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Abstract. In the economic evaluation of studded tyres their benefit and damage to the public was analyzed. Such aspects
as the price of studded tyres, their effect on braking distance, fuel costs, road pavement, pavement marking, initiation of
particulate mater and the increase in noise emisions were compared and analyzed. Based on the inquiry of tyre sellers
and executed calculations, it was determined that in Lithuania, in winter season about 15% of passenger cars use winter
tyres with studs, therefore due to the reduced number of road accidents (reduced number of people killed and injured)
the public receives the benefit of 1.81 mln EUR. However, due to the more expensive tyres, increased fuel consumption,
damages to horizontal pavement marking, negative impact of particulate matter on human health the public incur con-
siderably higher losses amounting even to 38.43-39.07 mln EUR.
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1. Introduction

In the last several years a number of passenger cars us-
ing studded winter tyres on Lithuanian roads have been
gradually decreasing. This fact is also confirmed by the
tyre sellers. Based on their data, 5-7 years ago the sales of
studded tyres for passenger cars made 40-60%, whereas,
in the last winter season of 2008 the sales of studded tyres
(and of those prepared for studding) made only 4-8% of
the total sales of winter tyres. Such a low percent of the
sales of studded tyres was influenced by the newly accept-
ed legal acts providing for a future prohibition of the use of
studded tyres on Lithuanian roads. Besides, the car owners
who travel or plan to travel by car to the European Union
(EU) member-states (starting with Poland and further to
the south) choose to buy non-studded winter tyres since
the use of studded tyres in those countries is prohibited.
Based on the above statistical data, it was assumed in
the calculations that in winter 15% of passenger cars use
studded winter tyres. Thus, in the economic evaluation of
studded tyres the analysis of their benefit and damage was
carried out, i.e. the following aspects were analyzed and
compared: the price of studded tyres; their effect on brak-
ing distance, fuel costs, road pavement, pavement marking,
initiation of particulate matter (PM) and on the increase

in noise emissions (Laurinavi¢ius et al. 2009; Vai$kanaité
et al. 2009).

2. Accident losses caused by passenger cars using non-
studded and studded tyres

Based on data of the Association of Companies for Road Ve-
hicle State Technical Inspection Transeksta, according to the
number of road vehicles presented for the initial technical
inspection Lithuania has ~1100000 of the used passenger
cars use, of which 15% (~165 000 units) are equipped with
winter tyres having studs. The driver, having acquired win-
ter tyres, uses them on the average for 4 years. Thus, the
additional costs for the Lithuanian drivers (between stud-
ded and non-studded winter tyres) will average to 1.91-
2.39 mln EUR/year:

AKZD X TZD
T
(46.34 —57.92) x 165000
4

=1.91-2.39 mln EUR/year, (1)

where K, p — additional annual costs for the Lithuanian driv-
ers having acq uired studded winter tyres, mln EUR/year;
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AK,, - difference between the prices of studded and non-
studded winter tyres, EUR; T, - number of passenger
cars equipped with studded winter tyres, units; Py — aver-
age service life of studded winter tyres, years.

If a theoretical assumption is made that the use of stud-
ded tyres in winter is obligatory, the additional costs for the
drivers (K py) (between studded and non-studded winter
tyres) would amount to 12.74-15.93 mln EUR/year:

(46.34 —57.92)x1100000
4

Kap =

12.74-15.93 mln EUR/year. )

Many of world-wide investigations to determine a
percentage difference in road accidents using studded and
non-studded winter tyres showed that when using passen-
ger cars with studded tyres on snowy or icy road pavement
the accident risk is reduced by 5%, on dry and wet pave-
ment — by 2%. When using passenger cars with studded
tyres under various (all) traffic conditions the accident risk
is reduced by up to 4%.

