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The purpose of this work was to examine the impact of the inadequacies in the current procedure for car
tyre labelling, specifically in the context of environmental noise, and to present the benefits of adopting more
realistic procedure with the use of low-noise tyres. This was done using two approaches: an impact analysis
and a cost-benefit analysis. The calculations were performed to show this impact on environmental noise. This
was done using the common noise assessment methods in Europe (CNOSSOS-EU) model (recommended for
strategic noise mapping of EU countries), which was validated using test results from sound exposure level
measurements on both ISO test track and on real road sections. Using the noise calculation results, a cost-
benefit analysis was performed, incorporating financial analyses of both the current and projected situation
under different strategies to reduce tyre/road noise.
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1. Introduction

Vehicle noise is generated by three main sources:
powertrain noise, tyre/road noise, and aerodynamic
noise. The first source depends on factors related to
the load and speed of the engine. The noise level varies
with the road gradient, vehicle, speed, and the type of
vehicle. Driving style also has a significant influence.
Similarly, tyre/road noise is influenced by different fac-
tors. In this case, the noise level depends mainly on
the type of road surface and tyres. Tyre/road noise in-
creases with vehicle speed (Berge, 2023; Sandberg,
Ejsmont, 2002). It is the dominant source of noise at
higher speeds, but can still be heard at lower speeds.

This is demonstrated by research on the Swiss model
sonROAD18 (Heutschi, Locher, 2018), as presented
in Table 1. Aerodynamic noise, created by airflow dis-

Table 1. Contribution of tyre/road noise at different
vehicle speeds (Heutschi, Locher, 2018).

Speed [km/h] Percentage of tyre/road noise [%]

30 62.5

40 78.5

50 86.6

60 90.9

80 94.8

100 96.1
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turbance, is also a significant component of traffic road
noise at higher speeds.
Tyre/road noise is the most significant contrib-

utor to traffic noise, making low-noise surfaces one
of the most effective noise reduction measures (Bo-
hatkiewicz, Hałucha, 2017; Bohatkiewicz et al.,
2022). This noise can also be effectively reduced by
using low-noise tyres on vehicles. The proportion of
tyre/road noise will increase as the number of electric
vehicles increases in traffic flow, as powertrain noise
is extremely low at low speeds in electric cars, making
tyre/road noise the dominant source. This will be espe-
cially important in urban conditions (Hałucha et al.,
2023).
The combination of quieter tyres and quieter pave-

ments is the most effective measure to reduce noise
in road surroundings (Berge et al., 2022; Berge,
2023). To make such solutions feasible, it is neces-
sary to ensure that consumers have access to infor-
mation on the noise levels of car tyres. Tyre labels
could serve as a valuable tool for this purpose. The
European Parliament and the Council introduced Di-
rective on tyre labelling (European Union, 2009) aimed
at increasing consumer awareness of car tyres in terms
of three main parameters: wet grip, rolling resistance
and rolling sound. The new directive (European Union,
2020) introduced several changes, including the cur-
rent form of the label. The method used to determine
the noise level subsequently put on the tyre label is
described in Regulation No. 117 (United Nations Eco-
nomic Commission for Europe [UN/ECE], 2011). This
method involves measuring noise during a controlled
pass-by of a test vehicle equipped with the test tyres.
These tests are conducted on a specially designed sur-
face defined in (International Standard Organisation
[ISO], 2021).
Although tyre labels have been on the market

for several years, there remains significant uncertainty
in the results of tyre labelling (Sandberg, Mio-
duszewski, 2022). This uncertainty is mainly influ-
enced by the test tyres themselves, variations in the
noise properties of ISO surfaces, and the influence of
the test vehicle and meteorological conditions, among
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Fig. 1. Importance of specific information on tyre labels for consumers – percentage of respondents who consider
the information very important or important (Bühlmann et al., 2022; Viegand, 2016).

