
heritage

Article

Exploring the Effects of “Smart City” in the Inner-City Fabric of
the Mediterranean Metropolis: Towards a Bio-Cultural
Sonic Diversity?

Stella Sofia Kyvelou 1,* , Nicos Bobolos 2 and Aggelos Tsaligopoulos 3

����������
�������

Citation: Kyvelou, S.S.; Bobolos, N.;

Tsaligopoulos, A. Exploring the Effects

of “Smart City” in the Inner-City

Fabric of the Mediterranean

Metropolis: Towards a Bio-Cultural

Sonic Diversity? Heritage 2021, 4,

690–709. https://doi.org/10.3390/

heritage4020039

Academic Editor: Nicola Masini

Received: 12 April 2021

Accepted: 21 April 2021

Published: 24 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Economic and Regional Development, School of Science of Economics and Public Administration,
Panteion University of Social and Political Sciences, 17671 Athens, Greece

2 Department of Interior Architecture, University of West Attica, 12243 Aegaleo, Greece; nbobolos@uniwa.gr
3 Acoustic Ecology Laboratory, Department of the Environment, University of the Aegean,

81100 Mytilene, Greece; tsaligopoulos@env.aegean.gr
* Correspondence: kyvelou@panteion.gr; Tel.: +30-210-9215981

Abstract: “Smart city”, driven by digital technology is not only a technological but also a social,
cultural and political project. A socially and culturally significant new urban ideal is born. This
research paper is based on the narrative that the city appears as a palimpsest of interventions of all
natures. History and shared memory, composition and superimposition, coherence and divergence
are fundamental for its evolution. It is thus evident that ”Smart city” as a rather new urban ideal,
but also as a disruptive innovation process, cannot be conceived nor implemented all at once; it
must follow analogous processes of buildup and stratification. On the other hand, sounds are part of
cities, of their sensory landscape, of their identity. They are one of the urban markers, along with the
visual landscape. In this context, the paper focuses on the sound identity of the inner-city areas of the
Mediterranean metropolis, posing the following research question: What are the transformations
that “Smart city” can cause to the sound identity of a city? In dense urban fabric with high-rise
buildings, high rates of exploitation, frequent transgressions of the legal construction and least free
space in private plots, what can be the prospects of using “smart transport”, for enriching the city
with positive soundscapes, thus improving its environmental quality? Following the metaphor of
urban and acoustic palimpsest, we examine narratives of replacement of conventional cars with
autonomous vehicles (AVs) and of private cars with car-pooling systems. The article concludes
that spatialized intelligence can substantially and positively transform the sound identity of the
Mediterranean metropolis and be the spearhead for an increase in bio-cultural sonic diversity. At least
during the era when the city still appears as a palimpsest of interpositions, evoking the historic time.

Keywords: Mediterranean city; urban palimpsest; spatialized intelligence; autonomous vehicles
(AVs); environmental noise; acoustic palimpsest; sound diversity

1. Introduction

The growth of the “Smart city” represents a real social and cultural transformation,
analogous in importance to the birth of the industrial agglomerations of the 19th century
and the development of the “networked city” as both an urban archetype and a material
process of city conversion [1]. While the impact of this process on urban form is still
uncertain, its effect on the historical dimension of inner-city structure can currently be
detected. “Smart city” means living in cities that are changing in the rhythm of a series of
abundant events, which can be monitored and experienced in real time [1]. However, this
explosion of real-time events happens in tandem with a manifest privation of historical
perspective, as if history was forever excluded in favor of an everlasting present [1,2] or
a very near future that seems to be a simple augmentation of present conditions. The
physical city/territory refers to inertia, to the long term, in other words a city/territory
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that develops through historic incidents, crises, and other social transformations. On the
contrary, smart real-time city/territory is a world of instability, uncertainty and nearly zero
inertia [2].

This research paper is based on the fact that the city appears as a palimpsest of inter-
positions of all natures. History and shared memory, composition and superimposition,
coherence and divergence are fundamental for its evolution [3]. It is thus evident that
”Smart city” as a rather new urban ideal [1], but also as a disruptive innovation process,
cannot be conceived nor implemented all at once; it must follow analogous processes of
buildup and stratification. In this context, the paper focuses on the sound identity of the
inner-city areas of the Mediterranean metropolis, attempting to respond to the following
research question: What are the gradual transformations that “Smart city” can cause to the
sound identity of a city? Especially in dense urban fabric with high-rise buildings, high
rates of exploitation, frequent transgressions of the legal construction and least free space
in private plots, what can be the prospects of using “smart transport”, for enriching the
city with positive soundscapes, thus improving its environmental quality?

The tradition of outdoor activities in the Euro-Mediterranean cities is mainly due to
their mild climate and the increased social interaction that Mediterranean people histor-
ically developed. Especially in the Ancient Greek, which is one of the richest languages
globally, there is no word for “privacy”, since privacy was not a common practice. As
Pericles Giannopoulos stated in 1903 [4] “life in Greece is outdoor”, which certainly means
that no quietness is prevailing or pursued, in the Greeks’ everyday life.

