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Abstract: Road traffic noise is a significant environmental
risk factor to the human health, resulting in the necessity
for accurate noise prediction models with less uncertainty.
Several standards and methods are available in commer-
cial noise modeling software to predict noise levels from
road traffic noise, such as ISO 9613-2, CNOSSOS-EU, RLS 19,
NMPB2008, RMG2012 and Nord2000. However, many of
these standards were developed for specific national con-
ditions and thus have limitations in wider applications. For
instance, the RLS 19 standard is most suitable for the
German road network, the NMPB2008 standard is tailored
to French conditions, the RMG2012 is Dutch and the
Nord2000 standard is predominantly applied in Northern
Europe. Similarly, the use of CNOSSOS-EU is limited to Eu-
ropean Union member states that have transposed the
method into national law, as recommended by the Envi-
ronmental Noise Directive (END), due to varying road
surface characteristics across countries. In contrast, the
ISO 9613-2 standard, entitled “Acoustics – Attenuation of
sound during propagation outdoors – Part 2: Engineering
method for the prediction of sound pressure levels out-
doors” provides a general engineering framework for
estimating noise levels from several sources, such as road
traffic noise. This paper presents the results of a thorough
investigation in which predicted noise levels from ISO 9613-
2 and CNOSSOS-EU models were compared with measured
data for a road section with relatively low traffic volume.
The purpose of this study is to identify the modeling

approach that delivers the most realistic predictions, of-
fering guidance on selecting appropriate methods and
techniques for similar traffic conditions. The findings
contribute to a better understanding of the applicability of
the evaluatedmethods for noisemodeling of roadswith low
traffic volumes, highlighting their respective strengths and
limitations. This comparison can support environmental
authorities and acoustic consultants in selecting the most
suitable prediction method for local and national assess-
ments, and it provides a basis for improving model cali-
bration and adaptation in future studies.
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1 Introduction

Road traffic noise is a major source of environmental noise
pollution; beyond its loudness, it causes a frequent annoy-
ance that affects many aspects in our life [1]. Therefore, it is
often called the secondmost significant environmental noise
source [2–4]. In general, noisy urban environments tend to
have adverse effects on our mental health, wellbeing and
daily activities [5–7]. In Europe, road traffic noise is ranked
as the second most common environmental risk factor to
human health, after fine particle pollution [8]. Loud engines,
vehicle horns and tire-road interaction noise can weaken
both mind and body, in turn triggering unpleasant emotions
[9]. Prolonged noise exposure can also lead to cardiovascular
illnesses [10–12], including heart attacks and hypertension
[13, 14]. It can also negatively influencework and educational
environments, cognition, communication, and attention [15–
17]. In addition, the overall burden of road traffic noise in the
European Union, including healthcare costs and productiv-
ity losses, is estimated at 40 billion euros annually [18].
Consequently, the implementation of effective mitigation
measures is essential to reduce road traffic noise pollution
and its adverse effects.
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Promoting quieter modes of transport, such as Electric
Vehicles (EVs), encouraging the use of quiet tyres and low-
noise pavements [19], reducing road speed limits [20] and
building durable noise barriers [21] are among the key
measures recommended for adoption by EU member states.

To evaluate the effectiveness and reduce the imple-
mentation costs of such measures, noise mapping method-
ologies are commonly applied by engineers through
specialized computer software. However, outdoor noise
propagation simulations pose significant challenges due to
the diversity of noise sources, the variability of environ-
mental conditions, and the complexity of urban geometries
involving multiple reflective and absorptive surfaces [22].

