All statistical tests were performed with one -sided hypotheses 
at the . 05 level of significance. 

TABLE S-2 

STUDDED TIRE VERSUS SNOW TIRE COMPARISONS IN 
MICHIGAN 

Risk Measure 

Proportion of accidents 
due to sliding on icy or 
snowy roads 

Accident rate doe to 
sliding relative to rate 
on clear roads 

Proportion of drivers 
injured on icy or snowy 
roads relative to clear 
roads 

Tire Group 	 Statistical 
Studs 	Snow 	Significance 

.27 .30 Yes 

.42 .45 Yes 

77 	 .83 	 No1  

1Since the Michigan data included essentially all police reported accidents 
(excluding Detroit), the differences must be accepted as real; in this instance, 
the concept of statistical significance applies only to generality beyond the 
State of Michigan and the specific data collection period. 



TABLE S-3 

ESTIMATED EFFECTS OF BANNING STUDDED TIRES 

Applicable 
State 	 Period Group 	 Effect 

Mtnnesota 	Uecember Number of 
through autos in 
March accidents 	 . 6% increase 

Minnesota 	December 	Number of 
through 	drivers injured 	 a 
March 	 1.4% increase 

Michigan 	January Number of 
through autos in 
March accidents 	 . 	% increase 

Michigan 	January Number of 
through drivers injured 
March 47a increase 

a The injury estimates include both the effects of the increased likelihood 
of injury given an accident, and the increased likelihood of an accident. 
Although the former component was not significantly different from zero, 
the specified values are the most appropriate estimates (cf. Chapter 3 
and Appendixa). 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 
IT 

Studded tires were introduced as a means of combating 
the effects of icy and snowy road surfaces. Their sales be-
came widespread because of expectations of an improved 
road/tire relationship conducive to the enhancement of ve-
hicle handling on wintry roads. The potential payoffs were 
two-fold. First, there was the promise of limiting the impedi-
ments of slippery road driving in that cars with studded tires 
could proceed while others could not. Second, it was an-
ticipated that studded tires would improve safety on icy and 
snowy roads in the sense that they would reduce the ef-
fects of slippery surfaces on the likelihood of accident 
involvement. 

As the use of studded tires became more popular, how-
ever, it turned out that there was a price to pay for these 
potential benefits. First, the various state highway depart-
ments noted accelerated road wear attributed to tire studs. 
After that, it was pointed out that certain aspects of this 
road surface deterioration problem were, in fact, counter to 
the goals of improved safety. These included, most promi-
nently, early obliteration of pavement markings and road 
delineation, as well as the creation of grooves conducive to 
the collection and storing of water, thereby incurring re-
duced friction, splashing water, and hydroplaning—all on a 
year-round basis. 

Given, then, both potential advantages and disadvantages 
associated with the use of studded tires, decisions pertaining 
to their continued use might best be made within the gen-
eral context of a cost/benefit analysis. Because the exis- 

tence of hard evidence supporting the safety values of 
studded tires was limited, and a cost/benefit approach 
might be unnecessary if benefits could not be firmly estab-
lished, this project was conceived to measure the direct 
effects of studded tires in highway safety. Specifically, the 
over-all goal of the project was to measure the wintertime 
effects of studded tires on the precipitation of accidents and 
on ensuing injuries. 

The fact that studded tires improve vehicle performance 
on slippery roads is not the basic issue here. Controlled 
experiments have amply demonstrated their value in this 
regard, particularly on ice (1, 2, 3, 4). Rather, the issue at 
hand is whether improved handling associated with studded 
tires in fact results in improved safety. Clearly, this need 
not be the case. For example, drivers using studded tires 
may not choose to use the performance advantages pri-
marily for safety purposes; rather, they may choose to drive 
faster, take less care in driving, or drive on hazardous roads 
when they otherwise might not have. 

Many other factors mediate against major safety benefits 
due to studded tires. For example, in many accidents, im-
proved road/tire friction would be of no benefit for one of 
the vehicles. In a recent study (5), it was shown that 
22 percent of all multivehicle accidents involved one ve-
hicle striking the rear of a vehicle ahead; here, studded tires 
on the lead vehicle would have provided no benefit at all. 
In short, the precipitation of many accidents on slippery 
roads is in no way a result of reduced friction. Another 



relevant point is that the improvement in stopping distance 
on ice in comparing studded tires to snow tires is small as 
compared to the effect of ice itself. Using median figures 
from the Canada Safety Council report (2) for an auto-
mobile at 50 mph gave, for studded tires on rear wheels, a 
10-percent reduction in stopping distance on glare ice; how-
ever, the effect of ice alone was to increase stopping distance 
by more than 400 percent when compared to wet or dry 
roads. Then, too, there is some question as to precisely 
what road conditions can be improved through the use of 
studded tires. Although performance benefits have been 
well demonstrated for new studded tires on glare ice, there 
is less agreement concerning used tires on fresh snow or 
even hard-packed snow. One can hardly justify the expecta-
tion of safety benefits in those conditions for which per-
formance advantages have not been demonstrated. These 
considerations, plus the use of snow removal and salting 
procedures, imply important limitations on the potential 
benefits of studded tires. Thus, it is clear that a one-to-one 
translation of performance advantages to safety benefits can 
not be legitimately implied. Hence, the research reported 
herein was devoted to the use of real world accident and 
driving data to determine the effects of studded tires on 
highway safety. 

The basic research approach was to compare studded 
tires to their most likely substitute, snow tires. This ap-
proach was taken not because snow tires are necessarily the 
best potential option, but because snow tires are, in fact, the 
most popular alternative available to the driver for com-
bating hazards on wintry roads. Primary comparisons were 
made in terms of accident rates, using both exposure and 
accident data; the nature of accident involvement as in-
fluenced by slippery roads; and the incidence of injury. 

Three separate studies constituted the program, each 
based on a different set of data. 

MINNESOTA BEFORE-AND-AFTER STUDY 

The first study was a before-and-after investigation de-
signed to exploit information created by the banning of 
studded tires in Minnesota. In 1970, Calspan conducted a 
studded-tire research program for Minnesota (6), which in-
volved the use of both accident and driving exposure data. 
Thereafter, the Minnesota legislature acted to ban studded 
tires in the State. This action was effective starting with the 
1971-1972 winter. For the purposes of the research re-
ported herein, state accident tapes were used to provide in-
formation on all accidents reported by the police from 
January 1 to April 30 and from October 15 to Decem-
ber 31, 1970. This was the period for which the use of 
studded tires was allowed by law; it constituted the before 
portion of the before-and-after study. Similarly, state acci-
dent tapes provided accident information for the after 
period, October 15, 1971 to April 30, 1972. 

In order to determine the type of tire (studded, snow, 
standard) on the accident vehicles, questionnaires were 
mailed to all drivers of nonparked automobiles in these ac-
cidents. The responses were collated with the original data 
to provide the master accident analysis tapes. 

With respect to the exposure data, questionnaire re-
sponses from the original Minnesota program were used  

for the before period. Exposure questionnaires were also 
used to measure tire type, amount of driving, and road 
conditions among the driving population during the after 
period. A copy of the exposure questionnaire is included 
in Appendix C. To avoid introducing extraneous biases in 
the exposure data, the procedures employed for the after 
portion of the data collection were patterned after those 
originally used for the before portion. Only one change was 
made: an additional iteM was added to the questionnaire 
in order to provide information on the type of tire used by 
the respondent before the ban of studded tires. A more 
detailed discussion of the data-collection procedures is given 
in Appendix A. 

The basic analytical approach was to measure before-to-
after changes for drivers who had used studded tires before 
the ban and snow tires after the ban and, then, to compare 
these changes with those for drivers who had used snow 
tires both before and after the ban. In this way, the snow-
tire sample was used as a control group whose data would 
reflect annual changes in weather, general traffic changes, 
changes in the distribution of vehicles, and so forth. The 
studded-tire data would also be affected by such changes in 
addition to the effect of losing the studded tires. Hence, in 
a comparison of results for the snow-tire group and the 
studded-tire group, such annual effects would apply to both, 
so that any differences between them could be attributed to 
the discontinued use of studded tires. 

MICHIGAN STUDY 

The second study utilized information collected in Michi-
gan during January, February, and March of 1972. Ex-
posure data were collected by the same means employed in 
the Minnesota portion of the program. However, the acci-
dent data were obtained differently. Here, whenever the 
police investigated an accident, they also completed a sup-
plementary form, provided by Calspan, which requested in-
formation on the type of tire on the accident vehicle and 
the type of tire most used by the driver during the previous 
winter. The supplementary form plus a copy of the routine 
police report were then forwarded to Calspan. Both forms 
are included in Appendix C. 

As noted earlier, whereas the collection of exposure data 
was the same in both Minnesota and Michigan, there were 
some notable differences regarding the accident data. First, 
the initial accident data from Minnesota included the popu-
lation of all police-reported accidents, but tire information 
was only available for a sample based on returns of the 
accident tire questionnaire. In Michigan, information de-
scribing both the accident and the tires was available for 
essentially the complete population of police-reported acci-
dents. The major exclusion was due to the nonparticipation 
of the Detroit police; nonetheless, the data represented a 
well-defined population of accidents. This has particular 
importance since, when a sample of data is used, tests of 
statistical significance are required in order to make in-
ferences about the population. In the Michigan study, the 
accident findings were directly descriptive of the popula-
tion; here, tests of significance were relevant only to gen-
eralization to a hypothetical population of accidents in other 
states and other times under similar conditions. Second, 



because of the availability of the paper reports written by 
the police in Michigan, more complete data were available 
for each accident. With the Minnesota data, analysis was 
necessarily restricted to the information on the state com-
puter tapes. Third, it was only in the Minnesota study that 
comparisons of the before and after periods could be made. 

In both the Minnesota before-and-after analyses and the 
Michigan analyses, various approaches were followed to 
minimize driver-related effects and questionnaire response 
biases. Because different approaches were employed in the 
various analyses, they are described in Appendixes B and D. 
It will only be added here that these techniques, which at-
tempt to "cancel out" such extraneous influences, also have 
the property of minimizing the effects of other factors, such 
as seat belt use, vehicle size, etc. 

MINNESOTA EXTENSION 

In the initial Calspan study for Minnesota, most findings 
pertaining to accident rates, driver injury, and preimpact 
behavior, implied a mild advantage for studded tires as com-
pared to snow tires. The accident data were based on police 
reports and supplemental forms supplied by Calspan; the 
data were collected by the Minnesota Highway Patrol and 
a number of local police departments. At the end of the 
data-collection period, in December 1970, some of the 
police agencies continued their collection of data through 
April 1971. Thus, four months of accident data were col-
lected, but not included in the results of that initial study; 
these data, then, formed the basis for the third study, the 
Minnesota Extension, reported herein. The 1971 data were 
combined with the originally used data to allow study of the 
composite sample. However, neither the original sample 
nor that from the succeeding four months was sufficiently 
large to allow meaningful statistical testing (it was hoped 

TABLE 1 

SAMPLE SIZES 

1. 	Minnesota Before and Alter Study 

Exposure Ooestionnaires 24, 908 
Accider,ts 32,207 
Accident Autos 37, 956 

U. 	Michigan Study 

Exposure Questionnaires 9,920 
Accidents sa. 732 
Accident Autos 88,54 

HI. 	Minnesota Extension 

Accidents: 

Original Data 4,511 
Additional Data 1925 

6,436 

Accident Autos: 

Original Data 7,151 
Additional Data 2,99! 

10, 142 

that the larger composite sample would be more useful in 
this regard). It should also be noted that, since the addi-
tional sample did not include exposure data, no updating of 
accident rate analyses was possible. Rather, the analyses 
were limited to the influence of tires on preaccident vehicle 
behavior and on driver injury. No provisions for correcting 
the effects of driver influences were available for these 
analyses. The supplementary accident report form is pro-
vided in Appendix C. 

Table 1 gives the sample sizes for all three studies. Only 
those data points that were actually available for analysis of 
tire effects are included. The exposure questionnaire sam-
ples include only automobiles, as opposed to trucks, etc., 
and the accident samples include only those accidents in 
which there was at least one automobile involved. 

CHAPTER TWO 

FINDINGS 

This chapter contains the salient aspects of the results 
presented in Appendix B of this report. The findings are 
grouped according to the study from which they were de-
rived. The implications of the results, when viewed to-
gether, appear in the next chapter. 

MINNESOTA BEFORE-AND-AFTER STUPY 

Background Information 

In regards to the use of studded tires, 36 percent of the 
respondents to the exposure questionnaire were using 
studded tires during the before period; in the period after 
the ban, 1.8 percent were using studded tires. This pro-
portion decreased through the winter, apparently as these  

more tenacious drivers recognized that the ban would be 
enforced. Of the drivers using studded tires before the ban, 
approximately three-fourths changed to snow tires, and 
22 percent to standard tires. 

Of all accidents occurring during the period before 
studded tires were banned, 36 percent were on roads de-
scribed as being snowy or icy. Thus, studded tires, or some 
other means of neutralizing wintry surfaces, could have had 
a maximum potential of influenicng 36 percent of the acci-
dents. However, this value varied considerably as a func-
tion of the specific winter month. Table 2 gives the per-
centage of accidents on slippery (i.e., icy or snowy) roads 
for each month. It can be seen from this table that the 
potential influence of ice and snow was limited in the early 



TABLE 2 TABLE 3 

ACCIDENTS OCCURRING ON ACCIDENTS ON SLIPPERY ROADS BY REGION 
SLIPPERY ROADS BY MONTH (COMBINED BEFORE-AND-AFTER DATA) 

Proportion Number of Accidents Proportion 
Region on Ice or Snow of Total 

October 	 .01 
Metropolitan 

November 	 .22  Minneapolis/ 

December 	 .51 - St. 	Paul 8,850 40 

January 	 65 Urban South 6,538 .53 

February 	 .46 

.  March 	 3 Rural South 3,869 52 

April 	 .07 	 . Urban North 3,629 70 

December through March 	.50 

All Months 	 .36 Rural North 1,993 .68 

All Areas 24,879 .50 

and late months; it was considerably higher during Decem-
ber through March, with a peak of 65 percent in January. 
Thus, although solutions to the slippery road problem could, 
at best, have influenced 36 percent of all accidents in the 
October to April period, the scope of the problem and, 
hence, the potential influence of the solution, grew to one-
half of the accidents during the winter months from 
December through March. 

Table 3 gives the accidents on icy or snowy roads as a 
function of geographic region in Minnesota. Only the mid-
winter months are included. (All before-and-after findings 
in this chapter of the report are based on the midwinter 
months.) The findings indicate that the proportion of 
accidents that occurred on slippery roads was similar for 
urban and rural roads outside the Twin Cities area. The 
proportion was lowest in the Minneapolis! St. Paul region 
and highest in the northern portion of the state. On the 
other hand, the actual numbers of accidents on slippery 
roads present a different picture. The largest single group-
ing was that for the Twin Cities. Furthermore, the number 
was greater in the south than in the north; it was also 
greater in urban areas than in rural areas. Thus, although 
the potential problems were greatest for drivers in the 
north, from a statewide view, the greatest potential benefit 
of minimizing the effects of slippery roads would occur in 
the south. 

Table 4 gives the proportion of accidents that resulted in 
injury for three road conditions (dry, wet, snow or ice). 
The likelihood of a fatal injury was highest on clear (dry) 
roads. The proportion of accidents resulting in any other 
injury was reduced on icy or snowy roads, but not on wet 
roads. The major point here is that the effect of wintry 
surfaces was to reduce the proportion of accidents resulting 
in injury. This reduced severity apparently resulted from 
the accident-inducing effects of slippery roads and the 
speed-reduction effects of driver caution on such surfaces. 

General Before-to-After Comparisons 

Before-to-after comparisons were initially performed, 
irrespective of tire type, in order to characterize the two 
time periods and to explore the possibility of gross effects 
due to the banning of studded tires. Table 5 gives the 
distribution of accident severity for the two periods. 

The figures in Table 5 show a 10-percent increase in the 
total number of accidents from the before-to-after periods. 
The proportion of accidents resulting in nonfatal injuries 
remained essentially constant. The proportion of fatal 
accidents decreased. Thus, if there was any increase in 
accident severity because of the banning of studded tires, 
the effect was not sufficiently influential to be detected in an 
over-all before-to-after comparison. 

Other results showed the winter after the banning of 
studded tires to be characterized by more hazardous roads; 
there was also an increase in both the amount of driving on 
icy and snowy roads and in the proportion of accidents on 
such slippery surfaces. This could well have accounted for 
the increase in the total number of accidents. 

Effects of Banning Studded Tires On Accidents 

In the earlier study for Minnesota (6), it was determined 
that drivers using studded tires had characteristics that 
differed from those of drivers using other tires. Further-
more, the data indicated differences in accident rates for 
the various tire types, even on clear road surfaces. This 
implied that accident rates computed for automobiles on the 
basis of tire type were strongly influenced by the accident 
propensities of their drivers. In order to remove such driver 
effects from the results of the current study, before-to-after 
comparisons were made among automobiles grouped by the 
type of tire used in the before period. (For example, the 
studded-tire group used studded tires during the before 
period; for the period after the ban, the group included 
only those drivers who had used studded tires, but then 
switched to snow tires. Thus, the studded-tire group, 
whether before or after, consisted of those drivers who 
preferred studded tires and would therefore have those 
characteristics of studded-tire drivers. Similarly, the snow-
tire group in the after period consisted of drivers who had 
used snow tires before the ban and continued to do so. A 
similar definition was used for the standard-tire group.) in 
any before-and-after comparisons, driver characteristics 
associated with tire type were thus held constant in order 
to observe more clearly the effects of changing from studded 
tires to snow tires. 



TABLE 4 

ACCIDENT SEVERITY AS A FUNCTION OF ROAD CONDITION 
(COMBINED BEFORE-AND-AFTER DATA) 

ROAD CONDITION 

Severity 	 Dry 	 Wet 	 Snow or Ice 

TABLE 5 

ACCIDENT SEVERITY—A BEFORE-AND-
AFTER COMPARISON 

Before 	 After 

Severity Freq. Eiaa !n& 
Fatal 	 188 	.008 	145 	.005 

Fatal 	 157 	.010 	44 	.005 	117 

Injury 
Producing 	4,933 	.32 	3, 194 	.34 	5,890 

Property - 
Damage 	 10,453 	L&Z_ 	±r± 	_± 	18, 962 

	

15, 543 	1.00 	9,502 	1.00 	24, 969 

Injury Producing 
005 

Property Damage 

24 

76 

1.00 

	

6,890 	.281 	7,455 	.277 

	

17,434 	.711 	19,305 	.718 

24,512 1.000 26.905 1.000 

The first analysis focused on the influence of banning 
studded tires on accident frequencies, regardless of associ-
ated changes in exposure. In this analysis, before-to-after 
comparisons were made in terms of the number of accidents 
occurring on slippery roads. This was compared to the 
before-and-after ratio of accident frequencies for clear 
roads. The result was a measure of before-to-after effects 
on the frequency of accidents on slippery roads relative to 
clear roads, regardless of changes in exposure. 

The results showed a 7-percent increase in the number of 
accident involvements for the studded-tire group, an 8-
percent decrease for the snow-tire group, and a 3-percent 
decrease in the standard-tire group. By taking the snow-
tire group as the control group, the difference between the 
studded-tire increase and the snow-tire decrease was 
found to be statistically significant. (Throughout this 
report, significance is reserved for stating the results of 
statistical hypothesis testing; it is not necessarily intended to 
imply importance. For example, a study might show a 
significant reduction in travel speeds; however, if the 
magnitude of the reduction is small, it may have no 
importance.) Thus, for those drivers who switched from 
studded tires to snow tires, there was an increase in the 
number of accident involvemetits on slippery roads relative 
to clear roads, which significantly exceeded the change for 
those drivers who used snow tires both before and after 
the ban. 

Since the previous analysis included no provisions for 
using exposure data, the results could have emanated 
mainly from exposure changes from the before period to 
the after period. To clarify the findings, an essentially 
similar analysis incorporating exposure data was performed. 
These results are given in Table 6 in terms of slippery road 
risk, a measure of the effect of tire type on accident rates 
for slippery roads relative to clear roads. Since the in-
tended function of studded tires is to mitigate the effects 
of the increased hazard of slippery surfaces, the ratio, 
slippery road risk, is a quantification of how well the tires 
achieve their desired effect; the lower the value of slippery 
road risk, the better the tire has performed. 

In Table 6 the first row gives slippery road risk for each 
of the three tire groups during the before period and the 
after period. In order to measure the before-to-after effect, 
slippery road risk for the after period was divided by that 
for the before period. The outcome appears in the bottom 
of the table. It shows an increase in slippery road risk of 4  

percent for those drivers who changed from studded tires 
to snow tires. For drivers who had used snow tires and 
continued to do so, there was no change. For drivers in 
the standard-tire group there was an indicated 15-percent 
increase. The results for the first two groups seemed quite 
reasonable; however, the finding for standard tires did not. 
(Since these drivers did not change the type of tire used, it 
was expected that the value of the ratio would be equal to 
one, as it was for the snow-tire group.) The specific reason 
for the 15-percent increase was not completely determined; 
further analysis, however, suggested that biases in the ex-
posure data for the standard-tire group were responsible 
(see Appendix D). Because of the nature of this analysis, 
the data in the standard-tire group could not account for 
the results showing the 4-percent difference between the 
studded-tire and snow-tire groups. 

A test of significance was applied to the 4-percent 
increase for studded tires versus no change for snow tires; 
and the difference was found to be nonsignificant. That is, 
although the quantitative results suggested that the risk of 
an accident involvement increased for those drivers who 
changed from studded tires to snow tires, the increase was 
not sufficiently large relative to the variations in the basic 
data to imply that the result did not occur because of 
chance effects. Thus, it could not be concluded, on the 
basis of this analysis alone, that the banning of studded 
tires was conducive to an increase in accident rates. 

In summary, the studded-tire group had a 7-percent 
increase in accident frequency and a 4-percent increase 
in accident rates, with only the former being statistically 
significant. Other data showed that this group experienced 
a 3-percent increase in exposure to slippery roads relative 
to clear roads. (Since exposure was measured in terms of 
driving time, not distance, it is quite conceivable that 
changing from studded tires to snow tires led to a reduction 
in travel speeds and, hence, increased trip duration.) These 
three results, viewed jointly, show that the combined effects 
of increased accident rates and increased exposure, neither 
of which was statistically significant, contributed to a 
statistically significant increase in the number of accidents 
for drivers changing from studded tires to snow tires. 

Effects of Banning Studded Tires on Driver Injury 

The next set of analyses was performed to measure the 
effect of banning studded tires on accident-induced injury. 



TABLE 6 

SLIPPERY ROAD RISK COMPARISONS 

BEFORE 
	

AFTER 

Studs 	 Snow 	Standard 
Studs 	Snow 	Standard 	to Snow 	to Snow 	to Standard 

.81 	I.IS 	 1.21 	 .84 	 1.15 	 1.39 

After-to-Before Ratios 

Studs -to-Snow 	 Snow-to-Snow 	 Standard-to-Standard 

1.04 	 1.00 	 I. 15 

The analyses were based on driver injury alone in order to 
preclude biases associated with the number of occupants in 
each vehicle. Only accidents occurring on icy or snowy 
roads were included. Before-to-after comparisons showed 
an increase of 6-percent in the proportion of drivers injured 
for drivers who had switched from studded tires to snow 
tires. For the snow-tire group, there was a 5-percent 
decrease, and for the standard-tire group a 1-percent de-
crease. However, the 6-percent increase was not significant, 
nor was this increase significant when contrasted with the 
decrease in the snow-tire group. Fatalities were too few in 
number to allow useful separate analysis. 

In order to increase the sensitivity of the analysis by 
removing the influence of other vehicles in multivehicle 
accidents, it was repeated using only autos that were in-
volved in single-vehicle accidents. These results showed a 
15-percent increase in the proportion of drivers injured in 
the studded-tire group, a 3-percent increase in the snow-
tire group, and a 12-percent decrease in the standard-tire 
group. Once again, neither the change for the studded-
tire group nor the comparison between the studded-tire 
group and the snow-tire group was statistically significant. 

In summary, these results tended to favor studded tires. 
Their loss was accompanied by a statistically significant 
increase in accident frequencies, as well as statistically 
nonsignificant increases in accident involvement rates and 
resultant driver injury. 

MICHIGAN STUDY 

Background Information 

The use of studded tires was considerably less in Michi-
fln than in Minnesota. Nineteen percent of the exposure 
questionnaire respondents were using studs. Indeed, com-
parisons of the tire type being used with the type of tire 
used the previous year suggested a decreasing popularity of 
studded tires in Michigan. 

In considering the scope of the slippery road problem, it 
was found that 30 percent of all accidents during the 
months of January, February, and March occurred on 
snowy roads; an additional 11 percent were reported as 
occurring on icy road surfaces. The general accident rate 
was 34-percent higher on these slippery roads as compared 
to clear roads. Of all autos involved in accidents, 13 per-
cent were found to be implicated because of sliding; i.e., 
they would not have been involved if their paths had been  

free of ice and snow. In single-vehicle accidents, 40 percent 
of the autos were involved because of sliding. When con-
sidering only slippery roads, 31 percent of the autos were 
implicated because of sliding; on snow, the figure was 22 
percent; and on ice, it was 57 percent. For single-vehicle 
accidents, the proportion on slippery roads was 73 percent; 
on snow, 59 percent; and on ice, 95 percent. 

These figures, however, do not measure the full extent 
of the slippery road problem. In almost all accidents 
involving two vehicles, where at least one was implicated 
because of sliding, it can be assumed that, if the paths of 
such vehicles had been free of ice and snow, neither 
vehicle would have been involved because the accident 
would not have occurred. The data from accidents involv-
ing one or two vehicles indicate that on slippery roads 
the number of vehicles in accidents almost doubled when 
compared to the number of involvements that would have 
occurred if the vehicle paths had been clear. 

This value differs considerably from the 34-percent in-
crease in the accident rate on slippery roads previously 
reported. Although the values could be expected to differ, 
because the accident rate incorporates exposure, this is not 
the main reason for the magnitude of the difference. 
Rather, the explanation lies with the consideration of the 
effects of driver caution. The increase in the accident rate 
was based on a comparison of slippery roads with clear 
roads. It therefore includes the effect of all differences 
between driving on slippery roads and clear roads—the 
major differences being reduced friction and increased 
driver caution. In contrast, the results pertaining to involve-
ment due to sliding were based only on data reflecting 
accidents on slippery roads. The foregoing statement to the 
effect that a vehicle was involved because of sliding signifies 
that the vehicle would not have been involved if the road 
were clear and the driver's behavior immediately prior to 
the accident remained unchanged. Thus, these results re-
flect only the influence of reduced friction and not that of 
increased caution. Hence, the data imply that the effect 
of slippery surfaces was to almost double the number of 
autos in accidents, but when allowing for the driver's 
ability to adapt to conditions, the increase in the accident 
rate was 34 percent. 

In the following analyses, both measurement techniques 
were used. The use of rates tends to provide a measure 
theoretically approaching the real world effects; the ap-
proach employing the proportion involved because of slid- 



TABLE 7 

ROAD CONDITIONS FOR ACCIDENTS WITHIN POPULATION DENSITY CLASS 

Population Road Condition 
Density 

(per square mile) Dr 

Freq. 	Prop. 

Wet Snow Ice Tntat 

Freq. Prop. Freq. Prop. Freq. Prop. Freq. Prop. 

Lower Peninsula 

Wayne County 3.675 .47 2,271 .29 1,246 .16 564 .07 7,756 1.00 

250+ 7,169 .35 5,436 .26 5.712 .Z8 2.173 .11 20,490 1.00 

100+ 3,844 .35 2,572 .23 3,200 .29 1,419 .13 11,035 1.00 

50+ 2,046 .29 1,183 .17 2,534 .36 1,199 .17 6,962 1.00 

10 + 567 . 19 373 . 12 1,546 .51 533 . 	18 3,019 1.00 

Less than 10 36 . 	18 28 . 14 102 .51 35 . 17 201 1.00 

Upper Peninsula 

10+ 261 .10 190 .07 1,690 .65 448 .17 2,589 1.00 

Less than tO 36 . 12 16 .05 209 .70 38 . 	13 299 1.00 

ing, however, is more reliable in that it does not depend on 
the use of questionnaires and is, therefore, free of sampling 
biases. 

Table 7 gives the proportion of accidents that occurred 
on slippery roads as a function of population density. The 
results show that the proportion of accidents occurring on 
icy or snowy roads was least in Wayne County, the most 
heavily populated area in the state. The proportion then 
increased with decreasing population density. The results 
for the Upper Peninsula showed a large jump that appeared 
to be independent of population density. Considering the 
number, as opposed to the proportion, of accidents on 
slippery roads, the ranking is almost diametrically opposite. 
Since one can expect exposure to correlate positively with 
population density, it is no surprise that the number of 
accidents on slippery roads decreased with decreasing 
density. (Note that Wayne County should be excluded 
from this comparison because of the incomplete data 
obtained there.) Thus, the data imply the greatest poten-
tial risks for individual drivers in sparsely populated areas 
and, particularly, in the Upper Peninsula; on the other 
hand, the greatest over-all benefits of reducing the effects 
of slippery roads could be achieved in the more densely 
populated areas. 

Table 8 gives the proportion of all accident autos in-
volved because of sliding as a function of population 
density. In the Lower Peninsula, the results were com-
mensurate with those of Table 7. The relative frequency of 
accident involvement due to slippery roads increased with 
decreasing population density. On the other hand, there 
was somewhat of a reduction in involvement due to slippery 
roads in the Upper Peninsula, in spite of the higher pro-
portion of accidents occurring on slippery roads. To the 
extent that the proportion of accidents that occurred on 
slippery roads measures potential risk and the proportion 
of vehicles involved because of sliding measures the actual 
risk, the data suggest that in the Upper Peninsula some 
agent, be it the drivers, the tires, etc., had acted to reduce 
the actual risk below the implied potential levels. 

In considering the numbers of vehicles involved in ac-
cidents because of sliding, once again, the effect of popula-
tion was dominant, so that the greatest numbers occurred in 
the more densely populated areas. 

This discussion concludes with findings pertaining to 
the effects of road conditions on driver injury. Analyses 
were performed within urban/rural groupings in order to 
obtain more homogeneous results. The findings show 
highest injury rates in rural areas, followed by Wayne 
County, with the lowest levels in other urban areas. In 
each of the three groups, the likelihood of injury was least 
on snowy roads. On ice, the injury was essentially the same 
as that for snow in urban areas, slightly higher in Wayne 
County, and notably higher in rural areas. Thus, as seen in 
other analyses, slippery roads were apparently accom-
panied by increased driver caution leading to a reduced 
likelihood of injury. However, such caution appeared to be 
less effective in the higher speed, rural driving on ice. 

Effects of Tire Type on Accident Involvement 

In discussing the scope of the slippery road problem, it 
was noted that slippery roads had two counteracting ef-
fects-reduced road/tire friction and increased driver 
caution. It was also shown that different measures were 
responsive to different combinations of these two factors. 
The results given in Table 9 reflect further development of 
these measurement techniques. (For convenience, the 
proportion of vehicles involved in accidents due to sliding 
is referred to as probability of sliding involvement. It 
measures the direct effect of reduced friction. A second 
measure, termed sliding risk, is similar to slippery road 
risk (the measure used with the Minnesota data); but, of 
the accident involvements that occurred on slippery roads, 
only those due to sliding were included. Like slippery road 
risk, sliding risk measures the effect of slippery surfaces 
relative to clear surfaces on accident rates. However, by 
including only those involvements that occurred because of 
sliding, the relevance of the road/tire relationship to the 
accident was assured. Sliding risk measures the joint effect 
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TABLE 8 

ACCIDENT INVOLVEMENT DUE TO SLIPPERY 
ROAD SURFACES WITHIN POPULATION 
DENSITY CLASS 

Population 
Density 

(per sq. mile) 	 Involvement Due to Sliding 

Lower Peninsula 	 Yes 	No 	P (Yes) 

Wayne County 802 13, 547 .06 

250 + 4, 100 31, 586 .11 

100 + 2,458 15,616 .14 

50+ 2,015 8,246 .20 

10 + 930 3,629 .20 

Less than 10 64 206 .24 

Upper Peninsula 

10+ 715 3.601 .17 

Less than 10 80 366 18 

TABLE 9 

TIRE AND DRIVER EFFECTS BY LOCALE 

for standard tires, 35 percent. The difference between 
studded tires and snow tires was statistically significant. 

A nonsliding risk equal to one implies that, on slippery 
roads, the combinations of increased caution and increased 
risk of other vehicles striking the vehicle in question be-
cause of sliding have neutralized one another, so that the 
net risk is equivalent to that of clear roads. The second 
row in Table 9 shows that the effects of increased driver 
caution on mitigating the hazards of slippery roads were 
greatest in the standard-tire group and least in the studded-
tire group. Evidently, standard-tire drivers were sufficiently 
concerned about slippery roads to reduce their rate of 
nonsliding involvement below their general rate on clear 
roads. On the other hand, snow-tire drivers exerted less 
caution, and studded-tire drivers less yet. 

