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1. Abstract

The objective of this study isto estimate the safety benefits of studded tyres. The study was
carried out in the periods 1983-1999 for Iceland’s capital city, Reykjavik, and 1992-1999 for
the country’s rural areas and other municipalities. The accident databases contained
information on all police-reported accidents, 35,848 for Reykjavik and 14,385 for other parts
of the country.

A comparison was made between summer tyres and winter tyres (studded and non-
studded). The database was split up into “ perpetrators’ (those making a mistake leading to an
accident) and “victims’ (those involved in an accident without causing it). The tyre types
used by the victims were an indicator of the actual average use.

The use of summer tyres during the winter was obviously dangerous. This applied for both
urban and rural areas alike. A straightforward comparison between perpetrators and victims
in urban and rural areas seemed to show that studded tyres provided a considerable excess of
safety. The circumstances were then split into dry and wet road surfaces, on the one hand,
and ice and snow conditions, on the other. The group using studded tyres continued to show a
similar excess of safety even though the equipment (the studs) should provide safety gains for
ice and snow conditions only. Thisindicates that the drivers are safer and not the equipment.

However, there is a slight, unexplained difference, which could be related to the use of
studded tyres. It isimportant to split the obvious safety gain from using studded tyres into a
behavioural factor and an equipment factor. Studded tyres certainly provide more grip in icy
and snowy conditions than non-studded tyres, but in good conditions, they may be even worse
than non-studded tyres. The results shown here indicate that behaviour is a much greater
factor than equipment, but a small proportion of the safety gain is nevertheless attributable to
the equipment. While the behavioural factor is >20%, the equipment factor is <5% in urban
areas. The same numbers are >30% and >10% for rural areas, respectively.

On the grounds of this safety study, ways should be sought to limit the use of studded
winter tyres in the urban Reykjavik area. To maintain accessibility during winter, the rest of
the country, entailing mainly rural areas, should not impose restrictions.



2. Introduction

The use of studded winter tyres in winter traffic imposes many problems on road
authorities and the whole community. First, the studs tear down the asphalt, which means
great maintenance costs, and second, the particles thrown into the air pose a danger to public
health. The design of non-studded winter tyres has been improving over the years. In fact,
the only advantage of using studded tyres is their much acclaimed safety benefit. This study
investigates this matter using |celandic accident data from urban and rural areas.

3. Methodology

The capital city study uses data for urban Reykjavik from 1983-1999, or a 17-year period.
The rural study uses data from 1992-1999, or an eight-year period. The Reykjavik accident
database was used for the period 1983-1991, and the Icelandic accident database for the
period 1992-1999. Studded and non-studded winter tyres and summer tyres were compared.
For carsto beincluded in this study, 3 or 4 of itstyres had to be of the same type. Worn tyres
were included with the summer tyres. Therefore, cars with two tyres of the same type were
not included here.

The database was split up into “perpetrators’ (those, who make a mistake leading to an
accident) and “victims® (those, who are involved in an accident without causing it) to see if
there was difference between the two groups. This classification is done by the police and is,
of course, reconsidered when the case goes to the insurance companies. Still, in the mgjority
of cases, the police identify the responsible parties. There has been some concern about the
methodology, for example, if the participants share the blame at later stages. According to
the I celandic insurance companies, blame is shared in less than 5% of the cases.

The method used for the calculationsis as follows;

_ (victim, x perpetrator, )
(victim, x perpetrator,)

(1—r)x100
Significance is checked for with Chi kvadrat statistics, e.g., on the 5% level.

Example of calculations: The evaluation of the weighted average in Table 1 was as follows.
First, the columns for winter tyres are compared: 19.8/21.8 = 0.908, which means that these
drivers are approximately 10% less safe than expected. Then, the columns for studded tyres
are compared: 28.9/26.1 = 1.107, which means that these drivers are approximately 11%
safer than expected. Then, the winter tyres and studded tyres are weighted together:
1.107/0.908 = 1.22, which, after subtracting 1 and multiplying by 100, gives 22% safer
behaviour for drivers using studded tyres. It must be borne in mind that other methods for
making this comparison are certainly possible and give similar results.

