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The heating of inner cities is an immense global
phenomenon, and urban green spaces are crucial in mitigating this predicament. This study
evaluates the cooling effects of urban green infrastructures in a dry region, specifically the
Middle East by analyzing Tehran, a metropolis severely impacted by urban heating. We use
advanced methodologies to estimate regulating ecosystem services.

This research employed a multi-stage methodology utilizing satellite data and
in-situ measurements. Land use/land cover maps of Tehran were generated using Landsat
imagery from Thematic Mapper (2002), Enhanced Thematic Mapper Plus (2012), and
Operational Land Imager (2022), processed with geometric and radiometric corrections in
ENVI 5.3. A supervised classification via the Super Vector Machine algorithm identified four
land use categories: built-up areas, barren lands, green spaces, and water bodies. The cooling
effects of these land uses, analyzed using the InVEST ecosystem service software, were
assessed over the 2002-2022 period, incorporating variables such as evapotranspiration,
temperature, and shading effects.

The results showed a decline in green spaces from 13.1% in 2002 to 11.9% in 2012
and 11.8% in 2022, with a projected further decline to 11.7% by 2032. The reduction rate was
significant in the first decade, with a loss of 717 hectares, compared to 14 hectares in the
second decade. An additional reduction of 66 hectares is predicted over the next decade. The
Urban Heat Mitigation Index was highest in the green District 22 with values of 0.91, 0.79, and
0.66, respectively, and lowest in District 10 with values of 0.22, 0.21, and 0.19. Projections for
2032 suggest that District 22 will maintain the highest cooling capacity at 0.65, while District
10 will remain the lowest at 0.19.

This study highlights the critical relationship between urban development
and green infrastructure. It particularly underscores the importance of preserving green
infrastructure as a means to mitigate urban heat, with a focus on its influence on Tehran’s
microclimate and overall environmental quality. The findings indicate a worrying decline
in green spaces, posing significant challenges for urban environmental management. This
persistent loss of natural areas undermines ecological stability and urban resilience, especially
in terms of heat mitigation and quality of life. Additionally, the uneven distribution of green
spaces exacerbates vulnerability in specific Districts, emphasizing the pressing need for
sustainable urban planning in Tehran. This study assessed past and future changes to provide

DOI: 10.22034/IJHCUM.2025.02.01 valuable insights for urban decision-makers and managers.
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The process of urbanization has increased public
health risks associated with urban heat, risks that are
poised to intensify in the coming decades as a result of
climate change. Composing with historical records,
analysis of future climate data reveals a nuanced
picture of future warming. These changes are
characterized by variability in both temporal and
spatial dimensions, with extremes expected to become
more pronounced in the future (Nice et al., 2024).
Urban Heat Islands (UHIs) were initially thought to be
moderated either by radiative fluxes of sensible and
latent heat at night or by vegetation cover and cooling
properties. The first characteristic pertains to the
urban environment and the associated increase in air
temperature, while the latter relates to vegetative
surfaces and their cooling attributes (Lin et al., 2017).
The UHI phenomenon leads to detrimental impacts in
densely populated urban areas, resulting in increased
rates of emergency hospital admissions and heat-
related illnesses. The examination of UHI effects and
temperature fluctuations has gained increased
significance amidst the ongoing escalation of global
temperatures (Karimi et al., 2024). The development
and intensity of the UHI phenomenon are influenced
by a complex interplay of factors. These include
diminished longwave radiation dissipation, enhanced
shortwave radiation reflections between urban
structures, increased sensible heat retention within
the urban environment, reduced evapotranspiration
due to sparse vegetation relative to rural areas,
contributions from anthropogenic heat sources, and
the impact of air pollution (Oke et al., 1991). While the
Surface Urban Heat Island (SUHI) effect is inherently
tied to urban surface temperatures and is connected
to the UHI effect through its modulation of air
temperatures in the lowest atmospheric layers (Voogt
and Oke, 2003), it exhibits distinct characteristics due
to the influence of air advection (Wang et al., 2020)
and tends to be more pronounced during daytime
hours (Roth et al.,1989). In a study conducted by
Feizizadeh and Blaschke (2013) investigating the
relationship between UHIs, land use/land cover (LU/
LC), and air pollution, the findings underscore that
Land Surface Temperature (LST) is significantly
influenced by LU/LC characteristics. The study further
reveals that UHIs exhibit close associations with both
LST and LU/LC. Specifically, LST shows heightened
sensitivity to vegetated areas and moisture, resulting
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in lower temperatures observed around water bodies
and green spaces. Conversely, higher temperatures are
prevalent in areas characterized by construction and
industrial activities, often situated away from the city
center. Although the results reveal a strong correlation
between UHIs and air pollution, spatial analysis
highlights distinct spatial patterns for air pollution in
comparison to UHIs. A study investigating UHIs and
Urban Heat Waves (UHWs) utilized the MODIS
(Moderate-resolution Imaging Spectroradiometer)
land surface temperature product to characterize UHI
and UHW phenomena across nine major global regions
from 2003 to 2020. The findings indicated that a 10%
increase in urban built-up density resulted in a rise in
LST ranging from 0.20°C to 0.95°C, an increase in the
frequency of hot days from 0.59% to 7.17%, and a
growth in the number of heat waves from 0.08% to
0.95% (Wei et al., 2021). In urban planning, the
mitigation of excessive heat primarily focuses on
regulating the microclimate at the pedestrian or
building level (Erell, 2008). This approach is particularly
relevant to street-level or localized areas (micro-scale)
(Norton et al, 2015). While pedestrian-scale
interventions are mostly about creating outdoor
spaces that provide thermal comfort for individuals,
building-scale measures focus on actions that lead to
energy savings in buildings. In a comprehensive review
spanning the years 1987 to 2017, 146 studies were
meticulously examined. These studies focused on the
physically based numerical modeling of urban air
temperature reduction, specifically analyzing the
impact of green-blue infrastructure and reflective
materials. The review synthesized key insights and
observations, providing valuable recommendations for
the optimal design and effective communication of
urban heat mitigation simulation studies (Krayenhoff
etal., 2021). There are several approaches to mitigating
the (S)UHI effect. Incorporating green infrastructure
into urban planning as a strategy to counteract (S)UHI
provides an opportunity to enhance ecosystem
services, which refer to the benefits that humans
obtain from natural systems (Leemans and Groot,
2003). These benefits, which encompass both
biophysical and economic dimensions (Cortinovis and
Geneletti, 2019), can be evaluated through various
methods, including air temperature measurements
(Bowler et al., 2010), remote sensing analysis of LST
data (Zhou et al., 2018), or simulations of the urban
thermal environment (Tsokaetal., 2020). Implementing



these strategies necessitates considerable academic
expertise, which is often lacking in many urban
planning sectors (Bherwani et al., 2020; Norton et al.,
2015). A promising development addressing this gap is
the Urban Cooling model, specifically designed for the
straightforward evaluation of vegetation’s capacity to
mitigate UHI. This model is part of the InVEST
(Integrated Valuation of Ecosystem Services and Trade-
offs) suite, a comprehensive collection of ecosystem
service modeling tools developed by the Natural
Capital Project (Sharp et al., 2020). The Urban Cooling
model computes the Heat Mitigation Index (HMI) by
considering factors such as vegetation
evapotranspiration, the cooling influence of large
urban parks, and the albedo associated with the Land
Cover (LC) map. This index serves as a basis for
estimating the average cooling effect on air
temperature and the corresponding economic
valuation of  vegetation’s cooling  benefits.
Consequently, the accuracy of the model’s output is
vital for subsequent evaluations. The concept of ‘urban
cooling” emerged as a response to the significant and
adverse impacts of urban heat islands, aiming to
mitigate these effects through strategic planning and
design. According to global statistics from the United
Nations (2019), over 54 percent of the world’s
population resides in urban areas, with this figure
projected to reach 66 percent by 2050. Rapid
urbanization has driven changes in land use, an
increase in motor vehicle numbers, and the
proliferation of high-rise buildings, all of which
exacerbate urban heat. These factors underscore the
pronounced impact of urban heat islands on city
surfaces compared to suburban areas. Therefore,
strategies aimed at reducing the negative effects of
heat islands, collectively referred to as ‘urban cooling,’
have become increasingly critical (Du et al., 2016). The
concept of ‘urban cooling’ offers a promising approach
to mitigating urban heat islands, contributing to the
development of sustainable urban environments, and
providing long-term solutions for managing urban heat
(Rehan, 2016). Fahad et al. (2021) investigated thermal
comfort and air quality indices by examining large-
scale  meteorological ~ observations, including
temperature, wind speed, solar radiation, and relative
humidity, to derive the Universal Thermal Climate
Index (UTCI) at hourly intervals along with the Air
Quality Index (AQl) derived from Environmental
Protection Agency (EPA) observation stations. For

investigation on occupational heat exposure, Sabrin et
al. (2021) examined the frequency of heat days
exceeding 90°F (32.2°C) heat-index levels within their
research area. They analyzed heat-related injuries and
illnesses to determine their incidence rate spanning
the years 2015 to 2019. Furthermore, the study
observed the characteristics of these incidents, their
monthly occurrence, and how their incidence trend
correlated with the average air temperature. The
statistical analysis findings in a study unveiled intriguing
insights into urban cooling strategies. Specifically, it
was observed that green roofs outperform cool roofs
in terms of cooling the roof area, whereas cool facades
exhibit superior cooling capabilities compared to green
facades. Furthermore, when considering single
mitigation strategies, cool pavements emerged as the
most promising option for reducing canopy air
temperature significantly (zhu et al., 2021). The
outcomes of research undertaken in 2022 shed light
on the efficacy of integrated mitigation strategies in
urban settings. Specifically, interventions such as
enhancing vegetation cover and adjusting albedo
levels on horizontal surfaces demonstrated substantial
potential in ameliorating urban heat, particularly in
low-density urban configurations (Pezzuto et al., 2022).
In a study carried out in 2023, an ecological network
framework was introduced to pinpoint pivotal patches
and cooling corridors. Leveraging surface temperature
inversion data, Morphological Spatial Pattern Analysis
(MSPA), and landscape connectivity indices, the
research identified heat island and cold island patches
with significant ecological value, laying the groundwork
for constructing the network (Luo et al., 2023). Another
study demonstrated the efficacy of cool materials and
rooftop vegetation in mitigating urban heat. These
interventions not only lower building cooling needs
but also have the potential to counteract the
summertime heat island effect when combined. The
findings underscore the diverse strategies available for
heat mitigation and provide valuable insights into
associated costs and benefits for addressing urban
heating and cooling demands (Khan et al., 2023). The
cooling effectiveness of trees is predominantly
influenced by the interconnectedness of urban
morphology, tree characteristics, and, notably, the
prevailing climatic conditions. Recent research has
uncovered that urban trees exert substantial cooling
effects in hot climates due to their presence at lower
latitudes. Moreover, they effectively block solar
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Fig. 1: Geographical location of the study area

radiation and facilitate significant transportation
cooling. The cooling impact of trees exhibits a nonlinear
escalation, correlating with higher Leaf Area Index
(LAI), Leaf Area Density (LAD), tree canopy coverage,
and, conversely, a reduced Sky View Factor (SVF) (Li et
al., 2024). Understanding the cooling contribution of
urban greenery is essential for informing urban policy
and planning endeavors. The Urban Cooling model
gauges the reduction in air temperature due to
vegetation, leveraging four key predictors: shading,
evapotranspiration, albedo, and building density
(Hamel et al., 2023). In the current context of climate
change and urban expansion, urban heating and its
management have become global issues, prompting
extensive efforts to develop effective solutions. One of
the most important approaches involves using urban
green spaces, which, with optimal planning, can
significantly mitigate urban heating effects (Bowler et
al., 2010). The effectiveness of this approach depends
on understanding the structural framework and
functional components of green spaces (Zhou et al.,
2018). To achieve this, the study focuses on monitoring
the spatial structure and changes in urban green
spaces to assess their cooling impact on the urban
environment quantitatively. The final platform is the
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INVEST software, with input parameters prepared
using remote sensing techniques, Geographic
Information Systems (GISs), and statistical methods.
This research aims to analyze the structure and
quantify the cooling effects of green spaces in urban
environments. This study presents a novel application
of the InVEST model to assess the long-term cooling
effects of urban green spaces in a dry, Middle Eastern
metropolis. Unlike previous studies, it integrates both
satellite data and in-situ measurements, offering an
accurate and comprehensive assessment of green
infrastructure’s role in mitigating urban heat in Tehran
over a 20-year period, with projections for future
urban planning. The present research was conducted
in the Tehran metropolis in 2023.

Study area

The Tehran metropolis, covering an area of
approximately 733 km?, is situated on the southern
slopes of the central Alborz Mountain range.
Geographically, it spans between latitudes 35° 35’ N to
35°51' N and longitudes 51° 4' E to 51° 33’ E. The city
is bordered by the plains of Varamin and Shahriar to
the south and southwest, while mountains surround
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it to the north and east (Zarandietal., 2021). Elevation
within the metropolis ranges from 900 to 1800
meters above sea level, decreasing from north to
south, which results in distinct microclimates across
different areas of Tehran (Alibakhshi et al., 2020). Fig.
1 illustrates the geographic location of the Tehran
metropolis. Based on the most recent official census
conducted in 2016, Tehran’s population stood at 8.6
million (Iran Statistical Center, 2016). Furthermore,
according to the annual population projection report
by the Management and Planning Organization
of Tehran Province, the population of Tehran was
predicted to reach approximately 9.1 million by 2024
(Management and planning organization, 2024).

Research methodology
This research is conducted based on the stages
and phases outlined briefly in Fig. 2.

Preparation of Land Use/Land Cover map

To generate the land use/land cover (LU/LC)
map of Tehran for the study period spanning 2002
to 2022, Landsat satellite imagery from various
sensors was utilized: Thematic Mapper (TM) for
2002, Enhanced Thematic Mapper Plus (ETM+) for

2012, and Operational Land Imager (OLI) for 2022.
These images were acquired and downloaded from
the United States Geological Survey (USGS) website
(Table 1). In the pre-processing phase within the ENVI
5.3 software environment, geometric corrections
(Chavez, 1988) and radiometric corrections (USGS
Landsat User Services, 2016) were applied to the
satellite images (balist et al., 2022a). In the next
step, unsupervised classification was carried out for
all the existing LU/LC classes in the study area. To
increase the accuracy of the classification process in
this study, index-based classification was performed
using the Normalized Difference Vegetation Index
(NDVI) to extract the Regions of Interest (Rol) from
the structural components. Using the prepared Rols,
supervised classification was performed based on
the Supper Vector Machine (SVM) algorithm in the
ENVI 5.3 software environment. In this step, four
land use types were identified in the landscape of
the city of Tehran: built-up areas (man-made), barren
lands, green areas, and water bodies. Then, using
Google Earth images, GPS points, and existing LU/LC
maps of the study area, the accuracy of the classified
images was assessed, including the examination
of the overall accuracy and the Kappa coefficient
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Table 1: Specifications of the images used in land use/land cover map preparation

Year Satellite Sensor Resolution Date Row/column
2002 4-5 ™ 30*30 meter July 26, 2002 164/35
2012 7 ETM+ 30*30 meter July 14, 2012 164/35
2022 8 OLI 30*30 meter July 17, 2022 164/35

values. Kappa coefficient values above 80% indicate a
generally good agreement between the classification
and the existing LU/LC classes on the ground (balist
etal., 2022b).

INVEST urban cooling model
Cooling capacity index

The InVEST model initially computes the cooling
capacity index for each pixel by evaluating local
shading, evapotranspiration, and albedo. This
approach is informed by the indicators proposed by
Zardo et al., (2017) and Kunapo et al., (2018), with
the addition of albedo as a crucial factor in heat
reduction. The shading factor (shade) represents
the proportion of tree canopy (for trees > 2 meters)
related to each LU/LC class, with a value between 0
and 1. The Evapotranspiration Index (ETI) indicates
the potential normal evapotranspiration, which
refers to the evaporation and transpiration from
plants (or evaporation from the soil for areas
without vegetation) and is calculated by multiplying
the reference evapotranspiration (ET,, provided by
the user) for each pixel by the crop coefficient (K),
associated with the land use/land cover (LU/LC) type
of the pixel. This is then divided by the maximum
value of raster ETO in the specified area, referred to
asET__,asEq. L
ETI :L'ET" (1)

ET,..

The albedo factor, which ranges from 0 to 1,
represents the fraction of solar radiation reflected by
a given LU/LC type (Phelan et al., 2015). This model
combines the three factors (shade, albedo factor, and
ETI) in the Cooling Capacity (CC) index as Eq. 2:

CCi =0.6-shade+0.2-albedo+0.2- ETI (2)

The default weighting values (0.6; 0.2; 0.2) are
based on empirical data, reflecting a greater influence
of shading compared to evapotranspiration. For
example, Zardo et al., (2017) reported that in areas
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smaller than two hectares, evapotranspiration was
assigned a weight of 0.2, while shading received
a weight of 0.8. In contrast, for areas larger than
two hectares, the weights were adjusted to 0.6 for
evapotranspiration and 0.4 for shading. Besides,
the model can incorporate another factor, Intensity
(building intensity), which accounts for the vertical
dimension of built infrastructure. Building intensity is
a crucial predictor of nighttime temperature as the
heat stored in buildings during the day is released at
night. To predict nighttime temperatures accurately,
users must provide the building intensity coefficient
for each land use type in the Biophysical Table (Table
3), and the model modifies Eq. 2 as Eq. 3:

CCi =1-building intensity 3)
The urban cooling index (Impact of large green
spaces)

To assess the cooling effect of large green spaces
(greater than 2 hectares) on their surrounding areas
(zardoetal., 2017; McDonald et al., 2016), the model
computes the Urban Cooling Index (UCI). When a
large green space does not impact a particular pixel,
the UCI is equivalent to the Cooling Capacity (CC) of
that pixel. If the large green space does influence
the pixel, the UCl is adjusted based on the weighted
average distance between the pixel and the CC values
of the nearby large green spaces. To achieve this, the
model first computes the green area values within
the cooling search distance (d ) around each pixel
(GA) and the cooling capacity provided by each park
(CC_)asEgs.4and 5:

parki

GA =cellarea-Z;_; gius fiomi 9 ()

_d(i.j)
del
i9;-CC;-e

(5)

CCParki =2 jed radius from

If the cell area is in hectares per cell, then if pixel
j is a green space, g is equal to one; otherwise, it is
zero. d(i,j) is the distance between pixelsiand j, d_,
is the distance through which a green space has a

cooling effect, and CCparki is the weighted average
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The LU/LC classified as “green area” is determined ~ Tair nomixi=T; +(1-HM;)-UHI,,, 7
by the user with the “green_area” parameter in the ) )
biophysical table (Tables 2 and 3). Then, the HM index Where T, isthe reference rural air temperature,

and UHI _ represents the magnitude or scale of

is calculated as Eq. 6:

cc,

HM, ={ CC, if CC,>CC
Otherwise

or GA, < 2ha

parki

(6)

Estimation of air temperature

For estimating heat reduction at the urban level,
this model (at the city scale) utilizes the UHI index,
referred to as UHI__ . The UHI size is defined for a
specific period (e.g., current or future weather) and
time (e.g., nighttime or daytime temperature). The
choice of period and time influences the assessment
of services. The air temperature without air mixing
(T ) for each pixel is calculated as Eq. 7:

airnomix

max

the UHI effect for the city. Due to air mixing, this
temperature is spatially reduced. The actual air
temperature (with mixing), T_, is obtained from T_
womi USING @ Gaussian kernel function with a core
radius _ defined by the user. For each region of
interest (represented as a vector GIS layer provided
by the user), the mean temperature and temperature
anomaly (Tair’i—Tamf) are calculated.
Urban cooling capacity

Urban cooling capacity refers to the ability of
green spaces within urban areas to mitigate and
reduce the local urban heat island effect and overall
thermal comfort in urban environments.
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Land use/Land cover

This section presents the results related to the
production of the land use/land cover layer for 3 past
periods (2002, 2012, and 2022) and one future period
in the city of Tehran (Fig. 3).

As shown in Table 2, green space land use in
2002 accounted for 13.1% of the total land use in the
Tehran metropolitan area. However, it decreased to
11.9% in 2012 and 11.8% in 2022, with a projected
reduction to 11.7% by 2032. The decrease in green
space area was higher in the first half of the study
period than in the second half. Over the initial 10
years, 717 hectares of green spaces were reduced,
while in the subsequent 10 years, only 14 hectares
were lost. A further reduction of 66 hectares is
predicted for the next 10 years. Barren lands have
also decreased during this period under study. These
lands were previously classified as areas with poor or
no vegetation cover among other land uses, mainly
located on the city’s outskirts. With the increase in
urban construction, these lands are considered the
most important source of land for construction, so
during the first 10 years of the study period, 4,072
hectares of these lands underwent land use change.
In the next 10 years, 4,319 hectares, and in the next
10 years, 247 hectares of these lands will change.
The built-up areas, designated as human-made land
use, have been a major factor in land use changes
in urban areas, particularly in Tehran. During the
first 10-year period, these areas expanded by 4849
hectares, followed by an increase of 4209 hectares in
the subsequent 10 years. It can be argued that, apart

from a small portion of land use changes in Tehran
allocated to blue bodies, the rest of the changes have
been from primarily barren lands and green spaces,
especially orchards, to built-up areas (Table 2).

Urban green infrastructure cooling model by InVEST

The inputs for the urban green infrastructure
cooling model include the land use/land cover map,
reference evapotranspiration map, biophysical table,
baseline temperature, urban heat island magnitude,
maximum air mixing distance, and maximum green
space cooling distance.

Biophysical table

A table containing the model-related information
for each land use/land cover class is required. All
classes in the map must have corresponding values in
this table. The table columns are as follows:

Land Use/Land Cover Code: The LU/LC codes must
match the ‘value’ column in the land cover raster map
and have valid, sequential, and unique values (Table
3).

Shade:

A value between 0 and 1 represents the tree
cover ratio (0 for no trees; 1 for full tree cover with
trees taller than 2 meters).

Evapotranspiration coefficient:

The evapotranspiration coefficient for vegetation
cover, along with the evaporation coefficient for
other land uses, ranges from 0 to 1. This study draws
on findings from research titled ‘Calculating the

Table 2: Land use changes in Tehran city from 2002 to 2032

Land Use/Land Cover 2002 ha % 2012 ha % 2022 ha % 2032 %
Water Bodies 104 0.17 43 0.07 168 0.27 182 0/29
Green Areas 8012 13.1 7295 11.9 7281 11.8 7215 11.7
Built-Up Area 30668 49.9 35517 57.8 39726 64.7 40024 65.2
Bare land 22560 36.7 18488 30.1 14169 23.1 13922 22.7
Sum 61345 100 61345 100 61345 100 61345 100
Table 3: Biophysical Table
LU/LC code Shade Kc Albedo Green_area Building_intensity
1 0 0.1 0.08 0 0
2 1 0.75 0.15 1 0
3 0 0.1 0.27 0 0.7
4 0 0.5 0.21 0 0
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Water Requirements of Urban Green Spaces Using
the California Method’ (Babaeian et al., 2020). In
this research, the evapotranspiration coefficient
was calculated for different types of green spaces
in District 4 of the Tehran metropolis, the average
of which has been used for the entire green space
of Tehran in this study. Data from FAO and other
relevant studies were employed for different land
uses (Table 3).

Albedo:

A value between 0 and 1 represents the solar
radiation ratio directly reflected by land use/land
cover type. To calculate the albedo for each land
use, the albedo map of Tehran city was derived from
satellite images using the following formula (Eq. 8):
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Albedo = (8)

((0.356-B1)+(0.130- B2) +(0.373-B3) +(0.085- B4) + (0.072- B5) - 0.018)
1.016

The map was then prepared, and albedo values
were extracted for different land uses (Fig. 5).

Green Area:

A value of 0 or 1, where 1 signifies that the land
use/land cover is designated as a green area (green
areas with an area greater than 2 hectares have
additional cooling effects), and 0 signifies that the LU/
LC is not considered a green area.

Building density:
A decimal value between 0 and 1 is calculated



by dividing the building area by the land area and
normalized between 0 and 1. For this index, the
number of floors in Tehran is considered to be 3, and
the land area for each building is 200 square meters
with a total built-up area of 300 square meters (3
floors of 100 square meters each); therefore, the
value of this index is taken as 0.70.

Reference Evapotranspiration map:
This map is generated using meteorological data
from Tehran weather stations (Fig. 4).

Maximum cooling distance of green spaces:
The distance (in meters) within which large urban
parks (greater than 2 hectares) have a cooling effect.

Reference air temperature (Tref):

The reference ambient temperature (where the
urban heat island effect is not observed) for the
specified period. This temperature can be either
nighttime or daytime temperature for a specific
date or an average over several consecutive days.
Considering the measurement from various points
across Tehran city and averaging based on the surface
temperature map derived from sample points (Fig. 5),
this index is set at 40 degrees Celsius.

The value of the urban heat island effect:

The value of the Urban Heat Island effect (UHImax)
is measured in degrees Celsius, representing the
difference between the surrounding reference
temperatureand the maximum observed temperature
within the city. Based on various observational data
and research in this field, the UHImax is considered 4
degrees Celsius.

The maximum distance of air temperature mixing:

The search radius (measured in meters) used in
the moving average to calculate air temperature
mixing is set at 700 meters in this study.

Model output results
At this stage, the model’s output results are
presented and explained.

Heat Mitigation Index (HMI)

This index indicates the cooling effect of green
spaces on the surrounding environment in Fig. 7,
the map of the HMI for Tehran from 2002 to 2032
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is depicted. This index ranges from 0.1 to 1.0, where
moving closer to 1.0 signifies a greater cooling effect
of green spaces. This index illustrates the presence of
green spaces in different areas and their impact on
urban cooling.

In Fig. 6, the trend of changes in HMl is illustrated.
This index indicates a decrease in the cooling effect
of green spaces over time. It reflects the reduction
in green spaces and the increase in construction
activities in various areas. Table 4 shows the
characteristics of the cooling model from 2002 to
2032 by Districts (Tehran metropolis is divided into
22 Districts).

Additionally, in Fig. 7, the average cooling
capacity from 2002 to 2032 is depicted. The highest
capacity in 2002 is recorded for District 22 at 0.91,
while District 10 at 0.22 has the lowest capacity. In
2012, the highest capacity is observed for District
22 at 0.79, and the lowest for District 10 at 0.21. In
2022, the highest capacity is for District 22 at 0.66,
and the lowest for District 10 at 0.19. Finally, in 2032,
the highest capacity is for District 22 at 0.65, and the
lowest for District 10 at 0.19.

The average cooling capacity

A significant component of the model, calculating
the “Heat Mitigation Service Value,” is an essential
part of the InVEST urban cooling model. Its purpose
is to determine the quantity of economic benefits
associated with temperature reduction in urban
areas, primarily facilitated by the presence of urban
green spaces. Fig. 8 depicts comparative maps of
the average cooling capacity for 2002, 2012, 2022,
and 2032 by Districts. As observed, this capacity has
diminished over time.

The study’s findings underscore the extensive
benefits provided by urban green spaces, particularly
in cooling urban environments. Recent research
has increasingly highlighted the role of urban green
infrastructure (UGI) in mitigating UHI effects and
bolstering urban resilience to climate change. Notably,
a study by Yan et al., (2021) in Beijing demonstrated
significant cooling effects from vegetative green
spaces, affirming the effectiveness of UGl inimproving
thermal conditions and enhancing urban quality of
life. Similarly, research by Mughal et al., (2020) in
Singapore emphasized the vital role of green roofs
and vertical green systems in moderating urban
microclimates and reducing energy consumption
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for buildings, demonstrating the various benefits of
UGI across different urban domains. Based on the
simplifications provided above, the model presents
several constraints summarized as follows:

1. Weighting and calculation of the Heat Mitigation
Index: Empirical weights derived from a limited
number of case studies have been used to calculate
this index. These weights include 0.6 for shade,
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0.2 for albedo, and 0.2 for evapotranspiration. This sensitivity to these parameters or conduct empirical
weighting stage involves significant uncertainties, studies to provide insights into the relative effects of
as examined by Zardo et al. (2017). To describe and these parameters.

reduce this uncertainty, users can test the model’s
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Fig. 7. Average cooling capacity distribution across 22 districts of Tehran in the study years
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Fig. 8: The maps of Tehran’s average cooling capacity values from 2002 to 2032.
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2. Large parks and air mixing: These two parameters,
namely the impact of large green spaces and air
mixing, illustrate their influence on urban cooling
(d,,,)- Extracting the value of these parameters from
available sources is challenging as it depends on the
properties of vegetation cover, climate (effect of large
green spaces), and wind patterns (air mixing), Similar
to Cooling capacity. Users can identify and reduce
these uncertainties by testing the model’s sensitivity
to these parameters and comparing the spatial
patterns of estimated temperatures by the model
with observed or modeled data (Bartesaghi-Koc et al.,
2018; Deilamietal., 2018). Enhancing and strategically
designing green and blue spaces can foster nature-
based urban heat mitigation strategies that promote
sustainable urban development. A study conducted
in Wuhan, China, utilized quantitative methods to
assess the impact of changes in blue-green spaces
on heat mitigation benefits. Through spatial analysis
techniques, the study elucidated the correlation
between heat reduction effects and the spatial
patterns of urban blue-green infrastructure (Hu et al.,
2023). Modeling this index (UMI) demonstrates that
green infrastructures can significantly impact public
health, identifying risky areas for citizens (for citizen
health) in urban settings. Gasparrini et al., (2015)
analyze the increase in heat-related mortality across
384 cities in 13 countries.

The results of this study provide critical insights
for urban planners and policymakers in the Tehran
metropolis. The projected decline in green spaces,
coupled with the significant variability in cooling
capacity across districts, underscores the need for
strategic urban planning interventions. For example,
expanding green infrastructure in districts with
lower cooling capacity (e.g., District 10) can help
mitigate urban heat and improve thermal comfort
for residents. The reduction of green spaces and their
associated cooling effects poses a risk to public health,
particularly during heat waves, which are predicted
to increase in frequency and intensity due to climate
change. By providing district-level projections, this
study can guide targeted efforts to reduce heat stress
and heat-related illnesses in vulnerable areas.

metropolis. It highlights the critical relationship
between urban green infrastructure and cooling
capacity, using multi-temporal satellite data and
advanced land-use classification techniques. The
findings deepen our understanding of how green
spaces influence urban microclimates and inform
models predicting future heat mitigation. From a
practical standpoint, the results can inform urban
planning and environmental management in Tehran
metropolis and other cities facing similar challenges.
The district-level analysis of cooling capacity highlights
areas in need of green infrastructure expansion, while
the model’s projections can guide long-term urban
resilience planning. Furthermore, the study offers
valuable insights for reducing heat-related health
risks, particularly in densely populated districts with
lower green space availability. Further research
could focus on integrating additional environmental
factors, such as air pollution and water availability,
into the urban cooling model. Investigating the
social and economic benefits of green infrastructure,
including its impact on property values, public
health, and community well-being, would provide a
more comprehensive view of the ecosystem services
provided by urban green spaces. This study has
several limitations. The empirical weights used in the
model (e.g., for shading and evapotranspiration) are
based on previous studies and may not fully capture
the complexity of Tehran’s microclimate. Additionally,
while satellite data provides valuable insights, in-situ
measurements of temperature and humidity would
enhance the accuracy of future models. The absence
of data on socio-economic factors, such as population
density and land use policies, also limits the scope of
the research.
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This study provides a novel contribution to the
field by applying the InVEST urban cooling model
to an arid, rapidly urbanizing context like Tehran
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Economic growth accompanied by population growth
results in various negative externalities, one of which is excessive waste production.
Waste conditions that are not handled properly will cause a domino effect on the
balance of the ecosystem and environmental health. One of the factors that caused
the high rate of waste production is the quality of the population, the existing condition
of the community, the population, and environmental management, especially waste.
This study looks at the causes of excessive daily waste production from various aspects
from the perspective of social, economic, and spatial conditions. Not only that, the
management of reduce, reuse, and recycle waste is also taken into account in the
decrease in the amount of daily waste production.

This study identifies spatial distribution through a Geo-Map literature
analysis with Vosviewer. The study also examines the influence of social, economic, and
spatial factors and the existence of reduce, reuse, and recycle waste management sites
with daily waste production using Ordinary Least Square Regression and 2022 cross-
section data in 34 provinces in Indonesia.

The results showed that variables with a probability value of a < 0.05 for
urban population, Area Size, and Life Expectancy had a significant positive influence
on daily waste production. In contrast, the average length of schooling has a significant
negative effect. In addition, there are also variables with a probability value of a < 0.10,
namely life expectancy and per capita income, which also have a significant positive
effect. However, the existence of Reduce, Reuse, and Recycle Waste Management,
shown by a probability value of a > 0.10, does not show a significant influence on Daily
Waste Production. These factors are also reflected in the spatial distribution of the map.

It is concluded that the achievement of goal 12 in the Sustainable
Development Goals program will be successful if the community is committed to
raising awareness of environmental responsibility. Not only that, major adjustments
are needed, including the role of reducing, reusing, and recycling waste management
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INTRODUCTION

The global waste issue remains unresolved
and could become increasingly worrying due to
uncontrolled waste growth (Jadayil et al., 2022;
Azzahrah et al., 2023; Ho et al.,, 2022; Mahendra,
2017). According to a report entitled What a Waste
2.0 published by the World Bank; the world produces
about 2.01 billion tons of solid urban waste yearly.
Unfortunately, about 33% of the waste is not managed
properly and hurts the environment (Edi et al., 2022;
Noviyanti, 2019; Saefuddin et al., 2019). In the same
report, the World Bank also projects that the amount
of global waste will increase by 70% by 2050, reaching
3.40 billion tons per year (Kastolani et al., 2022;
Nouri et al., 2021). This is due to rapid urbanization,
population growth, and rapid economic development
(Kazmi & Chakraborty, 2023). Policies on waste
management are also included in the discussion of the
United Nations through its sustainable development
program, commonly called the 17 (SDGs) (Gricar
et al., 2023; Petrova, 2023; Retnowati et al., 2023).
Discussions related to waste are included in the 12th
goal of the SDGs, namely responsible production
and consumption. To achieve economic growth
and sustainable development, communities must
realize how important it is to reduce their ecological
footprint through changes in the way they produce,
consume food, and manage other resources, and
waste management is no exception (Imran et al,,
2024). World Bank data entitled The Atlas of SDGs
2023 states that Indonesia was the 5th largest waste-

20000000
18000000
16000000
14000000
12000000
10000000

6000000 I I
0

8000000
4000000
2000000
2019 2020

Daily Waste Production (M3)

producing country in the world in 2020, amounting
to 65.2 million tons of waste (Bigwanto et al., 2024).
This is one of the urgent needs that must get special
attention from the government. The National Waste
Management Information System said that the
amount of waste generated in Indonesia fluctuates
and tends to increase from 2019 to 2023, as shown
in Fig. 1.

