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Abstract

Urban noise pollution is considered to be a significant challenge to neighborhood livabil-
ity, particularly in cities with limited noise governance. This has resulted in raising the
environmental noise as a critical health and livability concern. Existing approaches rely on
decibel thresholds that fail to capture the spatial, social and perceptual complexity of noise
conditions at the neighborhood scale. This study offers a multi-criteria soundscape frame-
work integrating acoustic measurements and urban parameters (urban design, landscape,
regulations and perception). The aim is to support the optimal location for noise plan-
ning. The framework was applied as a pilot study across five residential neighborhoods in
Tripoli, Lebanon. The OpeNoise mobile application was used across four temporal sessions.
Recordings were combined with qualitative resident interviews. Average Equivalent Con-
tinuous Sound level LAeq(t) values ranged from 60.3 to 76.8 dBA. While all neighborhoods
exceeded the World Health Organization WHO guidelines, acoustic severity alone did not
determine the best case for intervention. The neighborhood with the highest measured
noise did not achieve the highest priority score. This demonstrates that decibel planning
is insufficient. The alignment of acoustic severity, feasibility, and community demand is
more effective for intervention. The framework’s criteria are based on observable urban
indicators, suggesting applicability to similar urban contexts, further pending validation.

Keywords: urban soundscape; neighborhood; noise planning; multi-criteria framework;
urban noise assessment; Tripoli Lebanon; pilot study

1. Introduction
Rapid urbanization and increasing traffic have significantly increased noise expo-

sure in residential neighborhoods. Exposure to high levels of traffic noise is associated
with a range of health problems, including cardiovascular disease, sleep disturbance
and annoyance [1,2]. Sustainable Development Goal (SDG) 11 calls for sustainable cities
and communities and reducing traffic noise is one of the ways to achieve this goal.
In such contexts, noise is no longer an environmental outcome but a critical factor of
residential livability.

Common noise mitigation strategies have relied on large-scale infrastructure solutions.
However, these methods are often incompatible with the spatial complexity of residential
streets. Noise management in many urban contexts remains limited. It often relies on
decibel thresholds, lacking the perspective of the residents. Recent research on soundscapes
has shifted the focus from only quantitative noise reduction to a better understanding of
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acoustic environments. It shows the connection between measured noise levels, urban
form, and perception [3]. Tools for noise planning are limited, particularly in Middle
Eastern cities. Existing approaches address only part of the neighborhood selection process;
noise mapping focuses on decibel levels, soundscape studies emphasize perception, and
existing planning frameworks do not support acoustic intervention planning. This study
presents the first neighborhood-scale framework to integrate acoustic severity, urban
morphology, regulatory capacity, resident perception, and intervention feasibility into
a single tool, applied in a Middle Eastern residential context. The proposed framework
advances neighborhood noise planning by demonstrating that intervention priorities cannot
be identified using decibel-based assessments alone.

Tripoli, Lebanon’s second-largest city, reflects this gap. Its dense urban areas, traffic,
and limited noise control contribute to high levels of noise exposure. No tool currently
exists to guide intervention. This study addresses this gap by developing and testing
a multi-criteria soundscape framework. It is designed as a noise planning tool for five
residential neighborhoods. It integrates acoustic measurements, assessments of urban
design and landscape, and resident perceptions. This study demonstrates that acoustics,
intervention, and community converge independently. Prioritizing sites by noise level
alone produces different, and less effective, outcomes than a multi-criteria approach.

The framework is a pre-intervention tool, not an intervention design tool. Its purpose
is to identify and rank neighborhoods by their readiness for future noise intervention.
Potential interventions at priority sites may include green noise barriers or building mor-
phology modifications. Vegetation-based interventions have demonstrated measurable
noise attenuation in urban residential contexts [4]. This paper is organized as follows.
Section 2 reviews the literature and identifies the research gap. Sections 3 and 4 present the
methodology and results. Sections 5 and 6 discuss the findings and conclude the study.

2. Literature Review
2.1. Soundscape Theory and Urban Acoustic Perception

A study conducted by P. Jennings and R. Cain (2013) found that a soundscape cannot
be defined by numerical metrics alone [5]. Soundscape theory considers the acoustic en-
vironment as perceptual. It is shaped by the interaction between sound sources, spatial
context, and human experience. This approach was recognized in [3]. Jennings and Cain
(2013) [5] demonstrate that soundscapes’ perception depends on the composition, direc-
tionality, and temporality of sources. These are criteria that decibel metrics fail to capture.
Perception means that effective soundscape assessment must account for several factors.
These include activity patterns, demographics, and spatial characteristics [5]. Research con-
firms that qualitative criteria of the acoustic environment are as important as quantitative
thresholds [6]. Noise annoyance has been shown to vary among individuals exposed to
identical sound pressure levels [7]. At the neighborhood scale, spatial and environmental
characteristics include vegetation, building configuration, street morphology, and land-use
patterns [8]. The gap between decibel measurements and residents’ experience forms the
basis of the multi-criteria soundscape framework proposed in this study.

