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The accuracy of input data is a key issue in sound propagation model calculations. This paper aimed

to assess the effect of building and land cover input data accuracy on CNOSSOS-EU sound
propagation model outputs. Calculations were performed for a study site with a quite diverse land
cover structure, located along a major road in Monor, Hungary. Nine test cases were defined based
on building and land cover datasets with different accuracy. Comparing the results of the test cases
to each other, it was found that in residential areas, the sound propagation model is more sensitive to
the building data than to the land cover data. Therefore, it is recommended to use more detailed
building input data in those areas, while using a land cover database with higher resolution than
CORINE land cover data does not provide significantly better results. In non-residential areas, the
influence of land cover input data on model results increases significantly.
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I. INTRODUCTION

According to Environmental Noise Directive
2002/49/EC (END), the first European Directive
about strategic noise mapping, EU Member States
are required to prepare strategic noise maps and
action plans for agglomerations (urbanized areas
with more than 100 000 inhabitants), and also for
major roads, major railways and major airports every
five years. Strategic noise maps are required for each
transport sector, applying the day-evening-night
noise indicator (Lden [dB]: day-evening-night sound
level, defined by the formula (1), according to the
Annex | of END) and the night-time noise indicator
(Lnight [dB]: night sound level, defined by the
description below the formula (1)). Based on the
emission values calculated from annual average
daily traffic data, the immission values at the
receivers are determined by a model calculation
describing the sound propagation. To prepare the
strategic noise maps, Member States are required to
use the new common assessment methods
(CNOSSOS-EU method, a harmonised
methodological framework for noise assessment,
developed through the project “Common NOise
aSSessment methOdS in the EU” lead by the Joint
Research Centre of the European Commission
between 2008-2014 [1]) published in the
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Commission Directive (EU) 2015/996 from 1
January 2019.
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where: Lday, Levening and Lnight are the A-
weighted long-term average sound levels [dB] as
defined in ISO 1996-2: 1987 [2], determined over all
the day, evening and night periods of a year
successively.

To develop the sound propagation model of the
CNOSSOS-EU  method, three existing sound
propagation models (NMPB 2008: “Nouvelle
Méthode de Prévision du Bruit des Routes”, the
French method for road traffic noise prediction [3],
HARMONOISE: developed within the frame of the
European project “Harmonoise”, 2001-2004 [4] and
ISO 9613 1 [5]) were evaluated on the basis of
several criteria (namely precision, accuracy,
computational speed, flexibility, simplicity, and
number of parameters) [6]. The results of the
investigation showed that the most complex
HARMONOISE model, requires too high
calculation time, which makes the model unsuitable
for large-scale calculations that are needed to
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prepare strategic noise maps. Furthermore, the
flexibility of the HARMONOISE model is
presumably not relevant for strategic noise mapping,
which is based on yearly-averaged noise indicators.
Consequently, the NMPB 2008 model was
suggested to be applied in the CNOSSOS-EU
method. Examining test cases, another comparative
analysis of the above three models gave the result
that the HARMONOISE model does not perform
better than the two simpler ones [7]. The reason for
this may be that the HARMONOISE model is more
sensitive to the input data. It was pointed out that it
is not expected that the data to be used for strategic
noise mapping would be more detailed than now.

The CNOSSOS-EU sound propagation model
based on NMPB, is a point-to-point sound
propagation method. From the sound emission level
at the source, the sound level at the receiver is
calculated by subtracting attenuation terms, which
represent geometrical attenuation, air absorption,
ground attenuation and screening attenuation [8].
Two particular types of atmospheric conditions
(favourable and homogeneous) are taken into
account. The long-term occurrence of favourable
conditions is described by parameter p with a value
of between 0 and 1 [1]. The acoustic absorption of
the ground is represented by a dimensionless
coefficient G with a value of between 0 and 1, which
is independent of frequency [1].

A number of problems with the CNOSSOS-EU
sound propagation model has been identified (e.g.
concerning the Rayleigh-criterion and the
retrodiffraction [8]) since it was published in
Directive 2015/996. In 2018-19 a study was
prepared by an EU working group with a view to
establish the refining of the COSSOS-EU method,
including its sound propagation parts [9] [10]. Based
on that study, the amendments were published in
Commission Delegated Directive (EU) 2021/1226.