A variety of techniques have been integrated into com-
mercial software to support road traffic noise modeling,
including ISO 9613-2, CNOSSOS-EU, RLS 19, NMPB2008,
RMG2012, CoRTN and Nord2000. However, since these
methods are based on different methodologies, their preci-
sion and accuracy in predicting noise levels can vary.
Existing literature has studied and compared road traffic
noise modeling standards and calculation methods. For
instance, a study conducted in Ireland evaluated noise
exposure results produced by CNOSSOS-EU and CoRTN
against on-site measurements. The findings indicated that
CNOSSOS-EU reflects the real noise situation more accu-
rately than CoRTN, showing an average deviation of less
than 2 dB(A) from roadside measurements [23]. Another
study examined multiple road traffic modeling scenarios,
such as variations in vehicle speed and source-receiver
distance using CNOSSOS-EU, Nord2000 (2006 version) and
TRANEX. Significant differences were observed across the
models; however, the results showed that TRANEX and
CNOSSOS-EU reproduced theNord2000LAeq valueswithin 3–
5 dB(A) for most scenarios [24]. Further differences between
CNOSSOS-EU and Nord2000 noise predictions are also well
documented in the literature. In Sweden, sound power levels
calculated by the two models at various vehicle speeds
indicated that CNOSSOS-EU systematically under-predicted
noise levels by approximately 0.1–4 dB(A) [25]. Similarly,
another research evaluated the suitability of CNOSSOS for
implementation in Finland by comparing its predictions
with those of Nord2000 for LDVs, MDVs, and HDVs across
speeds ranging from 40 to 120 km/h. Their results showed
model discrepancies of roughly 0.7–4.6 dB(A) [26, 27]. This
study presents a unique comparison that focuses on CNOS-
SOS-EU and ISO 9613-2 as the most widely applied frame-
works for road traffic noise prediction beyond national
contexts [28–30].

The Commission Directive (EU) 2015/996 first introduced
the Common NOise aSSessment methOdS (CNOSSOS-EU) in
2015 as a standardized method for modeling road traffic

noise and supporting the development of solutions that
consider environmental, economic and societal aspects. The
directive was adopted to harmonize noise assessment across
EU member states in line with the requirements of the
Environmental Noise Directive (END) [8, 30, 31]. CNOSSOS-EU
seeks to achieve a balance between conservation and
development, which promotes the preservation of natural
habitats and cultural settlements from the adverse effects of
road traffic noise pollution [23]. For example, the framework
incorporates nature-based solutions into urban planning,
such as acoustic landscapes and green barriers. It also clas-
sifies noise emissions from internal combustion vehicles
into four main categories, with a fifth ‘open category’
reserved for future needs, such as electric vehicles (EVs) [30,
32, 33]. Therefore, cooperation among environmentalists,
lawmakers, and local EU communities is often essential to
ensure the successful implementation of these solutions.

Generally, the CNOSSOS-EU road traffic noise model
accounts for noise generated from tire-road surface inter-
action and from the vehicle driveline (engine, exhaust, etc.)
[30, 32], the latter being zero for electric vehicles [33]. The
model also incorporates the influence of 14 different road
surface types, represented as correction coefficients (αi,m
and βm) relative to a reference road for all vehicle categories,
as detailed in Annex II of the documentation [30, 34–36].
However, since the acoustical characteristics of road surface
types vary across EU countries [30], it is recommended that
national coefficients be determined for eachmember state in
order to increase the accuracy of the CNOSSOS-EU road
traffic noise model [37].

The ISO9613-2 standard, entitled “Acoustics–Attenuation
of sound during propagation outdoors – Part 2: Engineering
method for the prediction of sound pressure levels outdoors”
was first released in 1996 and revised in 2024. It is applicable
to noise from a wide variety of sources, including industrial
plants, road traffic, railways and construction activities, and is
intended for use in environmental noise impact assessments.
The method accounts for the physical effects of geometrical
divergence, atmospheric absorption, ground effect, re-
flections from surfaces and screening by obstacles [28, 29].
However, outdoor sound propagation studies have revealed
certain limitations in the implementation of ISO 9613-2:1996
calculations, particularly with respect to the modeling of
ground effect, multi-edge diffraction, and reflections from
curved surfaces [38, 39]. Therefore, ISO 9613-2:2024 was
developed to overcome these limitations.

The 2024 technical revision introduced several key im-
provements. These include a subdivision of extended sour-
ces to reduce uncertainty in software implementations, an
improved determination of the ground factor (G), the inte-
gration of a correction for the ground effect (Agr), a new
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strategy for calculating screening effects as recommended in
ISO 17534-3:2015, and a modification of the barrier attenua-
tion specification (Dz). Additional refinements include a
correction for meteorological effects (Kmet), the elimination
of deficiencies for low barriers and large source-receiver
distances, improved handling of reflections from cylindrical
surfaces and the introduction of a directivity correction (Dc)
for chimney stacks [29].