However, modern Euro-Mediterranean metropolises with their dense urban fabric,
and several other medium-sized cities following their model of urban development, failed
to offer appropriate open spaces, especially streets with decent sidewalks, squares and
green spaces. Area, quality, condition and maintenance, accessibility, etc. of public and
green spaces, are considered as important determinants of the quality of urban life (QOUL)
in Europe [5]. Instead, there is an abundance of streets and only some rare squares, empty
plots, yards, verandas and balconies used to be the public, quasi-public and semi-public
spaces for socialization, children’s games and so on. The mild sound environments that
were formatted by this urban/social condition did not describe solely the urban place, but
also the urban time (morning, noon, afternoon, evening, night, Sundays, holidays, etc.), thus
completing the socio-spatial identity of every neighborhood. Hence, they somehow also
contributed to the formation of local social bonds. Furthermore, exhaustive reconstruction
with high rise buildings and the prevalence of car-ownership and individual mobility led
to a dramatic decrease in public and quasi-public space, and to the formation of diverse
urban sound environments, featured, though, by the prevalence of road traffic noise. Thus,
important means (space, sounds) of local social bonds were eliminated.

In this context, the case study of an inner-city area of Thessaloniki (Greece) was
selected, environmental noise impacts were analyzed and mapped, noise maps were
created, and scenarios regarding alterations of the traffic flow and urban form were tested
and visualized. The experiment is expected to give answers to the above research questions.

2. Environmental Noise Pollution in the Mediterranean Metropolis

The decline of the environmental quality of urban areas is currently a real challenge,
due to pollution, non-sustainable development and unplanned growth that could be the
cause of rapid changes of both the landscape and the acoustic environment of a city [6].
Environmental noise is one of the major environmental stressors which burden the quality
of life and the overall environment. According to the World Health Organization [7],
excessive noise exposure can cause mental health effects, hearing problems that prevent
speech communication, sleep disturbances and even cardiovascular diseases [8,9].

Especially in southern Euro-Mediterranean metropolises, high environmental noise
pollution is a serious and persistent problem, and a downgrading factor of urban life.
According to a 2020 EC report [10], South–Eastern European and mostly Mediterranean
cities (Bucharest, Palermo, Athens, Istanbul, Sofia, Skopje, Naples, Barcelona, Tirana and
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Valletta), hold the lowest ten scores at the index «People satisfied with the noise level in their
city». Similarly, on the 2015 relevant report [11], the lowest scores were held by Istanbul,
Bucharest, Palermo, Athens, Sofia, Naples, Greater Athens, Barcelona, Krakow and Lisbon.
These public opinion reports correspond to environmental noise research reports for some
European–Mediterranean metropolises (Table 1).

Table 1. Percentage of population affected by environmental noise *.

City Lden > 55 dB (24 h) Ln > 50 dB (Night)

Athens [12] 99.2% 98.3%

Thessaloniki [12] 97.3% 69.0%

Barcelona [13,14] 85.0% 46.8%

Marseille(Agglomeration) [15] 95.0% 37.5%
(*) High environmental (i.e., outdoor) noise levels are defined in the 7th Environment Action Programme of the
European Environment Agency, as noise levels for Lden > 55 dB and for Ln > 50 dB [16].

Moreover, the major source of environmental noise is road traffic. This is true for the
European Union [17], and in particular, Mediterranean Europe. According to measurements
in Marseille, about 80% of urban noise pollution (Lden) exceeding 68 dB is due to road
traffic [15]. Examples of country rates for road traffic noise (2012, Lden > 55 dB): Spain 60%,
France 55%, Denmark 47%, UK 37%, Germany 24%) [18].

In combination to the amount of road traffic, the urban fabric features (density,
street width, height of buildings etc.) are determinant factors for the intensity of ur-
ban noises [19–21]. Consequently, the main cause of this severe urban noise pollution in
Euro–Mediterranean metropolises is the combination of road traffic and their urban forms,
which have several common or similar urban characteristics; intensive housing, few green
areas, lack of infrastructures and services, exploitation of soil to its limits and uninhabitable
conditions of some areas, are amongst others, main urban traits of Mediterranean cities, as
outlined by Giuseppe Pace [22].

In the volatile economies of south–eastern Europe, home ownership offered the most
stable economic security for people, especially for the middle and lower-income classes. As
industrial growth was in lack, the main urban and housing policy by governments, such
as in Greece, consisted of encouraging the spread of smallholding, in order to promote
construction activity, economic growth and maintain social peace [23].

A typical example of this form of urban growth is the urban structure of the inner-city
areas of Athens or Thessaloniki, evolved from the interwar period until the early 1980s.
Small size of properties and the need to access them from the public space also led to small
building blocks and to the waste of public space on an oversupply of roads in order to
provide property access [24]. In order to save land, due to the superabundance of streets,
their width was limited (usually from 8 to 12 m), while road traffic needs also limited
the width of most sidewalks (between 70 cm and 1.5 m). In this urban fabric, a massive
reconstruction of Athens, Thessaloniki and then other Greek cities evolved after the 50’s,
through high-rise buildings, high rates of exploitation, frequent transgressions of the legal
construction and least free space in private plots.