Having calculated the average of accidents of 2005-
2008 winter seasons and the distribution of accident victims
according to pavement condition, it could be stated that in
this period the average number of accidents was 2329 where
267 people were killed and 2757 were injured. Since no data
is available on the type of winter tyres (studded or non-stud-
ded), it was assumed in the calculations that 15% of acci-
dent-involved passenger cars were using studded tyres and
85% - non-studded tyres. Correspondingly, accidents were
calculated where the passenger cars with studded tyres were
damaged. In the calculations the effect of studded tyres on
the accident risk was taken into consideration (i.e. the acci-
dent risk is reduced by 4% on the average).

It was calculated that 15% of the Lithuanian road us-
ers used studded tyres in winter, therefore, on the aver-
age 1.6 lives were saved and 16.54 less people were injured
every year compared to the case if all passenger cars had
used non-studded tyres. If accident costs are multiplied
by these reductions it is obtained that due to the use of
studded tyres in Lithuania the damage caused by road ac-
cidents is reduced by 1.81 mIn EUR/year on the average.
In the further analysis of this research, when calculating
damage caused by road accidents, the damage (theoretical)
caused by vehicles with studded tyres (from 1 November
to 1 April) was compared to that with non-studded tyres.
Definitely, this calculation is more theoretical since in this
case a legal act would be necessary prohibiting the use of
winter non-studded tyres. Accident-caused damage when
using passenger cars with non-studded and studded tyres
is given in Fig. 1.

Though, when using passenger cars with stud-
ded tyres under various traffic conditions, the risk of
accidents is reduced only by 4%, a number of people
killed and injured on the Lithuanian roads in the recent
4 years shows that the average theoretical difference in the
use of passenger cars with non-studded and studded tyres
makes 12.86 mln EUR per year (Elvik, Vaa 2004; Kapski et
al. 2008; Tampere et al. 2009).
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Fig. 1. Determination of accident-caused theoretical damage
when using passenger cars with non-studded and studded
tyres (Accumulation and renewal of traffic data of the roads of
national significance, 2008)

3. The effect of winter tyres on fuel costs

Vehicle fuel costs are increased by 15% on icy and snowy
road pavements compared to dry roads. It was determined
in the foreign researches that when using a passenger car
with studded tyres the fuel costs increase from 1.2% to 2%
compared to non-studded tyres (Scheibe 2002; Zubeck et
al. 2004) and according to some sources — even from 4%
to 8%. Fuel costs in winter depend not only on the type
of tyres (studded or non-studded) but also on road main-
tenance, driving speed, mode of driving, etc. The Vehicle
Operating Costs (VehOC's) of a passenger car (EUR/1000
veh-km) under different pavement roughness in the year
2008 are given in Fig. 2.
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Fig. 2. Evaluation of the fuel costs of passenger cars using non-

studded and studded tyres (Accumulation and renewal of traffic
data of the roads of national significance, 2008)

With the help of Highway Development and Mana-
gement model-4 (HDM-4) the VehOC’s under different
pavement roughness were calculated. In the model the fuel
costs of passenger cars make 30-40% of the total transport
expenditures. In the calculations of this research it was as-
sumed that the fuel costs of a passenger car make 35% of
its total operating costs.

The annual average daily traffic (AADT) and its
composition on the roads of different groups by the dif-
ferent class of vehicles in 2008 are given in Table 1.
The AADT on all the roads of national significance is
1414 vehicles per day, of which 1087 are passenger cars.



The Baltic Journal of Road and Bridge Engineering, 2010, 5(3): 169-176

171

The AADT of passenger cars in the different group
of roads (Accumulation and renewal of traffic data of
the roads of national significance, 2008) is given in
Fig. 3.

The annual mileage by vehicles is the total amount of
vehicle kilometres per year on the considered road or its
section. This index reflects the size of the national vehicle
fleet and the volume of its use. The annual mileage AM is
calculated by the Eq (3):

AM = AADT x L x365; (3)

where AM - the annual mileage of the vehicle kilometres
per year, veh-km/year; AADT - annual average daily traf-
fic of the road section per day, vpd; L- length of the road
section, km.

The annual mileage by vehicles per a group of roads
is calculated as the sum of annual mileage on the separate
sections of this group of roads AM. Based on the previous-
ly analyzed statistical traffic data and the length of Lithua-
nian roads of national significance, the annual mileage was
calculated for the main and national roads in 2006-2008
(Fig. 4).

