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Abstract

Despite the existence of legislation and good practice guidelines, environmental noise
remains a challenge for most urban environments. While noise control methods have made
significant strides in reducing noise levels in urban sound environments, there has been a
notable oversight in addressing its perceptual construct known as the 'soundscape.' This
oversight is a missed opportunity for urban sustainable development, aiming towards
inclusive, safe, resilient, and sustainable cities and human settlements. Several College and
University campuses serve as exemplars of well-designed and environmentally conscious
sound environments. For this research, a soundscape assessment at Perrotis College in
Thessaloniki, Greece has been conducted. Furthermore, noise level measurements and sound
recordings were conducted. This approach allowed the combinatory evaluation of
soundscape descriptors with noise and acoustic indicators, over a three-month period. The
results highlighted a seasonal variation in how campus users perceive the soundscape. The
concept of positive soundscapes and the application of soundscape improvement strategies
are crucial elements for enhancing urban environments. These approaches not only
contribute to reducing noise pollution but also promote a more pleasant and harmonious
auditory experience in our cities and support the creation of sustainable urban spaces.

Key words: Soundscape, Sound environment, Noise, Sustainability, Noise map, Campus

Introduction

Approximately 75% of European citizens and 57% of the global population reside in urban
areas (World Bank Open Data, 2018) with an increasing trend. Additionally, the rapid
urbanization rate has led to a series of environmental pressures impacting the well-being of
urban dwellers (Lal et al., 2017). Alongside the various environmental pressures, noise
emerges as a significant factor negatively affecting both human (Riedel et al., 2019) and
environmental health (Brumm & Zollinger, 2011; Slabbekoorn, 2013). Sound retains the
potential to stand as a proxy of urban sustainability, as changes in the urban environment
create acoustic impacts reflecting the environmental condition of a region (Krause & Farina,
2016).

Cities are complex and dynamic systems, in which changes in one area can lead to
unexpected effects (Glouberman et al., 2006). The dominance of built infrastructure in
cityscapes has shaped a view of urban society that is dissociated from natural ecosystems.
Nevertheless, the degradation of rural habitats due to the intensification of agriculture and the
promotion of green and circular policies in the urban environment (Tsaligopoulos et al., 2022),
has elevated the ecosystemic importance of urban green areas (Fuller & Gaston, 2009;
Susskind & Kim, 2022). This paradox builds upon the perception that cities are both the cause
of and the solution for local and global climatic crisis phenomena (Byrne, 2022).

Urban green areas offer numerous benefits and ecosystem services to city dwellers.
These spaces contribute to noise reduction, support biodiversity conservation, and promote
health restoration (Gidl6f-Gunnarsson & Ohrstrém, 2007). Despite these advantages, limited
access to urban green spaces remains a challenge in many cities, affecting the well-being of
residents (Chiquet et al., 2013; Kothencz et al., 2017). The United Nations’ 11th Sustainable
Development Goal (United Nations, 2024) underscores the importance of creating inclusive,
safe, resilient, and sustainable cities. Therefore, ensuring access to public green spaces, quiet
areas (Bartalucci et al., 2019), and restorative environments (Payne, 2013) is an integral part
of creating a sustainable and healthy urban environment.
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Implementing a strategy that prioritizes acoustic sustainability in urban planning and
design can lead to robust and adaptable urban spaces. Acoustic sustainability is defined as
“our ability as a culture to live within a positively functioning soundscape that has long-term
viability” (Truax, 2021). In most cases, university and college campuses serve as exemplars of
healthy environments, providing acoustic sustainability (Mohammed et al., 2022). They serve
as hubs of innovation, implementing thoughtful design and planning by integrating green
spaces and pedestrian-friendly layouts (Colding & Barthel, 2017). Sustainable design and
practices are a priority in such environments, aligning with educational missions that promote
environmental awareness and responsibility among students and staff.

This research aims to demonstrate that college campuses can serve as models for cities,
influencing sustainable practices at urban level. By assessing the sound environment of a
college campus, we intend to showcase a sustainable approach, providing an outline for
proper design, conservation and promotion of urban green spaces. The objectives of this
research are a) to assess the impact of noise in a college campus, b) to assess how the sound
environment is perceived over time, c) to assess the interconnection of noise and acoustic
complexity.