As in the case of Greek cities, in several Euro–Mediterranean metropolises, waste of
public space almost exclusively for street space, and the lack of free spaces on private plots,
prevents the inner cities from providing an attractive cityscape and soundscape to their
dwellers and visitors. Therefore, the ability to fulfill their needs for a vital and healthy
environment, suitable for living, working, walking, relaxing, cycling, etc. was hindered.

Moreover, the shortage of free and attractive public space further affects the quality of
life, as in Mediterranean cities, due to climatic conditions; most forms of human activities
are mainly conducted outdoors. The prevalence of such conditions, in the inner-city areas
of Mediterranean Metropolises of Europe, provokes a lasting movement of their dynamic
strata in the suburbs, and the acceleration of urban degradation, that undergo the lower
strata remaining or replacing the population losses. Some analyses [25] describe, more or
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less, the emergence of this new form of urbanization, which is the result of the freedom
of choice in every aspect of individuals’ life, as the single prospect of urban development,
while pointing out the crucial questions posed regarding the sustainability of this model.
Indeed, dispersed urbanization form entails very extensive infrastructure and public service
needs, as well as an immense waste of countryside, farmland and of other resources. In
short, it is not rational nor realistic to let an entire country turn into a quasi-urban region.

Contrariwise, a compact city model, based on the principles of design excellence, social
well-being and environmental responsibility [26] is a perspective, adopted by UN [27]
OECD [28] and the EU [29,30] as a sustainable answer to the question of the role of cities
and of urban growth in the 21st century. This point of view also recognizes that compact
cities, and more specifically their centers, are the nuclei of post-industrial economy, and a
key element for every country, to take part in the global networks of economic growth [23].

According to this viewpoint, also shared by the EU institutions [31], the aim of actions
to improve urban space should be oriented to city-center and inner-city areas, which are
seriously suffering from degradation, as they are massively deserted by the middle classes
and dynamic economic activities moving to the suburbs. In this context, the improvement
of urban space in extended inner-city areas, including the creation of quieter and better
soundscapes, will enable the simultaneous improvement of private and public spaces. This
poses as a key stake for the territorial and social cohesion [32] and for a sustainable quality
of life in Euro–Mediterranean cities.

3. Theoretical Viewpoints
3.1. City as a Palimpsest

As mentioned by Bailey, geographers and archeologists consider the so-called “palimpsest
landscapes”, referring to the locations where landforms of different geologic ages shape a
contemporary site [33]. Under this consideration, cities are multilayered, and therefore the
physical elements of the past are covered by modern urban structures [34].

A palimpsest is defined as a manuscript on which older text have been partially
erased in order for new text layers to be placed. Over time and over layer application, past
writings can still be identified [35]. The term palimpsest has been used as a metaphor on
several occasions [36].

The city and its territory are similar to a parchment, metamorphosed by the action of
nature and humans, and endowed over the centuries with diverse meanings in relation
to the societies that transform them, without effacing the marks of time, both natural
and anthropical. The layers that appear today, superimposable in urban fabrics and in
their territories, represent for our society a legacy not to be removed, but, indeed, to be
recognized and enhanced. In addition, Aldo Rossi [3] reminds us that history and shared
memory, composition and superimposition, coherence and divergence are fundamental
conditions of the city as we know it. The city appears as a palimpsest of interventions
of all natures. It is thus evident that Smart cities as a rather new urban ideal and also a
disruptive innovation process cannot be conceived nor implemented, all at once; they must
follow analogous processes of stratification and buildup.

3.2. The Urban Acoustic Palimpsest

The term soundmark introduced by M Schaffer [37] refers to the culturally significant
sounds of a place, such as church bells or town square clocks [38]. Soundmarks, like land-
marks, are “iconic” and directly associated with a place. Furthermore, they are considered
vital in soundscape description [39]. Apart from soundmarks, other significant sound
signals [40] of biological, geophysical and anthropogenic origins are often audible in an
acoustic environment. Bernie Krause [41] noted that in order for an orchestra to function,
each instrument must have its own unique voice. Similarly, in order for an acoustic envi-
ronment to function, all its soundmarks and sound signals of biological, geophysical and
anthropogenic origin need their own unique place. Each organism has its own sonic niche
or place in the frequency spectrum occupied by no other at that particular moment [42].
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The acoustic niche hypothesis supports that each species evolves to establish and maintain
its own acoustic bandwidth, so that its voice is not masked [43].

The increased noise levels of urban environments have hindered the audibility of
soundmarks [38,44], by occupying the acoustic niche of sound signals, resulting in an
alteration of the acoustic identity of a place in a city. In present day, urban landscapes
and therefore soundscapes are composed by layers of structural and aural information.
Evidence of this geological and aural stratification is the assessment of historical landmarks
that are present in an elevation below street level [45], creating in an allegorical way, an
acoustic palimpsest.