The quality of input data is a key issue for
preparing strategic noise maps with sufficient
accuracy. As each EU member state can use different
sources for input levels, it is difficult to obtain
comparable results in spite of the common
calculation method [11]. A data guideline would be
needed to solve that problem [11], but no
instructions have been published so far. Therefore,
each member state is responsible for the selection of
input data sources.

When selecting the input datasets to be used,
availability, cost and required data processing have
to be considered. Calculation time is another
important issue to be examined for making a
decision about the number and the accuracy of
parameters taken into account in the model. The
required accuracy of the input data should be
determined considering the above aspects, besides
the strategic level and the scale of the task.
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The impact of input data on the outputs of model
calculations has been discussed in several articles.
Morley et al. assessed the performance of the
CNOSSOS-EU road traffic noise prediction model
using input data with different resolutions [12]. Six
test scenarios were examined from the highest to the
lowest resolution dataset. Both input data
determining the emission (e.g. traffic flow, speed
limits) and those influencing the sound propagation
(e.g. land cover, building heights and topography)
were analysed. The effect of traffic flow data proved
to be the most significant factor in model
calculations.

Aballéa et al. investigated the sensitivity of
outdoor sound propagation predictions to
environmental parameters to suggest different
simplified approaches which can be used to reduce
the calculation time, providing results that still meet
the accuracy requirements [13]. Among other
parameters, the ground effect was investigated,
comparing cases with various heterogeneity values
of ground surface absorption to a case assuming a
homogeneous equivalent ground surface. It was
stated that the difference in the A-weighted global
excess attenuations calculated for the real case and
the average ground surface does not exceed 0.3 dB.

Concerning the environmental noise propagation
model calculations, the main influencing factors to
be taken into account are the following:

e atmospheric absorption (which depends on the
distance from the source and the atmospheric
conditions);

topography;

foliage;

acoustic characterisation of ground;

obstacles (e.g. buildings and barriers);
meteorological conditions (e.g. temperature
gradient, wind direction).

The required accuracy of building data is an
important issue, because the cost of such databases
is quite significant in the implementation of strategic
noise mapping tasks. Land cover data which can be
used to describe the acoustic absorption properties of
the ground is important to be examined, as assigning
G values used in CNOSSOS-EU model to various
land cover classes provided by different land cover
data sources is not obvious. A sensitivity analysis
could provide information on the importance of the
accuracy of land cover data in sound propagation
model calculation.

Several data sources for buildings used in sound
propagation model calculations are discussed in the
relevant literature, some of which provide data at the
international level, while others are only available in
a given country. The data model for noise simulation
studied by Kumar et al. contains the following data
for buildings: class of building, function (residential,
public or industrial), usage, year of construction,
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year of demolition, type of the roof, measured
height, number of the stories above and below
ground and their heights [11]. Morley et al.
examined two versions concerning the building
height: in the higher resolution version, individual
building heights from LiDAR measurements were
applied, while in the lower resolution case
generalized surface provided by averaging the
LiDAR building heights over a 50 m grid or the
constant value of 9.5 m were used [12]. The Irish
guide for CNOSSOS-EU adaptation denotes
OSiPRIME 2 product as the possible source of 2D
building data, while building heights are
recommended to be derived from LiDAR datasets or
based on site surveys on the number of stories or
estimated height values [14]. In the examination of
the spatial relationship between air pollution and
noise caused by traffic in two Danish cities, polygon
shapefile of building footprints based on a national
dataset (Kortl0ODK) was used with estimated
building heights applying a national elevation model
having 1 m x 1 m resolution [15].