The results so far examined show that studded tires were 
most effective in controlling the effects of reduced friction 
and standard tires were least effective. At the same time, 
studded-tire drivers exhibited the least caution, and 
standard-tire drivers the most. The joint effect of both 

Urban 	 Rural 	 Total 

Studs Snow Standard 	Studs Snow Standard 	Studs Snow Standard 

Probability of Sliding 
Involvement 

(Effects of Reduced 
Friction) 	 .21 	.24 	.28 	.36 

Nonsliding Risk 
(Effects of Increased 

Caution) 	 1.67 	1.25 	.93 	.68 

Sliding Risk 
(Joint Effect of Friction 

and Caution) 	 .41 	.37 	.36 	.35 

37 	.46 	.27 	.30 	.35 
	

1 

92 	.70 	1.23 	1.13 	.90 

50 	.59 	.42 	.45 	.50 

of increased caution and reduced friction. It should be 
noted that the probability of sliding involvement and sliding 
risk is based on different data (the former using only 
accident data for slippery roads, and the latter using 
accident and exposure data for both slippery and clear 
roads); therefore, although they are useful for comparing 
tire types, they are not directly comparable, one to the 
other. The third measure, nonsliding risk, was an attempt 
to quantify the effects of driver caution associated with 
slippery roads. Its composition is similar to that of sliding 
risk, except that only vehicles not involved because of 
sliding were included. Thus, it is a measure of the accident 
rate on slippery roads for vehicles involved in accidents 
when road! tire relationships were not shown to be relevant, 
divided by the accident rate on clear roads.) 

In Table 9, if, for any tire, the effects of reduced friction 
were completely mitigated, the probability of sliding in-
volvement would have been zero. The right-hand portion 
of the first row shows that for studded tires, 27 percent of 
the accident involvements on slippery roads occurred be-
cause of reduced friction; for snow tires, 30 percent; and  

factors is given by sliding risk in the bottom row of Table 
9. These results show that, for studded-tire vehicles on 
slippery roads, the likelihood of involvement due to sliding 
was 42 percent of the clear-road accident rate; for snow 
tires, 45 percent; and for standard tires, 50 percent. The 
difference between studded tires and snow tires was tested 
and fouad to be statistically significant. Thus, in spite of 
the lesser caution exerted by the studded-tire drivers, the 
results showed the studded-tire vehicles to have better 
mitigated the effects of slippery roads than did snow-tire 
vehicles. 

The other two portions of Table 9 show the results of 
the same analyses when applied separately to urban and 
rural data. For the urban accidents, the effect of reduced 
friction was best controlled by studded tires, followed by 
snow tires, then by standard tires. The difference between 
studded tires and snow tires was statistically significant. 
Caution effects were ranked in reverse order, with the 
standard-tire drivers showing the greatest increase in cau-
tion on slippery roads relative to clear roads; snow-tire 
drivers were next, followed by studded-tire drivers. The 
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joint effect of reduced friction and increased caution, 
shown in the last row of Table 9, implies that the relative 
overconfidence by studded-tire drivers resulted in the poor-
est over-all performance in urban areas among the three 
tire types. The difference between the studded tires and 
snow tires was statistically significant. 

For rural settings, the effects of reduced friction were 
slightly better mitigated by studded tires than by snow 
tires; the difference was not statistically significant. How-
ever, the second row of Table 9 shows studded-tire drivers 
to have been more cautious than drivers using snow tires. 
Hence, the joint effect measurements indicated a statistically 
significant advantage for studded tires as opposed to snow 
tires. 

In summary, these results show that the effects of in-
creased driver caution on slippery roads are a very im-
portant ingredient that interacts with tire effects in in-
fluencing over-all effectiveness. In terms of mitigating the 
direct effects of reduced friction, studded tires were shown 
to have the advantage, although only in uban accidents 
was it pronounced. When considering the effects of tires on 
reduced friction in the context of increased driver caution, 
the snow tires fared better than studded tires in urban 
conditions; however, because the advantage of studded 
tires was so much greater relative to snow tires in rural 
settings, the statewide effect was a statistically significant 
advantage for the studded-tire group. 

Some additional comparisons among the tire types were 
conducted in terms of the effects of reduced friction as 
measured by the proportion of vehicles involved because of 
sliding. Because studded tires outperformed snow tires in 
this regard, primarily in urban accidents, and because the 
Upper Peninsula of Michigan is primarily rural, an analysis 
was performed comparing tire types in the upper and lower 
peninsulas separately. These results were compatible with 
the urban/rural findings. In the Upper Peninsula, essen-
tially no difference was observed between studded tires 
and snow tires. In the Lower Peninsula, studded tires had 
a statistically significant advantage. 

Another analysis was conducted to compare tires for 
accidents on snowy roads; and, separately, for accidents on 
icy roads. On snowy roads, the proportion of vehicles in-
volved because of sliding was 17.6 percent for studded tires 
and 19.9 percent for snow tires. Although the difference 
was not large, it was statistically significant. On icy roads, 
the difference was also statistically significant-53.8 percent 
for studded tires and 57.3 percent for snow tires. 

In the final analysis, a comparisorr was made using only 
the first two vehicles in multivehicle accidents in which 
both drivers had previously used the same type of tire but, 
at the time of the accident, were using different tires. Only 
those accidents were included in which one, and only one, 
of the two vehicles was involved because of sliding. Com-
parisons were made between all three pairs of tire types, 
and all comparisons were statistically significant: studded 
tires were less likely to have been involved because of 
sliding than were snow tires; studded tires were less likely 
to have been involved because of sliding than were standard 
tires; and snow tires were less likely to have been involved 
because of sliding than were standard tires. 

Effects of Tire Type on Driver Injury 

In order to control driver influences on the likelihood of 
injury, analyses were performed in which the proportion of 
drivers injured in accidents on slippery roads was divided 
bythe proportion injured in accidents on clear roads. The 
over-all findings showed drivers of studded-tire vehicles to 
have had a lesser likelihood of being injured in accidents 
on slippery roads relative to accidents on clear roads than 
did snow-tire drivers; similarly, the snow-tire drivers had a 
lower relative proportion injured as compared to standard-
tire drivers. The results appear in Table 10. 

The analysis was repeated for both urban and rural 
accidents. These results showed that studded tires had per-
formed better than snow tires in terms of driver injury for 
urban accidents, but snow tires were favored in rural 
accidents. The over-all result (urban and rural combined) 
can be attributed to both the greater effect in urban 
accidents and the greater number of urban accidents. 

Thus
'

the likelihood of injury associated with slippery 
road accidents was lower for studded tires than for snow 
tires on a statewide basis. These results applied to urban 
accidents, but not to accidents on rural roads. All findings 
were tested and none were found to be statistically sig-
nificant. However, since the data represented the totality of 
a finite population, the differences among tire types must 
be accepted as real. The lack of statistical significance 
implies that these data can not insure the validity of 
generalization of the injury findings to other times and 
other states. 

MINNESOTA EXTENSION 

In this stu4y, an expanded accident sample was used to 
investigate and statistically test findings of the original 1970 

TABLE 10 

PROPORTION OF DRIVERS INJURED BY TIRE TYPE 
AND ROAD CONDITION 

TtRE TYPE 

Road Condition Studs Snow Standard 

Slippery .110 . 124 .146 

Clear . 142 . 149 . 169 

Slippery+Clear .77 .83 .86 
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study for Minnesota. These results reflect three potential 
influences of tire type on accidents: impact speed, unin-
tentional vehicle rotation prior to impact, and driver injury. 
In spite of the extended sample, the numbers of observa-
tions were quite limited. As a result, the findings were not 
very consistent and were not statistically significant. 

The results reflecting vehicle impact speeds and pro-
portion of drivers injured showed a mild advantage for 
studded-tire vehicles as opposed to those with snow tires. 
The findings relating to vehicle control as measured by 
preimpact rotation for vehicles involved because of sliding 
were quite inconsistent. A separate analysis of preimpact  

rotation, without regard to involvement due to sliding, was 
performed within road condition. The largest differences 
favored both winter tires as compared to standard tires on 
snowy roads; on icy roads, they showed studded tires to 
have performed better than snow tires, and snow tires better 
than standard tires. Hence, the particular value of studded 
tires on ice was implied. With respect to driver injury, some 
advantages were observed for the studded-tire vehicles; 
however, they, too, were not statistically significant. 

These results, then, did not conflict with those in the first 
two studies. They suggest advantages for studded tires, but 
do not confirm them in any emphatic way. 

CHAPTER THREE 

INTERPRETATIONS AND APPLICATIONS 

The function of this chapter is to quantitatively interpret 
the findings regarding accident rates and driver injury and 
to provide some guidance in terms of the likely effects of 
banning studded tires in the various states. Because of the 
many details entering into the derivation of these guide-
lines, as well as the specifics for using them, the following 
is a summary of a more complete discussion presented in 
Appendix E. 

ACCIDENT FREQUENCY 

The basic values used in deriving estimates of the effects 
of banning studded tires on the number of vehicles involved 
in accidents were given in the preceding chapter. They 
are: (1) a 4-percent increase in slippery road risk for 
drivers changing from studded tires to snow tires versus 
no change for those continuing to use snow tires; (2) a 
probability of sliding involvement of 0.27 for studded-tire 
autos versus 0.30 for autos with snow tires; and (3) a 
sliding risk of 0.42 for studded-tire autos versus 0.45 for 
snow-tire autos. These comparisons, respectively, lead to 
the following estimates of change in accident involvements 
on slippery roads for autos that had studded tires but 
changed to snow tires: (1) 4 percent in Minnesota, (2) 
4 percent in Michigan, and (3) 1.9 percent in Michigan. 

In order to provide a single estimate for Michigan, a 
logical analysis was performed of the meaning of the prob-
ability of sliding involvement and of sliding risk in terms 
of the factors influencing them. It was decided that, for 
the purpose at hand, the estimate based on the probability 
of sliding involvement (4 percent) was the more appro-
priate. (It would be difficult to state that this choice was 
completely independent of its compatibility with the 
Minnesota estimate, although this was the intent. At the 
same time, the equality of the two estimates engendered 
additional faith in their derivation.) 

The resulting values for Minnesota and Michigan, how-
ever, apply only to autos equipped with studded tires, and  

only to accidents occurring on slippery road surfaces. 
These are the autos and accidents that would be directly 
influenced by the banning of studded tires. However, to 
estimate the effect of banning studded tires with regard to 
all autos and all winter automobile accidents, these figures 
must be adjusted for (1) the proportion of autos in slippery 
road accidents that had been using studded tires (P5), and 
(2) the proportion of accidents that occurred on slippery 
roads (F15). 

The resulting estimate of the increase in autos in 
accidents because of banning studded tires in Minnesota 
was 0.6 percent for the months of December through 
March. There were 24,512 autos in accidents during these 
midwinter months prior to the ban, and an observed 
increase of 2,393 autos after the ban. Of this increase, six-
tenths of 1 percent of 24,512, or 147, were estimated to 
have been attributable to the loss of studded tires. The 
remainder must be attributed to other effects, such as 
increased slippery roads, increased exposure, etc. Thus, 
these other effects accounted for a much larger change than 
did the loss of studded tires. 

In Michigan, after adjusting for the proportion of autos 
in slippery road accidents that had studded tires and the 
proportion of accidents on slippery roads, the estimated 
increase in autos involved in accidents during the months of 
January through March was 0.18 percent. Thus, of the 
88,541 accident autos in the sample, this corresponds to 
an estimated increase of 159 accident involvements, had 
studded tires been banned. The primary reason for the 
difference in the percentage change for the two States was 
that approximately three times as many slippery road acci-
dent autos were using studded tires in Minnesota as in 
Michigan; this, in turn, resulted primarily from the greater 
use of studded tires in Minnesota. 

For the purposes of deriving guidelines for use by other 
states, the basic datum is the 4-percent increase in autos 
that had studded tires in slippery road accidents. To 
estimate the change in accident frequencies resulting from 
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the banning of studded tires in a particular state, P8, the 
proportion of autos in slippery road accidents that were 
equipped with studded tires, and P, the proportion of 
accidents on icy or snowy roads for that state, are utilized; 
the appropriate estimate is given by 0.04 Ps P1s. 

Table 11 gives the result of this calculation for various 
combinations of P5  and P1 . With this table and the 
appropriate local information, then, one can estimate the 
expected change in numbers of autos involved in accidents 
if studded tires were replaced with snow tires. 

In using Table 11, one should recognize that the en-
tries provide only rough guidelines. In addition to the 
approximate nature of the entries induced by sampling 
errors and random variation associated with the original 
data, one must also consider- differences among the states. 
A relatively high frequency of icy roads as compared to 
snowy roads will require an increase in the specified 
values. Further variation may well be introduced by the 
urban/rural split in the state. Because of these considera-
tions, the values in Table 11 should not be viewed as 
precise. However, considering the relatively good agree-
ment of the values of the estimates on which they are based, 
they can provide useful guidelines. Even if the tabulated 
values were to be in error by as much as 100 percent, they 
may still supply adequate guidelines. For example, the 
data strongly suggest a maximum increase in the number 
of autos involved in accidents to be 3 percent in those 
areas where studded tires are very popular and roads are 
very hazardous. The minimum increase for these condi-
tions would be near ½ percent. For those states with 
moderate use of studded tires and 20 percent of the ac-
cidents on slippery roads, the maximum expected increase 
would be less than one-half of 1 percent; the minimum 
would be in the neighborhood of one-tenth of 1 percent. 

DRIVER INJURY 

The basic data for estimating the effects of banning 
studded tires on injury were (1) a 6-percent increase in 
the proportion of drivers injured in slippery road accident 
involvements by drivers who had switched from studded 
tires to snow tires in Minnesota, and (2) an estimated 
8-percent increase in the proportion of drivers, injured in 
slippery road accidents if studded-tire drivers had been 
using snow tires in Michigan. As with the basic accident  

rate data, these results reflect only those accident involve-
ments on slippery road surfaces by autos that had studded 
tires. (It should be noted that neither the Minnesota nor 
the Michigan results have been found statistically sig-
nificant. As mentioned elsewhere, the question of signifi-
cance bears . little relevance to the measurement of effects 
on injury in Michigan during the time represented by the 
data collection; since those data directly reflected the popu-
lation of autos in accidents, the measured change in injury 
rate was the actual effect. However, although the data 
do not preclude generalization to other states and other 
years, they do not provide justification for it. The fact that 
Michigan and Minnesota data were in close agreement does 
give some support to the generalizability of the estimates. 
Furthermore, although the values obtained were not sig-
nificantly different from zero, they were based on data and 
are thus better estimates than zero would be.) 

In order to convert the foregoing values to include all 
auto accidents, irrespective of road conditions, and all 
autos, irrespective of tire type, they were multiplied by 

, the proportion of accident autos with studded tires 
among all autos whose driver was injured in icy or snowy 
road accidents, and by P1  is, the proportion of autos whose 
driver was injured on icy or snowy roads among all autos 
with a driver injury. The results showed a 0.79-percent 
increase in the number of injured drivers associated with 
the banning of studded tires in Minnesota for the months 
of December through March. In Michigan, there would 
have been an estimated 0.24-percent increase in driver 
injury during the months of January through March, had 
studded tires been replaced by snow tires. Again, the 
primary source of the difference between the two States 
was the less frequent use of studded tires on slippery road 
accident vehicles in Michigan. 

These estimates were obtained for the hypothetical con-
dition in which accident rates remained constant. That is, 
they reflect change in injury without reflecting change in 
accident frequency. The total expected change in injury 
can be obtained, to a close approximation, by adding the 
estimated change in accidents to the estimated change in 
injury. The result was a 1.4-percent increase in Minnesota, 
and a 0.4-percent increase in Michigan. 

To provide guidelines for other states, the Michigan 
estimate of 8-percent increase in driver injury was used. 

TABLE 11 

ESTIMATED PERCENTAGE CHANGE IN ACCIDENT FREQUENCIES 
ASSOCIATED WITH BANNING STUDDED TIRES 

Proportion 	 Proportion of 
of Accidents on 	 Autos in S1ipery Road 
Slippery Roads 	. 	Accidents Using Studded Tires 

.05 .10 .20 .30 .40 .50 

10 .0 .0 .1 .1 .2 .2 

20 .0 .1 .2 .2 .3 .4 

30 .1 .1 .2 .4 .5 .6 

40 .1 .2 .3 .5 .6 .8 

50 .1 .2 .4 .6 .8 1.0 

60 .1 .2 .5 .7 1.0 1.2 
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(The Michigan estimate was preferred to the Minnesota 
estimate because the data on which it was based were essen-
tially free of sampling errors.) The estimated increase in 
driver injury is to be multiplied by locally determined 
values of P1  and P1 	Table 12 contains the results of 
this calculation for various values of the two parameters. 

Once again, the reader is cautioned to regard these values 
only as estimates that may apply, more or less well, to the 
extent that the geographic area of application is similar to 

TABLE 12 

Michigan or Minnesota. Such warnings apply not only with 
regard to climatic and population density considerations but 
also to such factors as speed limits and general experience 
with slippery road driving. 

As noted earlier, the tabulated values reflect only the 

change in injury for those accidents that actually occur. To 

estimate the total change, the appropriate values from 
Tables 11 .and 12 must be added. 

ESTIMATED PERCENT INCREASE IN INJURY FOR CONSTANT 
ACCIDENT RATES IF STUDDED TIRES ARE BANNED 

Proportion of Accident 	 Proportion of Slippery Road 
Autos with an Injured 	 Accident Autoswith an Injured 
Driver whose Accident 	 Driver which Had Studded Tires 
Occurred on Slippery 
Roads 	 .05 	.10 	.20 	.30 	.40 	.50 

.10 .0 .1 .2 .2 .3 .4 

.20 .1 .2 .3 .5 .6 .8 

.30 .1 .2 .5 .7 1.0 1.2 

.40 .2 .3 .6 1.0 1.3 1.6 

.50 .2 .4 .8 1.2 1.6 2.0 

.60 .2 .5 1.0 1.4 1.9 2.4 

.70 .3 .6 1.1 1:7 2.2 2.8 

CHAPTER POUR 

CONCLUSIONS 

Performance testing, in other studies, had demonstrated 
performance advantages of studded tires. The data reported 
in this study show icy and snowy roads to have been a 
necessary factor for the generation of many accidents. 
Thus, there can be no doubt that studded tires theoretically 
have the potential and the opportunity to yield safety bene-
fits. The more important question, however, relates to the 
actual safety benefits derived from studded tires as used by 
drivers with different degrees of concern for safety in a 
variety of road and traffic conditions. Results showed 
studded tires to have been somewhat more effective in mid-
gating the effects of slippery roads on accident involvement 
as compared to snow tires; two out of three analyses yielded 
statistically significant differences, and the third, although 
not significant, supported the same conclusion. The mag-
nitude of the benefit depends on the specific characteristics 
of the geographic area. A rough guideline would be a re-
duction, when considering all winter accidents, of approxi-
mately ½ percent. 

Thus, a driver using studded tires is provided a buffer, or 
additional margin of performance, on icy or snowy roads. 
For some drivers that buffer is mostly held in reserve for  

emergency conditions; this was apparently responsible for 
the observed safety benefits. Other drivers may tend to ex-
ploit this buffer in routine slippery road driving by driving 
relatively faster, turning more sharply, employing greater 
acceleration and deceleration, etc. The data imply that 
drivers, taken as a whole, do both. Although the likelihood 
of being involved in an accident because of reduced friction 
of icy and snowy roads was less for studded tires than for 
snow tires, a separate measure showed that snow-tire drivers 
displayed a somewhat greater increase in caution on slip-
pery roads than did studded-tire drivers. (Standard-tire 
drivers performed best in this regard.) Nonetheless, the 
effect of slippery roads, even when considering the effects 
of differential caution, was better controlled by studded 
tires. 

The interaction of tire effects and driver effects was quite 
pronounced when considering urban and rural accidents 
separately. In urban accidents, the effect of reduced fric-
tion was best controlled by studded tires. At the same time, 
however, the studded-tire drivers, apparently overly secure 
at low speeds, seemed to exercise less caution than the 
snow-tire drivers did, with the result that they were some- 
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what more likely to have accidents. For rural driving, 
studded tires had only a slight advantage over snow tires 
in combating reduced friction. This diminished margin may 
have resulted from the generally higher rural speeds tend-
ing to wash out much of the tire effect in emergency situa-
tions. Here, however, studded-tire drivers were apparently 
cognizant of the greater hazards of rural driving on slippery 
surfaces and exerted greater caution than snow-tire drivers. 
Be that as it may, the statewide results implied somewhat 
greater safety for studded tires either when considering tire 
effects alone or tire effects in combination with differential 
driver caution. 

The importance of driver caution should be clearly rec-
ognized. If drivers in any state are to continue using 
studded tires, perhaps some means should be found to alert 
them (particularly with regard to urban driving) that over-
reliance on their tires does occur and that the penalty is an 
increased likelihood of precipitating an accident or a re-
duced probability of avoiding one. Regardless of the status 
of studded tires, results showed that important safety bene-
fits would be derived from improved driver concern for the 
hazards of slippery road driving. 

Regarding driver injury, studded tires were beneficial in 
two ways. First, their lower accident rates could be ex-
pected to produce a corresponding reduction in the oppor- 

tunity for injury. Second, when an accident did occur, 
drivers using studded tires were less likely to sustain an 
injury, although the strength of the evidence was somewhat 
less persuasive here. Although this second result held for 
both Minnesota and Michigan, urban/rural analysis in 
Michigan showed the effect on driver injury to have been 
due to benefits in urban accidents. 

It is of paramount importance to recognize that the scope 
of this research was limited to a determination of the safety 
effects of studded tires in use. Thus, before a rigorous judg-
ment can be made from a cost/benefit viewpoint, all of the 
major costs and benefits must be considered. In addition to 
increased road maintenance costs due to the destructive ef-
fects of tire studs, there are also the potential hazards as-
sociated with pavement damage. Primary among these are 
premature loss of pavement markings and reduced friction 
associated with water retention .on worn surfaces. On the 
benefit side, it is also important to include the potential for 
improved mobility of vehicles equipped with studded tires. 

Finally, the data show that slippery roads represent a 
serious, large scale, safety problem. Although studded tires 
are to some extent helpful in alleviating the problem, they 
are by no means a complete solution. Therefore, whereas 
the banning of studded tires is an issue deserving most seri-
ous consideration, perhaps the time is at hand for a more 
general treatment of the slippery road problem. 

REFERENCES 

Committee on Winter Driving Hazards, "Passenger Car 
and Friction Trailer Tests." National Safety Council 
(1966). 
Damas and Smith, Ltd., "Effectiveness of Studded 
Tires." Canada Safety Council (1970). 
Damas and Smith, Ltd., "Winter Testing of Tires." 
Canada Safety Council (1971). 
ROSENTHAL, P., HASELT0N, F. R., Brnn, K. D., AND 

JosEpil, P. J., "Evaluation of Studded Tires—Perform-
ance Data and Pavement Wear Measurement." NCHRP 
Report No. 61, 66 pp. (1969). 

PncitoNoic, K., "Accident Cause Analysis." Cals pan 
Corporation Report No. ZM-5010-V'3 (1972). 

PERCHONOK, K., "Safety Effectiveness of Studded Tires." 
Caispan Corporation, Report No. VJ-2915-V-2 (1971). 

SMITH, R. W., EVANS, W. E., AND CLoud, D. J., "Ef-
fectiveness of Studded Tires." High way Research Rec-
ord, No. 352 (1971). 
BARTLETT, M. S., "Contingency Table Interactions." 
I. Roy. Statistical Soc., Supplement 2 (1935) pp.  248-
252. 



16 

APPENDIX A 

DATA COLLECTION DETAILS 

MINNESOTA BEFORE-AND-AFTER STUDY 

Accident and exposure data were collected in order to 
provide information about accidents and the type of tires on 
accident-involved vehicles, and to measure the amount of 
driving per tire type in the driving population at large. 
Although the accident data were collected, of course, after 
the accidents had occurred, it was desirable to obtain ex-
posure data on a current basis so that reasonably accurate 
information could be had throughout the periods under 
study. Since this study was conducted after the banning of 
studded tires, it was impossible to obtain information on the 
amount of driving under particular road surface conditions 
occurring prior to the ban; hence, reliance was placed on 
exposure data collected in the previous study for Minnesota. 
Thus, the period of study for the previous program deter-
mined the period of interest defining the "before" portion 
of the current effort. The periods represented by the data 
are given in Table A-I. 

Two time periods were not represented by exposure data. 
No data were collected in January 1970, inasmuch as the 
initial project commenced at too late a date to do so. Re-
garding the absence of exposure data in October and No-
vember of 1971, the initiation of the before-and-after study 
was held in abeyance until the decision to ban studded tires 
was final and the state agreed to participate in the program. 

Accident Data 

Information specifying the type of tires on automobiles 
in accidents was obtained by mailing questionnaires to driv-
ers who had accidents during the periods of interest. This 
process was initiated by the generation of a mailing list of 
such drivers. No questionnaires were sent to drivers of 
autos that were parked at the time of the accident. The 
Minnesota Department of Highways in a joint effort with 
the Minnesota Department of Public Safety provided the 
records for this purpose. Adhering to the state statutes, 
only police-reported accidents could be used for research 
purposes. Furthermore, the use of driver identification 
from accidents records was prohibited. Thus, the first step 
was to purge the accident tapes of all accidents reported by 
drivers, but not by the police. Second, driver license files 
containing accident identifying information and driver 
name and address were matched to provide mailing ad-
dresses for accident-involved drivers. Jndeed, for the pur-
poses of generating a mailing list, the driver's license file 
alone would have been sufficient had it contained a specifi-
cation as to whether each accident had been police re-
ported. Lacking that, the matching of the license and the 
accident files assured the restriction to police-reported 
accidents. 

In order to expedite the process, instead of waiting for 
the completion of the accident tapes for February through 

April of 1972, copies of all paper police reports were ob-
tained for that period. Sufficient information was coded 
and key punched so that these accidents could be matched 
with the rapidly updated driver license files, and the mailing 
list was completed. Hence, names and addresses were com-
puter printed onto a questionnaire so as to be seen in a 
window envelope. The accident tire questionnaires were 
mailed during the months of July, August, and September 
of 1972. Business reply envelopes were provided, so that 
return postage was not required of the respondent. A copy 
of the questionnaire appears in Appendix C. The first two 
paragraphs described the general purpose of the question-
naire and encouraged responsiveness. Confidentiality of 
identification was assured. The respondent was asked to 
return only the lower half of the form, so that driver iden-
tification was secure. A sentence at the top of the return 
form, as well as one in the first paragraph, was designed to 
minimize dishonest answers, particularly from drivers who 
had been illegally using tire studs. 

The first item requested specification of the type of tire 
on the vehicle at the time of the accident. The particular 
date in question was printed by computer on each question-
naire in order to minimize confusion if the driver had been 
involved in more than one accident recently. Tire informa-
tion was restricted to the rear wheels only (1) because pre-
vious experience had shown that only a negligible number 
of vehicles were equipped with four studded tires, and 
(2) because it was desirous to produce a simple form that 
would encourage responsiveness. 

As discussed elsewhere, there was interest in performing 
analyses controlling the type of tire used by the driver in the 
year prior to the accident. Thus, data were solicited that 
reflected the type of tire used during three successive win-
ters. In order to minimize differences in response prob-
abilities corresponding to accidents occurring in the before-
versus-the after period, the second section (indeed, the 
whole questionnaire) used the same format for both groups 
of drivers. 

Finally, in the lower right-hand corner, there was an 
Il-digit number that allowed the collating of the responses 
with individual vehicles in the accident file. - This number 
contained a specification of a 7-digit accident number used 
by the state relating the year of the accident, the Julian date, 
and accident sequence number for that date. The remain-
ing four digits were used for matching individual vehicles 
within an accident. They specified the age of the driver; the 
driver's sex; and the specification of first vehicle, second 
vehicle, etc. 

By the time all responses were received, key punched, 
and verified, the complete accident file from the state had 
been received. It had been fully processed to include only 
police-reported accidents and to exclude information un-
related to the present study. The accident tire questionnaire 
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TABLE A-I 

DATA LISTING—BEFORE-AND-AFTER STUDY 

1970 	 1971 	 1972 

Months in Before Period 	Months in After Period 

PreviousStudy 	iF MA 	ON D 	ON U 	J F MA 

Exposure Data 	X X X 	X X X 

Current Study 

Exposure Data 	 X X 	X X X X 

AccidentData 	X X X X 	X X X 	X X X X X X X 

responses were merged with the accident file to provide the 
primary source of accident data. As part of the same 
process, new variables designed to facilitate analysis were 
generated. The resulting tape included all police-reported 
accidents plus the questionnaire responses. A listing of 
these data elements ajipears in Appendix C. 

From this complete tape, known as MINCOMP, a second 
much shorter tape was generated to allow more economical 
analysis. This tape, known as MINHIT, contained only 
those accidents for which there was at least one "hit" (i.e., 
there was at least one accident tire questionnaire response). 
Each accident on MINHIT contained all the information 
specified in Appendix C. It differed from MINCOMP in 
that (1) only accidents for which at least one response was 
received were included, and (2) information pertaining to 
parked autos was excluded. Because of its completeness, 
MINCOMP was used for analysis purposes whenever pos-
sible. MINHIT was used in any accident analysis requiring 
information from the accident tire questionnaire. Thus, 
MINHIT was used for the analysis of tire type by accident 
frequencies, accident rates, and driver injury. 

Exposure Data 

In order to determine the type of tire used by the popu-
lation at large, questionnaires were sent to a pseudorandorn 
sample of automobile owners. To avoid the introduction of 
biases between the "before" and the "after" samples, essen-
tially the same process and forms were used for the after 
portion of the data collection as had been developed in the 
previous study for Minnesota. The only exception is dis-
cussed as follows. The State Department of Highways 
sampled their motor vehicle registration files and printed 
some 52,000 names and addresses directly on mailing labels 
that were then shipped to Calspan. These labels were affixed 
to envelopes containing a cover letter, the exposure ques-
tionnaire, and a business reply envelope requiring no stamp. 
There was a slight modification in the questionnaire as com-
pared to the one used for the before period; it appears as 
item number IV on the form. This item was added to pro-
vide information pertaining to the type of tire used before 
tire studs were discontinued. A copy of the exposure 
questionnaire is included in Appendix C. 

In order to provide a reasonably representative sample of 
driving, while attempting to achieve maximum accuracy re-
garding the amount of driving as a function of road con-
ditions, questionnaires were sent out twice weekly through- 

out the study period. Questions pertaining to tire type on 
the automobile and the amount of driving were directed 
toward "yesterday" (i.e., the last complete day of driving). 
In this way, a sample of exposure throughout the period 
was obtained. 

The amount of driving and the conditions in which it 
occurred were obtained in item VJ. Notice first that travel 
time was used as the measure of exposure. Although most 
studies have attempted to measure exposure in terms of dis-
tance, it was thought that most drivers could more easily 
and accurately recall duration of a trip as opposed to dis-
tance traveled. In addition, there was no particular reason 
to believe that distance would have been the better measure. 

It might also be noted that there was some ambiguity 
regarding the meaning of "trip." That is, going to the 
grocery store could be regarded as one 10-min trip, or two 
5-min trips. However, since exposure was computed as 
total time per road surface condition, the number of trips 
was irrelevant and no difficulty was encountered. 

It can be seen that, whereas road conditions for the acci-
dent data were reported in terms of type of condition (dry, 
wet, ice/snow), for the exposure data, road conditions were 
measured in terms of amount of wintry cover. This latter 
approach was used in the original study for both exposure 
and accident data because it was believed to provide a more 
accurate method of describing road surface conditions. In 
order that the exposure data collected in the after portion 
of the study be commensurate with the before portion, this 
practice was maintained. 

The road condition data for the accident and exposure 
samples were grouped to provide compatibility of compari-
son (see Table A-2). Notice that although scattered cover 
had no corresponding condition in the accident data and 
was therefore excluded from accident rate studies, it did 
provide a buffer in the exposure data between the slippery 
and clear roids, thereby reducing the effective ambiguity of 
responses. 

Use of Winter Months 

In the earlier study for Minnesota, it was found that the 
data yielded more consistent results when restricted to the 
winter months (December, January, February, and March). 
The major reasons thought to contribute to this fact were 
twofold. The first, and more important, was associated with 
the limitations of the meaning of terms used to define road 
surface conditions. The basic concern in this study was the 



Accident Data 

Type of Road Surface Cover 

Snow or ice 

Wet or Dry 

- 	Exposure Data 

Amount of Ice, Snow, or Slush 

5 Completely Covered 
1 Mostly Covered 

Scattered Cover 

Little or No Cover 
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TABLE A-2 	 TABLE A-3 

GROUPING OF ROAD CONDITIONS 	 ROAD SURFACE CONDITIONS FOR ACCIDENTS IN 
EACH MONTH 

Road Condition 

Month 2n.. Wet Ice or Snow 

October .55 .44 .01 

November .52 .26 .21 
December .26 .23 .51 

January .19 .16 .65 

February .34 .20 .46 

March .51 .16 .32 

April .71 .22 .07 

TABLE A-4 

TIRE TYPE BY MONTH FOR EXPOSURE DATA 

Before 	 After 

Month Studs Snow Winter 
October .07 .13 - 
November .24 .22 - 
December .44 .28 .66 

January - - . 70 

February .47 .29 . 72 

March .44 .28 .67 

24 	 .22 	 .51 

influence of these road conditions on the relationship be-
tween the tire and the road. Yet, at temperatures in the 
region of the freezing point, the visual appearance of the 
cover conditions may not coincide with the conditions af-
fecting the road-type relationship. For example, a road 
completely covered with fresh snow would be reported as 
such; however, because of the influence of pressure between 
the tire and the road at relatively high temperatures, the 
snow will melt so.that in terms of road-tire friction the sur-
face conditions would be essentially that associated with 
wet, rather than snowy, roads. 