An analogy can be shaped using the term palimpsest, devised by the fact that sound-
marks and sound signals are covered or else masked by noise [46]. This phenomenon
can be described as an urban acoustic palimpsest in time, space [47] and spectrum. A
spectrogram could be viewed as a visual representation of an acoustic palimpsest. Spectro-
grams are divided by frequency bands [48] and each one can be associated with a different
landform layer.

By disengaging the lower frequency spectrum in an acoustic environment usually
occupied by road traffic noise, additional sonic niches will be available. As a result, the
acoustic environment will be enriched, offering numerous benefits in both cultural and
natural heritage restoration. The use of autonomous electric vehicles (AVs) could benefit
the acoustic conditions of a city by substantially lowering the noise levels deriving from
traffic [49]. Nevertheless, cities need to adjust in these new standards, regarding the
necessary actions that need to be taken, and supported by a broad portfolio of financial
and policy-related benefits [50]. Among the benefits that could probably derive with the
introduction of autonomous vehicles (AVs) are safer roads, less congestion, alterations
in travel behavior, including parking patterns, long distance traveling with no drivers,
and several economic impacts [51]. Nevertheless, policies regarding their implementation
could possibly deal with several barriers [52] in relation to the vehicle cost, the certification
needed in relation to the active legislation of a country, the liability regarding the decisions
made (or not) without the driver’s participation, the security from various hazards similar
to cyber-attacks, and finally the privacy factor, due to the possibility of data sharing
regarding optimized routes taken by AVs users. These data could be misused for tracking
individuals in order to provide law enforcement agencies with information [51]. Finally,
AVs can be incorporated in noise modeling. Noise modeling is a way of linking theory
to experimental design in order to conduct research, thus simplifying a real situation and
enabling the development and testing of predictions. In order to introduce AVs into a noise
prediction model, knowledge regarding the sound power level emitted by electric vehicles
is necessary [53].

Conventional vehicles occupy mostly the lower frequency bands [54] by emitting
low frequency noise [8]. The spectral analysis on EVs highlighted the similarities and
differences with the spectral properties of conventional vehicles. Even though there is little
difference on the lower frequency bands among the two types of vehicles, conventional
vehicle sound can reach a higher frequency range (up to 16,000 Hz) [55]. Therefore, the use
of EVs and AVs could possibly “liberate” a wide frequency range, returning the acoustic
niche to its original inhabitant. Nevertheless, more research on the matter is necessary
due to the fact that several parameters similar to vehicle speed and category (light or
heavy) significantly influence both the frequency range occupied and the sound pressure
levels [55,56].

Acceleration and braking conditions increase the overall sound emission of all vehicle
types. It was concluded that by doubling the speed, the emitted noise is increased by 9 to
12 dB(A) and that there is not a considerable difference above 40 km/h. The noise emitted
by electric vehicles is calculated by removing propulsion noise [49], but still, all evidence
leads to the fact that vehicle speed plays a very important role in the noise outcome.
Nevertheless, a correction coefficient of −15 dB(A) that regards the removal of propulsion
noise for electric vehicles is provided [56] and a reduction of 2 dB(A) for the total noise
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produced [57]. These correction coefficients are the result of several modeling techniques
that aim towards a better understanding regarding the difficult task of EVs incorporation
in road traffic noise prediction.

3.3. The Effect of Urban Form

Urban form is extremely important for regulating environmental noise. Noise prop-
agation is substantially influenced by the morphology of urban settlements, in different
urban textures [58]. The arrangement and shape of buildings, along with their irregular
structural features, may enable the attenuation of environmental noise [59]. Furthermore,
recent research associated urban quietness with urban green areas, emphasizing the strong
relationship between quietness and biodiversity [60,61]. Urban green areas provide ecosys-
tem services to urban dwellers with numerous environmental and social benefits [62].
Some of the benefits credited to urban green areas [63] are air infiltration, improvement of
microclimatic conditions, creation of recreational and cultural values, hydrological services,
biodiversity enrichment, and noise mitigation [10,64]. The presence of green areas in urban
settlements can also protect its residents from environmental noise [65]. Green roofs and
green vertical walls also present an important noise attenuation effect [66]. Moreover, signif-
icant qualities of urban green areas address adaptation capabilities [67], such as accessibility,
quantity and quality. Urban green is also an essential shelter for biodiversity [68], given
the deprivation of rural habitats caused by unsustainable agricultural practices [69,70].

An important issue in the urban tissue towards the improvement of the acoustic
environment is ecological connectivity. The goal of ecological connectivity [71] is meant
as perceiving urban areas not as independent units, but as disconnected patches in need
of reconnection within the urban environment [72]. This also stands as one of the under-
pinning principles of the concept of green infrastructure. Green infrastructure planning
includes physical and functional connections between green spaces at different scales and
from different perspectives [73].