Theoretical Framework

The issue of noise

The World Health Organization (WHO) defines health as a “state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity” (Constitution
of the World Health Organization, 2024). To this end, urban residents exposed to increased
noise levels, experience a combination of mental and physical health deterioration (Basner et
al., 2014; Mucci et al., 2020). More specifically, noise can cause annoyance, sleep disturbance,
hearing impairment and even coronary heart disease, myocardial infractions, strokes, and
hypertension (WHO, Environmental Noise Guidelines for the European Region, 2019).
Additionally, noise impacts avifauna communication efforts, directly and indirectly affecting
overall environmental quality (Ey & Fischer, 2009).

The Environmental Noise Directive (END), relating to the assessment and management
of environmental noise, underscores the significance of addressing this specific pollutant. In
this directive environmental noise is defined as the “unwanted or harmful outdoor sound
created by human activities, including noise emitted by means of transport, road traffic, rail
traffic, air traffic, and from sites of industrial activity” (END, 2002). Among these sources,
road traffic noise stands out as a major cause of distress.

According to WHO, the recommended threshold for road traffic noise exposure to
safeguard human health is a threshold of 53 dB(A). Unfortunately, recent statistics reveal that
40% of the European population is exposed to noise levels exceeding 55 dB(A), with 20%
experiencing levels surpassing 65 dB(A) during the daytime, and 30% enduring levels
exceeding 55 dB(A) at night. Urgent intervention is pivotal to alleviate this burden (WHO,
Environmental Noise Guidelines for the European Region, 2019).

One potential solution to noise-related challenges involves creating urban quiet areas,
where low levels of environmental noise are preserved (Bartalucci et al., 2019; Tsaligopoulos
& Matsinos, 2022). These areas can be established through various noise control measures,
including the use of noise barriers. However, the prompt to homogenize all sounds under the
prism of their intensity was the reason to shift away from traditional noise control methods
towards perceptual approaches similarly to the soundscape approach emphasizing the holistic
experience of sound beyond intensity (Kang et al., 2016).
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The soundscape approach

The soundscape approach provides a new sound environment interpretation going beyond the
concepts of noise and quietness by focusing on negative and positive soundscapes (Axelsson
et al., 2012). Soundscape investigations intend to collectively evaluate all sounds perceived in
an environment (Mitchell et al., 2022). This phenomenological approach, through which
individuals interpret and understand the sounds around them, is reinforced by the objective
reality of the natural world.

The definitions provided by the ISO 12913 soundscape series highlight the
differentiation between the concepts of the ‘sound environment’ and the ‘soundscape’. The
sound or acoustic environment is defined as the ‘sound at the receiver level from all sound
sources as modified by the environment’, thus emphasizing an objective reality of sound and
noise propagation. Additionally, the soundscape is defined as the ‘acoustic environment as
perceived or experienced and/or understood by a person or people, in context’ (ISO 12913,
2014). This differentiation underscores the fact that the soundscape stands as the perceptual
construct of a sound environment that can be assessed individually or collectively.

There are several survey methods for soundscape assessment that involve collecting both
qualitative and quantitative data. Survey participants complete soundscape assessment
questionnaires to highlight the perceived affective quality of the sound environment (Aletta et
al., 2016). These specific questionnaires utilize soundscape descriptors to describe how
people perceive their auditory surroundings. One engaging method for perceptual data
collection is the soundwalk (Oberman et al., 2020). During a soundwalk, participants actively
listen while following a pre-designed route that exposes them to various sound environments.
Using the aforementioned descriptors, participants collectively describe the soundscape they
experience. The future of soundscape studies lies in establishing soundscape indicators that
serve as metrics for predicting the overall soundscape quality. The ultimate goal of the
soundscape approach is to move beyond the decibel scale and provide more meaningful
outcomes for urban dwellers in terms of soundscape design (Kang, 2017).

However, a common limitation of both noise control and the soundscape approach is the
inadequate concern of the ecological aspects within a sound environment. The field
of ecoacoustics offers an environmental perspective, acting as a connecting link between the
objectivity of noise control and the subjectivity of the soundscape approach (Krause & Farina,
2016).