This paper presents the results of road traffic noise
modeling using the CNOSSOS-EU and ISO 9613-2 approaches
in comparison with measured noise levels. It further ex-
amines the influence of the ground effect correction factor
and the improved screening calculations introduced in the
second edition of ISO 9613-2 by comparing the results ob-
tained from both versions. The findings are expected to
identify the modeling approach that provides the most
realistic predictions, which in turn offers guidance on the
selection of appropriate standards for similar traffic condi-
tions and paving the way for more comprehensive com-
parisons in future research.

2 Materials and methods

In this paper, the methodology of noise modeling combined
with noise measurements was utilized to evaluate the ac-
curacy of different road traffic noise modeling approaches.
The following subsections summarize the materials,
methods and parameters used in the noise modeling soft-
ware for each approach.

2.1 Methodology

A noise measurement campaign was undertaken for 8 days
during daytime (9 am–5 pm) along a road section with
relatively low daily traffic volumes. Equivalent continuous
sound pressure levels were recorded simultaneously at two
measurement points (MP1 and MP2) at 15-min intervals
(LAeq,15 min). The measurement points were positioned
perpendicularly to the road section, as shown in Figure 2.
MP1 was located 6 m from the centerline of the road at a
height of 1.75 m above ground level, representing near-field
propagation conditions. MP2was located 65 m from the road
centerline at a height of 4.65 m, capturing far-field propa-
gation. It should be noted that the ground level at MP2 was
approximately 2 m lower than at MP1 due to the road
embankment. Figure 1 illustrates the distances of MP1 and
MP2 from the centerline of the road.

The measured data were then processed to derive the
hourly average noise levels (LAeq,1 h) for the daytime periods.

An example of the data processing from LAeq,15 min to LAeq,1 h
is presented in Table 1. The same process was followed to
obtain the hourly average noise levels (LAeq,1 h) for all mea-
surements. For the noise modeling exercise, 10 h corre-
sponding to peak traffic periods on weekdays
(Monday – Friday) during daytime were selected and
considered representative of the overall measurement
campaign, as the measured noise levels showed minimal

Figure 1: Measurement points (MP1 and MP2) distances from the road’s
centerline.

Figure 2: Measurement points (MP1 and MP2) adjustment.

O. Odeh and D. Kocsis: Evaluating noise models performance against measured road noise levels 3



variation across different days due to the low and uniform
traffic volumes, confirming consistent weekday traffic
patterns.

During the campaign, it was observed that the sur-
rounding topography is mostly flat, with the exception of the
road, which is elevated by approximately 2 m above the
adjacent terrain with an embankment. The road surface
consists of hard ground, while the adjacent agricultural land
represents soft ground. Additionally, the galvanized steel
safety fence shown in Figure 2 was measured, and found to
have a thickness of approximately 0.3 m and a height of 0.5 m
above the road surface. On average, the meteorological
conditions measured during the campaign were 15 °C air
temperature, 1,013.3 mbar air pressure, and 70 % relative
humidity.

The collected data were then used to develop the base
noise model. In the model, the road surface was assigned a
ground factor of 0, representing acoustically hard ground
with no absorption, while the surrounding agricultural land
was assigned a ground factor of 1, representing acoustically
soft ground with high absorption [28, 29, 40]. The main ap-
proaches studied in this paper include the CNOSSOS-EU
model, the ISO 9613-2:1996 and ISO 9613-2:2024 Line Source
models. The following subsections describe in detail the
modeling setup and the parameters applied in each
approach.

In this study, the simulations were performed using
SoundPLAN 9.1, a professional environmental noisemodeling
software that supports multiple standardized calculation
methods, including CNOSSOS-EU and both versions of ISO
9613-2 (1996 and 2024).

