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Acoustic environment acts as an essential aspect that affects the urban quality of life. It is not
formed only by sound intensity but also by building configuration and functional traits of the
built environment. The present study investigates the relationship between urban form and
urban soundscape quality in regard to the properties of physical sound and the users’ perceptual
evaluation. Furthermore, the study aims to identify the characteristics of urban form that
impacts soundscape quality in residential areas. The study adopts a mixed-method approach,
combining spatial analysis, field measurements of sound levels, and questionnaire surveys to
assess users’ perceptions. The study provides an analysis of five case studies conducted in
Greater Cairo to represent a range of densities that span from very high-density areas to high-
density areas, and down to moderate density areas. The findings of the study indicate that urban
form and acoustic conditions are strongly correlated. Increased noise levels and less perceived
quality are detected in highly densely inhabited areas with intensive mixed use and high traffic
congestion, commonly known as over-compacting development. Conversely, improved
acoustic conditions are detected in areas with moderate density, moderate mixed-use
concentration and greater green coverage. However, users’ perception is significantly affected
by demographic factors. Therefore, the study highlights the inevitability of integrating
soundscape factors into urban planning and design techniques to improve environmental

quality and enhance user well-being in urban areas.

1. INTRODUCTION

Over recent decades, cities have witnessed a rapid
expansion and a noticeable growth in urban activities.
Consequently, travel demand has increased significantly,
relying mainly on private cars, which in turn has increased the
number of vehicles and raised the levels of noise pollution in
cities [1].

According to the World Health Organization (WHO),
besides air and water pollution, urban noise acts as one of the
top environmental threats in big cities. WHO defined
community noise (environmental noise) as “noise produced
from all sources except noise at the industrial workplace” [2].

Environmental noise poses a significant threat to public
health all over the world. Furthermore, environmental noise is
linked to adverse health conditions, such as cardiovascular
diseases, sleep disorders, mental health problems, annoyance,
and cognitive dysfunction [3-5]. In addition to its health
problems, environmental noise greatly influences the social
and economic level of the inhabitants. It adversely affects
residential satisfaction, property values [6, 7], workers'
productivity [7], and the overall quality of urban life.

1.1 Environmental noise: Historical background

Historically, the evolution of early cities has paved the way
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for environmental noise. Nonetheless, modern cities suffer
from higher noise levels and more people are exposed to
increased daily noise. In the past, sound played a pivotal role
in determining the relationship between people and their
environment and affected the formation of place identity [8].
Nowadays, sound is commonly perceived as an undesirable
object that needs to be controlled and restricted.

During the late twentieth century, a wider international
concern first emerged over noise pollution. In 1972, the United
States Environmental Protection Agency (EPA) officially
considered noise as a major source of environmental pollution
causing adverse impacts on urban quality of life. Later, in
1980, regulatory standards were issued aiming to safeguard
public health. During this period, and in 1977, greater attention
was given to the concept of the urban soundscape through the
work of Schafer [9], which enhanced human perception of
acoustic environments. Afterwards, institutional
developments such as the establishment of the World Forum
for Acoustic Ecology in 1993 and WHO initiatives on
community noise have grown to set international guidelines
regarding noise pollution. With the EU Environmental Noise
Directive (2002/49/EC), Further reinforcement introduced
noise mapping and management strategies for urban areas.
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1.2 Environmental noise in the local context

Based on recent population estimates, Egypt’s population
has grown beyond 107 million in January 2025, with
approximately 43% of the inhabitants in urban areas. Nearly
40% of Egypt’s urban population resides mainly in Greater

Cairo [10]. Therefore, it serves as the largest urban
agglomeration and the main center for economic and service
activities. Consequently, the region of Greater Cairo faces
several social, economic, and environmental challenges,
particularly urban noise, which negatively affects the quality
of life.

Table 1. Impact of local authorities’ traffic congestion mitigation on urban noise

. Urban/Transport . .
Intervention Characteristics Positive Impacts Negative Impacts
Public transport expansion ngh-cap acity transit Reduces.dep endence on Operational noise along corridors
infrastructure private cars

(metro/BRT)

New roads and urban axes

supports daily urban mobility

Radial and ring road networks

High traffic capacity corridors

Increased road capacity

Existing roads widening
green areas

Public transport modernization
(tram/monorail)

Taxi fleet renewal .
vehicles

Cycling promotion

Reduction of pedestrian and

Modern low-emission vehicles
Improved operational efficiency

Replacement with newer

Limited cycling infrastructure
Weak integration with transit

. Increased density around stations
Lowers traffic noise levels y

Reduces congestion in some
areas
Shorter travel time

Continuous traffic noise sources
Higher exposure of nearby
residents
Higher traffic speed
Loss of green areas, increased
noise exposure
Facilitating private car ownership

Temporary traffic flow
improvement
Less congestion noise

Reduced engine noise
Potential shift from private
cars

Limited impact without modal
shift

Lower mechanical noise

Reduces short car trips
Improves urban acoustic
quality

Limited impact due to low
adoption

Source: The researcher.

Since the 1970s, problems of traffic noise have increasingly
grown as a result of several reasons, including the rapid growth
of population, increased urban activities, higher rates of urban
expansion and internal migration, and the rising number of
private vehicles [11]. During the period between September
and October 2001, noise measurements of traffic flow
indicated that sound levels surpassed the permissible limit for
residential areas (65 dB), reaching 80 dB or higher in different
places [12]. Furthermore, 60—80% of urban noise is reported
to be directly produced by traffic movement, particularly in
densely populated cities such as Cairo, where noise levels
during peak hours may range between 95 and 120 dB [12, 13].

Local authorities have established measures to enhance
traffic flow and mobility in response to congestion and air
pollution, which has a direct impact on the acoustic
environment. The following section provides an evaluation of
these measures and their consequences.

Based on Table 1, although governments and local
authorities exert great efforts to control noise levels, they
continue to rise in big cities, such as Cairo, as a result of the
limited focus of current policies on lowering noise levels
rather than improving the overall acoustic quality. Therefore,
the problem of urban noise requires broader techniques that
consider all of the factors affecting the acoustic environment.

