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A B S T R A C T

Noise pollution is a major environmental problem due to its impact on human health and implications for other
spheres of society. Since road traffic is the main source of noise pollution, the use of measurement methodologies
to accurately determine the environmental noise levels to which the façades of buildings in cities are exposed is
an important issue. This paper presents an experimental study in urban environments that uses different config-
urations to evaluate the influence of the position of the microphone and the parking lanes on the levels of road
traffic noise to which the population is exposed. In urban settings in which sound waves propagate without ob-
stacles between the lanes of traffic and the receivers, broadband results for the differences between noise levels
measured by microphones placed at heights of 4.0 and 1.5 m showed a significant increase with an increase in
the distance between the microphone and sound source of between −0.8 and 0.9 dBA over a range from 2 to
8 m. This difference between the two microphones was greater at points where a lane of parked vehicles was
located between the road traffic lanes and the receivers were placed near the façades of building. At the same
heights, the broadband difference in sound levels ranged from 2.7 to 4.5 dBA. This acoustic shielding effect due
to the presence of parked vehicles started to be relevant in the 250 Hz band and increased progressively with
frequency. Taking into account these experimental results and the recommendations in the European Noise Di-
rective, it would be important to apply corrections to sound indicators for road traffic noise that are related to the
height of the microphone. Making a distinction between urban configurations with and without lines of parked
vehicles between the microphone and the road traffic lanes would be advisable.

1. Introduction

The impact of environmental noise on human health has been widely
reported by the World Health Organisation (WHO) (WHO, 2018). The
scientific literature shows that this pollutant has harmful health effects
on respiratory, nervous, metabolic and cardiovascular systems (Recio
et al., 2016; Tobías et al., 2015; Roswall et al., 2017; Daiber et
al., 2019; Barceló et al., 2016). The European Noise Directive (END)
(COM, 2012) is the legislative reference in Europe for assessing how
much population is exposed to environmental noise. The European En-
vironment Agency (EEA) has indicated that noise pollution remains a
major environmental health problem in Europe (EEA, 2017), and trans-
port infrastructures such as roads, railways, airports and ports play an
important role in this environmental problem (EEA, 2014). However,
environmental noise also has relevant implications for other spheres of
society, for example urban planning (Khomenko et al., 2020), eco-
nomics (Zheng et al., 2020) and wildlife conservation (Alquezar and
Macedo, 2019).

The use of experimental measurements offers a way to obtain real
data in order to calculate human exposure to noise pollution. Long-term
measurements have been performed in cities of different sizes, such as
Madrid, Málaga and Cáceres (Spain) and Talca (Chile), to monitor en-
vironmental noise levels due to road traffic (Barrigón Morillas et al.,
2015; PrietoGajardo et al., 2016; Rey Gozalo et al., 2015). Short-
and long-term measurements were also used in Livorno (Italy) for the
acoustic characterisation of the many different small boats that travel
daily in all types of ports (Bernardini et al., 2019; Fredianelli et
al., 2020). An experimental procedure using field measurements was
also followed in Guangzhou (China) to study the noise level produced
by moving subway trains in a three-storey building, where recorded vi-
bration and noise levels were greater than the allowable values of cri-
teria (Zou et al., 2015). On-site measurements were used in the an-
nual assessment of noise around airports with different flight intensi-
ties in Vilnius (Lithuania) and Madrid (Spain) (Jagniatinskis et al.,
2016). Lechner et al. (2019) also studied the combined effects of
aircraft, rail and road traffic noise on total noise annoyance in Inns
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bruck (Austria). There is has also been a line of research involving the
use of mobile stations mounted on bicycles to measure environmen-
tal noise in cities (Guillaume et al., 2019; Quintero et al., 2019).
Other investigations have combined simultaneous measurements of road
traffic noise and gas particles in the areas surrounding roads to estab-
lish relationships between noise and air pollution (Perez-Prada and
Monzon, 2017), and measurements have also been made to evaluate
the quality of noise in quiet areas and green spaces (EEA, 2016; Rey
Gozalo et al., 2019a; BarrigónMorillas et al., 2013).