4. Urban analysis

Previous Icelandic researchers used data for Reykjavik from 1983-1988, or a six-year
period. The same method was then used for the period of 1989-1995, or a seven-year period.
The method was then used for the third time for the period 1996-1999, or a four-year period.

The former and latter periods are not entirely comparable. Only accidents reported by the
police are included in the Icelandic accident database. As of 1 March 1988, it was no longer
necessary to call the police when an accident happened. This meant the annual police



reporting rate dropped from approximately 3000 to approximately 2000 accidents . The lower
reporting rate affected the sample size. 1988 is comparable to the preceding years, because it
took time for people to realise the change and alter their behaviour.

In 1992, a different institution became responsible for the coding of accidents into the
database. No mgjor changes seem to be apparent, though, as the coding is entirely based on
police reports, as previously. The police reporting rate of the classification of tyres seems to
be dropping the last few years, which is aworry. However, it is clear that the information is
missing mostly in very good weather during the summer months. In the first period,
approximately 11% of the “perpetrator” records and 16% of those for “victims’ have
unknown road surfaces or types of tyres. The corresponding figures for the later periods are
around 25%. This certainly reduces the significance of any findings for the later periods.

a) All accidents

The results are in three tables for the three periods of time. The tables include both the
actual numbers and percentages.

|Perpetrators Victims
Excess
Studded tyres || Non-studded Total Non-studded Total safety
1992- winter tyres Studded tyres|| winter tyres
1999
count % count % count || % |lcount|l % count % count % %
Dry or 21
et 2472 20.9 | 2260 19.1 11830 || 40.0)| 2428 || 22.5 || 1835 || 17.0 |/ 10792 || 39.5
Ice or 24
snow 1522 || 43.6 | 1089 31.2 3491 || 74.8| 1579 || 51.1 | 915 || 29.6 || 3090 || 80.7
Average | 3999 || 26.1 | 3340 21.8 || 15321 |[47.9] 4012 | 289 || 2749 || 19.8 | 13.882 48.7 22
Table 1: The excess safety of studded tyres for 1983-1988 (all accidents).
|Perpetrators Victims
Excess
Studded tyres || Non-studded Total Studded tyres || Non-studded Total |safety
1992- winter tyres winter tyres
1999
count % count|| % count | % || count % count % count % %
Dry or 27
et 1676 | 20.8 || 1547 || 19.2 | 8058 || 40.0 || 1802 || 22.9 || 1314 | 16.7 || 7871 || 39.6
{lice or 30
snow 1464 || 48.9 || 1027 || 34.3 | 2994 || 83.2 | 1548 || 56.7 || 835 | 30.6 | 2730 || 87.3
Average 3139 284 || 2575 || 23.3 |/ 11052 || 51.7 || 3350 || 31.6 | 2152 || 20.3 || 10600 | 51.9 28
Table 2: The excess safety of studded tyres for 1989-1995 (all accidents).
|Perpetrators Victims
Excess
1996- Studded tyres || Non-studded Total Studded tyres || Non-studded Total |safety
1999 winter tyres winter tyres
countjf % | countl % | count) % |fcount| % |fcount| % count || % 9%
Dry or wet 28
1322 || 18.13 || 1079 || 14.80 || 7293 || 32.92 || 1454 || 18.51 || 928 |/ 11.81) 7855 | 30.32
Ice or 33
snow 1046 || 47.94 )| 651 | 29.84 | 2182 || 77.77 ) 1171 || 53.11 || 546 || 24.76 | 2205 | 77.87
Average 30
2368 || 24.99 || 1730 ||| 18.26 || 9475 | 43.25 ]| 2625 || 26.09 || 1474 || 14.65 || 10060 || 40.75

Table 3: The excess safety of studded tyres for 1996-1999 (all accidents).