Another issue of paramount importance is the biological [74] and cultural complex-
ity [75] that, under an acoustic prism, are of vital importance for both a healthy and a
culturally rich environment. Regarding biological complexity, advancements in the field of
ecoacoustics [76] has provided the necessary tools of assessment. The Acoustic Complexity
Index (ACI) is based on the observation that biotic sounds, such as birdsongs, have an in-
herent complexity and are characterized by a variability of intensities, while anthropogenic
sounds, such as road traffic noise, have constant intensity values. This index calculates the
number of large peaks in terms of intensity in a spectrogram [77,78].

On the matter of cultural complexity, anthropological research could aid the procedure
of its assessment. The effects of demography on cultural complexity are well documented.
A smaller population, meaning a reduced number of individuals that are able to interact,
deals with a loss of cultural complexity [79]. The loss of connectivity [71] in an urban envi-
ronment can be the cause of isolation in an acoustically homogenized, un-eventful acoustic
environment. The aforementioned homogenization can be the result of the occupation
of the lower frequency spectrum due to noise emitted by road traffic noise. Biological
diversity and cultural diversity are interconnected and communicated as biocultural di-
versity [80]. Biocultural homogenization poses as a threat and the need for biocultural
conservation in terms of socio-environmental justice is undeniable [81]. At this point, the
authors of this research draw attention to the spectral dimension of sound emission by
AVs and EVs, in order to highlight the drivers, added-values, barriers and impacts on
biocultural complexity—the pros and cons of the incorporation of AVs and EVs in urban
mobility. Through an environmental scanning technique [82], indicative insights of a group
of post-graduate students were captured and are presented in the following Table 2.
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Table 2. Incorporation of AVs and EVs in urban mobility, Pros and Cons.

Drivers Barriers

Lower noise emission levels

No significant difference regarding noise levels, when the speed
of the vehicle is higher than 50 km/h.

Reduced vehicle movements in search of a parking plot
Improvement of travel safety

Better accessibility
Increase in capacity of the existing transport infrastructure

Added-values Impacts

Enhancement of the bio-cultural complexity/diversity through
replacement of parking plots with green spaces. Possible lower band spectrum occupation

Positive effects on urban form Possible biocultural complexity hinderingIncrease in road
traffic noise

Green infrastructure opportunities Increase in traffic due to individual travelling conditions

Car pooling Increase in road traffic noise

Restriction/abolishment of private car ownership Green gentrification after replacement of parking plots with
green spaces

Source: Own elaboration by authors after a brainstorming with post-graduate students of the Department of Economic and Regional
Development, Panteion University.

3.4. Drafting Narratives of Mediterranean Inner-City Areas Transformation

As already argued, an important goal for the improvement of urban life quality in the
inner-city areas of Euro–Mediterranean metropolises should be the creation of quieter and
better acoustic environments, that will be able to improve acoustic conditions of interiors,
exteriors and public spaces simultaneously.

The drastic reduction of motorized road traffic, which is the major source of annoyance,
should be the primary goal of this attempt. Road traffic is the effect of vehicle mobility
for both transportation and parking purposes, the latter being an important factor of
traffic surcharge in urban cores or inner-city areas [83,84]. In the case of inner-city areas of
Euro-Mediterranean metropolises, demand for on-street parking is high, as most buildings
do not offer parking lots. For example, in Greece, until 1979, there was no obligation for
new buildings to include parking lots; but then the reconstruction of inner-city areas was
almost complete. A research conducted in two Athenian inner-city neighborhoods, found
that only 10% of buildings were constructed after the beginning of 80s, that is after the
issue of the obligation to include parking lots [85]. Therefore, for the purpose of reducing
road traffic and its negative effects [86], an additional goal should regard efforts to reduce
or eliminate vehicle movements in search of a parking place or space. However, in the
case of Euro–Mediterranean inner cities, there are major obstacles to achieve these goals.
The occasional lack of good quality transport services encourages the use of private cars
amplifying road traffic, whilst the small size of properties and the lack of empty plots does
not allow the creation of parking lots in existing buildings, nor the construction of new
buildings incorporating parking lots.

An overall answer to this question is given by the strategy adopted by the EU in
recent decades: “to set priority to more sustainable forms of transport—public transport,
pedestrians and cyclists, by eliminating road space from private cars” [87]. The creation of
pedestrian street networks, mostly in historic cores, is the most common urban planning
answer, along with the experimental implementation of the idea of car-free cities. Of
course, in these cases, moving is a matter of walking, cycling or using public transport
means, which are the most sustainable ways of mobility. However, the use of private car
remains for some citizens a necessity; depriving them of car use would lead to serious
inequalities. For instance, people with reduced mobility problems, women who usually
take care of children or the elderly, and/or move at night, need a private car in order to
be able to move freely and safely [88]. Moreover, during the COVID-19 pandemic, the
use of public transport and shared mobility services declined dramatically, whilst citizens
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favor(ed) private vehicles, such as cars and bicycles, and also walking. Hence, the need for
individual auto-mobility cannot disappear.