2.2. Urban Noise Assessment and Emerging Measurement Tools

Urban noise assessment has relied on objective acoustic indicators. These include
equivalent continuous sound levels (LAeq) [9]. Noise mapping remains the dominant
planning tool for identifying high-exposure areas. However, decibel evaluations provide
insufficient information about perceptual impact. These conditions matter most at the
neighborhood level, where daily exposure occurs [10]. Smartphones have expanded the
geographical and temporal conditions of noise data. They enable neighborhood assess-
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ments where governance is limited [11,12]. Citizen-based mobile sensing frameworks have
demonstrated the feasibility of participatory sound assessment at city scale, supporting
the use of smartphone applications as legitimate acoustic monitoring tools [13]. OpeNoise
was developed by ARPA Piemonte, Italy [14]. It represents a validated example of this
approach. It shows measurement accuracy of ±1 dB compared to calibrated sound level
meters. This is within environmental noise ranges of 45–80 dB(A) [14]. It also shows con-
firmed amplitude linearity from 35 to 110 dB on iOS devices. Most urban noise assessments
lack guidance [15]. Scholars argue that acoustic measurements must be combined with
urban characteristics. These include land use, population, traffic, and green coverage [16].
These criteria are the foundation of the study.

The World Health Organization (WHO) provides guideline values for noise in residen-
tial areas. These guidelines aim to minimize health impacts (including sleep disturbance,
stress, and reduced quality of life). WHO recommends nighttime noise levels below
45 dB(A) LAeq and daytime levels below 53 dB(A) LAeq, see Table 1 [9].

Table 1. WHO environmental noise guidelines for residential areas and associated health impacts.
Source: [9].

Noise Level (dBA) WHO Classification Health Impact

Below 53 Acceptable—daytime residential Minimal annoyance

53–65 Moderate exceedance Moderate annoyance, sleep
disturbance risk

65–75 High exceedance Significant annoyance,
cardiovascular risk

Above 75 Severe exceedance Serious health risk,
cognitive impairment

2.3. Neighborhood Morphology and Noise Planning

The shape and layout of a residential neighborhood show how noise propagates
through the built environment [17]. In highly dense neighborhood (narrow streets and
a high height-to-width ratio), a distinct “enclosure effect” is created [18]. These dense
neighborhoods are better suited for modifications like green building envelopes or sound
masking designs [19]. In contrast, more open-block neighborhoods allow noise to spread
out differently. It creates spatial opportunities for landscaping and green barriers [20,21].
Therefore, evaluating neighborhood morphology in addition to acoustic data is essential to
identify not only where noise is highly problematic, but what specific interventions a local
community can consider [17,21].

2.4. Multi-Criteria Approach in Urban Planning

The complexity of residential environments requires urban planning tools capable
of evaluating multiple indicators [22]. Traditional urban planning has relied on techni-
cal metrics (decibel thresholds) that lack details [22]. To bridge this gap, Multi-Criteria
Decision-Making (MCDM) frameworks have been integrated into sustainable urban plan-
ning [22,23]. Within noise planning, a multi-criteria approach allows researchers to balance
objective thresholds with qualitative conditions and institutional parameters [24]. There-
fore, evaluating urban sites, through a multi-criteria matrix, ensures that interventions
are not just where noise is highest, but where spatial feasibility and public alignment
intersect [23,24]. Multi-criteria approaches to environmental quality have been explored
across building typologies, including studies on wellbeing in public spaces [25,26], and the
multi-criteria assessment of road traffic noise [27] demonstrated the versatility of weighted
scoring frameworks across acoustic planning contexts.
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3. Methodology
3.1. Research Design

This research adopts a mixed-method approach. It integrates quantitative noise
analysis with qualitative assessment. It aims to develop and implement a multi-criteria
soundscape framework for urban noise planning. The methodology combines objective
noise measurements with urban indicators, see Figure 1. The framework is designed
as a decision support tool using comparisons across neighborhoods. Equal weighting
was applied across all criteria to ensure urban and social feasibility consistent with
soundscape approaches.

Figure 1. Research methodology flowchart illustrating the sequential and parallel phases of the
multi-criteria soundscape framework application. Source: Author’s own work.

