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ABSTRACT

Soundscape is becoming a relevant topic in recent years in different areas as applied
acoustics, health awareness, urban planning or cultural heritage. Scientific
community have been discussing about them since late 60°s and an evolution from
basic definitions to potential applications has been performed. Most of relevant
changes in Soundscapes framework has been coming along with development in
data collection methodologies. Technology plays a key role: progress, availability,
ubiquity and democratisation of data acquisition systems provide nearly never-
ending chances to address, enhance and enrich Soundscapes assessment. However,
only some years ago available resources were completely different. This article
presents a Soundscape study case carried out in Menorca Island in 2000 and the

discussion of an upgraded study in 2019 regarding technological issues.
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1. INTRODUCTION

Menorca is the easternmost and northernmost island of the Balearic Islands (Spain). It
is the second in extension and third in population of the Balearic Islands. The capital of
the island is Mao, on the east coast, while the most populated municipality is Ciutadella
de Menorca in the west.

UNESCO declared Menorca a biosphere reserve on 8" October 1993, in view of the
high degree of compatibility achieved between the development of economic activities,
the consumption of resources and the conservation of a heritage and landscape that has
maintained, and continues to maintain today, exceptional quality.

Menorca is a territory with a very rich traditional rural landscape. It hosts a notable
diversity of Mediterranean habitats, in which species of animals and plants live
exclusively on the island, some of them in danger of extinction [1].

As a biosphere reserve, Menorca has a several future challenges, some of which are
directly related to the preservation of environmental acoustic quality:

- Favouring the conservation of rural activities that maintain the traditional
landscape and avoiding those that could degrade it.

- Reinforce the conservation of natural ecosystems and of autochthonous fauna
and flora, if they are threatened.

- To deepen the knowledge of the natural and cultural heritage.

- Define sustainability strategies on a local scale.

- Minimize the environmental impact of daily human activities.

- To become an outdoor sustainability laboratory. [1]

Although the island of Menorca has unquestionable environmental values, it also
presents pressing problems due fundamentally to the tourist pressure and the seasonality
of visitors.

The daily human pressure from 1996 to 2015 is presented in Fig.1. On certain dates in
August, there is a simultaneous presence of more than 200,000 people on the island, while
its resident population is around 80,000 [2].
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Fig. 1. Daily human pressure in Menorca from 1996 to 2015 [2]

According to the 5™ Ecobarometer of the Balearic Islands, 56% of citizens of the
Balearic Islands consider the arrival of tourists to the Islands in summer to be excessive,
comparing costs and benefits. In relation to the main problems that affect the
environment, first appears the massification of cars (39%) and the massification of people
occupies the second place (30%) [3].

Menorca is not an exception to the situation in other places with regard to noise
pollution. Sound sources such as road and air traffic, commercial activities, as well as
cultural practices product of the increase of urban conglomerates, can generate acoustic
emissions that are presented as a potential danger to people's health, to the detriment of
life quality [4-8]. Likewise, the specialization of spaces and the need to generate
coherence between the different stimuli offered by urban environments have meant that
traditional approaches to environmental acoustic management (mainly focused on the
control of sound pressure levels) must be extended in order to consider cognitive,
contextual and semiotic aspects, depending on the use and meaning of places [9,10]. This
leads to the need to extend the traditional approach of environmental noise control so that
people are at the centre of urban acoustic management models [11-18].

Derived from the English term landscape, the concept of soundscape has been
developed in various ways. Currently, the consensus is that soundscape refers to the
perception and/or understanding that human beings have of an acoustic environment,
according to its context [4,19]. This definition underlines a difference between acoustic
environment and soundscape: whereas the first term refers to the sound of all sources that
have been modified by the environment, the second refers to perceptive and cognitive
processes that people carry out regarding such environments [4,20]. Likewise, analysing
the conceptual framework of soundscapes presented by the International Standard
Organization (1SO) in the 1SO 12913-1 standard, it states that contextual aspects impact
on sound sources, auditory sensation, the cognitive process, short-term responses, and
people's outcomes. In this order, it is considered that acoustics environments can be
studied as a communication system, where the relationship between the individual and
the environment is analysed [21,22].