Second, the months of November and April were most 
likely to involve the major changes from standard tires to 
winter treads or vice versa. This process, interacting with 
the changes to cover conditions as previously described, 
produced influences in the data degrading the utility of 
analysis. 

The practice of concentrating on the winter months was 
continued in the present study. One reason was strictly 
operational in nature. Because of the late initiation of the 
before-and-after study, exposure data for the after period 
were not available for the months of October and part of 
November. 

The resulting loss, however, was not of major importance 
for additional reasons. Table A-3 shows the distribution, 
for both the before and after periods combined, of the road 
surface conditions for each month corresponding to the 
original studded-tire period. The data were derived directly 
from the state accident data and thus did not depend on 
questionnaire responses. It can be seen that the incidence  

of accidents on icy or snowy roads reached a peak in Jan-
uary and was minimal in the early and late months. Thus, 
only 1 percent of all police-reported accidents occurred on 
wintry surfaces in October, and 7 percent in April. Al-
though the figure was higher for November, it was con-
siderably lower than that for the peak months. In general, 
then, the scope of the slippery road accident problem was 
limited in the early and later months. The emphasis in this 
study focused on those months in which the problem was 
most severe. 

Table A-4 gives the distribution of winter tires as a func-
tion of month. For the after period, studded tires and snow 
tires were grouped together since, because of the ban, very 
few studded tires were in use. Note also that, whereas 
Table A-3 was based on accident data, Table A4 reflects 
the proportion of autos with winter tires as obtathed from 
the exposure questionnaires. For the before period, as ex-
pected, the use of winter tires followed the demand created 
by the incidence of wintry surfaces. That is, a peak was 
reached during the midwinter months. The table shows the 
use of studded tires to be greatest between December and 
March. (Since the data collection in the initial study for 
Minnesota commenced in February, no January data were 
available.) As noted earlier, November and April were the 
primary transition months for changing tire types. Notice 
that the peaking process was much more severe for studded 
tires as compared to snow tires. This undoubtedly resulted 
from legal sanctions precluding the use of studded tires out-
side the range of tabulated months, and from the use by 
some drivers of snow tires throughout the year. 
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Although no data were available for October and Novem-
ber in the after period, the last column of Table A-4 also 
displays the peak use of winter treads in the midwinter 
months. Thus, the use of the midwinter months was de-
signed to improve the consistency of results with a fairly 
minor loss in terms of slippery road data and studded-tire 
data. 

MICHIGAN STUDY 

The data for this study were collected during the months 
of January, February, and March of 1972. The exposure 
data were obtained via questionnaires, sent to a pseudo-
random selection of 52,000 drivers from the Michigan 
driver license files. The questionnaires and the processing 
of returns were the same as those employed in the 
Minnesota study. 

Accident data were collected by police officers who in-
vestigated the accidents. In this way, essentially all police-
reported accidents in the State of Michigan became part of 
the data pool available for analysis. The major exclusion 
here occurred in the city of Detroit where accident investi-
gation and reporting procedures precluded participation in 
the study. The police also completed a supplementary form 
to provide tire information, and that form, along with a 
duplicate of the routine accident report form, was for-
warded to Calspan. Copies of both forms are shown in 
Appendix C. It would have been desirable to obtain more 
information with the supplementary form; however, this 
would have tended to discourage the cooperation of the 
individual police officers, thereby inducing less complete 
reporting. 

Because the coding and key punching were performed at 
Calspan, certain additional variables were constructed and 
coded. Principal among these was "involvement due to 
sliding." Involvement due to sliding is essentially synony-
mous with involvement due to reduced friction induced by 
icy or snow surfaces. Specifically, a vehicle was coded as 
being involved because of sliding if it was judged that the 
vehicle would not have been involved if its path had been 
free of ice and snow. Normally, this determination was 
readily made since the effects of ice and snow, in compari-
son to wet or dry roads, are typically obvious—especially 
in emergency conditions, where the judgment was far sim-
pler and more reliable than attempting to directly assess the 
influence of tire type. In multivehicle accidents, involve-
ment due to sliding was judged independently for each 
vehicle. Of course, if the road was free of ice and snow, 
the vehicles could not be coded as having been involved 
because of sliding. 

Although the report forms did not explicitly distinguish 
between icy and snowy surfaces, it is normally true that if  

roads are icy, as compared to snow covered, this is typically 
noted by police in the accident description. When this oc-
curred, the road conditions were coded as icy. In this way, 
a subsample of icy road accidents was available for analysis. 
Even though accidents coded as occurring on snowy roads 
undoubtedly included some icy road accidents, it is thought 
that a high percentage of the latter was removed, so that the 
"snow" sample was relatively homogeneous. 

MINNESOTA EXTENSION 

The third study involved the use of accident data col-
lected in Minnesota during January through April of 1971. 
These data were collected by participating police agencies 
after completion of the original research program for the 
state. The data, similar to those collected in Michigan, con-
sisted of supplementary forms completed by the investigat-
ing police plus copies of their routine police reports. (A 
copy of the supplemental form appears in Appendix C.) 
No exposure data had been collected for this time period. 

Prior to statistical analysis, two special variables were 
coded. One was involvement due to sliding as described for 
the Michigan study. The second was a specification for 
each accident of a trigger vehicle. This variable was de-
veloped to remove from certain analyses those vehicles, in 
each accident, whose tires played no essential role in the 
precipitation of the accident. For example, if a parked car 
was involved in an accident, its tire type was not related to 
the generation of that accident. Therefore, for each acci-
dent, one accident.precipitating vehicle, called the trigger 
vehicle, was specified. Although in some instances the trig-
ger vehicle was not evident and thus could not be coded, 
there was, by definition, never more than one trigger vehicle 
per accident. 

A vehicle was said to be a trigger vehicle if it met any 
one of the following criteria: 

It was involved in a single-vehicle accident. 
It initiated the accident by striking a previously 

stopped vehicle or object, or by leaving the road surface. 
It was the last vehicle to convert the situation into an 

accident by changing speed or direction. 
It was the one of two moving vehicles, previously on 

an intersection path, which clearly violated the other's right 
of way. 

Notice that, except in situation 4, culpability was irrele-
vant. Rather, the aim was to determine which vehicle was 
most active in precipitating the accident, irrespective of the 
reason for such behavior. Furthermore, the use in analysis 
of one vehicle per accident precluded potential statistical 
problems associated with the nonindependence of observa-
tions of several vehicles in one accident. 
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APPENDIX B 

DETAILED FINDINGS-MINNESOTA BEFORE-AND-AFTER STUDY, 
MICHIGAN, AND MINNESOTA EXTENSION 

MINNESOTA BEFORE-AND-AFTER STUDY 

Background Data 

The accident data on which the study was based were a 
subsample of all police-reported accidents during the pe-
riods under study; it was restricted to those accidents in 
which there was at least one automobile in each accident. 
The following general description of these data provides a 
context in which to view the results. (Note that all accident 
data in this section were those contained in MINCOMP; 
they include all months (October through April) unless 
otherwise noted.) 

The data sample, or more properly, subpopulation, con-
sisted of 79,117 accidents, in which there were 133,173 
automobiles involved. Of these, 11,722 were parked; they 
were not sent accident tire questionnaires. Of these acci-
dents, 611 (or 0.8 percent) involved fatalities, 30 percent 
involved no fatally injured persons but at least one police-
reported injury, and 69 percent were property damage only. 
In total, 719 persons were killed and 36,806 were injured. 

Table B-i gives the distribution of accidents as a function 
of geographic area. The five regions were defined in terms 
of urban versus rural in combination with location. The 
area type was considered to be urban, if the population was 
greater than 2,500. Three locations were used: (1) Hen-
nepin and Ramsey counties, which contain the twin cities 
of Minneapolis and St. Paul; (2) the remainder of the 
southern part of the state; and (3) the northern counties. 
It can be seen that the largest portion of the accidents oc-
curred in the metropolitan Twin Cities area, and the small-
est portion was in the rural north. Combining the groups, 
77 percent of the accidents were in urban areas, with the 
remaining 23 percent in rural. This latter figure reflects 
8 percent of the accidents that occurred in cities with popu-
lations less than 2500, and 15 percent in areas not within 
cities. 

Table B-2 gives the distribution of accidents for those 
months during which the use of studded tires had been 
allowed by law; again, the before-and-after data are com-
bined. It should be noted that, although these data give the 
impression - of a distinct peak in accident frequencies for 
December and January, this may be somewhat misleading 

. in that, since the studded-tire period began on October 15, 
the 9 percent for that month represents only slightly over 
one-half of the month. 

In the next set of tables, results reflecting some aspects 
of the problem associated with wintery, slippery roads are 
given. Table B-3 gives the distribution of road conditions 
on which the accidents occurred. It shows that in 36 per-
cent of the accidents the police reported the roads to have  

been icy or snowy. This implies that, if one grants poten-
tial benefits of tire studs on snow as well as on ice, such 
effects could be, or could have been, influential in 36 per-
cent of the accidents occurring between October 15 and the 
end of April. 

Table B-4 gives the distribution of road conditions for 
accidents as a function of the month in which they oc-
curred. The incidence of accidents on icy or snowy roads 
peaked for the months of December, January, and Feb-
ruary. March was somewhat lower, followed by November. 
The proportion of these slippery road accidents was much 
lower for October and April. The incidence of dry road 
accidents bore an inverse relationship with the relative 
frequency of accidents on icy and snowy roads. 

It is evident that the proportion of accidents occurring 
on slippery roads varies with the likelihood of snowfall. It 
is also likely that the degree of hazard presented by a snowy 
surface varies from month to month. This is based on the 
temperature effects for the early and late months as de-
scribed earlier. Hence, the hazard implied by Table BA 
may well overestimate the degree of the problem for those 
months. 

The distribution of road conditions as a function of acci-
dent location appears in Table B-S. As before, accident 
region, a combination of urban/rural and state area, is 
shown. The data are from the midwinter months. The pro-
portions of accidents occurring on snowy or icy roads are 
clearly shown to be a function of region. The lowest pro-
portion occurred in the Twin Cities area; this is not to im-
ply, however, that 40 percent fails to represent a serious 
problem. For the remainder of the regions it is interesting 
to note that the relative frequency of slippery road accidents 
was not so much a question of urban versus rural, but 
rather north versus south. In the south, roughly one-half 
of the accidents occurred on slippery roads, whereas in the 
north over two-thirds did so; the distinction between urban 
and rural was negligible. 

In order to maintain a proper perspective, however, it is 
important to note the absolute frequencies of accidents oc-
curring on slippery roads in the various regions. Of the 
24,879 accidents on slippery roads, 8,850 occurred in the 
Twin Cities area, 10,407 in the remainder of the south, and 
5,622 in the north. Thus, although accidents in the north 
were most likely to occur on slippery road surfaces, they 
represent the smallest group of such accidents in compari-
son to the other two areas. It follows that, whereas the risk 
to the individual driver may have been greatest in the north, 
the problem, undoubtedly due to the presence of more driv-
en, was, from a numeric viewpoint, greater in the south. 

In order to investigate the influence of road condition on 
accident severity, Table B-6 was constructed. It shows ac- 
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TABLE B-I 

ACCIDENTS BY GEOGRAPHIC LOCATION 

Location T ype Frequency Proportion 

Twin Cities Urban 34009 .43 

Southern Counties Urban 19276 .24 

Southern Counties Rural 12821 - 16 

Northern Counties Urban 7895 . 10 

Northern Counties Rural 4955 .06 
78956 a 100 b 

The total shown is less than 79, 117 due to the appearance of 

"unknown" in the original data. This accounts for the variations 

which occur among the tables that foUow. It is particularly evi-

dent when a previously tabuLated variable is cross indexed with a 

new variable, thereby reducing the total number of ubservations. 

The value 1.00 is the correct value although, due to rounding 

errors, the sum of the tabulated components is .99. 

TABLE B-2 

ACCIDENTS BY MONTH 

Month Frequency Proportion 

October 7217 .09 

November 11848 .15 

December 14235 . 18 

January 14859 . 19 

February 11424 .14 

March 10899 - . 14 

April 8635 .11 

79117 1.00 

TABLE B-3 

ACCIDENTS BY ROAD SURFACE CONDITION 

Condition 	 Frequency 	 Proportion 

Dry 31442 .41 

Wet 17485 .23 

Ice or snow 28072 .36 

76999 1.00 

cident severity, measured by the most severe injury, as a 
function of road surface condition for the midwinter 
months. The injury categories are mutually exclusive; spe-
cifically, the injury-producing category does not include the 
fatality group. Before looking specifically at accidents on 
snow- and ice-covered roads, it is interesting to note that the 
likelihood of an accident inducing a fatal injury was less on 
both wet surfaces and wintry surfaces than on dry roads. 
This suggests increased caution, possibly in the form of re-
duced speeds, when the road surfaces were degraded by 
water, snow, or ice. And yet, this reduced severity held 
only for snowy and icy roads, and not for wet roads, when 
measured in terms of the likelihood that an accident was 

injury producing. Apparently, to the extent that the re-
duced speed hypothesis is valid for wet roads, it applied 
only to higher speed travel, where fatal injury is more 
likely. 

in comparing snowy and icy roads to dry surfaces, Table 
B-6 clearly shows a reduction in the likelihood of any injury 
on the slippery surfaces. For these surfaces, approximately 
three-fourths of the accidents were in the property damage 
category, whereas for dry roads two-thirds of the accidents 
produced no injury. As stated earlier, the most likely rea-
son is reduced speeds on slippery roads stemming from 
increased driver caution. This is in agreement with the 
experience of most police departments—wintry roads tend 
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TABLE B-4 

ACCIDENTS BY ROAD CONDITION WITHIN MONTH 

Road Condition 

Dry Wet Snow or Ice 

Month Freq. Prop. Freg. Prop. Freq. 

October 3,877 .55 3,111 .44 74 .01 

November 6,047 .52 3.018 .26 2.480 .21 

December 3.657 .26 3,120 .23 7.081 .51 

January 2.711 . 19 2,368 . 16 9.356 .65 

February 3.739 .34 2,273 .20 5.093 .46 

March 5,436 - 	.51 1.741 .16 3,439 .32 

April 5,975 .71 1,854 .22 549 .07 

to increase the number of so-called fender benders, but 
reduce the relative frequency of severe accidents. 

The following tables provide background information on 
the distribution of tire types in the Minnesota exposure 
samples. Chains have been excluded from all analyses be-
cause of their infrequent use; in the after period, they con-
stituted only 0.07 percent of the exposure sample. Table 
8-7 (the first column) shows that 36 percent of the drivers 
were using studded tires in the before period. An almost 
equivalent proportion was using standard tires, and ap-
proximately one-quarter of the drivers were using snow 
tires. The second column gives the comparable distribution 
after studded tires were banned; it shows that a small re-
sidual of drivers illegally continued the use of studs. Since 
only •a small change occurred in the proportion using stan-
dard tires, it appears that most of those drivers who had 
used studded tires switched to snow tires rather than to 
standard tires. 

Because 1.3 percent of the respondents indicated con-
tinuing use of studded tires after the ban, it was of interest 
to examine the change in this portion through the winter; 
the results are given in the first column of Table 8-8. It can 
be seen here that the portion using studded tires decreased 
from the initial high values as the winter progressed. This 
is particularly noticeable in comparing the data for Decem-
ber, January, and February, when the proportion of studded 
tires decreased and the proportion of snow tires increased. 
This suggests that some drivers were intent on using studded 
tires, but that, as they began to recognize that the ban was 
to be seriously applied, most of them conceded to the legal 
risks. 

By using the responses giving the current tire type and 
previous tire type as stated by respondents in the after sam-
ple, the distributions of the current tire, given the previous 
tire, were computed; the results are in Table 8-9. The first 
block of data shows that 2 percent of the drivers who had 
used studded tires continued to do so. In contrast, 75 per-
cent of them switched to snow tires, probably by having the 
studs removed, and 22 percent changed to standard tires. 

Notice that the distribution for those who had used 
studded tires was almost identical to the distribution for 
those drivers who had previously used snow tires. In both  

groups approximately three-fourths of the respondents used 
snow tires in the after period, with most of the remainder 
changing to standard tires. It is likely that many of those 
who had switched to standard tires did so because they felt 
that new standard tires would be effective on slippery roads. 
This would apply both when drivers had bought new cars 
and when used snow tires had worn out. 

The last block of data in Table B-9 shows that, of those 
respondents who had previously used standard tires, 80 per-
cent continued to do so. Apparently they felt that the need 
for winter tires was not sufficient to justify the cost. On the 
other hand, 20 percent of the drivers did switch to snow 
tires; perhaps the studded-tire controversy was, to some ex-
tent, effective in bringing to the public an increased aware-
ness of winter driving problems. 

Over-alt Before-to-After Comparisons 

In this section, data are presented to identify changes and 
similarities between the two samples reflecting accidents 
before the banning of tire studs and the accidents thereafter. 
It should be noted that, although these data do not explicitly 
identify tire type, if studded tires are thought to have very 
important safety benefits, then the loss of tire studs might 
be expected to yield measurable changes in the total acci-
dent picture. As before, in order to maintain the sensitivity 
of analyses to studded-tire effects, the focus in this section 
is on accidents that occurred during the months of De-
cember through March. (The accident data are from 
MINCOMP. All of the following accident and exposure 
analyses pertain only to the midwinter months.) 

In the period before banning studded tires, there were 
37,856 police-reported accidents involving at least one auto-
mobile; after the ban, there were 41,261. This constituted 
an increase of 9 percent. Considering only those accidents 
occurring during the midwinter months, 24,512 occurred in 
the before period, and 26,905 in the after period; this was 
an increase of almost 10 percent. It would be premature at 
this point to assume that the banning of studded tires was 
responsible for these increases. There are numerous alter-
native possibilities, including changes of police-reporting 
characteristics, road conditions, amount of driving, etc. In-
deed, much of the effort in this study was devoted to con- 



TABLE B-7 

TIRE TYPES-BEFORE AND AFTER 

Tire Type Before Alter 

Freg. Eia& Freq. Prop. 

Studs 6.189 .36 101 .013 

Snow 4,349 .26 5,038 .64 

Standard 6,454 .38 2,718 .35 

16. 992 1.00 7.857 1.00 

TABLE B-8 

TIRE TYPE BY MONTH FOR THE AFTER PERIOD 

Tire Type 

Studs Snow Standard Total 

Month F req. Prop. F req. Prop. F req. Prop. Freq. Prop. 

December 31 .018 1110 .65 578 .34 1719 1.00 

January 9 .012 509 .69 225 .30 743 1.00 

February 13 .007 1398 .71 554 .28 1965 1.00 

March 12 .007 1144 .66 577 .33 1733 1.00 

April 10 .007 699 .50 694 .49 1403 1.00 

TABLE B-S 

ACCIDENTS BY ROAD CONDITION WITHIN GEOGRAPHIC REGION 

Road 	 Metro Urban 	Rural - Urban 	Rural 

Condition Minn. /St.P. South 	South 	North 	North 
F P F P F P F P F P 

Dry 	7449 .34 3600 .29 2753 .37 	919 .18 	797 .27 

Wet 	5723 .26 2225 .18 	776 .10 	617 .12 	136 .05 

Snow or Ice 8850 	.40 6538 .53 3869 .52 3629 .70 	1993 .68 

	

22022 1.00 12361 1.00 7398 1.00 	5165 1.00 	2926 1.00 

TABLE B-6 

ACCIDENT SEVERITY BY ROAD CONDITION 

Road Condition 

Severity 	 Dry 	 Wet 	 Snow or Ice 

Freq. 	Prop. Freg 	Prop. 	F req. 	PLO . 

Fatal 	 157 	.010 	44 	.005 	111 	.005 

Injury 
Producing 	4933 .32 3194 .34 5890 	.24 

Property 
Damage 	10453 .67 6264 .66 18962 	.76 

15543 1.00 9502 1.00 24969 	1,00 

TABLE B-9 

EFFECTS OF BAN ON TIRE TYPE 

Tire Type 
Before 	 After 

Studs 	 Studs 

Snow 

Standard 

Frequency 

90 

2896 

866 

3852 

Proportion 

02 

.75 

22 

1.00 

Snow 	 Studs 
	

8 	 .003 

Snow 
	 1765 	 .76 

Standard 
	

559 
	

24 

	

2332 
	

1.00 

Standard 	Studs 
	

0 
	

00 

Snow 
	

302 
	

20 

Standard 
	

1216 
	

80 

	

1518 
	

1.00 
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TABLE B-b 

ACCIDENT SEVERITY—A BEFORE-AND-AFTER 
COMPARISON 

Before After 

Severity Freq. Prop. Freq. Prop. 

Fatal 188 .008 145 .005 

Injury Producing 6.890 .281 7,455 .277 

Property Damage 17,434 .711 19. 305 .718 

24.512 1.000 26,905 1.000 

trolling extraneous influences so that the effects on safety, 
if any, of discontinuing tire-stud use could be clearly seen. 

In Table B-b, a before-and-after comparison is made in 
terms of accident severity. Regarding the proportions of 
accidents in each severity category, little absolute change is 
evident. However, it can be seen that there was a consid-
erable reduction, in a ratio sense, in the proportion of acci-
dents resulting in a fatal injury. Indeed, although the total 
number of accidents increased, the number of fatal acci-
dents decreased. The table also shows an increase in the 
number of injury-producing accidents; however, the change 
was proportional to the change in the total, so that the pro-
portion of injury-producing accidents remained essentially 
constant. 

Table B-i I gives road surface conditions for accidents in 
the before period and the after period. It shows a consider-
able reduction for the after period in the proportion of acci-
dents occurring on dry roads. In complementary fashion, 
the relative frequency of accidents on wet and on snowy or 
icy roads increased. In this instance, the absolute frequen-
cies changed in the same direction as the relative frequen-
cies. There was a 19-percent decrease in the number of 
dry road accidents. For wet roads, the number increased 
31 percent; for snowy and icy roads, 25 percent. This all 
tends to suggest either that (1) there was an increase in 
wintry surface accidents because of the loss of studded tires, 
or (2) that there were more slippery roads during the win-
ter after tire studs were banned. Note that the first prem-
ise is not in accord with the wet road data. If the loss of the 
use of studded tires was responsible for the increased acci-
dent frequency on snowy and icy roads, one might well 
expect that increase to be greater than the corresponding 
increase for wet roads; as noted earlier, this was not the 
case. On this basis, the increase in slippery road accidents 

TABLE B-il 

BEFORE-AND-AFTER COMPARISON OF ROAD SURFACE 
CONDITIONS FOR ACCIDENTS 

Before After 
Road 

condition Lxss. ?zsa. !S!& Prop. 

Dry 8,582 .36 6.961 .27 

Wet 4, 107 .17 5.395 .21 

Snow or ice 11, 	111 .47 13.858 .53 

23,800 1.00 26,214 1.00 

appears to be the result of a greater incidence of slippery 
roads; this will be discussed more fully later. 

Returning to accident severity, to this point, it has been 
noted that there was a relative decrease in the probability 
that an accident yielded a fatal injury in the after period, 
and that there was an increase in the proportion of acci-
dents on snowy and icy roads for that period. It has also 
been shown that accident severity was lower for accidents 
on wintery surfaces. This suggests that a greater incidence 
of slippery roads in the second time period could have been 
responsible for the reduced severity because of increased 
caution. To explore this possibility, the distribution of acc-
dent severity was computed within road condtion and com-
pared across the before and after periods; the results are 
given in Table B-12. 

Examining the relative frequencies of injury-producing 
and property-damage accidents, it is readily apparent that, 
once the results were corrected for the effects of road con-
dition, there were essentially no changes in the pattern, in-
jury versus no-injury, from the before period to the after 
period. Indeed, the proportions are remarkably close to 
equality. As for the fatal accidents, some decrease (before 
to after) remains. Since that decrease diminishes in mag-
nitude from dry and wet roads to snowy or icy surfaces, the 
only way in which the loss of studded tires could be rele-
vant was if there was an unknown annual effect reducing 
the likelihood of fatal • accidents and a partially counteract-
ing increase due to the loss of studded tires. It must be 
noted that the number of fatal accidents among the cells 
in Table B- 12 is sufficiently low to preclude speculation of 
a compelling nature or,indeed, the need for it. 

With regard to the potential effects of banning studded 
tires on gross accident statistics, the findings in this discus-
sion can be summarized briefly. In comparing all police-
reported accidents involving at least one automobile, for the 
months of December through March, before and after the 
ban of studded tires, any safety benefits lost because of 
the ban were of insufficient magnitude to produce obvious 
increases in over-all accident frequencies of severity. 

Next, some over-all comparisons of the before and after 
periods are considered on the basis of the exposure ques-
tionnaire. Table B-13 gives the distribution of driving time 
on the various road conditions for the two samples. A com-
parison of the respective proportions clearly shows more 
severe road conditions during the after period. This con-
firms similar inferences drawn from the before-to-after 
comparisons of the accident populations. 
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TABLE B-l2 

ACCIDENT SEVERITY WIThIN ROAD SURFACE CONDITION FOR THE BEFORE 
AND AFTER PERIODS 

DRY WET 

Before After Before After 

Severity fl Freg. E!S& Freg. Prop. 

Fatal 99 .012 58 .008 27 .007 17 .003 

Injury 
Producing 2,724 .317 2,209 .317 1,386 .337 1,808 .335 

Property 
Damage 5,759 .671 4.694 .674 2,694 . 656 3,570 .662 

8,582 1.000 6.961 1.000 4,107 1.000 5,395 1.000 

SNOW OR ICE 

Before After 

Severity Freq. ?!aa. !.!fl. £.Eaa 
Fatal 	 58 	.005 	59 	.004 

Injury 
Producing 	2,616 	.235 	3, 274 	.236 

Property 
Damage 	8,437 	.759 	10, 525 	.759 

	

11, 111 	1.000 	13. 858 	1.000 

Effects of Banning Studded Tires on Accident Frequencies 

The first before-and-after analysis related directly to tire 
type and accident data exclusively; exposure data were 
ignored. The aim was to measure the effect of banning 
studded tires on accidents, regardless of its effect on ex-
posure. From another point of view, this analysis can be 
thought of as reflecting the effects of discontinuing the use 
of tire studs on accident rates, or the likelihood of an acci-
dent, assuming relative exposure remained the same for 
each tire group. 

Table B-14 shows the frequencies of automobiles in acci-
dents occurring during the midwinter months of the before 
and after periods for clear roads (dry and wet) and slip-
pery roads (snowy or icy). As noted in the discussion of 
the data collection, no exposure data were collected for the 
month of January in the before period. Hence, in order to 
maintain the desired compatibility of analyses, the data in 
Table B-14 represent the months of December, February, 
and March. Tire groupings were defined in terms of the 
type of tire on the vehicle in the first, or before, period. For 
the second time period, studs signify those accident vehicles 
for which the driver had used studded tires before they 
were banned, but which were equipped with snow tires in 
the after period. Snow tires, in the after period, reflect 
autos whose drivers used snow treads in the before period 
and continued to do so. A corresponding definition is sig-
nified by the standard-tire group. Therefore, in the after 
period, there are three tire groups: studs to snow, snow to 
snow, and standard to standard. By this approach, those 
driver characteristics which correlate with the preferred 
type of tire were held constant and could not influence 
before-to-after comparisons. The basic analytical strategy 
was to compare before-to-after changes in the studded-tire  

group to before-to-after changes in the snow-tire group; 
hence, the differences in the changes could be attributed to 
the loss of studded tires. Notice that general changes from 
the before-to-after period, such as more severe weather or 
an over-all increase in driving, would affect both tire groups 
equally, so that the differences in their changes would not 
be affected. In this sense, the snow-tire group was used as 
a control sample against which to compare the studded-tire 
group. 

The first set of computational results shown in Table B-IA 
are the ratios of after-to-before accident frequencies within 
each tire grouping, first for slippery roads and then for clear 
road surfaces. Thus, on slippery roads, the studded-tire 
group showed a 50-percent increase in accidents, whereas 
snow tires and standard tires had 3-percent and 21-percent 
reductions, respectively. Although these findings, taken at 
face value, imply a serious increase in accidents associated 
with the loss of studded tires, the results are certainly not 
intuitively satisfying in that the changes shown are un-
reasonably large. 

A number of potential explanations could be attempted; 
however, the most likely one lies in sampling biases asso-
ciated with the accident questionnaire. It seems likely that 
drivers who were sufficiently motivated to purchase studded 
tires might well be disgruntled at having them banned. This 
could induce overresponsiveness in the questionnaire on 
their part. The reduced value for the standard-tire group 
may well result from lower responsiveness associated with 
loss of interest in the studded tire question. It should be 
noted here that, because these intermediate results were 
based on calculations performed strictly within the tire 
groupings, there was no opportunity for overresponsiveness 
in one group to artificially induce apparent underresponsive-
ness in the other groups; thus, the results are functionally 
independent from one group to the next. 
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TABLE B-iS 

DRIVING TIME FOR ROAD COVER CONDITIONS FOR THE 
MIDWINTER MONTHS IN THE BEFORE AND AFTER PERIODS 

Before 	 After 

Road Cover 	Minutes 	Proportion 	Minutes 	Proportion 

Complete 	 53, 675 	.06 	 66, 732 	. 12 

Mostly 	 66, 721 	.07 	 79, 052 	- 14 

Scattered 	 214,499 	.23 	175, 368 	.43 

Little or None 	587, 590 	.64 	225, 041 	.41 

922.485 	1.00 	546.193 
	

1.00 

Because of the unreasonable variation among the values 
obtained and the potential response biases implied, a simi-
lar analysis was performed for clear road accidents where 
the effects of tire type should be minimal. The results 
appear in the second block of figures in Table B-14. Here, 
again, the spread in values is too large to preclude response 
biases. Since these values, if unbiased, could be expected 
to be equal (reflecting the lack of differential tire effects on 
clear roads), they provide a measure of relative differences 
in responsiveness among the three tire groups. Thus, by 
dividing the slippery road values by the clear road values, 
the biases should be reduced. These results are given in the 
next line in the table. (It might be argued that by normaliz-
ing on clear-road data, the studded tires may derive an arti-
ficial advantage if they perform less well than snow tires on 
clear roads. However, comparisons of stopping distances 
on dry and wet surfaces show little performance decrement 
for studded-tire vehicles (7). Differences ranged from a 
6-ft shorter stopping distance for studded tires on wet as-
phalt at 50 mph to 12 ft longer on wet concrete at 50 mph. 
These results pertain to autos with two studded tires versus 
two snow tires. For four studded tires, the range was 2 It 
shorter on dry asphalt at 50 mph to 29 ft longer on wet 
concrete at 50 mph. However, the results for autos with 
two studded tires are the more representative; in Minnesota, 
in 1970, less than 3 percent of the studded-tire autos had 
studs mounted front and rear (6). Tests at lower speeds 
gave values within the stated ranges. It is most likely that 
the magnitude of these differences is sufficiently small to 
have little or negligible effect on the precipitation of clear 
road accidents. To the extent that any such effects do exist, 
they are minimized as a contaminating factor in this analy-
sis since their contribution would be slight when compared 
to slippery road differences.) 

Returning to Table B-14, it can be seen that the result 
was to considerably reduce the differences among the three 
values. Now, a 48-percent increase is noted in the number 
of slippery road accident involvements for the studded-tire 
group, 27 percent for snow tires, and 34 percent for stan-
dards—as corrected for clear road accidents. The problem 
remains as to why there was an increase for each of the tire 
groups. The possible reasons lie in two areas. 

The first reason could be associated with additional, more 
complex, response biases. If drivers responded to the ac-
cident tire questionnaire with differential rates in the two 
periods as a function of road condition, such a response 
could also be conducive to the increased values obtained. 

Comparison of MINCOMP and MINHIT showed that to 
some extent this had occurred. Drivers were more likely to 
have responded in the after period if their accidents oc-
curred on slippery as opposed to clear roads; this, relative 
to their measured responsiveness in the before period. 
However, the effect was in the neighborhood of 3 percent 
and, thus, does little to account for the increase in the 
relative accident rates. 

The second reason results from the fact that actual fre-
quencies and not proportions were used in the calculations. 
(This was done to demonstrate the independence of results 
from one tire group to the next.) Increased values would 
be expected if a larger proportion of accidents occurred on 
slippery roads in the after, as opopsed to the before, period. 
It has already been shown (see Table B-il) that this was 
the case. In order to correct for this effect, the same opera-
tions performed on the individual tire data were also per-
formed on the total for all tires. The results appear in the 
last column of Table B-14, and the adjusted results are 
shown in the last row. They represent, for each tire group, 
the estimated before-to-after change in accident S  involve-
ments on slippery roads compared to clear roads, corrected 
for the general effects of differential road conditions. 