1.3 Noise environment management approach

Literature specifies two key approaches to environmental
noise Management: the traditional noise control approach and
the Soundscape approach [13]. These approaches differ in
their perception of sound, human response, management
strategies, and design tools.

1.3.1 Noise control approach
Noise control approach is a commonly used technique for
the management of environmental noise. It focuses on
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reducing sound pressure levels (SPL) to meet regulatory
standards, without differentiating between undesirable and
desirable sounds. Although this approach focuses on noise
reduction, it does not always manage to meet the regulatory
limits. Nonetheless, studies indicate that residents’ satisfaction
is not necessarily achieved by way of lowering sound levels
within the acoustic environment [8]. Therefore, it is advisable
to implement more comprehensive strategies rather than
traditional noise control approaches to achieve a better
acoustic experience.

1.3.2 Soundscape approach

The term “soundscape” was first introduced by Southworth
[14] in 1969 in his study The Sonic Environment of Cities.
However, the term later became strongly associated with
Schafer [9], who is considered the pioneer of soundscape
studies, particularly through his influential book The Tuning
of the World.

The soundscape of a place is defined as its sonic or acoustic
environment, with the receiver or listener at the center of the
sonic landscape [15]. It was also defined as “An environment
of sounds (or sonic environment) with emphasis on the way it
is perceived and understood by the individual, or by a society”
[16]. Recently, ISO in 2014 defined soundscape as “acoustic
environment as perceived or experienced and/or understood by
one person or a group of people, in context” [17].

As shown in Figure 1, soundscape serves as a product of the
interaction between several variables that can be summarized
into three main elements:

Sound element: it includes the physical characteristics such
as sound levels, as well as the qualitative characteristics
corresponding to the nature of sounds present in the urban
environment and their semantic meanings.

Environmental context: it serves as a mediator between
the sources of sound and the human receiver, including both



natural factors (e.g., climate) and the characteristics of the presents a comparison between noise control and soundscape
built environment (e.g., density, land use, and street networks), approaches.
which shape the acoustic environment.

Human: they serve as the receiver of the acoustic
environment, where demographic features, the nature of

e . - T Human

activities, hearing conditions, and individual preferences all

contribute to how people evaluate the acoustic environment Physiological

and determine quality Landscape & Psychological

. . . Soundscape Acoustics

Although soundscape is produced from the interaction of

these three elements, most traditional policies largely focus on

the element of sound, specifically sound levels, to conform to

regulations. However, this approach did not improve the Environmen{ F— o

acoustic conditions, especially in big cities. Rather, it ignored “Kgﬁf:::

other significant factors leading to worse acoustic conditions.

Therefore, the improvement of the acoustic environment relies

on both reducing noise levels and enhancing the urban form, Figure 1. Soundscape perception model

social context, and user preferences. In the following, Table 2 Source: Qin Youguo, reproduced in Ge et al. [18].

Table 2. A comparison between noise control approach and soundscape approach

Aspect Noise Control Approach Soundscape Approach
Approach Mechanism Focus on addressing noise problems after they = Integrated into the planning process from the early
occur stages
Sound Perceived as a waste element Perceived as a resource that should be invested
Type of Sounds Considered Focuses primarily on unwanted sounds Focuses on preferred sounds
Human Response Related only to sound pressure levels (SPL) Related to both soun;eiizgﬁéltllature and individual

Focuses on enhancing preferred sounds and

Management Strate Focuses on reducing noise levels .
g &y & masking unwanted sounds
Quantitative Measurement like SPL as the main Qualitative Measurement that distinguishes
Measurement Method L .
indicator between different types of sounds

Source: The researcher based on previous studies [13, 19, 20].

1.4 Establishing a new approach: Urban form and acoustic commonly described through a set of interrelated elements,
environment including density, land use, accessibility and transport
infrastructure, urban layout, and housing and building
When compared to other forms of environmental pollution, characteristics [21]. The entirety of these elements contributes
environmental noise acts as a localized phenomenon where to shaping the way cities function and influence
noise levels can differ significantly from one place to another environmental, social, and economic conditions within urban
even within a relatively small-sized area. The reason behind areas. Urban form refers to the spatial configuration of fixed
this variation lies in the impact of the local urban form, elements within a metropolitan region [22], also known as the
including building arrangement, land use pattern and spatial pattern of human activities at a certain point in time
transportation infrastructure. Thus, enhancing soundscape in [23].
big cities is closely linked to studying the pivotal role of urban There are mainly two urban development patterns identified
form elements play in lowering noise levels. in the literature: compact and dispersed (sprawled)
The quality of life, including public health and development. Compact development is often referred to as
environmental conditions, is greatly influenced by decisions having less quality of life due to higher density and noise.
regarding the development of the urban community, However, this idea overlooks key factors such as mixed land
particularly those relevant to the built environment. Urban use, public transport, and urban design. On the other hand,
problems, such as environmental noise, result from dispersed development increases car dependency and raises
development policies adopted by governments and local traffic noise, while well-planned compact areas can support
authorities, including activities and wurban functions better and more balanced soundscapes.
distribution, land use policies, and transport policies. Such From an acoustic environment perspective, the proper urban
policies contribute significantly to shaping the features of the form is mainly contingent on achieving less traffic movement,
acoustic environment in urban areas, which vary depending on as traffic movement is the key element of urban noise, which
the wurban context and its physical and functional represents about 60—-80% of noise sources [12], particularly in
characteristics. big cities. Further, it relies on embracing sustainable mobility
systems and land use patterns that support a balanced acoustic
1.4.1 Urban form and acoustic environment environment appropriate to the spatial and functional context
Urban form relates to the physical and spatial structure of of urban spaces.
urban areas. It encompasses the arrangement and 1) Urban density
characteristics of buildings, streets, land wuses, and Urban density has a pivotal role to play in shaping the
transportation systems. It functions at various spatial levels, acoustic environment due to its influence on land use patterns
ranging from individual buildings and streets to and mobility systems. Studies indicate that dependence on
neighborhoods and the city as a whole. Urban form is private cars decreases with increasing density, while reliance
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on public transport rises [24, 25]. Similarly, residential density
is identified as a key determinant of travel behavior and
associated traffic volumes [26]. Urban density refers to the
intensity of the built environment, expressed as the amount of
built floor area accommodated within a given land area. As an
operational measure of building density, the study employs the
Floor Area Ratio (FAR), which is defined as the ratio of the
total gross floor area of all buildings to the total site area.