The use of in situ measurements also plays a very important role
in the production and validation of strategic noise maps developed by
computational methods (WG-AEN, 2007; COM, 2012). Noise maps
are very useful for estimating the proportion of a population that is ex-
posed to a certain level of environmental noise and in planning actions
to mitigate the impact on people's health (Thacher et al., 2020; Ögren
et al., 2018). In this regard, there is a domain of research that pro-
poses an alternative to traditional static maps by creating dynamic noise
maps based on in situ measurements, which makes it possible to contin-
uously update the values of the sound indicators shown in these maps
(Benocci et al., 2019; Zambon et al., 2017). The development of dy-
namic noise models has also been proposed to determine the instanta-
neous sound power of each vehicle (Can et al., 2009, 2010).

Around 100 million people are exposed to levels above 55 dB Lden
in European Union countries, where road traffic is the main source of
annoyance (EEA, 2017). When assessing the impact of this source of
noise on the façades of residential, working and sensitive (educational,
medical, etc.) buildings through measurements, the position of the mi-
crophone is an important issue (Barrigón Morillas et al., 2016). ISO
1996-2 (ISO 1996-2, 2017) is used as a reference for the measurement
procedure (Rey Gozalo et al., 2019b). In order to determine the sound
level incident on the façade, it provides some corrections to the mea-
sured sound level due to reflections of sound on the surface as a function
of the distance between the microphone and the façade (Mateus et al.,
2015; Montes González et al., 2018a; Flores et al., 2019). It also
states that a microphone height of 4.0 ± 0.2 m should be used for gen-
eral mapping, unless otherwise specified. In accordance with this stan-
dard, END (COM, 2012) stated that evaluation points should be placed
at height of 4.0 m ± 0.2 m when measurements are carried out near
buildings. But it also stipulates that other heights equal to or greater
than 1.5 m could be chosen, in which case the results should be cor-
rected for an equivalent height of 4.0 m, although it does not specify
the way in which this correction should be done. Moreover, the Guide
du Bruit des Transports Terrestrial: Prevision des Niveaux Sonores (CE-
TUR) (CETUR, 1980) proposed that no correction should be applied
between the microphone locations at heights of 1.5 and 4.0 m for U-pro-
file streets. This aspect may be relevant in measuring the noise levels
to which residential buildings in cities are exposed, due to the urban
and architectural configuration of the streets and the presence of obsta-
cles such as lines of parked vehicles (Montes González et al., 2018b,
Montes González et al., 2020a). Some recent research is also particu-
larly focused on traffic noise exposure of high-rise residential buildings
in urban areas (Wu et al., 2019; Benocci et al., 2020; Jeon and Jo,
2019).

Considering all these aspects, this paper presents an experimental
study of urban environments with different characteristics, in order to
evaluate the influence of the microphone position in the determination
of levels of road traffic noise to which the population is exposed. It could
be important in different current methodologies used to assess noise pol-
lution. On the one hand, to ensure a correct verification of the strate-
gic noise maps. Secondly, for an adequate elaboration of the noise maps
based on mobile measurements. Moreover, for an accurate in situ assess-
ment of the levels of exposure to urban noise. In short, this study should
allow a more precise evaluation of the number of people exposed to un-
desirable noise levels.