The whole year is included, both winter and summer. The proportion of studded tyres or
winter tyresis of course much higher during the winter than during the summer.

The results clearly differ for the three periods. For al periods, drivers using studded tyres
drive more safely than drivers using winter tyres, and the difference is increasing. Still, it is
very interesting that this applies for both dry and wet road surfaces as well as for icy and
snowy conditions. Drivers using studded tyres thus drive more safely than other drivers do,
according to this accident data, and the difference is increasing. The reason for this effect is
not known.

It is argued here that the excess safety is due mainly to the behaviour of the drivers, and
that the effect of the equipment is small. An indicator on the latter number could be the
difference of the excess safety in good and poor road conditions (Table2: 30-27=3). The
behavioral factor could be >20% and the equipment factor <5%, in this case of an urban area.

b) Injuriesonly

|Perpetrators Victims
Excess
Studded tyres || Non-studded Total Studded tyres || Non-studded Total |safety
1992- winter tyres winter tyres
1999
count % count % count || % || count % count % count % %
Dry or 11
wet 382 17.5| 384 17.6|( 2183 || 35.1 307)| 20.0) 278 18.1f 1537 || 38.1
Ice or 16|
snow 257 49.5| 167 32.2)| 519 81.7: 190|| 54.0) 106 30.1)| 352 || 84.1
12
Average 638 23.6|| 551 20.4|| 2702 || 44.0 499” 26.4” 383 20.3)| 1889 || 46.7

Table 4: The excess safety of studded tyres for 1983-1995 (injury accidents only).

Looking at the table for injuries instead of all accidents (material damage included)
changes the overall pattern somewhat. It must be kept in mind that the phenomenon is far
from being significant and needs to be investigated further. Nevertheless, two findings seem
to emerge:

Drivers using studded tyres are still considerably safer than drivers using non-studded
winter tyres, but the difference is not as big as before. Now, the excess safety is 12%,
compared with 20% to 30% for all accidents. One possible explanation of this is the
behaviour of the drivers with studded tyres. They seem to be a safer group of people, but
maybe they offset some of this quality by driving faster (false security). This, then, becomes
apparent in the number of injuries, but not the number of al accidents. This could be related
to speed, becoming ever more apparent as severity increases.

Comparing normal and slippery road surface conditions, the difference in excess safety for
drivers using studded tyres is greater for accidents resulting in injuries than for all accidents.
Simple subtraction gives 3 for all accidents in the two first periods and 5 in the latest, but for
accidents with injuries, the number is 5. Perhaps the equipment is more efficient in
preventing the severer accidents.

5. Rural analysis
The data for the rural analysis come from an eight year period, 1992-1999. This proved to

be sufficient to get a picture of the situation in the towns and villages outside of the capital
but insufficient for ajudgement on the situation on highways and roads in rural areas.



The same method was used as before, and an example of the results can be seen in Tables
5,6, and 7. They contain data for the towns and villages outside of the capital area. The
towns around Reykjavik (i.e., Kopavogur, Hafnarfjordur, Gardabaer, Mosfellsbaer and
Seltjarnarnes) have been excluded as well, as Reykjavik.

a) Studded or non-studded

The usual comparison was made to establish the difference between studded and non-
studded winter tyres. The results show very clearly that the drivers on studded tyres cause
fewer accidents than those on non-studded tyres. Their excess safety ranges from 38% to
51%. However, this once again applies for both wet and dry condition and snow or ice
conditions. The main difference here is the difference in the magnitude of the excess safety
for those two conditions. The excess safety is much higher in difficult road surface condition.
A clear equipment effect can be seen here. Expressed in a similar way as before, the
behavioral factor is now very likely >30%, but the equipment factor is >10%.

