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Chapter

Noise Profile Categorization for
Noise Mapping in Cities: The Case
of Cuenca (Spain)
José A. Ballesteros, María Jesús Ballesteros,

Samuel Quintana and Marcos D. Fernandez

Abstract

According to the European Law, noise maps in cities have to be worked out and
updated every 5 years. Because of this, it is interesting to establish new methodologies
to develop and update the noise maps in a more efficient way. Although there are
specific standards to carry out noise maps and a good practice guide was defined,
there is not a common procedure in the definition of the noise map. In each research, a
specific methodology is defined based on the experience of the researchers and the
characteristics of the town. In this work, a methodology based on a street typology
classification is proposed to be applied to noise maps. This methodology allows allo-
cation of the mean power and the temporal behavior to each street from its charac-
teristics and the time profiles measured with semi-permanent noise monitoring
systems. The methodology was developed, tested, and validated in the city of Cuenca
(Spain) and the results obtained are shown in this chapter.

Keywords: urban noise, noise mapping, noise profiles, street typologies, monitoring
system

1. Introduction

The European Law [1], developed in Spain by the Royal Decrees [2, 3], states that
noise maps in cities with a population in excess of 100,000 individuals need to be
developed and updated every 5 years.

A noise map can be done just based on a prediction model, that is, without any
kind of empirical measurement; but to achieve a minimum accuracy level, a calibra-
tion of the model is required through a selected number of in-situ measurement
points, which increases the budget to carry out the noise map. Moreover, although
specific standards and a good practice guide [4] have been defined to be used in noise
maps, each research group defines its own methodology based on its experience and
the characteristics of the town. Therefore, a proper balance must be found among the
cost of the noise map, its accuracy, and the number of measurement points; that
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balance can be improved with the use of a road categorization system to achieve
representative measurements of all the types of roads to minimize the cost without
losing accuracy in the model.

Classically, four sampling methods have been considered: to select the sampling
points by laying a grid over a map of the target zone, to define a source-oriented
sampling where measurement locations are selected arbitrarily to represent different
road and traffic conditions, to define a receptor-oriented sampling in which the noise
exposure of a particular class of receptors is investigated, and to select the sampling
points using a prior classification of the urban noise [5].

In [6] sampling points were selected, covering all of the representative locations
and all of the streets in the area. The sampling points were always in the middle of the
street or location-specific. This methodology for selecting sampling points and loca-
tions allows performing a detailed study of the area and it is not based on a previous
categorization of the streets, but neither is similar to the commonly used grid method.

Preliminary studies of three towns [7–9] served to adapt and optimize the defini-
tion of the categories established in [10]. This definition consisted of six categories:

• Class 1: national roads

• Class 2: streets that provide access to the major distribution nodes of the town

• Class 3: streets that lead to regional roads

• Class 4: streets that allow clear communication among the previous types of
streets

• Class 5: the rest of the streets of the town except walking streets

• Class 6: walking streets

The categorization method was later applied in [11] to five medium-sized Spanish
towns with populations ranging from 218,000 down to 50,000, and later in [12] to 20
towns with sizes ranging from 2200 to 700,000 inhabitants, and with areas between
0.57 and 59 km2.

In this work, a methodology based on a street typology classification is proposed to
carry out noise maps. This methodology, recently validated in [13, 14] allows allocat-
ing the mean power and the temporal behavior to each street from its characteristics
and the time profiles measured with semi-permanent noise monitoring systems.
Because of this, as the streets are classified a priori in different typologies, the number
of measurement points is reduced maintaining the accuracy of the noise map and
reducing the measurement cost. The proposed methodology has been applied to the
noise map of Cuenca.

2. Methodology

2.1 The town of Cuenca

Cuenca is a Spanish town in the Castilla-La Mancha region, capital of the province
of the same name. The town’s mean altitude is 946 m above sea level (a.s.l.). The area
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of the municipality is 911.06 km2, and the total population of the city is 54,898
inhabitants (year 2018) [15].

The town has two different areas: the old town and the new one. The first one is
located in the high part of the town, bordered by rivers Júcar in the north and Huécar
in the south. The new part of the town is located at the west-south of the old town
towards north-south.

Cuenca has an important historical and architectural heritage and many museums
in the old town, been considered World Heritage City since 1996.

2.2 Road type definition

To define the street typologies in the town of Cuenca, the following road and urban
characteristics (all of them with influence from the acoustic point of view) were taken
into account:

• Road characteristics:

◦ Number of lanes of the street.