Due to the multidisciplinary character of the soundscapes, the works developed in this
field are diverse. Some researchers have focused on processes of analysis and
characterization of acoustic environments from taxonomic aspects (related to the
classification of sound sources [9,23-25]). Other researches have remarked acoustic
aspects focused on the study of the energetic behaviour of the sound field, using energetic
time-average, statistical descriptors such as percentiles and maximums and minimums,
and in some cases psychoacoustic and binaural descriptors [26-31]. Another important
line of research has been related to soundscape assessment processes, where in addition
to the traditional aspects of comfort and noise annoyance, perceptual attributes such as
activity, pleasure and eventful have been introduced. Works have also been developed on
the influence of other stimuli (mainly visual) on the perception of the acoustic
environment [32-39].

About soundscape assessment tests, these are divided into laboratory tests and in situ
tests. The laboratory tests seek greater control of the different variables to which the
evaluator is exposed, in such a way that, as far as possible, only the stimuli of interest for
the research are presented to the evaluator. In addition to the semantic differential type or
response scale tests, it is possible to apply tests as pairs compared to those that can be
obtained from Thurstone or Likert scales [27,32,33,38,40-43]. One of the main
advantages of this type of test is that it allows the listener to be presented with simulated
acoustic environments, a key aspect in the design of soundscapes, although it is limited
in the realism and total immersion offered by the tests in situ [44]. Concerning the in-situ
tests, these can be developed from sound walks or fixed listening points, where the
evaluators present their opinion regarding different attributes of the acoustic environment
in which they find themselves. Semantic differential or response scale tests are generally
used, although it is also common to conduct interviews and open-ended questions in order
not to limit the evaluators' ability to respond. Being an in-situ test, the environment offers
visual, olfactory and tactile stimuli, allowing total immersion to the evaluators with
respect to their environment, so that the results obtained reflect not only sound aspects
but also the complexity of the real world [45-50].

Considering the need to obtain detailed information of the acoustic environments, as
well as the diversity of data required for the analysis, planning, and design of
soundscapes, technological aspects play a fundamental role in data collection. This
project focuses on the case study developed on the island of Menorca in the years 2000
and 2019, discussing technical and technological aspects of these processes according to
the technologies available in these years.

2. PREVIOUS STUDY OF SOUNDSCAPE IN MENORCA ISLAND (2000)

In the year 2000, a survey of the environmental acoustic quality of the island of
Menorca was carried out. The research included noise mapping in urban areas, noise
nuisance surveys, analysis of traffic noise prediction equations and sound landscape
studies [51].

In the island the population multiplied three times in the summer season (tourists),
acoustic measurements were made in winter and summer. The noise maps of the two main
cities (Mad and Ciutadella de Menorca) and of three tourist developments were performed
for both seasons. In both cities a total of 320 measurements of 10 minutes and 96
measurements of 20 minutes were carried out at seven different times of each day, and



on four days of the week. More than 168 hours of acoustic measurements were analysed
with stations at different points in each city, and more than 413 hours of acoustic
measurements.

A subjective study was carried out on the perception of environmental noise and sound
ambiences. In Mad and Ciutadella de Menorca, surveys were applied during winter and
summer. The survey incorporated questions about sound environments. The total number
of surveys was 886: 324 surveys of Mao neighbours (winter), 299 surveys of Ciutadella
de Menorca neighbours (winter), 65 surveys of school teachers, 142 surveys of young
people, and 56 surveys of tourists.

Four questions about sound environments were included in the surveys. Some
questions recorded low response rates, possibly because respondents did not know the
meaning of "soundscape". Other questions provided valuable information in the selection
of soundscapes, places and activities of interest. The soundscapes of interest were
traditional celebrations (especially the Festes de Sant Joan de Ciutadella), natural sites
(sea, beach, forest, countryside), noisy environments (motorcycles, bars, streets) and
tourist areas (urbanizations and coves).