The amount of waste produced in 2019 reached
16 million tons of waste every year and increased to
19 million tons of waste in 2020, the highest amount
in the last five years. In 2021, the amount of waste
in Indonesia was successfully reduced to 13 million
tons due to the COVID-19 pandemic. This condition
caused several industries to be closed so that waste
from production activities was significantly reduced
(Krisdhianto et al., 2023). However, this did not last
long. In 2022, when the COVID-19 pandemic began
to subside, waste generation increased to 18 million
tons and remained at that number until 2023. These
results are also measured through an increase in Daily
Waste Production, which is the total amount of waste
produced every day for a certain time. Research by
Krisdhianto et al., (2023) states that the cause of
the increase in daily waste production in Indonesia
is social and economic factors. The intended social
factor consists of several aspects, including the
average length of schooling and life expectancy. In
contrast, the intended economic factor is the per
capita expenditure of the population of an area.
Another case is the results of Elyasa (2019), which

2021 2022 2023
Year

Fig.1: Total waste generation in Indonesia from 2019 to 2023 (Source: Indonesia Waste Management Information System, 2024)
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Fig.2: Research and waste generation

state that the number of urban residentsis a dominant
contributor to the amount of total waste produced.
Not only that, but the area also contributes to the
amount of daily waste generation. This condition
causes the government, through stakeholders and
non-governmental organizations, to launch solutions
to reduce the amount of waste in Indonesia with the
implementation of the Reduce-Reuse-Recycle Waste
Management (3RWM) (Saputra et al., 2024). 3RWM
is a strategy used to manage waste at the communal
or regional level, involving active participation from
the government and community, with a focus on
community empowerment. The program aims to
reduce the amount of waste generated to achieve
environmental improvement through responsible
production and consumption following the 12th goal
of SDGs (Stankovi¢ et al., 2024). The study by Lawa
et al., (2021) states that 3RWM has not been able to
reduce the waste generated due to limited resources
and the existence of 3RWM, which is not evenly
distributed in each region. This fact is reinforced by
data from the Ministry of Environment and Forestry
in 2023, namely that the majority of 3RWM s at

the sub-district level and not all sub-districts have it
(Mustikasari, 2021).

Research on waste generation has been carried
out in the last five years, namely, 2019-2024. The
majority of research is carried out in major cities in
Indonesia, such as Jakarta, Surabaya, Yogyakarta,
and cities in Central Java Province, as shown in Fig.
2. However, research related to waste generation
and waste management, specifically 3RWM, human
development index, and spatial analysis through
geographic information, has not been widely carried
out, especially in the period 2019-2024, as shown in
Fig. 3.

Therefore, this study aims to analyze the influence
of social factors, namely average length of schooling
and life expectancy, economic factors shown by per
capita expenditure, spatial factors in the form of area
and number of urban population, and the existence of
the number of 3RWM on the amount of daily waste
production in 34 provinces in Indonesia (Azzahrah
et al., 2023). The method used is a mixed method
with ordinary least square regression analysis and
mapping geographic information using the Geo-Map
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orange data mining tool, which can be seen in the
frame of mind in Fig. 4 (Udin, 2024). This study is
aimed at determining the influence of social factors,
economic factors, spatial factors, and the existence of
3RWM on daily waste production in 34 provinces in
Indonesia with the last most complete data available,
namely in 2022.

Research type and design

This research uses a mixed method, namely
quantitative methods through Ordinary Least Square
(OLS) regression, and qualitative elaboration methods,
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namely mapping using Geo-Map orange data mining.
OLS regression is a statistical method used to model
the relationship between the dependent variable,
which is the variable you want to predict, and one
or more independent variables, which are used to
predict the dependent variable. The approach is
commonly used in statistical analysis (Ariska et al.,
2023). OLS regression in this study was used to help
analyze the relationship between the dependent
variable and the independent variable. The data used
is cross-section data from as many as 34 provinces
in Indonesia in 2022. The year was chosen based
on the latest complete data justification held by the



Indonesian Central Bureau of Statistics before the
provincesin Indonesia were divided into 38 provinces.
This study used six independent variables, namely
per capita expenditure, life expectancy, average
length of schooling, number of urban populations,
area, and number of 3BRWM. At the same time, the
dependent variable used is the amount of daily waste
production.

Model and Specification
The regression model used in this study is as
follows:

Inpsh= o+ glnpk, + g,Inahh, + Slnrrls, +
A.njppk, + Slnwl, + S TPS3R, + ¢ 1)

Where =

Inpsh = Daily Waste Production (M?)

Inpk = per capita expenditure (million rupiah)

Inrrls = Average Length of School (years)

Inahh = Life expectancy (years)

Injppk = total urban population (million)

InwI = area per province (m?)

TPS3R = Number of Waste Management Sites
Reduce, Reuse, Recycle (Units)

Spatial analysis: Geo-Map Orange data mining
Spatial analysis is the process of describing and

SUMATERA LFIMIS ' ) ra—

analyzing data that has a geographical position
reference (Wyszkowski et al., 2023). This study uses
the Geo-Map Orange data Mining tool by analyzing
latitude and provincial longitude references
with criteria according to the variables used
(Mahmoudzadeh et al., 2024). This is included in the
analysis of Geographic Information Systems (GIS),
which is a technology that is useful for collecting,
storing, managing, analyzing, and visualizing data
that has spatial elements.

The amount of daily waste production in Indonesia
in 34 provinces in 2022 tends to decrease compared
to the previous year. However, the amount of
production is not evenly distributed in each province.
This can be seen from the results of the mapping
analysis using Geo-Map Orange data Mining, which
is shown in Fig. 5.

Fig. 5 shows that the majority of areas with high
daily waste production in Indonesia are provinces
located on the islands of Java, Kalimantan, and
Sumatra. The highest amount is in Central Java
Province, with total daily waste production reaching
5600.88 m® of waste. The area is marked with a yellow
dot, while the bright blue dot is an area with total
daily waste production reaching 1000-2000 m®. These
areas are South Sumatra, East Java, West Kalimantan,
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Fig.5: Map of daily waste production in Indonesia
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Central Kalimantan, and South Sulawesi. The majority
of waste produced is household waste and waste from
the industrial sector. Factors causing the increase
in daily waste production also vary, including Socio-
economic Factors, Spatial Factors, and the existence
of related institutions such as Waste Management
Sites, Reduce, Reuse, and Recycle (Almagharb, 2024).
Testing variables that affect daily waste production
in Indonesia were tested using cross-section data
consisting of 34 provinces in Indonesia in 2022 with
six independent variables. The data were then tested
using OLS regression, with the results shown in Table
1.

The regression results obtained are displayed in
the equation as follows:

Inpsh =12.33+0,575Inpk, +10.740Inahh, — 2)
5.199Inrrls, +0.688Injppk, +0.420Inwl, —0.002TPS3R, + ¢

Table 1 explains that daily waste production in 34
provincesin Indonesia is influenced by several factors:
Life Expectancy, Average Length of School, Per Capita
Expenditure, Area, and Number of Urban Population.
This can be seen from the probability value of each
variable, which is not greater than 5% and 10%.
However, in the 3RWM variable, it can be seen that
the probability value of more than 5% shows the
result that 3RWM has no effect, especially for daily
waste production in Indonesia. The value of the life
expectancy variable coefficient of 10.74 shows that
if the life expectancy of the community increases by
1%, the daily waste production will increase by 10.7%.
Life expectancy is one of the components used to
calculate the human development index (Hasanah,
2021). This indicates that life expectancy has a
significant positive effect on daily waste production
(Janah et al., 2019). High life expectancy will affect
individual productivity. Every individual who can still
carry out activities will produce a higher amount of

waste. This assumption is supported by research by
Purwita et al., (2022), which states that a person’s
age influences productivity. If someone has a long life
supported by a strong body and soul, it will increase
the value of productivity. Every activity carried out by
humans will cause residues or negative externalities,
namely in the form of waste (Koeshendrajana et al.,
2017). This fact is also reinforced by mapping analysis
through Geo-Map Orange data Mining that can be
seen in Fig. 6, which shows that areas with yellow
dots have a high life expectancy. Most of these areas
are on the island of Java, one of which is the Central
Java Province, which also produces daily waste.

The next influential variable is the average length
of schooling. Every increase in the average length of
schoolingin an area will reduce daily waste production
by 5.2%. The average length of schooling refers to the
number of years spent by individuals completing their
formal education. This life expectancy is calculated
based on residents aged 25 years and over, assuming
that by the age of 25, the education process has been
completed (Syabrina & Mustika, 2021). The higher the
average length of schooling in a region, the higher the
level of literacy related to environmental concerns
(Lagis & Matthew, 2023) . So, the community will be
more concerned and wise in managing waste. The
negative correlation between the average length of
schooling and daily waste production is supported
by spatial analysis, which can be seen in Fig. 5 and
Fig. 7. The Latter shows that areas with younger dot
colors signify that they have a higher average level
of the length of schooling. As seen in the Yogyakarta
Special Region Province, which has an average school
rate of 11 years, and Central Java Province, with an
average school length of 9 years, in the Yogyakarta
Special Region Province, the amount of daily waste
production is lower than in Central Java Province.

The third variable that affects daily waste
production in Indonesia is per capita expenditure.

Table 1: OLS regression result

Variable Coefficient Probability
LnAHH 10.740 0.0869*
LnRRLS -5.199 0.0128
LnPK 0,575 0.0653*
LnWL 0.420 0.0304
LnJPPK 0.688 0.0040
3RWM -0.002 0.5526

Adj R-Squared

0.543
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Fig. 6: Map of life expectancy in Indonesia

Fig. 7: Map of the average length of schools in Indonesia
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The value of the variable coefficient is 0.57,
indicating that if per capita expenditure increases
by 1%, it will increase daily waste production by
0.57%. Per capita expenditure is one aspect that can
be used as an indicator of a region’s economy. Areas
with high per capita expenditure will generally have
a high level of population productivity. The intended
productivity is the productivity of human resources
both in the industrial and industrial sectors. It
also has an impact on the surrounding ecosystem,
namely negative externalities in the form of daily
waste production (Hasanah, 2021). The spatial
analysis used in this study also supports the results
of OLS regression, which can be seen in Fig. 5 and
Fig. 8.

The next factor that affects daily waste
production in Indonesia is the spatial factor,
namely the area. Area and population, especially
urban residents, are closely related to the amount
of daily waste production. Urban residents are
considered to play a more crucial role as producers
of daily waste because the majority of households
and industries are in urban areas. This can be seen
from the value of the area coefficient of 0.42 and
the population coefficient of 0.69. This Figure

shows that if an area is 1% larger than the area of
other areas, the amount of daily waste production
will increase by 0.42%.

In comparison, if the population in the area
increases by 1%, it will cause an increase in daily
waste production by 0.69%. This fact is following
research conducted by Mustikasari (2021), which
says that the population and area affect population
density, so the resulting side effect is that the denser
the population, the higher the waste production.
Areas with a large area will have the opportunity to
become industrial and residential land (Krisdhianto
et al., 2023). The analysis then continues with the
substantiation of spatial data in the form of mapping,
as shown in Fig. 9 and Fig. 10.

Fig. 9 shows that the majority of provinces
with a large area are on the island of Kalimantan,
namely West Kalimantan and Central Kalimantan.
Both provinces produce fairly high amounts of
daily waste, as shown in Fig. 5. Still, when viewed
from the number of urban residents in Fig. 10,
the two provinces are not provinces with high
urban populations. According to Ziaulhaq (2022),
the majority of waste in the region is not waste
from households but comes from industry and
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Fig. 9: Map of area size in Indonesia

Fig. 10: Map of urban population in Indonesia
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Fig. 11: Map of the number of 3RWM in Indonesia

plantations, namely oil palm. Another thing is in
Fig. 10, which shows that the provinces of West
Java, DKI Jakarta, Central Java, and East Java have
a high urban population. This amount results in
high daily waste production due to community
activities. The majority of these provinces are
centers of education, offices, and trade, so the
population density is high (Mardiansjah, 2018).
The government has implemented various
solutions to solve the problem of waste generation
in Indonesia. One of them is through the 3RWM
Site program. 3RWM is a location that receives
waste from WPS as well as from households and
industries (Clasissa Aulia et al., 2021; Nopriani et
al., 2022; Norken & Harmayani, 2019). The waste
is processed to reduce the amount or improve its
properties so that only the remnants of waste are
then disposed of in the Landfill. The program is a
government initiation program that is upstream
to downstream and has a joint commitment
with the community to realize balance as a form
of environmental responsibility (Aziz et al.,
2021). However, the implementation of 3RWM
in reducing waste produced by the community is
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considered not effective enough. This argument is
strengthened by the results of OLS regression in this
study; namely, the probability value in the 3RWM
variable is more than 10%. Research conducted by
(Kurniawan et al., 2020) showed that the role of
3RWM has not been effective in reducing waste,
especially waste produced by households. Several
things cause this condition; namely, there has
been no synergy between the community and the
government, and facilities are in the form of tools
and places that are less crowded. A similar study
conducted by Purwita et al., (2022) in Kulon Progo,
Special Region of Yogyakarta, also said that 3RWM
could not be implemented optimally because the
comparison of the calculation of TPS 3R land area
with waste management area did not follow the
criteria of Minister of Public Works No. 03 of 2013.
Another thing with Herningrum (Herningrum et al.,
2022) is that there is a slight difference between
3RWM managed by the government and non-
government. The difference lies in the uneven
aspects of education related to waste management
and the lack of adequate facilities. In addition to
infrastructure and human resources, the number



of 3BRWM in Indonesia is also not evenly distributed
in each province in Indonesia, as shown in Fig. 11.

The majority of areas that have a high number
of 3RWM are in Java. This is by areas that have a
high amount of waste production. However, in some
areas, a high amount of daily waste production is not
comparable to the number of 3RWM units provided.
Thus, the uneven amount of 3RWM is also one of the
causes of unhandled daily waste production.

The existence of 3RWM sites in Indonesia is
considered unable to reduce the amount of daily
waste production. This is due to the lack of synergy
between Human Resources (HR) related to the
government, facilities that have not been met,
and the uneven distribution of 3RWM units in
Indonesia. In addition, the amount of daily waste
production in Indonesia has a significant positive
effect on social factors, namely life expectancy,
economic factors represented by per capita
expenditure, and spatial factors consisting of area
and population. Other social factors, namely the
average length of schooling, have a significant
negative effect on daily waste production.
Therefore, ongoing training and mentoring are
needed for the community to be able to make good
use of waste at each 3RWM. This aims to improve
the management, productivity, and marketing of
existing 3BRWM production products. Assistance is
needed to develop human resources and maintain
equipment facilities. The government should also
facilitate the socialization of the implementation
of community-based waste management, including
the provision of facilities, infrastructure, and
comparative study opportunities to areas that have
succeeded in waste management.
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The Quality of Work-Life is a dynamic construct
shaped by various individual, demographic, occupational, organizational, psychological,
and social factors. It encompasses job satisfaction, work-life balance, stress
management, participation, engagement, and commitment. This study aims to
develop a comprehensive Quality of Work-Life model for the employees in the Tehran
municipality through the Lens of Job Demands-Resources theory, which posits that job
resources can mitigate job demands and enhance employee well-being. The research
assesses the current Quality of Work-Life status within this organizational context.

In this study, a sequential qualitative-quantitative mixed method was
utilized. The qualitative section employed a systematic review, with its findings informing
the hypotheses for the quantitative section. The quantitative segment involved survey
methodology, with data analysis conducted using SmartPLS and SPSS software. A hybrid
cluster-stratified sampling was used. About 1372 employees sent their answers, and
after data cleansing, 1343 answers were analyzed and interpreted.

The results indicate that Organizational Employer Brand (SM = 0.198,
p < 0.05), Organizational Work-Life Balance (SM = 0.429, p < 0.05), Organizational
Psychological Atmosphere (SM =-0.151, p < 0.05), Salaries and Benefits (SM = 0.133, p
< 0.05), and Social aspect- Communication with Coworkers (SM = 0.066, p < 0.05) have
a significant direct effect on Quality of Work-Life and no direct relationship between
Job factors and Quality of Work-Life (SM = 0.074, P= 0.068) between Organizational -
Physical Conditions and Quality of Work-Life (SM = 0.029, P= 0.344) and between Social
aspect- Communication with Managers and Quality of Work-Life (SM =-0.026, P=0.412).
Additionally, it is found that Organizational- Physical Conditions (SM = 0.300, p < 0.05),
Organizational Work-Life Balance (SM = 0.281, p < 0.05), Social aspect- Communication
with Coworkers (SM =0.291, p <0.05), and social aspect- Communication with Managers
(SM =0.209, p < 0.05) significantly affect Organizational Psychological Atmosphere and
indirect effect on Quality of Work-Life.

Findings from the Partial Least Squares- Structural Equation Modeling
analysis reveal no direct effect of physical conditions, job factors, or communication with
managers on the Quality of Work-Life, although indirect relationships were supported.
Direct relationships were noted between psychological atmosphere, communication
with coworkers, salary, and benefits, organizational branding, and work-life balance
with Quality of Work-Life. According to the Job Demands-Resources theory, this study
highlights that resources like organizational branding, psychological atmosphere, work-
life balance, and communication significantly enhance the Quality of Work-Life in Tehran

DOI: 10.22034/1JHCUM.2025.02.03 municipality, illustrating their essential role in promoting employee well-being.
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The issue of improving the Quality of Work-Life
(QWL) within the Tehran municipality has emerged
due to several concerns, including a decline in
employee satisfaction over recent years, a necessity
to enhance employees’ happiness levels, which is
evidenced by a noticeable decrease in enthusiasm
for work within the occupational environment, and
a prevailing sentiment that ineffective measures and
a lack of corrective actions to enhance QWL have
led to employee burnout and turnover, resulting in
organizational silence. Consequently, the primary
research question aimed at addressing these issues is:
What is the appropriate model for measuring the QWL
in municipalities? In this research, we intend to design
a comprehensive model for measuring the QWL in
municipalities, however, as the Tehran Municipality is
the largest and most capable municipality in Iran, the
model is finally used for evaluating the status of QWL
in this municipality. The relationship between humans
and technology increasingly focuses on promoting
human welfare and redefining productivity. In this
article, human resources are crucial in addressing
pivotal questions related to organizational practices:
How can organizations implement initiatives that
enhance employee well-being? What practical
strategies should be adopted? How can organizations
successfully balance personal and professional
responsibilities? How can both organizations and
individuals facilitate the advancement of these
initiatives? Human resources professionals are
essential in designing and implementing QWL
initiatives, ensuring a balance between personal and
professional responsibilities while fostering a culture
of well-being and productivity. A critical approach to
addressing these concerns is through the concept
of QWL, which encompasses various dimensions,
reflecting employees’ perceptions regarding financial
remuneration, workplace safety, working conditions,
interpersonal relationships, and the overall
significance of work in their lives (Guest, 1979). This
study reviews relevant literature while utilizing JD-R
theory as a framework, highlighting the need for QWL
models to be tailored to the specific requirements
of institutions, such as the Tehran Municipality.
The urgency for enhanced QWL has become
increasingly evident within the Tehran Municipality,
as reflected by declining employee satisfaction
in recent years. A notable decrease in employee
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enthusiasm, a perception of ineffective measures,
and a lack of corrective actions have contributed to
burnout and turnover. This phenomenon has given
rise to ‘organizational silence, where employees
refrain from expressing their concerns or ideas
due to management’s perceived lack of response.
Consequently, the primary research question arises:
What is the appropriate model for measuring QWL
in municipalities? This research aims to design a
comprehensive QWL assessment model for Tehran
Municipality, Iran’s largest and most resourceful
municipality. Research indicates that QWL is integral
to organizational strategies to enhance productivity
and improve the complexities associated with quality
of life in a competitive environment (Horst et al,,
2014). Effective QWL initiatives are linked to improved
employee productivity, job satisfaction, mental
health, and reduced burnout. For instance, flexible
work hours, wellness programs, and opportunities
for skill development have proven successful in many
organizations (Parakandi et al., 2016, Abdirahman,
2018). Well-implemented QWL programs also
promote greater employee satisfaction, engagement,
and overall enthusiasm in the workplace. There is a
significant interconnection between QWL initiatives
and employee engagement. Individuals who
experience higher levels of health and well-being
demonstrate increased enthusiasm and cooperation
compared to their less fortunate counterparts.
Additionally, prioritizing wellness programs is crucial
for minimizing turnover, as employees are inclined to
seek better working conditions even in challenging
job markets (Oosthuizen et al., 2016). Research
from the Pew Research Center reveals that factors
such as inadequate wages, limited advancement
opportunities, and a lack of flexibility substantially
contribute to employee turnover (Parker et al.,
2022). Moreover, a well-structured QWL program
is vital for preventing negative consequences such
as depression and burnout, which adversely affect
employee motivation (Wang et al., 2019). Evidence
suggests that effective wellness programs significantly
reduce absenteeism. A meta-analysis comprising
over 46 studies demonstrates that such programs
encourage healthier employee behaviors, aid in stress
management, and contribute to lower absenteeism
rates (Parks et al., 2008). Emphasizing physical and
mental health within QWL initiatives is critical, as
healthy employees exhibit lower risk factors and foster



habits that support overall well-being (Greenhaus et
al., 2003; Parakandi et al., 2016; Kaya et al., 2020).
Enhancing QWL and overall employee well-being
correlates with increased morale and happiness within
the workforce. According to Maslow’s Hierarchy of
Needs, when employees satisfy their fundamental
needs, they are more likely to pursue higher-level
needs related to self-esteem and creativity (Bibi
et al.,, 2022; Arndt et al, 2015). Ultimately, QWL
programs significantly enhance productivity, elevate
employee satisfaction and engagement, decrease
turnover rates, attract and retain talent, and foster
overall job security and safety. To strengthen QWL,
organizations should prioritize employees’ interests
and capabilities, cultivate enjoyment in their work,
and provide opportunities for skill development
through job enrichment and challenges. Actively
involving employees in decision-making processes
enhances their sense of autonomy, underscoring the
critical role of QWL initiatives (Parakandi et al., 2016,
Pawar, 2013, Heffernan et al., 2016, Ho et al., 2020,
Haider et al., 2018, Soomro et al., 2018, Cooper et al.,
2019, Nielsen et al., 2017, Sahni, 2019, Kim et al2017,
Zheng et al., 2015, Hayat et al., 2002, Emre et al,,
2021). In summary, this article examines the factors
influencing QWL through the lens of JD-R theory,
emphasizing the importance of tailored approaches
to enhance employee well-being, particularly within
the context of the Tehran Municipality. By prioritizing
QWL initiatives, organizations can foster a more
engaged, motivated, and productive workforce.

QWL

The concept of QWL has undergone significant
evolution over time. Before 1970, various measures
related to QWL were considered, though they
did not explicitly use the term itself. The formal
introduction of QWL occurred at the International
Labor Relations Summitin 1972, where it was defined
as a comprehensive approach concerned with worker
well-being and organizational effectiveness. The
focus during the 1970s was on humanizing the work
environment by establishing joint committees to
address workplace issues. By the 1980s, discussions
increasingly centered on the idea that QWL derived
from work conditions that promote individual
growth, taking into account income, benefits, and job
satisfaction. In the 2000s, the emphasis shifted toward
creating safe and satisfying work environments,

leading to the contemporary understanding of QWL
as an amalgamation of strategies and practices
designed to enhance employee quality of life, a
concept that is continually evolving and adapting to
the needs of the workforce (Zhang et al., 2020; Ko et
al., 2021; Baquero, 2023). As the concept evolved, it
transitioned from focusing on objective criteria, such
as employment rates and job security, to a greater
emphasis on subjective measures like job satisfaction.
This shift, noted by scholars like Henry Mintzberg and
Stephen Robbins, underscores the significant role of
individual perceptions in QWL assessments (Autrata,
2023; de Jong et al.,2015). Today, the dynamic nature
of QWL necessitates that organizations implement
comprehensive programs addressing objective and
subjective factors to optimize employee well-being
and satisfaction. The evolution of the QWL concept is
illustrated in Fig. 1 (Shinde et al., 2022; Ko, 2021; Lee
etal., 2018).

According to research in the field of QWL
programs with multiple goals, various perspectives
categorize this concept into four main categories.
The first category includes articles that present
models, theories, and foundational patterns from
scholars such as Robbins, Walton, Griffin, Maslow,
McClelland, Herzberg, and Alderfer (Walton,1973
& 1979, Danna & Griffin,1999; Trivedi et al., 2019;
McClelland, 2019; Herzberg, 1966; Alderfer, 1972,
Emre et al., 2021; Fischer et al., 2022). The second
category focuses on examining the outcomes and
impacts of these programs, including aspects like
productivity, performance, job burnout reduction, job
satisfaction enhancement, and increased trust and
enthusiasm among employees (Shinde et al., 2022;
Lawler,1982; Carter,1989; Danna & Griffin,1999;
Adhikari et al., 2010; Kanten et al., 2012). The third
category investigates the components influencing
these programs, such as employee rights and
benefits, health and safety measures, participation in
decision-making processes, safe working conditions,
ergonomics, and job variety (Walton,1973 & 1979,
Danna & Griffin,1999; Trivedi et al,2019; Sirgy et al.,
2001; Adhikari et al., 2010; Kanten et al., 2012; Chan
et al., 2007; Babu,2022, Ko,2021; Lee et al,2018).
Lastly, the fourth category addresses the challenges
and obstacles in implementing these programs,
highlighting issues like discrepancies between
managers’ and employees’ goals, a lack of problem-
solving experience, difficulties in achieving broad
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Fig. 1: The evolutionary process of the concept of the QWL of employees

participation, and the inclination of both managers
and employees to adhere to traditional management
practices (Abdullah et al., 2021; Hsu et al., 2006;
Akter et al., 2019; Jayakumar et al., 2019; Gregory
et al,2009; Majumder et al., 2021; Srivastava et al.,
2014; Shinde et al., 2022). Based on the discussions
during the concept’s evolution and the literature
review on QWL, it appears that research on QWL
with multiple goals has been comprehensive, leading
to the identification of distinct categories within
the concept. The first category comprises papers
that introduce models, theories, and foundational
patterns articulated by renowned scholars such
as Robbins, Walton, Griffin, Maslow, McClelland,
Herzberg, and Alderfer (Walton,1973 & 1979, Danna
& Griffin,1999; Trivedi et al., 2019; McClelland, 2019;
Herzberg, 1966; Alderfer, 1972, Emre et al., 2021;
Fischer et al., 2022). The second category delves
into the outcomes and effects of these programs,
including productivity, performance, reduction of job
burnout, and enhancements in job satisfaction, trust,
and enthusiasm (Shinde et al.,2022; Lawler,1982;
Carter,1989; Danna & Griffin,1999; Adhikari et al.,
2010; Kanten etal., 2012). The third category explores
the components influencing these programs, such as
rights and benefits, health and safety, participation
in decision-making, safe working conditions,
ergonomics, and the variety and richness of jobs
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(Walton,1973 & 1979, Danna & Griffin, 1999; Trivedi
et al., 2019; Sirgy et al., 2001; Adhikari et al.,2010;
Kanten et al.,, 2012; Chan et al., 2007; Babu,2022,
Ko,2021; Lee et al., 2018). Lastly, the fourth category
addresses the obstacles and challenges associated
with implementing these programs, providing a
comprehensive understanding of the field and
strategies for overcoming these hurdles (Abdullah
et al.,2021; Hsu et al.,, 2006; Akter et al., 2019;
Jayakumar et al,2019; Gregory et al,2009; Majumder
etal.,2021; Srivastava et al., 2014; Shinde et al., 2022).
Perhaps because of the breadth of this concept, it is
not easy to address all these categories in a single
paper. Therefore, this article focuses on the factors
that cause the formation of the QWL program in the
organization and examines this concept through the
lens of the JD-R theory. QWL is defined in various
ways, reflecting diverse perspectives on the issue.
Walton identified eight key factors that contribute to
QWL, including adequate and fair compensation, safe
and healthy working conditions, opportunities for
personal and professional growth, job security, social
integration within the organization, constitutionalism
at work, the interplay between work and quality
of life, and the social relevance of work (Walton,
1973 & 1979). Beinum (1974) defined QWL as the
degree of excellence achieved through work and
working conditions that enhance overall satisfaction



and performance, primarily impacting individuals
before influencing organizations (Kumar, 2018).
Sirgy et al., (2001) defined QWL as the level of
employee satisfaction derived from meeting various
needs through workplace resources, activities, and
outcomes, identifying seven domains: health and
safety, economic and family needs, social needs,
esteem needs, actualization needs, knowledge needs,
and aesthetic needs. Furthermore, QWL is described
as the overall level of satisfaction, motivation,
involvement, and commitment that individuals
experience concerning their work lives (Srivastava
et al., 2014). In this study, according to the reviewed
articles and the research objective, the following
definition is based on “The QWL is a dynamic process
that is influenced by resources such as individual
and demographic, occupational, organizational,
psychological, social characteristics and work-life
balance that results such as job satisfaction, stress
management at work, participation, and It affects
commitment. In other words, the goal is to reduce
job demands and establish a balance between
those demands and the available resources,
thereby fostering a healthier work environment
and enhancing QWL.” To determine the range of
these resources and measure the concept of QWL, a
research survey was conducted in the Municipality of
Tehran City, Iran, in 2023.

Job Demands-Resource (ID-R) theory

The JD-R theory, developed by Bakker and
Demerouti in 2001, is a framework that explains how
job characteristics influence employee well-being and
performance. It categorizes job aspects into two main
types. First, job demands: these aspects of the job
require sustained effort, such as high workload and
time pressure, which can lead to excessive stress and
burnout. Second is job resources, these are supportive
elements of a job and catalysts for personal growth.
They help employees achieve their goals, reduce the
impact of demands, and promote personal growth.
Examples include social support, autonomy, and
development opportunities. The theory posits that
balancing job demands and resources determines
employee engagement and well-being. When
resources are sufficient to meet demands, employees
experience higher motivation and job satisfaction.
Conversely, high demands with low resources lead
to stress and decreased performance. The JD-R

theory highlights the importance of fostering a
supportive work environment to improve the QWL,
enhance engagement, and boost productivity within
organizations (Bakker et al., 2014). Collectively, the
JD—-Rtheoryand modelprovideanessential framework
for organizations aiming for a holistic approach to
fostering work engagement and well-being, thereby
enhancing QWL (Berthelsen et al., 2018 & Radic et
al., 2020). Today, with its seven fundamental tenets
(Bakker et al., 2017), the JD-R theory is a vital lens
for understanding the QWL. The first tenet, which
classifies job characteristics into demands and
resources, offers a framework for understanding their
contributions to QWL. The second tenet elaborates
on how these demands and resources influence
health impairment and motivational processes,
underscoring their importance in shaping employees’
work quality. The third tenet highlights specific work
conditions that foster employee flourishing, which is
crucial for enhancing QWL. The fourth emphasizes
the positive effects of job resources on motivation,
particularly under high job demands, which is
essential for maintaining work engagement and well-
being. The fifth one indicates that personal resources
can function similarly to job resources, reinforcing
that both significantly improve QWL. The sixth
asserts that motivation enhances job performance,
while job strain detracts from it, illustrating the
direct connection between QWL and productivity.
Finally, the seventh tenet posits that motivated
employees are more inclined to engage in job crafting
behaviors, a hopeful prospect that can boost their
job and personal resources and improve their QWL.
Finally, as mentioned, through the synthesis of the
literature and what we have found through extensive
search and analysis, QWL is a broad concept that
can be analyzed through a robust and encompassing
viewpoint. Therefore, to reach the desired levels of
welfare, productivity improvement, happiness, stress
reduction, and life well-being, we need to design our
model based on the most relevant theories in the
field. Accordingly, the authors chose the JD-R theory
as the best fit for the model. For making a balance
between the job demands and resources needed to
conduct the job activities, a model is needed to help
the managers create the balance by reducing the
negativity and improving the positivity of the work.
JD-R helps in creating the balance. Accordingly, the
following theoretical illustration sheds light on the
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Demands

Organizational demands (e.g.
Ambiguity role, High Workload)

Physical demands (e.g. Heavy
Lifting, Repetitive Motions,
Exposure to Hazardous
Conditions)

Social demands (e.g. Conflict
with Colleagues, Team
Collaboration)

Psychological demands (e.g.

Balance

Resources

Organizational Resources (e.g.
Clear Role Definitions, Training
Opportunities)

Physical Resources (e.g. Safe
Working Condition, Ergonomic
Tools)

Social Resources (e.g.
Social Support Networks
Team Collaboration
Opportunities, Performance

Time Pressure, concentration or

complex decision-making, mind

+

> Feedback)
Psychological Resources (e.g.

Opportunities for Development,

Quality of Work-life

Fig. 2: QWL balance through the lens of JD-R

inter-relationships between the factors affecting the
demands as well as influential factors on the resources
(Fig. 2). The final Partial Least Squares - Structural
Equation Modeling (PLS-SEM) of the current research
assists the municipality managers in improving the
QWL through the lens of the JD-R theory.

A major factor that we focused on was finding
the most important resource in the municipality
according to the demand so the managers could
initially prioritize the investments in the selected
resources. This is also another reason for choosing the
mentioned theory. In our research, the concentration
is on the resource side of the job. Job factors, salaries
and benefits, organizational-physical conditions,
and other relevant and emphasized concepts of the
theory are extracted and utilized in our conceptual
model, which is presented in the next section.

Survey design and data collection
Since the main purpose of this research is
to investigate and measure the QWL of Tehran
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Municipality employees and it is a practical-
developmental purpose, a mixed method has been
chosen for the research in this method. Mixed
methods research is an approach that combines both
quantitative (numerical) and qualitative (descriptive)
research methods within a single study. Systematic
review has been used in the qualitative part and
survey research has been used in the quantitative
part of the method. In terms of the method of
document data collection, the developmental part is
systematic and in the practical part, the data collected
in Tehran Municipality has been used. In the current
research, an attempt has been made to review the
concept of the QWL of employees with a focus on
Tehran municipality and propose a model for it with
a systematic review from 2013 to 2023. According to
(Fink et al., 2005), it is recorded to identify, evaluate,
and interpret the documents.

Qualitative part - Systematic review of research
background
The literature review often pursues two main



goals: firstly, it summarizes current studies by
identifying patterns, topics, and issues, and secondly,
it helps to identify the conceptual content of a
specific field and plays a role in the development of
theory. To examine the patterns and targeted coding,
the output of the systematic method has been used
as an input for the qualitative method of thematic
analysis to extract the main sub-themes and finally
draw the model of the QWL of the employees. The
following steps of a systematic review are described
in order (Nagendrababu et al., 2020). As shown in Fig.
3, to review the literature, the seven stages of the
systematic review of Scaringella and Radziwon were
used, and the following steps were followed in this
method (Scaringella et al., 2018).
In this study, the steps are as follows:

Steps 1 and 2: Initial database search and setting of
the systematic review protocol

In this step, according to the specific approach
of the current research to the QWL, keywords were
selected in three general categories as described in
Table 1. The first category of keywords, mentioned
under the title of type 1 terms, is aimed at modeling
and similar and related words. The term type 2
is related to the keyword QWL. Type 3 terms are
related to keywords related to employees so that

the research focuses on the quality-of-life models of
employees, and the extracted articles have specific
content. Finally, Type 4 was assigned to studies related
to municipalities. However, due to the research
limitations, keywords and the specialized search
field were generally selected to obtain the maximum
possible output. Also, Scopus and Web of Science
databases were chosen as reference databases for
the research because of the comprehensiveness of
the resources and content.