Concerning the acoustic absorption of the ground,
Kumar et al. used an attribute to model the degree of
noise absorption by the land area with the values of
0 (hard), 0.5 (medium/middle) and 1 (soft) [11]. In
the sensitivity analysis of Aballéa et al., two types of
ground (reflective and absorbing) modelled by two
impedances were taken into account [13]. In the
examination performed by Morley et al., the extra
detailed OS MasterMap Topography Layer® (1 m
precision) was used in the higher resolution test
cases, while the lower resolution versions were
based on the less detailed CORINE 2006v16
database (~100 m precision) [12]. (The CORINE
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land cover dataset was developed in the framework
of the CORINE - CO-oRdination of INformation on
the Environment programme, accepted by the
European Commission in 1985.) In Ireland, the
following datasets are available: OSiPRIME2 (with
a resolution of 1:1 000, 1:2 500, 1:5 000), OSi
DigiCity (1:15 000), OSi LiDAR (may not be
available in all areas of the country), CORINE
(1:100 000) [14]. In the study of Khan et al. on the
spatial relationship between traffic-related air
pollution and noise, CORINE land cover data
(version 2012) with a spatial resolution of 100 m was
applied [15].

The aim of the present study is to examine the
effect of the accuracy of building and land cover data
on CNOSSOS-EU sound propagation model
outputs, comparing results based on different data
sources to each other. Road traffic was taken into
account as a source, and calculations were performed
on datasets from a study site located along a major
road. The aim was to provide recommendations on
how detailed building and land cover input data are
worth using in strategic noise mapping tasks. It was
expected that the accuracy of building data is
particularly significant in residential areas, while the
influence of land cover data may increase in areas
with fewer buildings and a more diverse land cover
characteristic.

II. DATA ACQUISITION AND METHODS

1. Study area

The study site shown in Fig. 1 is located in the
Municipality of Monor, which is a town in Pest
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Figure 1. Study site /Sources of data: bulldmgs Regulatorjy Plan of Municipality of Monor, www.monor.hu;
road geometry and foliage: 2019 orthophotos, Lechner Knowledge Center, www. geoshop.hu/
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County with a population of 17 626 [16]. The study
site is crossed by Highway 4, which is a major road
according to the 49/2002 EU Directive, as it has
more than three million vehicle passages a year on
the examined section [17]. The total area of the study
site i1s 0.53 km?2. In site selection, it was a main
aspect that the land cover is quite different on the two
sides of the area. On the left side of Highway 4, there
is a residential area consisting mainly of detached
houses, with some shops and restaurants, while on
the other side of the road, the area is mainly covered
by forest, and there is a small industrial area as well.
Another important factor was that several different
building data sources and both CORINE and Urban
Atlas as land cover databases were available for that
area.

2. Input data

Some of the input data used in the sound
propagation model were available directly, while
other data were generated by digitizing different
maps or based on on-site surveys.

A. Emission

Road traffic noise emission was determined
applying the CNOSSOS-EU calculation method,
based on the 2020 annual average daily traffic flow
data [17]. Vehicle categories on which the
Hungarian traffic count is based were assigned to the
CNOSSOS-EU vehicle classes. The speed limit for
all vehicle categories was considered as 50 km/h
according to the traffic regulation for that given road
section.

B. Buildings

Different data sources were used for the purpose
of sensitivity analysis. The data sources and the input
data provided by them were the following:

e Regulatory Plan of Municipality of Monor (2010,
freely available on the official website of the
municipality, www.monor.hu): building
footprints (see Fig. 1);

e orthophotos (2019, provided by the Lechner
Knowledge Center, www.geoshop.hu): building
footprints;

e site survey (July 2021): building heights
(reference building heights were measured and
the height of the other buildings were established
based on the number of levels, roof type and
other characteristics e.g. mezzanine-floor),
function of buildings (noise sensitive buildings:
residential, educational; auxiliary buildings:
outbuildings, garages, industrial buildings,
shops, restaurants etc.), refined building footprint
datasets (e.g. by deleting buildings present in the
2019 orthophotos or the 2010 Regulatory Plan
but that no longer exist, recording roofed terraces
and carports, which are considered as “floating
screens” in model calculation).
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Based on these available data sources, three input
datasets with different accuracy were composed:

e building footprints based on the Regulatory Plan
and estimated building heights, assigning a
constant value of 6m for each building
uniformly (Regulatory Plan, version “a”);

e building footprints based on the Regulatory Plan
and building heights based on the results of the
site survey (Regulatory Plan, version “b”);

e building footprints based on 2019 orthophotos
and building heights based on the results of the
site survey (orthophotos).