As these issues become more acute, technological progress adumbrates major changes
in urban space and city functions and life. The emerging 4th industrial revolution, charac-
terized by a shift from instruction-driven computing to data-driven computing [89], brings
a series of new technologies (electric vehicles-EVs, renewable energy systems-RES, ultra-
fast telecommunications 5G, internet of things-IoT, robotics, autonomous vehicles-AVs),
leading to speculation about their future influence on city forms, living conditions and
urban growth. The contribution of electric vehicles (EVs) to decreasing air pollution and
greenhouse gas emissions, both on local and planetary scale, could be major, if they were
fueled by electric energy, coming from renewable sources (RES). However, the prevalence
of EVs in city transports by itself is not expected to considerably improve noise conditions
in urban environments, as their contribution to the field of noise reduction is forecast rather
weak [53].

Ultra-fast telecommunications (5G), the internet of things (IoT) and robotics are the
main technologies that enable the development of AVs, which are expected to reach a
stage of maturity in less than 10 years. Besides, driving automation of AVs (Self driving
cars) [86] is classified in levels 0: No automation, 1: Driver assistance, 2: Partial automation,
3: Conditional automation, 4: High automation, and 5: Full automation. A fully AV in
the 5th level is expected to be commercialized about 2030 and will use many advanced
technologies. It is expected to be non-polluting (electric-driven), perceive continuously
its immediate traffic environment, follow traffic rules and instructions, collaborate and
interact with other vehicles and pedestrians, be able to receive and elaborate information
and choose routes to avoid congestion, so as to make its movement safe and optimum for
the urban function and its passengers [90–92]. According to many predictions, the impact
of AVs following their exclusive prevalence, after they acquire a full autonomy (level 5), is
expected to have some clear positive effects: a spectacular improvement of travel safety by
the quasi-elimination of traffic accidents [93], a better accessibility in mobility for disabled,
elderly, children [86,94] and a considerable increase in the capacity of the existing transport
infrastructure [95].

4. Materials and Methods
4.1. The Case Study Area

The site chosen for the calculation of road traffic noise is a 30.000 m2 densely built
urban area (Figure 1) located in the eastern part of Thessaloniki, which is the second biggest
city of Greece.
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Figure 1. The case study area located in the eastern part of the city of Thessaloniki.



Heritage 2021, 4 698

The specific area was chosen due to the high population density, the dense urban
fabric with high-rise buildings, high rates of exploitation, frequent transgressions of the
legal construction and least free space in private plots. In addition, it was ideal for the
experiment due to the fact that it includes one of the most frequently used major roads
(Botsari street) of Thessaloniki. This specific road very often faces heavy congestion due to
the illegal parking lots. Furthermore, it is connected to several narrower local roads that
are facing similar complications.

4.2. Noise Mapping Data Collection

Noise maps were created in order to visualize the propagation of road traffic noise.
The specific type of anthropophony has always been a major source of annoyance in
urban environments (Ow), while numerous efforts for its reduction have been tested
with various results. Information regarding road traffic noise derived from traffic flow
records, vehicle speed and road surface quality data. Noise maps were created using
the geographic information system mapping technology (GiS) software and the CadnaA
noise prediction software, which is used for the calculation, presentation, assessment
and prediction of environmental noise. Structural morphology data were collected and
imported to CadnaA software (DataKustik), along with traffic flow data. More specifically,
the following were collected:

• Detailed cartographic representation of the area under consideration (buildings,
roads, vegetation);

• Building height and exact location;
• Vegetation height and exact location;
• Road type classification (Motorway, Ordinary Road, Local);
• Type of road surface (smooth/rough);
• Speed limitation;
• Traffic lights location and operation.

Alterations regarding the above information could lead to different outcomes re-
garding the acoustic conditions of an area, thus allowing strategy plans regarding noise
reduction to take place. Furthermore, the collection of data regarding the noise emission of
different types of vehicles could also differentiate the final outcome of a noise map.

The data collection procedure involved manual traffic volume counts in one check
spot (Figure 2) that served as a panopticon for all roads in the area under consideration.
More specifically, four roads were assessed, two of which were major roads and two local
roads. For five consecutive days (28 March–1 April), traffic volume was counted using
three vehicle category types (Cars, Bikes, Heavy vehicles) for one hour at three periods
(Day period: 11:00–12:00, Evening period: 19:00–20:00 and Night period: 23:00–24:00).
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Furthermore, two scenarios were tested in order to assess the effects of road traffic
on the overall acoustic environment. The first one regarded a vehicle speed decrease
from 50 km/h to 30 km/h. The second one regarded the application of the correction
coefficient for the total noise produced provided for electric vehicles, which is limited to
about −2 dB(A).

5. Results of the Experiment
5.1. Traffic Count Data Results

The traffic count data for the five days of the observation period are presented in the
Annex (Figures A1–A5). Due to COVID-19 restrictions, mobility during the night period is
prohibited and limited to only for work related purposes. Therefore, a dramatic increase in
traffic volume is observed during the night period with small numbers of bikes and cars.
Figure A1 shows the traffic count data of the first day of the observation period. Figure A2
presents the traffic count data for the second day of observations, Figure A3 for the third
day, Figure A4 for the fourth day, and finally, Figure A5, presents the traffic count data for
the fifth day of observations.