The broad literature has been investigated
through a comprehensive search of published articles
in highly ranked journals indexed by Scopus and Web
of Science. It is worth mentioning that to achieve a
manageable and, at the same time, representative
sample of documents, the entry and exit criteria of
the Systematic Literature Review (research protocol)
were set as described in Table 2. The selected entry
criteria for the search are based on the filtering and
classification options presented in international
databases like ScienceDirect. Based on the opinion
of (Webster et al., 2002), high-quality contributions
are mainly found in authoritative sources such as
academic journals and conferences. Therefore, the
current research focuses on articles with a high-level
impact factor.

Method and qualitative criteria for selection and

e N\ N\ [ N\ N\ [ N\ N\ A
step 2: ]
evaluating step 3: step 4: id:wetﬁ’eiﬁ
Step 1: the size of Creatﬁng. a identifying step 5: key terymsg
Explore i i ifyi ,
tp tial . the database the main |dent|fy|n_g definitions step 7:
potentia literature containin categories all potential and comparin
database(s) Redefining 8 of articles/ articles . paring
for SLR search all the Developme from the theoretical the
) iteria/Defi articles that nt of Szb_ rimary and frameworks variables of
Identify key criter match the P ¥ in the the QWL
h nition of bases based secondary -
P primary search on relevant category primary and
terms
relevant protocol criteria secondary
criteria category
. | J . J . J |

Fig. 3: Systematic review steps (Scaringella et al., 2018)

Table 1: Keywords of a systematic review of QWL

Type 1 Type 2 Type 3 Type 4
Model Happiness Human resource Municipality
Keywords Framework Work-life balance Employee -
Profile QWL - -
- Welfare -
- Well-being - -
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Table 2: Systematic Literature Review protocol of employees QWL

Inclusion Criteria

Non-inclusion Criteria

2013 -2024
English & Persian

Period
Language
Type of Document Articles

Search Type Topic & Titles

Before 2013
Except for English and Persian

Notes, books, theses, as well as less relevant articles in the industry and

internet resources

Table 3: Method and qualitative criteria for selection and exclusion of systematic review articles on QWL

Refinement of articles in three stages:
1-

Selection Method 2-

Checking the titles of articles and removing articles.
Examining the abstract and keywords of the selected articles of the first stage

Qualitative evaluation of the selected articles of the second stage (matching between the problem, methodology,

and conclusion)

Focus Criteria

Priority is given to articles that deal with the development of the QWL model

Preference should be given to articles with multiple references (if there are many sources) and a high impact factor.

exclusion of systematic review articles on QWL as
described in the following Table 3:

Steps 3-5: Article content evaluation, article selection,
and tracking references

The selection of articles was a meticulous
process, following a three-stage selection model
(title, abstract, text). The process is shown in Fig. 4

Step 6: Content analysis and coding of concepts

The critical factors are identified at this stage, and
content information is analyzed. Finally, based on the
81 articles, Identification of crucial QWL invariants.
After coding the articles, 611 codes were identified
and categorized into 173 primary codes. 74 titles
were re-categorized based on the principal axes, and
coding was finalized in 8 concepts, including Work,
Occupational, psychological, social, Organizational,
Individual and demographic, Human resources
policies, and Organizational ecosystem factors. For
coding the concepts, the authors first reviewed the
characteristics, abstracts, outcomes, results, and
discussion of the articles. The detailed latent concepts
for the factors affecting the QWL were extracted from
the relevant paragraphs and phrases of the literature
as primary codes. Similar concepts were categorized
together as high-level axial codes. Finally, the axial
codes were integrated into selective coding. A sample
of the extracted codes is presented in Table 4:

Step 7: Exploratory Factor Analysis (EFA): Extracting
relevant factors of the QWL of employees
In this stage, the final analysis and review
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of the codes and categories were conducted, a
guestionnaire was prepared and distributed to
create a consensus among the experts, and based
on the results, SPSS software and EFA were used.
EFA is a statistical technique used to identify the
underlying structure of a set of variables. It aims to
discover relationships between observed variables
and constructs that may explain these relationships.
Before conducting the EFA, the set of variables
extracted from the literature was delivered to a
group of 12 experts who had the relevant proficiency
in the field. Their expertise was mostly concentrated
on human resources management, municipality
activities, and QWL. The initial questionnaire was
distributed, evaluated, and approved by the experts
in terms of content and the provided structure of
the questions. After the initial evaluation, EFA is
typically used to reduce data to a smaller set of
summary variables and examine the underlying
structure of the concepts. In this research, several
EFA methods (Principal Component Analysis,
Principal Axis Factoring, Maximum Likelihood) were
applied to find the best number of factors affecting
the QWL, extracted from the initial variables.
For conducting the EFA, the questionnaire was
distributed among 69 supervisors, managers, and
experts who were working in the fields of human
capital management, working life improvement,
HR planning, and relevant fields of expertise. After
choosing the Principal Component Analysis as the
best algorithm, the varimax rotation method is used
for extracting the factors that are described in the
next section.



No. of initial sources: 484

.

Accepted sources according to
title review: 250

»
>

(Eliminated sources according to title

L

review: 202

v

Accepted sources according to
abstract review: 133

Eliminated sources according to
abstract review: 117

Accepted sources according to
text review: 83

Eli

minated sources according to full
text review:82

Final accepted sources: 81

Added sources according to
reference backtracking: 4

Fig. 4: The process of selecting articles for a systematic review of QWL

Varimax rotation:

Commonly used in EFA, this is an orthogonal
rotation method that simplifies the correlation
matrix by creating new variables that are linear
combinations of the original variables. Varimax
rotation aims to achieve a simple structure in which
each factor has a high loading on only one or two
variables, making it easier to interpret the factors.
In this Kaiser-Meyer-Olkin (KMO) test, the number
is 0.97, which indicates suitable data for conducting
the exploratory factor analysis test. Based on the
above method, the dimensions of the questionnaire
to model the QWL of Tehran municipality employees,
it was discovered to be somewhat different from
the proposed model resulting from the analysis of
themes, and some dimensions have been divided
into smaller dimensions, which are further described
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as these dimensions and their names. It is shown in
the following Table 5.

According to the exploratory factor analysis
results, 8 factors were selected and extracted from
the final rotation matrix based on the highest factor
loadings. Afterward, the selected factors were
provided to experts in the field to approve the inter-
relationships among them. The Partial Least Squares
(PLS) is used for this purpose, and its results are
explained in the next sections. Based on the results of
the factor analysis and synthesizing the factors with
the relevant literature, the following hypotheses are
designed and evaluated using PLS:

e H1: Organizational Psychological Atmosphere
(OPA) has a significant positive effect on QWL.

e H2: Job Factor (JF) has a significant positive
effect on QWL.



Table 4: Content Analysis and Coding of QWL Concept

Primary codes

Axial Coding

Selective Coding

meaningfulness

Meaningful work

Professional challenges

Applying all the potentials in the job

Job complexity

Number of tasks

Feedback

Mastery of the environment

Independence and freedom

Compensation for services and financial benefits

Compensation for services and benefits - economic needs

Compensation for services and benefits - non-financial rewards

Compensation and benefits - fair wages

Benefits - On-site health care
Advantages - car cleaning services
Support for employees' families
Shorter working hours

Time flexibility

Continuous growth opportunity

self-esteem

Individual resilience

self-efficacy

cheerfulness

Sacrifice

hope

positivity

Fulfilling other community obligations

The degree of freedom in expressing opinions
Participation through comments

Organizational spirituality

Organizational virtue

Employer brand

Proud of the organization

Proud of the products

Proud of the organization's services in the community

Corporate social responsibility

Number of working hours
Number of working hours per week
Job sharing

Intensive work week

The amount of free time
Type of office

Layout

safety equipment

Light

Sound

Temperature

physical conditions

Trust in colleagues
Teamwork

Commitment to teamwork

The level of participation of colleagues
The level of communication with colleagues

The level of communication with managers

manager support
Manager availability
Trust to manager

Task Identity

Skill Variety

feedback
Autonomy
Compensation-financial

Compensation-non-
financial
fair wages

Benefits

Personality and individual

behaviors

Freedom in expressing
opinions

Organizational spirituality

Employer brand

Corporate social
responsibility

Quantity at work

Quantity at leisure time
Office
safety

physical conditions

Trust coworkers
Teamwork

Quantity of
communication with
coworkers
Quantity of
communication with
manager

manager support

Trust (manager)

Job Factor (JF)

Salaries and Benefits Factor
(SBF)

Organizational Psychological
Atmosphere (OPA)

Organizational Employer
Brand (OEB)

Organizational Work-Life
Balance (OWLB)

Organizational-Physical
Conditions (OPC)

Social aspect - Communication
with Coworkers (SCC)

Social aspect - Communication
with Managers (SCM)
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Table 5: KMO and bartlett’s test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .969
Bartlett's Test of Sphericity Approx. Chi-Square 48078.624
Sig. .000

Job Factor

Salaries and Benefits Factor

Organizational Employer Brand

Organizational Work-Life Balance

Organizational-Physical Conditions

|

|
Social aspect - Communication with

Coworkers

Social aspect - Communication with
Managers

a4

Quality of Work-life

Organizational Psychological Atmosphere

Fig. 5: Conceptual model of QWL

e H3: Salaries and Benefits Factor (SBF) has a
significant positive effect on QWL.

e H4: Organizational Employer Brand (OEB) has a
significant positive effect on QWL.

e H5: Organizational Work-Life Balance (OWLB)
has a significant positive effect on QWL.

e H6: Organizational-Physical Conditions (OPC)
have a significant positive effect on QWL.

e H7: Social aspect - Communication with
Coworkers (SCC) has a significant positive effect on
QWL.

e H8: Social aspect - Communication with
Managers (SCM) has a significant positive effect on
QWL.

Also, based on the studies, we found that there
are inter-relationships among some of the factors
extracted in the EFA phase through a deep analysis
of the relevant literature. These relationships have an
indirect impact on the QWL of employees:
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e H9: Organizational-Physical Conditions (OPC)
have a significant positive effect on OPA.

e H10: Organizational Work-Life Balance (OWLB)
has a significant positive effect on OPA.

e H11: Social aspect - Communication with
Coworkers (SCC) has a significant positive effect on
OPA.

e H12: Social aspect - Communication with
Managers (SCM) has a significant positive effect on
OPA.

Fig. 5 is drawn based on hypotheses extracted
from this stage, as well as the literature review and
JD-R theory. As indicated in this figure and based
on JD-R theory, demands can take various forms,
including physical demands such as heavy lifting or
prolonged standing, psychological demands like
excessive workloads and emotional labor, social
demands involving challenging interactions with
colleagues or clients, and organizational demands



related to role ambiguity or insufficient management
support. Such job demands are viewed as potential
stressors that may lead to adverse outcomes, such
as burnout and diminished well-being, resulting in
low QWL. However, the JD-R model asserts that job
resources—such as social support, autonomy, and
opportunities for professional development—play a
crucial role in mitigating these effects and enhancing
QWL. The interaction and balance between job
demands and resources is critical; high job resources
can buffer the negative impacts of high job demands,
leading to improved employee QWL.

Next, the quantitative section presents the
hypotheses derived from the qualitative section of
the test and the results.

Quantitative part - survey research method

In this part, the survey research method is used.
In this part, the output of the systematic method
is used as the input of the quantitative part. In this
section, the steps are as follows:

Preparing the PLS questionnaire for QWL

Based on the codes as variables extracted from
the systematic review, also illustrated as factors of the
EFA, a questionnaire was prepared to measure the
QWL in the Tehran Municipality. This questionnaire
had 18 demographic questions and 56 questions
related to different aspects of the QWL of Tehran
Municipalities derived from the previous analysis.
Demographic characteristics including age, gender,
level of education, physical health, marital status,
number of children, residential area, residential
status, approximate commuting time, vehicle,
ease of access to the workplace, nature of the job,
position, type of employment, place of service, work
experience, amount of salary, and benefits.

Distribution and collection of data
Sampling

This study uses the departmental divisions of the
Tehran municipality as the basic criteria for evenly
distributing the questionnaire to the relevant experts
in the field, a large entity comprising vice-chairs,
general offices, autonomous bodies, and various
subsidiaries. A hybrid cluster-stratified sampling
method was utilized. With the research objective
being the assessment of Employee QWL using
the human capital approach, data from statistical
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populations across different areas (deputies) and their
subsets, regional municipalities, independent bodies,
and enterprises as distinct clusters were collected.
Moreover, employee and laborer categories within
the municipal staff served as strata for stratified
sampling classification. Based on what was described
in this sampling, an online questionnaire was sent to
all expert personnel, and 1372 people answered in 12
clusters and two classes of workers and employees
(The response rate was 74%). The findings indicate
that among the total sample, 454 respondents (33%)
are women, 911 (66.3%) are men, and eight people
(0.5%) chose “I don’t want to answer.” Additionally,
the distribution of work experience reveals that
individuals with less than ten years of experience
constituted 267 respondents (19.7%), and those
with 10-20 years and over 20 years of experience
accounted for 789 (58.2%) and 300 (22.1%)
respondents, respectively. In terms of age, 39 (8.2%)
people are 30 and under 30 years old, 503 (6.36%)
are between 31 and 40, 644 (9.46%) are between 40
and 50, and the rest are 187 (6.13%) people over 51
years old. In terms of educational level, 628 (7.45%)
have a bachelor’s degree and below, 651 (4.47%)
have a master’s degree, and 94 (8.6%) have a Ph.D.
and above.

Measures

The proposed model consists of 8 constructs,
namely OPA, JF, SB, OEB, SCC, OWLB, OPC, and
SCM, which are measured by the items mentioned
in Table 6. An example item is “I have satisfactory
job autonomy in doing my duties”. JF is assessed
using 8 items, and the other constructs are shown
in Table 6. The survey comprises 56 question items
extracted from the previous steps of research,
and respondents provided ratings using a 5-point
Likert scale. The scale ranges from 1, representing
“strongly disagree,” to 5, indicating “strongly agree.”
As mentioned, the technique used for data analysis is
PLS-SEM with Smart-PLS 3.0. The SmartPLS software
is acknowledged as a fitting choice for implementing
PLS-SEM, as outlined by Sarstedt et al., (2014). PLS-
SEM is commonly endorsed within the realm of
business management research (Hair et al., 2019) to
investigate and validate intricate interconnections.

The structural model evaluation in this study,



Table 6: Labeling and categorizing the final factors for PLS-SEM

Factors abbreviation Items Codes Examples
Demographic factors DE 18 D1-D18
Organizational OPA1,0PA2,0PA3,0PA4,0PAS
Psgcholo ical OPA 15 ,OPA6,0PA7,0PA8,0PA9,0PA The organization has programs that keep
A'Zmos hgere 10,0PA11,0PA12,0PA13,0PA positivity alive in employees.
P 14,0PA15
Job factors JF 8 11,02, 13,14, 15,16 17, 18 I have satisfactory job autonomy in doing
duties
Salaries and benefits B 4 $B1, SB2,5B3,584 | am satisfied with my cgrrent salary in the
factors organization.
Organization - OEB 7 OEB1, OEB2, | feel satisfied with the image of the
employer brand OEB3,0EB4,0EB5,0EB6,0EB7 organization in society.
Social aspect - The level of communication with
communication with SCC 4 SCC1,SCC2, SCC3, scc4 . .
colleagues at my workplace is satisfactory.
coworkers
Organizational work-life OWLB 4 OWLB1, OWLB2, OWLB3, | am satisfied with my work and rest time.
balance OWLB4
Org.anlzatlor.\i?l - oPC 3 OPC1,0PC2,0PC3 | feel satlsflgq with the layout and physical
physical conditions conditions of my workspace.
Social aspect - L .
communication with SCM 3 SCM1, SCM2, SCM3 The level of communication with managers
at my workplace is satisfactory.
managers
| have enough money to meet my personal
Quality of Work Life QWL 8 Qi1 Qt2, a3, a4, ats, ate, needs.

QL7, QL8

| have enough energy to do daily tasks.

conducted using SmartPLS 3.0 software, has yielded
significant findings. Notably, due to low loadings
(<0.5 as per Table 7), three items (J6, OEB1, OEB2)
have been excluded. This underscores the importance
of factor loadings within the 0.40 to 0.70 range,
which may be eliminated for model enhancement
(Hair et al., 2019). Table 7 shows Cronbach’s alpha,
composite reliability, and AVE values for Job factors
(0.884,0.909,0.590), Organization - employer brand
(0.855,0.899, 0.644), Organizational work-life balance
(0.850, 0.900, 0.693), Organizational physical
conditions (0.822,0.894, 0.737), Organizational
Psychological Atmosphere (0.953, 0.958, 0.603),
Salaries and benefits (0.869, 0.910, 0.717), Social
aspect - communication with managers (0.818,
0.889, 0.727), Social aspect - communication with
coworkers (0.830, 0.886, 0.661), QWL (0.831, 0.870,
0.458), indicating internal consistency reliability and
convergent validity of scale items.

The assessment of discriminant validity in this
study, employing the Fornell-Larcker criterion and
HTMT, has yielded reassuring results. The Cornell-
Larcker results in Table 8 demonstrate the square
root of AVE exceeding the correlation value between
constructs, while HTMT values for J, OEB, OWLB, OPC,
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OPA, SB, SCM, SCC, and QL do not surpass 0.90. This
validates the measurement model’s discriminant
validity (Gold et al., 2001) and underscores the
robustness of our study.

The results from PLS-SEM analysis in Fig. 6 and
Table 9 reveal no direct relationship between JF and
QWL (SM = 0.074, SD = 0.040, t-statistic = 1.828,
P= 0.068) between OPC and QWL (SM = 0.029, SD
= 0.031, t-statistic = 0.946, P= 0.344) and between
SCM and QWL (SM = -0.026, SD = 0.031, t-statistic
= 0.821, P=0.412). Thus, H2, H6, and H8 have to
be rejected. Furthermore, the results indicate that
OEB(SM = 0.198, SD = 0.036, t-statistic = 5.502, P=
0.000), OWLB(SM = 0.429, SD = 0.027, t-statistic =
16.113, P= 0.000), OPA(SM = -0.151, SD = 0.048,
t-statistic = 3.104, P= 0.002), SB(SM = 0.133, SD =
0.033, t-statistic = 4.076, P= 0.000), and SCC(SM =
0.066, SD = 0.033, t-statistic = 1.965, P= 0.049) have
a significant direct effect on QWL. Hence, H1, H3,
H4, H5, and H7 are confirmed and supported by the
data. Additionally, it is found that OPC (SM = 0.300,
SD =0.021, t-statistic = 14.434, P= 0.000), OWLB ((SM
= 0.281, SD = 0.020, t-statistic = 13.938, P= 0.000),
SCC (SM = 0.291, SD = 0.021, t-statistic = 13.579, P=
0.000) and SCM (SM = 0.209, SD = 0.021, t-statistic



Table 7: Measurement model

. . Cronbach's Composite

Variables Items Outer Loadings Alpha Reliability AVE

J1 0.722

J2 0.794

13 0.813
Job factors Ja 0.800 0.884 0.909 0.590

J5 0.728

17 0.694

J8 0.816

OEB3 0.842

OEB4 0.586
Organization - employer brand OEB5 0.815 0.855 0.899 0.644

OEB6 0.861

OEB7 0.873

OWLB1 0.741

N . OWLB2 0.869
Organizational work-life balance OWLB3 0.875 0.850 0.900 0.693

OWLB4 0.838

Organizational - physical OpCl 0.823
conditions OPC2 0.906 0.822 0.894 0.737

OPC3 0.845

OPA1 0.733

OPA2 0.737

OPA3 0.712

OPA4 0.759

OPAS5 0.795

OPA6 0.829

o . OPA7 0.784
0rga"'“ﬁ‘::;':;:::°'°g'cal OPAS 0.833 0.953 0.958 0.603

OPA9 0.821

OPA10 0.804

OPA11 0.784

OPA12 0.732

OPA13 0.787

OPA14 0.701

OPA15 0.816

SB1 0.853

. ) SB2 0.872
Salaries and benefits <83 0.808 0.869 0.910 0.717

SB4 0.854

Social aspect - communication SCML 0.836
with managers SCM2 0.852 0.818 0.889 0.727

SCM3 0.870

SCC1 0.770

Social aspect - communication SCC2 0.822
with coworkers Scc3 0.830 0.830 0.886 0.661

SCC4 0.828

QL1 0.738

QL2 0.702

QL3 0.766

. . o] ) 0.731
Quality of Work-Life aLs 0643 0.831 0.870 0.458

QL6 0.589

QL7 0.656

QL8 0.559
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Table 8: Discriminant validity

Fornell-Larcker Criterion

JF OWLB OEB OPC OPA QWL SCC SCM
JF 0.768
OWLB 0.513 0.832
OEB 0.685 0.470 0.802
OPC 0.566 0.452 0.505 0.859
OPA 0.771 0.583 0.712 0.635 0.776
QwL 0.418 0.563 0.452 0.351 0.428 0.676
scc 0.555 0.329 0.539 0.416 0.629 0.305 0.813
SCM 0.573 0.343 0.450 0.418 0.599 0.258 0.576 0.853
SB 0.495 0.524 0.529 0.503 0.655 0.425 0.348 0.340
Heterotrait-Monotrait Ratio (HTMT)
OWLB 0.582
OEB 0.771 0.548
OPC 0.653 0.537 0.598
OPA 0.832 0.647 0.787 0.711
QwL 0.468 0.643 0.524 0.402 0.458
scc 0.638 0.387 0.627 0.500 0.695 0.367
SCM 0.651 0.395 0.515 0.491 0.648 0.295 0.671
SB 0.558 0.607 0.613 0.592 0.720 0.452 0.407 0.392

L L

Fig. 6: PLS-SEM results
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Table 9: Path coefficients

Original Sample Mean Standard
Sam gle (0) '(JSM) Deviation T Statistics P Values Decision
P (STDEV)
Direct effect
Job factors -> QWL 0.072 0.074 0.040 1.828 0.068 Rejected
Org work-life balance -> Org- 0.281 0.281 0.020 13.938 0.000 Supported
psychological atmosphere
Org work-life balance -> QWL 0.429 0.429 0.027 16.113 0.000 Supported
Org-Employer brand -> QWL 0.196 0.198 0.036 5.502 0.000 Supported
Org-physical conditions -> Org- 0.300 0.300 0.021 14.434 0.000 Supported
psychological atmosphere
Org-physical conditions -> QWL 0.029 0.029 0.031 0.946 0.344 Rejected
Org'psy°h°'°gg;;f'm°5phere > -0.148 -0.151 0.048 3.104 0.002 Supported
$- communication/coworkers -> 0.291 0.291 0.021 13.579 0.000 Supported
Org-psychological atmosphere
S °°mm”"'°ag“,’vnl_/ coworkers -> 0.065 0.066 0.033 1.965 0.049 Supported
$- communication/managers -> 0.209 0.209 0.021 10.061 0.000 Supported
Org-psychological atmosphere
$- communication/managers -> -0.026 -0.026 0.031 0.821 0.412 Rejected
QwL
Salaries & benefits -> QWL 0.133 0.133 0.033 4.076 0.000 Supported
Indirect effect
Org work-life balance -> Org-
psychological atmosphere -> QWL -0.042 -0.042 0.014 3.043 0.002 Supported
Org-physical conditions -> Org-
psychological atmosphere -> QWL 0.044 0.045 0.015 3.005 0.003 Supported
S- communication/coworkers ->
Org-psychological atmosphere -> -0.043 -0.044 0.014 3.026 0.002 Supported
QWL
S- communication/managers ->
Org-psychological atmosphere -> -0.031 -0.032 0.011 2.940 0.003 Supported

QwL

= 10.061, P= 0.000) significantly affect OPA. Hence,
H9, H10, H11, and H12 are confirmed and supported
by the data. Based on the findings of this study,
it has been shown that the quality of employees’
working lives is directly affected by work-life balance,
the organization’s Employer brand, Organizational
Psychological Atmosphere, communication with
coworkers, and Salaries and benefits. Also, the
organization’s work-life balance, physical conditions,
communication with coworkers, and communication
with managers affect the psychological atmosphere
of the organization.

In addition to path coefficients, the Goodness of
Fit measures also approve the validity of the model
as provided in Table 10:
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The qualitative and quantitative aspects of
work and organization influence employees’ quality
of life. One of the integral aspects of the QWL is
work-life balance (Parakandi et al., 2016; Kaya et
al., 2020), which is also strongly confirmed in this
study. Organizational Work-Life Balance (OWLB) is
a deliberate organizational initiative designed to
minimize the work-life conflict of employees and
enable them to be more effective in their work and
other roles. In recent years, companies have become
increasingly aware of the need to embrace the concept
of work-life balance as an essential tool to facilitate
sustainable human resources, which is crucial to
attracting and retaining talent (Bhende et al., 2020;
Szics et al., 2011; Fontinha et al., 2019; Bhola et al.,



Table 10: Goodness of fit index

Fit Index Value Interpretation
Standardized Root Mean Square Residual (SRMR) 0.064 Good fit (< 0.08)
Distance Unweighted Least Squares (d_ULS) 5.950 Indicates a strong fit; lower values preferred
Discrepancy Goodness-of-Fit (d_G) 1.224 Reasonable fit
Chi-Square 9,626.642 Significant at p < 0.01; indicates model fit
Normed Fit Index (NFI) 0.800 Acceptable fit

Table 11: Desirability levels of QWL in Tehran Municipality

Variables Mean Mean Std. Error Desirability level
SB 1/93 0/02 Low Desirability
OPA 2/41 0/02 Relatively Desirable
OWLB 2/46 0/02 Relatively Desirable
OPC 2/65 0/03 Relatively Desirable

JF 3/00 0/02 Relatively Desirable
OEB 3/11 0/02 Acceptable Desirability
scc 3/37 0/02 Acceptable Desirability
SCM 3/54 0/03 Acceptable Desirability

QWL 2/88 0/02 Relatively Desirable

2016). Another qualitative factor is the Organizational
psychological conditions of the organization (OPA),
which directly and indirectly affect the quality of
employees’ working lives (Teles et al., 2014; Zhang
et al., 2020; Rathi, 2011; Allameh et al., 2018; Salehi
et al., 2020). Therefore, in this field, the organization
can take various measures to increase the morale
of the employees. Creating a sense of positivity
and hope in personnel, an atmosphere of respect
among people, a balance in freedom of expression,
the number of rules and regulations and norms,
reducing discrimination and creating organizational
justice, and training and developing soft skills in
the organization can improve the organizational
atmosphere and increase quality. It can also help
people’s lives. Organizational Employee Brand (OEB),
a concept that can improve the organizational and
individual identity of people through the organization,
can be another influential factor strongly confirmed
in this research (Parvar et al., 2013). Communication
and the social dimension of the organization (SCM,
SCC) (Parvar et al,2013; Jiang et al., 2017; Wright et
al.,2014) is one of the most essential and vital factors
in creating a favorable psychological atmosphere
and a high QWL that organizations must pay enough
attention to in the organization. In a communication
atmosphere where unresolved conflicts between
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employees and managers increase, burnout and
fatigue from work, the rate of absenteeism increases
(Md-Sidin et al., 2010; Omar et al,2015; Rice et .al,
1992), and the performance and productivity of
people decrease. Organizational - Physical Conditions
(OPC) (Walton,1973, Puciato et al., 2017, Platts et al.,
2013; McFarland, 2017) are another influential factor
in the quality of employees’ working lives. This was
not directly confirmed in this study but indirectly
through the Organizational Psychological Atmosphere
(OPA) on the QWL. It is practical. Finally, one of the
most critical dimensions in this model is salary and
benefits, or in other words, service compensation
(Lewis et al,2001; Srivastava et al,2014; Swamy,2013;
Swamy et al,2015), which is quantitatively one of
the factors affecting the QWL of employees during
different decades, which has a more prominent place
in the early models of this concept. It has had, and it
has also been confirmed in this model.

Therefore, based on the findings from analyzing
the relationships among various organizational
factors, QWL can be effectively interpreted
through the JD-R theory. This theory posits that job
characteristics can be categorized into demands and
resources, which interact to influence employee well-
being and performance. In this study, organizational
work-life  balance emerged as a significant



resource that positively impacts the organizational
psychological atmosphere and QWL, underscoring
its motivational potential. Conversely, while job
factors and organizational physical conditions were
hypothesized to contribute positively to QWL,
the results indicated that their direct effects were
not statistically significant, suggesting that these
factors may not function as adequate resources in
this context. Additionally, the negative relationship
between the organizational psychological
atmosphere and QWL highlights the complexity of
how demands can lead to strain when resources are
insufficient. The supportive roles of communication
with coworkers and managers not only emphasize the
importance of social resources in fostering a positive
work environment but also highlight their significant
role in organizational settings. Overall, this analysis
illustrates how the JD-R framework can elucidate
the dynamics between job demands and resources,
providing valuable insights for enhancing employee
well-being in organizational settings. Using the model
of the QWL of employees, the average response to
the items of each dimension has been measured
among the employees of Tehran Municipality, and
the results are described in Table 11. As it is apparent
in Table 11, based on the 5-point Likert spectrum
from low desirability to high desirability, the items
are respectively unfavorable (0-1), low desirability
(1.1-2), relatively favorable (2.1-3), desirability It is
acceptable (3.1-4) and desirable (4.1-5). In the Tehran
Municipality, the quality of life of employees, as
revealed by the collected data, follows a clear order
of desirability. This order, from low to high, includes
salary and benefits (SB), Organizational Psychological
Atmosphere (OPA), Organizational Work-Life Balance
(OWLB), Organizational - Physical Conditions (OPC),
Job Factor (JF), Organizational - Employer Brand
(OEB), Social aspect - Communication with Coworkers
(SCC), and social aspect - Communication with
Managers (SCM).

Analyzing the factors influencing employee
perceptions, we find a nuanced landscape of
strengths and  weaknesses across different
dimensions. The Salaries and Benefits Factor received
a low desirability rating, indicating that employees
perceive this aspect as inadequate, which may
hinder overall job satisfaction and motivation. This
underscores the need for immediate attention and
improvement in this area. On the other hand, factors
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such as the Organizational Psychological Atmosphere,
Organizational Work-Life Balance, and Organizational-
Physical Conditions were rated as relatively desirable,
suggesting that while these areas are viewed
positively, there is still room for improvement.
The Job Factor emerged as a relatively desirable
attribute, reflecting a balanced view of job demands
and resources. Furthermore, the Organizational
Employer Brand and social communication aspects—
specifically with coworkers and managers—were
rated as acceptable in desirability, indicating that
while these factors contribute to a supportive work
environment, they may not fully meet employee
expectations. Overall, the findings highlight critical
areas for organizational development, particularly in
enhancing salaries and benefits to bolster employee
satisfaction while maintaining the positive aspects of
workplace culture and conditions.

The study has established that QWL are
related by psychological factors, work-life balance,
salaries and wages, physical conditions and safe
environment, job factors, employer brand, social
dimension—communication with colleagues, and
communication with managers, however, all sizes
of QWL are not uniformly related. The results of
this research have been discussed and investigated
to improve employees’ quality of life. The concept
of employees’ QWL is comprehensive, and many
organizational measures can be influenced by or
affect it. On the other hand, one sector that can
improve the QWL of employees in organizations and
vice versa is the policies that direct the functions
of human resources. Based on the findings of the
qualitative section, 18 demographic characteristics
have been examined in this model, and using the
statistical findings in this organization, to set the
letters, guidelines, strategies, and human resources
policies, These items should include education level,
place of service, amount of salary and benefits,
gender, organizational position, type of employment,
number of children, ease of access to the workplace,
work experience, age, residence status, marital
status, approximate commuting time, nature of the
job, residential area, vehicle, and physical health
should be given sufficient attention. In the QWL
of Tehran municipality employees, factors such as
psychological factors, work-life balance, salaries and



wages, physical conditions and safe environment,
job factors, employer brand, social dimension—
communication with colleagues, and communication
with superiors are completely controlled. It is an
organization, and by making positive changes in
this field, the organization can bring good results to
the QWL of Tehran Municipality employees. Factors
related to extra-organizational factors, including
personal and economic factors, are less within the
organization’s authority. However, in many cases,
they have a significant impact on the quality of
life of employees. For this type of dissatisfaction
in the organization, people’s expectations should
be kept at the level of awareness. The issue was
pointed out to people in meetings, meetings, and
many cases in the organization, and people should
know that the quality of life at the personal level
and national decisions also influence the quality of
their work life. Analyzing Tehran Municipality’s work
environment through the JD-R theory, a significant
and widely accepted framework in organizational
psychology, reveals critical insights into employee
satisfaction and performance. The data indicates a
low desirability for the Salaries and Benefits Factor,
which may contribute to decreased employee
motivation, highlighting a significant job demand that
is not adequately met. In contrast, factors such as
organizational psychological atmosphere and work-
life balance are rated relatively desirable, suggesting
they serve as essential job resources that positively
influence the QWL. The supported relationships
between organizational work-life balance and the
organizational psychological atmosphere and QWL
underscore the importance of providing resources
that enhance employee engagement and mitigate
stress. Furthermore, while organizational and
physical conditions were found to have a supportive
effect on the psychological atmosphere, their direct
impact on QWL was insignificant, indicating that
simply improving physical conditions may only suffice
if addressing other underlying demands. The findings
also emphasize the role of social communication,
particularly with coworkers, as a vital resource that
fosters a positive psychological atmosphere and
contributes to QWL. Overall, this analysis highlights
the necessity for the Tehran Municipality to
strategically enhance job resources while addressing
unmet demands to improve employee well-being
and organizational effectiveness. There are also some
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limitations to the research. Researchers of the current
study had to focus on the available literature as well
as the opinions of the accessible experts in the field.
Another point to notice is the accessibility to the
Tehran Minimality, the largest municipality of Iran for
testing the status of QWL. Other municipalities in the
country can also be evaluated based on the current
model as future research endeavors. An important
future research suggestion will be to share and discuss
the findings of this research with the authorities and
managers of the Tehran Municipality as well as other
municipalities to concentrate and invest in the most
relevant factors and indicators influencing the QWL.
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Cities represent focal points of intensified eco-
nomic activities, characterized by a dense accretion
of various industries and services. This economic sat-
uration, in turn, gives rise to intricate spatial struc-
tures that rely heavily on efficient transport networks
for their functionality and development (Wegener,
2021). In essence, cities and their transport systems
operate in a symbiotic relationship, a fact emphasized
by scholars who have likened transportation to “the
veins and arteries of urban areas” (Berry & Hurton,
1970), the “maker and breaker of cities” (Ogunsanya,
2002 cited in Olawepo, 2015), and the “backbone of
the urban economy” (Harriet et al., 2013). However,
the recent trajectory of unchecked urbanization and
rampant population growth has strained the deli-
cate equilibrium between transportation and cities.
The consequence of this strain is notably evident in
traffic congestion. This pervasive issue has become
a global concern, transcending the developmental
stages of countries and posing a significant threat to
the quality of urban life. Traffic congestion describes
traffic volume or modal split that creates a demand
for space that overwhelms the existing road capacity
(Rahman et. al., 2022; Afrin & Yodo, 2020). Rapid mo-
torization growth without corresponding enhance-
ments in road networks, infrastructure, and traffic
management techniques is a common precursor to
congestion (Arti et al., 2022), turning it into a global
challenge associated with urban centers worldwide.
While some developed nations have made strides
in managing traffic congestion, the problem persists
largely unsolved in underdeveloped regions, mani-
festing particularly acutely in countries like Nigeria.
In Nigeria, the challenge is exacerbated by factors
such as inadequate transportation and traffic facil-
ities, poor driving habits, poor road intersections,
poor road network, insufficient road capacity, lack
of parking facilities financial constraints, lack of plan-
ning data, suboptimal political decisions among many
others (Abuh & John, 2023; Irunokhai et al., 2020).
In the contemporary context, traffic congestion has
permeated virtually every urban landscape in Nigeria,
as indicated by various studies (Salisu et al., 2024),
Akanmu, Fasina & Sanni, 2020; Ajala, 2019). The issue
has evolved into an intractable challenge in the urban
centers of Nigeria, fueled by factors such as a bur-
geoning population, increased household incomes
leading to heightened car usage, suboptimal land-use
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planning, and inefficiencies in transport planning and
design (Aderamo & Atomode, 2012). Strikingly, traf-
fic congestion has been speciously characterized as
a reflection of urban development (Ajala, 2019) and
a symbol of growth in the urban economy (Harriet et
al., 2013). However, the actual impact of congestion
is nothing short of devastating, manifesting predom-
inantly in recurring queues, time wastage, and other
adverse traffic externalities, especially during peak
hours (Aderamo & Atomode, 2012). This depiction
accurately mirrors the situation in specific corridors
and intersections within Abeokuta, the administra-
tive headquarters of Ogun state. The traffic conges-
tion in Abeokuta has become an entrenched prob-
lem, causing considerable hardship for residents and
commuters, especially along critical corridors such as
Adatan-Car-wash-Asero, Panseke-Adigbe, Kuto-Isa-
bo, and Sapon-ljaye-lyana Mortuary road. This study,
therefore, aims to examine the intensity, patterns,
and characteristics of traffic congestion in those spec-
ified corridors. The overarching goal is to recommend
measures that can effectively address the recurrent
traffic gridlock along these corridors, thereby contrib-
uting to a more efficient and sustainable urban trans-
portation system in Abeokuta.