Compact development promotes high density, availability
of convenience services, land use proximity that encourage
sustainable transport modes such as walking, cycling, and
public transit and it reduces private car ownership [27],
thereby reducing traffic-related noise. In contrast, low-density
urban pattern increases private vehicles dependency, leading
to higher noise levels and a deterioration in acoustic quality.
Consequently, balanced urban density represents an effective
planning strategy for enhancing the sustainability and quality
of the urban acoustic environment.

To facilitate the interpretation of FAR values, the study
adopts the indicative residential density classifications
established by the Egyptian New Urban Communities
Authority (NUCA). The corresponding FAR ranges for the
different residential density categories are presented in Table
3 and are used as reference thresholds for assessing
development intensity within the study areas.

Table 3. Operational Floor Area Ratio (FAR) thresholds for
urban density classification

Urban Density Category FAR
Low density 1.00

Medium density 1.25-1.50
High density 1.75

Source: The Egyptian New Urban Communities Authority (NUCA).

Based on the reference thresholds presented in Table 3,
FAR values exceeding 1.75 fall beyond the indicative range
for high-density residential development. Therefore, within
the context of the present study, urban areas with FAR values
above this threshold are classified as over-compacted
developments, representing an exceptionally high level of
development intensity.

2) Land use

Due to its direct role in organizing the way activities and
services are distributed, land use patterns serve as one of the
most impactful factors in shaping the urban acoustic
environment. Consequently, they have a significant effect on
mobility patterns and sound sources. Adopting traditional
planning approaches of functional segregation (zoning) for
separating land uses results in increasing the distances
between residential areas, workplaces, and services. Thus,
high dependence on private cars develops, causing increased
traffic movement and higher noise levels within urban
environments. Conversely, mixed-use development enhances
the use of a combination of multiple activities within close
distances. This leads to a reduction in long-distance travel and
promotes sustainable mobility modes such as walking, public
transit modes and cycling [28, 29]. Additionally, it lowers the
percentage of private car ownership [30, 31]. This spatial
proximity leads to fewer daily trips, private vehicle
dependency, and thus reduces noise related to traffic
movement.

Moreover, multiple land uses relate to various sound
sources from activities. It provides a more balanced and better
soundscape. The inclusion of social and cultural activities

3410

within the urban fabric enhances the positive perceptual
dimension of the acoustic environment. It not only leads to a
reduction of noise, but it also improves the overall soundscape
quality through the inclusion of favorable sounds. Thus,
mixed-use planning is considered an influential strategy for
making the acoustic environment better by lowering traffic
noise, enhancing accessibility, and creating a more sustainable
and acoustically balanced environment.

3) Transport infrastructure

Addressing constant acoustic problems depends on
reducing traffic dominance within urban streets, especially
private cars. Traffic impacts can be significantly mitigated by
adopting policies to lessen private car possession, in addition
to the number, length, and duration of motorized trips. This
entails limiting the use of private cars, minimizing car-oriented
policies, enhancing effective public transport systems, and
establishing a pedestrian-friendly urban environment. These
measures help reduce traffic volumes and lessen noise levels
created by urban mobility.

Similarly, the factors of the built environment, including
density, transport policies, land use patterns, urban design, and
infrastructure, have a significant effect on travel behavior and
travel demand characteristics such as trip frequency, travel
distance, travel time and mode selection [25, 32]. Therefore,
the process of controlling travel behavior plays a pivotal role
in attaining a better acoustic environment.

4) Urban layout

Urban layout refers to the spatial arrangement and
configuration of urban elements, including streets, buildings,
and blocks. The character of the urban environment is largely
influenced by the size and arrangement of urban blocks. The
structure and scale of urban blocks have a great influence on
the traffic patterns and the spatial distribution of human
activities [33], which in turn affects the patterns of the acoustic
environment. Medium-sized blocks reduce fagade exposure to
noise and disperse traffic across multiple routes, which
contributes to lowering traffic noise levels [33].

Similarly, street network studies conclude that strongly
connected and permeable networks support walking and
sustainable mobility, enabling the opportunity to access daily
services and activities. On the other hand, poorly connected or
closed networks result in increased dependence on private cars
and their consequent environmental impacts [32-34].

Furthermore, the elements of landscape are not only
responsible for reducing noise levels, but also contribute to
enhancing the overall acoustic quality and shaping of the
soundscape. Landscape helps improve the acoustic
environment through vegetation, water features, and surface
materials. Vegetation, in particular, plays a key role on both
the physical and perceptual levels. On the physical level, it
lowers sound levels through mechanisms such as sound
absorption, scattering, and diffraction by plants' leaves and
branches. Thus, it helps in lowering sound energy [35-37]. On
the perceptual level, vegetation contributes to what is known
as psychological noise reduction, where the presence of
greenery lessens the perception of noise and annoyance, even
when actual sound levels stay relatively unchanged [38-40].

Likewise, water features act as significant sustainable
elements in improving the acoustic environment. They enable
users to improve their perception of the soundscape, allow for
better psychological comfort, and improve the overall sensory
experience of place due to their inherently positive qualities
[20, 41]. These features participate in hiding unwanted sounds
which contributes to raising the acoustic quality.



5) Housing/building types

In residential environments, building design, construction
materials, and fagade treatment play a significant role in the
absorption or reflection of sound, which largely affects the
quality of the soundscape. Therefore, urban planning that
considers building and housing characteristics can efficiently

reduce noise levels and enhance soundscape quality.