The final result shows an increase for the studded-tire 
group, a similar decrease for the snow-tire group, and a 
smaller reduction for the standard-tire group. In order to 
test the difference between studded tires and snow tires, a 
chi-square test for three-way interactions was applied. It 
was found that the 7-percent increase for drivers losing their 
studded tires was significantly different from the 8-percent 
decrease for those who had used snow tires and continued 
to do so. (Similar results were obtained for the analysis 
employing data from all four midwinter results.) 

Although these results imply an increased frequency of 
accident involvement on slippery roads for drivers switch-
ing from studded to snow tires, caution is required in inter-
preting them. As noted earlier, this analysis contains no 
treatment of possible changes in the relative amount of driv-
ing from before the ban to after the ban. It was originally 
thought that if the ban were to have any effect on exposure, 
it would be to reduce the amount of driving on snowy and 
icy roads by drivers who no longer used tire studs. Reso-
lution of this question is treated in the following discussion 
in which accident rates, or accident frequencies relative to 
exposure, are examined. 
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Effects of Banning Studded Tires on Accident Rates 
	 TABLE B-14 

Although the function of the before-and-after paradigm 
has been described elsewhere, it is well to note that the gen-
eral approach here is to systematically remove, where pos-
sible, extraneous influcnccs so that mcaningful results may 
be found. In addition to minimizing the effects of potential 
biases in sampling, analyses were designed to arrive at mea-
sures intended to be free of driver influences, weather 
effects, etc. The analysis consists of several steps and the 
rationale for each is discussed. A more mathematically 
oriented development is given in Appendix D. 

Table B- 15 contains the raw data on which the computa-
tions were based. As noted earlier, no exposure data were 
collected for the month of January in the before period. 
Hence, in order to maintain the desired symmetry of analy-
sis, the data in Table B-is represent the months of Decem-
ber, February, and March, and consist of four quadrants 
reflecting the before and after periods cross-classified with 
road condition. Each quadrant contains a specification of 
the number of accident autos and the total amount of ex-
posure for each tire grouping. For example, in the upper 
left-hand quadrant, the first entry in the first column is the 
number of autos with studded tires in accidents occurring 
on slippery roads before the use of tire studs became illegal. 
The second entry in the first column is the total number of 
minutes driven by respondents to the exposure question-
naire for the same conditions. The third entry results from 
the division of the accident count by the amount of 
exposure. 

In this format, it is difficult to make comparisons because 
there are differences in sample size, within each quadrant, 
that result from several factors. It has already been noted 
that the questionnaire sample was larger for the before 
period and that there was a higher frequency of slippery 
roads in the after period. In addition, the sample in the 
after period was restricted to the key types: studs to snow, 
snow to snow, and standard to standard. Drivers who had 
used snow tires, but who switched to standard tires, have 
been excluded. The groupings used here are the same as 
those used in the accident frequency analysis described 
earlier. 

Nonetheless, the ratios of number of accident autos to 
minutes of driving do provide some initial information. 
Comparisons of before-and-after data, although they would 
not be valid because of the aforementioned considerations, 
do indicate that the likelihood of being involved in an acci-
dent was considerably higher for slippery roads than for 
clear road surfaces for all tire groups and for both of the 
study periods. 

In order to continue the analysis, it was desirable to re-
move the distortions associated with the differential sample 
sizes. This was done by dividing each entry by the respec-
tive sample size in each quadrant, thereby obtaining the pro-
portion of each tire type within its quadrant. The results 
are given in Table B-16. Here it can be seen, for example, 
that for slippery roads in the before period, autos • with 
studded tires constituted 33 percent of the accident vehicles 
and accounted for 53 percent of the driving time. 

In comparing slippery roads to clear roads, it can be seen 
that, whereas the proportion of accidents for each tire type 

BEFORE-AND-AFTER COMPARISON OF ACCIDENT 
INVOLVEMENTS BY TIRE GROUP 

Tire Group 

	

Studs 	Snow 	Standard 	Total 

Slippery Roads: 

After 	 1, 715 	1.387 	584 	3.686 

Before 	 1.144 	1.426 	851 	3,421 

After -i-Before 	1.50 	.97 	.69 	1.08 

Clear Roads: 

After 	 1.670 	1,390 	674 	3,734 

Before 	 1,647 	1,819 	1,314 	4,180 

After-i-Before 	1.01 	.76 	.51 	 .78 

Slippery+ Clear 	1.48 	1.27 	1.34 	1.38 

Adjusted for 
Change in Road 
Condition (#- 1.38) 	1.07 	.92 	.97 

differed only slightly, the exposure differed by larger 
amounts. The exposure to slippery roads by studded-tire 
autos was relatively larger than their exposure to clear 
roads. Conversely, standard-tire autos constituted a smaller 
portion of the slippery-road driving as compared to clear 
road driving. Little change is evident for snow tires. This 
most likely reflects the tendency of drivers to choose tires 
according to their needs. When studded tires were avail-
able, a driver living in an area where roads were frequently 
snow or ice covered, would have been more likely to pur-
chase studded tires than would someone for whom slippery 
roads were a less frequent hazard. On the other hand, a 
person whose driving occurred mostly in the city in midday, 
after roads had been cleared, would have been more likely 
to use his normal standard tires. The result would be that 
studded tires would receive relatively more use on slippery 
roads than on clear ones, and the converse would be true 
for standard tires. 

Ratios of the proportions in Table B-16 were computed 
(accidents , exposure) to measure the effects of tire type 
within road condition and study period. The findings are 
given in Table B-17 (it is shown in Appendix D that these 
figures represent the probability of an accident for the re-
spective tire corrected for the direct influence of the vari-
ables defining the quadrant in which it appears). For ex-
ample, Table B-17 shows that the accident rate for studded 
tires on slippery roads, before the use of studs was pro-
hibited, was 63 percent of the accident rate for all tires on 
slippery roads in that time period. According to the data 
thus far interpreted, these data indicate that studded-tire 
autos were 37 percent less likely, on slippery roads, to be 



00 

TABLE B-is 

BASIC DATA FOR ACCIDENT RATE COMPUTATIONS 

BEFORE 	 AFTER 

	

Studs 	Snow 	Standard to 

	

Studs 	Snow 	Standard 	to Snow 	to Snow 	Standard 

Slippery Roads: 

Number of autos 
in accidents 	 1,144 	1,416 	851 	I, 715 	1,387 	584 

Minutes of driving 	58,992 	28,194 	24,399 	60,525 	23,579 	14,074 

Ratio 	 .0019 	.0051 	0035 	.0028 	.0059 	.0041 

Clear Roads: 

Number of autos 
in accidents 	 1,647 	1,819 	1,314 	1,670 	1,390 	674 

	

Minutes of driving 254, 153 	151,985 	167,555 	76,835 	42,158 	34,961 

Ratio 	 .0006 	.0012 	.0008 	.0022 	.0033 	.0019 

involved in an accident as compared to the average for all 
autos. Similarly, the table shows, for slippery roads in the 
first period, that snow-tire autos in this sample had 65-
percent more accident involvements than did other autos. 

Indeed, the high values for snow tires in Table B-17 rep-
resent the most explicit indication of potential biases with 
the data. Notice that in all four quadrants, this relative acci-
dent rate is considerably higher for snow tires than for the 
other two types. The presence of biases is particularly evi-
dent on clear roads where one might expect only minimal 
tire effects, and, yet, the spread between tire types on clear 
roads is almost as great as on slippery surfaces. 

The specific reason for the behavior of the data is not 
clear. However, the potential sources of variation are, in 
general, known. Each entry in Table B-ti results from 
three components, which can be discussed but which can 
not be individually computed. The entries in the table are 
estimates that are equal to the true relative rate multiplied 
by a relative response rate to the accident questionnaire, and 
divided by a relative response rate to the exposure question-
naire (a more rigorous description of the statistics involved 
is given in Appendix D). Thus, the high relative rates for 
snow-tire autos may have been due to (1) a high accident 
propensity regardless of road conditions, (2) a tendency of 
users of snow tires to overrespond to the accident question-
naire, and/or (3) a tendency of snow-tire users to under-
respond to the exposure questionnaire. There is, however, 
no empirical way with the data at hand to determine which 
of the three sources is most responsible for the values in 
Table B-17; the aforementioned considerations point the 
way toward further analysis to minimize the effects of 
potential response biases. 

Although drivers of a particular tire type may have com-
mon characteristics inducing differential responsiveness to 
the two types of questionnaires, it is far less likely that this 
differential responsiveness should also be a function of road 
conditions. That is, if snow-tire users were indeed more 
likely, for some reason, to respond to the accident ques- 

tionnaire than the exposure questionnaire, then one could 
expect them to maintain this characteristic for both slip-
pery and clear roads. To the extent that such response 
biases are equal for both road conditions, the ratio of the 
estimates of relative accident rates for slippery and clear 
roads will induce an algebraic canceling of the biases. 

Table B-iS contains those ratios that are called slippery 
road risk. Their meaning requires some explanation. Each 
ratio represents an estimate of the differential effect of the 
tire, in question, on the risk of an accident on slippery 
versus clear roads. This is precisely what one wishes to 
measure, since the function of winter tires is to mitigate the 
effects of increased risk of driving on slippery roads. 

From another viewpoint, if it is assumed that any one of 
the tire types has no effect on the likelihood of an accident 
on clear roads, then the sole purpose of the slippery road 
risk statistic is to remove the biases previously described. 
From this viewpoint, the statistic is simply a measure of the 
effects of the particular tire in modifying the likelihood of 
an accident on slippery roads. For example, the first entry 
in Table B-iS portrays a 19-percent reduction in the likeli-
hood of an accident on slippery roads for vehicles equipped 
with studded tires. 

The upper left-hand portion of the table shows that dur-
ing the before period, the risk of an accident on slippery 
roads as compared to clear roads was best mitigated for 
autos equipped with studded tires, then snow tires, followed 
by standard tires. However, the same ranking applies for 
the after period in spite of the fact that the drivers in the 
studded-tire group were using snow tires. That is, slippery 
road risk was smallest for drivers associated with studded 
tires, even if they were using snow tires at the time of the 
accident. The most probable reason is that these drivers, 
who at one time were sufficiently concerned about driving 
on wintry road surfaces to buy studded tires, were also 
sufficiently concerned to exert additional driving caution 
when roads were hazardous. Thus, although they were not 
allowed to continue using tire studs, they could have been 



29 

TABLE B-16 

RELATIVE OCCURRENCE OF TIRE TYPE FOR ACCIDENTS AND 
EXPOSURE ON SLIPPERY AND CLEAR ROADS 

Slippery Roads: 

Studs 

BEFORE 

Snow Standard Total 

Studs 
to 

Snow 

AFTER 

Snow 	Standard 
to 	to 

Snow 	Standard Total 

Accidents .33 .42 .25 1.00 .47 .38 .16 1.00 

Exposure .53 .25 .22 1.00 .62 .24 .14 1.00 

Clear Roads: 

Accidents .34 .38 .27 1.00 .45 .37 .18 1.00 

Exposure .44 .26 .29 1.00 .50 .27 .23 1.00 

expected to maintain a cautious posture with regard to 
driving on icy or snowy roads. 

The effects of caution associated with slippery roads were 
treated analytically by application of the before-and-after 
approach. By dividing slippery road risk for the after 
period by that for the before period, all such effects that 
are likely to maintain themselves from one year to the next 
were minimized. The end result was the final measurement 
of the effect of discontinuing the use of studded tires. 

These results appear in the lower portion of Table B-18. 
The first entry shows that the loss of tire studs induced a 
4-percent increase in slippery road risk for drivers who 
changed from studded tires to snow tires. It should be 
noted that if these drivers exerted additional caution to 
compensate for the loss of studs, the contribution of this 
effect would have been included in this 4-percent increase. 
That is, the measured increase is a realistic index of the 
effect of banning studded tires, because it includes not only 
the tire effects, per Se, but also any other effects resulting 
from the ban. 

The next entry shows that there was no change in slip-
pery road risk for drivers who had used snow tires and who 
continued to do so. This result was particularly rewarding 
and tended to confirm the validity of the before-and-after 
approach in general. Notice that in spite of the unrealisti-
cally high estimates of relative accident rates for the 
snow-tire group (Table B-17), the implied biases were ap-
propriately treated in the succeeding steps of the analytical 
process. 

At first thought, it might have been expected that if slip-
pery road risk increased in the studded-tire group, it should 
also have increased in the snow-tire group to the extent that 
increased involvement in multivehicle accidents by drivers 
in the studded-tire group should have induced involvements 
among drivers outside the group. However, since the in-
crease for the studded-tire group was small, and since this 
side effect could only apply to accidents, each of which 
involved autos from both the studded-tire and snow-tire 
groups (as opposed to accidents involving studs and studs, 
snows and snows, studs and standards, etc., or single vehi-
cle), the effect on slippery road risk would be quite small 
and beyond the accuracy of this analysis. 

Although the final results for the studded-tire and snow-
tire groups appear well within the bounds of reasonable ex-
pectations, the findings for standard tires are quite bother-
some. They indicate a 15-percent increase in slippery road 
risk from the before period to the after period. This is 
assumed to have resulted from uncontrolled biases asso-
ciated with the standaçd-tire group. Further discussion of 
this point is given in Appendix D. 

In order to determine whether the results obtained from 
the before-and-after analysis could have arisen because of 
random variations in the data, the differences among the 
final values were subject to statistical test. Since the final 
ratios are simply measures of 3-way interactions (8) be-
tween the, sample (accident versus exposure), road condi-
tions, and the before-versus-after periods for each tire type, 
the differences among the ratios correspond to the 4-way 
interaction of the aforenamed dimensions with tire type. 
Thus, a chi-square test for 4-way interactions was applied. 
The resulting value was not significant. Another test was 
run comparing only the studded-tire and snow-tire groups. 
The resulting value for the one degree of freedom chi-
square was also insignificant. Thus, these data failed to 
provide statistically significant support for the hypothesis 
that a driver, switching from studded tires to snow tires, had 
an increased likelihood of having an accident on ice- and 
snow-covered roads. Nonetheless, the 4-percent increase re-
mains the best estimate, from these data, of the effect of 
banning studded tires. 

In the previous section, it was estimated that the increase 
in accident frequency (not rate) for the studded-tire group 
on slippery roads was 7 percent. It was noted at that point 
that this result could have been attributable to either an 
increase in accident rates or an increase in exposure. Using 
the data in Table B-15 to measure the change in exposure 
for the studded-tire group on slippery roads relative to clear 
resulted in a measured increase of 3 percent. This change 
in exposure was not statistically significant, and its value 
was insufficient to account for the increased accident 
frequency. 

The increase in the number of accidents can be conceived 
of as having two components: one due to increased driving 
time and the other due to higher accident rates. This can 
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TABLE B-17 

PRELIMINARY MEASURES OF TIRE EFFECTS ON 
ACCIDENT RATES 

BEFORE 	 AFTER 

Studs Snow Standard 
to 	to 	to 

Studs Snow Standard 	Snow Snow Standard 

Slippery Roads 	63a 	1.65 	1. 14 	.76 	1.57 	1. 10 

Clear Roads 	 .78 	1.44 	.94 	.90 	1.36 

That .63 does not equal .33 divided by .53 (.33/53 = . 61) results from 
the use of more than two significant digits in its computation. This ef-
fect can be seen in other tables as well. 

be seen in the following, where E, refers to the exposure in 
period i, R1  refers to the accident rate, and N1  refers to the 
number of accidents. Then, by the definition of accident 
rate, N1  = R5  E1. 

Hence, the increase in the number of accidents is given by 

N2 —N1 =R2 E2 —R1 E1 	(B-i) 

By adding and subtracting R1  E2  in the left-hand member 
of the equation, we have: 

Na  - N1  = (R2  E2  - R, E2 ) + (R1  E2  - R1  E1 ) 

= (R2  - R1 ) E2  + R1  (E2  - E1) 	 (B-2) 

If there were no change in exposure, then E1  = E2  and 
the change in accident frequency would be (R2  - R1) F, 
the effect of a changed accident rate. Similarly, if there 
were no change in rate, then R1  = R2  and the number of 
accidents would change by R (E2  - E1), the effect of a 
change in exposure. Of course, if neither the rate nor the 
amount• of driving changed, the left-hand member of the 
equation would equal zero and N1  = N2 . 

By straightforward algebraic manipulation the last equa-
tion can be written as: 

P1(N) = P1(R) + P1(E) + P1(R) P1(E) 	(B-3) 

where P1 refers to the proportionate increase. Eq. B-3 
shows how the 0.04 increase in rate and the 0.03 increase 
in exposure account for the 0.07 increase in the number of 
accident involvements in the studded-tire group. 

One might question as to how the banning of studded 
tires could induce an increase in exposure when it would 
seem that the loss of studded tires would, if anything, lead 
to less driving on slippery roads. The answer lies in the fact 
that exposure was measured in terms of travel time, not 
distance. Thus, the relative increase in exposure on slippery 
roads for drivers switching from studded tires to snow tires 
could well be attributed to the discontinued use of studded 
tires if it induced drivers to travel more slowly. 

In summary, then, the data imply a 7-percent increase in 
slippery road accident involvements for drivers who had 
used studded tires but changed to snow tires. The increase 
was based on two components (accident involvement rate 
and exposure), each of which was not statistically signifi-
cant but, when operating jointly, produced a statistically 
significant increase in the number of accident involvements. 

Effect of Banning Studded Tires on Injury 

Earlier analysis has shown no change in the incidence of 
injury within road surface conditions when comparing the 
midwinter months before and after studded tires were 
banned. In the next analysis, the specific role of tires is 
examined with regard to their influence on injury. Table 
B-19 gives the distribution of driver injury for each tire 
group in the before and after periods. Only accidents that 
occurred on snowy and/or icy roads during the midwinter 
months were included. (Data from January are included in 
the driver-injury analysis. The tire groupings were defined 
as in the previous sections in order to control the effects of 
driver type.) It can immediately be seen from this table that 
with only nine observations in the fatal category, no mean-
ingful analysis could be performed with regard to fatal 
injuries. 

The second row in Table B-19 shows the relative fre-
quencies with which drivers were injured but not killed. 
Although there appears to be no strong influence of tire 
type, it can be seen that the likelihood of an injury was least 
for studded-tire drivers in the before period, and greatest 
in the after period when they had switched from studded 
tires to snow tires. A 6-percent increase is shown at the 
bottom of the table. Indeed, the likelihood of an injury 
increased for the studded-tire group; it decreased for those 
using snow tires and remained relatively unchanged for 
those using standard tires. First, a chi-square test was per-
formed to determine whether the increase was statistically 
significant; it was not. Then a second chi-square test for 
3-way interactions was performed to determine whether the 
change for those switching from studded tires to snow tires 
was significantly different from the changes in the snow-tire 
group; again, the test statistic failed to reach the 0.95 level 
of confidence. Thus, although the proportion of accident 
drivers sustaining injury increased as drivers changed from 
studded tires to snow tires, the increase was not shown to 
be statistically significant. 

The fact that no significant differences were found in 
comparing the changes for the tire groups should not be 
surprising, since this might be because of the inclusion of 
multivehicle accidents. Consider a two-vehicle accident in 
which one vehicle had studs and the other did not. If the 
studded tires helped reduce impact speed, then, in terms of 
injury, both drivers could be expected to benefit. Thus, the 
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TABLE B-iS 

SLIPPERY ROAD RISK COMPARISONS 
BEFORE AFTER 

- Studs Snow Standard 

Studs 	Snow 	Standard to Snow to Snow to Standard 

.81 	1.15 	 1.21 .84 1.15 1.39 

After-to-Before 

Studs-to-Snow 	 Snow-to-Snow 	 Standard-to-Standard 

vs. Studs 	 vs. Snow 	 vs. Standard 

1.04 	 1.00 	 1.15 

TABLE B-19 

DRIVER INJURY IN ACCIDENTS ON SNOWY OR 
ICY ROADS AS A FUNCTION OF TIRE GROUP—
BEFORE VERSUS AFTER 

BEFORE 

Studs Snow Standard 

Injury Frog. Prop. Freq. Prop. 

Fatal 1 .001 0 .000 1 .001 

Nonfatal 
Injury 227 . 123 304 . 134 177 . 132 

Not 
Injured 1617 .876 1960 .866 1167 .868 

1845 1.000 2264 1.000 1345 1.000 

AFTER 

Studs Snow Standard 

Iniury Fred. Prop. L!!& Prop. Freq. Prop. 

Fatal 4 .001 3 .001 0 .000 

Nonfatal 
Injury 363 .130 269 .126 118 .128 

Not 
injured 2436 .869 1863 fl 806 fl 

2803 1.000 2135 1.000 924 1.000 

After + Before 

Studs 	 Snow 	 Standard 

All Injury 	1.06 	 .95 	 .96 

loss of studded tires might tend to increase the likelihood 
of injury for all accident drivers as well as those who had 
previously used studded tires. 

In order to remove this level of interdependence of ve-
hicles in the same accident, the analysis was repeated with 
the sample restricted to accidents in which there was only 
one moving automobile involved. The results are given in 
Table B-20. Once again, the ratio of the proportion injured 
after the ban to the proportion before was highest for the 
studded-tire group. This time a 15-percent increase was 
found. Again, the result was not statistically significant. A 
test of differences between the ratios showed no difference 
in the before-versus-after likelihood of injury among the 
three tire groups. Thus, the results pertaining to driver 
injury were similar to those reflecting accident rates; in both 
instances, the change from studded tires to snow tires had  

deleterious effects on the samples involved, but in neither 
instance were the results statistically significant. 

Other Results Based on the Exposure Questionnaire 

This section may be read relatively independent of the 
remainder of the findings; to facilitate continuity, the reader 
may prefer to go on to the Michigan accident-related 
findings. 

It might be argued that irrespective of safety effects, one 
of the major values of studded tires is that they allow driv-
ing in conditions that would preclude travel with other types 
of tires. One aspect of this question was examined via 
responses to the exposure questionnaire; respondents who 
had not driven on the day in question were requested to 
specify the reason for not driving. The results are given in 
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Table B-21 (note that the definitions of the tire groupings 
are those used in the frequency, rate, and injury analyses). 

In Table B-21, the top portion contains the proportions 
of drivers who did drive for each tire group. They show a 
small increase for each of the groups from before the ban 
to after the ban. There was no evidence here of reduced 
driving by those who had changed from studded tires to 
snow tires. 

The major portion of the table gives the stated reasons 
for those who did not drive. Most notably, the proportion 
of respondents in the studded-tire group who indicated the 
roads were too hazardous increased from 21/2  percent to 
14 percent after changing to snow tires. The snow-tire 
group increased to a much lesser extent, and essentially no 
change occurred in the standard-tire group. However, the 
results for the studded-tire group are questionable. Notice 
that corresponding to the increase in the slippery road re- 
sponse, there was a complementary decrease in the propor-
tion indicating no need to drive. This decrease is somewhat 
suspicious because (I) there is no known reason for it, and 
(2) it did not occur in the other two tire groups. This sug-
gested that among the studded-tire respondents, many who 
would have otherwise indicated no need to drive, instead 
chose to indict slippery roads and, indirectly, their loss of 
studded tires. 

Thus, the tabulation of reasons for not driving could not 
provide a definitive answer regarding the effects of banning 
studded tires on the likelihood of not driving. However, the 
data reflecting the proportion of respondents who did drive 
suggest little, if any, change in drive/not drive decisions 
resulting from the ban. (It should be noted here that this 
discussion reflects only one aspect of the possible effects of 

TABLE B-20 

DRIVER INJURY IN ACCIDENTS WITH ONE MOVING 
AUTOMOBILE ON SNOWY OR ICY ROADS AS 
A FUNCTION OF TIRE GROUP— 
BEFORE VERSUS AFTER 

BEFORE 
Studs 	 Snow 	 Standard 

Injur 	n. 	Prop. Freq.Prop.Freq. 	Prop. 

Fatal 	 0 	.000 	0 	.000 	0 	.000 
Nonfatal 
Injury 	48 	.173 	60 	.186 	56 	.242 

None 	230 	.827 	262 	.814 	175 	.758 
278 	1.000 	322 	1.000 	231 	1.000 

AFTER 
Studs 	 Snow 	 Standard 

Laa 	Freg. Prop. Freq. 

	

. 	. 	Prop. 
Fatal 	 2 	.004 	2 	.005 	0 	.000 
Nonfatal 
Injury 	101 	.195 	79 	.186 	40 	.213 

None 	414 	.801 	343 	.809 	148 	.787 
517 	1.000 	424 	1.000 	188 	1.000 

After * Before 
Studs 	 Snow 	 Standard 

All Injury 	1.15 	 1.03 	 .88 

studded tires on mobility; it does not include other aspects 
of the problem, such as reduced distance driven or the 
frequency of being stuck on ice or snow.) 

The following analysis (see Table B-22) gives skidding as 
reported by the exposure questionnaire respondents within 
each of the three tire groups for completely covered roads 
in the before and after periods. For each trip taken, the 
respondents were asked, "Was skidding experienced?" The 
available multiple choice answers were: (1) No; (2) When 
turning, stopping, or starting; and (3) Even when going 
straight. Clearly, the ordering of these responses correlates 
with increased slippery road hazard. At the bottom of the 
table, the after-to-before ratios of any type of skidding in-
dicate a 72-percent increase for drivers changing from 
studded tires to snow •tires, and a 33-percent increase for 
drivers continuing to use snow tires or continuing to use 
standard tires. 

A chi-square test for differences between the after-to-
before ratios for studded versus snow •tires confirmed the 
greater increase in skidding for drivers who had switched 
from studded to snow tires. Although it could be conjec-
tured that studded-tire drivers used this item in the ques-
tionnaire as a vehicle to protest the banning of studded tires, 
there is no evidence to substantiate this view. Still, it is 
wise to bear in mind the subjective nature of the judgments 
required of the respondent in providing this information. 

The next analysis in this section reflects answers to the 
following item in the exposure questionnaire: "Do you 
think studded tires help one to drive nearer the posted speed 
limits on slippery roads?" The responses are tabulated by 
tire group in Table B-23. Although the answer to this ques-
tion reflects the respondent's attitude more directly than his 
actual driving behavior, attitudes do not usually exist in a 
vacuum but can be expected to bear some positive correla-
tion with behavior. 

Another point must be considered in interpreting the re-
sults. An affirmative answer does not necessarily imply that 
the user of studded tires did drive faster; it could be inter-
preted that he felt he had the potential to do so. The driver 
may prefer to utilize this supposed performance capability 
to proceed more safely. Indeed, many respondents so 
indicated in their comments. 

Looking at the results for the period before the ban, it is 
clear that a majority of the drivers believed tire studs al- 
lowed one to drive closer to posted speed limits. Most con-
servatively interpreted, this indicates a perceived perform-
ance advantage for studded tires. Note that this view was 
most strongly held by drivers who were using studded tires 
at the time. 

In support of the view that an affirmative answer to the 
speed question implied a preference for them, a calculation 
of the proportion answering in the affirmative for drivers 
continuing to use studded tires after they were banned 
showed that 95 percent felt studs added to their speed 
potential. Although there were only 94 drivers in this sam-
ple, the result implies a strong correlation between pref-
erence for studded tires and the answer to the speed 
question. 

As in previous tables, after-to-before ratios were com-
puted within each tire group. In this instance, the ratios 
show a definite reduction in the respondents' evaluations of 



TABLE B-2l 

REASON FOR NOT DRIVING BY TIRE GROUP-BEFORE VERSUS AFTER 

BEFORE 
	 AFTER 

Studs 	 Snow 	Standard 
	

Studs 	 Snow 	Standard 

Freq. Prop. Freq. Prop. Freq. Prop; 
	 iE& breg Prop. Ireg. Prop. 

5,521 	.898 3,711 .858 5,818 	.904 2,597 	.902 1.533 .874 1,098 	.910 

Did Not Drive 

Reason 

No Need 539 	.858 505 .825 514 	.833 202 	. 119 178 .802 90 	.826 

Slippery Roads 16 	.025 26 .042 16 	.026 40 	.142 15 .068 3 .028 

Other 73 	.116 81 .132 87 	.141 39 	.139 29 .131 16 .147 

628 	1.000 612 1.000 617 	1.000 281 	1.000 222 	1.000 109 	1.000 

After + Before 

Studs 	Snow 	Standard 

5.60 	1.59 	1.06 

TABLE B-22 

TYPE OF SKIDDING ON COMPLETELY COVERED ROADS AS REPORTED FOR EACH TIRE 
GROUP-BEFORE VERSUS AFTER 
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BEFORE 

Studs Snow Standard 

Skid Type F req. Prop. Freq. 	Prop. F i-eq. 

None 278 .496 138 .455 191 .495 

White Stopping, 
Starting or 
Turning 194 .346 97 .320 103 .267 

Even When 
Going Straight 89 .159 68 .224 92 .238 

561 1.000 303 1.000 386 1.000 

AFTER 

Studs 	Snow 	Standard 

Prop. Freq. Prop. Freg 	Prop. 

	

59 	.133 	59 	.278 	35 	.330 

	

202 	.456 	82 	.387 	50 	.472 

	

182 	.411 	71 	.335 	21 	.198 

443 1.000 212 1.000 106 1.000 

Subtotal Any 
Skidding 	283 	.504 165 	.545 	195 	. 505 	384 867 153 .722 71 .670 

After. Before 

	

Studs 	Snow 	Standard 

	

1.72 	1.33 	1.33 

studded tires. Since reductions were found only for drivers 
who had not used studded tires before the ban, it is likely 
that the result reflects the effectiveness of public campaigns 
during the controversy regarding tire studs. Since the dif-
ferences among the ratios were statistically significant, but 
the change in attitude for those who had previously used 
studded tires was not, it appears that those who had used 
studded tires maintained their preference for them, whereas 
those who had not used them increasingly supported the 
ban. 

The last analysis in this section pertains, not directly to 
tire types, but to two variables used in evaluating them. 

In discussing the last analysis, the following question was 
raised regarding the implications of drivers agreeing that 
one can drive faster on slippery roads with studded tires: 
Can one infer from an affirmative answer that the driver, 
if he had studs, did indeed drive faster? To shed some light 
on this question, an analysis was performed to study the 
relationship between answers to the speed question and re-
sponses describing the incidence of skidding while driving 
on completely covered roads. The results appear in Table 
B-24. 

The table gives one distribution of skidding for drivers 
responding affirmatively to the speed question and another 
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TABLE B-23 

RESPONSE TO THE SPEED QUESTION BY TIRE GROUP—
BEFORE VERSUS AFTER 

BEFORE AFTER 
Answer 	Studs Snow 	Standard Studs Snow 	Standard 

Yes 	4,758 1,952 	3, 507 2,283 760 	492 

No 	 925 	1,416 	1,839 	 485 	731 
	

539 

	

5,683 	3,368 	5, 346 	2.768 	1,491 
	

1,031 

Proportion 

(Yes) 	.84 	.58 	.66 	 .82 	.51 
	

48 

After .- Before 

§flS J22f Standard 

	

.99 	.88 	.73 

TABLE B-24 

REPORTED SKIDDING ON COMPLETELY 
COVERED ROADS AS RELATED TO ANSWER 
TO SPEED QUESTION 

Answer 

Yes 	 N. 

Skidding 	 Freq. Prop. Fre, 	Prop. 

None 	 480 .33 258 .44 

While Starting, Stopping, 
or Turning 	 551 	.38 	200 	.34 

Even When Going 
Straight 	 434 .30 131 .22 

	

1,465 1.00 	589 	1.00 

for those responding negatively. The table contains the 
composite of both the before-and-after exposure data; how-
ever, the resulting patterns held for each sample individ-
ually. Comparison of the two distributions shows that those 
respondents indicating the availability of higher speeds with 
studded tires also reported a greater incidence of skidding. 
Looking at the type of skidding, it can be seen that the 
difference between the two groups was greater in the more 
hazardous condition (that in which skidding was expe-
rienced even when going straight ahead). Although the 
difference in type of skidding was not significant, the differ-
ence between skidding versus not skidding was significant. 
The results show that drivers who believed that studded 
tires could help one to drive faster on slippery roads also 
reported more skidding on slippery roads. 

This suggests that those respondents answering the speed 
question affirmatively were indeed more likely to drive near 
the upper limits of vehicle performance as opposed to al-
lowing an ample margin for safety. Since the studded-tire 
drivers were most likely to give an affirmative answer, this 
suggests that studded-tire drivers may tend to exercise less 
caution than other drivers when traveling on slippery roads. 
This hypothesis was arrived at in a fairly indirect man-
ner; however, further data pertaining to it appear in the 
Michigan findings. 