Having made the analysis of traffic volume of the
roads of national significance, it was calculated that from
1 November to 1 April the annual mileage by passenger
cars makes 35.80% of the total annual mileage.

Based on the statistical traffic data, traffic composi-
tion and the calculated annual mileage, it is possible to cal-
culate how many kilometres in the different group of roads
are travelled by passenger cars per year, how many kilome-
tres are travelled in winter and how many kilometres are
travelled by passenger cars with studded tyres.

In the beginning of 2009 the average pavement
roughness on the main roads was 2.27 m/km, on national
roads - 3.16 m/km, and on regional roads - 4.50 m/km.
Based on the calculated annual mileage by passenger cars
with studded tyres in winter (Fig. 5), the average pavement
roughness and the difference in fuel costs under the exist-
ing pavement roughness (Fig. 2), it is possible to calculate
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Fig. 3. The AADT of passenger cars in the different group of
roads (Accumulation and renewal of traffic data of the roads of
national significance, 2008)
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Fig. 4. The calculated annual mileage in the different group of
roads depending on traffic volume and length of road sections

what is the increase in the annual fuel costs for the road us-
ers travelling by passenger cars with studded tyres:

Cp = AMpc X RVppgcs (4)

where Cp - the annual fuel costs for the road us-
ers travelling by passenger cars with studded tyres,
mln EUR/year; AMp- - the annual mileage by passenger
cars with studded tyres in winter per year, veh-km/year;
RVpppc - the ratio between values of the average pave-
ment roughness and of the difference in fuel costs under
the existing pavement roughness per kilometer, EUR/km.

Table 1. The AADT of all the classes of vehicles in the different group of roads (Accumulation and renewal of traffic data of the roads

of national significance, 2008)
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It is possible to calculate by the Eq (4):
On main roads:

205.90x10° x3.51x10™° =0.72 mln EUR/year;
On national roads:

164.00x10° x3.72x10~° =0.61 mln EUR/year;
On regional roads:

82.91x10° x4.22x10~° =0.35 mln EUR/year;
Total: 1.68 mln EUR/year.
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Fig. 5. The calculated annual mileage in the different group of
roads depending on the season of the year

It was determined that when using passenger cars
with studded tyres their fuel costs are increased by 4%,
the road users (owners or managers of vehicles), solely on
the roads of national significance, incur the additional fuel
costs of 1.68 mIn EUR/year.

Theoretical damage to the road users due to the in-
creased fuel costs, if all passenger cars had to obligatory
use studded tyres in winter, solely on the roads of national
significance, would make 11.24 mIn EUR/year of addition-
al fuel costs. It is possible to calculate:

Crp = AMppc X RVpprcs (5)

where C; - the annual fuel costs for the road users trav-
elling by passenger cars with studded tyres (if all passen-
ger cars had to obligatory use studded tyres in winter),
mln EUR/year; AMyp - the annual mileage by passenger
cars with studded tyres in winter per year (if all passenger
cars had to obligatory use studded tyres in winter, from
1 November to 1 April), veh-km/year; RVppp- - the ra-
tio between values of the average pavement roughness and
of the difference in fuel costs under the existing pavement
roughness per kilometer, EUR/km.

It is possible to calculate by the Eq (5):

On main roads:

1372.70%10° x3.52x10° = 4.83 mln EUR/year;
On national roads:

1093.10x10° x3.73x10™ = 4.08 mln EUR/year;
On regional roads:

552.70x10° x 4.22x10™° =2.33 mln EUR/year;
Total: 11.24 mln EUR/year.