2. Methodology

Streets in which road traffic was the main source of noise and with
different architectural, urban and vehicle flow characteristics were se-
lected within Coimbra, a city with approximately 146,000 inhabitants
(Statistics Portugal,) located in the central region of Portugal. In each
street (S), two different sets of measuring points (P) were considered:
one in an urban configuration where there were no obstacles between
the microphone and the sound source, and a second in which there was
a lane of parked vehicles between the receiver and the traffic lanes.
In the first case, the ground distance between the microphone and the
closest point to the sound source (dMS) was considered when selecting
the points, while in the second, the ground distance between the micro-
phone and the nearest point of the line of parked vehicles (dMV) was
taken into account. As detailed in Table 1, measurement points were
selected in streets 1 (S1), 2 (S2), 3 (S3) and 4 (S4) for cases without
and with obstacles between the microphone and the sound source as a
function of dMS and dMV, respectively. However, in streets 5 (S5) and 6
(S6), measurements in only one of the two previously specified urban
configurations could be carried out. Fig. 1 shows a graphical diagram
of the measuring points in each of the streets. For streets 2 and 4, two
schemes are shown, since two different sections of each street were con-
sidered in order to include scenarios with and without parked vehicles.
As can be seen, streets with different characteristics were chosen to de-
velop the tests. Aspects such as the number of traffic lines, the orienta-
tion of parked vehicles, and the width and profile (L or U) of the street
were considered for this purpose. Average traffic flows greater than 600
vehicles/h were recorded on all streets, including heavy vehicles corre-
sponding to urban bus lines.

Ten measurements of 10 min each were conducted during daytime
and evening periods (7:00–19:00 and 19:00–23:00) at each point; to
take these measurements, the microphones of two class 1 analysers ac-
cording to IEC 61672–1 (IEC 61672–1, 2013) were simultaneously
placed at heights of 4.0 and 1.5 m above the ground. Verification of
the calibration of the instruments was carried out before and after the
measurement sessions, using a Brüel and Kjær 4231 sound calibrator.
The equivalent sound level (LAeq) was recorded by the microphones at
4.0 and 1.5 m in broadband and frequency octave bands between 63 Hz
and 8 kHz (Montes González et al., 2018a; Yang et al., 2020). Fig.
2 shows the position of the microphone at some of the measurement
points on the streets considered in the study. In cases where the mi-
crophones were located in front of a building façade, a distance of at
least 0.5 m was maintained from the surface in order to avoid com-
plex reflection effects (Memoli et al., 2008; Montes González et al.,
2020b). On streets with a line of vehicles parked between the micro-
phones and the sound source, one of the aims was to assess how the
acoustic shielding effect varied as a function of the distance dMV when-
ever possible, according to the urban configuration. In this regard, the
number of parked vehicles and their positions were sufficient to en-
sure the screening of microphones with a minimum horizontal view-
ing angle of 60° with respect to the linear sound source, according to

Table 1
Measurement points (P) in each street (S).

Without parked vehicles With parked vehicles

P1 P2 P3 P4 P5 P6 P7

dMS (m) dMV (m)

Street 1 (S1) 2.0 4.0 6.0 8.0 1.0 2.0 3.0
Street 2 (S2) 2.0 4.0 6.0 8.0 1.0 2.0 3.0
Street 3 (S3) 2.1 – – – 2.4 – –
Street 4 (S4) 1.5 – – – 1.2 – –
Street 5 (S5) – – – – 1.0 – –
Street 6 (S6) 2.3 – – – – – –
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Fig. 1. Layout of the measurement points in the streets.

the guidelines of the ISO 1996-2 standard for considering an extended
source (ISO 1996-2, 2017).

3. Results

3.1. Measurement configurations without parking lanes

In this section, the effect of the variation in the distance between
the microphone and the sound source (dMS) on the difference in sound
level between microphones located at 4.0 and 1.5 m above the ground is
evaluated in urban configurations without parking lanes. As can be seen
in Fig. 1, the features of streets 1 and 2 allowed several measurement
points to be selected in order to assess the influence of the variable dMS
in each of these streets.