DETAILED FINDINGS—MICHIGAN 

Background Information 

Table B-25 gives the distribution of tire types in Michi-
gan. The use of chains was excluded because only 0.1 per-
cent of the respondents reported using them—too few to 
allow meaningful analysis. It can be seen in the left-hand 
portion of the table that almost one-half of the respondents 
were using standard tires, and only one-fifth indicated 
studded tires. The first figure in the column shows that 
19 percent of the drivers were using studded tires; this can 
be compared to 36 percent using studded tires in Minnesota 
before the ban. Of the 8,054 respondents using nonstudded 
tires, 41 percent were using snow tires; in Minnesota before 
the ban, the comparable value was an almost equivalent 
40 percent. Thus, although the nonstudded-tire users dis-
tributed themselves almost equally in the two States, the use 
of studded tires was almost 50 percent less in Michigan than 
in Minnesota before the ban. 

In Table B-25 the right-hand portion gives the distribu-
tion of tire type within the types of tires respondents stated 
they had used the previous winter. (The row totals for the 
right-hand portion of the table are less than those specified 
on the left because of some nonreporting of previous tire 
type.) These data show that only 7 percent of the drivers 
who had used snow tires switched to studded tires, whereas 
15 percent of the drivers who had used studded tires 
switched to snow tires. For drivers who had previously 
used standard tires, 3 percent switched to studded tires and 
13 percent switched to snow tires. Of those drivers who 
had used snow tires, 26 percent changed to standard tires 
and only 7 percent changed to studs. (Of course, respon-
dents driving new autos, who relied on the new standard tire 
treads, undoubtedly accounted for part of this difference.) 

In general, these data show that the use of studded tires 
in Michigan early in 1972 was not great. Furthermore, they 
imply reduced use from the previous winter. This suggests 
that either Michigan drivers did not perceive the need for 
studded tires (although the snow tire versus standard tire 
comparison was the same as that in Minnesota), or that the 
possibility of a studded-tire ban, following the one in Min-
nesota, reduced the desirability of buying studded tires. 



TABLE B-25 

TIRE TYPE DISTRIBUTIONS 

Previous Tire Type 
Studs 	Snow 	Standard 

Tire Type Frequency Proportion Prop.  

35 

Stude 1847 .19 

Snow 3307 .33 

Standard 4747 .48 

9901 1.00 

1412 .66 247 .07 124 .03 

328 	15 2331 	.67 497 	.13 

a .18 9ZZ .261173  J± 

	

2130 1.00 3500 1.00 3794 	1.00 

Scope of the Slippery Road Accident Problem 

This discussion is focused on the influence of snowy and 
icy roads on accidents. In this way, not only is the magni-
tude of the problem described, but limits are also placed on 
the potential influence of tire studs or any other wintry 
surface driving aid. Although it is possible to measure the 
scope of the slippery road problem in terms of the amount 
of driving on snowy and icy roads, such an approach pro-
vides no measure of the magnitude of hazard associated 
with such road surface conditions. For this reason, the 
results, given as follows, emphasize accident, not exposure, 
data. 

The distribution of automobiles in accidents by road con-
dition is given in Table B-26. The table shows that, among 
the police-reported accidents occurring in Michigan during 
the months of January through March of 1972, 30 percent 
of the autos were primarily on snowy roads and 11 percent 
were on surfaces reported to be icy. (Since the presence of 
ice was not routinely specified on the police reports, it was 
coded for analysis purposes only when the reporting officer 
made special mention of it. Thus, the snow category in-
cludes some unknown proportion of icy surfaces, whereas 
the ice category includes icy, and only icy, roads.) In total, 
41 percent of the accident vehicles were involved in acci-
dents on slippery roads. 

For comparison purposes, the driving time, based on the 
exposure questionnaire sample, is given in Table B-27. As 
in Minnesota, the road condition categories are defined in 
terms of the degree to which the roads were covered with 
ice or snow. The results in Table B-27 give the total driving 
time as a function of the amount of wintry road cover. The 
table shows that half the driving occurred on essentially 
clear roads, and 27 percent occurred on roads that were 
mostly or completely covered with ice or snow. 

To compare the accidents to the amount of driving, com-
patible categories were needed. Thus, the clear-road cate-
gory was taken to include dry and wet road accidents, and 
exposure on roads was described as having little or no 
cover. The slippery-road category was defined to include 
accidents on snowy and icy roads, and exposure was defined 
to include completely and mostly covered roads. (These 
definitions are the same as those used in the Minnesota 
analyses.) The comparison between accidents and exposure 
is given in Table B-28. The ratios given in the third row 
of the table are estimates of the accident rate for the speci-
fied road surface condition relative to the general accident 
rate. As such, they measure the influence of the specified 
road condition relative to the average accident rate for all 

TABLE B-26 

AUTOS IN ACCIDENTS BY ROAD CONDITION 

Road Condition Frequency Proportion 

Dry 30,232 .35 

wet 21259 .24 

Snow 26,127 .30 

Ice 	- 9,712 11 

TABLE B-27 

DRIVING TIME BY AMOUNT OF 
WINTRY ROAD COVER 

Amount of Total Time 
Cover (Minute) Proportion 

Little or None 373, 157 .50 

Scattered 172, 136 .23 

Mostly Covered 100, 052 . 14 

Completely Covered 93, 757 .13 

- 739, 102 1.00 

TABLE B-28 

AUTOMOBILE ACCIDENT INVOLVEMENTS PER 
DRIVING TIME BY ROAD CONDITION 

Road Condition 

Clear Slippery 

Proportion of Accidents - 	.59 .41 

Proportion of Exposure .66 .34 

Ratio .90 1.20 

Normalized 1.00 1.34 

conditions. They show a 10-percent reduction for clear 
roads and a 20-percent increase for slippery roads. Nor-
malizing on clear roads, the last row of the table shows the 
probability of being in an accident to have been 34 percent 
greater on slippery surfaces than on clear ones. (Notice that 
the ratio of slippery road to clear road rates is equivalent to 
slippery road risk as defined in the Minnesota portion of 
the study.) 

It should be pointed out that, although the estimate is 
valid for police-reported accidents, it is likely to under-
estimate the effect of slippery roads on all accidents. This 
results from the fact that slippery roads are conducive to 
a disproportionate increase in the frequency of minor and 



36 

very minor accidents; in other words, accidents having an 
increasing likelihood of not heing reported by the police. 
An example is the vehicle that slides off a slippeiy road, 
perhaps incurs some minor damage, is pushed, is towed, or 
proceeds under its own power back to the road, and drives 
away. Of course, there is no way of documenting the fre-
quency of these unreported accidents. Suffice it to say that 
the 34-percent increase applies only to police-reported acci-
dents; the figure is likely to be considerably higher when 
considering the population of all accidents. 

The incidence of accidents on slippery roads provides a 
general measure of the scope of the slippery road problem; 
it is clear that many accidents occur on icy or snowy roads 
for which the slippery surface was irrelevant. Those acci-
dents would have occurred even if the road had been clear. 
To provide a more specific measure of the risk associated 
with slippery roads, each vehicle in a reported accident was 
coded as to whether it was involved because of sliding. 
Specifically, the following question was asked of each ve-
hicle: Would this vehicle have been involved in the accident 
if its path had been clear of ice and snow? If the answer 
was negative, the vehicle was said to have been involved 
because of sliding. Clearly, the question is appropriate only 
for those accidents occurring on slippery surfaces. Note 
that this variable was responsive only to road surface con-
dition effects; driver culpability was held irrelevant. 

Of 87,961 autos in accidents under all reported road 
surface conditions, 11,164, or 13 percent, were involved 
because of slippery road surfaces. Of 11,244 autos in 
single-vehicle accidents, 4,519, or 40 percent, were in-
volved because of slippery roads. As noted earlier, this 
estimate is probably low because of the exclusion of ran-
off-road accidents not reported by the police. 

Table B-29 reflects the frequency of accident involve-
ment due to sliding when considering only accidents that 
occurred on slippery roads. The totals in the right-hand 
columns show that, of the 35,839 autos involved in slip-
pery road accidents, 31 percent would not have been if the 
road surface had been clear. For snowy roads, the propor-
tion was 22 percent. On icy roads, over one-half of the 
vehicles were involved in accidents because of sliding. 

Table B-30 gives the probability that a single-vehicle acci-
dent was caused by slippery surfaces when the road was icy 
or snowy. Of all vehicles involved in such accidents, al-
most three-fourths were attributable to the slippery road 
surfaces. For snowy roads, the figure was 59 percent; for 
icy roads, 95 percent. 

The results in Table 11-29 showed that, of the autos in- 

TABLE 11-29 

ACCIDENT INVOLVEMENTS DUE TO SLIDING 
BY ROAD CONDITION 

Road Condition 
Involved due to 
Slippery Roads 	Snow 	 Ice 	 Total 

Freq  Prop. Freq. Prop. q. Prop  

Yes 	5,676 	.22 	5,488 	.57 	11, 164 	.31 

No 	20,451 .78 4,224 .43 24,675 .69 

	

26, 127 	1.00 	9,712 	1.00 	35, 839 	1.00 

volved in slippery road accidents, 31 percent were directly 
involved because of sliding. This, however, does not con-
stitutc the total costs. Specifically, in a multivehicle acci-
dent, several vehicles may be implicated since one was in-
volved because of slippery surfaces; if the one had been 
able to benefit from higher road/tire friction, the accident 
may not have occurred at all. In particular, for most two-
vehicle accidents, if either or both of the vehicles were 
involved because of sliding, the accident as a whole would 
not have occurred if the road had been clear. The major 
exceptions are (1) accidents in which one vehicle, because 
of sliding, is involved with another vehicle already impli-
cated in an accident; and (2) accidents in which a sliding 
vehicle would have collided with something or would have 
run off the road even if it had not struck a second vehicle. 
Ignoring such possibilities introduces some error in estima-
tion, but it is not thought to be large. 

Table 11-31 gives the results for slippery road accidents 
involving two vehicles, both of which were automobiles. It 
shows that 43 percent would not have occurred if the road 
had been free of ice and snow. For snowy roads, the figure 
is 30 percent; on icy roads, 82 percent. 

The results for single-vehicle accidents and two-vehicle 
accidents can be combined to provide an estimate of the 
effects on all autos in accidents that occurred because the 
road was slippery. In this regard, it should be noted that 
accidents involving one or two autos constituted approxi-
mately 80 percent of all accidents involving at least one 
auto. Thus, the following results are likely to be reason-
ably representative of all automobile accidents, regardless 
of the number of autos involved. 

Of the 29,304 autos (6,156 in single-vehicle accidents 
plus 23,148 in two-vehicle accidents), 14,855 (1,659 plus 
13,196) would have been involved even if their paths had 
not been slippery. [his can be compared to the 14,449 
autos (4,497 plus 9,952) that were implicated in accidents 
attributable to slippery roads. These 14,449 involvements 
constitute a 97-percent (14,449/14,855) increase in the 
number of autos in accidents because the roads were slip-
pery. This result, then, shows that, on wintry roads, the 
number of autos in accidents was almost doubled because 
of the reduced friction. 

There are two estimates of the effects of slippery roads 
on the incidence of accidents. The first is based on acci-
dent rates, and the second, and larger, is based on the pro-
portion involved because of sliding. The estimate of choice 
depends on the question being asked. The 34-percent in-
crease resulted from a comparison of slippery surfaces with 
clear ones; this figure gives the total effect of driving on icy 
and snowy roads in the sense that it includes not only the 
effect of reduced friction but also the effect of increased 
driver caution on slippery surfaces. 

The 97-percent increase was based solely on data reflect-
ing slippery road accidents. As such, this statistic involves 
no comparison with clear road accidents. Thus, it can not 
contain a contribution associated with increasing caution as 
drivers go from clear surfaces to slippery ones. The 97-
percent estimate reflects only the effects of reduced road/ 
tire friction and not those of increased driver caution. 

Therefore, the data show that the number of accidents 
on slippery roads was increased 97 percent because of the 
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reduced friction associated with ice and snow. However, 
when the increased caution of drivers exposed to such sur-
faces was taken into account, the increase was 34 percent. 
This implies that, although driver caution was highly bene-
ficial, it was not sufficient to overcome the effects of 
decreased friction. 

The next two tables (Tables B-32 and B-33) provide re-
sults describing the relationship between accidents and road 
surface conditions as a function of population density. 
Table B-32 gives the distribution of accidents by road con-
dition for counties grouped in terms of population density. 
Because the City of Detroit was underrepresented in the 
accident sample, the absolute frequencies for Wayne County 
are low and the results represent primarily suburban areas. 
In considering the Lower Peninsula of Michigan, it can be 
seen that the proportion of accidents on icy or snowy roads 
clearly increased as population density decreased. This re-
sults from the milder climate in the southern portion of the 
state, which is the more densely populated; the greater use 
of road clearing procedures in the more urban areas; and 
the effect of greater traffic volumes acting to clear the roads 
in these regions. In Wayne County, only 23 percent of the 
accident involvements occurred on slippery roads, with 
only 7 percent on ice. If one were convinced that tire studs 
are of value only on ice, this result implies that their poten-
tial benefits would be quite limited in that area. Indeed, if 
complete data had been available from Detroit, the values 
for ice and snow might have been considerably lower. 

Looking at the data for the Upper Peninsula, it can be 
seen that the portion of accidents occurring on slippery 
roads was the most extreme. Over 80 percent of all the 
accidents occurred on icy or snowy roads. Thus, the range 
of accidents occurring on slippery roads varied from 
23 percent to 83 percent. 

from another viewpoint, it is important to note that, as 
the proportion of accidents occurring on slippery roads in-
creased, the absolute number of accidents that occurred on 
these surfaces tended to decrease; this is to be expected as 

TABLE B-30 

SINGLE-VEHICLE ACCIDENTS DUE TO SLIPPERY 
ROAD SURFACES BY ROAD CONDITION 

Involved due to 	
Road Condition 

Slippery Roads 	Snow 	 Ice 	 Total 

Freq. Prop. Freq. Prop. Freq. Prop 

Yes 	 2,164 	.59 	2,333 	.95 	4,497 	.73 

No 	 1,531 	.31 	128 	.05 	1,659 	.27 

	

3.695 	1.00 	2.461 	1.00 	6. 156 	1.00 

TABLE B-3l 

TWO-VEHICLE ACCIDENTS DUE TO SLIPPERY 
ROAD SURFACES BY ROAD CONDITION 

Number of Autos 	 Ropd Condition 
Involved due to 
Slippery Roads 	Snow 	 Ice 	 Total 

Freq. Prop. Freq. Prop. Freq. Prop. 

Neither 
	

6,060 	.70 
	

538 	.18 	6,598 	.57 

One 	 2.474 	.29 	2,211 	.76 	4,685 	.40 

Both 	 126 	.01 	165 	.06 	291 	.03 

	

8,660 	1.00 	2,914 	1.00 	11, 574 	1,00 

At Least One 	2.600 	.30 	2.376 	.82 	4.976 	.43 

a result of decreasing population density. (Because of the 
incomplete reporting from Detroit, the Wayne County data 
should be excluded from this consideration.) For example, 
although counties with a population density in excess of 
250 people per square mile had a relatively low proportion 
of accidents on icy or snowy roads, over 22,000 auto-
mobiles were involved. On the other hand, in the Upper 
Peninsula, where the proportion was over 80 percent, less 

TABLE 11-32 

ROAD CONDITIONS FOR ACCIDENTS WITHIN POPULATION DENSITY CLASS 

Population Road Condition 
Density 

(per square mite) Dr  Wet Snow Ice Total 

Freq. Prop. Freq. Prop. Freq. Prop. Freq. Prop. Freq. Prop. 

Lower Peninsula 

Wayne County 3,675 .47 2,271 .29 1,246 . 16 564 .07 7,756 1.00 

250 + 7,169 .35 5.436 .26 5,712 .28 2,173 .11 20.490 1.00 

100+ 3,844 .35 2.572 .23 3,200 .29 1.419 .13 11,035 1.00 

50 + 2,046 .29 1,183 .17 2,534 .36 1,199 .17 6.962 1.00 

10 + 567 .19 373 .12 1,546 .51 533 .18 3.019 1.00 

Less than 10 36 . 18 28 . 14 102 .51 35 . 	17 201 1.00 

Upper Peninsula 

10-f 261 .10 190 .07 1,690 .65 448 .17 2,589 1.00 

Less than 10 36 . 12 16 .05 209 .70 38 . 	13 299 1.00 



Wayne County 

250 + 

100 + 

50 + 

10 + 

Less than 10 

Upper Peninsula 

10 + 

	

802 	13, 547 

	

4, 100 	31, 586 

	

2,458 	15, 616 

	

a,ois 	8,246 

	

930 	3, 629 

	

64 	206 

715 	3,601 

These results, like those pertaining to the incidence of 
accidents, further support the view that drivers are more 
cautious on slippery roads; moreover, this caution is at least 
partially exhibited in terms of reduced driving speeds, with 
the result that accidents on slippery roads tend to be less 
severe. However, even allowing for their precautions, driv-
ers seem to be unable to cope with icy roads in rural areas. 
Indeed, for both snowy and icy roads, driver precautions 
were apparently less effective in reducing the risk of injury 
for the generally higher speed, rural accidents. 

14 

	

20 	
Effects of Tire Type on. Accident Involvement 

	

20 	 In the following sections, the results reflecting the influ- 

	

24 	 ence of tire type on accident involvement are presented in 
terms of accident rates as measured by slippery road risk. 
Then the findings from analyses of involvement due to 

	

17 	
sliding are given. 

Less than 10 	 80 	366 	. 18 
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TABLE B-33 

ACCIDENT INVOLVEMENT DUE TO SLIPPERY 
ROAD SURFACES WITHIN POPULATION 

\ 

Population 
Density 

(per eq. mile) 	 Involvement Due to Sliding 

Lower Peninsula 	 Yes 	No 	P (Yes) 

06 

11 

than 2,800 autos were so involved. This implies a greater 
potential risk for individuals in the Upper Peninsula, but 
greater potential cost, in toto, in the high density areas. 

Table B-3 3 gives, for the various population density 
groupings, the distribution of autos involved in accidents 
because of slippery roads. Entries include all accidents, re-
gardless of road cover conditions. These results show an 
increase in the proportion of accident involvements directly 
attributable to slippery road surfaces as population density 
decreases in the Lower Peninsula. However, the proportion 
of involvements due to slippery roads was lower in the 
Upper Peninsula than it was in similar density regions of 
the Lower Peninsula; this, despite the fact that in the Upper 
Peninsula a larger proportion of accidents occurred on slip-
pery roads. It can only be conjectured that the drivers in the 
Upper Peninsula were more accustomed to hazardous roads 
and took greater precautions. In considering the absolute 
number, as opposed to the proportion, of accident involve-
ments directly attributed to slippery roads, the table shows 
(as before) that the frequency was lower for the lower 
population density areas. 

The following discussion concludes the results pertaining 
to the scope of the slippery road problem in Michigan. 
Here, the relationship between road conditions and accident 
severity, as measured by the incidence of driver injury, is 
explored. Table B-34 gives the proportion of drivers in-
jured under each of the road surface conditions within each 
of three geographic areas. The results found here substan-
tiate those from Minnesota; both sets of data document the 
reduction in the probability of being injured if the accident 
occurred on icy or snowy roads. 

In comparing the urban and rural areas (excluding 
Wayne County), it can be seen that the likelihood of in-
jury on-slippery roads was almost twice as high in the rural 
accidents. Notice that the reduction in injuries on slippery 
roads was much greater in the urban accidents. Indeed, the 
proportion of drivers injured in the rural accidents on icy 
roads was approximately equal to that for clear roads. 

Sliding Risk (Accident Rate) 

Table B-35 gives the initial data on which the accident 
rate analyses were based. It includes accident frequencies 
and exposure for slippery and clear roads. This analysis 
differs from that applied to the Minnesota data in that, 
instead of using all autos in accidents on slippery roads, the 
emphasis here is on that subset involved because of sliding; 
in this way, the sensitivity to tire effects was increased. 
(Information pertaining to involvement due to sliding was 
not available in the Minnesota before and after portions of 
the study.) Notice that in a multivehicle accident, whether 
a particular vehicle was, or was not, involved because of 
sliding does little to affect whether other vehicles were in-
volved because of sliding. Hence, problems associated with 
the lack of independence among vehicles in the same acci-
dent are largely dissipated. In order to distinguish the mea-
sures used here from those employed in the Minnesota 
before-and-after analysis, the measures for the current 
analysis are referred to as slippery road sliding risk or, 
more conveniently, sliding risk. 

The lower two rows of Table B-35 give accident involve-
ments not attributable to sliding. This was done so that the 
total number of involvements could be calculated for later 
use. 

The data in this table and the succeeding tables reflecting 
accident rate information were subject to certain restric-
tions. First, data collected from Wayne County were not 
included. Since accidents in that area were underrepre-
sented in the data sample, both the accident data and the 
exposure data were excluded; to have done otherwise would 
have created an imbalance between the two data sets. The 
second constraint is that only data for drivers who had not 
switched tires between the winter preceding the data collec-
tion and the winter under study were included. This was 
done to improve homogeneity within the samples for each 
tire type. (Note that these two constraints apply only to 
Tables B-35 through B-40.) 

The results of analyzing these data are given in Table 
B-36. The first row contains, for each of the tire groups, 
the estimated joint probability of involvement due to sliding, 
road condition, and tire type. For example, the first entry 
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TABLE B-34 

DRIVER INJURY BY ROAD CONDITION WITHIN GEOGRAPHIC AREA 

Geographic Areas 

Wayne 
County 

lichen Rural Road 
Condition Total 

Freg.* Prop. Freg. Prop. Freg. Prop. Freg. Prop. 

Dry 1,160 .193 1,836 .139 1,699 .204 4,695 .171 

Wet 729 .187 1,552 .140 920 .192 3,201 .162 

Snow 319 . 167 1, 185 .095 1,588 . 169 3,092 . 130 

Ice 141 .160 368 .096 876 .199 1.385 .152 

-. In this table, frequency refers to the frequency of a driver injury; 
i.e., the numerator of the corresponding proportion. 

TABLE B-35 

BASIC DATA FOR ANALYSIS OF ACCIDENT RATES 

Tires 

	

Stude 	Snow 	Standard 	Total 

Slippery Roads 

Number of autos in 
accidents due to 
sliding 	 603 	3,532 	3,296 	7,431 

Minutes of driving 	26, 552 	30, 021 	27,473 	84, 046 

Clear Roads 

Number of autos in 
accidents 	 1.671 	12, 176 	16, 394 	30,241 

Minutes of driving 	30, 592 	47, 019 	68, 375 	145,986 

Slippery Roads 

Number of autos in 
accidents, but not 
due to sliding 	 1,788 	8, 766 	5,934 	16,488 

Number of autos in 
accidents 	 4,062 	24,474 	25, 624 	54, 160 

Minutes of driving 	57, 144 	17, 040 	95, 848 	230, 032 

(1.11) was obtained by dividing the number of studded-tire 
autos involved because of sliding (603) by the total num-
ber of autos in the accident sample for this analysis 
(54,160), and multiplying by 100. The same operations 
were performed to obtain the entries in the second row, 
which represent estimates of the proportion of the total 
driving time associated with each of the tire types on icy 

or snowy roads. 
The third row of the table gives the ratio of the first row 

entries to the second row entries. These data are estimates 
of the accident rate for involvement due to sliding for each 
tire type on slippery roads, divided by the over-all accident  

rate. As such, they measure the effects of tire type and road 
condition on the likelihood of an accident. These relative 
rates are lower than one might expect on slippery roads 
because only involvements due to sliding are included. For 
example, if a tire could completely nullify the effects of 
reduced friction on slippery roads, its corresponding rela-
tive rate would equal zero. 

In comparing the three tire types on slippery roads, there 
was little difference between the two nonstudded tire types. 
However, the studded-tire group had an indicated rate equal 
to approximately 20 percent of that for the other two 
groups; it seems unlikely that tire studs could be so 
beneficial. 
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To examine the question further, the clear road data were 
treated in the same manner as the slippery road data; the 
results apepar in the lower half of Table B-36. They show 
a relative rate on clear roads of 0.23 for the studded-tire 
group; again, this is considerably lower than the rates for 
snow tires and standard tires. Since there is no reason why 
studded tires should outperform nonstudded tires on roads 
free of ice and snow, it might be concluded that studded-
tire users were generally safer drivers than were the users 
of nonstudded tires. This is not unreasonable in that drivers 
using tire studs had exerted the effort to obtain potentially 
safer tires; perhaps they also exerted the effort to drive 
more safely. 

On the other hand, it is possible that the lower rates for 
both road conditions is an artifact of the methodology of 
the data collection. Although the accident data were col-
lected by the police attending the accidents, and therefore 
the data are not likely to be significantly biased, it is possi-
ble that studded-tire drivers were overresponsive to the ex-
posure questionnaire, thus creating an overrepresentation 
of studded tires in the exposure data. This would lead to 
underestimation of the relative rates for the studded-tire 
group on both slippery and clear roads. 

Whether these results are attributed to either safer 
studded-tire drivers or an overrepresentation of studded 
tires in the exposure sample, the problem was minimized 
by computing the ratio of rates for slippery roads to clear 
roads. Since the potential extraneous effects mentioned 
earlier would be present for both slippery and clear roads, 
the ratio of the respective rates tends to cancel these poten-
tial sources of bias. The result is sliding risk. It appears at 
the bottom of the table for each of the tire types and is an 
estimate of the accident rate for involvement due to sliding 
on slippery road surfaces divided by the clear road accident 
rate. Thus, by comparing sliding risk among the three tire 
groups, the influence of each type of tire on the likelihood 
of an accident due to sliding can be assessed. 

The results show that, of the three tire types, the studded 
tires performed best in mitigating the additional risk of 
accident involvement on snowy and icy road surfaces. Stan-
dard tires were least effective in this regard. A chi-square 
test of the 3-way interaction among tire type, road condi-
tion, and the accident versus the exposure sample was ap-
plied to the studded-tire and snow-tire data. The results 
showed studded tires to have had a significantly lower 
sliding risk. 

The next two pairs of tables are in exactly the same for-
mat as Tables B-35 and B-36. They reflect the same 
analyses applied to those tables; however, in Tables B-37 
through B-40, the data have been divided into one set for 
urban accidents and exposure and a seaond set for rural 
accidents. Table B-37 gives the basic data; and Table B-38, 
the analysis for urban accidents. The results for the urban 
data do not agree with the statewide findings. The sliding 
risk in Table B-38 shows that the hazard of icy and snowy 
road surfaces in urban areas was better restricted by autos 
with standard tires or snow tires than it was by autos with 
studded tires. A chi-square test for 3-way interactions 
showed the sliding risk to be significantly higher for studded 
tires than for snow tires. 

Table B-39 gives the basic data for rate analysis of rural 
accidents; and Table B40, the analysis of accident rates. 
Here, sliding risk comparisons show the studded-tire autos 
to have been considerably better than autos with snow tires; 
snow-tire autos, in turn, performed better than autos with 
standard tires. The difference between the studded-tire and 
snow-tire groups was statistically significant. 

Why studded tires should be more effective than snow 
tires in mitigating the risk of accidents due to sliding in 
rural areas, but not in urban areas, is not evident from these 
data. It could be speculated that studded-tire drivers, an-
ticipating the performance advantage of their tires, tended 
to exert less caution than other drivers—particularly in 
urban driving where low speeds, "good tires," and minimal 

TABLE B-36 

ACCIDENT RATE ANALYSIS 

Tires 

Studs Snow Standard 

Slippery Roads 

Accidents (x 100) 1. 	11 6,52 6.09 

Exposure (x 100) 11.54 13.05 11.94 

Relative Rate .096 .50 .51 

Clear Roads 

Accidents (x 100) 	 3.09 	22.48 	30. 27 

Exposure (x 100) 	 13.30 	20.44 	29.72 

Relative Rate 	 .23 	 1.10 	 1.02 

Risk 	 .42 
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TABLE B-37 

BASIC DATA FOR RATE ANALYSIS OF URBAN ACCIDENTS 

Tires 

Studs Snow Standard Total 

Slippery Roads 

Number of autos in 
accidents due to 
sliding 289 1,508 1,431 3,229 

Minutes of driving 14,889 17,721 19,698 52,308 

Clear Roads 

Number of autos in 
accidents 	 1,094 	7,518 	Il, 284 	19, 896 

Minutes of driving 	23, 004 	32, 747 	55, 903 	111,654 

Slippery Roads 

Number of autos in 
accidents, but not 
due to sliding 	 1, 181 	5,088 	 3, 695 	 9,964 

Number of autos in 
accidents 	 2,564 	14, 114 	16,411 	33, 089 

Minutes of driving 	37, 893 	50, 468 	15, 601 	163, 962 

risk of injury may not have been conducive to the addi-
tional caution required by slippery roads. (Some confusion 
might arise when contrasting this statement with an earlier 
one implying that studded-tire drivers may well be safer 
drivers. Two separate components are involved here. One 
is a rather fixed charactçristic associated with drivers: 
some are generally more cautious than others. The second 
refers to the incremental caution most drivers exert when 
traveling on slippery roads as opopsed to clear roads. Thus, 
there is nothing inconsistent about studded-tire drivers be-
ing generally more cautious, but exerting less incremental 
caution than did snow-tire drivers on slippery roads in 
urban areas. In most analyses in this report, general caution 
effects were minimized either by clear road/slippery road 
ratios or by holding the driver type constant. Incremental 
caution was also controlled by holding driver type constant 
in the Minnesota analyses. For the Michigan data, special 
analyses quantifying incremental caution were performed.) 

Involvement Due to Sliding 

Whereas the preceding results were based on both the 
accident and exposure data, the analyses that follow used 
only accident data. Since the accident data were based on 
police reports, the opportunity for selection biases, such as 
those potentially present in the exposure sample, are mini- 

mal. Table B-41 gives the proportion of autos involved in 
accidents because of sliding; in other words, these autos 
would not have been in the accidents had their paths been 
free of ice and snow. Only accidents on slippery roads are 
tabulated. (Note that, although Wayne County data were 
not included in the analysis of sliding risk, they were uti-
lized in the remainder of the analyses.) For convenience, 
this proportion will be referred to as the probability, or 
proportion, of sliding involvement. This variable does not 
measure the simple incidence of preaccident sliding; rather, 
it relates the road surface conditions to actual involvement 
in the accident. Thus, for any tire type, the lower the pro-
portion of autos involved because of sliding (i.e., because 
of slippery road surfaces), the more useful the tire in 
mitigating the increased risk of an accident on slippery 
roads. 

The results show that the probability of sliding involve-
ment was least for studded-tire vehicles and greatest for 
standard-tire vehicles. The difference between the values 
for studded tires (26.8 percent) and snow tires (29.6 per-
cent) was subject to a chi-square test of statistical signifi-
cance. The difference was tested, as usual, at the 0.05 level, 
and was found to be significant. A similar test, although not 
statistically independent of the one comparing standard to 
snow tires, was applied to the results for snow tires versus 
standard tires. Here, too, the results were significant. 



TABLE B-38 
	

TABLE B-39 

ACCIDENT RATE ANALYSIS OF URBAN ACCIDENTS 
	

BASIC DATA FOR RATE ANALYSIS OF RURAL ACCIDENTS 

Tires  

Studs Snow Standard 

Slippery Roads 

Accidents (x 100) .87 4.56 4.33 

Exposure (x 100) 9.08 10.81 12.01 

Relative Rate .096 .42 .36 

Clear Roads 

Accidents (x 100) 3.31 22.72 34. 10 

Exposure (x 100) 14.03 19.97 34. 10 

Relative Rate .24 1. 14 1.00 

Sliding Risk .41 .37 .36 

TABLE B-40 

ACCIDENT RATE ANALYSIS OF RURAL ACCIDENTS 

Tires - 

Studs Snow Standard 

Slippery Roads 

Accidents (x 100) 1.49 9.61 8.85 

Exposure (x 100) 17.65 18.62 11.77 

Relative Rate .084 .52 .75 

Clear Roads 

Accidents (x 100) 2.74 22.11 24.25 

Exposure (x 100) 11.48 21.60 18.88 

Relative Rate .24 1.02 1.28 

Slidine Risk .35 .50 .59 

Tires 

Studs 	Snow 	Standard 	Total 

Slippery Roads 

Number of autos in 
accidents due to 
sliding 	 314 	2,024 	 1,864 	 4,202 

Minutes of driving 	11.663 	12, 300 	 7,775 	31, 738 

Number of autos in 
accidents 577 4,658 5, 110 10,345 

Minutes of driving 7,588 14,272 12,472 34,332 

Slippery Roads 

Number of autos in 
accidents, but not 
due to sliding 607 3,768 2,239 6,524 

Number of autos in 
accidents 1,498 10,360 9,213 21,071 

Minutes of driving 19,251 26, 572 20,247 66,070 
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Another means of quantifying the data follows. Of the 
3,512 accident involvements on slippery roads for autos 
with studded tires, 2,571 involvements were not directly 
attributable to reduced friction and thus would not have 
been avoided had the paths of the vehicles been free of ice 
and snow. The 941 autos involved because of sliding are 
additional involvements attributable to the slippery surfaces. 
Thus, for the studded-tire group, slippery surfaces were di-
rectly contributory to a 37-percent (941/2,571) increase in 
accident involvements on slippery roads. The increase was 
42 percent for snow-tire vehicles and 55 percent for 
standard-tire vehicles. 