C. Land cover

The different data sources and the provided input
data were the following:

e (CORINE (2020, version 2020 20ul): land cover
classes;

e Urban Atlas (2020, version UA2018 v012): land
cover classes;

e orthophotos (2019, provided by the Lechner
Knowledge Center, www.geoshop.hu): extra
absorbing areas identified in the residential areas
(e. g. gravel or asphalt roads and car parks in the
yards), where acoustic absorption properties are
different from the ones of gardens.

Based on these three data sources, the following
input datasets with different accuracy were created:
e CORINE land cover classes to which the suitable

G values were assigned, e.g. G=1 for classes
“Broad-leaved forest” and ‘“Pastures”; G=0 for
class “Industrial or commercial units”
(CORINE);

e Urban Atlas land cover classes to which the
suitable G values were assigned, e.g. G=1 for
classes “Forests” and “Pastures”; G=0.7 for class
“Discontinuous dense urban fabric”’; G=0 for
class “Other roads and associated land” (Urban
Atlas);

e Urban Atlas land cover classes, improved with
the extra reflective areas (G=0), based on the
orthophotos (Urban Atlas+).

Land cover classes on the study site according to
the different datasets are shown in Fig. 2-3. Note that
in Fig. 2-3 orthophotos from 2010 are shown, which
are free to publish (source: fentrol.hu, Lechner
Knowledge Center), in the model calculation
building data based on 2019 orthophotos were used,
nevertheless
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D. Topography

The digital terrain model (DDMS) is based on
contour lines of topographic maps at the scale of 1:10
000, corrected by stereophotogrammetric evaluation.
The dataset was provided by the Lechner Knowledge
Center, www.geoshop.hu (downloaded in June
2021).

E. Foliage

Foliage dataset was generated from 2019
orthophotos (provided by the Lechner Knowledge
Center, www.geoshop.hu) with height data
evaluated based on site survey (July 2021).

F. Road geometry

Road geometry data was generated from 2019
orthophotos (provided by the Lechner Knowledge
Center, www.geoshop.hu).

G. Meteorological conditions

As the input data for meteorological conditions
were not the subject of the investigation, there was
no need for data that describes real conditions
accurately. As there is no data available yet in
Hungary for parameter p, a value of 0.5 were
considered in the model calculation for each part of
the day (namely for day, evening and night periods).

3. Test cases

Nine test cases were defined based on the building
and land cover datasets with different accuracy. The
test cases and their abbreviated names are shown in
Table 1.

Figure 3. Land cover classes on the study area a) Urban Atlas b) Urban Atlas +
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Table 1. Test cases

Building Land cmgrbdata sourc; -
dat rban rban
ata source CORINE Atlas Atlas+
Regulatory RPa-
Plan.— . CORINE RPa-UA RPa-UA+
version “a
gleaiulatory RPb- RPb-UA | RPb - UA+
g CORINE ) i
version “b
ORTO- ORTO-
Orthophotos CORINE ORTO-UA UA+

For the comparison of the performance of each test
case, results provided by the ORTO-UA+ test case
was considered as the reference value, since it was
based on the most detailed building and land cover
datasets.

For the same reason, to assess the influence of
building input data on the model results, the test
cases using building data based on orthophotos were
considered as “building reference values”. Referring
to land cover input data, test cases based on the
Urban Atlas+ dataset were regarded as “land cover
reference values”.

4. Sound propagation calculation

Sound propagation calculation was performed
using the SoundPLAN software (version 8.2), based
on the CNOSSOS-EU Road: 2015 calculation
method. 14 receiver points were designated: points
A1-A5 and B1-BS5 are located in the residential area
on the left side of Highway 4, while on the other side,
points C1-C2 are found in the forest and points D1-
D2 were designated in and behind the industrial area
(see Fig. 1). At each receiver point, the day-night-
evening sound levels (Lden [dB]) were calculated at
a height of 4 m.

III. RESULTS AND DISCUSSIONS

Day-evening-night sound levels (Lden) at each
receiver point for the nine test cases are given in
Table 2.