The following section (Figure 2) outlines key urban
characteristics that can improve the acoustic environment.
They are classified into five urban form components and their
underlying mechanisms.

Ttems Urban Characteristics Acoustic Characteristics
populationdensty
= population density . v . —
Availability = variety of sound sources
- .
] of = socio-cultural soundscape
= Mixed usedevlelolpment TSR = Informative soundscape -
= Landuse pr?xumty SETEE E reducetheneed to travel 5
= presecnce of numerous =
services \ g
o / g
- — N 5
- pedestrian-ofiented Accessibility . o g
. r v ncourage a
Transportation N ls i 1 walk of services B e € g
yeling and wa B P —— 2 sustainable travel g e
= private car restricted policy % behavior u E
A & Reduce car g S
's = v (=3
. o dependency P
o 1 = Affordable Varies Types PR P b
Buildingtypes Diversit g
* Apartment Y =
\. ol
~ '%
= Fin]e Ul:ban G-lam e v _E _E = scguncl 1‘§lateclto na‘ture %
gec estrian gn nlomnent Y EE (v ege{ a%on —W ater) 1 =]
n | . — L
resence of landscape ety e sound absorption anc
elements ( green areas— aspects g 2 reflection mechanism
water features) Y, = affect people's perception

Figure 2. Factors contributing to traffic noise in Cairo
Source: The researcher based on previous studies [21, 23, 25, 28, 34, 36, 38].

2. RESEARCH METHOD

The field study adopted an integrated methodological
framework to stand on the relationship between the urban form
and the acoustic environment from both physical and
perceptual perspectives. It was structured sequentially to
ensure a logical link between data collection and analysis,
enhancing the reliability and comparability of results across
the case studies. As shown in Figure 3, the study is divided
into five main parts, from case study selection and tool
preparation to field data collection and analysis. It highlights
the inclusion of both physical and social dimensions.

[ 1 J [ Case Studies Selection }
[ 2 J [ Preparation and Design of Measurement Tools }
I
v v v
Questionnaire Sound level measurement maps
form devices
[ 3 } [ Data Collection }
[
v v v
Built environment Acoustic Social and
data environment data demographic data
[ 4 J [ Data Analysis }
[ 5 J [ Field Study Results J

Figure 3. Study methodology
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2.1 Case study selection

As shown in Figure 4, case studies were selected within the
region of Greater Cairo for its strong acoustic challenges and
the diversity of its urban form patterns. The selection
emphasizes the diversity of urban density (very high, high,
medium), land use (residential and mixed-use), and socio-
demographic characteristics. Furthermore, other areas with
remarkable morphological features are taken into
consideration, including street network configuration,
building heights, and open space distribution.

©

Figure 4. Case study locations — Greater Cairo region (A-
Downtown, B-Masr Al-Gadeeda, C-Al-Maady, D-Al-
Mohandseen, E-6th of October City)

Source: The researcher based on GIS database.



(A) Downtown

Residential
Mixed Use Gl [ RS ONNT,

Green Spaces

Trees

Roads

rF—-—-
Land Boundry

h e -

(D) Al-Mohandseen

(C) AL-Maady

(E) 6th of October

Figure 5. Urban layout of the case study areas
Source: The researcher based on GIS database.

Figure 5 shows five case study areas selected based on these
criteria. It provides a comparative analysis linking built
environment characteristics, users’ preferences of the acoustic
environment, and field-measured acoustic indicators to
provide a better understanding of the relationship between
urban form and soundscape quality.

2.2 Preparation and design of measurement tools

In this stage, both quantitative and qualitative measurement
tools are prepared for the field study. Quantitatively, sound
level meters (SLM) were calibrated and used to measure actual
noise levels in each study area. On the qualitative level, a
questionnaire was prepared to determine the types of sounds
in each case study, identify different favorable sounds for
users from different sources, and investigate how individual
characteristics affect these preferences.

2.3 Data collection

In this stage, an urban survey is conducted to document built
environment characteristics, along with field measurements of
sound levels. Additionally, questionnaires were collected at
the same time to ensure reliable conditions. Spatial analysis,
field observation, and measurements are used in this stage for
the purpose of collecting integrated data on the built
environment, acoustic environment, and users’ preferences.

First: Aerial images and base map preparation

For each study area, recent aerial images were utilized to
prepare base maps. These images served as a spatial
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framework for recording field data. Base maps supported the
analysis of street networks, block structure, and land use
patterns along with the documentation of open spaces.
Moreover, they were employed to detect users’ survey points
during fieldwork.

Second: Field urban survey

A detailed field survey was carried out to analyze the
properties of urban fabric, such as street patterns, building
density, land use, and green and open spaces. This provides a
basis for understanding the physical context of the acoustic
environment.

Third: Sound level meter

In each study area, a TM-102 SLM was employed to
measure real noise levels. To capture spatial variations in
sound levels, measurements were classified into two types:
along external road networks and main corridors, and within
internal circulation networks and open spaces. The device was
set to A-weighting (dBA) to reflect human auditory response,
guaranteeing precise representation of the sound levels present
in the urban environment.

Fourth: Questionnaire survey

A questionnaire was prepared to collect socio-demographic
data (e.g., gender, age, education) and evaluate users’
perception of the acoustic environment. It incorporated
sections on preferences of users for common sound sources
(natural, human, and mechanical), distinguishing the most
remarkable sounds (top three), and a general assessment of
acoustic environment quality by employing a rating scale from
“very comfortable” to “very annoying.”