3.2. Multi-Criteria Framework for Site Selection

The criteria for selecting the soundscape are based on earlier studies that showed
that sound pressure levels alone cannot fully convey the effects of urban noise. Recent
research has begun classifying soundscape design into typologies to support planning
decisions [28]. Soundscape research has shown that acoustic comfort is shaped by con-
textual and perceptual factors [3]. Evidence shows that land-use patterns affect noise
perception [6,16,29]. Moreover, institutional capacity determines whether interventions
can be effectively implemented [9]. Perceptual criteria show that demographics, proximity
to noise sources and daily activity shape residents’ acoustic experience. Annoyance and
activity pattern are essential for soundscape assessment [5]. These components represent a
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methodology for case study selection that links acoustic severity with urban, environmen-
tal, and social contexts, see Table 2. Equal weighting was adopted because no established
evidence supports assigning greater importance to any criterion for neighborhood-scale
acoustic intervention planning. Expert-based weighting methods such as AHP require
expert panels or historical data, which were not available for this pilot study. The sensitiv-
ity analysis in Section 3.6 confirmed that the priority ranking remained consistent under
alternative weighting scenarios. This indicates that the results are not dependent on the
equal weighting assumption.

Table 2. Soundscape-based multi-criteria framework integrating different criteria for neighborhood
case study selection. Source: Author’s own work.

Criteria Sub-Criteria Scoring Rubric (1–5)

1. Acoustic Conditions LAeq(t) dBA, contextual
relevance

1 = Low exposure (<55 dBA), 3 = Moderate (55–65 dBA),
5 = High exposure (>65 dBA)

2. Urban Design
Contextual urban design,
green infrastructure, public
participation

1 = No community organization or civic engagement
observed, 3 = Some informal community presence,
inconsistent engagement, 5 = Active civic groups, strong
community support for intervention

3. Landscape Outdoor environment design

1 = No usable public space, poor pedestrian
infrastructure, 3 = Limited outdoor space, partial green
coverage, 5 = Well-maintained public spaces, green
elements, space available for intervention

4. Regulatory Context Regulatory and institutional
work

1 = Strong regulatory control, low intervention need,
3 = Partial regulation, moderate need, 5 = Absent or weak
regulation, high intervention need

5. Perception
Population density, distance
from noise sources, activity
intensity

1 = Low annoyance, low community demand,
3 = Moderate annoyance, some community awareness,
5 = High annoyance, strong community support for
intervention

3.3. Study Context and Neighborhood Selection

Tripoli is a coastal city rich in history. It is characterized by dense urban fabrics, mixed
land uses, traffic, and limited green spaces. Tripoli has a historic urban fabric with a rich
architectural heritage and dense urban form. Studies have shown that managing this
built environment is a complex task [30]. Homes, businesses, and transportation are in
proximity. This produces high noise exposure. The absence of noise management makes
Tripoli a relevant case for a multi-criteria approach. It addresses soundscape research in
Middle Eastern cities. Previous urban studies have documented the broader institutional
challenges facing Tripoli. These studies show that regulatory limitations affect several
planning areas, including building codes and noise governance [31,32].

Five residential neighborhoods in Tripoli were selected: Basatin Tarablos, Dam W
Farez, El Mina, Abou Samra, and Qobbe. Selection was done by spatial analysis using
Google Maps (version 2026) and local field knowledge; see Figure 2. The neighborhoods
include diversity across land-use, population density, traffic, and green coverage. The
morphological diversity reflected the majority of urban fabrics across Tripoli and compa-
rable Middle Eastern cities (from coastal exposure in El Mina to high traffic in Basatin
Tarablos). El-Mina has a unique coastal setting and an active waterfront. Previous studies
have explored these features as part of landscape urban revitalization projects [33]. Street
geometry and building density vary providing diversity in typology (from narrow dense
streets in Dam W Farez to more open blocks in Basatin Tarablos). Environmental quality
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ranges from moderate in Elmina and Basatin Tarablos to very limited in Abou Samra and
Qobbe. The neighborhoods differ in community engagement and demographics support-
ing the framework’s potential applicability beyond the Tripoli context, see Table 3. Five
neighborhoods were considered sufficient for this pilot study. The number aligns with
pilot-scale MCDM urban planning studies in the literature.

 

Figure 2. Spatial distribution of the five studied neighborhoods within Tripoli, indicating the locations
selected for comparative soundscape assessment. Source: Author’s own work.

Table 3. Summary of urban characteristics, land use, traffic conditions, and dominant noise sources
across the five studied neighborhoods in Tripoli. Source: Author’s own work.