5.2. Noise Mapping Results

Five noise maps were created, one for every day of data collection. The height of the
surrounding buildings was measured (±20 m) and the quality of the roads was visually
assessed (smooth asphalt). The speed limitation used for the calculations was the one
imposed by the local authorities, which is 50 km/h. This information was included in the
noise propagation calculations, along with the traffic flow data for each road for the day,
evening and night period. The noise maps present little to no difference regarding noise
propagation due to the very similar outcomes regarding traffic volume (Figure 3).
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5.3. Scenarios’ Results

Two different scenarios were tested for this research. The noise map representing
the current condition is presented in Figure 4. The first scenario regarded a vehicle speed
decrease from 50 km/h to 30 km/h using the mean value of the vehicle volume during the
5 data collection days (Figure 5). The second one regarded the application of the correction
coefficient provided for electric vehicles, which is limited to −2 dB(A) along with the speed
limit reduction to 30 km/h (Figure 6).
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Figure 6. Noise map for the mean traffic volume at 30 km/h, along with the correction coefficient of
2 dB attributed to EVs.

A major issue that regards noise modeling in this case is the homogeneity of the data
imported. A uniformity of driving speed, either high or low, is not expected, while the
differentiations regarding driving habits cannot be modeled due to software limitations.
Furthermore, the braking and acceleration driving states that play a very important role
in the environmental noise produced are also not included in the calculations. The speed
reduction to 30 km/h alone did not affect the noise map outcome (Figure 5). This result
derived probably due to the software modeling assumptions. The existence of a street
junction with 4 traffic lights and different type of roads, interpreted the low-speed vehicle
movement as a traffic jam. The engines of numerous conventional vehicles at lower speeds,
given the continuous braking and acceleration of the vehicles, could produce more noise
than a steady traffic flow. Nevertheless, the reduction of the vehicle total noise emission
to −2 dB(A) along with a speed limitation at 30 km/h contributed to the creation of an
acoustic environment with decreased noise levels (Figure 6).

6. Discussion

The hypothesis of introducing spatialized intelligence in the Mediterranean inner-city
areas, combined with the experiment in a Mediterranean city with dense urban fabric, has
led to the following two diverse key narratives, with the implementation of each of them
leading to completely different effects [96,97].

According to the first—negative—narrative, AVs would just replace conventional
vehicles in an unchanged context of mobility ways and behaviors, featured by the predom-
inance of individual mobility and the abundance of privately owned cars. In this case,
the overall improvement of individual traveling conditions would result to a continuous
increase in traffic [91,97,98] and to the seek for parking lots, and thus, among other negative
effects, the increase in road traffic noise.

The second narrative outlines a positive change, driven by the principles of sustainabil-
ity [98], social responsibility and equity [99], aiming to support social cohesion [100] and
urban development strategies [101]. In the variant versions of this narrative, the emphasis
is on predominantly public [97] or shared AVs [86,96,100], in a perspective of a rational
programming of urban mobility, complemented by soft mobility (walking, cycling etc.)
and combined in a hybrid transport system, which should be based on:
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1. Autonomous shuttle buses, complementary to metro and tramway systems. AV
technology in public transport is expected to be highly efficient [102].

2. Car-pooling, car-sharing and car-on-demand systems, which could come from pe-
ripheral parking and recharging areas, to serve all inner-city people in need of an
individual ride, as a complement to mass public transport [103].

3. Autonomous light electric vehicles (motorcycles, bicycles, skates, etc.), to serve short
distance trips, as well as on the promotion of walking.

Thus, a main idea in this narrative is the containment of traffic by means of rational
and sustainable use of technologies and transport infrastructures, leading also to the
mitigation of road traffic noise. Another important idea that could be included in the
above positive narrative is the restriction, even the abolishment of private car ownership,
by taking advantage of car-pooling, car-sharing and car-on-demand systems. A major
change like this, is feasible as 5th level AVs will be able to be commanded to start from
the closest parking area, lift up passengers from concrete addresses, drive them to their
near or farthest destinations, and then access the closest parking area, to stand-by and be
recharged. This feature of AVs would allow people in need of individual rides to move
freely and in safe; yet the offer of a high quality and affordable public transport system
would be necessary, in purpose to avoid a wide spreading of individual auto-mobility and
of subsequent negative effects (congestion, pollution, noise).

Likewise, this idea of abolishment of private car ownership starting from city cores
and inner-city neighborhoods, seems to gain ground in politicians’ think-tanks and public
opinion. For instance, the Parliament Science and Technology Committee of UK [104]
claimed (2019) that in the long-term, car ownership is not compatible with decarbonization
goals, rejecting the policies encouraging people to replace existing vehicles with lower-
emission versions.