|Perpetrators Victims
Excess

Studded tyres || Non-studded Total Studded tyres || Non-studded Total |safety
1992- winter tyres winter tyres
1999

countl % Jlcount) % count| % countl % % % %
Dry or
et 310} 10.72 203)| 7.02)| 2893|f 17.73| 284 11.03) 135|| 5.24) 2574) 16.28| 38
Show or |
ice 908|| 43.84) 288) 13.91| 2071} 57.75 925|| 49.36 194) 10.35| 1874| 59.71 51
Average 1218|| 24.54|| 491|| 9.89| 4964 34.43|| 1209" 27.18|| 329” 7.40| 4448” 3458 48

Table 5: The excess safety of studded tyres compared to non-studded for 1992-1999 (all accidents).

It has to be borne in mind that the numbers are very small in this case, and the difference
between the good and bad road conditions is not quite significant.

b) Summer tyres

A special investigation was done on summer tyres and how they compared with winter
tyres. Tables 6 and 7 show a part of the comparison. Studded tyres always showed
considerable excess safety, compared with summer tyres, in both good and bad conditions.
Non-studded tyres only showed excess safety, compared with summer tyres, inicy or snowy
conditions; in dry or wet conditions, the outcome was exactly opposite. Note that a positive
number means that the summer tyres are better and vice versa. Thisis an interesting finding
and maybe not entirely unexpected as summer tyres have the shortest braking distancesin dry
conditions.

|Perpetrators Victims
Excess

1992- Studded tyres || Summer tyres Total Studded tyres || Summer tyres Total |[safety
1999

count Il % |fcount || % |lcount || % || % Il % % [%]
Dry or
et 310|f 10.72)| 1076) 37.19|f 2893) 47.91 284{[ 11.03; 889|| 34.54|| 2574 45.57 11
Snow or |
ice o08| 43.84| 188 9.08| 2071/ 52.92|| 925| 49.36| 119] 6.35| 1874| s5.71| 61
Average 1218|| 24.54 1264|| 25.46|| 4964| 50.00| 1209|| 27.18|| 1008” 22.66 4448” 40.84| 24

Table 6: The excess safety of studded tyres versus summer tyres for 1983-1988 (all accidents).



|Perpetrators Victims
Excess

1992- Summer tyres || Non-studded Total Summer tyres || Non-studded Total |safety
1999 winter tyres winter tyres

count || % |fcount || % |lcount % |lcount % ||count || % ||count || % [%]
Dry or
ot 1076| 37.19| 203| 7.02| 2893| 44.21f 889l 34.54| 135 5.24| 2574| 39.78] 24
Snow or | |
ice 188 9.08 288|| 13.91) 2071 22.98|| 119| 6.35 194|| 10.35) 1874) 16.70 -6
Average 1264|| 25.46 491|| 9.89| 4964/ 35.35 1008” 22.66|| 329|| 7.4o|| 4448|| 30.06| 19

Table 7: The excess safety of summer tyres vs. non-studded tyres for 1983-1988 (all accidents).

The latest conclusion indicates that the use of non-studded winter tyres al year round
might be unfeasible. The use of summer tyres during winter is of course totally unacceptable.

6. Comparison of urban and rural areas

There is a clear difference between the results for an urban area (Tables 1, 2 and 3) and a
rural area (Table 5). The excess safety of drivers using studded winter tyres ranges from 20
to 30% in the urban area, but from 40 to 50% in rural areas. Therefore, the drivers using
studded tyres are even more aware and safer in rura areas than elsewhere. The difference
between the excess safety in good and poor conditionsis also greater in rural areas, indicating
that the equipment factor plays a larger role there. The effect of the equipment could be
>10% in rural areas and <5% in urban areas according to this. The datathat the rural analysis
is based on are not as comprehensive as the data used for the urban analysis. All the same, on
the basis of these findings, decreasing the use of studded winter tyresin rural areasin Iceland
could be dangerous and is clearly not advisable.