Literature review
Definition issues of traffic congestion

Traffic congestion poses a persistent challenge in
urban areas globally, exerting significant impacts on
economic productivity, air quality, and overall qual-
ity of life (Li, 2023; Vichiensan et al., 2021; Rossi et
al., 2020). Despite its widespread occurrence, the
absence of a universally accepted definition has hin-
dered effective efforts to address this multifaceted
issue. Thus, it is imperative to examine the elusive
nature of a standardized definition for traffic conges-
tion, exploring diverse perspectives, measurement
methodologies, and the consequential implications
of this definitional ambiguity. Numerous studies un-
derscore the intricate challenge of defining traffic
congestion, resulting in varying interpretations across
disciplines and geographic regions (Andreas et al.,
2023; Mehdi et al., 2022; Afrin & Yodo, 2020). Some
scholars (Al-Turki et al., 2021; Drlic¢iak et al., 2020;
Abdulsattar et al., 2020) emphasize the multifaceted
nature of congestion, highlighting the intricate inter-
play among factors such as traffic volume, density,
and infrastructure capacity. In contrast, others (Zhu et



al., 2023; Droj et al., 2021; Acheampong, 2020) argue
for the adoption of a multi-scalar concept of urban
spatial structure, providing valuable insights into the
complex interactions between urban elements and
their influence on congestion. These divergent con-
ceptualizations contribute significantly to the ongoing
challenge of establishing a standardized definition.
The methodologies employed in defining and mea-
suring traffic congestion exhibit noteworthy diversity.
Traditional traffic flow models, as proposed by Ver-
hoef et al., (1997) and adopted by various scholars
(Karbasi et al., 2022; Parisi et al., 2021), often rely
on observable variables such as speed and density.
However, limitations in these models capturing the
dynamic nature of congestion have prompted the ex-
ploration of emerging technologies. Researchers like
Li et al., (2023), Wang et al. (2022), and Jiao & Wang
(2022) leverage GPS data and real-time monitoring to
redefine congestion, emphasizing the necessity for
continuous adaptation to evolving urban dynamics.
Despite the innovative promise, integrating qual-
itative approaches, as undertaken by Ambihl et al.
(2023) and Xie et al., (2020), introduces subjectivity
to the definition, posing challenges for standardiza-
tion. The absence of a standardized definition carries
profound implications for both research and policy.
Policymakers encounter difficulties formulating ef-
fective interventions when the understanding of con-
gestion varies widely. Furthermore, research com-
parisons become challenging due to inconsistencies
in definitions, limiting the generalizability of findings.
The economic, social, and environmental impacts of
congestion necessitate a cohesive and universally ap-
plicable understanding to guide evidence-based deci-
sion-making. This review underscores the challenges
in achieving a universally accepted definition of traffic
congestion. The diversity in conceptualizations and
methodologies, coupled with the profound implica-
tions of ambiguity, emphasizes the need for collabo-
rative efforts in developing standardized frameworks.
As we move forward, research and policy initiatives
must navigate this complexity to effectively address
the global challenge of urban congestion, emphasiz-
ing adaptability and inclusivity in the pursuit of a uni-
versally applicable definition.

Studies on traffic congestion in Nigeria
The literature extensively discusses the causes,
effects, and remedies for traffic congestion across

various regions in Nigeria. Abuh & John (2023) inves-
tigate traffic congestion in Abuja, utilizing Geographic
Information System (GIS) techniques to map conges-
tion areas, identify causes, and explore solutions.
The study, based on random sampling and structured
questionnaires, identifies excess taxis as the primary
cause and proposes road maintenance and the com-
pletion of the Apo-Karshi road as key solutions. Otto
& Ogboda (2022) observe a surge in motor vehicles
on Port Harcourt Road, leading to significant traffic
issues. The study focuses on the Garrison intersec-
tion, proposing sustainable improvements based on a
comprehensive traffic study using the Relative Impor-
tance Index (R.L1). The identified causes include in-
adequate bus stop capacity, poor traffic control, and
insufficient road capacity. Remedial measures involve
enhancing the intersection with U-turns, pedestrian
crossing facilities, and off-road bus stop bays.

Salisu et al., (2020) examine persistent traffic
congestion issues in Ibadan, emphasizing ineffective
traditional measures and negative motorist attitudes.
The study explores Intelligent Transport Systems (ITS)
as a solution, highlighting faulty intersections and an
excess of traffic officers as significant contributors
to congestion. The findings suggest a clear necessity
and willingness to adopt ITS in Ibadan, with recom-
mendations aiming to enhance traffic flow in Nigerian
cities. Irunokhai et al., (2020) argue that population
increase exacerbates traffic congestion, leading to
the selection of Sango T junction in Ibadan for inves-
tigation. The study, employing direct observation and
time countdown methods, determines the morning
as the peak traffic period. Although the average wait-
ing time in the evening is higher, there isn’t a signifi-
cant difference in traffic flow between peak and off-
peak periods. In Ogun State, despite a few outdated
studies (Ajala, 2019; Olagunju, 2015; Raji & Muse,
2009), there is a lack of serious research attention
on traffic congestion in Abeokuta, the administrative
headquarters. This gap exists despite its economic
importance, substantial population growth, and prox-
imity to Lagos, the commercial hub of Nigeria.

Causes of traffic congestion in Nigeria

Traffic congestion in Nigeria is primarily caused by
poor road infrastructure, indiscriminate parking, and
high vehicle density. Many of the roads in the country
are in poor condition, characterized by potholes and
inadequate drainage systems, which slow down the
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Fig. 1: The study area: Abeokuta metropolis (source: Google Maps, 2024)

movement of vehicles and cause frequent traffic jams
(Aderamo & Atomode, 2012). Indiscriminate park-
ing further worsens the situation, as vehicles parked
along roadsides reduce the available space for mov-
ing traffic, leading to congestion (Ajala, 2019).

The number of vehicles on Nigerian roads has also
increased significantly, surpassing the capacity of the
existing road infrastructure. This imbalance between
vehicle numbers and road capacity exacerbates con-
gestion (Olawale, 2020). In addition, ineffective traffic
management and the absence of proper traffic signals
contribute to the problem, with traffic officers often
struggling to manage the flow of vehicles effectively
(Olagunju, 2015). Street trading and commercial ac-
tivities along major roads also obstruct traffic, as ven-
dors and buyers often spill onto the streets, leaving
less space for vehicles (Global Journals, 2018). Rapid
urbanization has led to an increased demand for road
space, but many cities have not expanded their road
networks to match the growing population (Olawale,
2020). Furthermore, deficiencies in the public trans-
port system, such as inadequate and poorly managed
services, force more people to rely on private vehicles,
increasing traffic volumes (Ajala, 2019). Cultural fac-
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tors, including driving behaviors like aggressive driv-
ing and a disregard for traffic rules, also contribute to
the worsening traffic situation (Olagunju, 2015). The
effects of traffic congestion in Nigeria are far-reach-
ing. Economically, it leads to a loss of productive time
and increased fuel consumption. Environmentally,
the idling of vehicles during traffic jams contributes to
increased emissions and air pollution (Olawale, 2020,
Olagunju, 2015;. Health-wise, prolonged exposure
to congested traffic conditions can lead to elevated
stress levels and respiratory issues (Onyeneke, 2018).
To address these issues, various remedies have been
proposed. Improving road infrastructure through reg-
ular maintenance and expansion of road networks
is essential. More effective traffic management sys-
tems, along with better training for traffic officers,
are also necessary to manage traffic flow efficiently.
Developing efficient and reliable public transport sys-
tems can help reduce the reliance on private vehicles
(Aderamo & Atomode, 2012)., alleviating congestion.
Additionally, enforcing laws to prevent street trading
on major roads and educating drivers about the im-
portance of adhering to traffic rules can help reduce
congestion and improve traffic flow in Nigeria.



The study area

The study area is Abeokuta, the administrative
headquarters of Ogun State. Abeokuta became the
state capital of Ogun State in 1976. Abeokuta lies
within the southwestern part of Nigeria on Longitude
3.33°E and latitude 7.17°N (see Fig. 1). It is within
70 15’ North of the Equator and Longitude 50 05’
East of the Greenwich Meridian. Abeokuta, being
sandwiched between Lagos and Ibadan, the two im-
portant cities in the Southwestern part of Nigeria, is
about 103 km to the former and 79 km to the latter.

Data types and sources

The data required for this study were sourced
from primary sources, encompassing the following:

1. Corridor types and associated land uses (Com-
mercial, residential, industrial, institutional, markets,
retailing shops, etc.) obtained through direct obser-
vation.

2. Traffic characteristics: Including traffic volume,
composition, variations, and operating capacity,
sourced through manual traffic count.

Data collection

In this study, a systematic approach to data collec-
tion was adopted to ensure accuracy and consisten-
cy in gathering essential information related to road
types, intersections, and land uses. The researchers
designed a comprehensive checklist that allowed
for the standardized collection of data on various
road and intersection configurations, including dual
and single carriageways, as well as different inter-
section types such as two-legged, three-legged, and
four-legged intersections. Additionally, the check-
list categorized land use types into key categories
like commercial, industrial, residential, institution-
al, motor parks, and retail shops. This standardized
tool ensured that data could be collected uniformly
across all observed locations. To assist in the data col-
lection process, a team of six trained assistants was
employed. Each assistant underwent a week-long
training session, focusing on critical aspects of the
research such as land-use classification, traffic count-
ing, and proper utilization of the checklist. A partic-
ular emphasis was placed on ensuring the reliability
of subjective classifications, like land use, which can
often vary depending on individual perspectives. To
address this, inter-rater reliability measures were im-

plemented, where the assistants conducted trial runs
to compare their observations. In cases where dis-
crepancies arose, they were discussed and resolved
collectively, ensuring that all assistants had a uniform
understanding of the criteria for classifying land uses
and traffic features. This process not only helped
minimize errors but also ensured that data collection
was reliable and consistent across the study area.
Data on traffic volume and composition were man-
ually collected using a hand-tally method for several
reasons. This approach allows for detailed recording
of various vehicle types, which is essential for ana-
lyzing their impact on road usage and congestion. It
offers flexibility in selecting times and locations for
counts, enabling researchers to capture peak traffic
periods effectively. Manual counting also allows ob-
servers to account for situational variables like road
conditions and weather, providing qualitative context
to the quantitative data. Additionally, this method
is cost-effective, particularly for short-term studies,
and can yield more accurate results in low-traffic
areas compared to automated systems. However,
potential limitations include human error and obser-
vational biases. To address these, thorough training
for data collectors and standardized protocols for
data collection are essential. The traffic counts were
strategically conducted during peak hours—morning
(7:00 am to 10:00 am) and evening (3:00 pm to 6:00
pm)—to capture fluctuations in traffic flow. These
counts took place on Monday, Wednesday, and Sat-
urday to account for both weekday and weekend
variations in traffic patterns. The decision to conduct
traffic counts on Monday, Wednesday, and Saturday
was strategically made to capture a comprehensive
view of traffic patterns throughout the week. Mon-
day was selected for its high commuter activity as
people return to work or school after the weekend.
Wednesday provided insights into midweek traffic
flow, helping to identify typical weekday patterns.
Saturday represented weekend traffic, capturing
travel for leisure, errands, and social activities. This
combination of days ensured a comprehensive anal-
ysis of both weekday and weekend traffic dynamics,
allowing for a deeper understanding of the factors
influencing traffic volume and composition. The data
from these three days were averaged to provide a
more representative picture of the typical daily traf-
fic flow. To maintain consistency in the traffic counts,
the traffic was categorized into different types, such

255



as passenger vehicles, trucks, and motorcycles, with
each category recorded separately. This categoriza-
tion allowed the researchers to gain a detailed un-
derstanding of the composition of traffic in the study
area. Additionally, supervisors regularly verified the
tally sheets used by the assistants to ensure that er-
rors were caught and corrected immediately. Periodic
spot checks were also conducted at various observa-
tion points to ensure that the traffic counts remained
consistent and accurate throughout the study. These
measures ensured that the traffic data collected was
both reliable and robust, forming a solid foundation
for the study’s analysis and recommendations.

Statistical treatment

The traffic volume data collected from the man-
ual counts were subjected to a comprehensive sta-
tistical analysis to uncover trends, variations, and
patterns in traffic flow across different periods and
road corridors. Descriptive statistical measures, such
as mean, standard deviation, and percentage distri-
bution, were employed to provide a clear picture of
the average traffic volume and its variability through-
out the study period. The use of mean values helped
establish a baseline for understanding typical traffic
conditions on different days and during specific time
frames, while the standard deviation illustrated the
extent of fluctuations around the average, highlight-
ing periods of high and low traffic intensity. To fur-
ther refine the analysis, the data were disaggregated
based on specific factors such as vehicle type (e.g.,
passenger cars, trucks, motorcycles) and road cor-
ridor classification. This categorization allowed for
a more granular view of the composition of traffic
and its impact on different segments of the trans-
portation network. The patterns observed in vehicle
composition were crucial for assessing road capacity
and operational efficiency, particularly in identifying
corridors that were prone to congestion or overuse.
For example, a higher concentration of heavy-duty
trucks in certain corridors could indicate the need
for alternative routes or infrastructure upgrades to
manage the load more effectively. Additionally, peak
and off-peak traffic volumes were analyzed separate-
ly to capture temporal variations. The morning and
evening peak hour data were compared to off-peak
periods to determine the intensity of traffic conges-
tion during different times of the day. By using de-
scriptive statistics to quantify the extent of these
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variations, the study was able to pinpoint critical time
slots when traffic was most likely to reach or exceed
road capacity. This time-based analysis was instru-
mental in identifying specific periods that required
traffic management interventions, such as re-timing
of signals, the introduction of reversible lanes, or re-
strictions on heavy vehicle movements during peak
hours. The analysis incorporated inferential statistical
techniques, specifically employing the chi-square test
and Analysis of Variance (ANOVA), to investigate dif-
ferences in traffic volume during peak hours. The chi-
square test was selected for its capability to assess
whether there were significant deviations between
observed and expected traffic volumes, allowing for
a clear understanding of fluctuations during specific
times of day. In contrast, ANOVA was utilized to eval-
uate significant variations in traffic volumes across
different road types and land-use classifications. This
approach was particularly useful in discerning wheth-
er differences in traffic flow could be attributed to
structural distinctions in the road networks (such as
single versus dual carriageways) or the impacts of
adjacent land uses (for instance, commercial versus
residential areas). This helped isolate the factors con-
tributing most significantly to congestion, providing a
basis for targeted policy recommendations and infra-
structure planning. The use of these statistical tools
provided a robust framework for interpreting the raw
traffic data and transforming it into actionable in-
sights. The findings from the statistical analysis were
essential for understanding the operational capacity
of the road networks, diagnosing traffic bottlenecks,
and making informed recommendations for both
short-term traffic management and long-term infra-
structure improvements. By identifying statistically
significant patterns and relationships within the data,
the study was able to support its recommendations
with empirical evidence, enhancing the credibility
and applicability of its findings in urban and regional
planning contexts.Top of Form

Unless specified otherwise, all tables and charts
presented in this study are derived from the survey
conducted in 2024.

Characteristics of road corridors
Table 1 provides insights into the characteristics
of the chosen road corridors. These corridors include



Table 1: Characteristics of selected road corridors and associated land uses

Road T f
SN Road corridor name oa y'pes ° Major intersections Land use characteristics
types carriageway
Adatan roundabout, car wash . -
. R n u' Y W, Public, Religious, Motor Parks,
1 Adatan/ Asero Arterial 2-lane (one way) intersection, Aladesanmi L
. . and service industry
intersection
Panseke- Sub- Panseke intersection, lbara Public, Institutional, residential,
2 . . 2-lane (one way) L . L
Adigbe arterial roundabout, Kuforiji intersection and retailing shops
3 Kuto- Sub- 2-lane (one way) Kuto roundabout, lyana Oja Public, institutional, Motor Park
Isabo arterial ¥ intersection and Market, retailing shops
Sapo-ljaye- . -lane divided ‘ Sapon roundabout, Public, se.rwce industry,
4 Arterial ljaye Roundabout, lyana- Commercial Motor Park,
lyana Mortuary (two-way)

Mortuary intersection Religious, Market

Adatan Car Wash/Asero, Panseke/Adigbe, Kuto/Isa-
bo, and Sapo-ljaye/lyana Mortuary. The selected
road corridors play a crucial role in connecting var-
ious land-use activities within Abeokuta and near-
by cities. These corridors include Adatan Car Wash/
Asero, Panseke/Adigbe, Kuto/Isabo, and Sapo-ljaye/
lyana Mortuary roads. To streamline the discussion
and reduce redundancy, similar road types have
been grouped, allowing for easier comparison and
highlighting their unique characteristics. Adatan Car
Wash/Asero Road stands out as a key transportation
link within the city. Currently operating as a two-lane,
one-way road, it is undergoing construction to trans-
form into a four-lane, two-way dual carriageway. This
road connects critical land uses such as Isale Abetu
Cemetery, Adatan Market, various banks, filling sta-
tions, and the Mudasiru Lawal International Stadium.
Major intersections include the Adatan Roundabout,
Car Wash Intersection, and Aladesanmi Intersection.
The expansion of this road is aimed at increasing its
capacity and improving access to surrounding com-
mercial and public spaces, making it a vital connector
for residential, commercial, and institutional activi-
ties. Next, the sub-arterial roads of Panseke/Adigbe
and Kuto/lIsabo share several similar characteristics,
making them suitable for grouping. Both roads are
two-lane, one-way roads that are currently under
construction for potential upgrades into four-lane,
two-way roads. They are integral to the movement of
people and goods within the city, connecting essen-
tial land-use areas.Panseke/Adigbe serves as an im-
portant connector to diverse land uses such as Inde-
pendent Park (recreational), June 12 Garage/Market
(public/market), and a variety of service industries,

including banks and retail shops. Major intersections
on this road include the Panseke Intersection, lbara
Roundabout, and Kuforiji Intersection. The road’s
planned expansion is expected to accommodate
growing traffic and improve access to commercial ar-
eas. Kuto/Isabo functions in a similar capacity, linking
important destinations like the MKO International
Stadium, the June 12 Cultural Centre, religious sites,
markets, and retail shops. Key intersections along this
route include the Kuto Roundabout and the lyana
Oja Intersection. Like Panseke/Adigbe, Kuto/Isabo’s
expansion will ease traffic congestion and facilitate
access to important public and commercial sites.
Both sub-arterial roads share the challenge of lim-
ited capacity, which results in heavy traffic during
peak hours. Their upgrades are expected to signifi-
cantly improve traffic flow and enhance connectivity
between recreational, commercial, and institutional
areas in Abeokuta.

In contrast, Sapo/lyana Mortuary Road is already
a four-lane, divided, two-way road, setting it apart
from the other corridors. It features major intersec-
tions at the Sapon Roundabout, ljaye Roundabout,
and lyana-Mortuary Intersection. This corridor serves
a variety of land uses, including saw-mill industries,
retail shops, shopping complexes, and other ser-
vice-oriented businesses. Despite being dualized,
the road faces capacity challenges due to the heavy
industrial and commercial traffic, especially from
large trucks servicing the industrial sector. Unlike the
sub-arterial roads that are still being upgraded, Sapo/
lyana Mortuary is fully operational but continues to
face congestion issues, making it a key focus for fu-
ture traffic management strategies. By grouping the
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sub-arterial roads and distinguishing the already du-
alized Sapo/lyana Mortuary, this discussion presents
a more fluid comparison of the corridors, highlighting
both their similarities and distinct characteristics. The
differences in their levels of development and usage
patterns provide insight into their varying roles in
Abeokuta’s road network.

Traffic characteristics of road corridors
Traffic volume patterns
Average daily traffic volume in the studied roads
Traffic volume, typically measured as Vehicles per
Hour (vph), represents the count of vehicles passing a
specific point on a roadway within a designated time-
frame. For both peak periods (morning and evening),
the total three-hour traffic volume was divided by 3
to calculate the number of vehicles per hour. The dai-
ly peak is derived from the average of both morning
peak vph and evening peak vph. The average peak-
hour volume, expressed in vph, is detailed in Table 2.

Traffic volume analysis of road corridors

From Table 2, the Sapo-ljaye-lyana Mortuary road
stands out as the corridor with the highest traffic vol-
ume among the studied road networks. It contributes
37.5% (2367 vph), 31.6% (2263 vph), and 34.4% (2315
vph) to the total traffic during the morning, evening,
and daily peaks, respectively. This high traffic volume
underscores the significance of the land use activities
it facilitates, serving as a vital link to the Lagos/lbadan
expressway through the Ogere road and connecting
important establishments like the post office, sawmill,
St. Jude Anglican church, and numerous retail shops.
The Kuto-Isabo road follows closely, generating the
second-highest traffic volume with 1570 vph (24.9%),
1859 vph (26%), and 1714 vph for the morning, eve-
ning, and daily peaks, respectively. This road’s impor-
tance is evident in its connection to MKO Internation-
al Stadium, June 12 Cultural Center, St. John Anglican
Schools (primary and secondary), Kuto Garage, Oba

Lipede Ultra-Modern Market, and various retail busi-
nesses. Panseke-Adigbe secures the third position,
recording 1183 vph (18.8%), 1542 vph (21.6%), and
1363 vph (20.34%) for the morning, evening, and
daily peaks, respectively. The traffic flow on Panseke/
Adigbe road highlights its significance in connecting
June 12 Garage/Market, Independent Park, and sev-
eral commercial centers linked by the road, serving
as a major link to the Lagos/Abeokuta road through
Sango Ota. Adatan Car Wash-Asero ranks fourth,
registering 1187 vph (18.8%) in the morning peak,
1488 vph (20.8%) in the evening peak, and 1338 vph
(19.94%) during daily peaks. This road connects traffic
to Ibadan through Apata, links to Adatan Market, and
hosts numerous retail shops. The aggregate variation
between morning and evening peak hours, depicted
in Fig. 1, indicates a higher traffic volume in the eve-
ning peak (1788 vph) than in the morning peak (1577
vph). This asymmetry may be attributed to commut-
ers leaving home before or after peak hours to avoid
congestion, resulting in a staggered morning traffic
pattern. However, in the evening, individuals might
be eager to return home promptly after work. This
traffic pattern is consistent across all road corridors,
except for Sapo-ljaye-lyana Mortuary, where the
morning peak (2367 vph) surpasses the evening peak
(2263 vph). Nevertheless, the Chi-square test results
(X =0.822604, p=0.84405) indicate no significant dif-
ferences in the number of vehicles per hour between
morning and evening peaks among the studied road
corridors. The Chi-square test results, which yielded
a statistic of X=0.822604X = 0.822604, and a p-value
of 0.844050, suggest that there are no significant dif-
ferences in the number of vehicles per hour between
morning and evening peak periods across the stud-
ied road corridors. This lack of statistical significance
implies that any observed variations in traffic volume
during these peak hours can be attributed to random
chance rather than underlying patterns or trends. In
this context, “random chance” refers to the idea that

Table 2: Average peak hour volume in selected Road Corridors

X Morning Peak Evening Peak Daily Peak
SN Road Corridors voh % voh % voh %
1 Adatan-Car-wash-Asero 1187 18.8 1488 20.8 1338 19.9
2 Panseke-Adigbe 1183 18.8 1542 21.6 1363 20.3
3 Kuto-Isabo 1570 24.9 1859 26.0 1714 255
4 Sapo-ljaye-lyana Mortuary 2367 375 2263 31.6 2315 34.4
Total 6307 100 7152 100 6730 100
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B Morning Peak B Afternoon Peak

Fig. 1: Average morning and evening peaks in the studied road corridors

the variations in traffic counts observed might occur
due to factors unrelated to the specific characteristics
of the road corridors or the time of day. Essentially, the
similarities in traffic volume across different corridors
may not stem from distinct differences in land-use or
road design, but rather from common factors affect-
ing all corridors uniformly. Several possible reasons
might explain the absence of significant differences
in vehicle counts. One potential reason could be the
uniformity in land-use patterns across the studied
corridors, which means that they may attract similar
volumes of traffic regardless of time. For instance, if
multiple corridors serve similar commercial, residen-
tial, or recreational purposes, the overall demand for
road usage may remain consistent, leading to similar
traffic patterns. While the Chi-square test indicates
that the statistical differences are not significant, it is
crucial to approach these findings with caution. The
absence of statistical significance does not invalidate
the practical significance of the observed variations.
Qualitative factors, such as local traffic management
strategies, seasonal variations, special events, or
even socio-economic dynamics, could provide valu-
able insights into the traffic patterns. Incorporating
local knowledge and qualitative assessments can lead
to a more nuanced understanding of traffic dynamics
in these corridors, beyond what statistical tests can
reveal.
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Analysis of average traffic volume by selected days of
the week

The traffic counts were conducted on Monday,
Wednesday, and Saturday, offering insights into the
variations in traffic volume based on these specific
days. The aggregate data on traffic volume revealed
distinct implications for different days of the week.
The overall distribution demonstrates that Monday
had the highest share, accounting for 39% of the total
traffic generated on the selected road corridors over
the three days. Following closely is Wednesday with
34%, and Saturday with 27%, as illustrated in Fig. 2.
This variation in traffic volume among the selected
days carries economic implications. The heightened
traffic volume on Monday is likely attributed to its
perception as the most economically crucial day. Indi-
viduals are eager to commence their workweek on a
positive economic note, contributing to the increased
traffic. Wednesday, while still a significant working
day, might not be viewed as economically pivotal as
Monday. This perspective possibly results in a slight
dip in traffic volume on Wednesdays. On the other
hand, Saturday, being a weekend associated with
relaxation and social events, experiences a compar-
atively lower traffic volume during peak hours. This
phenomenon aligns with the general trend of fewer
people rushing out on weekends, contributing to the
observed decrease in traffic volume on Saturdays.
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Fig. 2: Overall daily traffic volume on the studied roads
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Fig. 3: Proportion of traffic volume by selected days of the week in the studied roads
The data breakdown for each specific location re- cars, encompassing both private cars and taxis, con-
veals a consistent pattern with the overall distribu- stitute the largest share with 44% of the total vol-
tion, as depicted in Fig. 3. ume, amounting to 4444 vehicles per hour (vph).
This stands in contrast to the findings of Aderamo &
Pattern of traffic composition Atomode (2012), where motorcycles were reported
The traffic composition across the studied cor- to be the predominant vehicle type in llorin. Never-

ridors is detailed in Table 3. The data reveals that theless, motorcycles still account for a substantial
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Table 3: Traffic composition at the studied Road Corridors

Vehicle Type A % B %

C

% D % Total % vph

1752
4200
1198

876
8026
1338

21.8
52.3
14.9
10.9
100
19.9

2572
3588
1280
736
8176
1363

315
43.9
15.7
9.0
100
20.3

Motorcycle
Car

Bus
Lorry/Tipper
Total

vph

3266

4394
1838
788

10286

1714

31.8
42.7
17.9
7.7
100
25.5

4028

5594

2992

1278
13892
2315

29.0
40.3
215
9.2
100
34.4

11618
17776
7308
3678

40380
6730

28.8
44.0
18.1
9.1
100
100

2905
4444
1827
920
10095

Note: A= Adatan/Asero, B=Panseke/Adigbe, C=Kuto/Isabo, D= Sapo/lyana Mortuary
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Fig. 4: Vehicle composition by road corridors

portion, comprising the second-highest type with
28.8% and 2905 vph. Buses and lorries/tippers fol-
low, contributing 18.1% (1827 vph) and 9.1% (920
vph), respectively. The prevalence of cars in Abeoku-
ta signifies its dependency on automobiles for urban
mobility. While cars offer individuals the convenience
and flexibility to travel easily from one point to an-
other, their extensive use raises significant concerns
for the environment, public health, and the overall
livability of the city. Moreover, overreliance on cars
for transportation may exclude individuals who are
unable to drive due to age, disability, or other rea-
sons. This lack of inclusivity can contribute to social
isolation and limit participation in various activities.
The noticeable increase in motorcycle presence fur-
ther reflects a growing inclination toward using them
as a key solution to tackle transportation challenges
within the urban landscape.
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The distribution of vehicle types exhibits a similar
trend across road corridors, albeit with varying levels
of deviation. In the Adatan/Asero corridor, over half
(52.3%) of the vehicles were either private or com-
mercial (taxi), whereas this figure was 43.8%, 42.7%,
and 40.3% in Panseke/Adigbe, Kuto/Isabo, and Sapo/
lyana Mortuary, respectively. Kuto/Isabo recorded a
higher proportion of motorcycles at 31.8%, surpass-
ing Panseke/Adigbe (31.5%), Sapo-lyana Mortuary
(29%), and Adatan/Asero roads, in descending order
(see Fig. 4).

The prevalence of buses is notably higher on
Sapo/lyana Mortuary Road (21.5%) compared to
Kuto/Isabo (17.9%), Panseke/Adigbe (15.7%), and
Adatan/Asero Roads (14.9%). Adatan/Asero Road ex-
periences a more frequent presence of Lorry/Tippers
(9.2%) than Sapo/lyana Mortuary Road (9%), Panse-
ke/Adigbe Road (9%), and Kuto/Isabo Road (7.7%), in
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Fig. 5: Vehicle composition by road corridors

Table 4: ANOVA: Traffic composition in the studied road corridors

ANOVA

Source of Variation SS df

MS F P-value F crit

0.0025
3020.011
3020.013

3
12
15

Between Groups
Within Groups
Total

0.000833
251.6676

3.3106 1.0000 3.490295

descending order. Analyzing the distribution of vehi-
cle types throughout the week reveals consistent pat-
terns, but a closer examination (see Fig. 5) exposes
notable variations. Specifically, car traffic is relative-
ly higher on Saturdays (43.1%) than on Wednesdays
(42.4%) and Mondays (40.3%), possibly due to in-
creased weekend activities leading to greater indi-
vidual car usage. Motorcycles show a higher preva-
lence on Wednesdays (30.9%) compared to Mondays
(30.5%) and Saturdays (27.9%), suggesting mid-week
transportation needs or commuting patterns favoring
motorcycles. Buses are more abundant on Saturdays
(19.9%) than on Mondays (19.3%) and Wednesdays
(17.3%), possibly reflecting heightened demand for
public transportation during weekends, particular-
ly for leisure activities. Conversely, there is minimal
variation in the presence of Lorry/Tippers on Monday
(9.8%), Wednesday (9.4%), and Saturday (9.1%), in-
dicating a consistent presence throughout the week,
potentially linked to commercial or industrial activi-
ties.Top of Form

The elevated counts of cars and buses on Satur-
day were anticipated, as it is a day traditionally des-
ignated for errands, shopping, and recreation. Resi-
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dents, particularly those in two-income families with
constrained schedules during weekdays, utilize Satur-
days for shopping, running errands, social visits, and
recreational activities. Despite observed variations in
traffic composition, ANOVA results indicate that, with
f=3.3106 and p=1.0000, there is no significant vari-
ance in traffic composition across the surveyed roads
(refer to Table 4).

Traffic capacity of the studied roads

The computed Passenger Car Unit (PCU) for the
selected road corridors, outlined in Table 5, results
in the following traffic capacities: Adatan/Asero road
corridor - 2375 PCU/hr; Panseke/Adigbe - 2325 PCU/
hr; Kuto/Isabo - 2957 PCU/hr; and Sapo/lyana Mor-
tuary - 4389 PCU/hr. Sapo/lyana Mortuary boasts the
highest traffic capacity, closely followed by the Kuto/
Isabo road. Adatan/Asero and Panseke/Adigbe roads
follow in descending order.

The examination of traffic data reveals that buses,
with a capacity of 4,872 Passenger Car Units per hour
(PCU/hr), play a significant role in the traffic load on
the selected roads. This is closely followed by cars,
which contribute 2,963 PCU/hr, lorries/tippers at



Table 5: Passengers Car Unit Equivalent (PCUE) of traffic volume in the road corridors

Vehicle Type PCUE A (PCUE) B (PCUE) C (PCUE) D (PCUE) (;—Z:fé) PCUE/hour
Motorcycle 0.75 1314 1929 2450 3021 8714 1452
Car 1 4200 3588 4394 5594 17776 2963
Bus 4 4792 5120 7352 11968 29232 4872
Lorry/Tipper 4.5 3942 3312 3546 5751 16551 2759
Total 14248 13949 17742 26334 72273 12045
PCUE/hour 2375 2325 2957 4389 12045

Note: A= Adatan/Asero, B=Panseke/Adighe, C=Kuto/Isabo, D= Sapo/lyana Mortuary

Table 6: Level of service (Source: adapted from Gajjar and Mohandas, 2016)

Volume/Capacity Ratio

LOS v/Q) Level of comfort Nature of flow
A <0.30 Highest Free Flow
B 0.30-0.50 Reasonably free flow
C 0.50-0.70 Stable flow
D 0.70-0.90 Threshold Approaching unstable flow
E 1.00 unstable
F >1.00 Lowest Forced flow

2,759 PCU/hr, and motorcycles at 1,452 PCU/hr. No-
tably, motorcycles have the least impact on the traffic
dynamics of the studied road corridors. The findings
highlight that while buses exert considerable influ-
ence on traffic volumes, they also can accommodate
more passengers compared to other vehicle types.
Consequently, this dynamic suggests that buses con-
tribute to lower levels of congestion than private cars,
particularly when they carry an average of more than
4.5 passengers. Practically, these insights underscore
the importance of prioritizing buses within the multi-
modal travel framework to enhance urban mobility.
By increasing the proportion of buses in the transpor-
tation mix, cities can effectively reduce congestion
levels, particularly during peak hours when road us-
age is at its highest. This could involve expanding bus
routes, increasing the frequency of bus services, and
improving overall bus infrastructure, such as dedicat-
ed bus lanes and strategically placed bus stops. More-
over, policymakers and urban planners can leverage
this data to design targeted interventions aimed at
promoting public transportation. Initiatives such as
subsidies for bus fares, enhanced safety and comfort
features on buses, and public awareness campaigns
about the benefits of bus travel can encourage more
commuters to choose buses over private vehicles. Ul-
timately, these strategies not only have the potential
to alleviate congestion but also contribute to sustain-
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able urban development by reducing the carbon foot-
print associated with private car usage. By recogniz-
ing the pivotal role of buses in the traffic ecosystem,
stakeholders can make informed decisions that foster
a more efficient and environmentally friendly trans-
portation network.