At each receiver point, the maximum difference
amongst the results for the different test cases
(namely the range of Lden values) was calculated
(see Fig. 3). In the residential area, the values of
maximum differences are quite small at the receiver
points close to the source (less than 1 dB at points
Al and B1). Away from the source, while Lden
values decrease, the ranges increase significantly (it
exceeds 6 dB at point B4), as differences between
the different data sources exercise their effect more
strongly on the longer propagation path. At the
furthest receiver points, there are smaller ranges
again, as out of the study site there are no buildings
and ground effect given in the model; therefore, the
propagation conditions are the same for each test
case. In the woodland, the differences amongst the
test cases are negligible (the range is 0.2 dB at point
C1 and 0.5 dB at point C2), as there are no buildings
in that area and the land cover input data according
to the different sources is quite similar (see Fig. 2).
In the industrial area, there is a more significant
range in the middle of the propagation path (3.5 dB
at point DI1). This may be partly due to the
differences in the input data for buildings. Moreover,
the boundaries of land cover classes according to the
CORINE and the Urban Atlas databases do not
correspond completely either in that area (Fig. 2-3).
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Figure 4. Maximum differences in day-evening-
night sound levels (Lden) in dB for the test cases at
each receiver point

In the next step, the magnitude of the influence on
the results was assessed referring to the building and

Table 2. Test cases

Receiver RPa- RPa- | RPa- RPb- RPb- | RPb- | ORTHO- | ORTHO- | ORTHO-
point CORINE | UA | UA+ | CORINE | UA | UA+ | CORINE UA UA+
Al 67.4 67.6 | 67.7 67.1 67.3 | 67.3 67.1 67.3 67.3
A2 49.3 49.9 | 50.5 50.3 509 | 514 47.5 48.0 48.6
A3 41.9 423 | 424 45.2 455 | 457 44.8 45.2 45.3
A4 39.8 40.1 | 40.1 42.1 42.5 | 425 40.7 41.2 41.3
AS 38.6 38.9 | 39.1 40.8 412 | 414 40.3 40.7 40.9
B1 66.8 66.9 | 66.9 66.8 66.9 | 669 66.9 67.0 67.0
B2 52.0 523 | 523 53.0 533 | 533 51.4 51.8 51.9
B3 43.8 452 | 453 45.7 46.7 | 46.7 44.6 45.6 45.6
B4 384 38.8 | 38.8 44.0 44.5 | 44.5 44.3 44.7 44.7
B5 39.3 39.7 | 39.8 42.0 42.4 | 425 41.2 41.6 41.6
C1 48.2 48.2 | 48.2 48.1 48.2 | 482 48.0 48.1 48.1
C2 41.9 42.1 | 42.1 41.9 42.1 | 42.1 41.6 41.8 41.9
D1 48.8 51.1 | 51.1 47.6 49.9 | 499 47.7 51.0 51.0
D2 40.8 42.0 | 42.0 40.6 41.7 | 41.7 40.1 41.0 41.0
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land cover data. To investigate the importance of
input data for buildings, the results of test cases using
the same land cover data sources were compared to
the corresponding building reference values (results
for ORTO-CORINE, ORTO-UA and ORTO-UA+
test cases). Similarly, the analysis of the influence of
input data for land cover was based on comparing the
results of test cases applying the same building data
sources to the suitable land cover reference values
(results for RPa-UA+, RPb-UA+ and ORTO-UA+
test cases). To compare the results of test cases to the
reference values, two indicators were used at each
receiver point: maximum differences from the
building/land cover reference values (Table 3) and
mean of the absolute values of differences from the
building/land cover reference values (Table 3 and
Fig. 5). Concerning the maximum differences, the
signed values are presented, which enables to
evaluate the direction of the differences (i. e. whether
it is an overestimation or underestimation of the
reference value) in addition to their magnitude. On
the other hand, when calculating the mean
differences, the absolute values of differences were
used to represent the average magnitude of the
differences at the receiver points in a more
appropriate way.