The ecoacoustics approach

The field of ecoacoustics studies the ecological role of sounds originating from geophysical
(geophony), biological (biophony), and anthropogenic (anthropophony) sources (Farina,
2018). Unlike traditional bioacoustics, that focuses solely on isolated animal vocalizations,
ecoacoustics scale-up and assess entire animal orchestras (Pijanowski et al., 2011). In recent
years, researchers have increasingly turned to passive acoustic methods in order to capture
and analyze vocal species dynamics, providing valuable insights into species behavior
(Desjonquéres et al., 2020). Automated recorders that have been recently developed offer a
cost-effective and trusted solution and are now widely used by researchers.

The intrinsic link between sound and ecological processes, as explored in ecoacoustics,
highlights that sound environments are fundamental components of ecosystems (Sueur &
Farina, 2015). This has led to the development of new indices that quantify acoustic
properties, similar to complexity and diversity. These indices shed light on various ecological
aspects based on assumptions about the frequency attributes of animal vocalizations (Sueur,
2018).
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One commonly used acoustic index is the Acoustic Complexity Index (ACI). ACI
operates under the assumption that biotic sounds exhibit variability in intensities, while
human-generated noise maintains constant intensity values (Farina & Li, 2021). Its purpose is
to measure acoustic complexity by assigning greater importance to sounds that demonstrate
amplitude modulation.

Numerous studies have revealed an inverse relationship between noise indicators and
acoustic complexity (Haselhoff et al., 2022; Tsaligopoulos et al., 2023). This implies that
noise producing human activities tend to simplify complex sound environments, thus
providing additional evidence of the effects of noise on environmental health.

Methodology

Case study area

For this research we focused on a large section of Perrotis College campus located in the
outskirts of Thessaloniki, Greece. The specific campus incorporates green spaces, agricultural
land, and pedestrian areas, prioritizing sustainable infrastructure in order to align with the
educational mission of the college.

Amongst the numerus plant species found in the premises of the campus, Pine trees
(Pinus brutia) are abundant. Furthermore, numerous bird species including robins (Erithacus
rubecula), white wagtails (Motacilla alba), doves (Columpa liva), common blackbirds
(Turdus merula), warblers (Sylvia melanocephala), great tits (Parus major), sparrows (Paser
domesticus), goldfinches (Carduelis carduelis), hooded crows (Corvus corone cornix), and
medium-sized rose-ringed parakeets (Psittacula krameri).

This research was conducted during the daytime hours (10:00 a.m.—11:00 a.m.) of
October, November, and December 2023. As can be seen in Figure 1, a soundwalk route
containing five soundscape evaluation points was planned to enable simultaneous sound level
measurements and sound recordings. The five evaluation points represent diverse
environments and were selected because they are frequently used by college students for
studying, leisure, and even educational activities. In total 10 students, aged between 18 and 25
years, completed the soundscape evaluation questionnaires for each period. For every
questionnaire a sound level measurement and a sound recording were simultaneously
conducted. Participants utilized a 5-point Likert evaluation scale to depict their perceived
affective quality data, using the available soundscape descriptors such as annoying, calm,
chaotic, eventful, monotonous, pleasant, uneventful, and vibrant.

Figure 1: Perrotis College Campus showcasing the soundscape evaluation points, the
soundwalk route and the traffic count observation point
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Soundscape evaluation methods

The 01 dB Fusion class 1 smart noise monitor, paired with the GRAS 40AE free field
microphone, gathered noise data at a 51.2 kHz sampling frequency and a 1 s logging interval,
positioned 1.5 m above ground level. Preceding data collection, the device was calibrated,
aligning with the requirements for Class 1 measuring instruments and EN61326-1:1997 +
A1:1998 specifications. The dBTrait v. 6.3.0 software (ACOEM, Limonest, France) was used
to process the environmental noise data, focusing on A-weighted levels of Leg, Lmin, and Lmax
noise indicators. Leg, also referred to as Equivalent Continuous Sound Level, quantifies the
average sound level over a designated timeframe (Namba & Kuwano, 1984).