Neighborhood Approx. Density
(People/km2) Main Land Use Traffic Volume Main Noise

Sources Urban Notes

Basatin Tarablos ~18,000
Residential,
Mixed-use,
commercial

High
School traffic,
construction,
social buzz

Well-kept streets,
green patches,

active
community

Dam W Farez ~22,000 Residential,
commercial Moderate Traffic, workers

Dense streets,
limited green

areas

El Mina ~19,000 Coastal
mixed-use Moderate

Market and
waterfront

activity

Walkable, lively
social life

Abou Samra ~25,000 Residential–
commercial High

Continuous
traffic,

pedestrian
movement

Compact
buildings, poor

noise control

Qobbe ~20,000 Institutional–
residential High

Student and
vehicle

movement

Institutional area,
weak regulation

https://doi.org/10.3390/buildings16142896

https://doi.org/10.3390/buildings16142896


Buildings 2026, 16, 2896 7 of 17

The five neighborhoods represent the main urban forms in Tripoli: coastal mixed-use,
dense commercial–residential, institutional–residential, high-density compact urban, and
established residential areas with green spaces. This diversity, based on field observations
and population density data, was intended to test the framework under different urban
conditions rather than in similar neighborhoods. Although a formal cluster analysis was
not performed, the selected neighborhoods represent the range of urban forms commonly
found in Middle Eastern cities of similar size. This supports the framework’s potential to
be applied in similar contexts.

3.4. Noise Measurement Instrument and Calibration Protocol

Noise data were collected using OpeNoise Meter 3.3.0, an open-source application.
Measurements included real-time A-weight equivalent continuous sound levels (LAeq1s)
and overall LAeqT. Fast Fourier Transform (FFT) spectra and one-third octave band spectra
were also recorded. All data was exportable for further analysis. The application’s acoustic
validity has been confirmed by Brambilla and Pedrielli [14]. OpeNoise is positioned
as a suitable instrument for comparative neighborhood study. All measurements were
conducted on a single iOS device. A calibration offset of +24.0 dBA was applied before data
collection, see Figure 3. The same iOS device model was used for all measurements across
the four sessions and five neighborhoods equally. As a result, any systematic measurement
error affected all neighborhoods equally, allowing reliable comparisons. This approach is
supported by Kardous & Shaw [34]. They found that smartphones of the same iOS model
produce consistent measurements under identical conditions. This preserves the validity
of comparative assessments across neighborhoods. Although formal validation against a
Class 1 or Class 2 sound level meter was not conducted in this study, future studies should
include parallel measurements with professional sound level meters to verify absolute
measurement accuracy. Smartphone applications have been evaluated against calibrated
sound meters and showed acceptable accuracy [34]. The device was held at 1.5 m above
ground level. It was placed at a minimum distance of 3.5 m from surfaces. It was oriented
toward the noise source. This ensured the validity of comparative assessments. Acoustic
measurements were conducted across four sessions in each neighborhood: Saturday noon,
Monday morning, Friday morning, and Wednesday evening. At each measurement point,
OpeNoise was operated for a minimum of two minutes.

3.5. Qualitative Resident Interviews

Semi-structured interviews were conducted across neighborhoods to capture residents’
point of view. The interview methodology followed International Organization for Stan-
dardization ISO 12913-2 [35] protocols for soundscape data collection. Participants were
recruited using street sampling. Participation was entirely voluntary, no compensation was
provided, and the academic purpose of the study was verbally explained to obtain consent
before interviewing. All interview responses were recorded anonymously, with no personal
identifying information collected at any point, ensuring full participant confidentiality
throughout the study. A total of 75 participants across five neighborhoods constitutes an
appropriate sample for a pilot study. A minimum of 15 participants per site is consistent
with qualitative and mixed-methods soundscape research, see Table 4. The sample size of
15 participants per neighborhood is not statistically representative at a city scale. However,
it aligns with standard mixed-methods soundscape pilot studies. In data-scarce urban
environments, small-scale interviews are highly useful. They successfully capture localized
perceptual patterns. For this pilot study, 15 interviews were sufficient to cross-reference
objective decibel data with real resident experiences. Fifteen interviews were conducted
in each neighborhood. The targeted sample consisted of 52% male and 48% female re-
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spondents, primarily aged 26–60, with a diverse mix of educational backgrounds. All
participants self-reported normal hearing conditions during the initial screening question.
The interview addressed four criteria aligned with soundscape frameworks. A five-point
scale rating from very good to very bad was used. The acoustics were assessed by ask-
ing participants about dominant sounds. Support for mitigation was examined through
open-ended questions, see Table 5. This criterion was important for evaluating intervention
within the proposed framework.