4. Damage to the environment due to the initiation of
particulate matter and noise from winter tyres

Global changes affecting climate change are greenhouse ef-
fect and the depletion of the ozone layer. Lithuania, having
ratified the Kyoto Protocol in 2002, like other EU coun-
tries committed itself in 2008-2012 to reduce its green-
house gas emissions by 8% compared to the year 1990 (En-
vironmental Impact Assessment of the Reconstruction of
the Road A5 Kaunas-Marijampolé-Suwalki 22.0-56.5 km
section; Environmental Impact Assessment of the Vilnius
City Southern By-pass Between the Roads Al Vilniaus-
Kaunas-Klaipéda and A3 Vilnius-Minsk 0.0-7.6 km sec-
tion). Gases, exhaust from road vehicles and affecting
regional pollution, are as follows: nitrous oxide (NOx),
sulphur oxide (SO,), volatile organic compounds (VOCs),
carbon monoxide (CO), particulate matter (PM, ;). The
amount and composition of pollutants exhaust from road
vehicles into the ambient air depend on the annual aver-
age daily traffic, share of heavy traffic, annual mileage, fuel
quality, technical characteristics of vehicles, number of
stops and starts, traffic congestions, etc. (Gustafsson et al.
2008; Ketzel et al. 2007; Kupiainen 2007; Schmit, Schlen-
der 2003; Vallius 2005).

Taking into consideration the impact of one of vehi-
cle-generated pollution sources, i.e. studded tyres, on the
environment, the analysis was focused only on particulate
matter. Particulate matter is a mixture of particles and lig-
uid droplets (aerosols) suspended in the ambient air and
consisting of different components - acids, sulphates, ni-
trates, metals, organic compounds, soil particles, dust,
smut. In winter road vehicles, especially those using stud-
ded tyres, cause also a secondary pollution with particu-
late matter. This means that the studded winter tyres de-
stroy road pavement, lift into the ambient air the remnants
of destroyed pavement, the spread sand and salt mixture
and uncollected mud, and when using such tyres on “bare”
road pavement (without ice or snow) - fine and very
dangerous micro elements initiated during traction. The
Swedish researchers have determined that a passenger car
with studded tyres having travelled 1 km “mills out” about
5-12 g of asphalt particles on a rural road and about 2-5 g
on a city street. In cities the wear of asphalt pavements is
slower due to a lower driving speed (Haal et al. 2008; Nor-
man, Johansson 2006; Réisdnen et al. 2005).

It was assumed in the calculations that one vehicle
with studded tyres having travelled one kilometre on a ru-
ral road “mills out® 2 g of asphalt particles.

When assessing the effect of studded tyres on the in-
itiation of particulate mater it was assumed that 15% of
the total number of passenger cars in winter (i.e. 5 months
per year) uses studded tyres. Having made the analysis of
traffic volume on the roads of national significance it was
calculated that from 1 November to 1 April the passenger
cars travel 35.8% on he average of the total annual mileage.
Based on the calculated annual mileage by passenger cars
with studded tyres per year (Fig. 6) it is possible to calcu-
late how much particulate matter is “milled out” from the
road pavement by the studs of winter tyres on the roads of
national significance:
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QT =AMpC XQG; (6)

where Qp - the total quantity of asphalt particles, which
“milled out® from the road pavement passenger cars with
studded tyres per year on the roads of national significance,
t/year; AMp - the annual mileage by passenger cars with
studded tyres in winter per year, veh-km/year; Q. - the
quantity of asphalt particles, which “mills out® from the
road pavement one vehicle with studded tyres having tra-
velled one kilometre, g/km.

It is possible to calculate by the Eq (6):

On main roads:

205.9%x10° x2 = 411.80 t/year;
On national roads:

164.0x10° x 2 = 328.00 t/year;
On regional roads:

82.9x10% x2 =165.80 t/year;
Total: 905.60 t/year.

The cost of ambient air pollution is given in Fig. 6
(Feasibility Study for the Need of Repair Works of the
Roads and Bridges of National Significance).
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Fig. 6. The cost (EUR) of air pollutants within the urban
territory (Accumulation and renewal of traffic data of the roads
of national significance, 2008)

Based on a number of asphalt particles “milled out®
by the studs of winter tyres from the asphalt pavement on
main, national and regional roads and the cost of particu-
late matter pollution in a rural territory (Fig. 6), the dam-
age from the studs was calculated:

Drpg =Qr xCpys 7)

where D¢ - the damage of the tyres studs on the roads na-
tional significance per year, mln EUR/year; Qp - the total
quantity of asphalt particles, which “milled out® from the
road pavement passenger cars with studded tyres per year
on the roads of national significance, t/year; Cpy - the cost
of particulate matter pollution in a rural territory, EUR/t.