Stereo sound recordings were simultaneously conducted using a TASCAM DR-05x
digital sound recorder positioned at the same height above ground level. Programmed to
record at a 44.1 kHz sampling rate, the recorder captured 24-bit uncompressed WAVE audio
files through its built-in omni-directional microphones. These audio files were analyzed in R
statistics software (R: The R Project for Statistical Computing, 2024), using the seewave and
soundecology packages (LJ Villanueva-Rivera, 2013; SUEUR et al., 2008) to compute the
Acoustic Complexity Indicator (ACI).

Noise modeling and noise mapping

A detailed cartographic representation of the college campus was essential. We collected
structural information, including building height and exact locations, as well as details about
vegetation. Additional data on road type classification, surface conditions, and width were
gathered to create accurate noise maps.

Following the CNOSSOS-EU road traffic noise model guidelines (Kephalopoulos et al.,
2012), vehicles entering the campus were counted and categorized. A researcher manually
collected traffic flow data at a strategically chosen location for one hour (Figure 1). Using the
CadnaA noise prediction and noise mapping software, noise maps were created (Cadnad —
State-of-the-Art Noise Prediction Software - Datakustik GmbH, 2024). The specific approach
considers the digitized roads as sources of noise and the digitized urban structures (buildings)
as obstacles. Therefore, traffic flow data were assigned for each road. This included counting
light vehicles, medium-heavy vehicles, heavy trucks, and two-wheelers (Kephalopoulos et al.,
2014; Khan et al., 2021) simultaneously with the other data collection activities during each
measurement period.

Results and discussion

The manual traffic count and categorization revealed a fleet of vehicles using both the local
road within the college campus and the major road surrounding it. As shown in Table 1, the
total number of vehicles and the percentage within each category fluctuate during the
measurement periods. As anticipated, the local road is used to a lesser extent during
December.
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Table 1. Vehicles counted and categorized during the three months of measurments
October 2023

Local Road N | Percentage | Major Road N | Percentage
Light Vehicles | 25 66% Light Vehicles | 155 34%

Heavy Vehicles | 2 5% Heavy Vehicles | 120 26%

Heavy Trucks | 1 3% Heavy Trucks | 55 12%

Motorcycles | 10 26% Motorcycles | 130 28%

Total 38 100% Total 460 100%
September 2023

Local Road N | Percentage | Major Road N | Percentage
Light Vehicles | 29 60% Light Vehicles | 160 39%
Heavy Vehicles | 5 10% Heavy Vehicles | 95 23%

Heavy Trucks | 1 2% Heavy Trucks | 40 10%

Motorcycles | 13 27% Motorcycles | 120 29%

Total 48 100% Total 415 100%
December 2023

Local Road N | Percentage | Major Road N | Percentage
Light Vehicles | 5 45% Light Vehicles | 155 36%
1
0
5

9% Heavy Vehicles | 90 21%

0% Heavy Trucks | 35 8%

Motorcycles 45% Motorcycles | 150 35%
Total 11 100% Total 430 100%

Heavy Vehicles

Heavy Trucks

The total number of vehicles and the percentages of each category were the input
variables of the road traffic noise model and the resulted noise maps. As it can be seen in
figure 2, the obvious change in noise propagation is the result of traffic flow fluctuations.

Figure 2. Noise maps for the three periods of measurement as a result of traffic flow
assessment
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Tables 2, 3 and 4 showcase the descriptive statistics providing information on the mean
and standard deviation of the resulting values, as well as measures of shape and symmetry of
the distribution for both the Leg, Lmin and Lmax noise indicators and also for the Acoustic
Complexity Index.

Table 2. Descriptive statistics of the October 2023 measurement period
Descriptives October 2023
Min. | Max | Mean SD | Skewness | Kurtosis

Leg | 47,7 162,5 | 544 5,0095 | ,429 171
Lmin | 43,1 | 50,3 | 46,4 2,2353 | -,061 ,218
Lmax | 49,8 | 72 61,6 7,7146 | -,362 5,511

ACI | 956 | 2679 | 1328,4 | 686,40 | 1,765 1,405

Table 3. Descriptive statistics of the November 2023 measurement period
Descriptives November 2023
Min. | Max | Mean SD | Skewness | Kurtosis

Leg | 46,6 | 63,4 | 56,1 5,6251 | -,811 -,077
Lmin | 42,1 149,3 | 45,2 2,3900 | ,846 -,004
Lnax | 49,8 | 73 63,4 8,2210 | -,849 -,328