Fig. 3 shows the average values of the difference in the broadband
equivalent sound level between both microphones (ΔLeq 4m–1.5m) in the
different selected streets and the corresponding 95% confidence inter-
vals. At the measuring points in the different streets, where the dis-
tance between the microphone and the traffic lanes (dMS) was in the
range 1.5–2.25 m, the average differences in the equivalent sound level
between the microphones at 4.0 and 1.5 m ranged from −0.8 to 0.3
dBA. On the one hand, negative values for the difference in sound lev-
els were obtained in streets 1, 2, 4 and 6, indicating that the receiver
placed at a height of 1.5 m recorded the highest values of the equiva-
lent sound level. In the case of street 3, the positive sign of the differ-
ence in levels indicates that a higher sound level was recorded by the
microphone located at 4.0 m. This may have been due to the protru-
sions on the façade of the rear building, in such a way that a reflection
effect could be generated near the microphone at 4 m, contributing to
an increase in the measured level. As the averages of the differences be-
tween the values registered at 4.0 and 1.5 m in some cases were near
zero (see Fig. 3), an analysis was carried out to check whether these
averages differed from zero (pared-sampled t-test). The results showed
that there were significant differences between the average sound val

ues recorded at heights of 4.0 and 1.5 m (p < 0.05) at all points on the
studied streets, except in the case of street 2 for dMS = 2 m. Therefore,
this indicates a significant bias as a function of microphone height.

It is also interesting to highlight in Fig. 3 that in streets 1 and 2, the
average difference in sound levels increases significantly with the dis-
tance between the sound source and the microphone (dMS) between 2
and 8 m (p-value < 0.05 according to t-test), and even reverses sign and
reaches a maximum average value of 0.9 dBA in street 2 for dMS = 8 m.
Hence, in measurement configurations where the microphones are fur-
ther away from the sound source, a higher sound level was recorded by
the receiver located at 4.0 m. This value is similar to the results of an-
other study carried out in front of a building with microphones placed
at heights of 2.0 and 5.3 m, with a distance of approximately 11 m be-
tween the receivers and the nearest lane of traffic (Janczur et al.,
2006).

Experimental results obtained on U- and L-profile streets with no ob-
stacles between the traffic lanes and the microphones show variations
of between −0.8 and 0.9 dBA for the average difference in equivalent
sound level between receivers located at 4.0 and 1.5 m. However, the
CETUR proposal (CETUR, 1980) is not to apply corrections for mi-
crophone heights equal to or lower than 4.0 m for U-shaped streets,
even though END (COM, 2012) indicates the need to make corrections
to levels measured at heights of between 1.5 and 4.0 m. Furthermore,
when assessing the exposure of a building façade in an urban environ-
ment with no obstacles between the microphone and the traffic lanes, a
significant relationship is found between the difference in sound levels
between heights of 4.0 and 1.5 m and the distance between the receivers
and the sound source (dMS) (see Fig. 4).

Fig. 4 shows in red the adjustment curve for the relationship be-
tween the difference in the equivalent sound level and the correspond-
ing distance between the microphones and sound source in these streets.
This curve predicts that for a minimum value of dMS = 1 m, the mi-
crophone placed at 1.5 m would register an equivalent sound

3
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Fig. 2. Positions of microphones during in situ measurements.

level greater by 0.84 dBA than that placed at 4.0 m. It can also be seen
that if the distance between the microphones and the sound source is
increased to 10 m (an order of magnitude), the microphone at 4.0 m
would then register a sound level higher by 1 dBA. Hence, for a range
of distance of 1–10 m between the microphones and the sound source, a
variation of around 1.8 dBA would result in the difference between the
microphones at heights of 4.0 and 1.5 m. In addition, the coefficient of
determination (R2) indicates that the variable dMS (the distance between
microphone and sound source) is able to explain 60% of the variation in
the difference in sound level between the two microphone heights.

This dependence on the sound level measured with microphones
placed at heights of 4.0 and 1.5 m above the ground is not only rele-
vant in determining the impact of environmental noise on the façade of
buildings, but can also be of interest in on-site measurements accord-
ing to ISO standards 11819-1 and 11819-4 (ISO 11819-1, 1997; ISO
11819-4, 2013) for measuring the influence of road surfaces on traffic
noise (Czuka et al., 2016; Cho and Mun, 2008).