others. This issue is described in the STEER project
(strengthening the effect of quieter tyres on European
roads), which was commissioned by CEDR in 2020
and finalised in 2022 (Bühlmann et al., 2022). The
project estimated that the uncertainty for C1 (pas-
senger car tyres) and C2 (van and light truck tyres)
ranges from 1.4 dB to 2.0 dB, expressed as standard
deviations. Such large uncertainties make the labelled
data unreliable.
Despite these uncertainties, the tyre labelling sys-

tem remains an important tool for consumers to select
the best tyres. It should be emphasised that external
noise is not the decisive criterion for drivers, but it is
one of the factors considered (Bühlmann et al., 2022).
A survey conducted among consumers in Finland,
France, Germany, Italy, Sweden, and the UK (Vie-
gand, 2016) confirmed this fact. The results of this
survey are shown in Fig. 1.
Rolling noise is the fourth most important criterion

for consumers. The most important criteria for them
are wet grip and price. This is also confirmed by the
results of survey conducted by Sandberg (2008), in
which consumers indicated that wet grip was the most
important factor in selecting tyres. It is also worth not-
ing that the price of tyres is not correlated with their
noise level (Dittrich et al., 2015; Sandberg, 2008).
Therefore, the decision to choose quieter tyres does
not directly involve additional costs for consumers.
This is an important argument in favour of select-
ing lower-noise tyres. Additionally, quieter tyres con-
tribute to lower noise levels inside the vehicle, although
the correlation in this case is not so high (Bühlmann
et al., 2022).
Reducing traffic noise through the use of low-noise

tyres can be an effective protection measure. However,
this requires ongoing and consistent awareness of the
harmful impact of tyre/road noise on the population of
the European Union. This awareness is closely linked
to the efforts of non-governmental organizations
(NGOs) and legislative actions taken by governments
and road authorities. These measures could include:
reduction or elimination of taxes on the purchase of
the quietest tyres, allowing only vehicles equipped with
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quieter tyres to enter selected urban areas (using ap-
propriate chips) or requiring the use of quiet tyres in
public administration fleets (Bühlmann et al., 2022).
The tyre industry is also one of the major stake-

holders in influencing the use of quieter tyres by con-
sumers. Achieving this would require car tyre manu-
facturers to enter into an agreement or letter of in-
tent to promote the sale of increasingly quieter tyres,
while gradually withdrawing noisier tyres from sale.
The STEER project (Bühlmann et al., 2022) pro-
poses that such an agreement should aim to ensure
that the total noise level of of all tyres sold does not
exceed a predetermined threshold noise limit. Addi-
tionally, possible scenarios for reducing environmental
noise were proposed in the ELANORE project (Bo-
hatkiewicz et al., 2024).

2. Methodology and input data

First, sound exposure level (SEL) measurements
were conducted on both the ISO test track and traf-
ficked sections of roads. A class 1 sound level meter
was used, with the FAST time constant and a type
A-weighting filter. Test results were stored in the in-
strument’s memory at 1 s intervals. The sound level
meter was calibrated with a class 1 acoustic calibra-
tor before and after the measurements. The range
of measurements covered four selected car tyres with
theoretically different noise levels – their label data
were: 67 dB(A), 69 dB(A), 71 dB(A), and 74 dB(A).

Table 2. Traffic volume, composition, and vehicle speed on various types of roads based on NORD 2000 model
assumptions (Kragh et al., 2006).

Traffic scenario Description Traffic volume [V/d]
Composition [%] Speed [km/h]

Cat. 1 Cat. 2 Cat. 3 Cat. 1 Cat. 2 Cat. 3

A Motorway 20 000 85 5 10 120 90 90

B Urban motorway 30 000 85 5 10 90 85 85

C Main road 15 000 85 10 5 85 75 75

D Urban road 20 000 90 5 5 70 65 65

E Feeder road in residential area 10 000 95 5 0 50 50 50

F Residential road 5000 100 0 0 35 35 35

Table 3. Ranking of summer tyres approved for sale in 2021 in Switzerland (Bühlmann et al., 2022).

Group Sound level
range [dB(A)]

Percentage share of tyres
on the market [%]

Noise level
on the label [dB(A)]

Total number
of tyres (n)

Group 1 66–67 2.6
66 11

67 168

Group 2 68–69 19.7
68 425

69 967

Group 3 70–72 69.4
70 1881

71 1695

72 1326

Group 4 73–75 8.3
73 451

74 57

75 81

Source of data: Touring Club Switzerland, financed by the FOEN, https://www.bafu.admin.ch/bafu/en/home.html.