ACI | 975 | 2520 | 1304,1 | 532,79 | 1,744 2,223

Table 4. Descriptive statistics of the December 2023 measurement period
Descriptives December 2023

Min. | Max | Mean SD Skewness | Kurtosis
Leg | 49,3 | 66,3 | 59,3 5,7685 -,957 ,112
Luin | 42,3 | 51,2 | 47,1 2,7970 -,190 -,586
Limax | 50,6 | 74,2 | 64,9 8,5654 -,938 -,278
ACI | 950 | 2045 | 1302,8 | 488,7921 | 1,027 -1,210

As Figure 3 illustrates, the mean values of the noise indicators exhibit significant
statistical differences, with the presence of outliers. In contrast, the ACI values measured
(Figure 4) during each period show only a minor degree of statistical differences. This
specific outcome serves as initial evidence that the acoustic communities and the acoustic
characteristics contributing to complexity maintain stability over time, potentially
emphasizing the sustainable approach of campus management.

Figure 3. Box-plots of the noise indicators measured for each period
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Figure 4. Box-plots of the Acoustic Complexity Index results for each period
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Upon further analysis of the resulting indicators, an inverse relationship between the
noise indicator Leq and the Acoustic Complexity Index (ACI) emerges across all periods.
Specifically, a non-parametric Spearman rank-order correlation reveals significant negative
correlations between these indicators in October (r = -.723, sig. = .018), November (r = -.915,
sig. = .000), and December (r = -.912, sig. = .000). This inverse relationship has also been
observed in various studies across a variety of soundscapes. Consequently, this result serves
as additional evidence that noise adversely impacts the complexity of the sound environment,
potentially leading to the deterioration of biodiversity.

Following the ISO 12913 guidelines the soundscape evaluation responses were analyzed,
and radar plots were produced. As can be seen in figure 5, the perceived affective quality of
the participants appears to be influenced by seasonality. More specifically, during the
November measurement period the campus soundscape was perceived as pleasant and calm.
During the month of October it was perceived as eventful and pleasant. Finally, during
December it was perceived as monotonous, uneventful and calm. Such an outcome was
expected as student activities on campus tend to decrease during December.

of the campus soundscape
December 2023

perceived affective quali

October 2023

Figure 5. Radar plots showcasing the

November 2023

In Tables 2, 3, and 4, we observe a gradual increase in noise levels during the studied
periods. Consequently, it is reasonable to assume that the elevated noise levels measured in
December 2023 may have contributed to the development of a monotonous and uneventful
soundscape.

Conclusions

In conclusion campuses have the potential to provide a healthy sound environment, a positive
soundscape and contribute to sustainability.

By introducing soundscape indicators sustainable design practices will be reinforced.
Furthermore, the inverse relationship between noise and acoustic complexity introduces a

-39 .




JOURNAL "SUSTAINABLE DEVELOPMENT, CULTURE, TRADITIONS"................. Volume 2¢/2024

novel concern and a new assessment endpoint to be considered in urban planning.
Incorporating metrics such as acoustic complexity will re-establish environmental
sustainability efforts within noise control strategies.

Rather than a singular focus on noise reduction, the creation of diverse, captivating, and
complex soundscapes should be prioritized. Looking ahead, localized smart solutions that
promote long term sustainability co-benefits emerge as pivotal considerations.

ACKNOWLEDGMENTS
This research was funded by Perrotis College a Division of the American Farm School

CONFLICTS OF INTEREST
The authors declare no conflict of interest.