2.2 The CNOSSOS-EU model

In the CNOSSOS-EU documentation, vehicles are classified
into five categories according to their noise emission char-
acteristics. Category 1 covers light motor vehicles, including
passenger cars, delivery vans up to 3.5 tons, sport utility
vehicles, and multi-purpose vehicles with trailers or cara-
vans. Category 2 includes medium-heavy vehicles, such as

delivery vans over 3.5 tons, touring coaches, and two-axle
buses with dual tires on the rear axle. Category 3 consists of
heavy-duty vehicles, namely buses and coacheswith three or
more axles. Category 4 refers to powered two-wheelers,
subdivided into 4a for mopeds, tricycles, and quadricycles
up to 50 cc, and 4b for motorcycles, tricycles, and quadri-
cycles exceeding 50 cc. Finally, Category 5 serves as an open
class intended primarily for future needs, such as Electric
Vehicles [30, 32, 33]. Additionally, the equivalent noise source
for all categories is considered at 0.05 m above road level to
represent the effective source height of the tire-road contact
noise [30].

To predict the road traffic noise emissions in the
CNOSSOS-EU model, the number of vehicles passing by a
road section in 1 h (veh/h) is an essential input. Table 2
summarizes the traffic count for the 10 representative hours
obtained from the measurement campaign.

Many other parameters influence the CNOSSOS-EU road
traffic noise model, such as vehicle speed and road surface
type [30, 37]. Therefore, to ensure a high level of accuracy,
the requiredmodeling parameters were collected during the
measurement campaign and from official local sources. Ta-
ble 3 summarizes the parameters used in the CNOSSOS-
EU model.

Annex II in the latest version of CNOSSOS-EU contains
tables with αi,m and βm coefficients for 14 road surface types
based on the Dutch road network [41, 42]. Both coefficients
account for the effect of a particular road surface on the
noise emissions. However, road surface types and condi-
tions vary considerably across Europe, resulting in signif-
icant differences in their acoustic properties [30, 37].
Therefore, all EUmember states are required to implement
the transposition of the CNOSSOS-EU method into their
national law to comply with EU requirements. Hungary
implemented this transposition and the road surface co-
efficients were published officially [43]. Table 4 presents
αi,m and βm coefficients for the B217 SMA-11 crushed stone
mastic asphalt road surface type which was considered in
the CNOSSOS-EU model.

Then, the emission time slice was set to 1 h and the noise
levels atMP1 andMP2were calculated for the representative
10 h considering the traffic data in Table 2.

2.3 The ISO 9613-2 models

ISO 9613-2, first published in 1996, has been widely utilized
by acousticians worldwide as a tool to predict sound prop-
agation in outdoor environments. The standard is commonly
applied to estimate noise levels generated by diverse sour-
ces, such as industrial noise, road traffic noise and railway

Table : Data processing for hour  measurement.

Measurement
Point

Measurement time

:–: :–: :–: :–:

MP – LAeq, min . . . .
MP – LAeq, h .
MP – LAeq, min . . . .
MP – LAeq, h .
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noise. However, with advances in computational noise
modeling, environmental acoustics, and prediction meth-
odologies, the standardwas revised in 2024. The updated ISO
9613-2:2024 introduced new correction factors, such as the
ground effect correction factor (Kgeo) and refined existing
formulas, including improved barrier attenuation calcula-
tions (Abar), in order to enhance the accuracy of noise pre-
dictions under a variety of environmental conditions [29].
Therefore, within the ISO 9613-2 framework, this study
evaluates the effect of the revision on road traffic noise
modeling utilizing the line source method and presents the
results obtained from both the 1996 and 2024 versions, as
follows:
– ISO 9613-2:1996 Line Source model
– ISO 9613-2:2024 Line Source model

The line source models were configured with a noise emis-
sion line representingmultiple point sources extended along
the centerline of the road, perpendicular to MP1, at a height

of 0.05 m above ground level to maintain consistency with
the CNOSSOS-EU model setup. The sound power level of the
line source was back-calculated from the measured sound
pressure level at MP1 for the 10 representative hours and
then used to simulate the hourly equivalent noise levels
(LAeq,1 h) at MP2. This setupwas applied to assess the far-field
propagation in both versions of ISO 9613-2.