By comparing these values and the results obtained on
the ISO tracks and trafficked roads, it was possible to
identify the weaknesses of the procedure described in
Regulation No. 117 (UN/ECE, 2011), in relation to en-
vironmental noise. To visualise these variabilities, the
equivalent sound level (Leq) for a sample road section
was calculated.
The next step was to calculate the traffic noise

level, with a focus on tyre/road noise. This was
done using the CNOSSOS-EU model, which was cal-
ibrated using the measurement results, as described
in detail in the later part of this section (see Eqs. (3)
and (4)). Subsequently, traffic noise was calculated for
different types of roads and road surroundings.
To determine the environmental impact of tyre

noise (based on labelled data), calculations were made
for selected traffic scenarios, using the information pro-
vided in the Nordic calculation model NORD 2000
(Kragh et al., 2006). Three vehicle categories are as-
sumed in this model: light – cat. 1, medium – cat. 2,
and heavy – cat. 3. Six scenarios were selected for fur-
ther analysis, as shown in Table 2.
Then, an attempt was made to estimate the noise

levels of the tyres currently used by drivers. For this
purpose, the data presented in the STEER project re-
port (Bühlmann et al., 2022) were used, with the per-
mission of the Swiss Federal Office for the Environment
(FOEN). This is a database containing the C1 tyres
approved for sale in Switzerland in 2021. Table 3 shows
the number of tyres with a given sound level on the
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label that were approved for sale. It should be empha-
sised that these figures relate to summer tyres only.
The data were aggregated into four groups with differ-
ent noise levels.
With the data presented in Table 3, the average

sound level was calculated using weighted logarithmic
averaging:

Lavg = 10 ⋅ log

n

∑
i=1
(100.1⋅Li ⋅ ni)

n
[dB(A)], (1)

where Lavg – weighted average sound level [dB(A)],
i – sound level value marked on the tyre label [dB(A)],
Li – sound level determined for a tyre with noise value
i on the label [dB(A)], ni – number of tyres with noise
values i on the label, n – total number of tyres.
Under these assumptions, the calculated average

sound level was 70.8 dB(A). This value was used as
the reference level. Then, four different scenarios for
improving the acoustic conditions in the road sur-
roundings were identified. One of these scenarios in-
volves withdrawing the noisiest tyres from the market.
It is worth noting that some tyres currently available
have sound levels that are above or equal to the limits
(Bühlmann et al., 2022). To determine the impact of
this measure, the weighted average sound level was re-
calculated, considering only those tyres with a sound
level that does not exceed the permissible limits. In this
case, the sound level is reduced from 70.8 dB(A) to
70.3 dB(A).
A greater reduction in traffic road noise could be

achieved if tyres with noise levels equal to the existing
limits were also withdrawn from the market. However,
this could be resisted by manufacturers and the auto-
motive industry. After recalculating the weighted av-
erage sound level, a value of 69.7 dB(A) was obtained,
indicating a noise reduction of 1.1 dB compared to the
current situation.
To achieve a greater reduction, it is necessary to

take measures to promote quieter tyres among vehi-
cle owners. It was assumed that tyres with noise lev-
els above or equal to the limits would be withdrawn
from sale, and the percentage of quieter tyres would
increase at the expense of noisier tyres. Two scenarios
were assumed. The first was referred to as the sustain-
able scenario, and the second, the optimistic scenario.
The percentages of the individual tyre groups in these
scenarios are shown in Table 4.
In the first scenario (sustainable), the weighted av-

erage sound level was 69.1 dB(A), resulting in a noise
reduction of 1.7 dB. In the optimistic scenario, the av-
erage level was 68.5 dB(A). In this case, a reduction in
noise level was 2.4 dB.
It should be emphasised that these results were

based on sound level calculations, which show the ef-
fect of the noise reduction, but do not account for the
variability in traffic parameters (such as traffic vol-

Table 4. Percentage of tyres for each group under the sus-
tainable and optimistic scenarios.

Group

Percentage share
of tyres

in sustainable
scenario [%]

Percentage share
of tyres

in optimistic
scenario [%]

Group 1
[66 dB(A) – 67 dB(A)]

10 15

Group 2
[68 dB(A) – 69 dB(A)]

55 65

Group 3
[70 dB(A) – 72 dB(A)]

35 20

Group 4
[73 dB(A) – 75 dB(A)]

0 0

ume, vehicle speeds, and traffic composition), which
affect noise levels. The impact of these parameters
was considered in the noise modeling carried out with
the CNOSSOS-EU model. In the first step, a cali-
bration of the model was performed for light vehicles
(cat. 1) by incorporating an additional factor. Calibra-
tion was not conducted for the other vehicle categories
(medium and heavy vehicles), because they were not
the object of the study.
To calibrate the model to account for the influence

of tyre noise, the CNOSSOS-EU relationship for rolling
sound power level calculations was used. For this pur-
pose, light vehicles were assumed to move at a speed
vm of 80 km/h (the reference speed for determining
the labelled sound level for C1 tyres). An additional
correction factor ∆Ltyre was included in the equation,
which determines the effect of the noise level of the car
tyres, as shown in the equation:

LWR,i,m = AR,i,m +BR,i,m ⋅ log ( vm
vref
)

+∆LWR,i,m +∆Ltyre [dB(A)], (2)

where LWR,i,m – rolling sound power level [dB(A)],
AR,i,m and BR,i,m – coefficients given in the fre-
quency bands for each vehicle category and reference
speed [–], vm – average speed of vehicles in category m
(equal to 80 km/h) [km/h], vref – reference speed,
equal to 70 km/h, ∆LWR,i,m – sum of the correction
factors for rolling noise emissions in specific road condi-
tions or for specific vehicles (influence of road sur-
face, studded tyres, traffic lights or junction, tempera-
ture) [dB(A)],∆Ltyre – correction factor for the impact
of tyre noise [dB(A)].
The ∆Ltyre factor in the CNOSSOS-EU model can

be assumed for each 1/1 octave frequency band sepa-
rately (from 63 Hz to 8000 Hz). In this study, the same
value is used for each sound frequency. This assump-
tion does not significantly affect the calculation results.
Tyre noise measurements (made using the proce-

dure defined in Regulation No. 117 (UN/ECE, 2011))
and CNOSSOS-EU algorithms consider two sources of
noise: rolling noise and powertrain noise. At speeds
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of 70 km/h to 90 km/h, at which the C1 tyre tests are
conducted, the contribution from powertrain noise is
small (see Table 1), but it is still present. Therefore, the
measurement results include both tyre/road noise and
powertrain noise. Similarly, the CNOSSOS-EU model
includes both sound sources, as expressed in the fol-
lowing model algorithm:

LW,i,m(vm) = 10 ⋅ log (10
LWR,i,m (vm)

10

+10
LWP,i,m (vm)

10 ) [dB(A)/m], (3)

where LW,i,m – directional sound power of one vehi-
cle in category m in the frequency range i (125 Hz to
4 kHz) [dB(A)], LWR,i,m – rolling sound power level
[dB(A)], LWP,i,m – sound power level of the propul-
sion unit noise [dB(A)], vm – average speed of vehicles
in category m [km/h].
The calibration of the CNOSSOS-EU model in-

volved adjusting the correction factor ∆Ltyre in such
a way that the directional sound power for cat. 1 ve-
hicles across the entire frequency range changed by ex-
actly the amount indicated by the results of the Reg-
ulation No. 117 tests (UN/ECE, 2011). This relation-
ship was calculated by regression analysis and is as
follows:

∆LW,1(vm=80 km/h) = 0.70⋅∆Ltyre+0.06 [dB(A)], (4)

where ∆LW,1 – variation in the sound power of cat. 1
vehicles across the entire frequency range [dB(A)], vm –
average speed of cat. 1 vehicles, equal to 80 km/h,
∆Ltyre – correction factor for the impact of tyre
noise [dB(A)].
These relationships were obtained using the

CNOSSOS-EU method, but they can also be cal-
culated using other methods. The results obtained
with contemporary models do not differ significantly
(Hałucha, 2023), so the ∆Ltyre factor from the
CNOSSOS-EU model can also be used directly for
other models.
Next, a cost-benefit analysis for selected EU coun-

tries was conducted. Noise exposure data for the pop-
ulation, derived from the strategic noise maps, were
used for the analyses. These data were taken from (Eu-
ropean Environment Agency [EEA], 2024).
First, the number of people exposed to day-

evening-night noise (LDEN) levels greater than
55 dB(A) was calculated. The data reported by EU
member states after the 2016 strategic noise mapping
was used as the baseline scenario. Next, it was calcu-
lated how many people would be exposed to the same
noise level after the introduction of the previously de-
scribed scenarios. It should be noted that the data pro-
vided by the EEA is divided into 5 dB intervals. The
first interval identifies the number of people exposed
to noise levels between 55 dB(A) – 59 dB(A), and the

last interval to noise levels greater than 75 dB(A). To
calculate the number of people exposed to noise within
each range after implementing the successive scenarios,
it was necessary to approximate the data to narrower
0.1 dB intervals. This approximation was done as ac-
curately as possible, however, the lack of knowledge
about the original distribution of people across the
0.1 dB ranges introduces additional uncertainty into
the analyses. Nevertheless, this uncertainty is assumed
to be negligible.
The number of people exposed to LDEN levels

greater than 55 dB(A) was calculated, and the finan-
cial benefits of reducing the population exposed to
noise were then determined. For this purpose, the en-
vironmental costs described in the Handbook on the
External Costs of Transport (European Commission,
2020) were used. These costs are related to the annoy-
ance experienced by people exposed to specific noise
ranges and the associated health effects. The costs were
estimated for 2016, so it is expected that the financial
results will be slightly underestimated considering the
current situation (2024), particularly due to the high
inflation experienced in most EU countries.