Table 4. Data collection tools and expected outputs

Data Category Method Type

Data Collection Tools

Expected Outputs

Field urban survey, maps, aerial
images, density analysis, street
network analysis, land use

Built Environment Data Descriptive-Analytical

Method
Physical Quantitative
Acoustic Data Measurement Method
Envg(;l:erlnent Perceptual Qualitative—Analytical
Data Method

Perceptual-Analytical
Method (Socio-
Acoustic Approach)

Users’ Preference Data

Sound Level Meter (SLM), Leq
(dBA), A-weighting
Sound source inventory, field
observation, sound classification
(natural, human, mechanical)
Questionnaire survey, rating
scales, socio-demographic data
(age, gender, education)

Identification of urban form patterns,
building density, degree of land use mix,
street network characteristics, and
green/open spaces
Identification of sound pressure levels
(SPL), spatial variations in noise levels
Identify soundscape composition, sound
source, and evaluation of acoustic
environment quality
Measurement of satisfaction levels,
preferred sounds, and analysis of socio-
demographic influences on perception

analysis

Source: The researcher.

An all-inclusive analytical framework is achieved through
the combination of these methods. It involved a spatial
analysis, physical measurements, and human perception of the
acoustic environment. Consequently, the collected data can be
classified into three main categories as shown in Table 4.

2.4 Data analysis

Data were statistically analyzed to examine the relationship
between the built environment, sound levels, sound types, and
users’ perception across the five case studies.

2.5 Study results

A comparative analysis was carried out to determine key
factors that affect the acoustic environment. Consequently,
planning indicators were developed to achieve a better
acoustic quality in urban areas.

3. RESULTS

As shown in Figure 4, five urban areas were selected to
serve as case studies to indicate the spatial, urban, and social
diversity within the region of Greater Cairo. Three areas are
included in Cairo Governorate (Downtown, Al-Maady, and
Masr Al-Gadeeda) and two in Giza Governorate (Al-
Mohandseen and 6th of October City). This selection
highlights the diversity in urban form, density, land use, and
socio-demographic characteristics.

Figure 5 shows the urban layout of each case study area. It
indicates building distribution, street network patterns, land
use, and the distribution of green spaces. Recently, satellite
images were used to obtain these data. Furthermore, detailed
field urban surveys were employed to specify key built
environment characteristics such as density, land use,

circulation networks, and green areas.
3.1 Urban form characteristics data

A field survey was carried out to examine the characteristics
of the built environment of each area. Additionally, recent
satellite and aerial images were utilized to analyze land use
patterns, street networks, green space distribution, and urban
density. This was presented as a set of urban indicators that
were utilized to draw a comparative analysis across the case
studies to assess sustainable built environment characteristics
from an acoustic point of view. These indicators were
compared with measured SPL and users’ preferences and
evaluations of the acoustic environment.

Table 5 presents urban indicators for each case study with
key traits of the built environment. These indicators offer a
basis for comparative analysis to better understand the
relationship between the urban form and the acoustic
environment.

3.2 Acoustic environment data

Acoustic environment data were collected at two levels: the
physical level and the qualitative level. On the physical level,
field measurements of SPL in both internal spaces and along
external main roads surrounding each study area were
conducted by using a SLM (TM-102). Several measurements
were taken along internal and external roads to produce
contour maps that show the spatial distribution of noise levels.
On the other hand, the qualitative level aimed to determine the
types of sounds in the acoustic environment and represent the
activities present within each area. A structured questionnaire
was employed to collect data. In the following section, the key
findings of acoustic environment characteristics are
introduced using a comparative analysis across the five case
studies.

Table 5. Urban form indicators of the case study areas

Building Building

Green

. Coverage Height Building Non-Resi_dentiaI Land Use Space Tree
Case Studies Ratio (BCR) Average Density Concentration (Ground Floor) Ratio Density
(%) floor no. (%) (%) (tree/acre)
1 Downtown 53% 10 5.3 100% 0.4% 5
2 Masr Al-Gadeeda 29% 8 2.3 23% 11.2% 20
3 Al-Maady 26% 6 1.6 21% 29.8% 30
4 Al-Mohandseen 33% 12 3.9 100% 3.4% 12
5 6th of October 29% 5 1.5 41% 6.9% 10

Source: The researcher based on site survey.
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Acoustic quantitative data (sound pressure level)

In this section, to understand the SPL within each case study
area, a series of field measurements were conducted using a
SLM (TM-102) during the first half of February 2026. Table
6 presents the distribution of survey days across the study
areas, along with the corresponding weather conditions during
the measurement period. A total of 40 measurement points
were selected for each case study, comprising 16 points along
the external roads (area boundaries) and 24 points distributed
across internal streets and public open spaces. All
measurements were conducted following a consistent field
measurement protocol. The duration of each measurement was
not less than 10 minutes to ensure representative sound level
recordings. Measurements were taken from pedestrian
sidewalks, with the SLM positioned at the edge of the
pedestrian sidewalk adjacent to the traffic lanes to minimize

the influence of sound reflections from surrounding buildings
and mounted at a height of 1.5 m above ground level. This
procedure was adopted to ensure consistency and
comparability across all measurement locations.

Table 7 presents a comparative analysis of average SPL
along external and internal roads. It shows a distinct variation
associated with the urban form and traffic intensity. The
highest average SPLs are observed in Downtown, where they
amount approximately to 75 dB(A) along external roads and
68 dB(A) along internal roads.

In contrast, Al-Maady indicates the lowest Average SPL
values, with approximately 63 dB(A) on external roads and 50
dB(A) on internal roads. The remaining case studies, including
6th of October, Al-Mohandseen, and Masr Al-Gadeeda,
indicate intermediate noise levels.

Table 6. Average weather conditions across the case study areas during the survey period

Case Study Area Survey Dates Average Temperature (°C) Average Wind Speed (km/h) Average Humidity (%)
Masr Al-Gadeeda 1-3 February 22.6 23.8 28.0
Al-Maady 4-5 February 21.3 15.6 31.2
Downtown 8—10 February 259 23.8 23.3
6th of October 11-12 February 234 27.7 25.2
Al-Mohandseen 15-17 February 26.5 17.5 16.5

Source: Calculated by the researcher based on https:/www.timeanddate.com/.