In contrast, this study is limited to presenting the impact
of the updates introduced in ISO 9613-2:2024 on the modeled
results, focusing primarily on the differences arising from
the ground effect correction factor (Kgeo) and the barrier
attenuation calculations (Abar), compared with the 1996
version. The modeling exercise does not attempt to reassess
the entire standard but rather focuses on how these re-
finements influence the accuracy of noise prediction ap-
proaches under the selected measurement conditions, with
the ultimate aim of identifying the most realistic and
representative approach when compared to the measured
values at MP1 and MP2.

Table : Traffic count for the representative measurements during peak periods in veh/h.

Vehicle
category

Measurement hour

Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour 
:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:-
:

Category           

Category           

Category           

Category a          

Category b          

Table : CNOSSOS-EU model inputs.

Parameter Vehicle speed Tyres Road surface type Lane width

Value Constant,  km/ha Non-studded Tyres B SMA- .m
Source Measurement Measurement Hungarian Local Road Authority [] Measurement

aAverage speed.

Table : αi,m and βm coefficients for B SMA- [].

Road surface type Vehicle category αi,m βm

Hz Hz Hz Hz ,Hz ,Hz ,Hz ,Hz

B SMA- Category  . . . . . −. −. −. .
Category  . . . . . . . . .
Category  . . . . . . . . .
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3 Results and discussion

This present section summarizes the results of this study.
Table 5 presents the results at both measurement points,
MP1 and MP2, for 10 measurement hours deemed repre-
sentative after processing the 8-day campaign data.

The following sub-sections present the calculated noise
levels obtained from the CNOSSOS-EU, ISO 9613-2:1996 and
the ISO 9613-2:2024 for two modeling scenarios, to compare
the impact of the fence on different modeling approaches.

3.1 Calculated noise levels without
considering the fence

In this scenario, the galvanized steel safety fence that exists on
both sides of the road at 0.5 m from the road level and is
approximately 0.3m thick, was not considered at first, to
compare the results of sound propagation through modeling
with the measured noise levels. Table 6 below presents the
calculated noise levels with each approach without the fence.

The results above show that the CNOSSOS-EU model
slightly over-predicted MP1 by +0.22 dB(A) on average and
over-predicted MP2 by +2.76 dB(A). For the ISO 9613-2 Line
Source models (both 1996 and 2024), the difference at MP1 is

0 dB(A). This is because the emission levelwas back calculated
from themeasured values atMP1, ensuring perfect alignment
at this location to evaluate the free-field soundpropagation.At
MP2, ISO 9613-2 Line Source (both 1996 and 2024) over-
predicted by an average of +2.96 dB(A). It was observed that
the sound propagation of ISO 9613-2:2024 matches that of ISO
9613-2:1996 due to the fact that the noise source and receiver
in are not as high above the ground compared to the distance
between them [28, 29]. Figure 3 illustrates the Mean Average
Error and Standard Deviation between the measured noise
levels and the modeled noise levels.

In summary, the results without considering the fence
indicate that the sound propagation of the CNOSSOS-EU and
ISO 9613-2 line source models tend toward over-prediction.

3.2 Calculated noise levels considering the
fence

The galvanized steel fence wasmodelled in this scenario and
defined with a high reflection coefficient (0.9) [45–47] to
evaluate its impact on the sound propagation regardless of
its small surface area. Since MP1 is located at the barrier, no
effect on its modeled noise levels was observed. Therefore,
Table 7 below presents the modeled noise levels at MP2 only.

Table : Measured noise levels Leq, h in dB(A).

Measurement
Point

Measurement hour

Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour 
:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

MP . . . . . . . . . .
MP . . . . . . . . . .

Table : Calculated noise levels (Leq, h) without considering the fence in dB(A).

Method Measurement
Point

Measurement hour

Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour 
:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

CNOSSOS-EU MP . . . . . .  . . .
MP . . . . . . . . . .

ISO -:
line source

MP . . . . . . . . . .
MP . . . . . . . . . .