3. Impact of surface on tyre labelling
in the environmental noise context

One of the main sources of uncertainty in the re-
sults of tyre labelling (and often a reason the data
on labels may be unrealistic) is the surface on which
the tests are conducted as specified in accordance
with Regulation No. 117 (Sandberg,Mioduszewski,
2022). It is a specific surface (very smooth) meeting the
requirements of the ISO (2021) standard. This issue be-
comes evident when comparing measurement results
for four selected car tyres. First, the results of tests
on the ISO test tracks are presented and compared
with the data on the labels, which is shown in Table 5.
Measurements were taken on four different test

tracks, with tyres 1 and 2 being tested on only
two tracks due to unfavourable meteorological condi-
tions that prevented additional tests. The procedure
used was described in Regulation No. 117 (UN/ECE,
2011), with all requirements met. The test car was
driven at speeds ranging from 70 km/h to 90 km/h.
All pass-by noise levels were measured using a sound
analyser, two microphones with preamplifiers, a lap-
top computer, an external radar and a light barrier,
all of which held valid calibration certificates.
The average sound level calculated using the data

on the labels differs from the sound level derived from
real measurements on the ISO test tracks by just
0.3 dB, which is not significant. However, the variabil-
ity between individual tyres is much more substantial,
with differences of up to 3.0 dB for tyres 1, 2, and 4.
This shows how unrealistic the data on the labels are.
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Table 5. Comparison of the A-weighted average sound level calculated from the label data and the results of measurements
on the ISO test tracks.

Tyre Label values
[dB(A)]

Sound level measured
on the ISO test tracks

[dB(A)]

Calculated
label value
[dB(A)]

Difference between label
and calculated values

[dB]
Tyre 1 67 71.4 70 3

Tyre 2 69 73.6 72 3

Tyre 3 71 73.3 72 1

Tyre 4 74 72.9 71 −3

Weighted average
sound level

71.0 72.9 71.3 0.3

When using this labelled data for acoustic calculations,
it is important to be aware of the significant inaccu-
racies. This is shown in Fig. 2, which illustrates the
results of calculations based on both label data and
test data. The calculations were made for an example
motorway section (traffic scenario A) and expressed by
an equivalent sound level of 60 dB(A).

Fig. 2. Results of acoustic calculations using label data
(green) and measurement values (red).

These differences reflect the results of measure-
ments conducted strictly according to the Regulation
No. 117 procedure on a surface that meets the re-
quirements of ISO 10844 (UN/ECE, 2011). This sur-
face has significantly different acoustic characteristics
from those found on trafficked roads. As a result, this
differences also impact the sound levels in the envi-
ronment. This can be observed by comparing the re-
sults of measurements made for the same tyres on
ISO tracks and typical road surfaces used on trafficked
roads (MA11, SMA8, SMA11, SMA16, EACC). These
data are shown in Table 6.
The variability range of weighted average sound

level from 2.1 dB to 4.2 dB is very high. This can be
also seen in Fig. 3, which shows the results of equiv-
alent sound level calculations for the same section of
motorway.

Table 6. Comparison of noise levels measured on ISO
and typical road surfaces.

Tyre
Sound level measured according
to Regulation No. 117 [dB(A)]

ISO MA11 SMA8 SMA11 SMA16 EACC

Tyre 1 71.4 74.6 75.0 76.5 77.7 76.7

Tyre 2 73.6 75.2 76.0 77.0 76.5 75.8

Tyre 3 73.3 75.3 76.4 77.0 76.4 76.3

Tyre 4 72.9 75.0 75.6 76.9 77.8 77.0

Weighted
average
sound level

72.9 75.0 75.8 76.9 77.1 76.5

Explanations:

– ISO: surface meeting the requirements of the ISO 10844
(UN/ECE, 2011);

– MA11: a Norwegian term for a “soft asphalt” / dense
surface with an 11 mm maximum chipping size designed
for low traffic volume;

– SMA8, SMA11, SMA16: stone mastic asphalt with max-
imum chipping sizes of 8 mm, 11 mm, and 16 mm, re-
spectively;

– EACC: exposed aggregate cement concrete.