It is possible to calculate by the Eq (7):

On main roads:

411.80x37500.29 =15.44 mln EUR/year;

On national roads:

328.00 x 37500.29 = 12.30 mln EUR/year;

On regional roads:
165.80x37500.29 = 6.22 mln EUR/year;

Total: 33.96 mln EUR/year.

In Lithuania, in a period of winter season almost
15% of passenger cars use studded winter tyres which ex-
haust into the ambient air particulate matter and negative-
ly affect human health. It was determined that this dam-
age, solely on the roads of national significance, amounts
to 33.96 mln EUR/year.

Taking into consideration the use of studded tyres
on the local roads (also in a residential area, especially
in city streets), damage to the public would be increased
even more. Due to the lack of statistical data on a number
of kilometres travelled on these roads, damage to the
public due to the increased particulate matter was not as-
sessed.

For this purpose a theoretical damage was calculated
which would be caused by particulate matter if all passen-
ger cars in a winter season (from 1 November to 1 April)
had to obligatory use only studded tyres. A theoretical
amount of asphalt particles “milled out” from the pave-
ment of the roads of national significance, if all passenger
cars used only studded tyres in winter, would amount to
6037.00 t/year:

Tppp = AMppe X Qg5 (8)

where Tp,, - the theoretical damage of particulate matter
from the tyres studs on the roads national significance per
year (if all passenger cars in a winter season (from 1 No-
vember to 1 April) had to obligatory use only studded
tyres), t/year; AMppc — the annual mileage by passenger
cars with studded tyres in winter per year (if all passenger
cars had to obligatory use studded tyres in winter, from
1 November to 1 April), veh-km/year; Qg - the quantity
of asphalt particles, which “mills out® from the road pave-
ment one vehicle with studded tyres having travelled one
kilometre, g/km.

It is possible to calculate by the Eq (8):

On main roads:

1372.7x10% x 2 = 2745.40 t/year;
On national roads:

1093.1x10° x2 = 2186.20 t/year;
On regional roads:

552.7 x10° x 2 = 1105.40 t/year;

Total: 6037.00 t/year.

A theoretical damage to the public due to particulate
matter “milled out” and exhaust into the ambient air would
amount to 226.42 mln EUR.

Noise is a disorderly mixture of sound waves of vari-
ous strength and frequency, unusual to human ear and
causing unpleasant sensations. Noise damages hearing, ir-
ritates the central nervous system, changes human char-
acter and behaviour, induce crudity and aggression of an
individual. All over the world road transport is recognised
as the main source of noise.
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When a studded tyre rolls over the road surface the
increased tyre vibration causes noise. A higher traction
of studded tyres and road pavement, compared to that of
non-studded tyres, increases noise emission by 3-5 dBA
(Kropp et al. 2007; Peeters, Blokland 2007).

In Sweden, when the use of studded tyres was reduced
by 20% the noise emissions decreased by 1.0-1.5 dBA. In
Lithuania, in the last two winter seasons studded tyres
were used by about 15% of all passenger cars. Based on
the Swedish research data it could be stated that having
prohibited the use of studded tyres in Lithuania the ge-
neral noise level would be decreased by 0.75-1.13 dBA.
The specialists have calculated the damage to the hu-
man health caused by the equivalent noise level in a day.
The cost of noise emissions are given in Fig. 7 (Environ-
mental Impact Assessment of the Reconstruction of the
Road A5 Kaunas-Marijampolé-Suwalki 22.0-56.5 km
section).
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Fig. 7. The cost (EUR) of noise emissions per year
(Accumulation and renewal of traffic data of the roads of
national significance, 2008)

The cost of noise emissions shows that with the in-
creased equivalent noise level only by 5 dBA the damage to
the human health has been significantly increasing. It is al-
most impossible to determine the noise-caused damage to
the public, since in the different noise diapasons the dam-
age to the human health varies unevenly, besides, people
use to live at a different distance from the main transport
arteries and no exact data is available on what is a number
of residents living close to them.