   

Figure 3. Calibration interface for sound level measurement OpeNoise application.

Table 4. Recommended sample size table based on neighborhood population. Ref. [36] formula.

Neighborhood Approx. Population Recommended Sample (95% CI, ±10%) Pilot Study Sample Used

El Mina ~57,000 96 15
Abou Samra ~75,000 96 15
Dam W Farez ~66,000 96 15
Qobbe ~60,000 96 15
Basatin Tarablos ~54,000 96 15
Total ~312,000 480 75 1

1 Population figures are approximate estimates based on density data in Table 3 (people/km2) multiplied by
estimated neighborhood area (Lebanon’s last official census was conducted in 1932).

Questions were administered during the same time slots as acoustic measurements.
This allows direct cross-referencing between measured LAeq(t) conditions and residents’
perceived acoustic experience at each location and period.
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Table 5. Resident interview questions and corresponding framework criteria, administered verbally
during field measurement sessions. Source: Author’s own work.

Interview Question Framework Criteria

How long have you lived in this neighborhood? Eligibility screening
How would you rate the overall sound environment here? Perceptual quality
What sounds do you notice most in this area? Acoustic characterization
How much do the sounds in this neighborhood bother you in daily life? Psychological impact
Do you think this neighborhood needs noise reduction measures? Mitigation support
What would you change about the sound environment here? Mitigation support

3.6. Sensitivity Analysis Validation

A sensitivity analysis evaluated the framework’s stability against variations in the base-
line equal-weighting model. Three planning scenarios were simulated: Scenario 1—acoustic
priority: higher weight to acoustic conditions (40%) and distribute remaining 60% equally
across the other four criteria. Scenario 2—urban design and landscape priority: higher weight
to urban design and landscape combined (40%) and distribute the remaining 60% equally.
Scenario 3—perception priority: higher weight to perception dimension (40%) and remaining
60% equally. Results are presented in Section 4.3.

4. Results
4.1. Acoustic Profiles by Neighborhood

Average LAeq(t) values from all four sessions were used as the primary acoustic
indicator. Table 6 presents the mean LAeq(t) and descriptive statistics across the four
measurement sessions. El Mina and Basatin Tarablos show low standard deviations
(SD = 1.00 and SD = 1.15 respectively), indicating consistent and persistent noise
exposure regardless of day or time. Dam W Farez similarly shows low variability
(SD = 1.19), confirming persistent exposure driven by dense street geometry. In con-
trast, Abou Samra and Qobbe show higher variability (SD = 3.87 and SD = 3.56), with
ranges of 8.1 and 8.3 dB, respectively, reflecting sensitivity to weekend versus weekday
activity patterns. Individual sessions were taken to illustrate temporal variation. All
five neighborhoods exceeded the WHO daytime residential guideline of 53 dBA. More-
over, Basatin Tarablos recorded the highest average at 76.8 dBA, exceeding this by nearly
24 dB; see Figures 4 and 5. The acoustic profiles constitute the first part of the multi-criteria
assessment converting field-measured LAeq(t) values into comparable scores.

Table 6. Acoustic measurement summary across four sessions per neighborhood (LAeq(t) in dBA).
Source: Author’s own work.

Neighborhood Sat
Noon

Mon
AM Fri AM Wed

Eve
Mean

LAeq(t) SD Min Max Range WHO
Exceedance

El Mina 59.4 60.2 61.7 59.8 60.3 1.00 59.4 61.7 2.3 +7.3 dB
Abou Samra 72.7 64.6 65.5 70.3 68.3 3.87 64.6 72.7 8.1 +15.3 dB
Dam W Farez 74.8 72.0 73.1 73.9 73.5 1.19 72.0 74.8 2.8 +20.5 dB
Qobbe 73.8 65.5 68.2 70.9 69.6 3.56 65.5 73.8 8.3 +16.6 dB
Basatin
Tarablos 77.3 78.1 75.4 76.5 76.8 1.15 75.4 78.1 2.7 +23.8 dB

4.2. Residents’ Perception Findings

The following perception findings complement the acoustic profiles by capturing
the experience of neighborhoods. The findings are not statistical results but perception
patterns that help us to interpret LAeq(t) values through residents’ experience. Each
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neighborhood’s perception profile is used to score the matching dimension of the multi-
criteria framework. It converts interview insights into scores for acoustic disturbance,
community needs, and support for interventions, see Table 7. In El Mina, most residents
reported a good soundscape, low disturbance, and little support for noise reduction. In
Abou Samra, most residents reported a moderate to poor soundscape, high disturbance,
and strong support for intervention. In Dam W Farez, many residents considered the
soundscape acceptable despite high measured noise, and most showed limited support
for intervention. In Qobbe, most residents reported a poor soundscape and supported
noise reduction. Basatin Tarablos showed the highest levels of disturbance, with most
residents rating the soundscape as poor and strongly supporting noise reduction measures.
Perception scores were based on the interview results and the perception criteria in the
scoring rubric. Neighborhoods where most residents reported high noise disturbance
identified traffic as the main source of noise and supported noise-reduction measures
received higher scores. This indicates a higher priority for intervention.

