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ABSTRACT

The recent controversy surrounding the cancellation of fu-
ture concerts at the Santiago Bernabéu Stadium, affecting
approximately 250,000 attendees, many of whom came
to Madrid from other cities, has generated intense debate.
Neighbors in the area claim that “it is a sports stadium,
not a space for musical events”, and express their com-
plaints regarding the noise generated at these events. With
the firm belief that it is possible to address residents’ con-
cerns about the development of noise-producing activities
in a city, new regulations have been introduced to correct
deficiencies in these activities [1]. This project evaluates
the impact of these recreational activities on the quality of
life of nearby residents and determines whether they fol-
low legally established noise levels. To accomplish this,
data collected from in situ measurements will form the ba-
sis for simulating the noise affecting residents, verifying
the model’s accuracy, and suggesting potential solutions.

Keywords: noise immission, noise modeling, concerts,
stadiums

1. INTRODUCTION

On December 14, 1947, the Santiago Bernabéu Stadium
was officially opened with a friendly soccer match as the
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new Real Madrid Stadium. Today, almost 80 years later,
Real Madrid “s president Florentino Pérez claims that “We
are in the final phase of meeting the great challenge that
Real Madrid set itself five years ago: that the Bernabéu
stands as a universal avant-garde icon and an architectural
emblem of Madrid. It is the most iconic stadium in world
football” [2]. Addressing the impact of the stadium’s lat-
est renovations.

In addition to providing a new aesthetic, the renova-
tion also increased the stadium’s capacity to 80,000 people
and opened the door to new events such as recurring con-
certs. In 2024 alone, the stadium held more than 15 major
concerts, each drawing around 65,000 attendees [3], the
maximum allowed for these events. However, it is impor-
tant to remember that Bernabéu is located in Chamartin
District, a predominantly residential area, which is also
an environmentally protected zone [4]. These events dis-
turb the lives of local residents because noise affects their
well-being and causes significant annoyance.

In the past, sound systems engineering for musical
events focused on sound quality in the audience. There
has been an increase in these events in stadiums along
with complaints from nearby residential neighbors. Some
novel and recent methodologies have contributed to ad-
dressing this major concern, linking complex loudspeaker
systems to outdoor environmental propagation and work-
ing with detailed data of sound systems, stadiums, and
surroundings for open-air events, as in [5,6]. The current
prediction tools do not provide right-away models to fill
this gap. Environmental classical noise sources, such as
road and train radiation, which are decorrelated, are sig-
nificantly different from those of sound systems, which
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4. Analysis of results. We provided stakeholders

are coherent and highly directional acoustic sources [6].
with solutions to consider a range of challenges.

There is a significant need to plan the environmental im-
pact of these modern scenarios and reach the expected
immision noise levels that comply with local regula-
tions [6,7].

However, some stadiums can be considered semi-
closed rooms. Hence, the walls of the stadium do not be-
have as acoustic barriers, as in open-air events, and there
is remarkable acoustic leakage through the walls. Real
Madrid’s stadium is located in a dwelling area and brings
environmental conflict with its dwellers. This leads to a
significant lack of relevant data regarding sound systems

and building of insights.
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This study proposes a practical methodology for mod-
eling noise immision for concerts in semi-closed stadiums
with sparse data and moderate resources but with accurate s
field measurements performed at the neighbors’ fagades. i i -

REAL MADRID F.C.
STADIUM
SANTIAGO BERNABEU

The remainder of this paper is organized as follows: N s \u
Section 2 explains the materials and methods, Section 3 \ ; 0
discusses the results, Section 4 suggests mitigation solu- i U 4
tions, and Section 5 presents the conclusions. J B S ‘h?: s :
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2. MATERIALS AND METHODS

This paper proposes a practical methodology that can
contribute to predicting and finding solutions to highly
complex problems. We work on a particular case: Real
Madrid’s stadium. However, the same approach can be ap- Figure 1. Location of the three receivers situated on
plied to similar stadiums and musical events. Sparse data the northern and southern sides of the stadium and
are a major drawback in these cases because it is common the areas’ land use (The red being residential and pur-
to encounter conflicts with victinity residential buildings ple being recreational).
and even non-compliant noise radiation according to local
regulations. Hence, obtaining insights from stadiums such
as loudspeaker setups and construction plans is rare. Our
approach consists of the following steps.