5. The effect of studded tyres on road pavement
marking

Studded tyres intensively damage road pavement surface.
The wear of road pavement is considerably larger com-
pared to the use of the other type of tyres. At present hori-
zontal marking of Lithuanian roads is carried out with
paint or polymer materials. The service life and warranty
of horizontal marking are dependent on the designation of
lines and the materials used. Using polymer materials the
marking can have a thin layer or a full thickness. When
a continuous edge line is marked with paint the service
life of marking is two years. When the centre road line is
marked with paint and other horizontal marking is carried

out the service life is one year. When horizontal marking
is made by polymer materials the service life of the mark-
ing is twice as long, i.e. when using polymer materials the
service life of full-thickness marking is four years, while
the service life of the above mentioned thin-layer marking
materials — two years. Certainly, the use of polymer mate-
rials for horizontal marking generates higher costs. Com-
parison of the costs is given in Fig. 8.
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Marking by polymer
materials 22.88
(full-thickness)
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Preliminary cost of horizontal marking, EUR/m2

Fig. 8. Preliminary cost of horizontal marking (Accumulation
and renewal of traffic data of the roads of national significance,
2008)

Studded tyres cause the wear of all types of horizon-
tal marking at pedestrian crossings, of continuous and
discontinuous marking lines on the carriageway. In a day
time horizontal marking can visually look as of sufficiently
good quality, though in a dark period of the day it does
not serve the main function, i.e. to reflect light, since a
specific density of light in darkness is too low. The main
reason - the marking surface is polluted with unreflecting
materials. Horizontal marking is mostly damaged by stud-
ded tyres when it is polluted with the “milled out” bitumen
particles from asphalt pavement in winter and becomes
poorly visible in a dark time of the day. When a marking
line is passed by studded tyres the studs stick into the line
and leave small depressions with the remnants of bitumen
particles.

We did not succeed to find any accurate scientific
investigations on how much the service life of horizontal
marking would be extended if the vehicles used no stud-
ded tyres. However, all the road specialists unanimously
admit that studded tyres reduce the durability of horizon-
tal marking. A very cautious forecast was assumed in the
calculations that with the use of studded tyres the wear
of horizontal marking is 10% faster. Correspondingly, it
could be apparently stated that in a year due to the use of
studded tyres the wear of horizontal marking is faster and
the public looses ~10% of funds allocated to the marking.
In the last two years 8.69-10.14 mln EUR was allocated
each year to the renovation of marking on the roads of na-
tional significance. Besides, additional horizontal marking
was implemented on the repaired and reconstructed road
sections.

Based on the above, it could be stated that due to a
faster wear of horizontal marking the public looses 0.87-
1.01 mIn EUR every year.
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6. Economic evaluation of winter tyres (studded and
non-studded)

Having made a comparative cost-benefit analysis, a com-
parison of studded and non-studded winter tyres and their
benefit (additional costs) for the public, it was determined
that it is more cost-effective for the road users to use non-
studded tyres. A comparative cost-benefit analysis is given
in Fig. 9 and Table 2 where positive and negative factors
(pluses and minuses) for the use of studded and non-stud-
ded winter tyres are described.

In winter almost 15% of the road users in Lithuania
use studded tyres on their passenger cars, therefore due to
the reduced number of road accidents (reduced number of
people killed and injured) the public receives the benefit of
1.81 mln EUR. However, due to the more expensive tyres,
increased fuel consumption, damages to horizontal pave-
ment marking, negative impact of particulate matter on
human health the public incur considerably higher losses
amounting even to 38.43-39.07 mIn EUR (Baltrénas et al.
2007; 2008; Lama et al. 2007; Radziszewski 2007; Ziari et
al. 2007; Zubeck et al. 2004).