Table B-42 reflects the analytical operations used pre-
viously, but, here, snowy road accidents and those occurring 
on icy roads have been separated in order to investigate tire 
effects as a function of the two cover conditions. For snowy 
roads, the results show a mild improvement for studded 
versus snow tires and a larger improvement for snow tires 
versus standard tires. Both comparisons were statistically 
significant. On icy roads, the ranking of the tires was the 
same, but the relative magnitude of the differences was not; 
in this case, the difference between studded and snow tires 
was greater than that between snow tires and standard tires. 
Only the difference between studded tires and snow tires 
was statistically significant. 

These data, then, portray a very reasonable picture. On 
snowy roads, which included a wide variety of conditions 
from fresh snow to very hard, packed snow (as well as ice 
not specifically mentioned in the accident reports), studded 
tires provided some benefit, but the major difference was 
between standard tires versus studded and snow tires. Since 
almost all studded tires are, in fact, studded-snow tires, the 
major benefit on snow was derived from the snow-tire type 
of tread design. Beyond this, the tire studs provided an 
additional but smaller margin of safety. On ice, the tread 
design was not of major importance; the main benefit 
derived from the tire studs. 

A final point is worthy of mention. If the number of 
involvements due to sliding are summed over tires for ice 
and snow, the results show that 5,561 occurred on snowy 
roads and 5,397 occurred on ice. Thus, of the total of 
10,958 accident involvements due to sliding reflected in 
Table B-42, 49 percent, or almost one-half, occurred on ice. 
(Because of potential underreporting of ice, the true figure 
may be even higher.) Thus, for those who claim that tire 
studs are beneficial only on ice, it should be noted that icy 
roads, in comparison to snow-covered roads, constituted an 
important part of the slippery road accident problem. 

Although these data support the safety effectiveness of 
studded tires, the results pertaining to the proportion of 
sliding involvement could be questioned on the basis that 
studded-tire users, to the extent that their decision to buy 
studded tires reflects a concern for safety, may be safer 
drivers. To a lesser extent, this may also apply to snow-tire 
drivers. To examine this question more closely, consider 
the nature of the measure used in this analysis, namely the 
proportion of vehicles that were involved in accidents on 
slippery roads because the roads were slippery. It can be 
shown that this measure is equivalent to the accident in-
volvement rate due to sliding divided by the accident 
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involvement rate for any involvement on slippery roads. 
(The proportion in question is an estimate of P (involve-
ment due to sliding laccident, slippery roads). But this 
equals P (involvement due to sliding, accident, slippery), 
divided by P (accident, slippery), which equals P (acci-
dent, involvement due to sliding I slippery) divided by P 
(accident I slippery).) Notice that the rates forming the 
ratio are both based on slippery road accidents. If studded-
tire drivers were indeed safer drivers, this effect would ap- 
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pear in both rates and, hence, would cancel. If studded-tire 
drivers were relatively more cautious on slippery roads than 
were other drivers, the effect on the ratio, and hence the 
proportion involved due to sliding, would also tend to be 
nullified. Therefore, on rational grounds alone, it appears 
that the analytical approach is not very sensitive to driver 
differences. 

A separate analysis was performed to measure tire effects 
while controlling driver type. Should these results confirm 
the previous results, they would also tend to substantiate 
the premise that the method using the probability of in-
volvement due to sliding is not distorted by driver effects. 
In this analysis, only multivehicle accidents were consid-
ered. From this sample, the first two autos in each accident 
were examined and a three-step screening process was ap-
plied. Only those accidents in which the first two autos had 
different tire types were included. Of these, only those 
accidents were included in which one, and only one, of 
these autos was involved because of sliding. Finally, the 
type of tire used by the driver on his most frequently driven 
auto in the previous winter was considered, and only those 
accidents in which the previous winter's tire was the same 
for both drivers were included; in this way, driver type 
effects were held to a minimum. Because of the extensive 
nature of the screening process, the resulting sample size 
was small; however, because of the statistical control ren-
dered, it was very sensitive to tire effects. The results are 
given in Table B-43. 

The first group of entries in the table shows that there 
were 100 accidents in which: (1) one of the first two autos 
had studded tires and the other had snow tires; (2) one of 
these two autos was involved because of sliding, but the 
other was not; and (3) the driver types were the same for 
both autos. Of these 100 accidents, the results show that, 
for 37 of the accidents, it was the studded-tire vehicle that 
was involved because of sliding; and, for 63 of the acci-
dents, it was the snow-tire vehicle that was involved because 
of sliding. A chi-square test showed the likelihood of be-
ing involved because of sliding, in these highly selected 
accidents, was significantly lower for studded tires than for 
snow tires. 

It is important to notice that, since this analysis is based 
on accidents rather than individual involvements, the pos-
sibility for extraneous effects is very limited. In particular, 
because each studded-tire vehicle was matched with a snow-
tire vehicle in the same accident, the opportunity for dif-
ferential exposure in terms of road conditions, locale, etc. 
was highly restricted. 

The next group of results in Table B-43 involves a com-
parison of studded tires and standard tires. (Note that these 
accidents were completely independent of those used for the 
studs/snow comparison.) These results show that studded-
tire vehicles were significantly less likely than standard-tire 
vehicles to have been involved because of sliding. The last 
of the three analyses shows that snow-tire vehicles were 
found to have been significantly less likely than standard-
tire vehicles to have been involved because of sliding. It 
should be stressed that, although the number of accidents 
in each of the three samples was not large, this in no way 
reduces the reliability of the tests. Indeed, if significance  

can be found with small samples, increasing the sample size 
could only further the likelihood of a significant result. 

In returning to the question of the influence of driver 
type on the results obtained earlier, the findings do not 
imply that there is no driver effect. But they do show that 
the direction of the differences among the three tire types 
was not altered by the inclusion or exclusion of driver type. 
Thus, on both rational and empirical grounds, it appears 
that valid results may be obtained from the analysis of the 
probability of involvement due to sliding without making 
special corrections for driver type. 

The relative effects of tire type were also studied within 
urban areas and rural areas. The results are given in Table 
B-44; only slippery road involvements were included. For 
both urban and rural accidents, the probability of involve-
ment due to sliding was lower for studded tires than for 
snow tires, and lower for snow than for standard tires. All 
four differences were statistically significant except for com-
parisons of studded and snow tires in rural areas. For urban 
accidents, the advantage of studded tires relative to snow 
tires was 2.5 percent; for rural accidents, the difference was 
diminished to 1.5 percent. 

Because the data imply that there may have been an 
urban/rural difference between the performance of studded 
tires and snow tires, an analysis was performed on the basis 
of geographic location to investigate potential differences 
between the upper and lower peninsulas constituting the 
state. The results in Table B-45 should be viewed within 
the context of earlier findings showing the general prob-
ability of involvement due to sliding to have been lower in 
the Upper Peninsula in spite of its rural character and 
harsher climate. The results for the Upper Peninsula show 
a statistically significant lower likelihood that accident in-
volvement was due to sliding for snow tires as compared to 
standard tires; however, there was essentially no difference 
between studded tires and snow tires. In the Lower Pe-
ninsula, studded tires performed significantly better than 
snow tires, and snow tires performed significantly better 
than standard tires. The reason for the near equality of 
studded and snow tires in the Upper Peninsula is not clear, 
but this finding, along with the generally reduced level of 
involvement due to sliding, suggests some type of unique 
circumstances in that area. Be that as it may, the results 
showed studded tires to have been less conducive than snow 
tires to accident involvement due to sliding in the Lower 
Peninsula, but not in the Upper Peninsula. 

Driver Caution Effects 

A remaining problem is the apparent inconsistency of 
the findings regarding the comparisons of studded tires with 
snow tires in urban areas. The analysis employing accident 
rates and sliding risk showed a lower involvement rate on 
slippery roads relative to clear roads for snow tires as com-
pared with studded tires. On the other hand, the proportion 
of autos involved because of sliding was less for studded 
tires than for snow tires. 

First, since the two analytical approaches measured dif-
ferent parameters, it is not truly contradictory when they 
yield different results. As noted earlier, the rate approach 
involved a comparison of slippery road rates with clear road 
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TABLE B-43 

COMPARISON OF INVOLVEMENT DUE TO SLIDING 
BY TIRE TYPE FOR THE FIRST TWO AUTOS IN 
MULTIVEHICLE ACCIDENTS 

Involved Due to Sliding 	 Frequency 	 Proportion 

Yes 	 No 

Studs 	 Snow 	 37 	 .37 

Snow 	 Studs 	 63 	 .63 

	

100 	 1.00 

Studs 	- 	 Standard II .33 

Standard 	Studs 22 .67 

33 1.00 

Snow 	 Standard 110 .40 

Standard 	Snow 168 .60 

278 1.00 

TABLE B-44 

ACCIDENT INVOLVEMENT DUE TO SLIDING AS A 
FUNCTION OF TIRE TYPE AND LOCALE 

Involved Tires  
Due to Sliding? Studs Snow Standard 

Urban: 

Yes 450 2.080 2,5)3 

No 1,684 6,714 6,433 

Total 2 	134 8, 794 8,946 

Proportion (Yes) .211 .236 .281 

Rural: 

Yes 486 2,6)8 2,774 

No 883 4,449 3,215 

Total 1,369 7,067 5,989 

Proportion (Yes) .355 .370 .463 

rates, whereas the proportion of involvements attributed to 
sliding implicitly concerned a comparison of rates reflecting 
slippery roads. Insofar as the basis of the comparisons was 
different, it should not be surprising that the results differed. 

A more constructive approach to the problem was at-
tempted. It was noted earlier that the effects of slippery 
roads in comparison with clear roads are twofold. First, 
snow- and ice-covered roads have a lower coefficient of fric-
tion. Second, out of concern for the effects of low friction, 
drivers tend to exert increased caution on slippery roads. 
The effect of reduced friction on accident involvement is 
best measured in terms of the probability of involvement 
due to sliding. The combined effect of reduced friction and 
increased caution requires a comparison with clear roads, 
and it is best measured in terms of sliding risk. (These were 
the two basic measures employed in the Michigan tire com-
parisons.) Thus, it is reasonably concluded that the studded 
tires are more beneficial in alleviating the reduced friction 
problem, but the increased caution associated with slippery  

urban roads was greater for the snow-tire driver, so that the 
compound effect was a lower sliding risk for the snow-tire 
vehicles. 

This can, to some extent, be quantified by introducing a 
third measure. It is given by the accident rate on slippery 
roads for involvements that were not due to slippery roads, 
divided by the general clear road accident involvement rate. 
By definition of involvement due to sliding, an accident in-
volvement that was not due to sliding would have occurred 
even if the vehicle's path had been free of ice and snow. 
Thus, the numerator of the ratio is not directly sensitive to 
the effects of reduced friction. Hence, if the value of the 
ratio is not equal to one, explanations must be given in 
terms other than those directly associated with reduced 
friction. 

There are two important factors that could influence the 
ratio of the nonsliding rate on slippery roads to the general 
rate on clear roads. The first is the previously mentioned 
effect of caution; this would tend to reduce the value of 
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TABLE B45 

ACCIDENT INVOLVEMENT DUE TO SLIDING AS A 
FUNCTION OF TIRE TYPE AND GEOGRAPHIC AREA 

Involved 
	 Tires 

Due to Sliding? 
	

Studs 	 Snow 	 Standard 

Upper Peninsula: 

Yes 169 485 127 

No 703 1,967 348 

Total 872 2,452 475 

Proportion (Yes) . 194 198 .267 

Lower Peninsula: 

Yes 	 77Z 	 4,232 	 5, 173 

No 	 1,868 	 9,226 	 9,314 

Total 	 2,640 	 13,458 	 14,487 

Proportion (Yes) 	 .292 	 .314 	 .357 

the ratio to less than one. The second is the increased risk 
due to other vehicles losing control on slippery roads and 
thereby generating multivehicle accidents. This factor tends 
to yield ratios whose values exceed one. The ratio would 
have a value less than one if drivers were more cautious on 
slippery roads than on clear roads, and if the effects of that 
increased caution were greater than the increased risk due 
to other vehicles. If, on the other hand, the increase in risk 
due to the loss of control by other vehicles exceeded the 
risk reduction associated with increased care on icy and 
snowy roads, the value of the ratio would be greater than 
one. For convenience, the ratio will be referred to as slip-
pery road nonsliding risk or more simply, nonsliding risk. 
Thus, nonsliding risk provides a measure of the effects of 
the increased caution on accident rates on slippery roads; as 
caution increases, nonsliding risk decreases. 

Mathematically, P(A, SL I IS) can be defined to be the 
accident rate for involvement due to sliding on icy and 
snowy roads, and P(SL I A, IS) to be the probability of 
sliding involvement. Using SL to indicate involvement not 
due to sliding gives 

P(A, SL IS) 	P(A, SL IS) 
P(A,SLIIS) P(A,SLIS) 

P(SL IA, IS) 
- P(SL A, IS) 
- 	P(SL I A, IS) 
- 1— P(SL FA,  IS) 
= 1/[1/P(SL I A, IS) —1] 

or 

P(A, SL I IS) = P(A, M ITS) -E- [1/P(SL I A, IS) - fl 
 

If both sides of the equation are divided by P(A I CL)—
the accident rate on clear roads—then 

	

P(A, SLIIS) P(A, SLJ IS) 	 1 
P(AICL) - P(ACL) X1/p (SL  IA  IS) —I 

 

However, the ratio on the left is equal to sliding risk; it 
is sensitive to both caution and reduced friction. The next 
ratio is equal to nonsliding risk; it decreases as caution 
increases. The last term in the equation involves only the 
probability of sliding involvement; it is sensitive to reduced 
friction effects. Notice that as P(SL I A, IS) increases, the 
denominator decreases, and the fraction increases. This 
gives the symbolic relationship: sliding risk increases as 
nonsliding risk increases and the probability of sliding in-
volvement increases. That is, the effect of slippery roads as 
compared to clear roads can be factored into the effects of 
increased caution and decreased friction. 

Nonsliding risk was computed from the basic data used 
in the accident rate analysis. For example, for urban con-
ditions, the numerator of nonsliding risk for studded tires 
is given by the proportion of all accident involvements for 
studded tires on slippery roads that were not due to sliding 
(1181/33089 = 0.0357, from Table B-39) divided by the 
proportion of studded-tire autos exposed to slippery roads 
(9.08, from Table B-40); the result is 0.393. To obtain 
nonsliding risk, this rate is divided by the clear road rate 
(0.235 from Table B-40); this results in the value 1.672. 

Summary of Tire and Driver Caution Effects 

Table B-46 gives the probability of sliding involvement, 
nonsliding risk, and sliding risk for each of the tire types 
in urban conditions, rural conditions, and the two com-
bined. In accordance with the preceding development, this 
provides measures of the effects of reduced friction, driver 
caution, and the effect of the two together, respectively. 

Comparisons between studded tires and snow tires for 
urban accidents (the first two columns in Table B-46), 
indicate that the earlier conclusion is supported by the data. 
Specifically, the higher sliding risk and the lower probability 
of sliding involvement for studded tires are reconciled by 
the higher accident rate for involvements not due to sliding. 
That is, although the effects of reduced friction were better 
mitigated by studded tires, greater caution was exerted by 



TABLE B-46 

TIRE AND DRIVER EFFECTS BY LOCALE 

Urban 	 Rural 

Studs Snow Standard 	Studs Snow Standard 

47 

Total 

Stid..Snow Standard 

	

.21 	.24 

	

1.67 	1.25 

41 	.37 

28 	 .36 .37 .46 .27 .30 .35 

93 	 .68 .92 .70 1.23 1.13 .90 

36 	 .35 	.50 	.59 	 .42 a 	.45 	.50 

Probability of Sliding 
involvement 

(Effects of Reduced 
Friction) 

Nonsliding Risk 
(Effects of increased 

Caution) 

Sliding Risk 
(Joint Effect of Friction 

a. That sliding risk was greater for urban and rural conditions combined than for either ccmitil 
separately is not an indication of computational error. The problem is discussed briefly in 
Appendix D. 

snow-tire drivers, so that the net effect was a lower sliding 
risk for the vehicles with snow tires. Apparently, in lower 
speed urban conditions, drivers with studded tires were 
threatened less by slippery roads than were drivers with 
snow tires, so that the advantage of studs was to some 
extent dissipated by the user's failure to exert comparable 
caution. 

Notice that in rural conditions, whereas the effect of re-
duced friction was only slightly better alleviated by studded 
tires as compared to snow tires, the sliding risk for studded 
tires was considerably lower because of more effective cau-
tion by their users. The urban and rural findings taken to-
gether suggest that studded-tire drivers were indeed con-
cerned about the hazards of driving on wintry surfaces, but 
in low-speed driving they were excessively reliant on their 
tires; in rural areas, their concern was better expressed in 
increased caution. 

Table B-46 also contains other pertinent information. Of 
all drivers, the users of standard tires tended to exert the 
greatest caution; apparently they were attempting to com-
pensate for the inferior frictional qualities of their tires. 

Another point reflected in these results is that, although 
the ability of each of the tires to mitigate the effects of 
reduced friction was greater in urban conditions, the drivers 
of each type exerted greater caution in rural driving. Notice 
that the effect of this increased caution was to reduce the 
nonsliding risk to less than one. 

Finally, the results for urban and rural accidents com-
bined show that as the frictional qualities of tires increased 
from standard tires to studded tires, driver caution de-
creased. Nonetheless, the net effect was a lower sliding risk 
for the studded versus snow tires, and snow versus standard 
tires. 

Driver Injury 

In order to determine the effect of tire type on injuries in 
accidents, analyses of the proportion of drivers injured were 
conducted. Only drivers were considered, because to in-
clude all vehicle occupants would have allowed the num-
ber of occupants to influence the results. In order to mini-
mize the influence of general levels of driver caution, the  

proportion of drivers injured in slippery road accidents was 
divided by that for clear road accidents. Thus, the resulting 
ratio for each type of tire again measured the influence of 
tire type on the effects of slippery roads as compared to 
clear ones. 

It should be noted that this type of analysis does not 
attempt to control the effects of additional driver caution 
exerted because of the presence of slippery roads. That is,. 
if tire A was known by drivers to be less safe than tire B on 
slippery roads, and if as a result the drivers of tire A ex-
erted compensatory caution on slippery roads, this analysis 
might show no difference between the tires. Thus, the ana-
lytical approach was not designed to be maximally sensitive 
to tire effects but, rather, to measure the effects of the tires 
as they were actually used by drivers. 

The results of the first analysis are given in Table B-47. 
They show that the proportion of drivers injured on slip-
pery roads was least in studded-tire autos and greatest in 
standard-tire autos. The same ranking holds for accidents 
on clear roads, thereby suggesting that studded-tire drivers 
generally drove more carefully, or drove more crashworthy 
cars. The ratios in the bottom row of the table, which are 
minimally sensitive to these general effects, show that the 
effects of slippery roads on driver injury were better miti-
gated in autos with studded tires than by those with snow 
tires. The proportion of drivers injured on slippery roads 
relative to clear roads was 6 percent higher for snow-tire 
autos as compared to studded-tire autos. 

A chi-square test was applied to determine if the dif-
ference between studded tires and snow tires was statis-
tically significant. The value of the test statistic was in-
sufficient to imply a significant result. As noted elsewhere 
in this report, if one is interested in determining whether 
studded-tire autos had the better injury experience in Michi-
gan during the months of January through March in 1972, 
the answer is an unqualified yes. This follows because the 
data in Table B-47 represent essentially all autos in the 
accident population. In other words, the autos reflected in 
the analysis do not represent a sample drawn from a popu-
lation of accident autos but, rather, the population itself. 

The next set of results, given in Table B-48, were derived 
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from the previously described, analytical procedures; how-
ever, they were applied to urban and rural data separately. 
As before, the findings were not statistically significant. The 
results for the urban data have the same ranking of tire 
types as did the state as a whole; indeed, the studded versus 
snow tire difference was greater for the urban subgroup. 
For the rural data, a different ordering of tire types was 
found. Here, the likelihood of injury on slippery roads rela-
tive to clear ones was least for snow-tire autos, with 
studded-tire and standard-tire autos being quite similar. 
Earlier findings showed studded-tire drivers to have ex-
hibited greater caution on slippery, rural roads than did 
snow-tire drivers; hence, differential caution can not explain 
this result. It can only he sneculated that the combination 
of rural speeds and slippery roads severely diminished the 
effectiveness of tire studs, particularly in preimpact emer-
gency conditions, thereby dissipating the potential for lower 
speed impacts. This reduced effectiveness had been pre-
viously implied by earlier results showing only a slight ad-
vantage for studded versus snow tires in terms of involve-
ment due to sliding in rural accidents. 

In an attempt to achieve a more sensitive analysis for 
which the likelihood of an injury in one auto was com-
pletely independent of that for other autos, an analysis was 
performed which included only single-vehicle accidents; the 
results are given in Table E-49. The findings showed a con-
siderable difference, favoring studded tires, in the slippery-
to-clear road ratios. For studded tires, the injury rate on 
slippery roads relative to clear roads was 79 percent; for 
snow tires, the ratio was 95 percent. Here again, however, 
the result was not statistically significant. 

In general then, the results showed that the likelihood of 
injury on slippery roads relative to clear roads was lower 
for autos with studded tires than for those with snow tires. 
This finding was reversed in rural accidents; however, be-
cause of the larger number of urban accidents and the 
greater magnitude of effect for urban accidents, the over-all 
balance favored studded tires. 

DETAILED FINDINGS—MINNESOTA EXTENSION 

In the earlier study for the State of Minnesota, four 
accident-related variables with the potential to reflect tire 
effects were used. They included impact speed, uninten-
tional preimpact rotation of the vehicle, vehicle damage, 
and driver injury. As in the other studies in this project, 
only automobiles, as opposed to trucks, buses, etc., were 
considered. Of the four variables listed, the particular mea-
sure of damage (estimated deformation of the vehicle, in 
inches) was found to give erratic results and, thus, was not 
studied. Analyses were performed first for vehicles in-
volved in single-vehicle accidents due to sliding and, then, 
for all trigger vehicles involved because of sliding. For 
single-vehicle accidents, the influence of other vehicles is 
minimal; however, analyses of trigger vehicles involve 
larger samples. 

The first analysis pertains to impact speed. The original 
analyses showed lower impact speeds for studded-tire ve-
hicles as compared to snow-tire vehicles in single-vehicle 
accidents. When considering all trigger vehicles, the same 
tendency was observed, but it was restricted to accidents in  

which the speed limit was 50 mph or less. The analysis of 
the composite sample of the original data plus the additional 
data is given in Table B-SO. Notice that the preferred be-
havior, lower impact speed, is indicated either by a high 
relative frequency for low impact speeds or a low relative 
frequency for high impact speeds. 

The results for the single-vehicle accidents mildly favored 
the studded-tire vehicles in comparison with the snow-tire 
vehicles. In the low-speed limit group, best representing 
urban accidents, the data were very sparse, but they showed 
some advantage for the studded-tire vehicles. In the middle-
speed grouping (31 to 50 mph), which may represent sub-
urban areas, again, only limited data were available. The 
pattern here was mixed. There were relatively fewer low 
impact speeds, for the studded-tire vehicles, but also rela-
tively fewer high impact speeds. For accidents in high 
speed, or rural areas, studded tires, as compared to snow 
tires, had the advantage in that they had relatively more 
low-speed impacts and relatively fewer high-speed impacts. 
Thus, in two out of the three speed limit groups, the results 
favored studded tires over snow tires; in the third speed 
limit group, the pattern was mixed. However, application 
of chi-square tests for each of the speed groups indicated 
no statistically significant results. 

The analysis of trigger vehicles (see lower portion of 
Table B-SO) shows somewhat less support for studded tires, 
although they were still slightly favored over snow tires. 
For the low-speed limit accidents, studded-tire vehicles had 
lower impact speeds than those with snow tires. The middle-
speed limit grouping seems to favor studded tires in that 
they had fewer impacts above 40 mph. The impact speed 
distributions for the two tire types were essentially the same 
in the accidents in the high-speed zones. Again, the three 
comparisons were not statistically significant. It might be 
mentioned that a 2 by 2 chi-square test was applied to the 
lower speed limit accidents with the data for impact speed 
above 21 mph combined into one impact speed group. The 
result was statistically significant; however, the process of 
selecting 'significant appearing" data for test purposes tends 
to capitalize on chance effects, thereby weakening the 
statistical implications. 

Thus, the analyses of impact speed continued to favor the 
studded-tire vehicles; in none of the speed zones did snow 
tires have the advantage. However, strong support for 
studded tires was not found. 

The next analysis was performed via operations identical 
to the one just discussed. Here, however, the dependent 
variable was preimpact rotation. This was defined to imply 
rotation of the vehicle in question, prior to impact, which 
was judged to have occurred unintentionally. That is, if a 
vehicle was turning at an intersection and struck a pedes-
trian, no preimpact rotation was said to have occurred. For 
the purposes of this analysis, preimpact rotation was divided 
into three groups: none, rotation less than 90°, and 90° or 
more. Analyses were performed by comparing tires in 
terms of relative frequency of no rotation and rotation 
exceeding 90°. The original results favored studded tires, 
as compared with snow tires, primarily in the high-speed 
limit areas for single-vehicle accidents and in all speed 
ranges for trigger vehicles. The results, after combining the 
two samples, are given in Table B-S 1. 
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TABLE B-47 

PROPORTION OF DRIVERS INJURED BY TIRE TYPE 
AND ROAD CONDITION 

TIRE TYPE 

Road Condition Studs - Snow Standard 

Slippery 
.110 (3397)a 

.124(15347) .146(14443) 

Clear . 142 (2666) . 149 (16552) . 169 (28273) 

Slippery - Clear .77 .83 .86 

a. Numbers in parentheses give total of injured plus uninjured and constitute 

the denominator of the corresponding proportion. 

The data in the table fail to provide clear results. For 
single-vehicle accidents, studded tires were favored for low 
speeds and high speeds, but snow tires appeared to be better 
between 30 and 50 mph. Although there may be some un-
known mechanism responsible for this, it is more likely that 
these results are a product of random effects and a limited 
number of observations. None of the relationships were 
statistically significant. The results for all trigger vehicles 
were also inconclusive. In the low-speed zones, studded 
tires were favored; in the middle-speed zones, snow tires 
were favored; and in the high-speed zones, no differences 
were observed. Only the results favoring studded tires in 
the low-speed areas were statistically significant (as deter-
mined by Fisher's exact probability test). In this regard, 
it should be noted that even with completely random data, 
if enough tests are performed, some of them will indicate 
significance. 

A second analysis on preimpact rotation was performed. 
Here, rotation was studied as a function of tire type for 
trigger vehicles without the restriction that they were in-
volved because of sliding. Thus, to the extent that involve-
ment due to sliding was positively correlated with preimpact 
rotation, this analysis was sensitive to the combined effects  

of the two events. The results, given in Table B-52, include 
findings for dry roads and wet roads in addition to snowy 
roads and those specifically reported as icy. 

The dry road data showed preimpact rotation to be a 
somewhat greater problem for the studded-tire vehicles. On 
wet roads, the advantage for snow tires compared to studded 
tires was somewhat diminished. On snowy roads, the ad-
vantage shifted to slightly in favor of studded tires. Fi-
nally, on icy roads, a considerable advantage accrued to the 
studded tires. None of the four sets of data were found to 
be statistically significant; however, the pattern of differ-
ences between the tires and the indicated increased advan-
tage of studs on ice suggest that the intended performance 
advantage of studded tires was indeed manifest in actual 
driving situations. These results were in close agreement 
with those obtained in the initial study. 

The last analysis performed was that relating driver in-
jury to tire type for autos involved in accidents because of 
sliding. The accident sample excluded rollovers. In the 
initial analyses, the proportion of drivers injured was less 
for studded-tire vehicles than for those with snow tires. For 
trigger vehicles with studded tires, 14 percent of the drivers 
were injured; for snow-tire vehicles, 18 percent were in- 

TABLE B-48 

PROPORTION OF DRIVERS INJURED BY TIRE TYPE 
AND ROAD CONDITION WITHIN LOCALITY 

Tires 

Road Condition 	 Studs 	 Snow 	 Standard 

Slippery .070 (2040) .087 (8346) .118 (8527) 

Clear .121 (1754) . 125 (10529) . 159 (20720) 

Slippery - Clear .58 .70 . 74 

Slippery . 171 (1348) . 169 (6953) . 186 (5888) 

Clear - 184 (903) . 192 (5979) . 198 (7503) 

Slippery -#-Clear .93 .88 .94 



TABLE B-SO 

IMPACT SPEEDS AS A FUNCTION OF TIRE TYPE FOR 
VEHICLES INVOLVED IN ACCIDENTS DUE TO SLIDING 

SingLe Vehicle Accidents 

Imoact SoeS 	 Tire Type 

(MPH) Studs Snow Standard 

Speed Limit 30 MPH or Less 

1.00 (6)°  .50 	(16) .63 (19) 0-20 
21-40 .00 .44 .37 
Above 40 .00 .06 .00 

Speed Limit Above 30 to 50 MPH 

.11(9) .18(17) .10(20) 0-20 
21-40 .56 .35 .60 
Above 40 .33 .47 .30 

Speed Limit Above 50 MPH 

. 19 	(67) . 	13 	(117) . 16 	(217) 0-20 
21-40 .39 .37 .37 
Above4o .42 .50 .47 

aThe number in parenthesis is the total number of vehicles in the tire 
by speed limit category; it is the denominator for the proportions. 

Trigger Vehicle 

(MPH) Studs Snow 	 Standard 

Speed Limit 30 MPH or Less 

.92 (48) .78 (98) .83 (95) 0-20 
21-40 .06 .21 .17 
Above 40 .02 .01 .00 

Speed Limit 30 to 50 MPH 

.33 	(15) .35 (37) .36 (45) 0-20 
21-40 .47 .38 .47 
Above 40 .20 .27 .18 

Speed Limit Above 50 MPH 

. 30 (139) .31 	(237) .24 (346) 0-20 
21-40 .38 .38 .38 
Above 40 .32 .31 .38 

TABLE B-49 

PROPORTION OF DRIVERS INJURED BY TIRE TYPE 
AND ROAD CONDITION FOR SINGLE-VEHICLE ACCIDENTS 

Tires - 
Road Condition Studs Snow Standard 

Slippery .224 (490) .234 (2691) .259 (2941) 

Clear .283 (279) .247 (1894) .286 (2664) 

Slippery 	Clear .793 .948 .907 

TABLE B-51 

PREIMPACT ROTATION AS A FUNCTION OF TIRE TYPE 
OF VEHICLES INVOLVED IN ACCIDENTS DUE TO SliDING 

Single Vehicle Accidents 

TiT,.-ne 
rre-iIllpdcL 

Rotation Studs Snow 	 Standard 

Speed Limit 30 MPH or Less 

.33 (6) .20 (15) 	 .32 (22) None or Negligible 
More than 90°  .00 .27 	 .27 

Speed Limit Above 30 to 50 MPH 

None or Neglibible .00 (9) .29 	(17) 	 .11(19) 
More than 900  .67 .35 	 .42 

Speed Limit Above 50 MPH 

None or Negligible .13 (76) .12 	(119) 	 .11 (237) 
More than 90°  .42 .48 	 .45 

Trigger Vehicles 

Tin T',ne 

Rotation Studs Snow 	 Standard 

None 
More 

None 
More 

None 
More 

or Negi 
LF 

ib1e 
than 90 

or Neg1ib1e 
than9O 

or Negigib1e 
than 90 

Speed Limit 30 MPH or Less 

	

.78 (51) 	 .64 (98) 	 .64 

	

.00 	 .08 	 .12 
(106) 

Speed Limit Above 30 to 50 MPH 

	

.35 (17) 	 .46 (37) 	 .36 

	

.41 	 .35 	 .24 
(45) 

Speed Limit Above 50 MPH 

	

.29 (152) 	.29 (242) 	 .19(376) 

	

.29 	 .32 	 .40 
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TABLE B-52 

PREIMPACT ROTATION OF TRIGGER VEHICLES FOR 
TIRE TYPE BY ROAD CONDITION 

Road 
	 Tire Type 

Condition 	Rotation 
	

Studs 	Snow 	Standard 

Dry 
	

None 	 76 (375) 	.79 (745) 	.80 (1, 360) 
900 orMore 	 .10 	 .08 	 .06 

Wet 
	

None 	 .78 (103) 	.81 (220) 	.77 (558) 
900 orMore 	 .05 	 .06 	 .08 

None 	 .54 (163) 	.54 (306) 	.40 (346) Snow 
900 orMore 	 .11 	 .17 	 .27 

.42 (45) 	.36(97) 	.27 (122) Ice 
orMore 	 .18 	 .31 	 .38 

advantage was observed for the studded tires versus snow 
tires when considering all trigger vehicles. For single-
vehicle accidents, the proportion of drivers injured in ve-
hicles with studded tires was approximately one-half that 
for the snow-tire vehicles. Neither result, however, was 
statistically significant. 