Figure 4. Mean LAeq(t) by neighborhood with WHO 53 dBA guidelines. Source: Author’s own work.

Figure 5. Sessions of LAeq(t) comparison showing temporal variation across four measurement
periods. Source: Author’s own work.
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Table 7. Resident perception interview summary across five neighborhoods. Source: Author’s own
work.

Neighborhood Dominant Age Overall Rating Dominant Sources Disturbance Level Support for
Intervention

El Mina 41–60 Good Traffic, voices, commercial Low Low
Abou Samra 26–50 Moderate–Bad Traffic, voices High High
Dam W Farez 36–60 Good Traffic Low–Moderate Low
Qobbe 40–60 Bad Traffic, voices, commercial High High
Basatin Tarablos 26–41 Bad Traffic, construction, commercial Very high Very high

4.3. Multi-Criteria Assessment

A morphological assessment was conducted across the five locations to bridge the
gap between objective metrics and spatial parameters. Neighborhood acoustics are in-
fluenced by the geometric configurations of the residential fabric. Table 8 synthesizes
the physical layout (including fabric typology, street geometry, and building density)
in addition to LAeq(t) values. This justifies the qualitative criteria scoring within the
multi-criteria framework.

Table 8. Morphological configuration and acoustic profile of the studied neighborhoods. Source:
Author’s own work.

Neighborhood Fabric Typology Street Geometry
(Height/Width Aspect)

Building Layout and
Density

Average Noise Level
(LAeq(t))

El Mina Coastal Mixed-Use Moderate to wide corridors
(Low-to-Medium aspect ratio)

Discontinuous blocks with
active interfaces

60.3 dBA (WHO
Exceedance: +7.3 dB)

Dam W Farez
Modern Dense
Residen-
tial/Commercial

Deep street canyons (High
aspect ratio)

Compact, continuous
mid-rise blocks with
minimal structural gaps

73.5 dBA (WHO
Exceedance: +20.5 dB)

Basatin Tarablos Low-Density
Mixed Residential

Open, wide street profiles
(Low aspect ratio)

Decentralized, detached
open-block configurations

76.8 dBA (WHO
Exceedance: +23.8 dB)

Abou Samra
High-Density
Compact
Residential

Narrow, enclosed street
corridors (High aspect ratio)

Highly dense, continuous
building envelopes with
severe proximity to roads

68.3 dBA (WHO
Exceedance: +15.3 dB)

Qobbe Institutional–
Residential Grid

Variable to narrow corridors
(Medium-to-High aspect ratio)

Large institutional blocks
mixed with compact
residential pockets

69.6 dBA (WHO
Exceedance: +16.6 dB)

The multi-criteria assessment combines qualitative field observations with acoustic
measurements. Each criterion was scored on a scale from 1 to 5. It results in a maximum
score of 25. Table 9 presents the qualitative characterization of each neighborhood. It
provides the evidence base used to derive numerical scores. Basatin Tarablos achieved the
highest composite score (20). This indicates the optimal combination of high noise exposure
and suitable urban conditions for intervention. This is in addition to available space and
strong community support.

Scores were derived by mapping the qualitative characterizations in Table 9 against
the scoring rubric defined in Table 2. Table 10 explains how the scores were assigned
for each criterion in the five neighborhoods. Acoustic scores were based on measured
LAeq(t) values, while urban design, landscape, and regulatory scores were based on field
observations. Perception scores were based on residents’ interview responses about noise
disturbance and support for noise reduction measures. This allows each score to be linked
to observed evidence, making the framework transparent and reproducible. Table 11
presents the final multi-criteria scoring matrix.
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Table 9. Qualitative multi-criteria characterization of five Tripoli neighborhoods. Source: Author’s
own work.