Level of service (LoS) of the studied roads

Road capacity signifies the maximum flow rate
under specific LoS conditions, accounting for prevail-
ing roadway and traffic conditions. LoS serves as a
qualitative measure encompassing factors like speed,
travel time, maneuverability, convenience, comfort,
safety, and traffic disruptions (Gajjar & Mohandas,
2016). The Volume/Capacity Ratio (V/C ratio) emerg-
es as the most precise predictor of congestion and
LOS, with higher ratios indicating greater congestion.
Table 6 displays the V/C ratio and associated LoS indi-
cator values across different scenarios.

The Volume/Capacity ratio was computed by
comparing the traffic volume with the specified traf-
fic capacity, as outlined in Indian Road Congress (IRC)
106:1990, to assess the Level of Service for the Roads.
The volume capacity ratios for the studied roads are
as follows: Adatan/Asero (1.25), Panseke/Adigbe
(1.22), Kuto/lIsabo (1.56), and Sapo/lyana Mortuary
(1.51).

Nevertheless, referring to Table 7, the level of



Table 7: Level of service in selected road corridors

Derived Traffic Recommended Volume Level of
SN Road Corridors Description capacity in PCUE/hr Capacity (IRC Capacity Service
pacity 106:1990) Ratio
1 Adatan-Car-wash- 2-lane (one way) 2375 1900 1.25 F
Asero
2 Panseke-Adigbe 2-lane (one way) 2325 1900 1.22 F
3 Kuto-Isabo 2-lane (one way) 2957 1900 1.56 F
4 Sapo-ljaye-lyana 4-lane divided 4389 2900 151 r
Mortuary (two-way)
=
e

Fig. 6: Traffic standstill at Panseke- Adigbe road

service for all the studied roads is categorized as F,
signifying forced flow. At this level, forced operations
occur at low speeds, leading to volumes below ca-
pacity. Congestion can result in notable decreases in
speed and occasional or extended stoppages. In ex-
treme cases, both speed and volume may be reduced
to zero. These conditions characterize the traffic sit-
uations on the selected roads, as illustrated in Figs.
6and 7.

The forced flow of traffic on all the studied roads,
as indicated by the LoS of F, suggests an overextend-
ed usage of the roads beyond the recommended
capacity. Table 7 displays the percentage difference
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between the derived and recommended capacity. It
is evident from the table that the existing peak-hour
volume for all roadways surpasses the IRC-recom-
mended capacity.

Table 8 reveals that the Kuto/Isabo road operates
at a capacity 56% beyond the recommended limit,
making it the most overstretched among the stud-
ied corridors. Sapo/lyana Mortuary is the second
most overstretched, exceeding the recommended
capacity by 51%. Adatan/Asero Road surpasses the
recommended capacity by 25%, and Panseke/Adigbe
Road operates 22% above the recommended limit.
Particularly, Kuto/Isabo and Sapo/lyana Mortuary,
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Fig. 7: Traffic congestion at Adatan-Asero road

operating well beyond capacity, indicate severe traf-
fic congestion, leading to delays for commuters and
potential economic losses. Residents on these roads
may face a reduced quality of life due to prolonged
commutes, stress, and safety concerns. Additional-
ly, overstretched roads contribute to unsafe condi-
tions, increasing the risk of accidents. The extent of
capacity beyond the recommended limit correlates
with heightened road safety concerns, impacting res-
idents’ decisions on housing, business locations, and
overall urban satisfaction.

Areas for future study

For further study, several areas merit explora-
tion to deepen our understanding of traffic conges-
tion and potential solutions in Nigeria. First, future
research could focus on the impact of road pricing
systems on reducing traffic during peak hours. By
examining various pricing models, researchers could
assess how these systems influence commuter be-
havior, their financial viability, and long-term effec-
tiveness in managing traffic congestion. Another
area for exploration is the adoption of telecommut-
ing and flex-time policies. Further investigation into
the extent to which businesses are adopting these
strategies and their actual effect on reducing traffic
congestion would provide valuable insights. Chal-
lenges faced by employers and employee preferenc-
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es regarding these policies could also be explored
to better understand barriers to implementation.
Additionally, the feasibility and success of carpool-
ing and public transport enhancements, such as in-
troducing high-capacity buses, could be assessed.
This line of inquiry would help determine how these
initiatives influence commuter behavior, reduce ve-
hicle numbers on the road, and promote long-term
sustainable travel practices. Further research could
also address the environmental and health impacts
of traffic congestion. By quantifying emission reduc-
tions and health improvements resulting from alter-
native transportation modes, such studies could em-
phasize the broader benefits of reducing reliance on
private vehicles. Another key area is the implemen-
tation of ITS. Research could investigate the benefits
of smart traffic management, real-time traffic data,
and automated traffic signals to enhance the flow
of vehicles and reduce congestion in urban centers.
Alternative traffic routes also warrant exploration.
Developing dedicated lanes for heavy-duty trucks
or establishing rail lines for freight movement could
alleviate pressure on the road network. Studies in
this area could focus on the practical and financial
aspects of implementing these alternatives and
their potential effects on overall traffic flow. Lastly,
research into the behavioral factors contributing to
single-occupant vehicle use would be beneficial. Un-



Table 8: Capacity of the studied road corridors

Derived Traffic Capacity Recommended
SN Road Corridors Description in PCU/hr Capacity (IRC % Difference
106:1990)
1 Adatan-Car-wash-Asero 2-lane (one way) 2375 1900 (+)25%
2 Panseke-Adigbe 2-lane (one way) 2325 1900 (+)22
3 Kuto-Isabo 2-lane (one way) 2957 1900 (+)56
: 4-lane divided
4 Sapo-ljaye-lyana Mortuary (Two way) 4389 2900 (+)51

derstanding this preference’s socio-economic and
cultural reasons could lead to more effective poli-
cies and incentives that encourage shared transpor-
tation modes and reduce traffic congestion. These
areas of further study would expand on the current
findings, offering a more comprehensive approach
to managing traffic in Nigeria and improving urban
transportation systems.Bottom of Form

This study highlights several critical issues in traf-
fic analysis. First and foremost, it reveals substantial
variations in traffic volume during peak hours and
across different days of the week. Notably, the eve-
ning peak registers higher traffic volumes than the
morning peak, with Mondays identified as having the
heaviest traffic. In light of these findings, the study
advocates for the implementation of a road pric-
ing system during rush hours. This strategy aims to
incentivize individuals to explore alternative trans-
portation modes and adjust their travel times, par-
ticularly during peak evening hours. Additionally, the
study suggests that businesses adopt flex-time poli-
cies, allowing employees to work flexible hours. This
would help disperse commuting demand and reduce
congestion during specific peak periods. Moreover,
telecommuting or remote work options are recom-
mended as an effective means to lower the number
of commuters on Mondays and during peak evening
hours. By integrating these strategies, commuters
would have diverse choices, which would, in turn,
lessen the overall demand on the road network during
critical times. Successful implementation of these
measures requires close collaboration with business-
es, local authorities, and the community, taking into
account their unique circumstances and needs. The
second key issue centers on the composition of traf-
fic, revealing a significant influx of single-occupant
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vehicles in the study area. This trend contributes to
traffic congestion, largely due to individuals’ prefer-
ence for driving. To combat this issue, a multifaceted
approach is recommended, encompassing various
policies, infrastructure enhancements, and behavior-
al changes. The urban authority is urged to restrict
private car circulation during certain periods and in
designated areas. Furthermore, promoting and fa-
cilitating carpooling and ridesharing programs could
help alleviate congestion. Enhancing the public trans-
portation system by introducing high-capacity buses
is also essential. To further support these efforts,
awareness campaigns highlighting the environmen-
tal and health impacts of excessive car use should be
implemented. Such campaigns would emphasize the
benefits of alternative transportation modes and the
long-term consequences of heavy reliance on private
cars. The third critical issue pertains to the traffic vol-
ume-to-capacity ratio, which indicates that all studied
roads, particularly the segments between Adatan-Car
Wash to Asero and Panseke to Adigbe, have exceeded
their carrying capacities. Therefore, urgent infrastruc-
tural development is recommended, focusing on road
expansion and dualization to accommodate escalat-
ing traffic volumes in these corridors. Optimizing in-
tersection and roundabout designs, especially at key
locations like Adatan and ljaye, is crucial for ensuring
smoother traffic flow. As an overarching recommen-
dation, the urban authority is encouraged to invest
in intelligent transportation systems, which represent
a holistic approach to modernizing urban mobility.
Additionally, establishing alternative traffic routes,
such as rail lines, would facilitate the movement of
heavy-duty trucks, thereby alleviating the strain on
existing road networks. This comprehensive strategy
not only addresses immediate congestion concerns
but also lays the groundwork for a sustainable and
efficient urban transportation infrastructure.
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This study explores the phased approaches of post-war urban re-
design to present a collaboration between Artificial Intelligence and traditional processes for post-war
urban recovery. A hybrid approach enables stakeholders to actively define their city’s future by simulating
several re-design scenarios utilizing Al data management. This interactive representation of possible results
enables well-informed decision-making, where the advantages and limitations are carefully considered,
guaranteeing that the re-design aligns with the requirements and needs of the local communities. This
integrative method promotes openness and a feeling of responsibility, establishing the basis for resilient
urban environments that emerge from conflict.

The study establishes a foundation for using Artificial Intelligence technologies to solve complex
urban development challenges by critically examining existing approaches for urban re-design after the
war and promoting interventions powered by Artificial Intelligence-driven processes. This study aims to
contribute to the field of post-war rebuilding of urban landscapes by developing a solution that can be
generalized. This study adopts a qualitative methodology approach to investigate the possible integration
of Artificial Intelligence in re-designing urban landscapes post-war. The methodology is structured to
examine existing approaches and studies of post-war urban recovery, compare traditional and Al-assisted
approaches, and propose a hybrid approach that combines both. The study structure is a literature review
and theoretical approach development, data collection, and analysis, depending on multiple sources,
including government reports and academic research, as well as hybrid approach development.

The discussion provides theoretical evidence of the potential advances in this empirical
approach, highlighting the efficiency improvements achievable by using Artificial Intelligence technologies in
a hybrid phased approach that integrates traditional post-war processes with Artificial Intelligence-assisted
ones. The study also highlights the importance of ethical considerations in Artificial Intelligence restoration
procedures, addressing acceptance, community involvement, and cultural heritage safeguarding concerns.
This emphasis on ethics reassures the audience about Artificial Intelligence’s responsible and conscientious
use in post-war re-design.

The study explores the potential integration of Artificial Intelligence in re-designing postwar
urban landscapes. It compares conventional methods of urban revival with innovative Artificial Intelligence-
supported methods to determine the advantages of utilizing Artificial Intelligence in post-war urban
re-design. Traditional techniques for gathering data, allocating resources, and engaging the community
have many challenges that negatively affect the effectiveness of re-designing and re-design measures.
This study suggests that integrating Artificial Intelligence with traditional strategies can help overcome
these challenges by analyzing extensive datasets, which leads to effective decision-making. A hybrid
approach combining conventional and Artificial Intelligence-supported methods is suggested to improve
the resiliency and sustainability of the re-designing process. It aims to enhance resource distribution and
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Architectural design and planning strategies
commonly have various design parameters and
involve numerous stakeholders based on the scale
of these projects, such as extensive infrastructures
like cities (Li et al., 2019; Kim and Alseadi, 2021; E.
N. Shagour, 2022; Manoharan et al., 2023). The
architectural design process includes many aesthetic,
sociological, psychological, anthropological,
and economic factors(Alkassabany and Mousa,
2020; Ibrahim, 2022; Hettithanthri, Hansen and
Munasinghe, 2023). Technology benefits the design
process, methodologies, and feedback utilization at
different stages. The recent technological movement
is to increase conception and provide uncomplicated
user control (Wu, 2018a; Mitchell et al., 2021).
Data parameterization facilitates opportunities to
achieve intelligent analyses (Gubbi et al.,, 2013).
Urban data are usually organized by non-architects,
such as programmers, and data analysis is used
to construct datasets like CubiCasa 5K (Kalervo et al.,
2019). Using data in technology-driven architectural
design speeds up the performance of processes
such as generative design, contextual awareness,
and algorithmic thinking. Enhancing the quality of
services provided and supporting users’ lifestyles
was the significant barrier to urban re-design in the
post-war period based on the utilization level of the
data set provided to integrate into the design process
(Reijneveld et al., 2024). Optimal utilization of urban
designers’ data input is essential for adequate
decision-making concerning the most influential
urban interventions that best utilize time, budget,
and resources (Yarwood, 2010; Reijneveld et al.,
2024). Conventional post-war reconstruction models,
frequently impeded by fragmented data and manual
evaluations, do not effectively tackle the complex
rebuilding issues. The inefficient allocation of
resources, which prioritizes short-term requirements
at the expense of long-lasting resilience, endorses
vulnerabilities and obstructs the achievement of
sustainable recovery (Al-Mosawy et al.,, 2021a;
UNDP, 2021). Planners and designers designed the
development plans for urban areas post-war based
on the available data, implementing three strategies
to read the data: Description, Interpretation, and
Deconstruction, to make response strategies in
the form of conceptual design (Al-Mosawy et al.,
2021b; UNDP, 2021). Artificial Intelligence (Al) is a
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technological advance that improves urban design
by managing and analyzing complicated datasets,
providing predictive understandings, and enhancing
decision-making in the urban development process
(deJongetal., 2015; Wu, 2018b; Liu and Zhang, 2023).
Previous studies approve that Al integrates data from
diverse sources, such as sensors, (loT) devices(Ali and
Panchal, 2020; Pramanik et al., 2023), and geospatial
data, to monitor urban environments in real-time and
forecast future tendencies(Embarak, 2022). As well as
Al can also power simulation strategies and decision-
making support systems to allow urban planners
to test scenarios, assess risks, and derive data to
make various choices depending on sustainability
and efficiency (Singh and Manoharan, 2024). Al
encourages public engagement between people and
decision-makers by automating conventional design
tasks and supports the development of resilient and
smart cities (Komninos, 2006; Voda and Radu, 2018;
Ahmed et al., 2021). Traditional urban rehabilitation
after a war generally faces numerous complex
challenges: a lack of comprehensive data hinders
correct evaluation, limited resources contribute to
inefficient distribution, and a lack of coordination
between planners and people undermines the
effectiveness of rebuilding efforts (WB, 1998;
Kokkala and Marinos, 2022). This study explores the
phased approaches of post-war urban re-design to
present a hybrid framework that integrates Al with
traditional frameworks to post-war urban recovery
frameworks. A hybrid approach enables stakeholders
to actively define their city’s future by simulating
several re-design scenarios utilizing Al data gathering
and analysis. This interactive representation of
possible results enables well-informed decision-
making, where the advantages and limitations are
carefully considered, guaranteeing that the re-design
aligns with the requirements and ambitions of the
individuals who will reside there. This integrative
method promotes openness and a feeling of
responsibility, establishing the basis for resilient
urban environments that emerge from adversity and
are more robust and dynamic than ever.

Literature review
Conventional approaches for urban re-design

In Architectural and Urban Design and Planning,
the conventional design process starts with collecting
project needs and then iterating various visions



while maintaining a feedback process with project
stakeholders (Lawson, 2006). Architecture Design
inputs that determine the outputs are varied and
changeable based on project type, context, and scale.
The design process needs creativity (Woodbury,
Williamson and Beesley, 2011). Designers must use
their expertise and theoretical understanding to
decide on the best design option for their present
needs (Bradner et al., 2014). The subsequent nature
of the design process can be adjusted to align with the
needs and context, applying an equivalent rotation
of brainstorming and verification to create concepts
and details. Design plays a crucial role in architecture.
Communicating design intent in architecture and
diagrams is essential to incorporate topology, scale,
form, context, and orientation (Gross & Yu, 2001). A
distinctive approach of designers is the systematic
methods planners use to create novel ideas that meet
the existing norms and address fundamental issues.
Moreover, a particular complexity in urban design
is that the problem is frequently specific to the site,
resulting in each design challenge being sure of the
program itself (Razzouk and Shute, 2012). Traditional
analysis techniques, such as statistics, Geographic
Information Systems (GIS), and case study reviews,
are employed to understand the vast amount of
data and reports available (Casali, Aydin and Comes,
2022).

Al-assisted approaches

The inflow of technology has led to several
significant changes in different fields and sectors,
including  the architecture  design  process
(Mohammed, 2020). Urban planners face substantial
challenges due to the fast growth of urban areas
and the increasing complexity of urban issues.
Based on these issues, like all fields, urban design
and architecture are presently being transformed
by integrating Al technologies (Peng et al., 2023).
Extensive data from various sources, such as the
vehicle-to-everything (V2X), Internet of Things (loT),
Information Communication Technologies (ICT), and
social media, along with comprehensive research
and publications, has equipped urban designers with
enhanced abilities to comprehend urban dynamics
and recognize issues almost instantaneously(Zhang
and Lu, 2021). Mechanization and visualization
have been at the forefront, simplifying the design
process and allowing real-time visualization of

changes through interactive interfaces. Many new
design approaches depend on technology that has
appeared during the last century, such as Building
Information Modeling (BIM), computational design,
and parametric design(Tezel et al., 2020; E N Shaqour,
2022). The mentioned technologies facilitate and
change the design process by permitting massive
data processing like environmental analysis. 3D
printing and standardization also facilitate the
discovery of complicated forms (Trindade et al.,
2017). Al is considered an influential invention in
many fields, such as architecture, because it allows
the creation of new creative design concepts and
resolutions (Komninos, 2016). Machine Learning
(ML) enhances operations in diverse industries
and delivers the imaginable in all design phases by
recognizing patterns in input data (Akinosho et al.,
2020). ML can significantly benefit from architectural
data to create and design new features and their
interrelationships(Meeran and Conrad Joyce, 2020).
The rise of Al, particularly language models like
ChatGPT created by OpenAl, machine, and deep
learning models, enhanced computational capacity,
software, and algorithms, providing new possibilities
for urban designers to utilize helpful understandings
to address complex urban challenges (Zhang and
Lu, 2021). Additionally, artificial intelligence is used
to forecast alterations in land utilization (Aburas,
Ahamad, and Omar, 2019). Al has the potential to
be a helpful tool for urban planners by providing
decision support, responding to questions, and
making suggestions (Bai et al., 2022). Over the last
twenty years, many studies have used quantitative
planning models through Planning Support Systems
(PSS), such as Cellular Automata (CA) models, to
classify the lands based on the level of development,
such as DINAMICA and SLEUTH. DRAM/EMPAL
are large-scale urban models that predict future
land uses. Another model is the California Urban
Futures model, which provides detailed regulations
for land development. The last one is Agent-Based
Models (ABMs) that analyze changes in the built
environment (Peng et al., 2023). Utilizing satellite
imagery assessment and sentiment evaluation tools
can yield significant and informative perspectives
(UN-Habitat, 2022; UNESCO, 2023a). The UN Global
Pulse highlights another approach where Al is used
in predictive modeling and risk assessment (United
Nations Global Pulse, 2023). Al algorithms can forecast
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probable infrastructure failures, natural disasters,
and civil unrest, which can aid in determining the
most essential actions to take and develop resilience.
Recently, Al appeared in relevant theoretical and
practical studies and is seen as an assistant in post-
war rehabilitation, where specific considerations and
approaches are acknowledged accordingly. Some of
the general approaches found in research are using
Al to manage information and analyze data utilizing
specific Al tools that provide valuable insights into
post-conflict rehabilitation and reconstruction. In this
matter, Al can examine extensive quantities of data
about impaired infrastructure, displaced populations,
and the availability of resources.

A theoretical and practical exploration of post-war re-
design

A previous study seeks a method for re-designing
the city while maintaining its identity, urban heritage,
and texture. It aims to revitalize urban identity by
maintaining symbolic structures to keep identity
(Hussein, Abdulla, and Salih, 2019). International
events can significantly improve urban development
and guide decision-makers to direct integrated urban
development for the advantage of the people and the
city(He et al., 2020). The role of events like wars in
shaping urban development strategies has become
increasingly important. Policies centered around
events encompass economic, social, and cultural
factors that impact and guide the development of
cities (Richards, 2020). Many studies are concerned
with the morphological transformation in the urban
design of cities post-war, highlighting the significance
of reconstruction agendas that maintain the urban
and architectural identity. It also emphasizes the need
to integrate old sites with the new ones resulting
from war (Salman et al.,, 2021). Urban designers
should maintain sustainable development while
re-designing and reconstructing cities after wars.
They need a comprehensive approach considering
financial, social, environmental, institutional,
organizational, and cultural dimensions. Designers
also adopted principles, means, and techniques for
reconstructing Mosul City after the war (Abdul Razzaq
Mohsen Al-Samurai & Subhi Ramdan Al-Qaraghuli,
2021). Previous studies have discussed many post-
war approaches to city re-design. They discuss
revitalization as a critical preservation method used
to conserve sites of important historical, cultural, and
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urbanimportance (Al-Khafaji, Al-Salam, and Alrobaee,
2021). It is concerned with keeping buildings in
adequate physical shape and selecting specific
areas for preservation based on their historical
or architectural value to maintain a community’s
sense of identity. This approach undermines conflict
morale (Altaece & Al-Ani, 2020; Hussein et al., 2019).
Other studies discuss the idea of “renewal,” which
involves bringing a building back to its earliest
function after critical maintenance or changing it for
new or different activities. In the renewal of areas
with partially damaged buildings, urban, economic,
and social concerns are crucial(Steinberg, 1996).
Renewal strategies prioritize active preservation
and include various indicators(Zheng et al., 2014).
The deconstruction approach is used for areas with
significant damage. The goal is to clear and rebuild
the land to promote positive land use, remove
polluted sites, decrease poverty, renew urban work
areas, and promote eco-friendly industries(Al-Jaberi
et al., 2019). Prioritizing redevelopment improves
mobility and contributes to a better quality of life for
residents(Almeida, Ramos, and Silva, 2018). However,
careful planning is needed to minimize their effect
on construction waste generation. Recently, several
studies between theory and practice approached
post-war urban rehabilitation. Many international
organizations focus their reports on rehabilitation
values after wars. For example, Sierra Leone, in
2023, approached post-war rehabilitation from the
perspective of peacebuilding. Their study emphasizes
the promotion of enduring peace through addressing
trauma, supporting reconciliation, and developing
social cohesiveness. lllustrative instances encompass
community peacebuilding conversations, trauma-
informed reconstruction projects, and programs
that amalgamate cultural heritage into public
places (Leone, 2023). Post-war rehabilitation
within an urban context refers to the complex
and diverse process of restoring, revitalizing, and
rebuilding cities and communities after experiencing
the negative impacts of armed conflict. It goes
beyond physical reconstruction, integrating social,
economic, and cultural elements to establish long-
lasting and inclusive urban settings(UN-Habitat,
2022). From another perspective, similar studies
focus on several practical considerations in their
approaches to post-war rehabilitation. One example
is the Land Restitution Program facilitated by the



United Nations Development Programme (2022),
which acknowledged the resolution of opposing
assertions regarding land and property as essential
for establishing stable ownership and facilitating the
reconstruction process. Another study focused its
approach on livelihoods and economic development,
suggesting that reducing employment positions and
avenues for growth is vital for sustaining recovery by
allocating funds toward local enterprises, nurturing
the spirit of entrepreneurship, and delivering
comprehensive training programs to enhance
skills(ILO, 2023). Lastly, UNESCO approached post-
war rehabilitation from the perspective of Cultural
heritage preservation, where the incorporation of
cultural legacy into the process of re-design promotes
the development of identity, enhances communal
togetherness, and creates economic prospects. This
includes restoring impaired sites, integrating cultural
values into urban planning, and promoting traditional
crafts and arts(UNESCO, 2023b). These principles
are generic, and the specific contributions of each
facet will vary based on the distinct setting of each
post-war situation. The post-war urban re-design
aims to establish peaceful, resilient, egalitarian, and
sustainable urban environments for populations
impacted by war by integrating several theoretical
and practical domains. Specific approaches for dealing
with post-war re-design are typically generalized and
found accordingly.

To this end, this study explores the role of Al
in re-designing urban spaces after the war. In the
context of the challenges of traditional post-war
rebuilding, the study identifies the transformative
potential of Al applications in enhancing urban
efficiency, depending on previous studies and cases.
The study lays the groundwork for implementing
Al as an innovative solution to complex urban
development issues by critically examining existing
models for urban recovery after war and promoting
technological interventions. This study is conducted
as academic research inspired by the beginning
of the war in Gaza, as a personal contribution to
benefit the post-war rebuilding field that can be
generally utilized in conflict zones. This study adopts
a qualitative methodology approach to investigate
the possible integration of Al in re-designing urban

landscapes post-war. The methodology is structured
to examine existing models and studies of post-war
urban recovery, compare traditional and Al-assisted
approaches, and propose a hybrid approach that
combines Al with conventional processes. The study
phases are:

1.  Literature  Review and  Theoretical
Framework Development will analyze studies
discussing conventional architectural and urban
design approaches, post-war urban re-design, and Al-
assisted processes. The results will be implemented
to develop a conceptual approach that combines
conventional and Al-supported processes.

2. Data Collection and Analysis depend on
various sources, including government reports and
academic research. The data were categorized into
three main groups: traditional approaches, Al-assisted
approaches, and post-war design perspectives. Based
on the analyzed data, the three approaches will be
designed.

3. Hybrid approach Development: A hybrid
approach that integrates Al applications with
traditional urban re-design methods was developed
based on the literature review analyses. The hybrid
model aimed to improve the urban redevelopment
process after the war, engaging the community and
preserving cultural heritage preservation.

The following, shown in Fig. 1, is a conceptual
framework of this study, summarizing the steps in
building the hybrid integrative model for post-war re-
design.

Traditional and Al-assisted approaches in Post-war
Urban Re-design

Post-war scenarios leave a persistent scar on
urban landscapes that are usually characterized by
the troubling loss of human lives and assets, as well as
significant damage to urban structures. Reconstructing
post-war is a process that demands practical
approaches that target complicated vulnerabilities
and generate stable and flexible potential. Accordingly,
the studies reviewed shed light on how conventional
approaches to post-war urban re-design have laid
the groundwork for the process. At the same time,
they also highlighted the acknowledgment of how Al
methods and tactics can significantly improve urban
landscape re-design after the war.
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Fig. 1: Conceptual illustration of the methodological framework of the study (Adapted by authors)

Conventional approaches

Throughout history, the re-design of post-
war areas depended on existing well-established
frameworks. The literature review conducted by the
researchers reviewed various theoretical studies
and practical publications and retrieved existing
data on such frameworks for conventional post-war
re-design. One of the main understandings seen
as typical is that conventional post-war re-design
is a phased approach, which elaborates on the
importance of having a systematic and sequenced
process for post-war re-design. Each phase builds
upon the previous one in a way that enhances an
effective and sustainable recovery process. The
studies reviewed highlight those specific processes
and are accordingly outlined into four main distinct
stages that are discussed as follows:

1. The Emergency Relief stage is the initial phase
within conventional post-war re-design frameworks.
Throughout this stage, the main focus is on providing
direct assistance and aid to respond to the immediate
needs of the communities under conflict to ensure
their survival and well-being. This includes the most
basic needs like food, water, shelter, and medical
attention.

2. Throughout the Peacebuilding and Early Re-
design stage, efforts mainly focus on establishing
stability and security, as well as facilitating recovery.
This is primarily approached by concentrating
efforts on reinstating law and order, rebuilding
damaged infrastructures, and neutralizing opponent
combatants.

3. The Transformation and Development stage,
where the main focus is on providing means to
facilitate economic growth within several urban
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sectors such as healthcare, education, housing, and
transportation.

4. The Normalization and Exit stage, considered
the final stage, typically focuses on ensuring all
affected communities can self-rely on themselves and
that all previous efforts and established developments
and transformations are stable for the long term.

Moreover, the review identifies some challenges
directly associated with the previously outlined
phases that must be addressed. The initial phase, for
instance, is commonly challenged by aspects such
as logistical issues, lack of coordination between
involved parties, and the inability to secure sufficient
aid. The second phase is usually challenged by
difficulties resolving political conflicts, allocating and
distributing available resources, and neutralizing
opponent combatants. The third phase is highly
challenged by difficulties in attracting investments
crucial for stimulating economic growth, corruption,
governance, and social inequalities. The final stage
is commonly challenged by issues such as conflict
relapse, accountability, and insufficient development
in local capacities. Fig. 2 summarizes the four staged
approaches of conventional post-war re-design
discussed.

Furthermore, some key aspects are emphasized
through relevant studies. Firstly, the role of international
actors such as organizations and governments is vital
to supporting and assisting throughout all phases
discussed. Also, it is essential to develop local capacities
by strengthening local institutions to promote
sustainable communities that withhold self-reliance
capacities for the long run. Finally, conventional models
highlight the importance of addressing the possibilities
of risks such as conflict relapsing through planning for
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it from several aspects, such as understanding and
preparing for the causes of conflicts, which promotes
resolving them and building peace.

Al-Assisted approaches

The literature reviewed also looked into specific
studies where Al technologies are incorporated for
assistance in several processes, such as providing
enhanced decision-making and appropriate resource
allocation and distribution for post-war re-design.
The researcher suggests that Al-assisted frameworks,
similar to conventional ones, commonly present
themselves through a set of consecutive processes
that are leveraged through the incorporation of Al
algorithms that contribute to enhancing several
aspects, such as decision-making, effective and
efficient allocation of resources, and monitoring.
Accordingly, the study outlines five main stages and
processes for Al-assisted post-war re-design, which
are summarized in the following Fig. 3 and then
discussed following:

1. In the Data Gathering and Analysis stage,
the initial phase commonly focuses on identifying
damage by gathering and analyzing sufficient data.
During this stage, data is also collected and analyzed
for vulnerabilities and social damages. Here, the role
of Al algorithms is to help process and analyze the
collected data, which usually presents itself in large
quantities, help in damage mapping, and outline
potential risks.

2. The Simulation and Scenario Planning stage

focuses on visualizing scenarios for re-design,
considering any potential impact for each scenario.
The role of Al here is to help stimulate several
strategies for re-design scenarios and test the
suggested designs while simultaneously predicting
how effective they can be as an efficient intervention.

3. The Participatory Planning and Decision-
Making stage mainly concentrates on approaching
communities in conflict and involving them in the
decision-making processes on platforms that Al
powers. Moreover, Al here contributes to providing
digital tools for communication, collaboration, and
decision-making.

4. The Resource Allocation and Optimization stage
usually focuses on optimally distributing resources
according to the needs identified based on previously
collected data. Al is used to track progress, identify
priorities to focus on, and make decisions driven by
data.

5. The Monitoring and Evaluation stage, this final
stage, mainly focuses on continuously monitoring
efforts and progress, adapting strategies, and
identifying possible challenges to the process. Al here
analyzes data from sources such as sensors and social
media, amongst others, to help assess the interventions
for their impacts and adjust them as required.

However, each of the stages is associated
with some limitations and challenges that require
consideration. Stage one requires ensuring that all
collected and analyzed data are accurate and private.
Stage two requires paying attention to any bias
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Fig. 3: Phases of Al-assisted approach for post-war city Re-design (Adapted by authors)

from Al to provide a decision-making process that
is reliable and fair. Stage three requires an efficient
incorporation of input from the community to
guarantee their meaningful involvement in decision-
making procedures. Stage four mainly addresses the
technological limitations of Al algorithms by utilizing
them in collaboration with human expertise. The final
stage highlights the importance of using Al in a way
that complies with ethical considerations to avoid
unplanned consequences.

Conventional vs. Al-assisted
reinvented post-war re-design
The literature review highlighted how the
conventional approaches for post-war urban re-
design laid the foundation for rebuilding after
conflicts. They gave importance to the role of
community engagement in decision-making and
planning for long-term effective interventions.
However, conventional approaches face several
limitations and challenges that obstruct efficient
and effective interventions, such as data collection
and analysis constraints, flexibility, and obtaining
active community involvement where needed. On
the other hand, Al-assisted approaches that are
emerging and developing in light of the new era of
Al technologies are seen to withhold the potential
to resolve some of the conventional approaches’
limitations with their capabilities of time-effective

for

approaches
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data collection and analysis, dynamic simulation
of re-design scenarios even in the most complex
contexts, as well as their interactive platforms
that enable easy collaboration, engagement, and
involvement. Nevertheless, Al-assisted approaches
are also associated with limitations and challenges,
as they are subjected to several issues, such as bias,
data privacy, and ethical use. From this perspective,
this study discusses the potential advances in post-
warre-designapproaches by combiningthe strengths
of both conventional and Al-assisted approaches
while at the same time neutralizing their limitations.
Here, the optimal strategy the study proposes is not
to work in opposition to the existing approaches but
to develop a reinvented approach that leverages
both advantages. This hybrid strategy for the post-
war re-design of urban landscapes can transform
existing and known processes and promote more
sustainable and resilient cities and communities.
The following Fig. 4 highlights how traditional and
Al-assisted methodologies considerably vary, while
at the same time, both recognize specific vital
indicators for post-war re-design.

The previous illustration in Fig. 4 summarizes the
key differences and overlaps between conventional
and Al-assisted approaches for post-war re-design.
Key differences, as found in relevant studies, are
commonly associated with three main aspects and
are comparatively discussed as follows:
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Fig. 4: Key differences and overlaps between conventional and Al-assisted approaches for post-war urban re-design. (Adapted by Authors)

4  First, data and analysis: Conventional
approaches rely on expert opinion and historical
data, which are considered limited, constrained, and
subjective. On the contrary, Al-assisted approaches
utilize tools that retrieve real-time data from several
resources, providing a more accurate understanding
of the constantly shifting needs of communities
and urban landscapes facing conflict. For instance,
satellite images contribute to detecting damage to
infrastructure, while social media platforms can give
an up-to-date community apprehension, leading to
a full understanding of the situation, which further
facilitates the process of effective decision-making.