Table 3. Maximum differences and mean of the
absolute values of differences from building/land
cover reference values in day-evening-night
sound levels (Lgen) in dB at each receiver point
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Figure 5. Mean of the absolute values of
differences from building/land cover reference
values in day-evening-night sound levels (Lden) in
dB at each receiver point

Concerning the building data, in the residential
area there are significant differences at the receiver
points located in the middle range of the propagation
path. The highest values of maximum differences
and mean differences were detected at point A3
(-2.9dB as maximum difference, building data
source: RPa, and 1,6 dB as mean difference) and at
point B4 (-5.9 dB, building data source: RPa, and 3,1
dB). Smaller L., values than the building reference
values are likely to be caused by assuming a constant
value of 6 m for building height in test cases based
on RPa building data source. This is an
overestimation of the real building heights and the
higher obstacles in the model result in lower sound
levels. In the woodland, the differences are
negligible, which follows from the lack of the
buildings. In the industrial area, quite small
differences were detected as well. This may be
explained by that there are only a few buildings in
that area; therefore, the differences in the building
data sources do not influence the results
significantly.

With respect to the land cover data, in the
residential area much smaller differences can be
noticed. The highest values of maximum differences
and mean differences occur at point A2 (-1.2 dB,
land cover data source: CORINE, and 0,9 dB) and at
point B3 (-1.5 dB, land cover data source: CORINE,
and 0,6 dB). In the woodland the differences may be
ignored (maximum differences are -0.1 dB
and -0.3 dB, land cover data source: CORINE, mean
differences are 0,0 dB and 0,1 dB), which can be
explained by the quite similar land cover input data
according to the different sources. The small
negative deviation is likely to be caused by that the
surface of the highway is considered as a separate
land cover category according to the Urban Atlas
(“Other roads and associated lands”, Fig. 3a-b),
which were taken into account as a reflective surface
in the model. On the other hand, in the CORINE
database, the area of the highway is covered by the
class “Broad-leaved forest” (Fig. 2), which was
counted as an absorbing surface in the model
calculation. In the industrial area, there is a
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significant difference between the land cover data
according to both the CORINE and the Urban Atlas
(Fig. 2-3) databases. The latter shows a broader
industrial area, which means a reflective surface with
smaller G value, while according to the CORINE
database, a part of that area is defined as broad-
leaved forest, which is a more absorbing surface with
higher G value. This dissimilarity can cause that
there is a considerable value of maximum difference
at point D1 (-3.3 dB, land cover source: CORINE)
and also the mean difference is higher than it is at
any other receiver points (1,3 dB).

According to the results shown in Table 3 and Fig.
5 the model calculation is more sensitive to the
building data in the residential area. However, land
cover data may have an important role in the
industrial area.

Finally, the performance of each test case was
estimated comparing its result to the reference value
(result provided by the test case ORTO-UA+). The
absolute value of the deviation of the results
provided by each test case (Lgen [dB]) from the
reference value at each receiver point is presented in
Fig. 6-7. Fig. 6 and Fig. 7a show that in the
residential area, the test cases using PRa as building
data source provided the largest deviations. Within
these test cases, the version using CORINE as the
land cover data source performed the weakest
(3.4 dB difference at point A3 and 6.3 dB at point
B4). We note that the results provided by the test
case ORTO-UA are almost equal to the reference
value. This can be explained by the fact that in this
part of the residential area hardly any extra reflective
area has been identified; therefore, UA and UA+
data sources did not differ significantly (Fig. 3a-b).
The deviations in the woodland are negligible
(0-0.3 dB), as shown in Fig. 7b. As described above,
this can be caused by the fact that there are no
buildings in that area, and the land cover input data
according to the different data sources are quite
similar. In the industrial area, the highest deviation
values at point D1 were provided by the test cases
using CORINE land cover data (Fig. 7¢). This can
be explained by the different boundaries of land
cover categories according to the CORINE database
and the Urban Atlas in that area, as explained above.
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Figure 6. Absolute values of differences from
reference values in day-evening-night sound levels
(Lden) in dB receiver points A1-A5
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Figure 7. Absolute values of differences from
reference values in day-evening-night sound levels
(Lden) in dB a) receiver points BI-B5 b) receiver
points C1-C2 c) receiver points DI-D2

IV. CONCLUSIONS

The accuracy of input data is a key issue in sound
propagation model calculations. To perform the
mandatory strategic noise mapping tasks, input data
for quite large areas have been provided. As the
financial sources and manpower required for this
task are significant, it is essential to get to know the
importance of input data accuracy for each
influencing factor. The present study aimed to assess
the effect of building and land cover input data
accuracy on CNOSSOS-EU sound propagation
model results.