Moreover, although the abolition of private cars should be rather a very long process,
due to consolidated new settlement patterns and reformed consumption and production
geographies [105], many press publications see the time of a mass abandon of car society
as approaching: By expressing a positive argumentation for this objective, especially
about inner-city areas; by pointing out the proliferation of car-free lifestyle by wealthy
people [96,101,106] and of the enactment of restrictions for cars in several city centers
and inner-city areas [107] implying that emancipation from private cars is feasible; and
by the speculation that autonomous cars are going to change the way people feel about
car ownership [101]. A prospect of AVs spread and of car ownership abolition also leads
probably to the elimination of on-street parking (parking lots), liberating an important
amount of public space [103,108]. Such a scenario may definitely lead to free-up the narrow
streets of Mediterranean metropolis cores and inner-city neighborhoods from on-street
parking, providing space and accessibility to pedestrians and cyclists, enabling the creation
of green spaces, recreation/rest areas and street equipment.

This opportunity for the Mediterranean metropolis, severely suffering of lack of vital
public space, is also an opportunity to improve their environmental noise conditions. Abo-
lition of on-street parking lots may probably lead to an important decrease in road traffic,
as additional traffic of cars seeking for parking places would be eliminated. In addition,
filling in the space occupied by parking lots with vegetation and green lanes (trees etc.)
would enhance sound absorption, further decreasing the environmental noise levels. The
increase of green areas in the city will improve ecosystem health, thus naturally promoting
a balanced acoustic environment, leading to a pleasant soundscape. The emergence of
biophony due to the increase of green areas, among other benefits, will replace unwanted
sounds and will probably play a subtle masking role to environmental noise. Removing
the parking spaces (some of which may be relocated to underground lots) will create free
space for trees, wider sidewalks, pedestrians and cyclists.

According to the scenarios tested, speed limitations up to 30 km/h, along with the
incorporation of AVs, could substantially benefit the overall acoustic environment. Nev-
ertheless, there are still major limitations and shortcomings that need to be evaluated
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and assessed before this kind of implementation. A regulated vehicle volume also con-
tributes to a quieter acoustic environment but still road traffic noise is not the only source
of environmental noise in an urban settlement.

7. Conclusions

The limitation of our research is that noise maps created regard solely the noise pro-
duced by road traffic. However, other types of anthropophony also play a very important
role in the overall acoustic conditions of a city. EVs (and AVs) produce less noise than
conventional vehicles, but this regards mainly the propulsion noise emitted. As previously
stated, the prevalence of EVs alone will not considerably improve noise conditions, due
to the rolling noise contributing to the total noise produced, and the necessity for EVs
to use warning sounds to ensure the security of pedestrians. Hence, there is a fuzziness
regarding noise issues in an agglomeration, and a multi-leveled approach will be necessary.
Therefore, further research must follow a complete noise modeling approach incorporating
several noise sources along with road traffic noise. This can result to a better representation
of the urban acoustic environment, thus allowing for holistic action plans to take place.

In any case, first of all, environmental awareness stands as the key towards the solution
regarding noise problems. Driving habits mainly through speed limitation, along with
a regulated incorporation of AVs, could result in a healthier acoustic environment. It is
undeniable that AVs reaching the 5th (full) level of automation could offer multiple benefits
on the overall environmental quality, including air pollution reduction. Additionally,
AVs will offer opportunities of significant reduction on environmental noise levels if
their implementation complies with urban design strategies driven by the principles of
sustainability, social responsibility and equity.

As already explained, the combination of the future predominance of AVs with a
narrative of abolishment of private car ownership and of the need for on-street parking in
the inner-city areas could lead to largely enhance public spaces and to decrease road traffic
noise in their neighborhoods.

All these changes could provoke dynamics for a renaissance of the traditional Mediter-
ranean culture for outdoor life, also revealing and expanding the formation of mild and
intimate sound environments, composed mainly by sounds of human activities and con-
tacts, of nature, and of urban flora and fauna, reactivating hence some positive dimensions
of the urban heritage of Mediterranean cities. This is particularly applicable in the historic
cores of these cities, and special measures should be adopted to promote sustainable modes
of transport and reduce the invasion of conventional vehicles in these areas.

Summing up, we could conclude that spatialized intelligence can substantially and
positively transform the sound identity of the Mediterranean metropolis and be the spear-
head for an increase in acoustic bio-cultural diversity. At least during the era when the city
still appears as a palimpsest of interpositions, evoking the historic time.

The focus of this paper is to portray the complexity of urban and sound design of
cities, and specifically of the Euro–Mediterranean ones, in the 21st century. In this context,
the many challenges of sound design of urban space require that acoustic engineers and
sound designers become more collaborative to other disciplines, like urban planners. Plan-
ners need sound designers for guidance in order not to ignore sound identity issues in
urban planning, and sound designers need to be prepared to provide such assistance in a
collaborative way. This will allow a more holistic consideration of the urban transforma-
tions, also considering the wider environmental, economic, social and cultural effects of
spatialized intelligence.
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