References

Aletta, F., Kang, J., & Axelsson, O. (2016). Soundscape descriptors and a conceptual
framework for developing predictive soundscape models. Landscape and Urban
Planning, 149, 65-74. https://doi.org/10.1016/j.landurbplan.2016.02.001

Axelsson, A., Nilsson, M. E., & Berglund, B. (2012). The Swedish soundscape-quality
protocol. The Journal of the Acoustical Society of America, 131(4), 3476-3476.
https://doi.org/10.1121/1.4709112

Bartalucci, C., Borchi, F., Carfagni, M., Governi, L., Luzzi, S., Aspuru, 1., Gaudibert, P., &
Wolfert, H. (2019). LIFE+2010 QUADMAP Project: Results obtained from the analysis
of data collected during the application of the new methodology to the pilot quiet areas.
Noise Mapping, 6(1), 22-37. https://doi.org/10.1515/no0ise-2019-0003

Basner, M., Babisch, W., Davis, A., Brink, M., Clark, C., Janssen, S., & Stansfeld, S. (2014).
Auditory and non-auditory effects of noise on health. The Lancet, 383(9925), 1325—
1332. https://doi.org/10.1016/S0140-6736(13)61613-X

Brumm, H., & Zollinger, S. A. (2011). The evolution of the Lombard effect: 100 years of
psychoacoustic research. Behaviour, 148(11-13), 1173-1198.
https://doi.org/10.1163/000579511X605759

Byrne, L. B. (2022). Ecology with Cities. Urban Ecosystems, 25(3), 835-837.
https://doi.org/10.1007/s11252-021-01185-5

CadnaA - State-of-the-art Noise Prediction Software—Datakustik GmbH. (2024).
https://www.datakustik.com/products/cadnaa/cadnaa

Chiquet, C., Dover, J. W., & Mitchell, P. (2013). Birds and the urban environment: The value
of green walls. Urban Ecosystems, 16(3), 453—462. https://doi.org/10.1007/s11252-012-
0277-9

Colding, J., & Barthel, S. (2017). The Role of University Campuses in Reconnecting Humans
to the Biosphere. Sustainability, 9(12), Article 12. https://doi.org/10.3390/su9122349

Constitution of the World Health Organization. (2024).
https://www.who.int/about/accountability/governance/constitution

Desjonqueres, C., Gifford, T., & Linke, S. (2020). Passive acoustic monitoring as a potential
tool to survey animal and ecosystem processes in freshwater environments. Freshwater
Biology, 65(1), 7-19. https://doi.org/10.1111/fwb.13356

END. (2002). [Text/html; charset=UNICODE-1-1-UTF-8]. Official Journal L 189 ,
18/07/2002 P. 0012 - 0026; OPOCE. https://eur-lex.europa.cu/legal-
content/EN/TXT/HTML/?uri=CELEX%3A32002L0049

-40 -



JOURNAL "SUSTAINABLE DEVELOPMENT, CULTURE, TRADITIONS"................. Volume 2¢/2024

Ey, E., & Fischer, J. (2009). The “Acoustic Adaptation Hypothesis"—A Review of the
Evidence from Birds, Anurans and Mammals. Bioacoustics, 19(1-2), 21-48.
https://doi.org/10.1080/09524622.2009.9753613

Farina, A. (2018). Ecoacoustic codes and ecological complexity. Biosystems, 164, 147—154.
https://doi.org/10.1016/j.biosystems.2017.09.003

Farina, A., & Li, P. (2021). The Acoustic Complexity Indices (ACIs). In A. Farina & P. Li
(Eds.), Methods in Ecoacoustics: The Acoustic Complexity Indices (pp. 31-70).
Springer International Publishing. https://doi.org/10.1007/978-3-030-82177-7 2

Fuller, R. A., & Gaston, K. J. (2009). The scaling of green space coverage in European cities.
Biology Letters, 5(3), 352-355. https://doi.org/10.1098/rsbl.2009.0010

Gidl6f-Gunnarsson, A., & Ohrstrom, E. (2007). Noise and well-being in urban residential
environments: The potential role of perceived availability to nearby green areas.
Landscape and Urban Planning, 83(2), 115-126.
https://doi.org/10.1016/j.landurbplan.2007.03.003

Glouberman, S., Gemar, M., Campsie, P., Miller, G., Armstrong, J., Newman, C., Siotis, A.,
& Groft, P. (2006). A Framework for Improving Health in Cities: A Discussion Paper.
Journal of Urban Health, 83(2), 325-338. https://doi.org/10.1007/s11524-006-9034-9

Haselhoff, T., Hornberg, J., Fischer, J. L., Lawrence, B. T., Ahmed, S., Gruehn, D., &
Moebus, S. (2022). The acoustic environment before and during the SARS-CoV-2
lockdown in a major German city as measured by ecoacoustic indicesa). The Journal of
the Acoustical Society of America, 152(2), 1192-1200.
https://doi.org/10.1121/10.0013705