Fig. 3. Comparison of noise levels measured on ISO surfaces
and typical road surfaces (black line – ISO, blue line –
MA11, green line – SMA8, red line – EACC, black dashed

line – SMA11, blue dash line – SMA16).

The sound level calculated for the ISO surface is
significantly lower than that for all other real surfaces.
The lowest variability is observed for MA11, though it
is not widely used (it is used in Norway on roads with
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very low traffic). Noise levels for the other surfaces,
especially for the SMA surfaces (used in many Euro-
pean countries), are much higher than those of the ISO
surface currently used for tyre labelling.
An additional problem is the varying ranking of

tyres depending on the road surface on which the tests
are conducted. For example, tyre 1 is quieter than
tyre 2 on the smoother surfaces (such as MA11, SMA8,
and SMA11), but noisier on rougher ones (such as
SMA16 and EACC) – see Table 6. For this reason, it
can be very difficult to choose tyres that consistently
produce the lowest noise levels on all surfaces. This
challenge would also arise if the reference surface for
tyre labelling were changed from the current ISO sur-
face to one of the real-world surfaces.

4. Results of acoustic calculations
and cost-benefit analyses for different noise

mitigation scenarios

First, it was calculated how the noise levels in the
surroundings of different road sections (A – motor-
ways, B – urban motorways, C – main roads, D – urban
roads, E – feeder roads, F – residential roads) wouldTraffic case Results [dB] Results [dB]

A -0.4 -0.9
B -0.3 -0.6
C -0.3 -0.7
D -0.3 -0.6
E -0.2 -0.5
F -0.1 -0.3

-1.0

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.0
A B C D E F

Eq
ui

va
le

nt
 so

un
d 

le
ve

l r
ed

uc
tio

n 
[d

B(
A)

]

Withdrawal of tyres with a sound level above the limit

Withdrawal of tyres with a sound level above or equal the limit

Fig. 4. Reduction in the equivalent sound level after the withdrawal of tyres with noise levels equal to or above the limit.
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Fig. 5. Reduction in the equivalent sound level considering the promotion of quiet tyres in both the sustainable
and optimistic scenarios.

be affected by the withdrawal of tyres with noise levels
above the legal limit. The noise reduction varied from
0.1 dB up to 0.4 dB depending on the traffic scenario
(with the greatest reduction observed on motorways).
A greater improvement (from 0.3 dB up to 0.9 dB) was
found when tyres with noise levels equal to or above
the limit were withdrawn from the market. The results
of the calculations are shown in Fig. 4.
Further noise calculations considered the effects of

promotional activities aimed at encouraging vehicle
owners to choose quieter tyres (see Table 4). The re-
sults of these calculations are presented in Fig. 5.
These findings are also illustrated in Fig. 6, which

show the results of calculations for individual traffic
scenarios on selected road sections in Poland. It shows
the differences between the most optimistic scenario
(in purple) and the current situation where no actions
have been taken (depicted in red). For graphical repre-
sentation, an isophone of 60 dB(A) was used for traffic
scenarios A–E and 55 dB(A) for traffic scenarios F,
where the noise level in the road vicinity was below
60 dB(A).
The greatest reduction in noise is observed on mo-

torways, where vehicles travel at the highest speeds.
For other types of roads, the improvement is smaller
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a) b)

c) d)

e) f)

Fig. 6. Reduction in the equivalent sound level for traffic: a) case A – motorway; b) case B – urban motorway;
c) case C – main road; d) case D – urban road; e) case E – feeder road; f) case F – residential road.

and it depends on the speed of light vehicles and traf-
fic composition. While the reductions are generally
smaller than the measurement uncertainty of ±1.2 dB,
they still demonstrate the potential impact these mea-
sures can have on environmental noise.

A greater improvement is observed when tyres with
sound levels exceeding or equal to the permissible lim-
its are withdrawn from the market. In the case of mo-
torways, this reduction was almost 1 dB. From an
environmental point of view, this is a noticeable im-
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Population of people affected by noise
Base scenario The withdrawThe withdrawThe promot The promotion of quiet tyres ( tic