A noise monitoring campaign was conducted in the out-
door environment on 20th July 2024, the day when Karol
G’s concert took place. Measurements were taken every 5
s, including the indices required by RD1367/2007 [8] and
the local law [1] (L aeq, Lceq> L ATeq, and the spectrum in
one-third octaves from 20 Hz to 10 kHz). The recordings
covered the periods before, during, and after the concerts,
allowing for the analysis of noise from activity (music)

and noise without activity (no music).

2.1 Field noise measurements

1. Field noise measurements. We used noise mea-
surements at keypoints/receivers to assess the sce-
nario and obtain valuable data for modeling.

2. Noise immision modeling. We modeled the sce-
nario using public data from the stadium and its
surroundings, along with sound acoustical assump-
tions.

3. Validation of the model. We made measurements Measurements were performed using 01 dB sound
level meters, type SOLO, Class 1 equipped with third-

and modeling meet ends and provided a tool to
evaluate current and future scenarios. octave filters compliant with the IEC 61672-1 Class 1
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Figure 2. View of the microphone on the facade
from a house in the vicinity of the stadium.

67,.2dB
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Figure 3. Visualization of the noise radiated from
the stadium with an acoustic camera (Soundcam 2
Cae Systems).

standard [9]. A Rion NC74 sound calibrator that meets
the IEC 60942 Class 1 standard [10] was used before
and after the measurement campaign. All measuring in-
struments, including sound level meters and acoustic cal-
ibrators, have type approval and periodic verification in
accordance with the Spanish law (ITC 155/2020 order)
[11]. The measurements were performed simultaneously
in multiple homes surrounding the Santiago Bernabéu
Stadium.

For each sound level meter, the measurement micro-
phone was placed outdoors, 2 m from the facade, using
a telescopic pole and microphone extension cable. This
positioning minimized the sound reflected by the fagade.
Each unit was located in one apartment; therefore, we

48, EURONOISE 2025

were able to obtain the variability of sound levels at differ-
ent heights from the street floor. The exact location is not
detailed enough to maintain confidentiality and to comply
with the Data Protection Act. Fig. 1 shows the locations
of all receivers, that is, measurement points, from the sta-
dium; the upper receivers R1 and R2 are on the northern
side of the stadium and receiver R3 is located on the south-
ern side.

2.2 Noise inmission modeling

The acoustic modeling was performed with Cadna A (Ver-
sion 2025, DatakustiK), one of the leading softwares for
calculation, presentation, assessment and prediction of en-
vironmental noise. Some software configurations worth
highlighting: CNOSSOS-EU [12] is the propagation
model for estimating L 4.4 for the moments of maximum
noise impact according to the required limits. The sta-
dium noise was modeled using horizontal surface sources
for the ceiling and vertical surface sources for fagades.
These sources had different assigned values for the north-
ern, southern, eastern, and western sides, and their values
were specifically adjusted to those measured with sound
level meters. The sound powers of these surface sources
were adjusted in the frequency domain at the receivers.

We also incorporated traffic data assigned to each of
the surrounding roads, setting up their average daily traffic
densities (MDTD). The evaluation of traffic noise is based
on the ambient noise scenario in the vicinity of buildings
when there are no concerts, thus observing a large differ-
ence in levels between the two scenarios: 1) when only
traffic noise was present, and 2) when there was only con-
cert music.

Table 1. Model’s Validation comparing the measure-
ments results with the prediction value obtained by
the model, L 44 dBA.

Measurements Model Deviation
L 4eq dBA L 4eq dBA (dBA)
R1 80 78,2 -1,8
R2 77,6 77,5 -0,1
R3 72,3 72,4 -0,1

2.3 Validation of the model

The validation consisted of comparing the prediction of
the outdoor propagation model with the measurements us-
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ing the same source and evaluation points. The sound lev-
els of the noise sources involved in the model were con-
veniently adjusted to fit the measurements. Eventually,
the deviations between both L 4., values were adequate
to provide a valuable predictive model (less than 2 dBA),
as shown in Tab. 1, thus validating the model. In Fig. 4
and Fig. 5, we observe the spectrum on both the north and
south sides of the stadium.
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3. RESULTS

To assess compliance with noise regulations during the
concert, land use in this area must be considered. Most of
the study area is considered residential by the Madrid City
Council, except for the area where the stadium is located,
which is considered recreational and has its own limits.
Fig. 1 shows the purple area, which is the recreational
zone, and the red area, which is the residential zone. Since
1997, the stadium’s surroundings have been declared an
environmental protection area by the Madrid City Coun-
cil, meaning that the limits should be restricted to 5 dB
more than the rest of the acoustic areas [4]. This indicates
that it is a noise-sensitive area owing to the amount of ac-
tivities currently taking place and is considered a noise-
saturated area.