ISO 12913. (2014). 1SO 12913-1:2014  Acoustics Soundscape. ISO.
https://www.iso.org/standard/52161.html

Kang, J. (2017). From dBA to soundscape indices: Managing our sound environment.
Frontiers of Engineering Management, 4(2), Article 2. https://doi.org/10.15302/J-FEM-
2017026

Kang, J., Aletta, F., Gjestland, T. T., Brown, L. A., Botteldooren, D., Schulte-Fortkamp, B.,
Lercher, P., van Kamp, 1., Genuit, K., Fiebig, A., Bento Coelho, J. L., Maffei, L., &
Lavia, L. (2016). Ten questions on the soundscapes of the built environment. Building
and Environment, 108, 284-294. https://doi.org/10.1016/j.buildenv.2016.08.011

Kephalopoulos, S., Paviotti, M., & Anfosso-Lédée, F. (2012, September 12). Common Noise
Assessment Methods in Europe (CNOSSOS-EU). JRC Publications Repository.
https://doi.org/10.2788/32029

Kephalopoulos, S., Paviotti, M., Anfosso-Lédée, F., Van Maercke, D., Shilton, S., & Jones, N.
(2014). Advances in the development of common noise assessment methods in Europe:
The CNOSSOS-EU framework for strategic environmental noise mapping. Science of
The Total Environment, 482483, 400-410.
https://doi.org/10.1016/j.scitotenv.2014.02.031

Khan, J., Ketzel, M., Jensen, S. S., Gulliver, J., Thysell, E., & Hertel, O. (2021). Comparison
of Road Traffic Noise prediction models: CNOSSOS-EU, Nord2000 and TRANEX.
Environmental Pollution, 270, 116240. https://doi.org/10.1016/j.envpol.2020.116240

Kothencz, G., Kolcsar, R., Cabrera-Barona, P., & Szilassi, P. (2017). Urban Green Space
Perception and Its Contribution to Well-Being. International Journal of Environmental
Research and Public Health, 14(7), Article 7. https://doi.org/10.3390/ijerph 14070766

Krause, B., & Farina, A. (2016). Using ecoacoustic methods to survey the impacts of climate
change on biodiversity. Biological Conservation, 195, 245-254.
https://doi.org/10.1016/j.biocon.2016.01.013

Lal, K., Kumar, D., & Kumar, A. (2017). Spatio-temporal landscape modeling of urban
growth patterns in Dhanbad Urban Agglomeration, India using geoinformatics

-4] -



JOURNAL "SUSTAINABLE DEVELOPMENT, CULTURE, TRADITIONS"................. Volume 2¢/2024

techniques. The Egyptian Journal of Remote Sensing and Space Science, 20(1), 91-102.
https://doi.org/10.1016/j.ejrs.2017.01.003

LJ Villanueva-Rivera. (2013). An Introduction to the soundecology Package [Computer
software]. https://cran.r-project.org/web/packages/soundecology/vignettes/intro.html

Mitchell, A., Erfanian, M., Soelistyo, C., Oberman, T., Kang, J., Aldridge, R., Xue, J.-H., &
Aletta, F. (2022). Effects of Soundscape Complexity on Urban Noise Annoyance
Ratings: A Large-Scale Online Listening Experiment. International Journal of
Environmental ~ Research  and  Public ~ Health, 19(22),  Article  22.
https://doi.org/10.3390/ijerph192214872

Mohammed, A. M. S., Ukai, T., & Hall, M. (2022). Towards a sustainable campus-city
relationship: A systematic review of the literature. Regional Sustainability, 3(1), 53—67.
https://doi.org/10.1016/j.regsus.2022.03.004

Mucci, N., Traversini, V., Lorini, C., De Sio, S., Galea, R. P., Bonaccorsi, G., & Arcangeli, G.
(2020). Urban Noise and Psychological Distress: A Systematic Review. International
Journal of Environmental Research and Public Health, 17(18), Article 18.
https://doi.org/10.3390/ijerph17186621