Table 7. Measured sound pressure levels (SPL) for case studies

Average SPL along External Roads

Average SPL along Internal Roads

Case Studies

dB(A) dB(A)
1 Downtown 75 68
2 Masr Al-Gadeeda 70 57
3 Al-Maady 63 50
4 Al-Mohandseen 72 63
5 6th of October 68 60
Source: The researcher based on field-measured SPL.
Table 8. Socio-demographic characteristics of respondents across the study areas
sample Size Gender Age Education Level
Study Area ) Male Female Young Middle- Older Basic/No Formal University
Aged Education Education

Masr Al-

Gadeeda 45 27 18 14 18 13 13 32
Al-Maady 43 26 17 21 14 9 7 36
Downtown 45 31 14 22 14 9 18 27

6th of October 40 22 18 16 13 11 11 29
Al-Mohandseen 42 24 18 17 15 10 10 32

Source: The researcher based on field study.

Acoustic qualitative data (sound nature)

In parallel with the field measurements of SPL, the
questionnaire survey was conducted during the same period,
in the first half of February, to investigate the characteristics
of the acoustic environment from the users' perspective. A
structured questionnaire was specifically designed for this
purpose, and respondents were selected using a random
sampling approach. Between 40 and 45 questionnaires were
completed in each case study area.

Table 8 presents the sample size for each study area and
classifies the respondents into three main demographic
categories: gender, age group, and educational level.
Conducting the questionnaire survey concurrently with the
field measurements ensured that the participants' subjective
evaluations corresponded closely to the actual acoustic
conditions prevailing in each case study area during the survey
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period.

The questionnaire was designed to address three main
sections:

The first section: It includes a set of common urban sound
sources. To assess preferences, the evaluation is conducted by
users on a 1-10 scale. As shown in Figure 6, the results reveal
that natural sounds (birds, water, trees) and culturally accepted
sounds are rated as highly comfortable, while traffic and
mechanical sounds are the most annoying, especially in
crowded areas. Human and café sounds are generally
acceptable, indicating that positive soundscape perception is
linked to natural and familiar sounds, whereas urban traffic
noise lessens acoustic comfort.

The second section: Users are required to determine the
first three sound sources they perceive within the urban
environment. This serves as an indicator of acoustic



environment quality, as user preference is generally associated
with the presence of natural sounds. However, dominance of
mechanical sounds, particularly traffic noise, is linked to lower
perceived quality. As shown in Figure 7, the results reveal a
diversity in dominant sound sources across the case studies,
largely produced by land use and urban traffic activities. In
areas such as 6th of October and Al-Mohandseen, traffic and
commercial sounds are the most prominent. They reflect

relatively greater presence of natural sounds, such as birds and
wind, alongside traffic noise, due to their greater residential
character and higher green space availability. Likewise,
Downtown Cairo is occupied by intense urban sounds,
particularly traffic and human activities, reflecting its high
density and activity dominance. Despite these differences,
traffic and human-related sounds remain the most dominant
across most cases. Nonetheless, natural sounds seem to be
clearer in medium-density residential areas.

higher activity levels and mixed-use characteristics.
Conversely, Al-Maady and Masr Al-Gadeeda indicate a
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The third section: Users were required to assess the
acoustic environment through the use of a five-point scale:
very comfortable, comfortable, acceptable, annoying, very
annoying. This section is intended to assess general user
perception of acoustic environment quality across the different
case studies.

As shown in Figure 8, the results reveal a clear contrast
between soundscape perception along external and internal
roads. External roads are dominated by high ‘“annoying”
responses, reaching up to 80% in Downtown and around 70%
in 6th of October and Al-Mohandseen, with very low
“comfortable” ratings, often near 0-20%, indicating poor
acoustic conditions due to heavy traffic. On the other hand, Al-
Maady recorded a “comfortable” rating of about 40%,
indicating higher acoustic comfort than other areas. This can
be linked to moderate traffic flow, lower driving speeds,
limited horn use, and dense street vegetation, all of which
improve acoustic conditions both physically and perceptually.

In contrast, internal roads indicate significantly enhanced
perception, where Al-Maady ranks first, recording the highest
percentage of comfort at 80%, followed by Masr Al-Gadeeda
at 60%. Al-Mohandseen takes a moderate position with a
comfort level of 33%, while 6th of October records 20%.
Downtown ranks last, with the lowest comfort level at 13%,
exhibiting comparatively less favorable acoustic conditions.

This diversity can be linked to differences in urban traits,
including building density, concentration of non-residential
activities, traffic intensity, and the presence of through-traffic
corridors. Areas with higher acoustic comfort generally show
moderate densities, balanced non-residential activities, and
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higher proportions of green spaces, supporting diverse and
pleasant sound sources. These areas are often dominated by
natural sounds (e.g., birds and wind through trees) and cultural
or human activity sounds, which improve the perceived
acoustic quality.

Conversely, areas with lower acoustic quality indicate very
high densities, intense commercial activity, heavy traffic
flows, and limited greenery. In these areas, the soundscape is
largely dominated by traffic noise, which significantly reduces
acoustic comfort.

Individual differences, including age groups, gender, and
educational level, were found to have a significant impact on
their ability to perceive the acoustic environment. According
to the findings, age acts as a key element, where older users
exhibit a higher tendency toward natural sounds and quieter
environments, younger users show more acceptance of
socially active sounds, and middle-aged groups have more
balanced preferences.

According to gender, males tend to be more patient with
social sounds such as conversations and café noise. On the
other hand, females are more sensitive to these sounds despite
their preference for them. However, it was noted that natural
sounds are usually preferred by both genders with little
distinction between them.

On the educational level, individuals who received higher
education are more likely to be sensitive to traffic noise.
Moreover, they consider traffic noise more infuriating. Rather,
individuals with lower education exhibit greater tolerance,
likely due to differences in awareness and work-related
concentration demands.
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Figure 8. Users’ evaluation of the acoustic environment quality across the case studies
Source: The researcher based on field study.