Figure 4. Spectra of measured and simulated levels
in the northern side (Reveiver R1 and R2).
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Figure 5. Spectra of measured and simulated levels
in the southern side (Receiver R3).

During this project, we faced certain limitations, in-
cluding a lack of access to the stadium or its construction
plans, which restricted our ability to study sound propaga-
tion inside and near facade openings where sound leaks.
The modeling was performed using surface sources with
three validation receivers placed at different heights.

Figure 6. Global horizontal noise map of the area,
including traffic and concert noise at 21 m height.

After simulating the noise map of the area shown in
Fig. 6 shows how the problem impacts the whole neigh-
borhood, not just the ones closest to the source, putting
everyone at risk. Noise limits are exceeded in residential
areas, at least within a 500-meter radius of the stadium
center in the evening, and at night, they are exceeded at
distances greater than 1 km. The “front line” buildings
surrounding the stadium are receiving more than 70 dBA
or 75 dBA, as seen in purple and blue on the map in Fig.
7. The area shown in red has noise levels higher than 60
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dBA, which is the majority of the area whose levels ex-
ceed the legal limits established by law.

The simulated value is L 44,55, but we must consider
6 dB extra, owing to tonal and low-frequency components
(there were no impulsivity components) in accordance
with Article 15 of the Madrid ordinance [1], for the eval-
uation of L 44,55, Which becomes Lg.q,5:. This can be
observed in Tab. 2, as well as the extent to which the noise
levels were exceeded at the receiver points compared with
the limits in the evening and at night, when the concert
took place. As can be observed, none of the points com-
plies with regulations.It is worth mentioning that the cur-
rent legislation establishes maximum noise emission lim-
its because it is scientifically proven that exceeding these
levels directly affects the health of people exposed to these
noises.

Figure 7. Horizontal noise map: ONLY concert
noise at 21 m height.

In addition to modeling the concert, a simulation was
conducted only in the area on concert days, considering
the traffic of nearby streets. The streets surrounding the
stadium, Rafael Salgado and Padre Damian Streets, and
Concha Espina Avenue are not simulated, as traffic suf-
fers a cut off during concerts. However, large avenues,
such as Paseo de la Castellana, have constant traffic that
contributes to global noise levels. As mentioned previ-
ously, we simulated roads in the area setting in Cadna A,
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Figure 8. Horizontal noise map: ONLY traffic noise
at 21 m height.

each with its traffic limit and MDTD capacity, to obtain
the sound levels produced by them. As a result, we ob-
served that Fig. 7 and Fig. 8, where we can clearly see a
difference in the noise levels in the area.

Figure 9. Vertical noise map during the concert.

In Fig. 7 we can observe how the front row of build-
ings functions as a barrier, reducing the noise observed in
the vertical noise map in Fig. 9, which is a longitudinal
cut along the z-axis perpendicular to the floor that crosses
the stadium from North to South. Noise propagation from
the middle of the stadium is shown in the middle of Fig. 9,
towards the residential buildings located North and South

11™* Convention of the European Acoustics Association
Milaga, Spain * 23" — 26" June 2025 *

SOCIEDAD ESPAROLA

SEA DE ACUSTICA



FORUM ACUSTICUM
ails EURONOISE

Table 2. Comparison of measured levels with legally authorized limits and the degree to which they were
exceeded, both in the evening and at night.

Limits Exceedance Exceedance
. . . o
Receiver | Measurements L i acq (ABA) Ever(lzlr]lggglght (Evening, dBA) | (Night, dBA) Compliant?
R1 80 +6=286 551745 31 41 No
R2 77,6 +6=284 551745 29 39 No
R3 72,3+6=178 55745 23 33 No

(right and left sides of the figure). In Fig. 9 we observe
that most of the acoustic energy is radiated by the vertical
facades and roof of the stadium.