4 Secondly, planning and decision-making:
Conventional approaches usually follow a hierarchical
structure that may result in insufficient data collection
or not reflect communities’ desired needs. On the other
hand, Al-assisted approaches provide participatory
planning where the simulated models of redesigned
urban landscapes in many scenarios enable community
members to assess the intervention visually. For
instance, individuals can submit their remarks on the
simulated designs on interactive platforms, ensuring
that their needs and preferences are considered during
post-war re-design.

4 Finally, community engagement: conventional
approaches contain aspects that may not consider
unprivileged communities, such as surveys, forums,
and consultation. On the contrary, Al-assisted
approaches focus on community inclusion through
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Al digital-powered tools such as online forums and
social media platforms that provide feedback loops
from individuals. It is acknowledged that community
engagement is highly emphasized in Al-assisted post-
war re-design strategies in all stages, as a wide range
of individuals participate in active online platforms
where discussions are held regarding their needs.

To this end, it is seen that despite the differences
in both approaches, they still hold a mutual aim to
promote sustainable and resilient urban landscapes
and communities after the war. They both share
a mutual understanding of several aspects, such
as needs assessment, long-term development,
transparency, and accountability. Also, their methods
vary, yet they both aim to achieve responsible
distribution of resources as well as self-reliant, healthy
communities in the long run. The study comprehends
those differences and similarities and utilizes them
in developing a hybrid approach toward post-war
re-design. Table 1 below comparatively analyzes
the strengths and limitations of conventional VS Al-
assisted post-war re-design approaches as seen in the
relevant studies and discusses converging strengths
and neutralizing limitations.

Hybrid approach of post-war re-design

Although the exact stages of a hybrid framework
for post-war re-design may differ based on contextual
factors, below is a proposed outline that contains
critical phases involving the collaboration between



Table 1: Limitations and Strengths of post-war re-design approaches. (Adapted by Authors)

Conventional Approaches

Al-Assisted Approaches

Limitations Strengths

Strengths Limitations

Limited Data Analysis
Reactive Approach
Resource Constraints

Deeply Contextual
Community-Centric
Human-Centred Approach

Data-Driven Insights Ethical Concerns
Predictive Modeling Limited Local Context
Resource Optimization Accessibility and Capacity

Converge Strengths

Neutralize Limitations

humans and Al, community engagement, and ethical
considerations:

o Phase 1: Requirements assessment and
strategic planning for humans and collaboration.

1. Data collection and analysis:

- Human-led: Needs assessments by engaging

the community through traditional methods such
as surveys, which are further assessed through
expert evaluations and data from historical and past
resources.
Al-assisted: Utilize Al tools to examine
complex datasets such as satellite images,
demographic data, and infrastructure evaluations.
This helps detect and understand repeated patterns
and emerging trends.

2.  Risk prediction and prioritization:

- Human-led: Integrate analysis by experts
with communities to understand individual and local
vulnerabilities and possible threats, such as stress in
the public structure and natural disasters.
Al-assisted: Utilize Al algorithms to create
possible models for future risks and issues, guiding
the prioritization process.

3. Development of an integrated human/Al
collaboration:

Organize workshops and meetings between
experts, community leaders, and Al professionals to
create collaborative human/Al strategies that merge
data analysis, risk prediction, and local needs and
objectives.

Ethical considerations: The strategy’s design
must include ethical concepts such as data privacy,
openness, and accountability.

- Phase 2: Execution and surveillance
(Involvement of the community and development of
skills)

1. Community engagement:

Participatory implementation involves local
communities facing conflict in the development of
intervention techniques, project implementation,
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and monitoring progress.

Capacity building: Provide proper training
and the resources that enable local communities to
use and effectively contribute to Al-driven tools.

2. Al-assisted intervention:

—  Targeted resource distribution: Utilize Al
tools to effectively distribute resources in a way that
considers aspects of real-time data and changing
requirements.

Implement Al-driven tools to monitor and
predict problems such as possible infrastructure
problems or resource shortages.

3. Hybrid feedback and adaptation:

- Integrate community feedback: Regularly
collect feedback from community members traditionally
through meetings, surveys, or focus groups and
incorporate it into the decision-making process.
Employ Al tools to analyze feedback data
and then further incorporate Al insights to enhance
the creation of solutions as they usually continuously
learn and adapt in real-time.

1. Phase 3: Ensuring a facilitated share of
knowledge and long-term sustainability:

Promote community ownership: Build a
sense of involvement between the local community’s
individuals and the sense of control and ownership of
repaired infrastructure and systems.

Continue effective distribution of resources
to enhance local skills and facilitate the transfer of
knowledge to ensure the project’s sustainability for
the long term.

2.  Knowledge sharing and replication:

- Record and widely spread acquired

knowledge: Gather and distribute reasonable and
practical methods as well as difficulties faced during
the hybrid re-design processes.
Guidance  for  future interventions:
Participate in establishing a complete international
data storage to enhance the efficiency of post-war re-
design efforts that can be generalized.
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Fig. 5: The hybrid theoretical post-war re-design approach (Adapted by Authors).

The illustration in Fig. 5 summarizes this hybrid
approach to reinvented post-war re-design tailored
by this study.

It is worth noting here that this discussed approach
is flexible and may be adjusted by context to suit specific
needs, requirements, and circumstances. The issue is to
find a balance between human expertise, community
participation, and appropriate use of Al-driven solutions,
as it is essential to accomplish long-term and inclusive
post-war re-design and rebuilding of urban landscapes.

The study explores the potential integration of
Al in re-designing post-war urban landscapes. It
compares conventional methods of urban revival with
innovative Al-supported methods to determine the
advantages of utilizing Al in postwar urban re-design.
Traditional techniques for gathering data, allocating
resources, and engaging the community have many
challenges that negatively affect the effectiveness
of re-designing and re-design measures. This study
suggests that integrating Al with traditional strategies
can help overcome these challenges by analyzing
extensive datasets, which leads to effective decision-
making. A hybrid approach combining conventional
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and Al-supported processes is suggested to improve
the resiliency and sustainability of the re-designing
stages. It aims to enhance resource distribution and
strategic planning through Al-assisted strategies. The
primary characteristics of the hybrid approach show
a practical path for re-designing urban areas in post-
war settings and offer a base for future and practical
case studies to prove the following suggestions:

o Facilitating human-Al collaboration:
Combine Al tools with professional human judgment
and local knowledge to guarantee the development
of contextually appropriate and ethically sound
solutions.

e Community engagement: Involving
communities in data collecting, model creation, and
feedback loops to ensure that Al solutions get tailored
to meet their specific requirements and objectives.

e  Capacity building: Allocate resources toward
providing training and developing infrastructure to
narrow the gap in digital access and enable local
populations to utilize and contribute to Al-driven
solutions effectively.

o Ethical implementation: Ensure adherence
to ethical standards of data privacy, transparency, and
responsibility during the development and utilization



of Al tools.

Combining Al's analytical capabilities with
traditional approaches, human comprehension, and
community-oriented nature can establish a path for
more successful and comprehensive post-war re-
design attempts.
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The shapes and relationships of buildings and
spaces significantly impact urban environmental
sustainability. The form, details, height, and location
of a building affect the microclimate between
buildings. Additionally, incorporating human scale
and vegetation improves the quality of life and
enhances sustainability by clarifying the components
of the wurban environment and making them
readable and easy to understand, such as through
signs, landmarks, and monuments (Moazzeni and
Villalobos, 2023). The urban landscape consists of a
complex visual system consisting of several elements.
In visual evaluation, it is important to analyze these
elements, know the connections that bring them
together, and determine which element is the most
important to creating an urban design that suits
people (Hussein and Armstrong, 2016). The urban
environment is represented by formal characteristics
that reflect the physical and sensory concepts, and
the way buildings are interconnected with spaces
gives the identity of the place (Caldera et al., 2020).
The urban landscape brings together individuals,
activities, and material elements and develops over
time (Elabd, 2022). A good image of a city acts as a
tool to capture people’s memories and provide a place
that is easily remembered by all people. The physical
elements are important in determining the image of a
place, and from here, the importance of determining
the elements of the MI becomes clear (Fahri and
Rahmadyani, 2023). People’s perception of the urban
environment, with the addition of experience, culture,
and feeling, transforms perception into an image that
is formed gradually over time (Tang et al., 2023). This
study aims to identify the factors influencing the
formation of MI at the University of Mosul (UoM)
by reviewing and analyzing some previous studies
that dealt with the concept of MI to identify and
classify the elements that work on or contribute
to its formation. To achieve this, the research used
a qualitative and quantitative method to obtain
information and data, as a group of experts and
associates at the UoM who were interviewed were
used to reach better indicators, as they were asked
a set of questions related to their recollection of the
detailed elements in the paths that were chosen, and
then a questionnaire was conducted after collecting
the variables to achieve the goals in a purposive
sample consisting of students and professors of the
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UoM, and through the questionnaire, quantitative
information was obtained from 50 participants with
varying backgrounds in experience. To achieve these
objectives, the research survey was conducted in
residential areas of Mosul City, Iraq, in 2024.

The townscape

The townscapeis defined as the visual organization
of elements of buildings, roads, and spaces in urban
areas formed organically during development
processes or growing unintentionally (Setiawan et
al., 2022). The clarity of the urban scene depends
on variable factors such as the observer’s distance,
lighting conditions, and weather conditions, where
the observer’s field of vision plays an important
role in seeing the urban scene. When the visual
elements are clear, individuals can form mental
maps and facilitate their navigation within the urban
environment (Bashriet al., 2023). It is part of the
urban environment, which is a complex multi-element
system that includes buildings and natural elements,
deals with cultural and social aspects, and is affected
by many factors, including philosophy, science,
economics, and aesthetics. It is also characterized
by interconnected spatial, environmental, and social
dimensions. The evaluation of the urban environment
depends on several matters, including its architectural
system, development, nature, and structural
infrastructure to improve its quality (Romiceet al.,
2022). The townscape is formed within the urban
fabric, which is defined as a combination of building
blocks that represent the physical part and urban
spaces that represent the moral part, and the way
they are interconnected constitutes the structure of
the city. The urban fabric has two different patterns:
the organic urban fabric, in which spaces are the basis
of the composition, and the urban fabric pattern,
represented by modern trends, in which blocks are
often distinguished in the formation of the fabric
(Taheret al., 2014).

Characteristics of the environment and urban fabric
The characteristics of the urban fabric are
represented by many features and details, such as
the general urban structure, which deals with the
relationships between areas, blocks, natural and
open environments, and activities; urban grain to
achieve a balance between open spaces and the
fragmentation of the architectural structure; and



the extent to which the area is divided into smaller
pieces or blocks, density, and mixture represent level
density. Development and the diversity of different
uses, such as residential, commercial, institutional, or
recreational, while masses and heights are the scale
of buildings relative to height and their relationship to
the land, buildings, and surrounding roads (Alabaachi
and Alalaf, 2023). Streetscape and landscape include
the design of public places such as streets, open
spaces, paths, and walkways, as well as natural
scenes, shading patterns, facades, and interfaces,
which are the relationship of buildings to the site,
the street, and the buildings. Details and materials
include the appearance of the elements and the type
of material selection in terms of details, texture, color,
durability, sustainability, and processing methods. It
includes furniture streets, road paving materials and
methods, paths, lighting elements, installations, and
signage, while the public realm is concerned with
urban design and the management of the public
space used and how it is tested, used, and benefited
from, while topography, landscape, and environment
include the surface topography and shape of the
land, water elements, plants, and animals, whether
natural or artificial, which may be in the form of
rivers, streams, or lakes and is often referred to as
“infrastructure.” The social and economic fabric
represents the non-material aspects of the urban
form, which include social factors such as culture,
participation, health, and well-being, as well as the
productive capacity and economic prosperity of the
community (Omar, et al.,, 2022). The scale is the
size, area, masses, and perception of buildings and
spaces. Size refers to the height, width, and depth of
a building compared to other surrounding buildings,
while urban form means the coordination and form
of arrangement of a specific built area, and it consists
of many components, including how the buildings
are close together and what uses they are found in
(Urban Design Institute, 2015).

Mental image

Lynch defines Mental Image (MI) as the product
of immediate sensation and memory of previous
experience and is used to interpret information. It
is a general mental representation of any city that is
intertwined with many individual images, or perhaps
there is a series of general images that make it up.
The Intermediate Dictionary defines the image as

“the form, the three-dimensional statue, the image
of a thing, its abstract essence, and its imagination in
the mind or mind” (Lynch, 1964). Clarity is the ease
of forming Mls of places, which helps individuals
navigate urban environments. People should be
able to recognize urban elements and organize
them coherently when moving through the urban
environment (Hamad and Ismaeel, 2023). Kevin Lynch
was able to shape mental maps from participants’
minds by asking them to draw maps of the city.
Meanwhile, the concept of recognition, which is
considered an agent of the clarity concept introduced
by social psychologist Milgram, aims to enhance
and develop collective mental maps by presenting
images of the city to participants. They are asked to
recognize the location of each image and identify the
important urban elements that were recognized by
the majority of participants, making the city clear
and familiar (Constantinides et al.,2021). According
to (Lynch, 1964), the MI consists of five basic and
pivotal elements on which it is based, namely paths,
which mean the channels through which movement
takes place in the city. These elements may be
streets, paths, and railways; Districts are medium-to
large-sized parts of a city that are viewed as having a
two-dimensional scale, recognizable from the inside,
and used as an external reference. Landmarks are
used to highlight the uniqueness of the item and are
usually seen from several angles. Nodes or transition
points are strategic locations in the city, and nodes
may simply be a concentration of events. Edges are
the elements between two stages that are used as
linear separations that require continuity, such as
beaches, railway lines, and fences. These edges
may be permeable barriers or isolate one area from
another. (Lee, 2016) responded to Lynch’s claim that
in the process of wayfinding, the environ Ml is “the
generalized MI of the external physical world that
the individual carries” and assumed that program
and appearance are linked to remembering spatial
identity and that site identity can be formed through
architectural elements by integrating urban furniture
such as lighting fixtures, bus shelters, garbage
containers, columns, and housing.

Characteristics and methods of forming a mental
image

A mental image is characterized by a set of
features and characteristics. It is ancient, as its origin
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goes back to the beginning of human consciousness,
and allindividuals possess Mls, so it is comprehensive,
and the Ml tends to be repeated without change and
is characterized by clarity or ambiguity and truth or
unreality. Social and psychological factors influence
its formation, and building an honest image takes a
long time. It is characterized by dynamism and takes
into account the requirements of reality in terms
of place, time, and the individual’s outlook (Karima
and Mahmoudi, 2021). Individuals receive different
forms of information as they move in the urban
environment, and the level of understanding of this
information depends on its clarity in terms of whether
it is dense or complex (Shams Aldin and Al-Madhaji,
2015). Forming the Ml of the city includes the physical
elements, activities, social practices, and events that
occur in the spaces (Artemenko and Artemenko,
2018). The Ml of the recipients differs from the real
environment, as individuals obtain information from
the external environment through visual perception
(Latypovaet al., 2021). After the process of collecting
data, it is organized in the mind based on the person’s
priority; some details are neglected, then personal
interpretations and ideas are added to it, and they
differ according to age and gender (Topcu and Topcu,
2012). There are many visual treatments to confirm
the formation of a clear Ml that is easily perceived
by the residents through simplicity, continuity in
the elements of the formation, and clarity of the
visual boundaries. The method of communication
between the elements and their strength contributes
to the clarity and perception of the M, as does the
difference in level between two points (the city center
and the seashore, for example). Forming elements in
a way that increases vision gives a strong Ml; working
to organize elements in a way that provides a sense
of movement; creating a sequence of elements
that strengthens their perception; and using names
to form identity and meaning more than physical
aspects (Al-Khafaji and Ismaeil, 2020: AL-Kam, 2009).

Previous literature

In this part, several previous studies will be
analyzed to determine the most important factors
influencing the formation of the Ml in the urban
environment. The most important of these studies is
the study of Hussein and Armstrong (2016). The study
is concerned with treating visual disturbances. The
research aims to identify the most important
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elements in visual evaluation and explore the
relationships between them. The research uses
computational methods outside the field of urban
design to evaluate the townscape. This study presents
two types of data in analyzing the urban scene, which
includes quantitative data that includes the
percentage of the urban area, the number of visible
peaks of the urban scene, and the difference in
position and color, while the second type is subjective
data, which means the extent to which the observer
responds to quantitative data. While Firjatullah et al.,
(2017) deal with finding the way, the idea is to
research the difficulties that new students at
Brawijaya University face in finding the way. The
research adopts the methodology of analyzing mind
maps and space composition rules using the
Depthmap software as well as a questionnaire. Each
element is evaluated on a set of criteria, including
paving, scale, connection method, building materials,
ease of viewing, historical value, distinctive form,
function, and ease of viewing. Sensory information
includes paving materials and sidewalk furniture that
affect memory for pedestrians and street lighting,
which works to direct people, especially at night, and
is an aesthetic element. Vegetation cover acts as a
guidance element and borders areas, as well as an
aesthetic element, and adds shade to the place. Signs
and markings provide directional elements. Osdch
and Czaplinska (2019) state that a person’s
arrangement of meanings for elements of urban
space depends on his personal and cognitive
preferences. The study aims to examine how residents
of the city of Szczecin (Poland) perceive urban space
and to emphasize the relationship between the
elements that make up the MI. The research uses
Lynch’s methodology of analyzing mind maps, with
the addition of in-depth interviews and a
qguestionnaire. The results show that the road is the
most common element to describe the city. The age
of the participants has an impact on the details of the
drawings of the mental map, as the younger the
people, the fewer the elements and details, and the
means of transportation also have an impact on the
perception of the elements. Chan (2020) discusses
the idea of how individuals understand the
environment surrounding them during their
movement and the impact of different means of
transportation on movement. He follows the
methodology of interviewing 30 random samples of



people, drawing the participants, and explaining their
movements in the urban environment. Lynch
elements are included in the drawings, with the
addition of traffic lights, trees, poles, and street
names. The main results are that the path is
considered the most important element in navigation,
followed by landmarks, with the presence of other
elements including green spaces, buildings, and
traffic signals. The means of transportation have also
been shown to affect people’s concentration.
Latypova et al., (2021) attempted to see how
individuals understand the image of the city and what
the best experimental research methods are. The
study relies on data from two cities. The objectives of
the research are to study how to define the image of
the region and to introduce mental maps into
scientific research. The research uses the
methodology of drawing mental maps of the study
area and conducting in-depth interviews and an
opinion poll via social media. It is concluded that the
image of the city consists of environmental symbols,
distinctive urban elements, iconic buildings, signs,
and urban spaces. Guyot et al., (2021) state that
individuals’ perception of the urban environment is
affected by the surrounding townscape and is thus
reflected in their behavior and activities. The study
aims to define the urban fabric in Brussels in the
same way as the traditional morphological approach,
relying on the pedestrian perspective and the
introduction of green spaces, using treatment
protocols. Modern Geographic MFA (Multiple Fabric
Assessment) with the addition of three indicators
related to vegetation cover and one indicator for the
pedestrian area. To verify the validity of the added
indicators, the MFA is conducted twice, the first for
17 indicators within three categories: street network
morphology, built morphology, and network-building
relationships, and the second with indicators added
for vegetation cover. The results for the two groups
are compared. The results show the importance of
vegetation in determining the urban fabric and that it
is an integral part of the townscape. While Phetsuriya
and Heath (2022) address the local perception of the
street scene in Chiang Mai Old City, the research aims
to improve the urban street scene. It adopted the
methodology of a questionnaire and in-depth
interviews with specialized engineers and residents,
as well as evaluating eight streets in the city and
improving its landscape in terms of physical elements.

It is clear from the results of a convergence of
opinions between engineers and residents that both
relied onthe quality of pavement, trafficmanagement,
and increasing green spaces and should cross-urban
furniture affect the social and cultural values of the
place. Yetim and Yildinm (2022) state that current
cities do not leave any image in the mind as a result of
the absence of elements and formations that give the
place its identity. The research aims to investigate
how religious buildings are seen during pedestrian
movement and whether these buildings can be
landmarks. Visual analysis technology is used. As a
result of the analyses, it is determined whether
religious structures were aware or not. Next, the
perception of the buildings is analyzed based on their
locations, the physical road structure, the visibility of
the building, the strength of its appearance, its
uniqueness, and its continuity. The results show that
historical buildings affect the perception of place,
especially when they are visible in a sequential view
during movement. The perception of buildings is
greater depending on their position on the road, at
intersections, and sudden turns. For buildings to be
landmarks, they must be effective, continuous, and
unique. While Tang et al., (2023) confirm that people’s
perception of the urban environment is affected by
their culture and experience, and this perception is
transformed into the image of the city. The research
aimed to find the attitude of Wuhan residents
towards the image of the city, including the degree of
admiration, the degree of familiarity, and the degree
of importance. The research uses Kevin’s method.
Lynch created an image of the city and conducted a
questionnaire in 15 areas by selecting random
samples and using the SPSS program to analyze 10
images of the city. It has been shown through research
that when the size of a city is expanded, convenient
transportation and people’s awareness expand
people’s perception of the city. The study by Zhanga
et al, (2023) addresses how to use artificial
intelligence techniques to shape images of cities. The
researcher proposes the urban visual intelligence
framework, which specializes in integrating images
with artificial intelligence to achieve goals by
measuring and representing the urban environment
and the interaction of the physical environment with
the social and economic environments. The study
consists of four levels: how to observe and measure
the urban physical environment, how to extract
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information through images, as well as the interaction
between the physical environment and the social and
economic environments. These four levels are also
related to four measures of street-level image use.
The results show that the use of artificial intelligence
techniques contributes to the creation of effective
cities that facilitate the lives of their residents more
than traditional methods. Su et al., (2023) state that
the Ml is the image of the place in a person’s mind,
works to embody feelings, sensations, and opinions,
and is expressed in pictorial and textual ways. The
research aims to know the urban image of Zhongshan
city and its elements, which are not limited to the
physical aspects only. The study uses social media to
obtain information, and the study uses three software
programs to process a huge amount of data. This
study explores a way to classify types of images and
reach a comprehensive picture of the city. Urban
images can also be combined with tourism to obtain
an urban interactive system. Fahri et al., (2023)
explain that people’s Ml is influenced by their culture
and history and that identifying the physical elements
is important before determining the city’s image. The
research aims to identify the physical elements of the
city using Lynch’s theory. The researcher uses a
descriptive and qualitative approach, and data is
collected using observations, a questionnaire, an
interview, and drawing mind maps. The researcher
classifies the elements into two physical categories;
the first category includes form and function, while
the second consists of visual, activity, and functional.
The two categories are then linked to Ling’s M
elements. The results show that the items most
remembered by the population are the ones most
accessible. Arora and Kumar, (2023) explain that
heritage areas are considered important components
of the city, improve and contribute to the image of
the place, and act as cultural and social centers. The
city of Batala in India is considered one of the cities
that mix the old with the modern and is a multi-
functional area. The researcher suggests several
things related to Kevin’s elements. Ling, in improving
the city, states that the path is the most important
organizational element in building the image and
reducing congestion, providing public transportation
and being linked to parts of the city, designing
important nodes in a way that encourages
pedestrians, landmarks being visible from distant
points, and edges being designed to add
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entertainment places. Along the route, revitalizing
areas encourages tourists and help residents socialize,
leading to the preservation of heritage monuments
and increasing city revenues. As a result of analyzing
previous studies, it can be noted that most of these
studies have adopted some aspects related to the Ml
of the urban fabric and have isolated or neglected
other elements and aspects, as shown in Table 1.

Elements of the townscape

Panavaité (2023) explains that the townscape in
the city can be viewed in two ways, from the inside
and the outside. He adds that the assessment of the
townscape from the outside is done from a bird’s eye
perspective and includes the building’s shape, size,
height, density, composition of building roofs, street
network structure, and evaluation of the panoramic
views of the city, while the internal image of the city
through the closed perspective of buildings includes
the deviation and rotation at an angle of a particular
element or building, protrusions and eclipses, and
landmarks that are distinguished by their uniqueness
fromthe context. Theinternaland external evaluations
have psychological effects on the observer. Another
evaluation related to scientific and practical activities
can be reached, which is represented by the structure
plan, block size, building height, building density,
building density of land use, the ratio of street width
to building height, as well as the arrangement of
high-rise buildings in the plan, the internal structure
of the blocks, and their sizes. Squares and public
places, their types and sizes. Alzamil (2022) states
that the elements of townscape formation are
embodied in three main foundations, including urban
morphology, urban fabric, and land uses. While visual
composition includes analyzing place identity and
how residents view the townscape, social, economic,
and cultural dimensions are considered essential
aspects for understanding changes in the townscape.
The elements that make up the townscape can be
divided into two parts: the structural elements, which
include walls (urban facades), floors, and ceilings, and
the non-structural elements, which include urban
furniture and activities in the urban space.

Structural elements
The structural elements include urban facades,
urban roofs, and urban floors, as follows:



Table 1: Analysis of previous studies

Firjatullah and Purnamasari, 2017

Oséch and Czapliriska, 2019

Chan,2020

Latypova,2021

. . Urban fabric Elements of the urban
Previous studies . Study method
type environment
m
© c
= 3 | § C 3 3 z
= - = =
|3 z 2183 | < |3 ERI < E o |
a = a o s] ] o o g Bk g & |3
2 =3 9 o, Iy 2 S @ Sl R B E B |2
Author and year 3 3 | 3 3 Sl |2 |8 |2k RERE |
o | |5 o o 3 S |2 |13k B F [ |3
o o = = ] = o o l® I R B [0 o
= o o jol 3 c S - |3 = S | =
o =, o~ 3 @ 3 o ° B 5]
° 3 g 3 = &
@ @
o
Hussein and Armstrong,2016 J

Guyot, et al., 2021

Phetsuriya and Heath, 2022

Yetim and Yildirim, 2022

Tang, et al., 2023

Zhanga, et al., 2023

Su, et al., 2023

Fahri, et al., 2023

Arora and Kumar, 2023

All items - A specified number of items

First: Urban facades

Urban facades have many elements that affect
people and the urban environment, including
formative elements such as columns, blocks,
balconies, screens, signs, the canopy above the
entrance, doors, windows, stairs, and elevators
(Hussein and Armstrong, 2016). The building
materials in the facades and their relationship with
the street also impact the urban landscape (Sanders
and Woodward, 2015).

Second: Urban roofs

Urban roofs consist of many configurations,
including shades, which are considered one of
the most important means of improving the
urban environment and work to achieve aesthetic
integration with other elements in urban spaces
(zhang, S., et.al., 2022). Porticoes and gates are built
over streets and paths at the entrances to gardens and
buildings, as well as pergolas, and are used to provide

shaded spaces in gardens and at the intersection of
paths (AL-Kam, 2009).

Third: Earth’s elements

It includes different types depending on the
nature of use, including streets, which are known as
an important element in defining the character of
cities and stimulating social activities (Kethusha and
Sooriyagoda, 2022). Paths are considered one of the
most important elements in the urban environment,
and it is necessary to pay attention to their shading,
furnishing, and provision of security and comfort
(Tahir and Taylor, 2023). Sidewalks are located next to
roads and use building materials that are convenient
for pedestrian movement, while stairs and elevations
are used to connect roads, paths, and gardens of
different levels (AL-Kam, 2009).

Non-structural elements
Other elements that make up outdoor spaces
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Table 2: Elements affecting the formation of the Ml

Common elements,
Elements affecting the formation of the Ml properties, and
relationships
Walls Color, Texture,
a Urban Openings include windows, doors, and other openings Vegetation, Degree of
5} facades Prominent elements include columns, curtains, frames, and cornices. openness of the street,
QE, Signs and banners on facades Space containment,
E; Balconies, canopies, and a shed above the entrance Decoration, measure,
5 technical elements
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© Differentiation, Visual
43 Scope, Motion
§ o Actites oo Names . and
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3 space Meanings, harmony

include urban furniture and events in the space.
Urban furniture represents all the elements that
facilitate the lives of residents and make the urban
environment useful and functional, including lighting
installations, telephone booths, mailboxes, fences,
transportation stations, garbage cans, benches,
bicycle paths, and garden boundaries (Gamito
and Moreira, 2021). They include benches, waste
containers, signs, lighting installations, fountains,
barriers, sculptures, and artwork (Yicel, 2013). While
events in urban spaces depend on open spaces and
activities in urban spaces, to have an effective design
and management of public spaces, it is necessary
to understand the role these places play in people’s
lives. There are five types of reasons: comfort,
relaxation, passive engagement, active engagement,
and discovery (Carmona and Tiesdell, 2007). Table
2 summarizes the most important factors and
characteristics affecting the formation of Ml in the
urban environment, according to what has been
derived from relevant literature and studies.

A mixed methodology guantitative and
qualitative - was used in this study to assess the
impact of architectural elements on the Ml of the
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University Campus (UC). To ensure the reliability of
the results, qualitative information was collected by
interviewing some experts in the field of urban design
among the professors of UoM, as well as some old
pioneers of the university who have been there for
more than 15 years. They were asked a series of semi-
open questions to elicit the necessary information,
with the opportunity to provide any other data
related to the research topic. The researchers also
carried out field trips and observations and used the
checklist to document the main details related to
the aspects identified in the theoretical framework.
In the next stage, a semi-structured questionnaire
was administered to a group of respondents selected
from professors, graduate students, and final year
students at the Faculty of Engineering, Department
of Architecture, because they can visualize and
understand the MI to a greater extent than others.
The test aimed to build on the set of data previously
collected through interviews and observation and to
obtain quantitative information that could be relied
upon to extract reliable results. The UoM was chosen
as a case study, consisting of a group of buildings and
spaces that were designed cumulatively and not in
a single period. The Depth map program was used
to reach some paths, which are among the most



important paths on the UC. We also benefited from
the answers of experts who stressed the importance
of these paths. The first path is located between the
Industry Gate (A) and the Stadium Gate (B), while the
second path is located between the Science Portal (C)
and the Dentistry Portal (D), as shown in Fig. 1.

A group of buildings are located on these paths
with different functions, including educational,
administrative, and recreational. Due to the
diversity of these functions, the detailed elements
of the urban landscape that they contain vary, the
influential elements of which were identified based
on interviews with several university employees and
field visits by the researcher. The main goal was to
determine the impact of these detailed elements on
the MI of individuals. Through personal interviews,
the experts were asked to identify the architectural,
structural, and non-structural details that could be
remembered within these paths and that represent
positive or negative influencing elements for them, to
identify and know their impact on shaping the image.
The mentality of the urban fabric of the UC. Then,
multiple sets of photos were taken of these identified
elements and placed in classified groups based
on the theoretical framework. The questionnaire
targeted several students and professors at the
UoM. Participants in the questionnaire were asked to

identify and designate the locations of the elements
that they could distinguish within the campus, and
through conducting the questionnaire, they reached
several results related to the impact of these elements
on the Ml of the UC.

The elements that were reached by taking
pictures in the paths of the UoM were classified
into some groups. The first group included window
elements. The window of the Deanship of the College
of Engineering building was the most influential
and distinguished by people, as were the openings
of the kindergarten building, which was the least
influential. They are the openings of the Student
Center building and the windows of the College
of Sports and Physical Education, which did not
receive much attention or distinction. Fig. 2 shows
the elements of the first group. The second group
included parts of the distinctive facade elements, as
the first and fifth elements in the arrangement were
parts of the College of Arts building, and the first part
was more distinctive, while the other element was
less influential. The second element was also part of
the Assyrian Library, and the fourth element was part
of the Central Library. Most individuals were able to
remember it, and on the contrary, the third element

Fig. 1: The selected paths within the UoM campus
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Fig. 2: Elements of group 1

Fig. 4: Elements of group 3

was the least remembered by the participants,
which was represented by the arch of the facade of
the building of the Department of Qur’anic Sciences
and Islamic Education. Fig. 3 shows the elements
of the second group. The third group includes the
entrances to several buildings, including the entrance
to the College of Arts, the Student Center building,
the College of Pharmacy, and the Assyrian Library,
and was identified by approximately 73% of people.
Fig. 4 shows the elements of the third group. While
the fourth group represented several facades that
included finishing materials, the response rate for
the first item, which is part of the finishing materials
for the facade of the renewable energy building,
decreased, while many participants were able to
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distinguish the finishing materials for other facades.
Fig. 5 shows the number of elements in the fourth
group. Likewise, for the fifth group, represented by
seats and furniture, the respondents’ answers on
some items were low, except for the third item, which
was the most distinctive. Fig. 6 shows the number of
elements in the fifth group. The percentages of the
group of umbrellas and roofs varied between the
types of umbrellas that were very influential, such as
the dome of the student center, which was recognized
by the majority of participants, while there were
umbrellas that were the least influential. Fig. 7 shows
the number of elements in the sixth group. The group
of plant elements was the least distinguished among
the groups, and elements were not identified at all.
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Fig. 5: Elements of the Group 4

Fig. 6: Elements of the Group 5

Fig. 7: Elements of the Group 6

Fig. 8: Elements of the Group 7

Fig. 8 shows the number of elements in the seventh
group. There was also a group of water elements
for several fountains distributed in different places,
as the first element was the most memorable, while
the other elements were less influential. Fig. 9 shows
the elements of the eighth group. As for the group
of kiosks, the participants’ answers differed, except
for the kiosks of the communication line companies
that were identified. Fig. 10 shows the elements
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of the ninth group. The proportions of the group
of fences varied. The most remembered were the
tennis court and the open theater in the College of
Arts, and the least remembered were the car garage
wall and the fence separating the university and the
technical institute. Fig. 11 shows the elements of the
tenth group. The first and third items in the stairs and
steps group were the most familiar and memorable,
in contrast to the second item. Figure 12 shows the
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Fig. 9: Elements of the Group 8

Fig. 10: Elements of the Group 9

Fig. 12: Elements of the Group 11

elements of the eleventh group. 67% of people were
able to recognize the mural art on the facade of the
student center, while 64% of individuals were able to
recognize the sculpture in front of the central library.
Fig. 13 shows the elements of the twelfth group. Table
3 shows the most important results and percentages
obtained by each element of each group within the
study case under test.

The results were sorted according to important
aspects, less important aspects, and neglected
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aspects, and it was found that each element of one
group varied in proportions, and the proportions
also varied between the groups. The first group
consisted of window elements, as the knowledge of
the participants varied, and they distinguished some
of them based on the characteristics of the element,
as many were able to do so. Among the participants
was the distinction between the windows of the
Deanship of the College of Engineering building and
the openings of the Kindergarten building due to



Fig. 13: Elements of the Group 12

the different shapes in design as well as the color
characteristics, which many of the experts who were
interviewed stated as the characteristic that most
influence the formation of the image in the mind of
the individual, while the least distinguishable were
the openings of the building of the College of Sports
and Physical Education due to the location of the
college and its use by a limited number of students,
the recognition rate of the window of the Student
Center building was also reduced due to the elements
of wall art around it, which gave a more memorable
impression. Figure 2 shows the elements of the first
group.

The second group included parts of the facade
elements. The first element was distinguished due to
its location in the middle of the building’s facade as
well as the color characteristic, while the fifth element
of the same facade received a lower percentage
due to its location in the side part of the facade.
Participants were able to distinguish parts of the
Central and Assyrian libraries due to their locations
within the US, which are places frequented by a large
number of participants. As stated by Yetim and Yildirim
(2022), the elements that are most remembered by
residents are the ones most accessible, in contrast to
the building of the Department of Qur’anic Sciences
and Islamic Education, which is limited to a certain
number of university members and students, as the
function of the building has a role in influencing the
image of the place, the black color characteristic of
the central library and its elements that were chosen
at eye level had a positive impact on the respondents’
answers.