Criteria Sub-Criteria Basatin Tarablos Dam W Farez El Mina Abou Samra Qobbe

Acoustic
Noise level

Existing problem
during peak

hours

Noise issues
mainly during

peak hours

Noise issues
mainly during

peak hours

Persistently
problematic noise

conditions

Persistently
problematic noise

conditions

Contextual relevance High Moderate Moderate High High

Urban Design

Contextual urban
design Very good Very good Good Weak/inconsistent Very

weak/inconsistent

Public participation
potential

Very good
community

support

Very good
community

support

Good community
engagement Random/limited Very

limited/random

Green infrastructure
potential Moderate Limited Moderate Very limited Very limited

Landscape Outdoor environment
design Good Good Moderate Poor Very poor

Regulatory
Regulatory and

institutional
framework

Moderate Moderate Limited Weak Very weak

Perception

Population density
pressure Moderate High High High Very high

Distance from noise
sources

Moderate
proximity

Moderate
proximity

Variable
proximity

Very close
proximity

Very close
proximity

Activity intensity Moderate–high Moderate Moderate Very high High

Feasibility Space availability for
intervention Available Available Limited Very limited Not available

Table 10. Score justification matrix per neighborhood and criterion. Source: Author’s own work.

Neighborhood Acoustic Urban Design Landscape Regulatory Perception

El Mina
2—Avg 60.3 dBA,
moderate WHO
exceedance

3—Walkable fabric,
moderate civic
engagement

3—Coastal
vegetation, partial
spatial availability

2—Partial coastal
governance

1—Good rating,
low disturbance,
low intervention
demand

Abou Samra
3—Avg 68.3 dBA,
high variable
exceedance

2—Compact
blocks, weak civic
structures

2—Minimal
vegetation, limited
intervention space

3—Absent noise
controls, some
commercial
licensing

4—High
disturbance, strong
intervention
support

Dam W Farez
4—Avg 73.5 dBA,
persistent across
all sessions

2—Dense
geometry, absent
green
infrastructure

1—No vegetation,
narrow canyons,
no feasible space

3—Partial
enforcement, some
institutional
capacity

2—Good rating
despite high LAeq,
acoustic
habituation

Qobbe
4—Avg 69.6 dBA,
activity-driven
peaks

1—Fragmented
spaces, minimal
community
organization

1—No green
infrastructure,
spatially
constrained

4—Very weak
enforcement, high
intervention need

4—Bad rating,
high disturbance,
strong support

Basatin Tarablos
5—Avg 76.8 dBA,
highest and most
consistent

4—Well-
maintained streets,
active community,
intervention-ready

3—Moderate
vegetation, open
blocks, space for
green barriers

3—Moderate
context, limited
noise governance

5—Very high
disturbance,
near-unanimous
intervention
support

On the other hand, a sensitivity analysis was conducted across the three simulated
scenarios. Table 12 presents the calculated weighted average scores. The consistency of
results across weighting scenarios supports the robustness of the framework’s outcome.
This confirms that the multi-criteria diagnostic tool remains valid. Basatin Tarablos remains
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the highest-scoring neighborhood across all four weighting scenarios. A secondary finding:
Dam W Farez rises significantly under acoustic priority weighting but remains constrained
(acoustically severe but neither spatially ready nor community-driven for change).

Table 11. Scored multi-criteria assessment matrix (1–5 per dimension, maximum 25). Source: Author’s
own work.

Neighborhood Acoustic Urban Design Landscape Regulatory Perception Total/25

El Mina 2 3 3 2 1 11
Abou Samra 3 2 2 3 4 14

Dam W Farez 4 2 1 3 2 12
Qobbe 4 1 1 4 4 14

Basatin Tarablos 5 4 3 3 5 20

Table 12. Completed sensitivity analysis table. Source: Author’s own work.

Neighborhood Equal Weight
(/25)

Acoustic Priority
(40%)

Urban Design and
Landscape Priority (40%)

Perception Priority
(40%)

El Mina 11.0 10.8 11.8 9.5
Abou Samra 14.0 14.2 13.2 15.5

Dam W Farez 12.0 14.0 11.2 11.5
Qobbe 14.0 15.5 12.5 15.5

Basatin Tarablos 20.0 21.2 19.2 21.2

5. Discussion
The findings demonstrate that all five neighborhoods exceeded WHO guidelines,

yet acoustic severity alone did not determine suitable intervention. This confirms that
decibel-based planning produces different and less actionable outcomes than a multi-
criteria approach. This finding aligns with [37], who argues that built environment profes-
sionals must move beyond the noise differentiation toward integrated approaches: how
residents experience their acoustic environment in context. The framework is based on
the convergence of acoustic conditions, urban feasibility, regulations and community de-
mand. Table 13 summarizes the relationship between measured noise levels and resident
perception findings across all five neighborhoods, highlighting where acoustic severity
and perceived disturbance align and where they diverge. Alignment classification indi-
cates the degree of correspondence between objective acoustic exposure and subjective
disturbance experience.