France 6.561 6.374 6.010 5.834 5.603
Italy 5.540 5.393 5.106 4.966 4.784
Poland 2.171 2.100 1.962 1.895 1.808
Portugal 0.947 0.904 0.821 0.782 0.731
Austria 0.721 0.687 0.624 0.594 0.555
Spain 0.459 0.441 0.407 0.390 0.369
Switzerland 0.427 0.413 0.388 0.375 0.359
Sweden 0.330 0.317 0.293 0.282 0.267
Denmark 0.287 0.273 0.245 0.231 0.214
Netherlands 0.165 0.157 0.144 0.137 0.129
Norway 0.136 0.133 0.125 0.121 0.116
Finland 0.117 0.110 0.097 0.090 0.082
Slovenia 0.114 0.109 0.102 0.098 0.093
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Fig. 7. Comparison of the population exposed to noise above 55 dB(A) in the baseline and noise reduction scenarios
(main roads in selected EU countries).

provement. For other types of roads, excluding resi-
dential roads, the noise reduction ranges from 0.5 dB
to 0.7 dB.
To achieve better results in reducing noise in the

road vicinity, further efforts are needed to promote
the use of quiet tyres by consumers. In an optimistic
scenario, the noise reduction could be significant (over
1.8 dB for motorways). For other roads, the noise re-
duction is significant, but still noticeable for those liv-
ing nearby. In all cases, except residential roads, the
noise reduction would be greater than 1.0 dB.
Based on the results of noise calculations and

the population exposed to noise levels greater than
55 dB(A), it was calculated how the tyre/road noise
reduction scenarios would improve the acoustic con-

Cost
The withdra The withdra The promot The promotion of quiet tyres (

France 9 823 28 827 37 965 49 787
Italy 7 740 22 806 29 913 39 027
Poland 3 283 9 634 12 667 16 576
Portugal 1 660 4 842 6 349 8 279
Austria 1 277 3 722 4 889 6 388
Spain 0 719 2 105 2 768 3 621
Switzerland 0 671 1 965 1 997 3 385
Sweden 0 518 1 517 2 585 2 616
Denmark 0 531 1 545 2 028 2 647
Netherlands 0 277 0 810 1 065 1 394
Norway 0 192 0 565 0 746 0 982
Finland 0 240 0 696 0 912 1 187
Slovenia 0 185 0 540 0 710 0 930
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Fig. 8. Financial benefits for one year after implementation of noise reduction scenarios.

ditions in the road environment. These improvements
are shown in Fig. 7 for main roads in selected EU coun-
tries.
The most effective measures are those outlined

in the strategies, which include the withdrawal of the
noisiest tyres and the promotion of the quietest tyres.
In these cases, the reduction in the number of people
exposed to noise is significant and noticeable. The in-
troduction of the other strategies also yields a desired
effect, although not so high, but still measurable.
The financial benefits were calculated based on the

variability of the environmental costs in the baseline
scenario and the noise reduction scenarios. These ben-
efits are presented in Fig. 8 showing the gains for the
country concerned over a one-year period.
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The introduction of the analysed scenarios can
bring significant financial benefits. For the selected
countries, these benefits could amount, in optimistic
scenario, to almost e50 million for France, almost e40
million for Italy and more than e15 million for Poland.
It should be highlighted that these are benefits for
a one-year period, which will be proportionally mul-
tiplied in the long term.
The financial benefits were calculated for major

roads outside urban agglomerations. No less important
are the roads within cities, which were not included in
these analyses. In these cases, the noise reduction as-
sociated with the use of quiet tyres will be lower due
to the lower speeds of cars. However, an improvement
in acoustic conditions will still be observed in the sur-
roundings of main roads and motorways in cities. In the
ELANORE technical report (Bohatkiewicz et al.,
2024), financial benefits were also estimated for se-
lected cities. For example, the annual benefit for Rome
is almost e6 million, for Budapest it is more than e4.5
million, and for Prague it is more than e4 million per
one year.
Promoting quiet tyres to consumers also incurs

costs. At present, it is not possible to make a precise
estimate of these costs, because measures to promote
low-noise tyres can be implemented on different scales.
The necessary financial effort will depend on the scale
of the measures taken; however, the costs will certainly
be far lower than the financial benefits.