The third group consisted of some building
entrances, and the characteristics of uniqueness and
quality of the final materials, such as the contrast with
the materials, as in the gate of the College of Arts,
and the characteristic of the large size of the student
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center gate influenced most of the respondents in
remembering them.

The fourth group consisted of several interfaces
that included different memorable finishing materials
in colors that attracted attention, whether positive
or negative, and had a significant impact on the
respondents’ answers. The response rate for the first
item decreased as a result of the similarity to the
materials of another building, while many participants
were able to distinguish the finishing materials for
other facades as a result of the use of materials in
colors different from the context of most buildings at
the university, which gave a negative impression of
the university buildings, according to the opinion of
the experts who were interviewed. Fig. 5 shows the
number of elements in the fourth group.

As for the fifth group, represented by seats and
furniture, the answers of some respondents were
similar to those of other elements located in locations
outside the chosen paths. As a result, the percentage
of recognition and discrimination of these elements in
their original locations decreased. The third element
was more recognizable as a result of its location in
the parks most frequently visited by the participants.
In contrast to the fifth element, represented by the
shape of the track’s floor design, which is located in
gardens designated for a specific number of students,
Fig. 6 shows the number of elements in the fifth
group.

The dome of the student center was distinguished
by the majority of participants due to its large size,
building materials, and location in the most common
places, while canopies were the least distinguished
due to their location, unobtrusive shape, and lack of
use.

Among the reasons that made the group of
plant elements less known was the difference in the
participants’ answers with another similar element in



other locations, as in the first element, and elements
that were not identified at all. The reason for this
is their location among other elements that attract
more attention and are below the level of sight, while
it was possible. Many participants distinguished
the College of Arts course due to its location and
distinctive appearance with various plant varieties.
Fig. 8 shows the number of elements in the seventh
group.

The first element in the group of water elements
was the most memorable due to its association with
an artistic element and the different colors that
attracted attention, as well as its location opposite
one of the main university gates, while the other
elements were in places used by a small number of
individuals. Fig. 9 shows the elements of the eighth
group.

As for the group of kiosks, as a result of their
unified and close design, the participants’ answers
varied, and thus, the percentage of knowing and
identifying the locations of these elements accurately
decreased, except for the kiosks of the communication
lines companies, which had a different design and
attractive colors. Fig. 10 shows the elements of the
ninth group.

As for the group of fences, the most memorable
were those associated with recreational activities
on the tennis court and then returning to the open
theater in the College of Arts. The least remembered
were the car garage fence and the fence separating
the university and the technical institute for reasons
related to the location and the lack of distinctive
characteristics that affect the Mls of the recipient.
Fig. 11 shows the elements of the tenth group.

Many participants were able to know and
remember the first and third elements due to their
size, use, size, height, and ability to be seen from
multiple places, unlike the second element. Fig. 12
shows the elements of the eleventh group.

Some people were able to distinguish the mural
art on the facade of the Student Center due to its
uniqueness within the environment, its color theme,
and its location on the most used building on the
UC, while many individuals were able to recognize
the sculpture in front of the Central Library due to
its presence among the buildings frequented by the
majority of students. Fig. 13 shows the elements of
the twelfth group.

Urban facades and other physical elements
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on campuses significantly influence the Ml of the
campus. The [ocation of these elements affects their
visibility and memorability, with memorable elements
being more visible and at fye level. Unique and
distinctive designs of window elements also affect
people’s attention, making them easier tofremember.
Openings that interact with the surrounding
environment enhance the visual memory of the
place, making it feasier to remember. Urbanism plays
an important role in shaping MI through symbolic,
visual, and sensory effects. Building positioning on
campus can influence individuals’ ability to recall
specific attributes and ffeatures of those buildings.
Buildings situated in highly accessible and frequently
traversed locations, as well as in [central and
prominent positions, tend to be more visible to the
majority of users. The function of a building also
impacts fits capacity to be remembered. Buildings
that are used by the majority of users and visited
regularly, such as [library buildings, student centers,
and facilities used for specific activities, are typically
more memorable. Individual fexperiences of specific
locations may also influence the ease with which
they are remembered due to the association of fthe
location with a particular event or experience. The
non-material elements of a UC, including activities and
levents, play a significant role in shaping the Ml of the
campus environment. These elements complement
the |material elements, adding interaction and
vitality to the campus. Social activities contribute
to the formation of a social finteraction that greatly
affects the Ml of these sites. Social activities serve to
enhance the cultural identity of&he UC, foster a sense
of connection between students, and imbue the
environment with a distinctive character/The impact
of urban environmental elements on the formation of
an Ml is kubject to variation. The questionnaire and
interviews with university professors and students [
revealed a significant difference in the perception of
environmental elements between different groups
and within each group. It is necessary to identify
elementsfthat positively impact the Ml and provide a
sense of comfort, security, and belonging to the place.
These elements can be identified by considering
their [&haracterisﬁcs, such as color, texture, size, and
other distinctive characteristics. [ The architectural
characteristics of detailed elements exert a
perceptual and [differentiating influence to varying
degrees. Color is considered the greatest finfluence,



as it has the potential for visual perception to exert
a significant influence on memory. Buildings painted
in bright, eye-catching colors play an important
role in forming the MI of the building, while calm,
neutral colors have a less pronounced effect but
harmonize well with the surrounding environment.
Warm [colors evoke a sense of energy and vitality,
while cold colors impart a feeling of comfort. [ Size
affects the perception and recollection of detailed
elements of buildings, regardless of whether they are
small or large scale. Texture, which pertains to the
[uality of final materials, affects the perception of
elements. Distinctive and [unfamiliar surfaces render
the detailed elements of buildings more memorable.
Bmooth and shiny surfaces create a sense of
modernity. The variance in knowledge of elements
between different groups is influenced by feveral
factors, including the location of elements within
the UC. The [uneven distribution of elements makes
it challenging to identify them, particularly [given
the similarities between plant elements in several
locations on the campus. The [choice of locations was
based on the paths selected by respondents, which
may have fintroduced bias and affected the validity of
the results. Additionally, how elements are integrated
into the UC environment affects the [clarity of these
elements, making it difficult to distinguish them. To
address these factors, a comprehensive design can
be developed to distribute [elements in a balanced
manner within the environment, ensuring [clarity
and durability] The dome of a student center is a
memorable architectural feature due to its distinctive
[E:Iesign, size, shape, and blue color. Its location within
the building, as a central jgathering point for students
and a venue for various activities, contributes to its
jprominence in collective memory. The findings of
this study can be applied to establish a sustainable
campus [environment by reinforcing the campus’s
identity and augmenting the attraction and aesthetic
appeal of its constituent elements. Sustainable design
aims to achieve abalance between functionality and
aesthetics, integrating plant and water elements finto
the design. This approach enhances the attractiveness
of the place and the [comfort of users, while also
focusing on sensory experiences, such as lighting and
sound. The study provides valuable insights into the
development of the campus environment, fallowing
for the involvement of students and professors in
the design process. The [distinctive urban facade
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elements, including windows and doors, can be
enhanced to ffoster a sense of campus identity. The
elements that reflect the campus'’s history and [culture
can be employed to foster a sense of belonging and
identity. The design should focus on the elements of
the study, allowing greater attention tourban spaces.
This includes improving urban furniture elements,
introducing farchitectural elements into urban spaces
to increase social interaction, and fincorporating plant
and water elements and digital screens. The findings
can inform the design of educational environments
that enhance the [urban identity of educational
institutions and improve user experiences by
enhancing ftangible and intangible elements that
positively affect people’s memory and impressions.|

Understanding and perceiving the process of
forming Mls in the urban environment is a crucial
necessity for the development and enhancement
of city quality in the future. MI comprises several
elements interconnected through various
relationships and characteristics. Physical elements
interact with non-physical elements to form a
city image, which can either be positive or give a
negative impression. Attention to detail, aesthetics,
and people’s preferences in urban spaces achieve
sustainable urban design and sustainable Mls. The
proportions varied among elements within the same
group and also between different groups for several
reasons affecting the formation of individuals’ Mis,
including elements’ characteristics such as color,
texture, size, and their location within the space.
Placing elements within urban scenes in locations
used by everyone makes them more memorable
and recognizable than elements in locations used
by a specific number of people. The urban facades
and physical elements that comprise a campus
significantly influence the MI that individuals form
on that campus. The location of these elements
affects their visibility and memorability. Memorable
elements are more likely to be visible and positioned
at eye level. Furthermore, the distinctive design of
window elements has been found to affect people’s
attention, thereby enhancing their memorability.
The incorporation of openings that interact with
the surrounding environment serves to enhance the
visual memory of the place in question. The concept
of urbanism plays an important role in shaping Ml



through the application of symbolic, visual, and
sensory effects. The positioning of buildings on
campus can affect an individual’s ability to recall
specific attributes and features of those buildings. It
can be observed that buildings situated in locations
that are highly accessible and frequently traversed
tend to be more visible to the majority of users. The
function of a building also affects its capacity to be
remembered. The non-material elements of a UC,
including activities and events, serve to complement
the material elements, thereby enhancing the
campus’s capacity for interaction and vitality. The
occurrence of social activities has an impact on
the formation of social interactions, which in turn
affects the Ml of these sites. The impact of urban
environmental elements on the formation of an Ml
is subject to variation. It is, therefore, necessary to
identify those elements that positively impact the
Ml and provide a sense of comfort, security, and
belonging to the place.
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Livability, as a concept and approach, aims to reduce
environmental, economic, and social problems in cities and communities based on
their needs and capacities. This broad concept encompasses a variety of meanings
in terms of physical, socio-cultural, economic, and environmental dimensions, both
subjectively and objectively. Therefore, ensuring livability standards in the urban fabric
is of considerable importance and necessity. The present study seeks to provide a basic
understanding of the livability status in the city of Kashan.

To achieve this goal, employing a library method and a researcher-made
questionnaire tool, 384 residents from seven old and five new neighborhoods were
evaluated using a stratified (simple random) sampling method. The collected data
were analyzed using SPSS software, one-sample t-test analysis, and structural equation
modeling.

The results showed that the livability status in the new districts was better
than the livability in the old ones. The findings reveal that overall livability in Kashan falls
short of the desired average, with economic, cultural, and social aspects scoring the
lowest. Environmental quality, on the other hand, was assessed as satisfactory. When
comparing livability across old and new districts, the study found that newer districts
have a higher overall livability compared to older ones. To further understand the factors
influencing livability, the study prioritized the six dimensions of livability: infrastructure,
politics, economy, environment, society, and culture. The economic factor emerged as
the most influential, followed by social and infrastructural factors. Within the economic
factor, job opportunities were identified as the most impactful aspect, while social
cohesion and physical infrastructure held the greatest importance within the social and
infrastructural factors, respectively.

Importantly, the study highlights the role of effective urban management
in enhancing livability, particularly in addressing economic disparities, fostering social
inclusion, and improving infrastructure. Strategic interventions, such as targeted
economic development policies, community engagement programs, and infrastructure
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Importance and Necessity of Research, Goals, and
Objectives

In today’s rapidly urbanizing world, cities
are facing a multitude of challenges, including
environmental degradation, social inequities, and
economic disparities (Medayese et al., 2020). As
cities continue to grow and evolve, there is an
increasing need to create sustainable and livable
urban spaces that promote the well-being of
their inhabitants (Augustin et al., 2023). Livability,
a multifaceted concept encompassing various
dimensions of urban life, has emerged as a key focus
in urban planning and design discourses (World
Health Organization, 2016). It encompasses a range
of factors, including physical infrastructure, social
cohesion, economic opportunities, environmental
quality, and cultural vibrancy (Medayese et al.,
2020). Assessing and enhancing livability is crucial
for promoting sustainable urban development
and ensuring the quality of life for city dwellers
(Augustin et al., 2023). The concept of livability has
gained significant attention in recent decades, driven
by growing concerns about the livability of cities
worldwide (Medayese et al., 2020). Urbanization,
characterized by the rapid growth and concentration
of populations in cities, has brought about a range
of challenges, including environmental degradation,
social fragmentation, and economic inequalities
(Augustin et al., 2023). These challenges have raised
concerns about the quality of life in cities and the
need to create more livable urban environments
(Medayese et al., 2020). Livability is not merely the
absence of problems or the presence of amenities;
it is a positive concept that encompasses the overall
quality of life in urban areas (Medayese et al., 2020).
It reflects the extent to which cities meet the needs
and aspirations of their residents, providing them
with opportunities to thrive and enjoy a fulfilling life
(Augustin et al., 2023). A livable city is:

e Physically attractive and functional: It
has a well-designed and maintained physical
infrastructure, including clean and safe streets,
efficient transportation systems, and adequate
housing options (Medayese et al., 2020; Augustin et
al., 2023).

e Socially cohesive and inclusive: 1t fosters a sense
of community, promotes social interaction, and
provides opportunities for participation in civic life
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(Medayese et al., 2020; Augustin et al., 2023).

e Economically vibrant and sustainable: It offers
diverse economic opportunities, supports local
businesses, and promotes sustainable economic
development practices (Medayese et al, 2020;
Augustin et al., 2023).

e Environmentally friendly and healthy: It protects
the environment, reduces pollution, and promotes
sustainable  resource  management practices
(Medayese et al., 2020; Augustin et al., 2023).

e Culturally rich and diverse: It celebrates its
cultural heritage, promotes cultural diversity, and
provides opportunities for cultural expression and
engagement (Medayese et al., 2020; Augustin et al.,
2023).

Iran, with its rich history, diverse cultures, and
rapidly growing urban population, faces unique
challenges and opportunities in terms of urban
livability (Sadeghi et al.,2023; Ghasemi et al., 2019).
The country’s urbanization rate has accelerated
in recent decades, leading to the expansion of
existing cities and the emergence of new urban
centers (Sadeghi et al., 2023). This rapid growth
has put a strain on urban infrastructure, services,
and the environment, posing challenges to livability
(Ghasemi et al., 2019). Despite these challenges,
Iran has made significant strides in improving
livability in its cities (Sadeghi et al., 2023). The
government has implemented various policies and
initiatives aimed at enhancing urban infrastructure,
promoting social cohesion, and fostering economic
development (Ghasemi et al., 2019). However, there
is still a significant need for further research and
interventions to address the persistent challenges
and promote more livable urban environments in Iran
(Sadeghi et al., 2023; Ghasemi et al., 2019). Kashan,
a historical city located in the central province of
Isfahan, Iran, provides a compelling case study for
examining livability in the context of Iran’s urban
fabric (Sadeghi et al., 2023). With its rich cultural
heritage, diverse neighborhoods, and ongoing urban
transformation, Kashan offers insights into the
dynamics of livability in Iranian cities. Kashan’s old
districts, characterized by traditional architecture
and narrow streets, exude a unique charm and sense
of identity (Sadeghi et al., 2023). These districts,
with their intricate alleyways, mudbrick houses, and
historic landmarks, are a testament to Kashan’s rich
history and cultural heritage. However, these districts



often face challenges related to aging infrastructure,
limited accessibility, and a lack of modern amenities
(Ghasemi et al., 2019). The narrow streets and
traditional houses of Kashan’s old districts can hinder
pedestrian movement and limit access to vehicles,
particularly emergency services (Sadeghi et al.,
2023). Additionally, the aging infrastructure of these
districts, including outdated water supply and sewage
systems, can pose health and safety risks (Ghasemi et
al., 2019). Moreover, the lack of modern amenities,
such as green spaces, playgrounds, and recreational
facilities, can limit the livability of these districts
for residents, particularly families with children
(Sadeghi et al., 2023). In contrast to Kashan’s old
districts, the newer developments showcase modern
urban planning principles, offering wider streets,
improved infrastructure, and access to modern
amenities (Ghasemi et al., 2019). These districts,
often characterized by grid-like street patterns,
multi-story buildings, and modern parks, reflect the
city’s efforts to modernize and accommodate its
growing population. However, these newer districts
may lack the character and sense of community
found in the older districts (Sadeghi et al., 2023).
The wider streets and modern buildings can create
a feeling of detachment and anonymity, while the
lack of traditional architectural features can diminish
the city’s cultural identity (Ghasemi et al., 2019).
Additionally, the rapid development of these new
districts may have outpaced the provision of social
services and infrastructure, leading to challenges
such as traffic congestion, pollution, and a lack of
affordable housing (Sadeghi et al., 2023). Despite
the growing body of research on livability in Iran,
there is a lack of studies that specifically focus on
the comparative assessment of livability in old and
new districts of Iranian cities (Sadeghi et al., 2023;
Ghasemi et al., 2019). This study aims to address this
gap by investigating the livability of Kashan City, with
a particular focus on the comparison between its old
and new districts in 2024. The objectives of this study
are twofold:

e Objective 1: To assess the overall livability status
of Kashan City, considering its various dimensions,
including physical infrastructure, social cohesion,
economic opportunities, environmental quality, and
cultural vibrancy.

¢ Objective 2: To compare the livability of Kashan’s
old and new districts, identifying the key factors

that contribute to the differences in livability levels
between these two types of urban areas.

Effective urban management is crucial for
enhancing livability and addressing the complex
challenges faced by cities. By understanding the
factors that influence livability in different urban
contexts, policymakers and practitioners can develop
targeted strategies to improve the quality of life
for residents. This study aims to contribute to this
knowledge base by providing a comparative analysis
of livability in Kashan’s old and new districts. The
findings of this research are expected to inform the
development of evidence-based urban management
policies and practices that prioritize livability and
sustainability.

Definitions

The term “livability” stems from the German verb
“Leben,” which means “to live”, “to have life”, “to
create a life for someone,” or “to live in a place for
some time” (Srinivas, 2012). “Desirability of a place”
is the chosen Persian translation for the English term
“livability”. Webster’s Dictionary defines livability as
“a place suitable for human habitation.” Livability is
also defined as the quality of life, living standards, or
overall happiness of the population living in a place
like a city. In the Oxford English Dictionary, “livability”
is defined as “the worth of living” and “a place suitable
for living,” while “vitality” is defined as “being active
and energetic” (Pandey et al.,2013). The presence of
the word “live” or “life” in the construction of this
word has led to the notion of livability taking on a
primarily biological meaning. The use of this word in
its biological sense, “that something is livable,” dates
back to at least the early 17th century in the poultry
industry, where it indicated the likelihood of a chick
hatching from an egg. In addition to its biological
application, this term also has a distinct cultural-
social background (Heidari et al., 2023). Livability, a
multifaceted concept, has become a central focus in
urban planning and design discourses (Medayese et
al., 2020; Augustin et al., 2023). It encapsulates the
overall quality of life experienced by residents within
an urban environment (World Health Organization,
2016). While there is no single, universally accepted
definition, several key aspects contribute to its
meaning:

e Meeting needs and aspirations: A livable city
caters to the basic and higher-order needs of its
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residents, offering them opportunities to fulfill their
aspirations and live a satisfying life (Augustin et al.,
2023; UN-Habitat, 2016). This includes access to
essential services like healthcare, education, and
employment, as well as opportunities for cultural
engagement, leisure activities, and personal growth
(Augustin et al., 2023).

Well-being and flourishing: Livability goes
beyond simply meeting basic needs; it fosters a
sense of well-being and allows residents to flourish
(Kiani & Javadiyan, 2019). This encompasses physical,
mental, and social well-being, promoting a healthy
and fulfilling life for all residents (World Health
Organization, 2016).

e Sustainability and quality of life over time: A
livable city not only provides a good quality of life for
current residents but also ensures its sustainability
for future generations (Tarigh Sheikh & Ameigde,
2022). This involves adopting environmentally
responsible practices and ensuring that the city can
support a good quality of life in the long term (Kiani
& Javadiyan, 2019).

Aspects of livability

Livability, a multifaceted concept, plays a crucial
role in shaping the overall well-being and satisfaction
of a city’s residents. It encompasses a range of
interconnected elements that contribute to the
quality of urban life. Let’s delve deeper into some key
aspects of livability, drawing on diverse sources to
gain a comprehensive understanding:

A. Physical infrastructure: The quality and
functionality of a city’s built environment significantly
impact livability (Medayese et al., 2020; Augustin et
al., 2023). Efficient public transportation networks,
well-maintained roads that prioritize pedestrians
and cyclists, and accessible public transit options
are essential for mobility and social inclusion
(World Health Organization, 2020). Studies like
the one by Newman and Jennings highlight the
positive correlation between well-developed public
transportation and a city’s livability, particularly
for residents with limited access to cars. (Newman
& Jennings, 2008). Safe, secure, and affordable
housing options cater to the diverse needs of
residents, whether it’s families seeking spacious
accommodations or young professionals desiring
smaller, more centrally located apartments (UN-
Habitat, 2016). A report by the McKinsey Global
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Institute (2016) emphasizes the importance of
affordable housing in fostering economic growth and
social stability in cities (McKinsey Global Institute,
2016).

B. Social cohesion: A strong sense of community,
belonging, and social interaction among residents
is a critical aspect of livability (Medayese et al.,
2020; Augustin et al., 2023). This fosters a sense of
safety, facilitates civic participation, and contributes
to a city’s vibrancy. Close-knit communities and
supportive social structures are essential pillars of
social cohesion (Dalvand et al., 2021). Putnam argues
that strong social capital, characterized by trust
and reciprocity within communities, enhances civic
engagement and fosters a stronger sense of place
(Putnam, 2000). A vibrant city welcomes people from
various backgrounds, ethnicities, and cultures. This
fosters a sense of belonging, acceptance, and social
tolerance (Florida, 2002). Richard Florida’s work on
the “creative class” highlights how diversity attracts
talent and innovation, contributing to economic
growth and a more dynamic urban environment
(Florida, 2002). A secure environment free from crime
also allows residents to feel safe and comfortable in
their surroundings. It fosters a sense of trust within
communities, encouraging social interaction and
engagement (UN-Habitat, 2016).

C. Economic opportunities: A  supportive
environment that encourages innovation and fosters
small business growth contributes to a thriving
economy (Florida, 2002). This can involve initiatives
like business incubators, access to capital, and
training programs to equip entrepreneurs with the
skills needed to succeed.

D. Environmental quality: A healthy and
sustainable environment is fundamental to livability
(Medayese et al., 2020; Augustin et al., 2020). This
includes protecting natural resources, promoting
sustainable practices, and mitigating the impact
of pollution. Clean air and water are essential for
human health and well-being. Exposure to pollutants
can lead to respiratory problems and other health
issues (World Health Organization, 2020). Initiatives
that promote clean energy sources, reduce reliance
on private vehicles, and invest in green infrastructure
can help improve air quality in urban environments.
Efficient waste collection and disposal practices are
crucial for a clean and healthy urban environment.
Implementing recycling programs, composting



initiatives, and waste-to-energy solutions can
contribute to a more sustainable city (World Bank,
2021).

E. Cultural vibrancy: A thriving cultural scene
enriches the lives of residents and contributes to a
city’s attractiveness. Access to museums, theaters,
public art installations, and cultural events fosters
creativity, engagement, and a sense of place
(MollaMirzaei & Sajjadzadeh, 2023). Preserving
historical buildings and districts’ cultural heritage
contributes to a city’s unique character and sense
of identity. Striking a balance between preserving
the past and adapting to future needs is crucial for
a livable and sustainable city (Dalvand et al., 2021).

F. Education and skills development: A strong
education system and opportunities for skills
development are essential aspects of livability. This
allows residents to reach their full potential and
contribute to the city’s economic and social fabric.
Access to quality education across all levels, from
primary to higher education, equips residents with
the skills and knowledge needed to succeed in a
competitive world (UN-Habitat, 2016). Providing
opportunities for continuous learning and skills
development ensures that residents can adapt to
changing job markets and contribute to a city’s
ongoing innovation (Florida, 2002).

G. Governance and effective leadership: Effective
and transparent governance fosters a sense of
trust and participation among citizens. Engaging
residents in decision-making processes promotes a
sense of ownership and fosters a more inclusive and
responsive urban environment (UN-Habitat, 2016).
Strong and accountable leadership is crucial for
implementing policies that address the needs of all
residents and promote a sustainable and equitable
city (World Bank, 2017).

H. Technological infrastructure: Access to
reliable and affordable technology infrastructure
is increasingly important for livability. High-speed
internet access connects residents to information,
education, and economic opportunities. It fosters
innovation and promotes participation in the digital
economy (UN-Habitat, 2016). Implementing smart
city technologies, such as intelligent transportation
systems and energy grids, can contribute to a more
efficient, sustainable, and livable urban environment
(Rabitaille, 2022).

Approaches to livability

A cornerstone of contemporary livability
approaches is the integration of sustainability
principles. As highlighted by authors like Ruth &
Franklin, cities face challenges like climate change and
resource depletion. Livability strategies now prioritize
environmental protection, resource efficiency, and
sustainable practices. Examples include promoting
green infrastructure, encouraging renewable energy
use, and implementing circular economy principles
in waste management (Ruth & Franklin, 2014). A just
and equitable city is a more livable city. Contemporary
approaches to livability recognize the importance of
addressing social inequalities and fostering inclusive
spaces (Hubbard, 1992). This involves ensuring
access to quality education and healthcare for all
residents, regardless of background (UN-Habitat,
2021). Additionally, it necessitates promoting social
cohesion and reducing spatial segregation within
cities (Hubbard, 1992). By creating a city where
everyone feels safe and valued and has opportunities
to thrive, livability efforts can enhance social well-
being for all. Technological advancements offer
exciting possibilities for enhancing livability. The rise
of “smart cities” exemplifies this trend. By leveraging
technology for data collection, analysis, and service
delivery, cities can improve efficiency in areas like
transportation, energy management, and waste
reduction (Kumar, 2021). Additionally, technologies
like e-governance platforms can promote citizen
participation and enhance transparency in decision-
making processes (Kumar et al.,, 2022). The most
effective approaches to livability prioritize active
community engagement. Residents, with their unique
knowledge of local needs and challenges, are valuable
partners in shaping the city’s future (Tennakoon &
Kulatunga, 2019). Participatory planning processes
can foster a sense of ownership and encourage
residents to contribute to creating a more livable
city (Tennakoon & Kulatunga, 2019). Furthermore,
livability approaches must foster resilience in the face
of unforeseen challenges, such as natural disasters or
economic downturns (Ruth & Franklin, 2014). Cities
that can adapt and bounce back from such events are
ultimately more livable for their residents.

Livability framework
Cities are complex ecosystems where the
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Fig. 1: Conceptual framework of research

quality of life for residents hinges on a multitude
of factors. The concept of livability has evolved
beyond simply meeting basic needs, encompassing
a holistic approach that fosters well-being and
societal progress. To guide this approach, a livability
framework provides a structured way to assess a
city’s performance across various dimensions. This
framework categorizes livability into key components,
such as social cohesion, economic opportunity,
environmental quality, and cultural vibrancy. Each
component is further broken down into factors and
specific criteria for evaluation. By analyzing these
elements, cities can gain valuable insights into their
strengths and weaknesses in terms of livability. This
knowledge empowers them to develop targeted
strategies and policies that enhance the overall well-
being of their residents and create a truly livable
urban environment.

The provided text describes the research
methodology of a study that measures livability in the
old and new districts of Kashan City. The methodology
is structured based on the onion layers of research
methodology proposed by Saunders et al., (2019).
The text outlines each layer of the onion as follows:

A.  Research  philosophy: The research
philosophy establishes the underlying worldview
and assumptions guiding the research. In this case,
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the positivist paradigm is adopted, emphasizing
an objective and measurable approach to reality.
This aligns with the emphasis on quantitative data
collection and statistical analysis.

B. Research approach: The research approach
defines the overall strategy for conducting the
research. The inductive /quantitative approach
is chosen, reflecting the focus on gathering and
analyzing numerical data to uncover patterns and
relationships. This approach aligns with the positivist
philosophy and the objective of understanding the
relationships between variables affecting livability.

C. Research strategy: The research strategy
specifies the specific methods and techniques
employed to collect and analyze data. Given the
positivist philosophy, quantitative approach, and
research questions, the strategy of survey and
interview is selected. This strategy aligns with the
methods of data collection and analysis.

D. Research choice: The research choice
determines the type of research conducted. Analytical
research is chosen as the study aims to examine the
relationships between variables affecting livability.
This aligns with the quantitative approach and the
focus on uncovering relationships.

E. Research timeframe: The research timeframe
defines the period over which the data is collected
and the research is conducted. A cross-sectional
timeframe is chosen, indicating that data is collected
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Fig. 2: Layers of Saunders’ research method

Table 2: Determination of sample size by texture type of Kashan city

Texture Neighbors Population Nurrlber ?f Texture Neighbors Population Nurriber ?f
name questionnaires name questionnaires
Post Mashhad
Bala 11976 Edare Gas 5123
Bazar 5158
Valiasr 2355
Tahero 5878
Mansour
old . New AmirKabir 4281
Urban  Darbelsfahan 9113 225 Urban 159
Fabric Fabric
Danesh 4790
Mohtasham 6185
Post Mashhad
Paeen 8745 Farhangian 1301
Soltan Amir
Ahmad 4521

at a single point in time. This aligns with measuring
livability at a specific time.

F. Data collection and analysis methods: The data
collection and analysis methods outline the specific
techniques used to gather and interpret the data.
Consistent with the previous layers, data collection
methods include surveys (questionnaires), interviews
(structured or semi-structured), and document
reviews. Data analysis methods include descriptive
statistics (t-test in SPSS) and Structural Equation
Modeling (SEM) using Analysis of Moment Structures
software (AMOS) to uncover relationships and test
hypotheses.
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The target population of this study is the total
residents of Kashan city neighborhoods, amounting
to 304,478 people, residing in the 7 old city
neighborhoods (Posht Mashad Bala, Posht Mashad
Payin, Mohtasham, Sultan Amir Ahmad, Darb
Isfahan, Bazaar, Taher, and Mansour) and 5 new city
neighborhoods (Edare Gas, Farhangian Alley, Vali
Asr, Danesh, Amir Kabir) (Table2). The sample size
was calculated using Cochran’s formula to be 384
individuals,

Descriptive analyses of the collected data were
conducted using SPSS software. The reliability test
performed using Cronbach’s alpha coefficient yielded
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Fig. 3: Location of Kashan city method

an overall statistic of 0.82, indicating the reliability
of the research findings at a 95% confidence level.
To assess the livability of Kashan City, based on the
research background and validity assessment by
experts, a questionnaire was developed to examine
the fit and consistency between the measurement
tool (questionnaire) and the concept of livability. To
examine the coherence and logic of the designed
questionnaires and assess their structural validity,
factor analysis and internal consistency tests were
employed. Kashan, a city with a history of over 7,000
years, is located in Isfahan Province, in the heart of
the Iranian desert.

This historic city, with an area of approximately
8,500 hectares and a population of 304,478, boasts
stunning architecture, numerous natural and cultural
attractions, and hospitable people, making it a
captivating destination for tourists. The city’s climate
is dry and semi-arid, with hot summers (influenced
by the central desert) and cold winters. The city of
Kashan boasts an abundance of natural and historical
attractions, along with a rich culture. However,
despite these strengths, Kashan faces several
challenges that hinder its livability. These challenges
include limited green spaces, which negatively
impact air quality, mental well-being, and overall
livability. Air pollution is another significant concern,
primarily due to vehicular emissions and industrial
activities, leading to respiratory problems and other
health issues. Traffic congestion, particularly during
peak hours, further increases travel times, reduces
air quality, and contributes to noise pollution.
Water scarcity is another pressing issue in Kashan,
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caused by the arid climate and unsustainable water
management practices. This strains water resources
and limits access to clean water for residents.
Additionally, Kashan’s wastewater and solid waste
management systems are inadequate to handle the
growing volume of waste generated by the city’s
population, leading to potential environmental
contamination and public health concerns. Finally,
the lack of sufficient recreational and sports facilities
hinders physical activity and overall well-being for
residents. If these challenges are not addressed
through proper planning, they could significantly
impact Kashan'’s livability indices and the quality of
life for its residents. Despite the livability challenges
it faces, Kashan possesses several strengths and
potential assets that can be leveraged to enhance
its livability and establish itself as a sustainable
and attractive urban destination. Kashan enjoys
a strategic location along major transportation
routes, providing access to regional markets and
economic opportunities. This strategic positioning
can facilitate trade, investment, and economic
growth, contributing to the city’s overall prosperity.
Additionally, Kashan boasts a rich natural heritage
encompassing desert landscapes, historical gardens,
and natural springs. These natural attractions can
serve as tourism draws, providing recreational spaces
for residents and generating revenue for the local
economy. Furthermore, Kashan’s historical fabric
is characterized by traditional architecture, wind
towers, and underground water channels. This unique
cultural heritage offers a distinct identity for the city
and presents opportunities for heritage tourism.



Table 3: General status of descriptive information of the filled questionnaires

Describe Number Percent Describe Number Percent
Gender Marital Status
Female 190 49/5 Married 176 45/8
Male 194 50/5 single 208 54/2
Education Occupation
Under diploma 113 29/4 Seller 84 21/9
Diploma 124 32/3 Worker 145 37/8
Bachelor 75 19/5 Employee 74 19/3
Master 68 17/7 Student 49 12/8
PhD 4 1/0 housekeeper 32 8/3
Table 4: Condition of livability dimensions of Kashan city with T-test
Average test=3
T df Sig. Mean difference 95% confidence
(2-tailed) Upper Lower
Economy 50.841 383 .000 2.44792 2.3532 2.5426
Political 58.671 383 .000 2.74740 2.6553 2.8395
Culture 67.614 383 .000 3.34646 3.2491 3.4438
Environment 63.717 383 .000 3.41775 3.3123 3.5232
Infrastructure 50.512 383 .000 2.65969 2.5562 2.7632
Social 50.108 383 .000 2.55053 2.4505 2.6506
Livability -4.60 383 0.000 -0.089 -0.127 -0.051

Finally, Kashan has a long tradition of producing
exquisite handicrafts, such as carpets, ceramics, and
rosewater. These handicrafts can contribute to the
localeconomy, providingemploymentand showcasing
the city’s cultural richness. By implementing strategic
planning and investing in these strengths, Kashan can
effectively address its livability challenges, improve
the quality of life for its residents, and establish itself
as a sustainable and attractive urban destination.

To analyze and evaluate the livability components
of Kashan city, based on Cochran’s formula, 384
residents of this city were surveyed in two old and
new textures. Since some of the livability components
are relative and individual characteristics and living
conditions have a great impact on the way they are
viewed, part of the questionnaire was dedicated
to descriptive information. Descriptive statistics
of the research include gender, education, marital
status, and occupation. The status of respondents’
information is shown in Table 3.

Liveability of Kashan City
To assess the livability status and differences in
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the dimensions of livability in Kashan, a composite
variable was constructed from each dimension, and a
One-Sample t-test was used Table 4. As can be seen,
the livability status of Kashan in terms of economic,
cultural, and social dimensions is below the average
under study and requires planning for improvement.
Among these, the cultural dimension is the
weakest with a t-statistic of — 6.18. The political and
infrastructural dimensions, on the other hand, were
rated as average by the respondents, with t-statistics
of 1.67 and 1.61, respectively. However, the level of
satisfaction with the environmental dimension was
assessed as appropriate. The overall assessment of
the livability status of Kashan shows that the quality
of livability is inadequate and below the expected
average. This is supported by the significance level of
the test, the negative confidence intervals, and the
t-statistic of -4.606.