3.3 Investigating the relationship between urban form
indicators and acoustic environment

As shown in Figure 9, by studying the relationship between
urban form characteristics and average SPL, a clear
relationship between building density and average SPL was
detected across the case studies. Areas with higher building
density tend to record higher SPL values, indicating a general
positive correlation between them. For instance, in
Downtown, the highest building density (5.3) and the highest
SPL (68 dB) can be detected. This reveals intense urban
activity and traffic congestion. Likewise, in Al-Mohandseen,
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a relatively high density (3.3) with increasing SPL levels (63
dB) is detected. Conversely, lower SPL values (50 dB and 60
dB, respectively) are detected in lower-density areas such as
Al-Maady (1.6) and 6th of October (1.5). This shows quieter
acoustic conditions associated with less dense urban
structures. An intermediate pattern is detected in Masr Al-
Gadeeda (2.7), where moderate density corresponds to
moderate SPL levels (57 dB).

A comparable relationship is detected between building
coverage ratio (BCR) and SPL. In areas with higher BCR, such
as Downtown (53%, 68 dB) and Al-Mohandseen (33%, 63
dB), higher noise levels are detected due to a dense built



environment and increased activities. Conversely, in areas
with lower BCR, such as Al-Maady (26%, 50 dB), lower noise
levels are detected due to the presence of open spaces that
allow sound dispersion.
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Figure 9. Relationship between building density (Floor Area
Ratio (FAR)) and average sound pressure levels (SPL) along

internal roads
Source: The researcher based on field study.
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As shown in Figure 10, the findings based on examining the
relationship of green spaces indicated a distinct inverse
relationship between green space ratio and average SPL across
the case studies. Higher noise levels are detected in areas with
little greenery, such as Downtown (0.4%, 68 dB) and Al-
Mohandseen (3.4%, 63 dB). Conversely, lower SPL values are
detected in areas with higher green space ratios, such as Al-
Maady (29.8%, 50 dB) and Masr Al-Gadeeda (11.2%, 57 dB).
A moderate condition is detected in 6th of October (6.9%, 60
dB).

A similar relationship is observed between tree density and
average SPL. Lower noise levels are detected in areas with
higher tree density, such as Al-Maady (30 trees/acre, 50 dB).
A higher SPL is detected in areas with low tree density, such
as Downtown (5 trees/acre, 68 dB).
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Based on the findings, increasing green space ratio and tree
density play a key role in lowering SPL and enhancing the
acoustic environment. This stresses the necessity of
incorporating green infrastructure within urban design
strategies.

Vegetation plays a pivotal role in lowering noise levels.
Additionally, it has a significant psychological impact on how
the sound environment is perceived by different individuals.
The findings, as shown in Figure 11, indicate that areas with
higher green space ratios generally have better soundscape
evaluations.

100% 30.0%
25.0%
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10.0%
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Soundscape Preference
Green Space Ratio

Figure 11. Effect of green spaces on users' soundscape

preference along internal roads
Source: The researcher based on field study.
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and average sound pressure levels (SPL) along internal roads
Source: The researcher based on field study.

The highest level of comfort is detected in Al-Maady, with
the highest green ratio (29.8%). Nonetheless, it exhibits the
lowest level of annoyance. On the other hand, the highest
annoyance levels and lowest level of comfort are detected in
Downtown, where there is the lowest green ratio (0.4%). This
is mainly attributed to high traffic intensity, a highly dense
urban environment, and fewer green areas. The other areas,
such as Masr Al-Gadeeda, Al-Mohandseen, and 6th of
October, fall in between, where moderate green ratios
correspond to moderate levels of comfort. Thus, a distinct
relationship is observed between green space availability and
user satisfaction with the acoustic environment.

The findings indicated that there is a clear positive
relationship between mixed-use concentration on ground



floors and internal average SPL. As shown in Figure 12, higher
noise levels are detected in areas with high non-residential
concentration, such as Downtown (100%, ~68 dB) and Al-
Mohandseen (100%, ~63 dB). This is attributed to heavy
activities and traffic congestion. In contrast, lower SPL values
are detected in areas with lower mixed-use concentration, such
as Al-Maady (~20%, ~50 dB). Moderate cases like Masr Al-
Gadeeda (~23%, ~57 dB) and 6th of October (~41%, ~60 dB)
fall in between.

The findings reveal that greater mixed-use is associated
with higher noise levels due to the increased activities and

corresponding traffic problems.

To further investigate the relationship between urban form
parameters and the acoustic environment, Pearson correlation
and linear regression analyses were performed to evaluate the
strength of the relationships and quantify the influence of each
urban form parameter on average SPL. The results are
presented in Table 9.

To further illustrate these relationships, scatter plots with
fitted regression lines were developed for each urban form
parameter against the average SPL, as presented in Figure 13.

Table 9. Pearson correlation and linear regression results for urban form parameters and average sound pressure levels (SPL)

Ul‘bafl Form Pearson's Rel?tioqship Regression Equation Re.gression Coefficiel}t of
Indicator r Direction Coefficient §§ (Slope) Determination R?
B“irliii‘;g(g’cv}%age 0.83 Positive s;) 127:2;‘(2305‘;; 51.728 0.696
Building density 0.84 Positive SSP‘I;ZE (fin?s?tsy; 3.420 0.707
Gireen S(%es ratio -0.95 Negative s ;gg{gﬁgﬁi tio) -55.307 0.907
concemarion )7 PO i e 14.36 0756

Source: The researcher based on field study.
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Figure 13. Relationship between urban form indicator and average sound pressure levels (SPL) along internal roads showing

Pearson correlation coefficient and linear regression model across the five study areas
Source: The researcher based on field study.

The statistical analysis revealed varying degrees of
association between urban form indicators and SPL levels. The

Pearson correlation analysis revealed strong relationships
between urban form indicators and average SPL across the five



study areas. Building density (r = 0.84), BCR (r = 0.83), and
mixed-use concentration (r = 0.87) showed strong positive
correlations with SPL, indicating that areas characterized by
higher densities, greater building coverage, and more intensive
non-residential activities tend to experience higher noise
levels. In contrast, green space ratio exhibited a very strong
negative correlation with SPL (r = -0.95), suggesting that the
presence of green areas contributes significantly to reducing
noise levels and improving the acoustic environment.