In activities with children, the sound environments were represented with great detail
of elements, see Fig. 2. To children, pleasant sounds and sound environments were
elements of nature: sea, beach, birds, forest. The negative or noisy environments were
related to sounds generated by human activity: machines, traffic, motorcycles, etc. The
use of children's drawings about the acoustic environment was an alternative way of
collecting data regarding children's opinions and preferences.

e
\\_.—u
';"I'" - N
I3
7
| >

~Enn I e v@mmﬁmﬂ #

Fig. 2. Drawings of children (4 to 11 years old): Noise and Sounds.



The first study was an initial and exploratory investigation, including interviews and
questionnaires to a panel of experts with people with knowledge of the island, its history,
architecture, nature, and cultural facts. They identified the importance of traditional
celebrations and their symbols as something typical and representative (especially San
Juan in Ciutadella de Menorca, and the last celebration of the season, in Mag), the
presence of the sea and the wind (Tramuntana) in memories and insular character of daily
life in Menorca, the silence as an element of intimacy and nostalgia that the cities shelter
in winter (solitary streets, without tourists) and an important value is also appreciated for
natural areas and autochthonous fauna (such as wetlands, pine forests, birds, etc.). They
provided descriptions of the identified sounds, their significance and cultural and
historical context, the value of Menorca's traditions, the presence of the sea and the wind
in the immediate everyday environment.

Other sources of information included interviews with other experts (biologists, urban
planners), analysis of studies on the visual landscape of the island (landscape map), and
field visits. Other soundscapes of interest were incorporated: the markets of Ciutadella de
Menorca and Ma6 on Saturday morning, some bars, also on Saturday morning, a
shoemaker and his hammering, a craftsman of sandals and their characteristic sounds,
manufacture of gin and cheese, the reverberant sound inside the quarries (Ciutadella de
Menorca), among others.

The equipment used was a Sony DAT (TCD-D10 PRO I1), and two identical AKG
microphones (CK 91), with AKG power supply (SE300B). The two cardioid microphones
were used at an angle of 110°, spaced horizontally at 17 cm (ORTF configuration). This
methodology allows a proper recording of the environment, with good accuracy of
location of the sounds. The 17 cm spacing produces good image stability for head
movements, assuming an angle of about 30° between loudspeakers.

The equipment was used in different visits to the Island, recording more than 8 hours
of sound material, coordinated with the measurements made for the other parts of the
study (noise maps).

One of the most relevant topics is "Festes de Sant Joan" in 2001. On this occasion 4
hours of sound recordings were completed. 27 audio tracks were selected, including
recordings in some of Menorca's most characteristic landscapes and situations: traditional
markets, Festivals of Sant Joan (Ciutadella de Menorca), beachside sounds, countryside
sounds, etc. All these sounds were recorded, processed and stored in a sort of audiobook,
with the purpose of preservation and archiving, however, no acoustic processing or
psychoacoustic study was performed in 2000.

3. CURRENT RESEARCH ON THE SOUNDSCAPE OF THE MENORCA
ISLAND (2019)

In 2018 a research grant was awarded to study the soundscapes on the island of
Menorca as intangible cultural and environmental heritage.

In this research project, it is proposed to characterize the most characteristic
soundscapes of the Island of Menorca by means of psychoacoustic parameters and
descriptors of sound quality defined in the ISO/TS 12913-2 standard [52]. To this end,



the catalogue of soundscapes recordings obtained on the island in 2000 as a result of a
previous UPM research project will be updated, with new complementary recordings
obtained in 2019. . The main goals are to suggest actions for soundscapes conservation,
as well as disseminating the results in open format in order to make the population aware
of the fragility of this heritage.

In contrast to what was done in 2000, where only classical acoustic indicators defined
in the 1996-1 standard such as LAeqT, LCeqT, percentiles, etc. were obtained, the new
study proposes, in accordance with what is defined in the ISO/TS 12913-2 standard, to
characterise soundscapes using classical acoustic indicators along with psychoacoustic
indicators (sharpness, tonality, roughness, and fluctuation strength) and other types of
acoustic parameters that are being proposed for the evaluation of soundscapes such as
Normalized IACF and Running IACF, see Table 1 [29, 53-56].