ISO -:
line source

MP . . . . . . . . . .
MP . . . . . . . . . .
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The fence was found to have a negligible impact in the
CNOSSOS-EU model with a 0.21 dB(A) reduction, which can
be linked to the definition of its sound propagation models
[30]. However, the effect is much more pronounced in the
ISO 9613-2 models, with a 4.49 dB(A) reduction in the ISO
9613-2:1996 Line Source model and a 2.73 dB(A) reduction in
the ISO 9613-2:2024 Line Sourcemodel. In general, the largest
reductions occurred in the ISO 9613-2:1996 Line Source
model and the smallest reduction occurred in the CNOSSO-
S-EU model. The fluctuations in noise reduction between
both ISO 9613-2 versions can be attributed to the improved
screening calculations implemented in ISO 9613-2:2024 as
developed in ISO 17534-3:2015 [28, 29, 48].

Table 8 presents a comparison between the modeled
results of the fence scenario and themeasured noise levels at
MP2, where a negative value indicates a lower predicted
noise level in comparison with the measurement.

The difference in noise levels from MP2 measurement
values indicate that the fence scenario is more accurate for
the free-field sound propagation in the CNOSSOS-EU and ISO
9613-2 Line Sourcemodels. On average, the differences in the
CNOSSOS-EU results from the measurements dropped from

+2.76 dB(A) to +2.55 dB(A). The ISO 9613:1996 Line Source
model decreased the noise levels at MP2 significantly
to −1.5 dB(A) below the measured value, while the ISO 9613-
2:2024 Line Source model was found to be the most realistic,
being only +0.23 dB(A) above the measured values at MP2.

3.3 General discussion

Tables 6 and 7 present road traffic noise modeling results for a
road section with a relatively low hourly traffic volume, uti-
lizing theCNOSSOS-EUand the ISO9613-2 Line Sourcemethods.
The galvanized steel safety fence was modeled in one scenario
and assumed to be negligible in the other scenario, to evaluate
its influences on the predicted noise levels. In both scenarios, it
was observed that the ISO 9613-2 Line Source models are
realistic as they provide high accuracy and small difference
compared to the measured values at MP2. Additionally, even
though the CNOSSOS-EU method was intended primarily for
strategicnoisemappingpurposes [30], theCNOSSOS-EUmodels
in both scenarios showed almost no difference from the mea-
surement results at MP1 and less than 3 dB(A) difference at

Figure 3: Mean average error without the fence
in dB(A).

Table : Calculated noise levels (Leq, h) at MP considering the fence in dB(A).

Method Measurement
Point

Measurement hour

Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour 
:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:-–
:

:–
:

CNOSSOS-EU MP . . . . . . . . . .
ISO -:
line source

. . . . . . . . . .

ISO -:
line source

. . . . . . . . . .
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MP2, which is an accepted uncertainty of the model in com-
parison with the measurement [28, 29, 49]. The CNOSSOS-EU
predicted noise levels at MP1 in both scenarios were found to
be the same, as the receiver point is located at 1.75m above
ground level, which is well above the fence. However, it should
be noted that the CNOSSOS-EU model is recommended for use
only in EU member states that have already incorporated the
CNOSSOS-EU method into their national road traffic noise law
[37], as the road surface type has a significant impact on the
road traffic noise emissions [30, 37].

In general, the results above revealed that the newly
introduced groundeffect correction factor (Kgeo) in the ISO9613-
2:2024 has no impact on this study since the source and receiver
heights are not as large compared to the distance between them
[28, 29], which was advised by research that recommended the
need for the ground effect correction factor to reduce the
modeling uncertainty which existed in the ISO 9613-2:1996. On
the other hand, the ISO 9613-2 Line Source model predicted
results atMP2 are 1.76 dB(A) less in the 2024update compared to
the 1996 version due to the improved barrier calculations
implemented in the ISO 9613-2:2024 [28, 29, 48].

Figures 4 and 5 present a comparison of the vertical
sound propagation in the CNOSSOS-EUmodels utilizingHour

1 measurement data. It is observed that at the MP2 location,
the impact is more pronounced at around 9m above the
ground rather than the measurement height (4.65 m above
ground level), resulting in nearly identical predicted noise
levels at MP2 in both scenarios, with a 0.2 dB(A) difference.