Regression analysis provides further insight into the
magnitude of the observed relationships. The results indicate
that each one-unit increase in building density is associated
with an increase of approximately 3.42 dB(A) in SPL.
Similarly, a 10% increase in BCR corresponds to an increase
of about 5.17 dB(A), while a 10% increase in mixed-use
concentration is associated with an increase of 1.46 dB(A). In
contrast, green space ratio exhibited a negative effect, with a
10% increase in green space associated with a reduction of
approximately 5.53 dB(A). These findings highlight the
critical role of urban form characteristics in shaping the
acoustic environment of urban areas.

4. DISCUSSION

Compact development is generally believed to be linked to
lower quality of life. This is attributed to higher density and
increased noise compared to dispersed (sprawled)
development. Nonetheless, these beliefs are often based on a
reductionist perspective that considers density solely or adopts
excessively high densities (over-compacting development). A
broader understanding of compact development entails
considering its integrated components, including mixed land
use, well-organized public transport systems, walkability,
cycling infrastructure, and the provision of green spaces,
which significantly impact the acoustic and urban environment
as a whole.

In contemporary cities, urban noise is commonly
distinguished by a mono-functional soundscape, dominated by
traffic noise, with limited presence of natural sounds or those
reflecting functional, cultural, and aesthetic dimensions. On
the other hand, compact development provides distinct
opportunities to lower traffic dominance by encouraging
sustainable mobility such as public transport, walking, and
cycling, supported by mixed land use patterns. Further, it
supports a diverse soundscape with a variety of sound sources
that reflect the identity and function of different urban areas,
enhancing the overall acoustic quality.

The findings support adopting moderate density levels, as
observed in Al-Maady (FAR 1.6, green spaces 29.8%, mixed-
use ~21%) and Masr Al-Gadeeda (FAR 2.3, green spaces
11.2%, mixed-use ~23%), which is broadly consistent with
previous studies emphasizing the benefits of moderate urban
densities [27, 42], greater provision of green spaces [35, 36,
40], and well-planned mixed land-use patterns [28, 29, 31] in
supporting walkability and reducing dependence on private
cars. This, in turn, helps attain a balanced acoustic
environment that integrates natural and human sounds without
the dominance of traffic noise, fostering a more distinctive and
high-quality soundscape [7].

On the other hand, over-compacted development changes
the positive qualities of urban environments, converting them
into pressures that adversely affect the acoustic environment.
This is clearly marked in areas such as Downtown (FAR 5.3,
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green spaces 0.4%, mixed-use 100%) and Al-Mohandseen
(FAR 3.9, green spaces 3.4%, mixed-use 100%). In these areas
with very high densities, minimal green spaces, and fully
concentrated non-residential activities, increased traffic
demand and higher noise levels can be witnessed, which is
consistent with previous studies reporting similar relationships
[43, 44]. Therefore, the acoustic environment is degraded with
an increase in traffic noise within the urban soundscape.

Compact development involves moderate to high density,
mixed land use, public transport, and walkability, resulting in
anoticeable reduction in dependence on private vehicles as the
primary source of urban noise.

Therefore, the impact of compact development on the
acoustic environment should be evaluated through a
comprehensive perspective of urban form, rather than
depending on density alone.

From an economic efficiency standpoint, compact
development enables better planning, distribution, and
maintenance of landscape elements, including green spaces,
street trees, and public open areas. To ensure higher quality
and better spatial inclusion of these elements within the urban
fabric, resources assigned for landscaping can be employed
more efficiently. This can be achieved through the application
of development within a more compact urban footprint. This
efficiency not only lowers the expenses of both installation and
maintenance, but it also improves the functional performance
of landscape eclements. Consequently, well-structured
landscape elements have a significant effect on enhancing the
acoustic environment. For instance, vegetation plays a dual
role by physically lowering noise through absorption and
diffusion mechanisms. Further, it enhances users’ perceptual
experience by introducing natural sounds and lessening the
perceived impact of urban noise. Therefore, through the proper
planning of compact development, economic -efficiency,
higher quality, and a more balanced acoustic environment can
be achieved.

Therefore, for a better acoustic environment, the principles
of compact urban form need to be adopted as an integrated
system. This approach enables the development of a
distinguished place identity, enhances the diversity of sound
sources, and lessens traffic noise. Eventually, this offers a
more attractive and well-balanced acoustic environment.

5. CONCLUSION

The present study emphasizes the idea that traditional noise
reduction strategies cannot be adopted in isolation to improve
the quality of the acoustic environment. Rather, the spatial
configuration of the built environment, land use distribution,
mobility patterns, and user perception are considered as
strongly significant elements.

The findings indicated that the main source of urban noise
is traffic, alongside the critical role played by transport
policies in shaping the acoustic conditions. Meanwhile, urban
form elements such as density, land use, accessibility and
transport infrastructure, urban layout, and housing and
building features have a significant impact on both sound
levels and the soundscape experience as a whole.

Notably, the research identifies moderate-density urban
forms as the finest condition for creating a balanced acoustic
environment. Such configurations provide reduced noise
levels while maintaining sound diversity, as a key element for
improving user perception and environmental quality.



The study stresses the importance of incorporating green
infrastructure and landscape elements, not only as physical
noise reduction tools but also as key elements in the perceived
acoustic improvement. This confirms the concept that sound
should be treated as a resource rather than a mere pollutant.

This research represents a paradigm shift from noise control
to soundscape-oriented urban planning. Planners and
designers can create quieter, richer, more livable, and more
acoustically sustainable urban environments by adopting a
more all-inclusive and human-centered approach.

To conclude, it is essential to differentiate between compact
development and over-compacting development. Compact
development, with its moderate densities and availability of
green and open spaces, can offer a high-quality acoustic
environment. Rather, over-compacting development is
associated with excessive densities, high traffic volumes, and
an intense concentration of activities and population, which
results in higher noise levels and a degradation of the overall
acoustic environment.
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