Table 1. Objective acoustic parameters used for spatial analysis.

General Function

Analysis Parameters

Descriptive Statistic

Normalized IACF:

¢lr(T) =
Py (7)

NEMOI®O] (Eq. 1)
Running IACF:

¢ (D) = ¢ (T; 1, T)
¢ (1) =

Pir(T;t,T)
[@p-(0;t,T) Py (0;T+1,T)]1/2

(Eq. 2)

where ¢;,-(7) is given
by Eq. 1

IACCiruming: Using the temporal stepsize of the IACF in the
running IACF, multiple IACC of the different segments of
the signal are obtained.

Can be considering the difference
between the 90th and 10th percentiles.

Tiacc: The Tiacc is the delay at which the IACF attains its
maximum value of IACC [53]. The values of the tjacc
should be between 1 and -1. tjacc is related to the location
of the sound in a horizontal plane [29,54].

For the running IACF multiple values
of 1iacc are obtained. The range and
the difference between the 90th and
10th  percentiles of were
considered.

TiAcC

Wiacc: The width of the maximal IACF peak [53]. This
parameter is defined by the size of the delay range under
which the peak of the IACF is below 90% of the maximum
value (6=0.1*IACC) [55]. The wacc offers information
related to spatial perceptions such as location and spatial
clarity in the horizontal plane [56].

For the running IACF, multiple values
of the wiacc Were obtained, where the
range Wacc and the difference
between the 90th and 10th percentiles
show the variation of this parameter
over time.

Both the data acquisition methodology and the equipment have changed significantly
from 2000 to the present. Binaural measurement techniques, by means of a binaural
midrophones headset are currently being used in combination with soundwalks.

A comparison of block diagrams of the procurement systems used in 2000 and 2019
are shown in Fig.3 and Fig.4.
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Fig. 3. Equipment used in 2000.
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In addition to binaural registers, audio recordings were performed with the SLM
channel and the traditional acoustic parameters were recorded, at every test.

The objective of these records is to obtain metrologically validated acoustic parameter
values and, in addition, values of other additional acoustic parameters.

The winter campaign for the measurement and recording of soundscapes in Menorca
took place at the end of February 2019. For this reason, at the time of writing of this
article, there are still no publishable results.

The future campaigns to measure and record soundscapes are planned in June and
September 2019.

4. ACKNOWLEDGEMENTS

This paper is partially funded by the R&D grants programme of the Institut Menorqui
d'Estudis.



5. REFERENCES

1. http://www.menorca.es
2. http://www.obsam.cat/
3 http://www.ibesinvestigacion.com/ecobarometro-de-baleares-2017/

4, Brown, A.L.; Kang, J.; Gjestland, T. Towards standardization in
soundscape preference assessment. Appl. Acoust. 2011, 72, 387-392,
doi:10.1016/j.apacoust.2011.01.001.

5. Van Kamp, I.; Klaeboe, R.; Brown, A.L.; Lercher, P. Soundscapes, Human
Restoration and Quality of life. In Soundscape and the Built Environment; Kang, J.,
Schulte-Fortkamp, B., Eds.; CRC Press, 2016; pp. 43-68.

6. Lercher, P.; Van Kamp, I.; Lindern, E. VVon; Botteldooren, D. Perceived
Soundscapes and Health-Related Quality of Life, Context, Restoration, and Personal
Characteristics. In In Soundscape and the Built Environment; Kang, J., Schulte-
Fortkamp, B., Eds.; CRC Press, 2016; pp. 133-160.

7. Clark, C.; Paunovic, K. Who environmental noise guidelines for the
European region: A systematic review on environmental noise and quality of life,
wellbeing and mental health. Int. J. Environ. Res. Public Health 2018, 15,
doi:10.3390/ijerph15112400.

8. Medvedev, O.; Shepherd, D.; Hautus, M.J. The restorative potential of
soundscapes: A physiological investigation. Appl. Acoust. 2015, 96,
doi:10.1016/j.apacoust.2015.03.004.