7. Other points of interest

The method used in this study assumes that the types of tyres of the traffic accident
“victims” can be used as an indicator of the actual use of different tyre types in the city of
Reykjavik. Another method relies on counts in car parks and on streets, and the third method
is based on surveys made by listening to the noise from cars driving with studded tyres. These
tallies al give similar results. The listening method only estimates the number of vehicles on
studded tyres and cannot give results for other types of tyres. On the whole, it seems that the
listening method systematically and significantly underestimates the number of vehicles with
studded tyres. The
method of using the
%01 victims  tyre types
80 | usually produces results
in between counts and
listening. The countsin
car parks and on streets
are not done regularly
and are therefore not
comparable for whole
years or distributions
throughout the year.
The listening method
has been used regularly
since 1982 and gives a
‘I Studded @ Non-studded O Summer tyres ‘ very thorough picture Of

the situation.
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Figure 1. Thedistribution of tyre typesin Reykjavik throughout the year.



The use of the same type of tyres on al four wheels is recommended to ensure uniformity
when driving. All the same, some drivers choose to ignore this guideline for many reasons
and mix different kinds of tyres on their car. According to the results from the victims
method, though, this is not very common. Table 8 shows a comparison of the use of counts
carried out in 2001 and the victims method for 1983-1999. Note that this is an urban
comparison. The use of 4 non-studded winter tyres seems to be less common than the use of
4 studded winter tyres. The victims method also seems to overestimate the use of 4 tyres of
same type and at the same time underestimate mixed tyre use. Mixed usage could aso be
increasing.

Winter tyresin Reykjavik
Tyres of sametype || Non-studded [%] Studded [%0]
Victims method || Counts || Victims method | Counts
1983-1995 2001 1983-1995 2001
lor3 3 10 2 8
2 12 17 7 11
4 85 73 91 81

Table 8: The use of studded and non-studded winter tyresin Reykjavik.

An attempt was made to compare this statistic with counts on streets and in car parks.
Clearly, the classification of atyre as studded is subjective. A comparison between the three
methods gave similar results for studded winter tyres. The counts in the year 2001 show that
people stop using studded winter tyres in spring more abrubtly than the other methods
indicate. Maybe this behaviour has changed with time. The comparison of the victims
method and counts for the summer tyres also gives similar results. The results for non-
studded winter tyres differ from the counts to the victims' method again only for the month of
May. The use of non-studded winter tyres continues through spring according to counts.
This may be a growing trend as an ever increasing proportion of vehicles are jegps on the
sametyresall year.

Studded winter tyres[%] Non-studded winter Summer tyres
tyres [%] [%
Victims Listening Counts || Victims Counts | Victims | Counts
Method Method Method Method
Years || 1983- 1983-1995 || 2001 1983- 2001 1983- 2001
Months 1995 1995 1995
February 60.7 60.4 64.0 334 32.3 5.9 3.7
March 57.6 63.7 63.0 315 33.0 10.9 4.0
April 43.0 43.0 44.0 30.0 314 27.0 24.6
May 13.0 10.0 18 19.0 33.1 68.0 65.0

Table 9: Comparison of methods to estimate the usage of different tyre types.

Some ather findings from this study regarding the groups of drivers using studded or non-
studded winter tyres are:

e The group using studded tyres seemsto be a little older, on average, than the group using
non-studded tyres.

o The excess safety for drivers using studded tyres is especially clear in rainy and/or dark
conditions.

e The group using non-studded tyres seemed to be more frequently involved in injurious
accidents, where a victim was not using seat belts.



This analysis and the statements above indicate that the group using studded tyres behave
more safely in traffic than the group using non-studded tyres. Safe drivers drive according to
conditions and are often experienced, use restraints and drive slowly when vision is poor.