The analysis shown in this article has limitations.
It focused only on two influencing parameters, while
the effects of other important factors (e. g.
meteorological conditions) were not examined.
Because of the lack of data for parameter p in
Hungary, default values were used in the model. As
the same modelling conditions were used to
determine the noise levels for each test cases to
compare, it was assumed that this simplification did
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not influence the conclusions can be drawn from the
comparison. However, the values of parameter p for
each part of the day at a regional scale in Hungary
are expected to be determined in the framework of
the CNOSSOS-EU adaptation project. Based on the
result data, it could be expedient to perform further
examinations on the effect of input data describing
meteorological conditions.

An additional limitation is that the investigation
was performed only in a given study site. Although
an area with diverse land cover was selected, which
includes residential, wooded and industrial areas, the
conclusions drawn from the results of the analysis
might be too specific. As in the residential area
examined in the study there are only detached
houses, the effect of other types of residential
buildings (e. g. blocks of flats of different heights)
cannot be assessed based on present analysis.
However, horizontal and vertical expanse of the
buildings can influence the propagation conditions in
a significant way, mainly through multiple
diffractions and reflections of the acoustic waves.
Furthermore, the examined industrial area consists
of only a few buildings of similar heights, but a more
diverse complex of buildings may be more
appropriate to assess the importance of input data for
buildings. In the context of the study area, traffic
flow data can be another influencing factor which
could not been examined in the present study, as
particular traffic flow values of a given road section
were taken into account. Larger noise load caused by
higher traffic flow (e. g. on a motorway) would result
in a larger affected area with more buildings
influencing the sound propagation. When evaluating
the results, it should also be taken into account that
the selected input data may reflect some typical
Hungarian characteristics, which can be different
from the conditions in other countries (e. g. in
Western Europe). Therefore, further investigations
need to be done in the future in various study sites,
even in other countries. When selecting the study
areas, it is recommended to select different types of
residential and industrial areas, along with roads of
different volume of traffic (e. g. highly urbanized,
densely built-up areas with tall buildings and even a
more complex road network; sparsely built-up areas
along motorways; industrial areas with buildings of
various sizes).

It is also important to highlight that the reference
values are not considered as absolutely accurate
results. They were regarded as the basis of the
comparison, as they were the results of the test cases
using the most detailed input data, which described
the real conditions in the possibly most accurate
way. In further investigations, reference values can
be improved by using more accurate input data for
buildings where it is available.

The results show that in the residential area, the
range of Lg, values (the maximum difference
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amongst the results for the different test cases at each
receiver point) can be quite large, especially in the
middle of the propagation path, where differences
between the different data sources exercise their
effect strongly. Similarly, there is a significant range
in the middle of the propagation path in the industrial
area, where the boundaries of land cover classes
according to the CORINE and the Urban Atlas
databases do not correspond completely, besides the
differences in the building databases. In the
woodland, the differences amongst the test cases are
negligible, as there are no buildings in that area and
the land cover input data according to the different
sources is quite similar. The quite large deviations
amongst the results for the different test cases in the
residential and industrial areas show that the
accuracy of input data fundamentally influences the
model results.

Taking into account all the limitations described
above, it can be stated that as expected, in residential
areas, the sound propagation model is more sensitive
to the building data than to the land cover data.
Therefore, it is recommended to use more detailed
building input data (building footprints based on data
sources at least at the accuracy level of orthophotos
and building heights individually determined for
each building instead of generalized building height
levels) in those areas, while using a land cover
database with higher resolution than CORINE land
cover data does not provide significantly better
results. Improving the land cover dataset by
identifying extra absorptive areas does not have a
significant effect on the results either. On the other
hand, the influence of land cover input data on model
results increases significantly in non-residential
areas. To specify and extend the results on this issue,
further investigations are recommended in areas with
diverse land cover, considering that the Urban Atlas
data source is only available for urban areas.
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