7. Conclusions

Based on the inquiry of tyre sellers it was determined that
in Lithuania, in winter season about 15% of passenger cars
use winter tyres with studs.

It was identified that additional costs for the driv-
ers (between studded and non-studded winter tyres) will
amount to 1.91-2.39 mIn EUR/year on average.

ok M
L3007

The positive and negative factors
of the winter tyres, mln EUR

Evaluation criteria

Fig. 9. Economic evaluation of winter tyres (studded and non-
studded) (A - additional costs for the drivers due to studded
tyres; B — additional costs for the drivers due to non-studded
tyres; C — damage due to road accidents; D - effect of tyres

on fuel costs; E - effect of studded tyres on the initiation of
particulate matter; F - damage due to tyre-generated noise;

G - effect of tyres on pavement marking; H - total damage)

Taking into consideration a number of people killed
and injured during road accidents on the roads of Lithua-
nia in 2005-2008, it was calculated that due to the use of
studded tyres the accident-caused damage is reduced by
1.81 mIn EUR/year on average.

When using passenger cars, equipped with studded
tyres, the fuel consumption of these cars is increased by
4%, thus, the road users (owners or managers of cars) sole-
ly on the roads of national significance incur the addition-
al fuel costs of 1.68 mIn EUR/year.

Table 2. Economic evaluation of winter tyres (studded and non-studded)

Notes

The difference between one studded and non-studded winter tyre
is 11.58-14.48 EUR,; for 4 tyres 46.34-57.92 EUR. Additional costs
for the drivers (between studded and non-studded winter tyres)
will amount to 1.91-2.39 mln EUR/year on the average.

Due to the use of studded tyres in Lithuania the damage caused by
road accidents is reduced by 1.81 mln EUR/year on the average.

The use of passenger cars equipped with studded tyres increases
fuel consumption by 4%, therefore the road users (the owners
and managers of passenger cars), solely on the roads of national
significance, incur 1.68 mIn EUR of additional fuel costs per year.

Passenger cars with studded tyres lift particulate matter which
negatively affects human health. During the whole winter
season 15% of passenger cars use studded winter tyres which
lift particulate matter and negatively affect human health. This
damage, solely on the roads of national significance, amounts to
33.96 mIln EUR/year.

It is possible to calculate damage caused by studded tyres for the
public only for a certain road (street) section but even in this case
the special investigations are necessary.

Due to the wear of horizontal marking the public looses
0.87-1.01 mln EUR of additional costs every year.

Factors
Evaluation criteria - —
Negative Positive
Difference in the price Negative
of studded and non- -(1.91-2.39) -
studded tyres mln EUR
Damage due to road B Positive
accidents +1.81 mln EUR
Effect of tyres on fuel Negative B
costs -1.68 mln EUR
Effect of studded tyres Negative
on the initiation of -33.96 -
particulate matter mln EUR/year
Damage due to tyre- Large Small
generated noise
Effect of tyres on Negative
avement markin -(0.87-1,01) *
b 5 mln EUR
~(38.43-39.07) +1.81
TOTAL mln EUR/year mln EUR/year

When using studded winter tyres the public incurs more damage
than benefit.
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In Lithuania, in a period of winter season about 15%
of passenger cars use studded winter tyres which lift partic-
ulate matter and negatively affect human health. This dam-
age, solely on the roads of national significance, amounts
to 33.96 mln EUR/year.

It was determined that due to the use of studded tyres
and faster wear of horizontal marking the public incur
0.87-1.01 mln EUR of additional costs every year.

In winter about 15% of the road users in Lithuania
use studded tyres on their passenger cars, therefore due to
the reduced number of road accidents (reduced number of
people killed and injured) the public receives the benefit of
1.81 mln EUR. However, due to the more expensive tyres,
increased fuel consumption, damages to horizontal pave-
ment marking, negative impact of particulate matter on
human health the public incur considerably higher losses
amounting even to 38.43-39.07 mln EUR.
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