To allow for a detailed analysis of the effect of the distance between
the microphone and the sound source, the broadband study was com

plemented by an octave band analysis. Fig. 5 presents the average dif-
ference in the measured equivalent sound level (Leq) between the mi-
crophones located at heights of 4.0 and 1.5 m in octave frequency bands
and the corresponding 95% confidence interval. The results for the four
measurement points (P1, P2, P3 and P4) on street 1 (S1) as a function
of the distance between the microphone and the sound source (dMS)
are shown in Fig. 5a. In the frequency bands between 63 and 500 Hz,
the difference in equivalent sound level between the microphones lo-
cated at 4.0 and 1.5 m (ΔLeq 4m–1.5m) followed a fairly similar trend
over the range of distances studied. This is stable at around −0.5 dB for
points P2, P3 and P4, while at point P1 it has values closer to −1 dB
that is, between 63 and 500 Hz, the microphone located at 1.5 m reg-
isters a higher sound level than that placed at 4.0 m over the whole
range of distances between 2 and 8 m. Above 500 Hz, the results ob-
tained at the different measuring points start to differ and have posi-
tive values, indicating that the microphone located at 4.0 m is record-
ing a higher sound level value. In the 1 kHz band, the difference in
sound level increases to between 1 and 1.7 dB depending on the point,
reaching a maximum value at the four measurement points. At point
P4 (dMS = 8 m), the maximum value of 1.4 dB is detected, with a posi

4
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Fig. 3. Variation in ΔLeq between microphones at heights of 4.0 and 1.5 m with distance between the microphone and sound source (dMS) without obstacles.

Fig. 4. Relationship between ΔLeq 4m–1.5m and distance between the receivers and the sound source.

tive sign, while at point 1 (dMS = 2 m), this maximum value is 0 dB. The
difference in sound levels then starts to progressively decrease with fre-
quency over the whole range of distances, remaining at positive values
at points P2, P3 and P4 up to 4 kHz; however, at point P1, it has nega-
tive values up to 8 kHz, where it reaches the minimum value of −2.7 dB.
In the case of street 2 (Fig. 5b), a general trend similar to that of street
1 is observed, although in this case, in the 63 and 125

Hz bands, values are detected for the sound level differences with neg-
ative sign that are higher than in street 1, reaching a minimum value
of −1.6 dB at a distance of 2 m (P1). In addition, there is a significant
variation in the results obtained in these frequency bands at the four
measurement points. The differences observed between streets 1 and
2 at low frequencies may be related to the different urban configura-
tions, since although in both cases these streets have an L profile, in

5
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Fig. 5. Variation in the difference in measured equivalent sound level (Leq) between microphones located at heights of 4.0 and 1.5 m in octave frequency bands with distance from the
microphone to the sound source (dMS) without obstacles.

the case of street 2 there were buildings behind the measuring equip-
ment, while in street 1 there were none. As in Fig. 5a for street 1, the
values of the differences in street 2 remain stable above 125 Hz, with
negative values up to the 500 Hz band. Above this frequency, there is
a notable increase in the difference in the sound levels with increasing
frequency until positive values are reached, when the microphone lo-
cated at 4.0 m begins to record a higher sound level, in this case reach-
ing a maximum value in the 2 kHz frequency octave band. The maxi-
mum value of 2.3 dB is obtained at point P4. Finally, the difference in
the sound level decreases again over the whole range of distances (be-
tween 2 and 8 m) as the frequency increases to 8 kHz. Fig. 5c shows
the results for streets 3, 4 and 6, where the measurement points were lo-
cated at a range of distances of 1.5–2.25 m between the microphone and
the traffic lanes. As can be seen, the difference in sound levels remains
negative over the whole range of frequencies at points 4 and 6, unlike
at point 3. In this case, it is interesting to highlight some of the interfer-
ence phenomena that are generated between direct and reflected sound
waves in bands between 63 and 250 Hz, depending on the distance of
the microphones from the façade of the building (Montes González et
al., 2020b).