0. Bento, J.-L. Approaches to Urban Soundscape Management, Planning and
Design. In Soundscape and the Built Environment; Kang, J., Schulte-Fortkamp, B., Eds.;
CRC Press, 2016; pp. 197-214.

10.  Hermida, L.; Pavon, I.; Lobo Soares, A.; Bento-Coelho, J. On the Person-
Place Interaction and Its Relationship with the Responses/Outcomes of Listeners of
Urban Soundscape (Compared Cases of Lisbon and Bogota): Contextual and Semiotic
Aspects. Int. J. Environ. Res. Public Health 2019, 16, 1-21, doi:10.3390/ijerph16040551.

11.  Bento Coelho, J.L. A paisagem sonora como instrumento de design e
engenharia em meio urbano. In Proceedings of the XXIII Encontro da Sociedade
Brasileira de Acustica (SOBRAC); Salvador, 2010.

12.  Adams, M.; Cox, T.; Moore, G.; Croxford, B.; Refaee, M.; Sharples, S.
Sustainable soundscapes: noise policy and the urban experience. Urban Stud. 2006, 43,
2385-2398, doi:10.1080/00420980600972504.

13.  Jennings, P.; Cain, R. A framework for improving urban soundscapes.
Appl. Acoust. 2013, 74, 293-299, doi:10.1016/j.apacoust.2011.12.003.

14.  Kang, J. From understanding to designing soundscapes. Front. Archit. Civ.
Eng. China 2010, 4, 403-417, d0i:10.1007/s11709-010-0091-5.

15.  Brown, A.L. Soundscape planning as a complement to environmental
noise management. In Proceeding Internoise 2014 - 43rd International Congress on Noise
Control Engineering: Improving the World Through Noise Control; Melbourne, 2014;
pp. 1-10.

16.  Bento Coelho, J.L.; Remy, N.; Vogiatzis, K. Urban Sound Planning in the
City Centre of Thessaloniki. In ICSV 2015 - 22 International Congress on Sound and
Vibration; Florence, 2015; pp. 12-16.

17.  Remy, N.; Vogiatzis, K. Soundscape & Land Uses Management As
Compre- Hensive Environmental Protection Action Policy Tool Within the Strategic
Environmental Noise Mapping in Greece. In ICSV 2016 - 23rd International Congress on
Sound and Vibration: From Ancient to Modern Acoustics; Athens, 2016; pp. 1-8.


http://www.menorca.es/
http://www.menorca.es/
http://www.obsam.cat/
http://www.obsam.cat/
http://www.ibesinvestigacion.com/ecobarometro-de-baleares-2017/
http://www.ibesinvestigacion.com/ecobarometro-de-baleares-2017/

18. Kang, J.; Aletta, F.; Gjestland, T.T.; Brown, L.A.; Botteldooren, D.;
Schulte-fortkamp, B.; Lercher, P.; Kamp, I. Van; Genuit, K.; Luis, J.; et al. Ten questions
on the soundscapes of the built environment. Build. Environ. 2016, 1-11,
doi:10.1016/j.buildenv.2016.08.011.

19. International Standar Organization (ISO) 12913-1 Acoustics —
Soundscape — Part 1 : Definition and conceptual framework 2013.

20. Brown, A.L.; Gjestlan, T.; Dubois, D. Acoustic Environments and
soundscapes. In Soundscape and the Built Environment; Kang, J., Schulte-Fortkamp, B.,
Eds.; 2016; pp. 1-16.

21.  Truax, B. Acoustic communication; Voigt, M., Ed.; Ablex Publishing
Corporation: New Jersey, 1984; ISBN 0893912638 0893913073 (pbk.).

22.  Truax, B.; Barrett, G.W. Soundscape in a context of acoustic and landscape
ecology. Landsc. Ecol. 2011, 26, 1201-1207, doi:10.1007/s10980-011-9644-9.

23.  Schomer, P.; Brown, A.L.; De Coensel, B.; Genuit, K.; Gjestland, T.; Yong
Jeon, J.; Kang, J.; Newman, P.; Schulte-Fortkamp, B.; Watts, G.R. On efforts to
standardize a graphical description of the soundscape concept. In Proceeding on the Inter-
Noise 2010, 39th International Congress and Exposition on Noise Control Engineering;
Portuguese Acoustical Society: Lisbon, 2010; pp. 1-8.