8. Conclusions

The main results can be seen in the following tables. The group using studded tyres shows
excess safety for both dry or wet conditions and ice and snow conditions. The excess safety
is higher in the area outside Reykjavik. The excess safety in ice and snow conditions is
higher than in dry or wet conditions. This difference is greater in the areas of Iceland outside
Reykjavik. It can thus be concluded that both Reykjavik and the rest of the country show
similar pictures of the situation, but both the behavioral factor and the equipment effect is
higher outside of Reykjavik. The reason for this is not known, but did not come
unexpectedly, because the use of studded tyresin rural areasis necessary during winter.

Perpetrators Victims Excess safety of
1983-1999 Studded tyres || Wintertyres | Studded tyres || Winter tyres studded tyres
|Dry or wet 5471 4886 5685 4077 25
[ice or snow 4032 2767 4298| 2296 28

Table 10: The excess safety of studded tyresin Reykjavik.

The data for Iceland, excluding Reykjavik, were split up further, but the expected
difference between the rural and the urban parts did not show up, except for towns and
villages outside the capital area. The results for Reykjavik seem to be changing with time,
with both the behaviora factor and the equipment effect apparently increasing, but the
reasons for this are not obvious.

Perpetrators Victims Excess safety of
1992-1999 Studded tyres || Wintertyres | Studded tyres || Winter tyres studded tyres
|Dry or wet 1009 734 959 532 31
[ice or snow 2246 989 2172 703 36

Table 11: The excess safety of studded tyresin Iceland, excluding Reykjavik.

Drivers using studded winter tyres drive more safely than drivers using non-studded winter
tyres. This applies for both dry and wet road surfaces and for icy and snowy conditions. This
indicates that the drivers are safer and not the equipment. However, there is a dlight,
unaccounted-for difference. This could be related to the use of studded tyres. Looking at
injuries instead of all accidents, the safer behaviour of the group using studded tyres
decreases, but the still small potential effect of the studded tyres increases. Using summer
tyres is dangerous during the winter but seems to increase safety, compared with non-studded
winter tyres during summer.

It is important to split the obvious safety gain from using studded tyres into a behavioural
factor and an equipment factor. Studded tyres certainly provide more grip in icy and snowy
conditions than non-studded tyres and shorten braking distances, but in good conditions they
can be even wor se than non-studded winter tyres. The results here indicate that behaviour is
a much bigger factor, but a small portion of the safety gain is nevertheless attributable to the
equipment. While the behavioural factor is >20%, the equipment factor is <5% in urban
areas. The comparable figures for rural areas could be >30 % for the behavioral factor and
>10% for the equipment factor. In rural areas the behavioural factor as well as the
equipment factor seemto increase.



9. Recommendations

Based on the findings of this safety study, ways should be sought to limit the use of
studded winter tyres in the urban Reykjavik area. To maintain accessability during winter the
rest of the country, mainly rural, should not impose restrictions.

Further research is needed. The actual difference in operating speeds between studded and
non-studded tyre-equipped vehicles needs to be established. The differential in speed would
allow one to estimate the relative increase in crash severity. Apart from those effects, an
increase in the speed differential of the traffic alone contributes to collisions, as illustrated,
e.g., by the impact of speed limit changes in the U.S., and has been shown in the literature as
a U-shaped curve, with the lowest accident values close to the average speed. If taxing the
use of studded winter tyres is decided on, as in Oslo, Norway, the effects have to be
monitored accurately. The effects of studded tyre use on the severity of accidents should be
investigated further. The situation on the rural highways in Iceland should be looked into
more closely. It isaso advisable to analyse the street surface conditions in Reykjavik during
awinter or two to establish the actual time of ice and snow conditions.

The finding of this study explains why changes in studded tyre policy (a ban or an
introduction) are not typically associated with significant changes in overall collision rates.
This is because the “ safer” drivers are rarely involved in collisions (as “ Perpetrators’ or
“Victims"), regardless of whether or not they are allowed to equip their vehicles with studded
tires. Onethusrealises (at best) the " technology benefit” alone.
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