Although we do not know the exact speaker configu-
ration at the concert, we do know that the stage was lo-
cated near the southern side, facing North. Hence, north-
ern sound sources are more powerful than southern ones.
Furthermore, the “’front line” buildings act as acoustic bar-
riers for more distant buildings, as shown in Fig. 9 we can
see the gray area behind the building on the right, show-
ing lower noise levels. However, horizontal maps have
shown that noise from the stadium spreads through the
streets perpendicular to the stadium, affecting most of the
neighborhood.

In Fig. 8, just modeling with traffic noise, there are
many more green areas, indicating noise levels of approx-
imately 35 dBA; however, we can also observe yellow,
gray, and orange areas, indicating meaningful noise levels
between 45 dBA and 55 dBA. Tab. 3 shows a compari-
son of the sound levels reaching receivers R1, R2, and R3,
modeling concert, and traffic, separately. With no con-
cert, the receivers do not exceed the limits, whereas when
simulating a concert, traffic noise barely affects the level
received by the receivers.

Table 3. Comparison of traffic noise and concert
sound pressure levels, L 4., dBA, during the concert
by the prediction software.

R1 R2 R3
L peq dBA | Lacqg dBA | Loy dBA
Concert 78,2 77,5 72,4
Traffic 52,8 45,3 43,1
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4. NOISE MITIGATION PROPOSAL

Looking at Fig. 4 and Fig. 5, we can observe that the prob-
lem is focused on low frequencies. The 63 Hz and 125 Hz
bands have the highest levels, whereas the 8 kHz band has
the lowest levels. Low-frequency noise causes vibrations
that can cause discomfort among neighbors, thereby in-
creasing their perception of noise (window vibrations).

Figure 10. Noise map including corrective measures
on the facades of the stadium and roof at 21 m height.

To lower the sound level of the show was first consid-
ered. In another concert (Aventura), after months of com-
plaints from neighbors about noise, a test was conducted
during the event. It was found that this could not solve
the problem; it only frustrated the attendees, who claimed
that ’they could not hear the music properly.” Therefore,
it is necessary to provide solutions that reduce the noise
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Table 4. Levels at the receivers after the pro-
posed mitigation solutions and its compliance in the
evening and at night.

Evenin Night
Laeq dBA Compliar%ce Compélgiance
R1 54,6 Yes No
R2 51,8 Yes No
R3 45,8 Yes No

level approximately by about 30-40 dBA. After modeling
several mitigation options, Fig. 10 shows the results of
the simulation of an adequate solution. By acting homo-
geneously on the facades of the stadium, we obtained a
decrease of 30 dBA, setting-up 30 dB transmission losses
on the vertical surface sources. The same procedure was
used on the roof, but the sound power was lowered 10 dB,
setting-up 10 dB transmission losses on the horizontal sur-
face sources.

In Tab. 4, the levels obtained at the receivers after ap-
plying the aforementioned modifications can be observed.
As shown, these levels manage to comply with legal limits
in the evening; however, at night, they are still noncompli-
ant. Since it may be difficult to further increase facades’
attenuation to comply with the more restrictive nighttime
limits, we suggest considering modifying the schedule of
the next stadium concerts that will take place during the
evening hours.

5. CONCLUSION

In short, the noise levels generated by concerts in the sta-
dium exceed what is permitted and healthy, and it is not
a situation that can be sustained. A series of on-site mea-
surements were taken at Karol G’s concert, allowing for
the creation and validation of a model in which the mea-
surements and predictions match. Noise limits are ex-
ceeded in residential areas, at within a 500-meter radius of
the stadium center in the evening and even more at night.
As a problem that affects both the well-being and the in-
convenience in the daily lives of the residents of the area,
an improvement in the insulation of fagades of the stadium
by approximately 30 dB and the consideration of a new
concert schedule are proposed to avoid exceeding these
levels. This model can be used to directly incorporate the
attenuation values obtained from fagades and immediately
obtain the expected emission values from nearby homes.
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We encountered several limitations in accessing de-
tailed information on the stadium’s structure, which would
be interesting to have more in order to create a simulation
that better fits the existing openings and facade, as well as
the sound insulation characteristics of the roof. It would
also be useful to obtain the information necessary to simu-
late the transmission of the electroacoustic system during
a concert, to consider the diffraction of linear arrays, and
to gain a better understanding of how sound is transmitted
from the inside of the stadium to the outdoor environment.
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