24.  Axelsson, O.; Nilsson, M.E. On sound source identification and taxonomy
in soundscape research. In Proceeding on the Inter-Noise 2010, 39th International
Congress and Exposition on Noise Control Engineering; Portuguese Acoustical Society:
Lisbon, 2010.

25. Kogan, P.; Turra, B.; Arenas, J.P.; Hinalaf, M. A comprehensive
methodology for the multidimensional and synchronic data collecting in soundscape. Sci.
Total Environ. 2017, 580, 1068-1077, doi:10.1016/j.scitotenv.2016.12.061.

26.  Genuit, K.; Fiebig, A. Psychoacoustics and its benefit for the soundscape
approach. Acta Acust. united with Acust. 2006, 92, 952-958.

27. Hall, D.A.; Irwin, A.; Edmondson-Jones, M.; Phillips, S.; Poxon, J.E.W.
An exploratory evaluation of perceptual, psychoacoustic and acoustical properties of
urban soundscapes. Appl. Acoust. 2013, 74, 248-254,
doi:10.1016/j.apacoust.2011.03.006.

28.  Maristany, A.; Recuero Lépez, M.; Asencio Rivera, C. Soundscape quality
analysis by fuzzy logic: A field study in Cordoba, Argentina. Appl. Acoust. 2016, 111,
106-115, doi:10.1016/j.apacoust.2016.04.013.

29.  Szeremeta, B.; Zannin, P.H.T. Analysis and evaluation of soundscapes in
public parks through interviews and measurement of noise. Sci. Total Environ. 2009, 407,
6143-6149, doi:10.1016/j.scitotenv.2009.08.039.

30. Rey Gozalo, G.; Trujillo Carmona, J.; Barrigon Morillas, J.M.; Vilchez-
Gbmez, R.; Gomez Escobar, V. Relationship between objective acoustic indices and
subjective assessments for the quality of soundscapes. Appl. Acoust. 2015, 97, 1-10,
doi:10.1016/j.apacoust.2015.03.020.

31.  Hermida, L.; Pavon, 1. Spatial aspects in urban soundscapes : Binaural
parameters application in the study of soundscapes from Bogota-Colombia and Brasilia-
Brazil. Appl. Acoust. 2019, 145, 420-430, doi:10.1016/j.apacoust.2018.10.011.

32.  Axelsson, O.; Nilsson, M.E.; Berglund, B. A principal components model
of soundscape perception. J. Acoust. Soc. Am. 2010, 128, 2836-2846,
do0i:10.1121/1.3493436.

33.  Cain, R.; Jennings, P.; Poxon, J. The development and application of the
emotional dimensions of a soundscape. Appl. Acoust. 2013, 74, 232-239,
doi:10.1016/j.apacoust.2011.11.006.



34.  Guillén, J.; Lopez, I. Importance of personal, attitudinal and contextual
variables in the assessment of pleasantness of the urban sound environment. In 19th
International Congress on Acoustics ICA; Madrid, 2007; pp. 1-6.

35. Kawai, K.; Kojima, T.; Hirate, K.; Yasuoka, M. Personal evaluation
structure of environmental sounds: Experiments of subjective evaluation using subjects’
own terms. J. Sound Vib. 2004, 277, 523-533, doi:10.1016/j.jsv.2004.03.013.

36.  Lopez, I.; Guillén, J. Calidad acustica urbana: influencia de las
interacciones audiovisuales en la valoracion del ambiente sonoro. Medio Ambient. y
Comport. Hum. 2005, 6, 101-117.

37. Jeon, JY.; Lee, PJ.; Hong, J.Y.; Cabrera, D. Non-auditory factors
affecting urban soundscape evaluation. J. Acoust. Soc. Am. 2011, 130, 3761-70,
doi:10.1121/1.3652902.