The four analyses, viewed together, presented no con-
sistent pattern of results. However, of those differences 
whose magnitude was greater than a percentage point or 
two, most favored studded tires as compared to snow tires. 
This was particularly true of the more sensitive single-
vehicle analyses. Since none of the individual results were 
conclusive, the findings remain essentially the same as those 
from the original study. That is, studded tires appeared to 
be mildly advantageous when compared to snow tires in 
terms of their influence on vehicle behavior in accidents. 
With respect to the lack of statistical significance, strictly 
speaking, these data give little reason to change from snow 
tires to studded tires. On the other hand, if one were going 
to buy new winter tires, and the costs were equal, the results 
imply that the studded tires should be preferred. If one 
asserts that the costs are not equal, and hence this conclu-
sion does not apply, then the only remaining conclusion is 
that the data neither confirm nor deny the value of studded 
tires. 

TABLE B-53 

DRIVER INJURY IN VEHICLES INVOLVED IN 
ACCIDENTS DUE TO SLIDING 

Single Vehicle Accidents 

Tire Type 

Studs 	 Snow Standard 

Injured 4 	 15 32 

Not Injured 47 	 83 148 

Total SI 	 98 180 

Proportion 
Injured 	 .08 	 . IS 	 .18 

Trigger Vehicles 

Tire Type 

Studs Snow Standard 

Injured 25 54 75 

Not Injured 160 287 358 

Total 185 341 433 

Proportion 
Injured 	 .14 	 .16 	 .17 

APPENDIX C 

DATA COLLECTION FORMS 

	

The forms shown in this appendix are (1) the exposure 	supplemental form for Michigan accidents; and (5) the 

	

questionnaire used in both Minnesota and Michigan; (2) 	supplemental form for the Minnesota Extension Study. A 

	

the accident tire questionnaire employed in Minnesota; 	listing of relevant data from the Minnesota accident tapes 

	

(3) the Michigan police accident report form; (4) the 	follows the forms. 



CORNELL AERONAUTICAL LABORATORY, INC. 

WINTER DRIVING SURVEY 

Please fill in both sides of the questionnaire as completely as possible and mail in the enclosed envelope; 
no stamp is required. Your signature is not required, as personal identification will not be used in analyzing these 

data. 

L 	Please fill in the following: 

Age _______ Sex  

Approximate miles driven in last 12 months  

Years of driving  

County in which you reside  

Driving is mostly: Urban D 	Surburban 0 	Rural 0 

Please answer the following questions in terms of events and conditions occurring yesterday. 

Yesterday's date (month, date, year)  

U. 	Describe the vehicle in which you did most of yesterday's driving (as a driver, not as a passenger). 
If you did not drive yesterday, describe the vehicle you normally drive. 

Make: (Chevrolet. Ford, etc.)  

Model: (Impala, Galaxy, etc.)  

Body Style: (Sedan, hardtop, truck, etc.) - 

Year of Manufacture:  

Does the vehicle have power brakes? Yes 0 

Does the vehicle have power steering? Yes 0 

NoD 

No 0 

M. 	Please describe the tires on the vehicle discussed above, as it was yesterday. Indicate tread type 
(or chains if used) by checking one square for each tire. 

Front 

52 

Chains 

Studs 
0 Snow 

Standard 

Chains 

Studs 
Snow 
Standard 

HWA 

19 

Chains 
Studs 
Snow 
Standard 

O 	
0 Chains 
0 Studs 

Snow 
0 Standard 

Rear 

Do you think studded tires help one to drive nearer the posted speed limits on slippery roads? Yes 0 No 0 

(Over) 
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W. 	Please describe the tires on the automobile which you drove most frequently during the winter before 

this one. (Rear tires only). Check one. 

Did not drive last winter 0 
Two studded tires 0 
Two snow tires 0 
Two standard tires Cl 
Other 0 

If you did not drive yesterday, please fill in the following item and return the questionnaire. 

I did not drive yesterday because: (check one) 

There was no need for me to drive 	 0 
I decided not to drive on snowy or icy roads 0 
Other 	 0 

If you did drive yesterday, please describe each trip in which you drove the vehicle discussed in SectionE 
Use as many rows as you need. For each trip, select one item for each column. Please do not include 
driving in parking lots and driveways. 

Total driving 
Amount of ice, Was skidding time 

Precipitation snow, or slush Lighting experienced ? for this trip 

I. Snow Roads were: I. 	Night I. 	No (Estimate 

2. Rain 1. 	Practically 2. Dawn 2. Turning, stopping, as best you 

a Other completely 3. Day or starting can) 

covered 
4. None 4. Dusk 3. Even when 

2. Mostly covered going straight 

a Scattered cover 

4. 	Very little, 
or no cover 

First 
Trip    

Second 
Trip     

Third 
Trip 	I 	I 	 I 	I 

Fourth 
Trip  

F If th 
Trip 

Sixth 
Trip 
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CORNELL AERONAUTICAL LABORATORY. INC. 
- 	 OF CORNELL UNIVERSITY 

P.O. Box 235 • BUFFALO. NEW YORK 	14221 

TELEPHONE 716-632-7500 

K. Jones 
0000 Zero Drive 
Zero, Minnesota 00000 

Dear K. Jones: 

A study is being conducted in Minnesota by Cornell Aeronautical 
Laboratory under a contract to the National Academy of Sciences (on behalf 
of the Highway Research Board - administered National Cooperative Highway 
Research Program) to determine the influence of tires on highway safety. We 
request that you help by answering the questions below and returning them in 
the enclosed self-addressed envelope. (No stamp is required. ) If you cannot 
provide some of the information, or if you are delayed in replying, your answers 
will still be of great value. 

The first question pertains to the tires on your car when it was involved 
in an accident during the winter before the last one. Your name was used only 
for mailing purposes and will not be used in any other way. By state law your 
answers will be confidential and used only for research on winter driving. 

DETACH AND RETURN 	 DETACH AND RETURN 

If correct answers are not available, please check "other, or unknown." 

Please check one square indicating 	C Chains 
the tires on the rear wheels of the 	J Two studded tires 
car at the time of the accident on 	0 Two snow tires 
November 14, 1970. 	 0 Two standard tires 

0 Other, or unknown 

Please indicate the tires on the rear wheels of the automobile you drove 
most frequently during each of the last three winters. 

The winter Two winters 
Last winter before last before last 
1971-1972 1970-1971 1969-1970 

Two studded tires Q 0 0 
Two snow tires 0 0 0 
Two standard tires 0 0 0 
Other, or unknown 0 0 0 
Did not drive that winter Q 13 0 

Cornell - 77284333. 
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ORIGINAL 

State of Michigan 
Department DO NOT USE 

OFFICIAL TRAFFIC ACCIDENT REPORT 
County City Twp. Date Time 

P.M. 

! ON 	
Route No. Ft 	N S E w J 	

Intersection 	 Route No. 
Mi* 

 State 	Orivers License 

I 	I 	 I 
DOS 	

I 
Violation HUD FIN 	lust 

J ! Driver No. I 	First 	 M. 	Last 	 Address 	 City 	 State Age Sex rir 
Year Make Type Trailer 	Reg. 	 Yr/State Removed Ic/by 	 - - - - 

Name 	 Address P. i i 	ion Pos  it 

I Total Local use/Owner - - - Inlured taken 
Occupants 

C. a 
lateI Drivers License 

I ii 	I 	I 	I 
Doe 	 Violation ;r cr 

z 
Driver No. 2 	First 	 M. 	Last 	 Address 	 City 	 State Age Set 	mi 

s 
Year Make Type Trailer 	Reg. 	 yr/state Removed to/by 	 - 

Name 	 - 	Address Pot 

£.o.itiofl 	.s. 
123 

456 
Totat Local Use/Owner Inbred taken  

Occuoantt 

WEATHER LIGHT ROAD SURFACE ROAD CONDITION VISION OBSTRUCTION VEHICLE DEFECTS 

EJCIear 	CRam Day 	LDark ET,Dry 	Snowy JEngineering Ei Vehicle Ui Vehicle Ui 
Cloudy Icy 

El Maintenance E'Vehicle 02 E]Vehicle #2 
JFog 	Csnow Ei;' E1tStr%  El Wet 	ElOther - JflConstruction Zone Explain) (Explain) 

IMPACT CODE TOTAL LANES DRIVER RE-EXAM. oum,ioe Property Gilt:. Than Vulticlus 

I 	I =1 Divided 
Limited 

Efl Driver #1 

Eli Driver #2 

______________________________________________________ 

Veh. et 	Veh. #2 	Total 
Owner 	 Address 

Veh. Access  
- Indicate North -  ACCIDENT DESCRIPTION & REMARKS 

.j 	•t- ................................... 
0 
it 

.................................... 
___________________________________________ r 	.. . 

Include 

it 

n 
All Trallic S Control Devices p 

Describe all unusual conditions and circurnstancet 

Received time lnvestigutora I 	1 	2 	POLICE ACTION Reviewer 

Loa.. A.M. - C 	DCited for Hazardous Vio. P 
P.M.  

I 	0 EjCited For Other Violation ________ 
I 	 I by Comp. Status - [JNoEenntAct.j 

El 	El 
I 	(33 	[Jlnvestiqatei1 at Scene 	1 omen 	cln:,iil 

PORWARO COPY TO: Michigan Stat. Police 
Safely & Traffic Division 
Cast Lancing. Mich,  48023 
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STATE OF MICHIGAN 	 IN COOPERATION WITH 	TRANSPORTATION RESEARCH DEPT. 
CORNELL AERONAUTICAL LABORATORY 
BOX 235 
BUFFALO, NEW YORK 14221 

TIRE STUDY 
SUPPLEMENTARY ACCIDENT REPORT FORM 

DATE _______________________ COUNTY _____________________ COMPLAINT NO.  

INVESTIGATING DEPT.__________________ INVESTIGATING OFFICER  

pvn:Irs40hLIw4I:I1:aI 
(IF NOT AUTO, SKIP TO NEXT VEHICLE) 

MAKE: (CHEVROLET, FORD ETC.)  

TIRE TYPE (REAR WHEELS) 
CHECK ONE TIRE TYPE IN EACH ROW 

2 CHAINS 	2 STUDS 2 SNOW 	2 STANDARD OTHER 

C C C C C 
C C C C 
C C C C 

ACCIDENT AUTO 

AUTO DRIVEN MOST FREQUENTLY THIS WINTER 

AUTO DRIVEN MOST FREQUENTLY LAST WINTER 

tYfl:IEMupLuJM:Itwa 
(IF NOT AUTO, SKIP TO NEXT VEHICLE) 

MAKE: (CHEVROLET, FORD ETC.) 

TIRE TYPE (REAR WHEELS) 

CHECK ONE TIRE TYPE IN EACH ROW 
2 CHAINS 	2 STUDS 2 SNOW 2 STANDARD OTHER 

ACCIDENT AUTO 	 C 	EEJ C lflJ 
AUTO DRIVEN MOST FREQUENTLY THIS WINTER 	 t:ii C C 
AUTO DRIVEN MOST FREQUENTLY LAST WINTER 	 C E1 

REMARKS: 

INSTRUCTIONS 
GENERAL 

Fill out a supplementary accident report form for each accident involving one or more automobiles. If more than two autos 
are involved, use a second form. Give the accident date, county, complaint number, etc. at the top of each form used. 

Fill in auto make and tire in formation for each involved auto. Be sure to use the same vehicle number as designated on 
your police form. 

TIRE INFORMATION 

I. Examine both rear tires of the auto to determine tire type. 

Ask the Driver: Does the car which you drive most frequently this winter have studded tires? 
Snow tires? Standard tires? If the most frequently driven is the accident car, check as in row one. 

Ask the Driver: Did the car which you drove most frequently last winter have studded tires on it then? 
Snow tires? Standard tires? 

2. and 3. If the driver had studded tires on his most frequently used car for pan of the winter, check 
"studs." 

If the driver is not available for questioning, you may be able to get the information from 
a passenger. 

ATTACH TO THE COMPLETED COPY OF THE OFFICIAL MICHIGAN TRAFFIC ACCIDENT 
REPORT (STATE COPY) AND FORWARD TO THE DEPARTMENT OF MICHIGAN STATE 
POLICE, SAFETY AND TRAFFIC DIVISION, EAST LANSING, MICH. 48823 
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INVESTIGATING OFFICER  

DATE  VEHICLE (As IT APPEARS ON MINNESOTA FORM)  

STATE OF MINNESOTA IN COOPERATION WITH 	 TRANSPORTATION RESEARCH DEPARTMENT 
Cornell Aeronautical Lab.. Inc. of Cornell Uniyflty 
P.O. Box 235 	Buffalo, Niw Yofl 	14221 £ 

AMOUNT OF I:E, SNOW, OR SLUSH ON ROAD 

TELY COVERED 	01 
SUBURBAN 

 

________ 	

WERE 	NOE AS OR SAND 

URBAN VERY LITTLE, OR NO COVER 

RESTRAINT 
NATX 

IN EACH OCCUNEDPOSIflOECfflCLETHE"X'FA 
DRIVER 613 SHOULDER BELT WAS WORN 

1 	2 	3 
YRS OF DRIVING EXPERIENCE I 

ANNUAL MILEAGE I 	I 	I 	I 
4 	5 	6 

TIRES: 	FOR EACH TIRE GIVE 

MODEL (IMPALA, GALAXIE, ETC.) 
TYPE (CHAINS. STUDS. SNOW. STANDARD) 

TREAD DEPTH AT CENTER OF TIRE 

POWER STEERING: 	YES 5 NO  0 	L. FRT 	I. ______ 2.- 	R. FRT 	I.______ 2.  
POWER BRAKES: 	YES 5 NO  5 	L. BEAR: 1.- 2.- 	B. REAR I.______ 2.  

ESTIMATED DEPTH OF PENETRATION AT BUMPER HEIGHT 

ON VEHICLE DIAGRAM AT RIGHT 

SKETCH OUTLINE OF PENETRATION CAUSED BY 
INITIAL IMPACT 

ESTIMATE DEPTH AND WIDTH OF PENETRATION 

INDIATE DIRECTION OF FORCE  

13 	 Fil4i in SAMPLE 

HF 

WAS THIS VEHICLE INVOLVED IN ACCIDENT 

ESTIMATED IMPACT SPEED________ BECAUSE SLIPPERY ROAD CAUSED: 

ROTATION BEFORE IMPACT-ON ROAD (CHECK ONE PER ROW) 

NOSKIDDING 
DONT 	PROBABLY 

NO ROTATION 	5 YES 	PROBABLY 	KNOW 	NOT 	NO 

ROTATION EXTENDEDSTOPPING DISTANCE? 	0 	0 	0 	0 	5 
LESSTHAN9O° 	0 
900.1800 REDUCED ABILITY TO ACCELERATE? 0 	0 	0 	0 	0 
MORE THAN 1800 	5 LOSS OF DIRECTIONAL CONTROL? 	0 	0 	0 	0 	0 

:Ii'Ws1:Ir4 



GENERAL 

THIS FORM SHOULD BE FILLED IN FOR EACH PASSENGER VEHICLE AND STATION WAGON INVOLVED IN AN 
ACCIDENT. PLEASE BE SURE TO INCLUDE YOUR NAME, DATE, AND SCENE DATA ON ALL REPORT FORMS. 

SCENE DATA 

DETERMINE TEMPERATURE AS WELL AS YOU CAN. USE A TEMPERATURE RANGE IF NECESSARY. 

THE AMOUNT OF ICE, SNOW, OR SLUSH ON THE ROAD IS AN EXTREMELY IMPORTANT ITEM. 

OCCUPANT DATA 

ASK THE DRIVER FOR THE NUMBER OF YEARS HE HAS DRIVEN AND FOR HIS ESTIMATE OF THE TOTAL MILEAGE 
HE DRIVES IN A YEAR. 

THE FIGURE ON THE RIGHT PROVIDES AN EXAMPLE OF RESTRAINT USE. 	
1 	2 	3 

IT SHOWS THAT THERE WERE THREE OCCUPANTS. THE DRIVER AND 	 (3?) 	(R) 
RIGHT FRONT PASSENGER WORE BELTS OR HARNESSES; THE PASSENGER 
IN THE RIGHT REAR SEAT DID NOT WEAR A SEAT OR SHOULDER BELT. 	 x 

4 5 6 

VEHICLE DATA 

POWER STEERING AND POWER BRAKES MAY BE OBTAINED FROM THE DRIVER OR THROUGH INSPECTION OF 
THE VEHICLE. 

IN GIVING TIRE TYPE, WHENEVER CHAINS ARE USED ON ANY KIND OF TIRE, WRITE "CHAINS'. FOR 
EITHER A STUDDED SNOW TIRE OR A STUDDED STANDARD TIRE, WRITE "STUDS." 

TREAD DEPTH MEASUREMENTS MAY BE GIVEN SIMPLY AS THE NUMBER READ ON THE GUAGE. 

DAMAGE DATA 

IN SKETCHING THE PENETRATION. SHOW WHERE THE BODY OF THE VEHICLE WAS ACTUALLY COLLAPSED, 
NOT DENTS AND BUCKLING AROUND THE PENETRATED AREA. 

ESTIMATE PENETRATION DEPTH AT BUMPER HEIGHT IN THE SAME AREA DESCRIBED ON THE SKETCH; 
THIS DISTANCE MAY, OR MAY NOT, BE THE SAME AS THE PENETRATION DEPTH ON THE SKETCH. THIS 
MEASURE WILL BE USED, WHEN APPROPRIATE, TO DETERMINE CHASSIS FRAME DAMAGE. 

ACCIDENT DATA 

ESTIMATE IMPACT SPEED FOR EACH VEHICLE AS WELL AS YOU CAN, USE A SPEED RANGE IF NECESSARY 

SELECT THE CATEGORY THAT BEST DESCRIBES, IN YOUR JUDGEMENT, THE AMOUNT OF ROTATION THIS 
VEHICLE EXPERIENCED BEFORE IMPACT OR LEAVING THE ROAD. 

IN JUDGING IF A VEHICLE WAS INVOLVED DUE TO SLIPPERY ROAD CONDITIONS, THERE ARE THREE POINTS 
TO KEEP IN MIND: WE ARE INTERESTED ONLY IN Ii) PRE'IMPACT SKIDDING BY THE VEHICLE ON THE ROAD, 
(2) THAT OCCURRED BECAUSE OF SLIPPERY ROAD SURFACES. (3) WHICH CAUSED THE VEHICLE TO BE 
INVOLVED IN THE ACCIDENT. 

58 

AB FORM 70 
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MINNESOTA BEFORE-AND-AFTER STUDY 
ACCIDENT INFORMATION 

Year 
Julian date 
Sequence number 
Month 
Hour 
Severity of maximum injury 
Grade 
Curve 
Precipitation 
Day! night 
Road condition (dry, wet, ice/snow) 
Minnesota Highway Patrol, Sheriff, Local Police 
Number killed 
Number injured 
Number of vehicles involved 
Intersection? 
County 
City 
Population (no name place, <2,500, >2,500) 
Number of autos involved 
County group (Hennepin and Ramsey, South, North)  

Number of nonparked vehicles 
Number of nonparked autos 
Maximum injury 
Maximum driver injury 
Half (before, after) 
Winter half (as above, but for December through March) 

VEHICLE INFORMATION (1 RECORD FOR EACH AUTO) 

Sequence number 
Number killed 
Number of A level injuries 
Number of B level injuries 
Number of C level injuries 
Maximum injury in vehicle 
Driver injury 
Driver age 
Driver sex 
Driver condition 
Driver behavior 
Driver arrested 
Accident tire 
1971-72 tire 
1970-71 tire 
1969-70 tire 

APPENDIX D 

STATISTICAL METHODS 

STATISTICAL TESTING PROCEDURES 

In considering the studded-tire issue, it appears that there 
is no need to demonstrate the possibility that studded tires 
performed less well than snow tires. This follows from the 
view that, unless studded tires perform better than snow 
tires, the added costs associated with repairing road dam-
age imply that the banning of studs would be a sound eco-
nomic measure. To incorporate this view in the analyses, 
one-tailed statistical tests were appropriate. The results of 
such an approach allow one of two conclusions to each 
analysis: (1) studded tires performed better than snow 
tires, or (2) studded tires were not shown to perform better 
than snow tires. All tests were applied at the 0.05 level of 
significance. 

It might be noted, however, that all findings reported as 
having statistical significance were significant for both one-
tailed and two-tailed procedures with the exception of the 
comparison between studded tires and standard tires in 
Table B-42, where only 33 observations were available. 

STATISTICAL ANALYSIS FOR BEFORE-AND-AFTER DATA 

The analysis of accident and exposure data to determine 
the effect of banning studded tires on accident rates is dis- 

cussed as follows. The first part of the discussion shows the 
basic computation of the rate measures used and includes 
potential components stemming from differential response 
probabilities among the driver groups. The following defini-
tions are used: 

A—denotes a vehicle in an accident; 
Q—denotes a driver receiving an exposure question-

naire; 
R—refers to the instance of a response to either the 

accident tire survey or the exposure survey; 
T—denotes tire type (studded = 5, snow = Sn, or stan- 

dard highway tread = H) 
C—is road cover condition (ice/snow = IS, or clear= 

CL) 
W—refers to the before period or after period (first 

winter = 1, second winter = 2). 

The following development corresponds to the analysis 
shown in Tables B-18, B-191  and B-20 in the discdssion of 
slippery road risk in Minnesota. However, it is sufficiently 
general to provide an understanding of alternative ap-
proaches used. The initial statistics used were (1) P (T 
A, C, W), the proportion of tire type T for respondents to 
the accident questionnaire, who had their accidents in road 
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condition C during period W; and (2) P (T I R, Q, C, W), 
proportion of driving time on tire type T for respondents to 
the exposure questionnaire, who had driven in condition C 
in period W. 

The next step was to compute the ratio of the two pro-
portions for all T, C, W combinations. The meaning of the 
ratio was developed as follows. Most steps are simple al-
gebraic manipulations following the rules for conditional 
probabilities. First, note the following for the accident 
data: 

This ratio, then, equals the true accident rate for T, given 
(C, W) normalized by the true accident rate for (C, W) 
alone, but multiplied by the response bias associated with 
T to the accident questionnaire and divided by the response 
bias for T to the exposure questionnaire. Notice that to the 
extent that drivers of tire type T are equally overresponsive 
or underresponsive to both questionnaires, the influence on 
the estimate of tire effects on the accident rates approaches 
the true value. For example, if studded-tire drivers were 
equally overzealous in the responses to the two question- 

P(T I R, A, C, W) = P(R]T, A, C, W) P(T, A, C, W)/P(R, A, C, W) 

=P(AFT, C, W) P(T, C, W) P(RIT,  A, C, W) 
P(RJA, C, W) P(A, C, W) 

P(A IT,  C, W) - P(T, C, W) P(RIT,  A, C, W) 
- 	P(AFC, W) P(C, W) P(RIA, C, W) 
- P(AJT, C, W) 

P(T IC, W) P(RIT,  A, C, W) 
(0-1) - P(AIC, W) P(RIA, C, W) 

From Eq. D-1, it is seen that the proportion of each tire 
group has three major components. The first component is 
the probability of an accident on road cover C in period W 
for tire T as compared to the general probability of an 
accident, given C and W; it is the influence of T on the 
probability of an accident corrected for direct annual and 
road condition effect on P(A). The second component is 
the relative amount of exposure to condition C in period W. 
The final term is the response bias of drivers using tire T 
during accidents on condition C in period W. If the prob-
ability of responding to the accident tire questionnaire were 
the same for all drivers within (C, W), the response prob-
ability would be independent of T and the ratio constituting 
the last term would equal unity and, hence, disappear from 
the equation. 

Applying precisely the same development to the exposure 
data gives 

P(T I R, Q, C, W) = 
P(QFT,  C, W) T C W P(RIT,  Q, C, W) 

P(QIC, W) 	
' 	P(RQ, C, W) 

However, since the exposure questionnaires were sent out 
to an essentially randomly selected sample, the probability 
of a driver receiving a questionnaire is the same, irrespec-
tive of T and C, given W. Thus, the numerator P(Q I T, 
C, W) and the denominator P(Q I C, W) both equal the 
sampling fraction, so that one cancels the other. Hence, 

P(T FR,  Q, C, W)=  P(T IC,  W)Q,' 

 

The proportion of driving time by tire T in the sample 
equals the true proportion in the population multiplied by 
the response bias. 

Computing the ratio of the accident statistic in Eq. 0-1 
to the exposure statistic in Eq. 0-2 gives the following: 

P(T FR, A, C, W) 
P(T R, Q, C, W) = 

P(A]T, C, W) P(RIT,  A, C, W)/P(R]A, C, W) 
P(A JC, W) P(RIT,  Q, C, W)/P(RIQ,  C, W) 

 

naires, the ratio in Eq. D-3 would be completely free of 
response biases. 

The next step taken in the analysis was to estimate slip-
pery road risk, or the differential influence of T for slippery 
roads (IS) as compared to clear ones (CL). This was done 
by comparing two ratios of the type in Eq. D-3 to obtain 
the following: 

P(T 1k, A, IS, W)/P(T I R, Q, IS, W) 
P(T R, A, CL, W)/P(TIR, Q, CL, W) 

- P(A IT,  IS, W)/P(A I IS, W) 
P(AIT, CL, W)/P(A[CL, W) 

P(R IT,  A, IS, W)/P(R IA, IS, W) 
P(R T, A, CL, W)/P(R IA, CL, W) 
P(R IT, Q, IS, W)/P(R I Q' IS, W) 

P(RFT,  Q, CL, W)/P(R Q, CL, W) 
(0-4) 

This ratio equals the true slippery road risk, multiplied by 
the differential response bias for slippery roads versus clear 
roads in the accident data, divided by the differential re-
sponse bias in the exposure data. Here, there is an addi-
tional opportunity for response biases to cancel. If, for 
example, drivers of tire type T were unequally responsive 
to the accident tire questionnaire and the exposure question-
naire, but maintained those biases for both clear roads and 
slippery ones, again the net effective bias would disappear. 

The final step explicitly performed in the analysis was to 
compute the ratio of the slippery road risk estimators for 
the after period (W = 1) to the before period (W = 2) in 
order to measure the change in the slippery road risk. When 
T equals studded tires, the resultant measure is slippery 
road risk for drivers switching from studded to snow tires 
compared to slippery road risk, before the ban, for drivers 
using studded tires. Thus, a measure of the effect of chang-
ing from studded to snow tires is provided. Similar ratios 
for T equals snow tires and, separately, for T equals stan-
dard tires would, if all response biases had been eliminated, 
be expected to equal unity, since for these two groups no 
change in tire type occurred; hence, slippery road risk 
should remain unchanged. The actual analysis showed a 
4-percent increase in slippery road risk for the studded-tire 
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group. This appears to be a reasonable value. Further-
more, no change was found for the snow-tire group. This 
is predicted and provides strong evidence of the propriety 
of the computational procedures for eliminating biases. On 
the other hand, a 15-percent increase was found for the 
standard-tire group. This must be attributable either to real 
increases in slippery road risk associated with factors not 
yet uncovered or to residual response biases. 

To further explicate the role of response biases, define 

B(X) = P(R IT, X)/P(R I X) 	(D-5) 

Then, B(X) is the response bias for T given X. Thus, in 
Eq. D-1, 

B(A, C, W)=P(R[T, A, C, W)/P(R[A, C, W) 

which is the responsiveness of group T drivers for (A, C, 
W) corrected for the general responsiveness of all drivers 
in (A, C, W). Thus, if responsiveness was independent of 
T for accident drivers, on each road condition C, in each 
year W, then B (A, C, W) would equal one and response 
biases associated with T would not exist for the accident 
sample. 

In Eq. D-3, which measures the effect of T on the 
probability of an accident, the response biases are given by: 

B(A, C, W)/B(Q, C, W) 

This ratio can equal one in either of two ways. An 
example of the first was given earlier; if there were no 
response biases in A and in Q, both numerator and de-
nominator would equal one. On the other hand, if there 
were biases, but they were equal for both A and Q within 
each (C, W) combination, then the numerator and de-
nominator would not equal one but would equal each other, 
so that the value of the ratio would be one. 

Going on to Eq. D-4, which estimates slippery road risk 
within each of the two study periods, the influence of 
response biases is given by: 

B(A, IS, W) 	B(Q, IS, W) 
B(A, CL, W) B(Q, CL, W) 

Here, response biases, if not already dissipated, will be re-
duced to the extent that they are equal for both slippery 
and clear roads within each sample. 

For the final values obtained, which reflect the change in 
slippery road risk from before to after the ban, the response 
bias is given by: 

[B(A, SL, 2)/ B(Q, SL, 2) 
B(A, CL, 2) / B(Q, CL, 2) 

1

B(A, SL, 1) / B(Q, SL, 1) 
B(A, CL, l)/ B(Q, CL, 1) 

Here, there is an opportunity for residual differential biases 
resulting from a cover by sample interaction to cancel to the 
extent that this effect remains constant from the before-to-
after data collections. 

Thus, it can be seen that the before-and-after paradigm, 
as applied to slippery road risk, afforded numerous oppor-
tunities of a substantial nature to clear the results of re-
sponse biases. For example, consistent overresponding by 
studded-tire drivers would not influence the results, nor 
would disinterest by standard-tire drivers. Overresponsive- 

ness to the accident tire questionnaire for slippery road ac-
cidents would not bias the results. Indeed, the only type of 
bias to remain effective would require differential response 
biases for the accident versus the exposure questionnaire as 
a function of road condition which changed from the before 
period to the after period. Although this would be un-
expected, the results indicate that it may well have occurred 
for the standard-tire group. 

Given a theoretical background on the potential effects of 
response biases, some empirical analyses follow, which at-
tempt to locate the point of entry of such biases. Table D-1 
reflects an analysis similar to those performed earlier, but 
here the tire groupings are summed together. In it, accident 
frequencies are divided by exposure, and the resulting ratios 
for slippery roads are divided by those for clear roads to 
provide a measure of general slippery road risk for the 
before and after time periods. The results show that in the 
before period the risk of an accident was, according to 
the data taken at face value, 268 percent higher on slippery 
roads as compared to clear ones; for the after period, the 
risk was 55 percent higher. The latter value is reasonable; 
the former is much less so. Hence, the strongest biases 
appear to have occurred during the before period. 

Next, consider the second row from the bottom of Table 
0-1, wherein accident frequency divided by exposure is 
given. Since the value for clear roads in the before period 
differs greatly from the other three values, which are rea-
sonably close to one another, the difficulty seems to stem 
from the clear road data in the before period. The fact that 
this value is low relative to the others implies either that the 
accident frequency was too low or that the exposure was 
too high. Examination of the first row alleviates concern 
that the number of accidents was too low. Indeed, the rela-
tive frequencies represented here were compared to those 
in MINCOMP with very favorable results, thereby dispell-
ing concern about biases in the accident data. 

The exposure data in the second row of Table 0-1 
strongly suggest an overrepresentation of clear road driving 
for the before period. It should be noted that, because of 
the nature of the before-and-after analysis, this bias in and 
of itself would not preclude valid comparisons among the 
Lire groups. Rather, the basic question of interest here is 
whether the possible bias noted is particularly associated 
with one or another of the tire groups. This question is 
examined more closely by referring to Table D-2; it con-
tains all the data utilized in the analysis of accident rates by 
tire type. The accident and exposure data are presented 
separately; within each of these two data sets, the two time 
periods (before and after) are cross-classified with road 
condition, for each of the tire groups. 

The final ratio for each of the six major groupings is the 
frequency of clear roads relative to slippery roads for the 
before period divided by that for the after period. If the 
relative frequency of clear roads was the same for both 
periods, these ratios would have the value of one. Table 
D-2 shows, in each instance, that the frequency of clear 
roads was substantially higher in the before period. This 
reflects the previously noted increase in slippery roads for 
the after period. Of major concern is the homogeneity of 
the ratios from one tire to the next. Although the ratios are 
fairly homogeneous for the accident data, the relative 
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TABLE D-1 

CALCULATION OF CROSS PRODUCT RATIOS 

BEFORE AFTER 

Slippery Clear Slippery Clear 

Number of Autos 
in Accidents 3,421 4, 780 3, 686 3, 734 

Minutes of Driving 111,585 573, 693 98, 178 153, 954 

Accidents . Exposure x 
100 3.0658 .8332 3.7544 2.4254 

Slippery+ Clear 	 3.6796 	 1. 

TABLE D-2 

ROAD CONDITION BY STUDY PERIOD WITHIN TIRE TYPE 

Studs 	 Snow 

Slippery Clear Slippery Clear 

Before 	 1, 144 	1,647 	1,426 	1,819 

After 	 1.715 	1,670 	1.387 	I, 390 

Beforef- After 	.6670 	.9862 	1.0281 	1.3086 

Cleari- Slippery 	1.4785 	 1.2728 

Standard 

Slippery 	Clear 

	

851 	1,314 

	

584 	674 

	

1.4571 	1.9495 

1.3379 

Exposure Data 

Before 

After 

Before + After 

Clear 4 Shone, 

Studs 

	

Slippery 	Clear 

	

58, 992 	254, 153 

	

60,525 	76,835 

	

.9746 	3.3077 

3.3939 

Snow 

Slippery Clear 

28, 194 	151, 985 

23, 579 	42, 158 

1. 1957 	3.6051 

3.0150  

Standard 

	

Slippery 	Clear 

	

24, 399 	167, 555 

	

98, 178 	153, 954 

	

.2485 	1,0883 

4.3794 

spread is much greater in the exposure data. Again, it 
appears that the major source of the problem lies with the 
exposure data. Specifically, it can be seen that, although 
the exposure ratios are fairly similar for the studded-tire 
and snow-tire groups, both differ considerably from the 
standard-tire group. Differences between the snow-tire 
group and the studded-tire group might be explained in 
terms of modified driving habits for drivers losing their 
studded tires; however, no such readily available explana-
tion can be found for the deviant behavior for the standard-
tire data. It appears, then, that the primary difficulties were 
associated with biases in the exposure data among the 
standard-tire drivers. This, taken in combination with the 
implications of the preceding table, suggests that the pri-
mary bias was a relative overrepresentation in the exposure 
data of standard tires on clear roads during the before 
period. Unfortunately, the reason for such a bias rimains 
unknown. However, to the extent that this analysis is cor-
rect, it reduces doubts pertaining to the validity of the 
studded tire and snow tire accident rate data. 