Table 13. Comparison of measured LAeq(t) values and residents’ perception findings across the five
study neighborhoods. Source: Author’s own work.

Neighborhood Avg LAeq(t)
(dBA)

WHO
Exceedance

Overall
Perception

Disturbance
Level

Intervention
Support

Acoustic
Score

Perception
Score Alignment

El Mina 60.3 +7.3 dB Good Low Low 2/5 1/5 ✓ Aligned

Abou Samra 68.3 +15.3 dB Moderate–
Bad High High 3/5 4/5 ✓ Aligned

Dam W
Farez 73.5 +20.5 dB Good Low–

Moderate Low 4/5 2/5 ✗ Divergent

Qobbe 69.7 +16.6 dB Bad High High 4/5 4/5 ~ Partial
Basatin

Tarablos 76.8 +23.8 dB Bad Very high Very high 5/5 5/5 ✓ Aligned

Dam W Farez averaged 73.5 dBA. However, residents reported low disturbance and
limited demand for intervention. This divergence is explained by acoustic habituation of
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long-term residents. This extends [5,15] into a Middle Eastern residential context. Basatin
Tarablos proves the complementary point: the highest noise, the strongest community
demand, the most available space and the most favorable urban design conditions. This
matches [29], who argue that morphology and green infrastructure must be evaluated in
addition to acoustics. Furthermore, it aligns with [16], who argue that intervention depends
on feasibility and community engagement. The qualitative characterization table translates
these theories into a practical tool. Basatin Tarablos (with its wider streets, open-block
layout, and low height-to-width ratio) offers capacity for effective interventions, whereas
Dam W Farez (characterized by compact mid-rise blocks and deep street canyons) traps
noise while limiting available space for interventions. These contrasting morphological
profiles show that urban form shapes both noise exposure and intervention feasibility. This
confirms the need to integrate morphology as a core dimension in acoustic planning.

This neighborhood scale framework provides a useful tool for applying the findings to
other Middle Eastern and Mediterranean cities. The proposed multi-criteria approach can
be used as two-stage tool. First, neighborhoods are ranked according to noise, community
and need. Second, the urban morphology of the selected neighborhood is analyzed to
see its relationship with noise impact. This optimizes data collection and provides a
scalable approach. It links community needs and acoustic conditions with the physical
characteristics of the urban environment.

This study has several limitations. The interview component with 15 participants
per neighborhood provides perceptions rather than statistics. Future “Phase 2” research
should include larger sample sizes. Frameworks should incorporate focus groups and
narrative analysis. Focus groups will help researchers observe community and noise
perceptions in real time. Narrative analysis will help work on the psychological impacts
of noise exposure on residents. These qualitative insights will provide a more robust
foundation for the framework’s scoring logic. Although a basic sensitivity analysis was
conducted, future research should apply more advanced weighting techniques such as AHP
and TOPSIS. Future research should also expand temporal measurement coverage. The
sensitivity analysis in Section 3.6 tested three different weighting scenarios and confirmed
Basatin Tarablos as the priority site. However, it did not examine all possible weight
combinations. Future studies could use a Monte Carlo simulation to test a wider range and
generate better intervals for the priority rankings. It should also involve local planning
authorities to evaluate the framework. Despite these limitations, the findings demonstrate
that soundscape planning is achievable in data-scarce urban contexts.

6. Conclusions
This study developed and tested a five-dimension multi-criteria soundscape frame-

work that any researcher or planner can apply. The aim is to identify priority sites in
neighborhoods that lack formal noise management.

The soundscape multi-criteria framework presents a planning tool based on literature
review across five distinct domains. It is the first soundscape neighborhood study in
Lebanon. It demonstrated that acoustic assessment is feasible in Middle Eastern cities
despite the absence of monitoring tools. The findings align with theories from European
soundscape research, suggesting cross-regional applicability of core soundscape principles.
Acoustics and intervention suitability were found to diverge, with the second highest levels
(the case of Dam W Farez) showing the lowest community demand for change. Field-based
evidence challenges the assumption underlying conventional decibel planning.

Future research should integrate [35] structured surveys with larger samples, apply
weighted MCDM methods, and validate the framework across additional Middle Eastern
urban contexts. It should also move from site prioritization toward intervention design,

https://doi.org/10.3390/buildings16142896

https://doi.org/10.3390/buildings16142896


Buildings 2026, 16, 2896 15 of 17

exploring how green noise barriers can be implemented at the identified priority site.
Finally, this study contributes a framework that redefines neighborhood noise planning.
It shifts from a question of where sound is loudest to a question of where conditions for
change most fully converge.
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