5. Summary

Decreasing the noise level of vehicle tyres is an
effective measure to improve environmental acoustic
conditions. This is especially important because there
is the increasing number of electric vehicles on the
road, for which tyre/road noise is the most important
source of sound. Encouraging consumers to use low-
noise tyres can lead to a considerable reduction in envi-
ronmental noise. However, it is essential that the data
on the labels must be accurate and reflect the noise
characteristics of tyres on surfaces commonly used on
roads.
The procedure described in Regulation No. 117

(UN/ECE, 2011) is currently used for tyre labelling.
However, it is characterised by high uncertainties due
to, e.g., the influence of the road surface on which the
tyres are tested (along with other factors not stud-
ied in the article, including variations in test tyres,
the influence of the test vehicle, meteorological condi-
tions, and more). The results of testing four selected
car tyres using this procedure indicated differences be-
tween the label data and the calculated values based
on measurements from the ISO test track. The vari-
ability of the weighted average sound level was 0.3 dB,
which is not a large difference. More importantly, the
differences for individual tyres, in some cases, reached

up to 3.0 dB. This shows the inaccuracy of the current
label data, which very often fail to reflect the real noise
level of the tyres.
The results of measurements and calculations show

that tyre noise levels vary according to the road sur-
face. First, it should be emphasised that the ISO
surface used for the labelling has acoustic character-
istics that differ significantly from those of other sur-
faces used on trafficked roads. The weighted average
sound level calculated for the four tested tyres tested
on the ISO surface differs from that on the other pave-
ments by from 2.1 dB to 4.2 dB. In each case, the sound
level measured on the test track is lower than that
measured on the real road sections. The smallest vari-
ability was observed for the MA11 pavement (a very
smooth asphalt surface), which is not widely used on
roads in European countries. The variability between
the sound level measured on the ISO and rougher pave-
ments (e.g., SMA11 or SMA16) is more than 4.0 dB.
From an environmental perspective, this is a very large
discrepancy.
More important is the fact that the same tyres

produce different noise levels on different real sur-
faces. The maximum variability of the weighted aver-
age sound level is 2.1 dB (between MA11 and SMA16).
The ranking of tyres also varies depending on the road
pavement. For example, tyre 1 is quieter than tyre 2
on smoother surfaces (MA11, SMA8, and SMA11) but
noisier on rougher ones (SMA16 and EACC). This
has a direct impact on the precision of environmental
noise calculations. These results indicate that vehicle
tyre labels are biased by additional inaccuracies due
to the varying characteristics of typical road surfaces.
The same tyre may be quieter on one road surface and
noisier on another.
It is not possible to eliminate most of the uncer-

tainty components of the current procedure. Therefore,
replacing it with another measurement method should
be considered. For example, a laboratory method using
drums equipped with a replica of the road surface ap-
pears to be a promising direction. Similar methods are
already used to measure tyre rolling resistance. Consid-
eration should also be given to equipping these drums
with replicas of real pavements (e.g., SMA11 or AC11),
which are widely used in most EU countries.
Despite these differences, efforts should be made to

reduce the noise level of tyres and to promote those
with low noise on the most widely used surfaces. The
results of equivalent sound level calculations for se-
lected road sections, varying traffic parameters (from
motorway to residential road), showed that this is an
effective noise reduction measure. Withdrawing vehi-
cle tyres from the market with sound levels above the
permissible limits can reduce noise by 0.4 dB on mo-
torways to 0.1 dB on residential roads. This reduction
could be significantly increased by lowering the per-
missible limits and promoting low-noise tyres to con-
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sumers. In this case (optimistic scenario) environmen-
tal noise could be reduced by 1.8 dB on motorways to
0.5 dB on residential roads. For all other road cate-
gories in this scenario, the noise reduction is greater
than 1.0 dB. This is a significant improvement in the
acoustic conditions around roads. In addition, it is
a source-based action, which is always characterised
by high efficiency.
Decreasing environmental noise exposure also re-

sults in a reduction in the number of affected people.
Based on data taken from the strategic noise maps, it
was calculated how many fewer people would be ex-
posed to noise levels in the 55 dB(A) noise range after
the introduction of the measures described in the arti-
cle. For the countries with the largest populations ex-
posed to adverse noise impacts (among those selected
for the analyses), highly beneficial effects were ob-
served with the implementation of the different strate-
gies. The most prominent examples are France and
Italy, where the number of people exposed to noise
above 55 dB(A) can be reduced by almost one million
people. Reducing the exposure of the population to ex-
cessive noise brings significant financial benefits. These
are estimated at nearly e50 million for France, almost
e40 million for Italy, and more than e15 million for
Poland. These benefits are for a one-year period, which
will be multiplied proportionally in the long term. Re-
ducing the noise of car tyres is thus justified from an
economic point of view as well.
The use of low-noise tyres is very important in

terms of environmental protection. Withdrawing the
noisiest tyres from the market and promoting low-noise
tyres can significantly reduce environmental noise.
A necessary condition for achieving this is to improve
the labelling system for car tyres so that the data pre-
sented on the labels are as realistic as possible.
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