◦ Average daily traffic (ADT)

◦ Average daily speed (ADS)

• Urban characteristics:

◦ Road width

◦ Pavements

◦ Main use of the street.

Based on the aforementioned characteristics, seven street typologies were
established in this research:

• Type 1 (class 1): Motorway.

• Type 2 (class 2): Main distribution streets in the town.

• Type 3 (class 4): Secondary distribution streets in the town.

• Type 4 (class 3): Main distribution streets in a neighborhood. These streets are
used for traffic distribution in a neighborhood and are connected with bigger
streets.

• Type 5 (class 4): Residential distribution streets. These streets are used by people
to arrive in a completely residential street (types 6 and 7).

• Type 6 (class 5): Residential streets in the town and residential distribution
streets in new neighborhoods.
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• Type 7 (class 5): Completely residential streets. Only the people who live in these
areas use these streets.

This street classification allows performing a categorization of the streets in a town
based on their acoustics characteristics. Thus, measurements only in some streets of
each category are needed, being possible to apply the noise profile obtained for each
category to the rest of the streets in the same category during the noise map simula-
tion phase. According to [16] these procedures only generate little deviations from
strictly using only real measurement data for all the sampling points.

2.3 Long time measurements

To carry out long measurements, three noise monitoring equipment have been
placed in fixed locations during 11 months, and another one has been moved among
different locations. This hybrid procedure is quite common to increase the temporal
and spatial resolution [17].

The location of two of these fixed equipments has been chosen to take into account
the main areas of the town: Old town and Carretería Street. The third has been located
to characterize the residential noise of the town (Acacia Uceta Street).

The moving equipment has been located in different places in order to characterize
the noise in different kinds of streets in the town. The locations of this equipment
were: República Argentina Avenue, 16 (3 months), Mediterráneo Avenue (4 months),
Hermanos Valdés Street, 4 (2 months).

The location of each monitoring equipment can be observed in Figure 1, and their
accurate location is in Table 1.

Figure 1.
Monitoring equipment locations.
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The equipment has been installed at 4 m height and 2 m from the facade
according to the regulations [18]. For that, a bracket fixed to the facade has been used
with an outdoor microphone. In Figure 2 the microphone installation can be observed.

The microphone calibration was checked manually when the equipment was
installed when it was removed, and at least once a week. If there was an error, the
equipment was repaired or replaced. Moreover, four automatic CIC calibrations per
day were configured at 00, 10, 14, and 19 h, which were permanently monitored and
checked.

The main acoustic parameters that have been measured were:

• LAeq: A-weighed equivalent level.

• Ld: Day equivalent level.

Equipment label X coord. [m] Y coord. [m]

Old Town 574,163.64 4,436,764.68

Carretería Street 573,634.63 4,436,174.01

República Argentina Avenue 573,414.85 4,436,005.10

Acacia Uceta Street 572,681.20 4,436,180.54

Mediterráneo Avenue 574,127.48 4,435,221.37

Hermanos Valdés Street 573,619.63 4,436,365.07

Table 1.
Monitoring equipment locations.

Figure 2.
Microphone installation.
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• Le: Evening equivalent level.

• Ln: Night equivalent level.

• Lden: Day-evening-night equivalent level.

• LN: Percentile levels.

After taking the measurements for a whole month, a validation process was
carried out. First of all the automatic calibrations were checked. If there was
any error, data between the last correct calibration and the first one (the
wrong calibration would be in the middle) were removed because it is not
possible to know when the equipment failed. For instance, if calibrations at 10 h
and at 19 h were right, and calibration at 14 h was wrong, data from 10 to 19 h were
removed.

Then, the meteorological conditions were checked [18]. If it was raining, data for
this period of time were removed. Moreover, if the average speed of the wind during a
certain day was higher than 4 m/s (it is more restrictive than the regulations �5 m/s-),
data for this day were also removed.

After these validations, a more detailed analysis of the LAeq parameter was done.
Analyzing the time profile and the audio files, anomalous events have also been
removed, for instance, if events in the street that are not representative of the typical
behavior of the area took place (parades, parties, etc.).

With this, all the data considered for the studio could be assessed as correct.
Once the data have been validated, three different hour profiles have been

obtained each month, the whole month profile, the working day profile, and the
non-working day profile. To obtain these profiles, data for each hour have been
averaged. The profiles obtained for all the months during the period of time when the
equipment was in a certain location were similar. With this, all the hour profiles were
also averaged to obtain the typical hour profile of the area.