3.2. Measurement configurations with parking lanes

The influence of the variation in the distance between the micro-
phone and the parking lane (dMV) on the difference in the sound level
between microphones located at heights of 4.0 and 1.5 m near building
façades was assessed using the points indicated in Table 1 and Fig. 1
in streets 1, 2, 3, 4 and 5 with parked vehicles.

Fig. 6 shows that the average difference in equivalent sound level
between the receivers at heights of 4.0 and 1.5 m (ΔLeq 4m–1.5m) ranges
from 2.7 dBA at point P5 in street 4 (S4–P5) to 4.5 dBA at point P7 in
street 2 (S2–P7). Similarly to Section 3.1, the average values of these
differences differ from zero at all points according to pared-sampled t-

test (p < 0.001). This means that the microphone located at 4.0 m
recorded a significantly higher value for the sound level in all streets
with a parking lane between the microphone and the traffic lanes. This
acoustic shielding effect due to parked vehicles in urban environments
reaches a magnitude that can be relevant in the process of validating
strategic noise maps because computational models do not usually con-
sider the presence of these obstacles when calculating noise indicators
for building façades (Montes González et al., 2018b). It may also be
important in the corrections to be applied to sound indicators calculated
based on measurements in dynamic noise maps (Benocci et al., 2019)
and mobile measurement stations in urban environments (Guillaume
et al., 2019). Another interesting aspect of Fig. 6 is that no significant
variation (p > 0.05 according to t-test) in the acoustic shielding effect
was observed when the distance between the microphone and the line
of parked vehicles (dMV) was varied. This may be interesting considering
the range of distances between the microphone and noise barriers used
in the EN 1793-6 standard (EN 1793-6:2018, 2018) for in situ tests to
determine the insertion loss of noise-reducing devices. Concerning the
presence of other objects in urban environments that can also influence
the propagation of sound, investigations of noise reduction by hedges in
different European cities were carried out. Differences of between 1.1
and 3.6 dBA were found in experimental measurements made in config-
urations with and without bushes in front of microphones located 1.5 m
above the ground (Van Renterghem et al., 2014).

To enable a detailed analysis of this shielding effect, Fig. 7 shows
the difference in the measured equivalent sound level (Leq) between
microphones located at heights of 4.0 and 1.5 m in octave frequency
bands, with the corresponding 95% confidence intervals, for urban con-
figurations with parking lanes in streets 1, 2, 3, 4 and 5. Similar spec-
tral results are shown in Fig. 7a for the differences in sound levels
at points P5, P6 and P7 on street 1, regardless of the distance be-
tween the microphone and parked vehicles (dMV), except at octave fre