38. Pheasant, R.; Horoshenkov, K.; Watts, G.; Barrett, B. The acoustic and
visual factors influencing the construction of tranquil space in urban and rural
environments tranquil spaces-quiet places? J. Acoust. Soc. Am. 2008, 123, 1446-1457,
doi:10.1121/1.2831735.

39. Liu, J.; Kang, J.; Luo, T.; Behm, H. Landscape effects on soundscape
experience in city parks. Sci. Total Environ. 2013, 454-455, 474-481,
doi:10.1016/j.scitotenv.2013.03.038.

40.  Carles, J.L.; Barrio, I.L.; De Lucio, J.V. Sound influence on landscape
values. Landsc. Urban Plan. 1999, 43, 191-200, doi:10.1016/S0169-2046(98)00112-1.

41.  Hume, K.; Ahtamad, M. Physiological responses to and subjective
estimates of soundscape elements. Appl. Acoust. 2013, 74, 275-281,
doi:10.1016/j.apacoust.2011.10.009.

42.  Viollon, S.; Lavandier, C.; Drake, C. Influence of visual setting on sound
ratings in an urban environment. Appl. Acoust. 2002, 63, 493-511, doi:10.1016/S0003-
682X(01)00053-6.

43.  Hong, J.Y.; Jeon, J.Y. Designing sound and visual components for
enhancement of urban soundscapes. J. Acoust. Soc. Am. 2013, 134, 2026-36,
doi:10.1121/1.4817924.

44.  Hermida, L.; Lobo Soares, A.C.; Pavon, I.; Bento Coelho, J.L. Assessing
soundscape: Comparison between in situ and laboratory methodologies. Noise Mapp.
2017, 4, 57-66, doi:10.1515/noise-2017-0004.

45.  Payne, S.R.; Davies, W.J.; Adams, M. Research into the practical and
policy applications of soundscape concepts and techniques in urban areas (NANR 200);
2009;

46.  Lobo Soares, A.C.; Bento Coelho, J.L. Urban park soundscape in distinct
sociocultural and geographical contexts. Noise Mapp. 2016, 3, 232-246,
doi:10.1515/noise-2016-0016.

47.  Liu, J.,; Kang, J.; Behm, H.; Luo, T. Effects of landscape on soundscape
perception: Soundwalks in city parks. Landsc. Urban Plan. 2014, 123, 30-40,
doi:10.1016/j.landurbplan.2013.12.003.

48.  Zhang, M.; Kang, J. Towards the evaluation, description, and creation of
soundscapes in urban open spaces. Environ. Plan. B Plan. Des. 2007, 34, 68-86,
doi:10.1068/b31162.

49.  Bento, J.L. Conforto sonoro em cidades — conceitos, instrumentos e
estratégias. In Congreso Iberoamericano de acustica FIA 2014; Valdivia-Chile, 2014,

50. Brambilla, G.; Gallo, V.; Asdrubali, F.; D’Alessandro, F. The perceived
quality of soundscape in three urban parks in Rome. J. Acoust. Soc. Am. 2013, 134, 832—
9, doi:10.1121/1.4807811.



51. Suéarez, E. Metodologias simplificadas para estudios en acustica ambiental;
aplicacion en la isla de Menorca. Doctoral dissertation. Universidad Politécnica de
Madrid, 2002.

52. International Standar Organization (ISO) 12913-1 Acoustics — Soundscape
— Part 2: Data collection and reporting requirements 2018.

53.  Ando, Y.; Cariani, P. Auditory and visual sensations; Ando, Y., Cariani,
P., Eds.; Springer: London, 2009; ISBN 9781441901712.

54.  Ando, Y. Architectural Acoustics: Blending Sound Sources, Sound Fields,
and Listeners; First.; Springer, 1998; Vol. 104; ISBN 0387983333.

55.  Sato, S.; Ando, Y. Apparent Source Width ( ASW ) of Complex Noises in
Relation to the Interaural Cross-correlation Function. J. Temporal Des. Archit. Environ.
2002, 2, 29-32.

56.  Ando, Y. Opera House Acoustics Based on Subjective Preference Theory;
Springer Japan: Kobe-Japan, 2015; ISBN 978-4-431-55423-3.