2.4 Road simulation process

The aim of the noise map simulation is to make up a digital model of the town to
obtain the noise propagation levels due to the traffic. The digital model is composed
of: a ground digital model with the level curves (Figure 3a); obstacles, mainly build-
ings (Figure 3b); roads (Figure 3c), and receivers (Figure 3d) to evaluate the noise
parameters.

When the digital model has been carried out, the next step consists of defining the
characteristics of each one of the layers stated. Concerning roads, the data to define in
the model are the ADT and ADS for light and heavy vehicles during the 3 day periods
(day, evening, night).

To make this process easier, all the roads in the town have been classified
according to the typologies defined in Section 2.2. The map in Figure 4 shows the
classification carried out. Then, the simulation results are obtained and compared with
those from long time measurements and short-time measurements, and the noise map
is adjusted.
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Figure 3.
Noise map process. (a) Ground layer. (b) Building layer. (c) Road layer. (d) Receivers.

Figure 4.
Road classification.
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3. Results

In this section, results obtained for the measurements carried out with the noise
monitoring systems in each one of the chosen locations are shown, together with the
discussion of the whole results.

The street typologies defined in Section 2.2 have been checked out with short time
measurements before the installation of the monitoring systems in the proposed
locations (type 1 roads are not set, as there were no people living near a motorway).
Accordingly, the measurement points can be classified as follows:

• República Argentina Avenue: Type 2.

• Carretería Street: Type 3.

• Old Town: Type 4.

• Mediterráneo Avenue: Type 5.

• Hermanos Valdés Street: Type 6.

• Acacia Uceta Street: Type 7.

As there are very few differences among the measurements for every month, only
the averages for the whole measurement time are shown. Figures 5 and 6 illustrate,
respectively, the weighed equivalent levels for day and night periods (results for the
evening period are almost identical to those of the day period). Figure 7 shows the
mean LAeq level in dB(A) for each one of the measurements points. Figures 8 and 9
show the mean LAeq levels during working days (Monday to Friday) and non-working
days (weekends and festivities), respectively. Finally, Figure 10 represents the noise
climate (L10–L90) and Figure 11 the singular noise events (L1).

According to all these results, general and specific statements can be done that
prove and justify the approach of using road typologies to simplify noise maps.

Figure 5.
Lday results.
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Firstly, specific noise profiles can be derived for each road typology, that can be
described as follows:

• In roads of type 2, the LAeq is almost constant around 72 dB(A) during the day.
At 22 h this level starts to decrease, being minimum from 3 to 4 h with 62 dB(A). At
this time the noise level starts to increase up to 8 h. Observing the LAeq
during working days, a similar trend with levels around 73 dB(A) during the day and
a minimum of 60 dB(A) at 3 h can be found out. On non-working days, the level is
around 72 dB(A) during the day and the minimum of 64 dB(A) is reached at 4 h.

Figure 6.
Lnight results.

Figure 7.
LAeq results.
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• In type 3 roads, the LAeq is again almost constant close to 70 dB(A) during the
day. At 22 h the level starts to go down with the minimum LAeq (60 dB(A)) at 5 h
when the level starts to increase. During working days, the same trend can be

Figure 8.
LAeq results during working days.

Figure 9.
LAeq results during non-working days.
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observed, with levels around 70 dB(A) during the day and a minimum of 58 dB
(A) from 3 to 4 h. Concerning non-working days, a more constant profile is
obtained, with levels around 67 dB(A) during the day and a minimum of 62 dB
(A) at 5 h.

Figure 10.
Noise climate (L10–L90) results.

Figure 11.
Singular noise events (L1) results.
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• In roads of type 4, the LAeq is around 65 dB(A) from 9 to 21 h. At this time the
level decreases to 54 dB(A) at 4 h, increasing from this time to 9 h. On working
days, the day levels are around 66 dB(A) from 9 to 17 h, being 50 dB(A) the
minimum LAeq at 4 h. Non-working days have an LAeq around 64 dB(A) during
the day and a minimum of 56 dB(A) at 5 h.

• Type 5 roads show a LAeq between 62 and 64 dB(A) from 8 to 22 h with a
minimum during this period from 15 to 16 h. From 22 to 4 h the level diminishes
to 51 dB(A), moment when it starts to go up to 8 h. Concerning working days,
similar levels are observed from 8 to 22 h, being the minimum of 49 dB(A) at 3 h.
Levels during non-working days are lower during the day, with a LAeq from 60 to
63 dB(A) from 9 to 22 h, and higher during the night with a minimum of 54 dB
(A) from 3 to 5 h.