Namba, S., & Kuwano, S. (1984). Psychological study on Leq as a measure of loudness of
various kinds of noises. Journal of the Acoustical Society of Japan (E), 5(3), 135-148.
https://doi.org/10.1250/ast.5.135

Oberman, T., Jambrosi¢, K., Horvat, M., & Bojani¢ Obad Séitaroci, B. (2020). Using Virtual
Soundwalk Approach for Assessing Sound Art Soundscape Interventions in Public
Spaces. Applied Sciences, 10(6), Article 6. https://doi.org/10.3390/app10062102

Payne, S. R. (2013). The production of a Perceived Restorativeness Soundscape Scale.
Applied Acoustics, 74(2), 255-263. https://doi.org/10.1016/j.apacoust.2011.11.005

Pijanowski, B. C., Farina, A., Gage, S. H., Dumyahn, S. L., & Krause, B. L. (2011). What is
soundscape ecology? An introduction and overview of an emerging new science.
Landscape Ecology, 26(9), 1213—1232. https://doi.org/10.1007/s10980-011-9600-8

R: The R Project for Statistical Computing. (2024). https://www.r-project.org/

Riedel, N., Kdckler, H., Scheiner, J., van Kamp, 1., Erbel, R., Loerbroks, A., Clalen, T., &
Bolte, G. (2019). Urban road traffic noise and noise annoyance—A study on perceived
noise control and its value among the elderly. European Journal of Public Health, 29(2),
377-379. https://doi.org/10.1093/eurpub/cky141

Slabbekoorn, H. (2013). Songs of the city: Noise-dependent spectral plasticity in the acoustic
phenotype  of urban  birds.  Animal  Behaviour,  85(5), 1089-1099.
https://doi.org/10.1016/j.anbehav.2013.01.021

Sueur, J. (2018). Indices for Ecoacoustics. In J. Sueur (Ed.), Sound Analysis and Synthesis
with R (pp. 479-519). Springer International Publishing. https://doi.org/10.1007/978-3-
319-77647-7_16

SUEUR, J., AUBIN, T., & SIMONIS, C. (2008). Seewave, a Free Modular Tool for Sound
Analysis and Synthesis. Bioacoustics, 18(2), 213-226.
https://doi.org/10.1080/09524622.2008.9753600

Sueur, J., & Farina, A. (2015). Ecoacoustics: The Ecological Investigation and Interpretation
of Environmental Sound. Biosemiotics, 8(3), 493—-502. https://doi.org/10.1007/s12304-
015-9248-x

Susskind, L., & Kim, A. (2022). Building local capacity to adapt to climate change. Climate
Policy, 22(5), 593—-606. https://doi.org/10.1080/14693062.2021.1874860

Truax, B. (2021). Acoustic sustainability in urban design: Lessons from the World
Soundscape Project. Cities & Health, 5(1-2), 122-126.
https://doi.org/10.1080/23748834.2019.1585133

-4) -



JOURNAL "SUSTAINABLE DEVELOPMENT, CULTURE, TRADITIONS"................. Volume 2¢/2024

Tsaligopoulos, A., Kyvelou, S. S., Chiotinis, M., Karapostoli, A., Klontza, E. E., Lekkas, D.
F., & Matsinos, Y. G. (2022). The Sound of a Circular City: Towards a Circularity-
Driven Quietness. International Journal of Environmental Research and Public Health,
19(19), Article 19. https://doi.org/10.3390/ijerph191912290

Tsaligopoulos, A., Kyvelou, S. S., Karapostoli, A., Bobolos, N., Tsintzou, T., Lekkas, D. F.,
& Matsinos, Y. G. (2023). Sound complexity as a strategy for livable and sustainable
cities: The case of an wurban waterfront. Noise Mapping, 10(1).
https://doi.org/10.1515/noise-2022-0173

Tsaligopoulos, A., & Matsinos, Y. G. (2022). Approaching Quietness as an Urban
Sustainability Opportunity. Environments, 9(2), Article 2.
https://doi.org/10.3390/environments9020012

United Nations. (2024). https://sdgs.un.org/goals

WHO, Environmental noise guidelines for the European Region. (2019).
https://www.who.int/europe/publications/i/item/9789289053563

World Bank Open Data. (2018). World Bank Open Data. https://data.worldbank.org

-43 -