Fig. 6. Variation in ΔLeq between microphones at heights of 4.0 and 1.5 m with distance from microphone to parked vehicles (dMV).
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Fig. 7. Variation in the difference in measured equivalent sound level (Leq) between microphones located at heights of 4.0 and 1.5 m in octave frequency bands with distance from the
microphone to parked vehicles (dMV).
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quency bands below 250 Hz. This may be due to the fact that as dMV
increases, the distance from the microphone to the façade (dMF) de-
creases; wave interference phenomena may then appear at certain fre-
quencies, which may vary as a function of dMF (Montes González et
al., 2020b). In general, an acoustic shielding effect is observed in street
1 due to the presence of vehicles parked parallel to the building's façade.
This effect starts to become relevant in the 250 Hz band, and increases
gradually with frequency until it reaches a maximum value of around
4.7 dB at 2 kHz. Subsequently, this acoustic shielding effect decreases
slightly with frequency to values of around 3 dB in the 8 kHz band. In
this case, the microphone at a height of 4.0 m detects a higher sound
level than at 1.5 m. A similar trend to street 1 was found in street 2 (Fig.
7b) for the equivalent sound level difference. However, in this case, two
significant aspects were observed. Firstly, the behaviour at measuring
points P5, P6 and P7 in frequency bands below 250 Hz was quite simi-
lar, probably because in this section of the street the distance between
the microphone and the building façade is greater than in street 1. This
would lead to mitigation of the wave interference effect in these fre-
quency bands. Secondly, a higher maximum value of the acoustic shield-
ing effect is seen in this street in the 2 kHz band, with values of around
5.7 dB. Fig. 7c shows the differences in the frequency bands of sound
levels measured in streets 3, 4 and 5. In accordance with the results
for streets 1 (Figs. 7a) and 2 (Fig. 7b), an acoustic shielding effect is
noted, which increases gradually with frequency up to the 2 kHz band.
That is, the microphone at 4.0 m also records a higher sound level than
at 1.5 m. In this case, there are some slight differences in the magni-
tude of the shielding effect between the three streets that may be related
to the orientation of the parked vehicles. While in street 5 the vehicles
are parked at an approximate angle of 45° with respect to the build-
ing façade, in streets 3 and 4, the line of parked vehicles is parallel to
the surface. Hence, a discontinuous acoustic barrier is formed in street 5
with a greater thickness than in streets 3 and 4.

4. Conclusions

The effects of microphone height and urban configuration on the de-
termination of noise indicators used to calculate the exposure level of a
population to road traffic noise are evaluated in this paper. To achieve
this, a series of in situ measurements were carried out in Coimbra (Por-
tugal) with two microphones located at heights of 4.0 and 1.5 m above
the ground, in urban settings with and without lines of parked vehicles
between the sound source and the microphones.

In urban settings where the sound field propagates without obstacles
between the traffic lanes and the receivers:

- Broadband results for the difference between the noise levels mea-
sured by microphones placed at heights of 4.0 and 1.5 m showed a sig-
nificant increase with the distance between the microphone and sound
source (dMS) of between −0.8 and 0.9 dBA, over a range of distances
from 2 to 8 m.

- At the closest distances to the source (approx. 2 m), the microphone
at a height of 1.5 m measured higher noise levels than the one at 4 m,
for all octave bands.

- However, for a range of distances between 4 and 8 m, the microphone
located at 4 m recorded the highest noise levels in octave bands from
1 to 4 kHz.

However, in urban configurations with a lane of parked vehicles be-
tween the sound source and the receivers placed near building façades:

- The broadband difference in sound levels between microphones at
heights of 4.0 and 1.5 m ranged from 2.7 to 4.5 dBA. This means that
the microphone located at 4.0 m recorded significantly higher values
for the noise level.

- This acoustic shielding effect due to the presence of parked vehi-
cles became relevant in the 250 Hz band, and increased progres

sively with frequency until values of differences of between 3 and 5 dB
were reached in the range 1–4 KHz.

- No significant changes were found in the differences in sound level
obtained at the various distances studied between microphones and
parked vehicles.

These findings are relevant for the verification of the strategic noise
maps regulated by the END, since computational models do not usu-
ally consider the presence of these obstacles when calculating noise in-
dicators at building façades. Furthermore, considering the magnitudes
of the noise level variations recorded in these urban configurations and
the 5 dB range used for noise indicators in strategic noise maps, these
results could be important in calculating the numbers of people exposed
to certain levels of noise. Taking into account these experimental results
and the recommendations from END, it can be concluded that:

- It is important to make corrections to sound indicators for road traffic
noise related to the height of the microphone.

- When applying these corrections, it is necessary to make a distinction
between urban configurations with and without lines of parked vehi-
cles.

This issue is also relevant to the application of corrections to sound
indicators according to the heights of the microphones in on-site mea-
surements related to lines of research involving dynamic noise maps and
mobile stations using bicycles to measure environmental noise.
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