• The level in type 6 roads is almost constant during the whole day with a LAeq
around 61 dB(A). The level decrement is observed from 5 to 6 h with 57 dB(A).
Working days have more differences between day and night with a level around
62 dB(A) in the morning (from 7 to 13 h) and around 60 dB(A) in the evening
(from 13 to 21 h). At night the LAeq decreases to 49 dB(A) at 4 h. Non-working
days have higher levels during the night, around 63 dB(A) than during the day,
with levels from 58 to 62 dB(A). This behavior is due to the leisure activities
during the night on non-working days.

• The level during the day in the 7th type of road is almost constant around 50 dB
(A). The maximum level is at 8 h (53 dB(A)) because it is the moment when
people go out to work. At night the levels decrease down to 35 dB(A) from 3 to
4 h. Working days have a similar profile, being the minimum LAeq of 34 dB(A) at
4 h. About non-working days, the level decreases during the day and it is more
variable (from 43 to 49 dB(A)). At night, the level is higher than during working
days with a minimum of 37 dB(A) from 3 to 5 h.

Globally speaking, it is possible to see that the higher the typology of the road, the
lower the noise level is, with almost non-existent overlaps among them. In all the
types, noise levels are almost constant during the day and start to decrease around
22:00 h, being the quietest hour between 3:00 and 4:00 h. The level at 8:00 and 9:00 h
(entrance to works and schools) is almost constant for the whole day and evening.

Therefore, according to the results of Cuenca, its day period embraces from 8:00 to
21:00 h and night period from 21:00 to 8:00 h. Furthermore, it can be stated that the
more residential the street is, the higher the noise reduction during the night is. This
behavior is due to the fact that in residential areas the traffic during the night is almost
non-existent, whereas in other streets there is some more traffic during the night. This
fact is also reinforced by the differences in the noise climate between day and night
periods.

If working and non-working days are compared, it is possible to state that during
the day the LAeq is generally lower during non-working days. At night the noise level
in non-working days is increased. This increase in level is due to the increment in
traffic because of leisure activities, which many times take place directly in the street.

Noise climate, shows a higher variability during the night period, being quite
homogeneous for the day period. This fact, together with the higher noise levels
during the day, indicates that there may be a significant number of similar noise
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sources that contribute to the noise pollution; meanwhile, during the night the num-
ber of noise sources is lower but more heterogeneous. Some differences also stand out
if the road typology is considered, as those with a heavier traffic intensity (types 2–5)
present values for the noise climate higher during the night period than during the day
period; on the other hand, the trend is the opposite for the residential road types (6
and 7).

The singular noise events indicator (L1) shows that in the surroundings of Cuenca
there are no noise sources with emissions of high noise intensity within a short period
of time (aircraft overflights, high-speed trains, booming sources, etc.). Nevertheless,
it is stated that for the measurement points with lower LAeq and lower traffic intensity
(for instance Acacia Uceta Street—type 7) there is a very significant variation of L1
during the quietest hour (3:00–4:00 h); it means that in residential areas a single noise
source can appear as extremely noisy, whereas for areas with more traffic intensity a
single noise source is masked among all the noise sources.

Correlating the life in the city of Cuenca with the results, it can be set that the main
cause of environmental noise is traffic [19]. The intensity of the traffic and its com-
position depends on the road typology. Taking into account the proposed road typol-
ogy, the review of principal traffic noise models of [20] and the traffic intensity
massively measured in Cuenca, a finite set of traffic intensity categories could be
defined to refine, even more, the prediction model by assigning to each road not only
its typology but also its traffic category.

4. Conclusions

In this paper, a road type classification has been developed taking into account
road and urban characteristics. With this, seven types of roads have been defined:
motorway, main distribution streets in the town, secondary distribution streets in the
town, main distribution streets in a neighborhood, residential distribution streets,
residential streets, and completely residential streets.

The long-time measurement results showed an almost constant level during the
day, which decreases during the night. The more residential the road is, the more the
level decrease during the night. Moreover, it can be observed higher level differences
between day and night during working days than during non-working days.

This classification has been applied to the noise map of the World Heritage City of
Cuenca. For that, a digital model was performed and adjusted with long time mea-
surements carried out in roads classified inside different categories and with short-
time measurements.

The methodology proposed allows allocating mean power and temporal behavior
to each street from semi-permanent noise monitoring systems, and with this, the
measurement cost of the noise map could be lowered, while maintaining a high level
of accuracy.

This strategic tool may help to derive action plans to fight against the noise and
reduce the number of people exposed to heavy noise.
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