Figures 6–8 illustrate the vertical sound propagation of
the ISO 9613-2:1996 and the 2024 Line Source without the
fence, the ISO 9613-2:1996 Line Source and the ISO 9613-2 Line
Source with the fence for Hour 1 measurements. It was
observed that in the no fence scenario both versions of the
ISO 9613-2 have identical sound propagation since the impact
of the ground effect correction factor (Kgeo) is minimal [28,
29]. However, the impact of the improved screening algo-
rithms is more pronounced in the fence scenario, where the
predicted noise level of the 2024 version at MP2 is 1.8 dB(A)
less than that of the 1996 version, resulting in higher accu-
racy and predicted noise levels which are closer to the
measured value.

The results of both modeled scenarios expressed that in
the case of a relatively light traffic volume, the most repre-
sentative approach to use in the noise modeling software is
the ISO 9613-2:2024 Line Source model. However, this
method requires a known sound power level or sound

Table : Difference in noise levels at MP considering the fence in dB(A).

Method Measurement
Point

Measurement hour

Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour  Hour 
:-
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

:–
:

CNOSSOS-EU MP . . . . . . . . . .
ISO -:
line source

−. −. −. −. −. −. −. −. −. −.

ISO -:
line source

. . . . . −. . . −. .

Figure 4: Cross-section noise map – no fence scenario: CNOSSOS-EU.
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pressure level. Moreover, the CNOSSOS-EU method provides
less accuracy with the distance from the source but main-
tains ease of use if the road surface type’s parameters are
known [30, 37] as it only requires the traffic count to generate
the sound power level of the road.

Although the modeling and measurement campaign
were carefully planned, this study has certain limitations.

The analysis was conducted on a single road section char-
acterized by low and relatively uniform traffic volumes,
whichmay not fully represent conditions on higher-capacity
or more complex road networks. Moreover, the comparison
focused on weekday peak hours under favorable meteoro-
logical conditions, excluding potential effects of night-time
propagation and seasonal variability. These factors may

Figure 6: Cross-section noise map – no fence scenario: ISO 9613-2:1996 and 2024 line source.

Figure 7: Cross-section noise map –fence scenario: ISO 9613-2:1996 line source.

Figure 5: Cross-section noise map – fence scenario: CNOSSOS-EU.
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introduce some uncertainty in the noise levels and limit the
broader applicability of the results. Nevertheless, the find-
ings provide a reliable baseline for future studies aiming to
evaluate the performance of CNOSSOS-EU and ISO 9613-2
methods under more diverse traffic and environmental
scenarios.

4 Conclusions

In this paper, road traffic noise levels predicted by two ap-
proaches, namely: the CNOSSOS-EU, and the ISO 9613-2 Line
Source models were studied for a road section with rela-
tively low daily traffic volume. Two scenarios were modeled
in the study to evaluate the impact of a thin safety fence
located across the road section on both sides and to compare
the modeling results to the measurement to select the most
representative approach.

To increase the accuracy of the noise model, an 8-day
measurement campaign was carried out and all necessary
parameters for the model were collected from the site, such
as meteorological conditions, traffic count, vehicle speed,
etc. The measurement results were then processed and 10
measurements –each lasting for 1 h– were considered
representative and used for the comparison with the
modeled noise levels. Based on the results, it was observed
that the inclusion of the fence in the models led to a better
alignment with the measured noise levels, indicating that
the fence had a beneficial influence on the accuracy of the
predictions.

Although this paper focuses on comparing predicted
noise levels of the ISO 9613-2 and CNOSSOS-EU with the
measured noise levels, it also paves the way for more
comprehensive analyses on roads with higher traffic vol-
umes and the potential inclusion of additional national road
noise standards, such as RLS-19, NMPB2008, RMG2012 and
Nord2000. Such extensions would contribute to identifying

the most suitable road traffic noise modeling technique for
different contexts.

In summary, the ISO 9613-2:2024 Line Source model was
found to provide the most realistic representation of road
traffic sound propagation. However, the CNOSSOS-EUmodel
can also serve as a valid alternative, but only if road surface
correction factors are available and the method has been
formally transposed into national legislation within the
respective EU country [37].
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