USE OF TIRE COMPARISONS TO MEASURE 
SAFETY EFFECTS 

The discussion that follows shows how results obtained 
for the comparison and testing of tire effects were used to 
determine measures of the effects of banning studded tires 
on the frequency of accidents. 

The following definitions are used: 

A—refers to an auto in an accident; 
ASL—refers to an auto involved because of sliding; 

IS—implies icy or snowy roads; 
CL—implies clear roads; 

S—refers to an auto with studded tires; 
Sn—refers to an auto with snow tires; 

SR(S)—is the sliding risk for studded tires (used in 
Michigan); and 

SRR(S)—is the slippery road risk for studded tires (used 
in Minnesota). 

Operators are, by example: 
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N(ASL, IS, S)—is the number of studded-tire autos 
involved on icy or snowy roads be-
cause of sliding; 

P(SL I A, IS, S)—is the proportion of studded-tire 
autos in accidents on slippery roads, 
which were involved because of slid-
ing; it equals N(ASL, IS, S)/N(A, 
IS, 5); 

N'(A, S)—is the projected number of accident 
involvements by autos that had used 
studs; 

N(A, S)—equals N'(A, 5) - N(A, 5); and 
%AN(A, S)—equals 100 i N(A, S)/N(A, 5). 

Minnesota Rates 

By the definition of slippery road risk, 

SRR'(S) P1(A IS, IS)/ P1(A I, CL) 
SRR(S) = P(A 5, IS) /P(A I 5, CL) 

Assume P'(A I, L) = PM] 5, CU; that is, the acci-
dent rate on clear roads for drivers switching from studded 
tires to snow tires is the same as it was when they were 
using studded tires. Then, 

SRR'(S) - P1(A IS IS) 
SRR(S) - P(A I, IS) 

Since 

N(A, IS, 5) = P(A] IS, 5) P(IS 5) N(S) 

then, 

N'(A, IS, 5) - P'(A ] IS, 5) P'(IS I 5) N'(S) 
N(A, IS, 5) - P(A] IS, 5) P(IS I) N(S) 

-Further, assuming that changes in exposure associated 
with the change in tires are negligible (that is, there are no 
important changes in the amount of driving and also no 
change in weather conditions) gives Pl (IS ] 5) = P (IS ] 5). 

Additionally, since only those drivers changing from 
studded tires to snow tires are of interest, N'(S) = N(S). 
Although some drivers changed from studded tires to stan-
dard tires, the proportion was essentially balanced by snow-
tire drivers changing to standards. Thus, 

N1(A, IS, 5) - P1(A] IS, 5) - SRR'(S) 
N(A, IS, 5) - P(A IS, 5) - SRR(S) 

Using the data gives 

N1(A, IS, 5)/N(A, IS, S) = 1.04 

or 

%N(A, IS, S)=4 

and 

AN(A, IS, 5) = 0.04 N(A, IS, 5) 

To obtain the percentage change in accidents, irrespec-
tive of tire type, use 

%AN(A, IS) = 100AN(A, IS)/N(A, IS) 

Since N(A, IS) is given by N(A, IS, 5), which is the 
change incurred by drivers switching from studded to snow 
tires, then 

%AN(A, IS) = 100sN(A, IS, S)/N(A, IS) 
= 100 )< 0.04 N(A, IS, S)/N(A, IS) 
= %N(A, IS, 5) P(S IA, IS) 

To obtain the percentage change in accidents, irrespective 
of road conditions, repeat the procedure previously em-
ployed. Start with 

%AN(A) = 100ANMIN(A) 

Since SN(A) is given by the change occurring on slippery 
roads (namely, N(A, IS)), then 

%AN(A) = 100N(A, IS)/N(A) 
= %AN(A, IS) X N(A, IS)/N(A) 
= %AN(A, IS) P(IS IA) 

This, in turn, gives 

%AN(A) = %AN(A, IS, 5) P(S A, IS) P(IS IA) 

Michigan Rates 

Rewriting N(ASL, IS, S) gives 

N(ASL, IS, 5) = P(ASL I 5, IS) P(IS I 5) N(S) 

But since SR(S) = P(ASL] 5, IS)/P(A I CL, 5), then 

N(ASL, IS, 5) = SR(S) P(A I CL, 5) P(IS I) N(S) 

Assume, as in the case of Minnesota, that P'(IS I S) = 
P(IS I 5), N'(S) = N(S), and P'(A ] CL, 5) = P(A I CL, 
5). In addition,, since the change from studded tires to 
snow tires is being considered, note that sR1(S) = SR(Sn). 
Thus, 

N1(ASL, IS, 5) - SR(Sn) 
N(ASL, IS, 5) - SR(S) 

so that 

%zsN(ASL, IS, 5) = %zxN(ASL, IS, 5) = %SR(S) 
tsN(ASL, IS, 5) = XSR(S)/SR(Sn) 

The data show that SR(S) = 0.42 and SR(Sn) = 0.45; 
hence, ASR(S) = 0.03, and 

%AN(ASL, IS, 5) = 7 

Using the same procedures as in the Minnesota develop-
ment gives 

%ixN(A, IS, 5) = %N(ASL, IS, 5) P(SL ] A, IS, 5) 
%AN(A, IS) = %AN(A, IS, 5) P(S IA, IS) 

%sN(A) = %N(A, IS) P(IS IA) 

Michigan Involvement Due to Sliding 

Here, start with 

N(ASL, IS, 5) - P(SL ] A, IS, 5) 
N(ASL, IS, 5) - P(SL ] A, IS, 5) 

in which St reflects involvement not due to sliding. Thus, 
the number of additional accidents due to sliding can be 
written as a function of the number of accident involve- 
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ments that would have occurred even if reduced friction 
were not a problem: 

N(ASL, IS, 5) = N(ASL, IS, 5) 
P(SL I A, IS, S)/PCL A, IS, 5) 

By definition 

%SN(ASL, IS, 5) = 100[N'(ASL, IS, 5)! 
N(ASL, IS, 5) - 11  

slippery road injury rates against the dry road rate in order 
to reduce driver effects and sample biases. For the purposes 
of projecting injury rates, the normalized results are used as 
if they were the slippery road rates. Thus, the same formu-
lation applied to the Minnesota data also applies here, ex-
cept that the normalized rate is employed. Hence, 

N1(DI, A, S, IS) - N(DI, A, Sn, IS) -  0.835 
= 1.08 

N(DI, A, S, IS) - N(DI, A, 5, IS) - 0.774 

and 
or 

%SN(DI, A, 5, IS) = 8 
%AN(ASL, IS, 5) = 100 

N1(AL, IS, 5) P'(SL IA, IS, S)/P(SL IA, IS, 5) 	1 	For both the Michigan and Minnesota data, the remain- 

N(ASL, IS, 8) P(SL A, IS, S)/p(SL IA, IS, 5) 	1j ing steps are the same and are quite similar to those taken 
I in the accident frequency analyses to determine the over-all 

Note that the number of nonsliding involvements is not 	effects. In obtaining the percentage change in injury rate, 
influenced by tire type, so that N'(ASL, IS, 5) = N(ASL, 	irrespective of tire type, 
IS, 5). Since studded tires are considered to be replaced by 
snow tires, P'(SL F A, IS, 5) = P(SL IA, IS, Sn). As a 	%AN(DI, A, IS) = %N(DI, A, S, IS) )< P(S I DI, A, IS) 
result, Th 	 ,,. 

%N(ASL, IS, 5) = 100 
FP(SL IA, IS, Sn)/P(SL IA, IS, Sn) 
[ P(SLA, IS, S)/P(SLIA,  IS: 	

—1 

The data show that P(SL [ A, IS, Sn) = 0.296 and 
P(SL IA, IS, 5) = 0.268; thus, 

%N(ASL, IS, 5) = 15 

The remainder of the changes are obtained just as they 
were in the previous development. 

Driver Injury 

Here the required developments are quite straightforward. 
Letting DI signify an injured driver gives 

N(DI, A, 5, IS) = P(DI IA, 5, IS) P(A ITS, 5) 
P(IS IS) N(S) 

Applying the same assumptions used earlier gives 
P'(IS I) = P(IS I) and N1(S) = N(S), so that 

N'(DI, A, 5, 15) - P'(DI IA, 5, IS) P'(A IS, 5) 
N(DI, A, 5, IS) - P(DI I A, 5, IS) P(A IS, 5) 

Having separately examined the effect of changing tires 
on accident rates, limit current considerations to the effects 
of tires on injury as if there were no change in accident 
rates. This leads to 

N'(DI, A, 5, IS) - P'(DI A, 5, IS) 
N(DI, A, 5, IS) - P(DI] A, 5, IS) 

The data from Minnesota give a value of 1.06. Thus, 

%aN(DI, A, 5, IS) = 6 

It should be noted that the before-to-after comparison for 
the snow-tire group showed a 5-percent reduction in the 
injury rate. This implies that there may have been annual 
effects, such as more hazardous roads, which were con-
ducive to reduced injury. If that was true, the previous 
estimate is conservative. 

For Michigan data, the results were not obtained by a 
before-and-after analysis, but rather by normalizing the 

t. yL,L 	 sa asIAan5.., aJIncL1II out's Ia1 ams tippciy 

roads, is 

%AN(DI, A) = %aN(DI, A, IS) P(IS I DI, A) 

The final analytical step is to combine the percentage 
change in accidents and the percentage in injuries, given an 
accident, in order to estimate the total effect on the change 
in injury. Let this over-all percent change be written 
%iN(DI); then 

%AN(DI) = 100 
FN'(DI) _________ [ 
[N(Dn _I]=l00[N(A) P'(DI]A) 

 N(A) P(DIIA) 

But it has been shown that 

P'(DI I A)/P(DI A) =N1(DI, A)/N(DI, A) 

therefore, 

Ni(A) N'(DI, A) 
%N(DI) = l00 N(A) N(DI, A) - i ]] 

TABLE D-3 

AN EXAMPLE OF A NONINTUITIVE RESULT 

At Home 

Dick 	Joe 	 Dick 	Joe 
Hits 	 66 	37 	 20 	54 

At Bats 	200 	105 	 100 	245 

Average 	.330 	.352 	 .200 	.220 

Totals 

Dick 	Joe 

Hits 	 86 	91 

At Bats 	300 	350 

'Average" .287 	.260 
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or, 

%AN(DI) = 

[%AN(A) + 1001 [%AN(DI, A) + 100]— 100 TWO 
This, however, can be rewritten as 

%AN(DI) = 	[%N(A) x %zN(A, DI) 

+ 100%N(A) + 100%N(A, DI) 
+100001-100 

But since the first product in the brackets is very small 
compared to the other terms, setting it equal to zero will 
have negligible effects. Thus, use the simple result: 

%AN(DI) = %M4(A) + %N(A, DI) 

NONINTUITIVE RESULTS WITH UNEQUAL 
SAMPLE SIZES 

In Table B-46, it can be seen that sliding risk for studded 
tires was less for rural and urban conditions than it was for 
the two conditions combined. Although this is intuitively 
perplexing, a simple example demonstrates its acceptability. 
Consider the batting averages of Dick and Joe based on the 
data in Table D-3. Here is an instance in which Joe is 
better than Dick for home games, and he is also better than 
Dick on the road; however, when considering their over-all 
averages, Dick is better than Joe. In spite of the fact that 
this sort of result can only occur with an unequal number 
of observations, or at bats, the point is that it can validly 
occur. 

APPENDIX E 

DETAILED DISCUSSION OF QUANTITATIVE INTERPRETATIONS 

The primary function of this appendix is to quantitatively 
interpret the findings regarding accident rates and driver 
injury so as to provide some guidance in terms of the likely 
effects of banning studded tires in the various states. Before 
proceeding, several points should be noted. 

First, only the data from the Minnesota before-and-after 
study and the Michigan study were used. The Minnesota 
Extension included no exposure data, and the accident sam-
ple was too small to provide reliable estimates. In contrast-
ing the remaining Minnesota and Michigan data, each has 
particular advantages. The Minnesota data were inherently 
the more useful because they included findings pertaining to 
the period after studded tires were actually banned. On the 
other hand, although much effort was devoted to reducing 
the influence of biases, because of the nature of the accident 
data collections, there was less opportunity for sampling 
biases to affect the Michigan data. The Michigan accident 
data also had the advantage of reflecting all accidents in a 
fixed area during a specified period of time; thus, generaliza-
tion from a sample to the parent population was not an 
issue. 

Second, the findings implied differential tire effects for 
urban and rural areas. This was found to be true in terms 
of both direct tire effects and over-all results incorporating 
driver effects. However, in the quantifications that follow, 
the data were treated on a statewide basis. Some of the 
reasons for this approach reflected reductions in reliability 
associated with smaller samples, had urban and rural group-
ings been used; the primary reason, however, stemmed from 
the fact that if a state chooses to ban studded tires, it is 
likely to do so on a statewide basis and not in terms of 
urban and rural regions. 

In order to estimate the effects of banning studded tires 
on changes in the numbers of autos involved in accidents, 
three separate approaches were used and a composite result 
was found. The statistical procedures for estimating the 
effects of banning studded tires are given in Appendix D. 
The first method utilized the Minnesota before-and-after 
data. Here, the data showed that the banning of studded 
tires produced an estimated 4-percent increase in the num-
ber of accident involvements on slippery roads by vehicles 
whose drivers had changed from studded tires to snow tires. 
Because this value was corrected for exposure, it was 
thought to be a more appropriate estimate than that derived 
directly from the analysis of accident frequencies. Since 
33 percent of those autos involved in accidents on slippery 
roads had studded tires, the percentage increase in the num-
ber of all autos involved in accidents on slippery roads is 
given by multiplying 0.04 by 0.33; the result was 1.3 per-
cent. In order to determine the percentage increase in all 
accidents, irrespective of road conditions, 1.3 percent was 
multiplied by 0.47, the proportion of all accidents that oc-
curred on slippery roads. The results showed that, in con-
sidering all autos in accidents during the midwinter months 
in Minnesota, the estimated effect of banning studded tires 
was a 0.6-percent increase in accident involvements. There 
were 24,512 autos in accidents during the midwinter months 
prior to the ban, and an observed increase of 2,393 autos 
after the ban. Of this increase, six-tenths of 1 percent of 
24,512, or 147, were estimated to have been attributable to 
the loss of studded tires. The remainder must be attributed 
to other effects, such as increased slippery roads, increased 
exposure, etc. Thus, these other effects accounted for a 
much larger change than did the loss of studded tires. 



The second estimate was based on the analysis of sliding 
risk in the Michigan study. These data show that if autos 
using studded tires had been using snow tires instead, they 
would have had 7 percent more accident involvements due 
to sliding on slippery roads. Since this sample constituted 
27 percent of all studded-tire vehicles in slippery road acci-
dents, the percentage increase in the number of studded-
tire vehicles in accidents on slippery roads, irrespective of 
sliding, was an estimated 1.9 percent (0.07 X 0.27). Cor-
recting for the fact that 10 percent of the autos in slippery 
road accidents had studded tires gives an estimated 0.19-
percent increase in the number of autos involved in acci-
dents on slippery roads. Finally, 44 percent of all accidents 
during the months of January, February, and March oc-
curred on slippery roads; thus, had autos with studded tires 
been using snow tires, there would have been an estimated 
0.08-percent increase in the number of autos involved in 
accidents. Of the 89,541 accident autos in the sample, this 
would have been an estimated increase of 71 accident autos. 

The final estimate was based on the proportion of autos 
involved in accidents in Michigan because of sliding. These 
data showed that, had studded-tire autos been equipped with 
snow tires, there would have been an estimated 15-percent 
increase in the number of such vehicles involved in slippery 
road accidents because of sliding. By using the same figures 
applied in the preceding paragraph, this amounts to a 
0.18-percent increase in the total number of vehicles in-
volved in accidents, or an increase of 159 vehicles. The 
results for each of the three procedures is given in 
Table E-l. 

Before commenting on the differences among the three 
results, it can be seen that the initial measures of the in-
fluence of changing from studded tires to snow tires indi-
cate definite benefits in using studded tires. Although these 
values represent the best estimates of the relative value of 
studded tires with regard to accident involvement, they were 
based on analytical procedures designed to maximize sensi-
tivity to tire effects. When viewed in the context of all acci-
dents, the effects are diminished to a considerable degree, 
as shown in the last row of Table E-1. 

There are a number of reasons for the differences among 
the resulting values. First, there are differences between the 
Michigan and the Minnesota analyses. Notice that the indi-
cated percentage change in the number of studded-tire autos 
involved in slippery road accidents was quite similar for the 
Minnesota analysis and for one of the Michigan analyses. 
The remaining values in each of the columns in Table E-1 
differ primarily because of the differences in the proportion 
of autos in slippery road accidents that were using studded 
tires. This reflects the lesser use of studded tires in Michi-
gan. Had the proportion of autos with studded tires in slip-
pery road accidents been the same in Minnesota as in 
Michigan, the final estimated increase in the number of 
accident involvements would have been 0.18 percent, the 
same as the value found for Michigan. 

The difference between the two Michigan analyses stems 
directly from the difference between the two initial values. 
This reflects the fact that the analysis of involvement due 
to sliding was designed to measure the effects of tires in 
controlling the influence of the reduced friction associated 
with slippery roads. In contrast, the Michigan accident rate  

analysis reflected both the effects of reduced friction and 
any differential compensatory caution exerted by drivers—
hence, the lower value. 

A second reason for differences among the results relates 
to the fact that in the Michigan analyses only those vehicles 
involved because of sliding were included. Many non-
sliding vehicles were also implicated in slippery road, multi-
vehicle accidents as a result of those vehicles that were 
involved because of sliding. Although these additional ve-
hicles were not included in the Michigan analyses, they do 
appear in the Minnesota analyses. 

Thus, the Minnesota analysis includes the diminishing 
effects of compensatory driver caution and is augmented by 
the inclusion of autos not involved because of sliding. The 
Michigan rate results are also diminished by driver caution, 
but no nonsliding vehicles were included. The result of the 
Michigan analysis of involvement due to sliding tends to be 
numerically large because caution effects were not included, 
but it is simultaneously reduced by the exclusion of non-
sliding vehicles. The Minnesota analysis and the Michigan 
analysis of sliding, therefore, contain both enlarging and 
diminishing effects; the Michigan rate analysis contains only 
diminishing effects (thus, its smaller value). These com-
ments are summarized in Table E-2. 

In order to produce guidelines for projections by other 
states, it is desirable to select a single value from the three 
in Table F-i. The Minnesota results are most appealing in 
that they contain, most completely, the full realm of real 
world effects. On the other hand, these data were most 
susceptible to sampling errors, and the original result was 
not statistically significant. The Michigan accident rate 
analysis, as noted earlier, contains only those effects de-
pressing the value quantifying the tire effects; in addition, 
it is susceptible to sampling errors regarding the exposure 
data. The Michigan analysis of involvement due to sliding 
undoubtedly yielded the most reliable results in that essen-
tially no sampling was involved; on the other hand, it ex-
cluded the contributions of both differential compensatory 
caution and nonsliding vehicles. 

It is believed that the best estimates are given by the two 
methods containing the counterbalancing effects; namely, 
those produced by the Minnesota accident rates analysis 
and the Michigan analysis of involvement due to sliding. 
For the purposes of making projections, the most useful 
statistic is then the 4-percent increase in accident frequency 
for studded-tire autos involved in slippery road accidents. 
Regarding statistical justification for applying the 4-percent 
estimate, an appropriate view is that it was based on signifi-
cant results in Michigan, which were further supported by 
the findngs in Minnesota. 

In order to make such projections in other states, the 
same procedure used in Table E-1 is employed. Thus, the 
estimated percentage increase in the number of autos in-
volved in accidents when studded tires are replaced by snow 
tires is given by 4 P(S I A, IS) P (IS I A) (for the purposes 
of coordinating this discussion with that in Chapter Three, 
Ps  = (S IA, IS) and P15  = P(IS IA). P(S I A, IS) equals 
the proportions of autos in slippery road accidents that 
were equipped with studded tires, and P(IS I A) is the pro-
portion of accidents that occurred on icy or snowy roads. 



TABLE E-1 

COMPUTATION OF ESTIMATED CHANGES IN 
ACCIDENT FREQUENCIES 
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Reference 
Group 

Studded Tire 
Autos In-
volved Due 
to Sliding 

Michigan 
Minnesota 	Michigan 	involvement 

Parameters Accident Rates Accident Rates Due to Sliding 

7% 	 15% 

Studded Tire 
Autos Involved 
on Slippery 
Roads 

Proportion 
involved 
Due to 
Sliding 

	

27 	 .27. 

4% 	 1.9% 	 4.0% 

Autos In-
volved in 
Slippery 
Road Acci-
dents 

Proportion 
of Autos in 
Slippery Road 
Accidents 
withStuds 	 .33 	 to 	 .10 

	

1.3% 	 . 191. 	 . 4% 

Proportion 
of Accidents 
on Slippery 
Road. 	 .47 	 .44 	 .44 

Autos in 
Accidents 	 0.6% 	 0.08% 	 . 18% 

TABLE E-2 

FACTORS INCLUDED IN EACH ANALYSIS 

Michigan 
Minnesota Michigan Involvement 

Accident Rates Accident Rates Duo to Sliding 

Diminishing Effects 
of Compensatory 
Caution? Yes Yes No 

Augmenting Effects 
of Noosliding Vehicles? Yes No No 

Combined Effects on 
increased Accident Opposite Diminishing Opposite 
Involvement 	 -. Effects Effects Effects 

(It should be noted that whether one estimates P(IS A) in 
terms of the proportion of accidents on slippery roads or 
the proportion of accident vehicles on slippery roads may 
be decided as a matter of convenience. Although there 
tends to be a slightly lower average number of autos in-
volved in slippery road accidents than in clear road acci-
dents, the difference is small. The error introduced by using 
the proportion of accidents, rather than the proportion of 
automobiles, would be approximately 2 percent in Min-
nesota and 5 percent in Michigan. In both cases, the 
estimated change in accident frequency associated with 

banning studded tires would have been slightly inflated. 
However, it must be recognized that errors of this magni-
tude are well within the variation of the estimates produced 
by random errors, sampling biases, etc.) Notice, also, that 
to apply the formula, only accident data, not exposure data, 
are required. The proportion of accidents occurring on icy 
or snowy roads can usually be obtained from state accident 
records. The proportion of studded-tire autos in accidents 
on icy or snowy roads can best be obtained by appending 
tire type to accident report forms and obtaining a sample. 
Of course, this value may also be "guesstimated"; however, 
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in order to do so, it should be borne in mind that in both 
Minnesota and Michigan, the proportion of slippery road 
accident vehicles that were using studded tires was indi-
cated to be less than the proportion of studded tires in the 
population at large. 

The results of applying the formula to different combina-
tions of P(S I A, IS) and P(IS I A) are given in Table E-3. 
In actual use, it is important that the values of these two 
statistics apply to the same period of time. This is particu-
larly important in view of earlier results showing pro-
nounced changes in tire type and road condition as a func-
tion of the particular winter month or group of months. 

In using Table E-3, one should recognize that the entries 
provide only rough guidelines. In addition to the approxi-
mate nature of the entries induced by sampling errors and 
random variation associated with the original data, one 
must also consider differences among the states. A rela-
tively high frequency of icy roads as compared to snowy 
roads will require an increase in the specified values. Fur-
ther variation may well be introduced by the urban/rural 
split in the state. Because of these considerations, the values 
in Table E-3 should not be viewed as precise. However, in 
considering the relatively good agreement of the values of 
the estimates on which they are based, they can provide 
useful guidelines. 

Even if the tabulated values were to be in error by as 
much as 100 percent, they may still supply adequate guide-
lines. For example, the data strongly suggest a maximum 
increase in the number of autos involved in accidents to be 
3 percent in those areas where studded tires are very popu-
lar and roads are very hazardous. The minimum increase 
for these conditions would be near ½ percent. For those  

states with moderate use of studded tires and 20 percent of 
the accidents on slippery roads, the maximum expected in-
crease would be less than one-half of 1 per cent; the 
minimum would be in the neighborhood of one-tenth of 1 
percent. 

Results regarding driver injury were applied (see Ap-
pendix D) to estimate the change in the number of drivers 
injured as a result of changing from studded tires to snow 
tires. The estimates were obtained for the hypothetical con-
dition where accident rates remain constant. That is, they 
reflect the change in injury without reflecting the change 
in accident frequencies. The Minnesota data, for drivers 
who had accidents on slippery roads, yielded an estimated 
6-percent increase in the number of drivers injured for driv-
ers changing from studded tires to snow tires. In Michigan, 
a highly compatible 8-percent increase was the estimated 
change, had studded-tire drivers been using snow tires 
during accidents on slippery roads. 

In order to obtain a measure of the percentage change in 
injuries when considering all winter accidents, the following 
formulation was used: 

%N)< S I DI, A, IS) X P(IS I DI, A) 

where % sN is the appropriate percentage change in the 
preceding paragraph; P(S I DI, A, IS) is the proportion of 
autos with studded tires among those autos whose driver 
was injured in icy or snowy road accidents; and P(IS I DI, 
A) is the proportion of accident autos whose drivers were 
injured in accidents that occurred on slippery roads (P1, 8  = 

P(S I DI, A, IS), P1, 18 = P(IS I DI, A)). The individual 
elements and final estimates appear in Table E-4. These 
results show that, when considering winter accidents, the 

TABLE E-3 

ESTIMATED PERCENTAGE CHANGE IN ACCIDENT FREQUENCIES 
ASSOCIATED WITH BANNING STUDDED TIRES 

Proportion Proportion of 
of Accidents on Autos in Slippery Road 
Slippery Road s Accidents Using Studded Tires 

.05 .10 	.20 	.30 .40 .50 

.10 	 .0 .0 .1 .2 .2 

.20 	 .0 .1 	.2 .2 .3 .4 

.30 	 .1 .1 	.2 .4 .5 .6 

.40 	 .1 .2 	.3 .5 .6 .8 

.50 	 .1 .2 	.4 .6 .8 1.0 

.60 	 .1 .2 	.5 .7 1.0 1.2 

TABLE E-4 

COMPUTATION OF ESTIMATED CHANGES 
IN DRIVER INJURY 

Minnesota Michigan 

Percentage Change in Injury 
Frequency for Slippery Road 
Accidents for Drivers Changing 
From Studs to Snow Tires 6 8 

P(S ID!, A. IS) .32 .085 

P(!SIDI, A) .41 .36 

Percentage Change in Injuries .79 .24 
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banning of studded tires in Minnesota induced an estimated 
0.79-percent increase in injuries, given no change in acci-
dents, and a projected value of 0.24 percent in Michigan. 
As with the change in accident frequencies, the primary 
difference between the results in Minnesota and Michigan 
was because of the lesser use of studded tires in Michigan, 
so that their loss would have lesser effects. 

For the purpose of applying these results to other states, 
the Michigan data were used because they were much less 
likely to involve sampling errors. The resulting formulation 
for the percent increase in drivers injured when studded 
tires are replaced by snow tires is given by 

8([P(S I DI, A, IS)] [P(IS I DI, A)] 

Before proceeding, it should be noted that neither the 
Minnesota nor the Michigan results had been found sta-
tistically significant. However, as mentioned elsewhere, the 
question of significance bears little relevance to the mea-
surement of effects on injury in Michigan during the time 
represented by the data collection; since those data directly 
reflected the population of autos in accidents, the measured 
change in injury rates was the actual effect. Thus, although 
the data do not preclude generalization to other states and 
other years, they also do not provide justification for it. 
The fact that the Michigan and Minnesota data were in 
close agreement does give some support to the generaliza-
tion of the estimates. Furthermore, even though the values 
obtained were not significantly different from zero, they 
were based on data and are thus better estimates than zero 
would be. 

The estimated effects of banning studded tires, on driver 
injury, may be obtained by using the preceding formula. 
The two, previously discussed, parameters would be re-
quired to do so. The proportion of autos, with drivers in-
jured in accidents that occurred on icy or snowy roads, is 
available in most states from their accident records. The 
proportion of autos that were using studded tires, with 
driver injuries sustained in slippery road accidents, is best 
obtained by adding tire type to accident reports and ob-
taining a sample of such accidents. The estimated increase 
in injury for various combinations of the two parameters is 
given in Table E-5. 

Once again, the reader is cautioned to regard these values 
only as estimates that may apply more or less well to the 
extent that the geographic area of application is similar to 
Michigan or Minnesota. Such warnings apply not only with 
regard to climatic and population density considerations but 
also with regard to such factors as speed limits and general 
experience with slippery road driving. 

Since these injury estimates were based on the assump-
tion of constant accident rates, and since other results 
showed an increase in accident rates, the final computation 
for expected increases in driver injury can be determined 
by using both tables. The total percentage increase in driver 
injury is given simply by 

%N(A) + %AN(A, DI) 

where %AN(A) is the percentage change in accidents from 
Table E-3 and %N(A, DI) is the percentage change in 
driver injury, for fixed accident rates, given in Table E-5. 

TABLE E-5 

ESTIMATED PERCENTAGE INCREASE IN INJURY 
FOR CONSTANT ACCIDENT RATES 

P (SIDI, A, IS) 
F(iSlDI, A) .05 .10 	.20 	.30 .40 .50 

.10 .0 .1 	.2 	.2 .3 .4 

.20 .1 .2 	.3 	.5 .6 .8 

.30 .1 .2 	.5 	.7 1.0 1.2 

.40 .2 .3 	.6 	1.0 1.3 1.6 

.50 .2 .4 	.8 	1.2 1.6 2.0 

.60 .2 .5 	1.0 	1.4 1.9 2.4 

.70 .3 .6 	1.1 	1.7 2.2 28 

It should be noted that this formulation involves an ap-
proximation the effects of which are negligible (see Ap-
pendix D). 

For example, in slippery road accidents, if the proportion 
of autos that were equipped with studded tires was 0.3 and 
the proportion of accidents that occurred on slippery roads 
was 0.5, then the first table shows an estimated increase in 
the number of autos in accidents to be 0.6 percent. Addi-
tionally, if the proportion oi autos that were equipped with 
studded tires, with drivers injured in slippery road acci-
dents, was 0.3, and the proportion of autos, with drivers 
injured in slippery road accidents, was 0.4, the second table 
shows the estimated increase in injury, for fixed-accident 
rates, to be 1.0 percent. The combined effect on the num-
ber of injury drivers would then be estimated as 0.6 percent 
plus 1.0 percent, or 1.6 percent. (It might be noted that, 
although simpler formulations for the use of the two tables 
are available, the simplicity appears only in the nature of 
the formulations. The approach given here was selected be-
cause it allows for simpler collection of data should one 
wish to obtain estimates in his state. For estimating the 
change in accident frequency, only slippery road accidents 
need be sampled. For driver injury, only accidents on 
slippery roads with injured drivers need be sampled.) 

The figures used in the example were those from the 
Minnesota data, so that the 1.6-percent estimated total in-
crease in injury due to banning studded tires applies here. 
(A more accurate estimate specific to Minnesota is 0.6 + 
0.8 = 1.4 percent; this is based on the Minnesota estimate 
of a 6-percent increase in injury.) For Michigan, a 0.4-
percent increase would have been predicted, had studded 
tires been replaced by snow tires. 

Although the propriety of using an estimate that was not 
significantly different from zero (i.e., the change in injury) 
has been discussed, the conservative reader might, nonethe-
less, believe that no change is the better estimate. In that 
case, the expected over-all change in injury is simply due 
to the change in accident frequency; thus, the estimated 
change in the number of drivers injured would be given by 
the values in Table E-3. 

As further guidance in using the tables, it should be noted 
that in both Michigan and Minnesota P(S I IS, A) was 
somewhat higher than P(S I DI, IS, A); in Minnesota it 
was approximately 3 percent higher, and in Michigan ap- 
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proximately 18 percent higher. In comparing P(IS IA) to 	higher for P(S I IS, A), and as 20 percent higher for 
P (IS I DI, A), the former was 15 percent higher than the 	P (IS I A). Although some distortion would thereby be 
latter in Minnesota, and 22 percent higher in Michigan. 	introduced, when compared to using estimates based on 
Thus, if data were available only for injury accidents, one 	complete sampling, it appears that the resulting error would 
could approximate the noninjury parameters as 10 percent 	be in the neighborhood of only 10 percent. 
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