Comparison of the livability of old and new
neighborhoods

To assess the livability status in historical and new
urban neighborhoods in Kashan City, a paired-sample
T-test was employed for two independent normal
populations. The results are presented in Tables 5 and 6.



Table 5: Frequency value, mean, standard deviation, and average standard in two old and new tissues

Texture N Mean Std. Error Mean Std. deviation
Old neighborhoods 225 2.796 0.365 0.365
New neighborhoods 159 3.071 0.344 0.344

Table 6: Frequency value, mean, standard deviation, and average standard in two old and new tissues

Levene’s Test for

95% Confidence

Equality of Independent Samples Test Interval of the
Livability Variances Difference
. . Mean Std. Error
Sig. f t df Sig. difference Difference Upper Lower
Bqualvariances 000 0364 -745 382 0.000 -0.275 0.036 -0206  -0.347
assumed
Equal variances - 7526 352187  0.000 -0.275 0.036 -0203  -0.347

not assumed

In the first step, to utilize the results of this test,
Levene’s statistic is employed to examine the equality
of variances. According to the outcome, a significance
level of 0.547, which is greater than 0.05, indicates
that the assumption of equal variances is upheld.
Therefore, the results of the first row serve as the
basis for judgment. Since the significance level of the
test is less than 0.05, it implies that the means of the
two populations are not equal. Furthermore, as the
upper and lower bounds at the 95% confidence level
are negative, the livability status in the old fabric is
of lower quality compared to the new fabric Table 6.

Prioritizing dimensions and indices of Kashan city’s
livability

In the continuation of the research process for
prioritizing livability indicators in the old and new
neighborhoods of Kashan city, Analysis of Moment
Structures (AMOS) was used. The purpose of this
study was to identify the most influential variables
of Kashan city livability variables. Therefore, based
on the theoretical foundations of the research, a
second-order factor model was developed based on
six latent factors (Infrastructural, Political, Economic,
Environmental, Social, and Cultural). In this study,
using factor analysis, each of the variables that could
identify each of the six latent factors was selected
and entered into the modeling process Fig. 4.

Fig. 4 presents the second-order factor loading
and also the most significant variables and their
prominent impacts on the livability of Kashan City.
The findings reveal that the economic factor holds
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the highest factor loading of 0.95, indicating its
substantial influence on the city’s livability. Following
the economic factor, the social factor ranks second
with a factor loading of 0.93, and the infrastructure
factor comes next with a factor loading of 0.85. The
environmental, political, and cultural factors follow
with factorloadings of 0.68,0.51,and 0.5, respectively.
Within the economic factor, the job opportunities
variable holds the highest impact with a factor
loading of 0.57, followed by economic prosperity
with a factor loading of 0.47. Affordable housing, on
the other hand, exhibits the lowest impact with a
factor loading of 0.35. The questionnaires employed
in this study further break down these variables
into sub-variables: job opportunities encompass job
diversity and growth, unemployment rate, wages,
and cost of living costs; economic property includes
GDP (Gross Domestic Product) per capita, poverty
rate, and business environment; and affordable
housing comprises housing security, housing quality,
and availability of affordable housing options. The
social factor is primarily influenced by the social
cohesion and solidarity variable, with a factor loading
of 0.79. This variable holds the greatest impact on
the social aspect of Kashan’s livability. Following this,
the safety and security variable ranks second with a
factor loading of 0.72, while health and well-being
exhibit the least impact among the social variables,
with a factor loading of 0.55. The social cohesion and
solidarity variable is further broken down into the
following sub-variables: social capital, sense of place
and community, and equal access to opportunities.
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Fig. 4: The final model for prioritizing Kashan’s livability indicators

The safety and security variable encompasses
responsiveness in emergencies, crime rate, and
personal safety (physical and emotional). Finally, the
health and well-being variable includes access to
healthcare, quality of healthcare, and mental health
resources. Within the infrastructure factor, physical
infrastructure holds the most significant impact
with a factor loading of 0.62, while technological
infrastructure exhibits the least impact with a factor
loading of 0.2. The physical infrastructure variable is
further categorized into the following sub-variables:
housing and buildings, energy infrastructure, water
and sanitation systems, and transportation. The
technological infrastructure variable, on the other
hand, encompasses broadband internet access,
smart city technologies, and digital services for
residents. The environmental factor comprises two
primary variables: physical environment with a factor
loading of 0.59, indicating the highest impact, and
environmental sustainability with a factor loading of
0.19, representing the least impact. The sub-variables
for the physical environment variable include air
quality, water quality, noise pollution, and access
to green spaces. The environmental sustainability
variable encompasses waste management, climate
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change adaptation, and resource (water, energy)
efficiency. The political factor consists of two main
variables: the regulatory framework with a factor
loading of 0.73, indicating the highest impact, and
governance and leadership with a factor loading of
0.36, representing the least impact. The regulatory
framework variable is further broken down into
the following sub-variables: a fair and efficient
legal system, protection of property rights, and a
regulatory environment that facilitates development.
The governance and leadership variable, on the other
hand, encompasses transparency and accountability,
citizen participation in decision-making, and
efficiency in addressing urban problems. The cultural
factor comprises two primary variables: cultural
dynamics and diversity with a factor loading of 0.65,
indicating the highest impact, and preservation of
historical heritage with a factor loading of 0.31,
representing the least impact. The cultural dynamics
and diversity variable is further broken down into
the following sub-variables: arts and entertainment
offerings, cultural events and festivals, and ethnic
and religious diversity. The preservation of historical
heritage variable, on the other hand, encompasses
the protection of historic buildings and sites, sense



Table 7: Default model weighted regression

Estimate S.E. C.R. P Estimate S.E. C.R. P
F10 <--- f3 1.000 q20 <--- F4 1.138 .735 1.548 .026
F4 <--- f3 422 .199 2.122 .034 ql <--- f2 1.000
F2 <--- f3 .765 .190 4.037 *kk q2 <--- f2 1.027 177 5.817 roxk
F9 <--- f3 430 224 1.919 .043 q3 <--- f2 518 .109 4.734 Ak
F1 <--- f3 1.000 q4 <--- f2 .396 126 3.142 .002
F7 <--- F10 321 .105 3.046 .002 q21 <--- fl 1.000
F6 <--- F10 426 .138 3.093 .002 q4l <--- f1l .574 .164 3.506 roxk
F5 <--- f3 1.000 q54 <--- f1 .520 .160 3.259 .001
F8 <--- F10 .529 .154 3.432 *Ek q56 <--- f1l .760 201 3.774 *oxk
q44 <--- f7 1.000 q57 <--- f1l 571 175 3.259 .001
q45 <--- f7 1.643 .392 4.188 HoEE q58 <--- fl .673 .161 4.182 xRk
q46 <--- 7 1.089 .308 3.531 HAE q40 <--- F6 1.000
q47 <--- f7 1.228 .334 3.681 *Ek q42 <--- F6 1.081 .181 5.967 roxk
q48 <--- 17 1.196 .320 3.739 Fkx q43 <--- F6 .821 .144 5.719 *Ax
q49 <--- f7 1.746 428 4.074 HEE q27 <--- F8 1.000
q50 <--- f7 1.812 440 4.117 Fkx q28 <--- F8 .885 .165 5.375 Ak
q22 <--- F5 1.000 q29 <--- F8 .683 .140 4.876 roxk
q23 <--- F5 1.078 191 5.642 Fkx q30 <--- F8 1.083 172 6.291 *AK
q24 <--- F5 .809 .187 4.327 HEE q31 <--- F8 .958 .166 5.786 roxk
q25 <--- F5 1.072 .176 6.087 HAx q32 <--- F8 .650 .162 4.022 HEk
q26 <--- F5 470 .143 3.293 *EE q33 <--- F8 .930 .166 5.599 roxk
q59 <--- F5 .667 151 4.425 Hkx q35 <--- F8 .310 .145 2.142 .032
qla <--- F4 1.000 q34 <--- F8 .706 .166 4.248 roxk
ql5 <--- F4 1.189 .698 1.703 .046 q5 <--- F9 1.000
qlée <--- F4 2.276 1.138 2.001 .045 q6 <--- F9 1.630 .896 1.820 .039
ql7 <--- F4 2.251 1.106 2.036 .042 q7 <--- F9 2.772 1.446 1.917 .045
ql8 <--- F4 2.359 1.137 2.074 .038 ql3 <--- F9 1.311 767 1.710 .047
ql9 <--- F4 2.734 1.277 2.141 .032
Table 8: The main index of fit
Indicators scores Status
CMIN/DF 1.505 Suitable
GFI 0.716 Suitable
AGFI 0.687 Suitable
PRATIO 0.948 Suitable
RMSEA 0.058 Suitable

of place and heritage, and integration of history
into modern life. Table 7 presents the non-standard
values, critical ratio, and level of significance
(P-value). The results of the table indicate that all
lambda parameters have a significant difference from
zero. The P-value in all the above relationships is less
than 0.05, which shows that all the relationships in
the model are supported by the empirical data.

After examining the significance of parameters
with zero values, the final model of the research is
evaluated using overall model fit indices. According
to Table 8, the main model fit indices show that the
research data has been able to well represent the
conceptual model of the research, as the values of
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the obtained parameters are within the range of the
desired fit.

The study investigated livability in Kashan, Iran,
comparing its old and new districts. The findings
reveal that overall livability in Kashan falls short of the
desired average, with economic, cultural, and social
aspects scoring the lowest. Environmental quality, on
the other hand, was assessed as satisfactory. When
comparing livability across old and new districts,
the study found that newer districts have a higher
overall livability compared to older ones. To further
understand the factors influencing livability, the



study prioritized the six dimensions of livability:
infrastructure, politics, economy, environment,
society, and culture. The economic factor emerged
as the most influential, followed by social and
infrastructural factors. Within the economic factor,
job opportunities were identified as the most
impactful aspect, while social cohesion and physical
infrastructure held the greatest importance within
the social and infrastructural factors, respectively.
The findings of this study highlight the critical role of
effective urban management in enhancing livability
across Kashan’s districts. The observed disparities
between old and new districts suggest the need
for targeted interventions to bridge the gap and
ensure equitable access to a high quality of life for
all residents.

Strategic economic development: Develop
and implement strategic economic development
plans that focus on diversifying the city’s economy,
fostering innovation, and creating job opportunities,
particularly in the new districts. This can involve
attracting new businesses, investing in skills
development programs, and providing incentives
for entrepreneurship. Effective urban management
can bridge the economic gap between districts by
directing resources toward the development of
lagging areas.

e Community engagement and social inclusion:
Prioritize community engagement initiatives that
promote social cohesion and a sense of belonging in
all neighborhoods. Encourage resident participation
in decision-making processes and invest in programs
that foster social inclusion, particularly in the older
districts. This proactive approach can strengthen
social bonds and create a more vibrant and inclusive
urban environment across the city.

e Infrastructure investment and maintenance:
Increase investment in upgrading and maintaining
physical infrastructure across all districts, with a
specific focus on housing, transportation, water
and sanitation systems, and energy efficiency in the
older districts. Effective urban management can
prioritize infrastructure projects that address existing
deficiencies and ensure all residents have access
to essential services. This will not only improve the
overall quality of life but also promote sustainable
development in the long run.

By implementing these management
recommendations, Kashan can create a more
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balanced and livable urban environment for its
residents. This will not only address the identified
disparities but also position the city as a model for
sustainable urban development and improved well-
being for all.
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As technology advances, people choose to reside
in cities. The United Nations asserts that almost 55
percent of people live in cities, and the number will
also rise to 60% worldwide by 2030 (Wu et al., 2022).
Moreover, there will be 1.5 times more people living
in cities by 2045, making it so that almost 7 out of
10 people will live in cities. The average size of towns
has grown along with the number of residents. It’s
important to think about how to adapt to these
changes. Hence, cities must develop social and
economicstructureswithoutharmingtheenvironment
and create a balance between human residents and
natural resources to achieve urbanization to deal
with the challenges caused by urbanization, including
lack of housing, traffic situation, or waste disposal
(Rieder et al., 2022). Furthermore, many problems
caused by population growth increase pressure
on infrastructure and reduce natural resources, so
the concept of sustainability is important to solve
these challenges and guide urban development.
Advanced technology is essential for promoting
urban sustainability and fostering a pleasant urban
lifestyle. Because the use of today’s technology can
overcome many problems in cities and guide their
planning toward sustainability, these techniques help
cities achieve an efficient standard of living while
maintaining ecosystems and natural resources (Laffta
and Al-Rawi, 2018). In the contemporary digital
age, the growing complexity of global cities hinders
the effectiveness of traditional urban design and
management tactics. This limitation restricts urban
management to conventional ways that include a
limited number of individuals and stakeholders in
decision-making processes. Hence, urban planners
must harness the potential of developing technology
to make informed and superior decisions (Ye et al.,
2021). For almost half a century, urbanization has
revolved around sustainable cities in the world (Karal
and Soyer, 2024). People seek optimal construction
sustainability by reducing resource consumption,
energy consumption, and waste while increasing
social integrity and welfare (Deng, 2021). The existing
research and UN policy documents highlight that
proper urban management has an impact on climate
change (Omole et al., 2024), financial growth (Zhang
et al., 2024), social inclusion and resilience (Zhou et
al., 2024), the health of citizens (Fernandez-Aguilar et
al., 2023),and the quality of urban life (He etal., 2024),
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which have a positive effect. Global, national, and local
policies endorse maintainable cities as the preferred
solution to sustainable growth issues, and there is
a high demand for various modern and alternative
approaches to planning, building, maintaining, and
managing cities that utilize technology (Liu, 2021).
With the rapid pace of technological advancements
in recent years, cities have a unique opportunity to
harness the power of technology to tackle sustainable
challenges. From smart infrastructure and energy-
efficient buildings to data analytics and Artificial
Intelligence (Al), technology offers countless tools
and resources that can help cities optimize resource
use, reduce carbon emissions, and increase overall
sustainability (Das et al., 2024). Currently, algorithmic
urban planning utilizes the analysis of urban big data
and planning technologies powered by data to ensure
intelligent and sustainable development (Ldzaroiu et
al., 2020). A thorough comprehension and evaluation
of deployed technology is crucial when striving to
establish intelligent and environmentally friendly
urban growth through urban planning. To accomplish
this, a thorough review of existing knowledge
and practice on the subject is required, not only
for measurement purposes but also as a tool for
critically examining the risks, limitations, and future
opportunities of Al in urban planning (Agboola and
Tunay, 2023). A long-term plan to transform society
at an increasing pace should guide strategies for
sustainable cities (Wu et al., 2022). Sustainable urban
development with indicators such as improving
the life quality through social communication
(Mouratidis, 2021), decreasing energy consumption
through green construction design tools (Umoh et
al., 2024), sustainable transportation (Kirschner
and Lanzendorf, 2020), environmental protection
and restoration (Zeng et al.,, 2022), renewable
energy and waste management (Omole et al.,
2024), green economies, like green tax guidelines
and infrastructure (Liu and Dong, 2021) have been
measured. Also, studies investigating the impacts
of the digital economy (Liu et al., 2024), machine
learning (Li et al., 2023), urban planning (Puchol-
Salort et al., 2021), and smart cities (Vardopoulos
et al., 2023) have focused on urban management
and sustainability. This research, by examining the
previous research and analyzing it, identifies the
weak points and opportunities and seeks to fill these
gaps with innovative approaches. This approach can



help to improve existing theories and methods. On
the other hand, the use of advanced technology can
lead cities to sustainability by overcoming problems.
However, studies that have a key focus on the potential
of artificial intelligence technologies and geographic
information systems for urban sustainability are very
limited, and considering the technology dimension
is one of the unique features of this research. Also,
this study aims to help organizations, policymakers,
and urban managers to create a better alignment
between sustainable development goals and
implementation plans by providing an integrated
practical model and comprehensively considering
economic, social, environmental, management, and
technology dimensions. A study that investigated
all these dimensions in the Tehran Municipality
was not found. To achieve these goals, the Tehran
Municipality in Iran conducted a research study in
2023 and 2024.

Urban sustainability

Since the Brundtland Report’s publication in
1987 (Berry et al., 2015), people have recognized the
importance of cities in achieving sustainability, and
it is the primary focus of international communities.
In addition, the United Nations Rio+20 Conference
on Sustainable Development recognized cities as
a key focus area for the transition to sustainable
development (Pineschi, 2024). At the conference,
worldwide programs like the C40 initiative
showcased the significant roles that cities can fulfill in
advancing sustainability and attaining climate change
adaptation and mitigation objectives. Additional
influential aspects that have contributed to the
advancement of urban sustainability include the
release of the new urban plan and the integration
of urban sustainability into policy frameworks like
the Sustainable Development Goals. Goal 11 of
sustainable development expressly advocates for the
establishment of cities and human settlements that
are inclusive, safe, resilient, and sustainable (Sharifi,
2021). The process of defining urban sustainability
directly influences the identification and extraction
of its indicators. Urban sustainability has been
variably defined with diverse criteria and emphases.
Sustainability definitions prioritize the improvement
of long-term human well-being by achieving a balance
between three key aspects: reducing resource
consumption and environmental harm, optimizing

resource utilization efficiency, and promoting
equality and democracy (Huang et al., 2015). In 1995,
the European Environment Agency set five objectives
for urban sustainability. These goals are to reduce
the use of natural resources, effectively manage
urban flows, safeguard the health of urban residents,
ensure equal access to resources and services, and
preserve cultural and social diversity (Stanners,
1995). According to the United Nations Center
for Human Settlements (1997), a sustainable city
achieves sustainable social, economic, and physical
development and has sustainable natural resources
(Ayeni and Settlement, 1997). Urban sustainability
refers to a dynamic process that aims to establish and
sustain a continuous relationship between ecosystem
services and human well-being through cooperation.
(Wu et al., 2014).

Technology and urban sustainability

Recent developments in urban studies have
intensified the global need to improve environments
through technology. The wuse of technology
improves urban infrastructure, increases livability,
and promotes sustainability. While the concept of
using technology in city management dates back
to the late 1950s and early 1960s, the widespread
recognition of these technologies’ potential is
evident today (Huang, 2021). Zhou et al., (2022)
highlighted the significance of urban planning in
achieving sustainable development objectives,
particularly those directly linked to urban settings.
Currently, the implementation of sensors collecting
big data that change land use, transportation
patterns, real estate investments, and energy use
has accelerated the technology application (Sanchez
et al.,, 2023). Conversely, smart city programs are
placing greater emphasis on incorporating resilience
into the resolution of associated problems. Direct
your attention towards climate change. Strategic
alignment is crucial. This strategic alignment
addresses the challenges presented by climate change
and emphasizes the importance of smart cities in
adjusting to these environmental changes. Smart
cities utilize technological advancements to enhance
efficiency and comfort while also bolstering their
ability to tackle the pressing environmental issues
brought about by climate change. By harnessing
technology and utilizing data, cities can adjust to the
increasing demands of their inhabitants and develop
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urban places that are not only habitable but also well-
prepared for the future (Agboola and Tunay, 2023).
Using today’s technology can help cities overcome
many problems and guide their planning toward
sustainability. These techniques help cities achieve a
decent standard of living while preserving ecosystems
and natural resources. Technology enhances
production processes by addressing various threats
that could hinder cities’ competitiveness in land use
and urban transport, urban waste management, air
quality, cultural heritage preservation, sustainable
water management, and sustainable energy. These
techniques are known as green technologies, which
are the only tools to help the sustainability of cities
and provide a suitable quality of life for residents
(Laffta and Al-Rawi, 2018). Nonetheless, developing
technologies such as Al, Internet of Things (loT),
Machine Learning, Deep Learning, and Artificial
Neural Networks are employed to generate, enhance,
and oversee the efficacy of intelligent and sustainable
development globally. Son et al., (2023) view artificial
intelligence as a highly promising technology for
intelligent and sustainable urban planning. People
commonly use Al applications like social media,
emails, and search engines daily, but there is
extensive potential for Al applications in sustainable
development and urban planning. This includes
various aspects such as land use, zoning and licensing,
environmental planning, and transportation (Sanchez
et al., 2023). Al can aid urban planners in developing
optimal and fair networks to manage the growing
traffic and public transit demands. It can assist urban
designers in addressing and developing specific
environments, as well as fostering more streamlined
communities. In addition, Al can forecast and evaluate
the quality of indoor air in urban areas. It can publish
findings on pollution levels, concentrations of fossil
fuel particles, and future projections. These insights
are valuable for informing city administrations and
policymakers (Quan, 2022). In addition, we can utilize
Geographic Information Systems (GIS) on the Internet
to publish maps and assist citizens in comprehending
suggested designs. Developing plans and enhancing
planners’ capacity to serve the community relies on
public awareness of plans and debates. Planners’
effectiveness in addressing chronic urban problems
is heavily dependent on their ability to use efficient
tools and planning support systems (Laffta and Al-
Rawi, 2018).
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This applied research employs a qualitative data
collection approach and seeks to answer the following
question: What factors should be considered to
achieve urban sustainability? This method seeks to
develop a model and a data-oriented method that
reaches concepts and categories through data and
seeks to present a model with an inductive method
where there is no variable in it. We used the literature
study, research background, information banks, and
surveying as data collection tools. In the qualitative
approach, we conducted semi-structured interviews
and manually analyzed the results. In this research,
the interviews were conducted through semi-
structured interviews to answer questions such as
how, why, what, where, who, and when. The codes
extracted from the 13th interview have reached a
saturation state, and conducting more interviews did
not add new codes to the previous codes. This number
of samples was enough for the interview section.
The statistical population of the research consists
of the 13 managers, academic staff, specialists, and
experts of the 5th district of Tehran municipality.
The criteria for selecting experts include those with
at least seven years of executive and managerial
experience in this field. To select experts to conduct
interviews, judgmental purposeful sampling was
used. Some interviews were audio recorded where
the interviewees permitted, and sometimes notes
were taken by the researcher during the interview.
After conducting each interview, the collected data
were sorted and saved in Word file format. This
research employed the theme analysis technique
to scrutinize the data gathered from the interviews.
Theme analysis is a method to determine, analyze,
and express the patterns (themes) in the data. This
method not only organizes the data and provides
detailed descriptions, but it also can interpret
various aspects of the research topic. The process of
analyzing the theme is recursive, involving frequent
transitions between the outlined steps. In addition,
theme analysis is a process that takes place over
time. To check the validity, the codes produced in
a form were provided to four of the interviewees.
Finally, we confirmed the validity of the results by
summarizing the evaluation of the participants.
Furthermore, two theme analysis experts supervised
the various stages of coding, conceptualization,
category extraction, and theory formulation. To



calculate the retest reliability, among the conducted
interviews, several sample interviews were selected
and the specified codes were compared in two-time
intervals for each of the interviews. In this study, two
interviews were selected as samples and re-coded
with an interval of one month. Considering that the
retest reliability rate is 84% (Table 1) and this value is
more than 60%, the coding reliability is acceptable.
Qualitative data obtained from the interviews were
also analyzed by the open and axial coding methods.
Open coding involves coding everything, resulting in
the identification of numerous codes, irrespective
of their interrelationships. At this stage, through the
collection of open codes, the codes are completed
with the researcher’s notes and formulated to be
presented to others. The next stage, known as central
coding, involves the integration of codes through
their classification, followed by selective coding that
describes the relationships between the codes.

In the present study, the researcher read all the
data obtained from the interviews once before he
started coding the data. After acknowledging the
data, the coding stage begins, and the creation of
codes depends more on the researcher’s view of
the data; However, reviewing and categorizing all
the codes is one of the key points at this stage. We
conducted open interviews, asking 10 questions
about urban sustainability, and employed two stages
of central and selective coding. In short, the interview
questions are:

1) In your opinion, what is the definition of urban

sustainability?

2) What factors lead to urban sustainability?

3) What was the impact of the progress of science
and technology on urban sustainability?

4) What plans and strategies does the municipality
have in mind to achieve urban sustainability?

5) What policies should be implemented to
improve access to public services in cities?

6) How can we strengthen the connection between
people and the urban environment?

7) What strategies are effective to reduce pollution
and improving air quality in cities?

8) How canwe help the development of sustainable
public transport in cities?

9) What successful experiences are there in the
field of urban sustainability that can be inspiring?

10) How can the improvement of urban
infrastructure be justified considering economic
aspects?

In this section, 13 managers, academic staff,
specialists, and experts of the 5th district of Tehran
municipality were interviewed using semi-structured
in-depth interviews. Before initiating the qualitative
analysis, it is crucial to arrange the data to facilitate
a simple analysis. For this purpose, interviews have
been analyzed in tabular format. After listening to the
interview text and checking the notes, the general
concept of the interview was obtained. Table 2
demonstrates the sample of spoken evidence from
which we extracted the primary codes.

After doing the coding, the researchers classified
the different codes into the form of potential themes
and sorted all the coded data summaries into

Table 1: Reliability percentage by test-retest method

. . Number of Number of Retest reliability
interview Total number of codes .
agreements disagreements percentage
1 72 30 23 83
2 80 34 34 85
total 152 64 57 84

Table 2: Verbal evidence from interviews for initial coding

Oral evidence

Primary code

In my opinion, to achieve the goals of sustainable development in the city,

factors such as using renewable energy sources, creating more green spaces
such as parks and rooftop gardens, and improving public transportation to

reduce vehicle emissions can be mentioned.

By carrying out targeted and digital advertising, people can be encouraged
to ride bicycles and walk, and it is necessary to build bicycle paths and

streets suitable for pedestrians.

-Equipped with renewable energy production system
-Use of green infrastructure

- Construction of walking and cycling paths
- Using digital advertising to reach the target
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specified themes. Researchers start analyzing their
codes and consider combining different codes to form
an overall theme. At this stage, the researchers form
the main themes from some of the primary codes,
create sub-themes from others, and remove the rest.
The first stage involves reviewing and correcting the
sub-themes, while the second stage considers their

or replaced, while some remained intact. Table 3
reveals the final results.

The researcher defines and revises the themes
presented for analysis once they have created a
satisfactory map of themes, and then analyzes the
data within them. The results of the interviews define
urban sustainability in the form of social, economic,

validity. In this part, some of the codes were removed

environmental, technological, and managerial

Table 3: Urban sustainability sub-themes

Row main theme Sub-theme Primary codes
1 Social dimension Social equality - Minimizing the socio-economic gap between the rich and the poor
- Equal access to municipal services
- Predicting affordable housing
- Providing suitable social services for vulnerable social groups
Quality of life in the - People interaction programs
city - Ensuring access to recreational sites
- Reduction of carbon emissions
- Avoiding wasting time in daily commuting
- Increase healthcare
2 Economic dimension Economic Growth - Ensuring that the average household income meets the minimum needs of the
family
- Using job opportunities
Affordability - Ensuring the affordability of basic services
- Reduction of poverty and unemployment
- Ability to save
Access to financial - Ensuring access to financial resources for deprived urban citizens
matters - Promoting business through bank loans
- Ensuring collateral-free financing for the urban poor
3 Environmental Sustainable -Public transportation facilities
dimension transportation - Vehicles based on renewable energy
Sustainable service -Reducing unnecessary trips
- Construction of walking and cycling paths
- Redesign of public spaces for less use of private cars
Sustainable Energy - Equipped with renewable energy production system
- Use of clean energy
- Low emissions of greenhouse gases
4 Technology Artificial intelligence - Intelligent cleaning system
dimension capabilities -Intelligent traffic management
- Intelligent transportation system
- Intelligent garbage collection system
- Intelligent drainage and sewage system
Geographical - Identification of land uses and zoning
information systems - Development of smart growth of cities
capabilities Urbanization control
- The success of planners in fighting chronic urban problems
Green technology -Investment in low-carbon technology
-Using green infrastructure as a hedge against the risks of climate change
- Reduction of waste and pollutants
5 Management Sustainable strategy - Paying attention to opportunities and comprehensive challenges
dimension -Understanding sustainability risks

- Coordination with internal and external developments

Human
planning

resource

- Training of human resources

- Development of effective communication

-Strengthening positive relationships between individuals and communities
- Strengthening governance

- Citizen cooperation and participation

Urban marketing

- Promotion of products, services, and brands especially in urban areas
- Creating targeted campaigns
- Using digital advertising to reach the target audience
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Fig.1: Urban sustainability model

themes (Fig. 1).

In the current research, the dimensions of urban
sustainability have been investigated with a detailed
perspective, and the result of this research led to the
identification of social, economic, environmental,
technological, and management dimensions that
were discussed in detail.

1) The first dimension is the social dimension,
which is characterized by the concepts of social
equality and quality of urban life. The social
dimension of urban sustainability refers to the well-
being and quality of life of a city’s residents, as well
as the fair distribution of resources and opportunities
in the urban environment (Larimian and Sadeghi,
2021). Furthermore, in research (Mouratidis et al.,
2024), the social dimension of urban sustainability
refers to the ways that cities and communities can
promote social equality, cohesion, and inclusion
among their population. It comprises a wide range of
factors, including access to essential services such as
housing, health care, education, and transportation,
as well as opportunities for meaningful employment,
social interaction, and civic participation. In the
current research, one of the key elements of the
social dimension of urban sustainability is social
equality. This entails ensuring that all members
of society have access to basic services such as
affordable housing, education, health care, and

transportation. By addressing issues of social equity,
cities can help reduce poverty, inequality, and
social exclusion, which are the main obstacles to
sustainable development. In addition, promoting
social equity can help foster social cohesion and a
sense of community among residents, which is critical
to creating resilient and inclusive cities. In addition,
the social dimension of urban sustainability includes
considerations of social welfare and quality of life.
This entails ensuring that residents have access to
affordable health care, recreational facilities, green
spaces, and other amenities that contribute to their
physical and mental well-being. By investing in social
infrastructure and services that enhance residents’
quality of life, cities can create healthier, happier, and
more resilient communities that are better equipped
to deal with complex 21st-century challenges such as
carbon emissions.

2) The second dimension is the economic
dimension, which includes economic growth, financial
strength, and access to financial matters. One of
the key economic aspects of urban sustainability
is creating jobs and opportunities for residents. A
sustainable city must have a thriving economy that
provides many job opportunities for its residents and
ensures that they can support themselves and their
families (Zeng et al., 2022). This requires a diverse
and resilient economy that can adapt to changing
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conditions and market forces. By fostering innovation
and entrepreneurship, cities can create new
industries and job opportunities that help sustain
economic growth in the long term (Caragliu and Del
Bo, 2019). Economic growth is a key indicator of urban
sustainability because it reflects the overall health
and vitality of an urban economy. An urban economy
that promotes sustainable growth equally distributes
its benefits to all members of society. Creating diverse
economic opportunities, investing in infrastructure
and innovation, and promoting a suitable business
environment can achieve this. A sustainable urban
economy also needs financial stability and flexibility.
This includes the ability of local governments to
effectively manage finances, maintain balanced
budgets, and invest in long-term projects that support
sustainable development. Financial capability also
includes the ability of residents and businesses to
withstand economic shocks and downturns through
savings, insurance, and access to social safety nets.
Access to financial resources is another critical aspect
of urban sustainability. To promote economic growth
and development, individuals and businesses must
have access to the financial resources needed for
investment, innovation, and growth. This includes
access to capital for small and medium enterprises,
affordable credit for various people, especially the
disadvantaged, and support for innovative and
sustainable projects. Lack of access to finance can
impede economic growth and perpetuate inequality
by leaving those unable to finance behind.

3) The third dimension is the environmental
dimension, which is defined by sustainable
transportation, sustainable services, and sustainable
energy. In this regard, Beck and Ferasso (2023)
introduced one of the key dimensions of urban
sustainability, the environmental dimension, which
focuses on ensuring that urban development does
not harm the natural environment and that cities can
reduce and adapt to the effects of water changes.
The environmental dimension of urban sustainability
focuses on minimizing the negative impact of urban
development on the environment and promoting
the health and well-being of both people and
ecosystems. Besides, Wu et al., (2022) showed that
the environmental dimension of urban sustainability
includes various issues, including air and water
quality, biodiversity protection, waste control, and
green spaces. Burning fossil fuels for transportation
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and energy production often causes air pollution,
one of the main challenges urban areas face in terms
of environmental sustainability. Poor air quality can
have serious effects on the health of urban residents
and can also contribute to climate change. Hence,
to lessen the impact on the environment and air
quality, it is important to encourage sustainable
modes of transportation and to build sustainable
transportation networks. These include public
transportation, cycling, walking, and carpooling. Also,
encouraging the use of electric vehicles or other
forms of clean energy vehicles can further reduce
greenhouse gas emissions and promote a healthier
urban environment. Also, by promoting energy and
water-saving measures can reduce the consumption
of resources and minimize the urban footprint on
the environment. Transitioning to renewable energy
sources such as solar, wind, and hydropower can help
urban areas reduce their dependence on fossil fuels
and reduce greenhouse gas emissions.
4)Weidentifiedthefourthdimension, knownasthe
technology dimension. This dimension encompasses
the capabilities of artificial intelligence, geographic
information systems, and green technology. Urban
sustainability’s technology dimension refers to
the use of advanced technology and innovative
solutions to deal with urban challenges and promote
sustainable development. This dimension focuses
on using technology to improve the efficiency of
urban systems, reduce resource consumption, and
minimize environmental impacts. Cities commonly
use technologies like smart grids, renewable
energy systems, energy-efficient buildings, and
advanced transportation systems to enhance their
sustainability. The concept of smart cities is one of
the key aspects of urban sustainability’s technology
dimension. Smart cities use technology and data to
improve the quality of life for residents, improve
urban infrastructure, and create more resilient and
sustainable urban environments. Smart city initiatives
often involve the use of sensors, data analytics, and
artificial intelligence to optimize resource allocation,
reduce energy consumption, and improve public
services. In addition to smart city solutions, the
technological dimension of urban sustainability also
includes the adoption of green technologies and
practices. Green technologies, such as solar panels,
wind turbines, and green building materials, lead to
lower carbon emissions, higher energy efficiency,



and highly sustainable living. By incorporating green
technologies into urban infrastructure and buildings,
cities can significantly reduce their environmental
impact and contribute to a more sustainable future
(Laffta and Al-Rawi, 2018). Al has the potential to
provide innovative solutions for various challenges
facing cities, which plays an important role in
promoting urban sustainability. Artificial intelligence
enables the optimization of energy distribution and
consumption in urban areas. The use of machine
learning algorithms that can examine usage patterns,
forecast demand, and optimize the operation of smart
grids can make energy management more effective
and sustainable. Al-powered systems can also monitor
traffic conditions, predict delays, and adjust traffic
lanes accordingly. Artificial intelligence technologies
can be used to improve waste collection and recycling
processes. For example, sensors equipped with
artificial intelligence can optimize waste collection
routes, leading to lower fuel consumption and lower
emissions. In addition, artificial intelligence can help
identify recyclable materials and sort them more
effectively in recycling facilities (Son et al., 2023).

5) Finally, the fifth dimension is the management
dimension, which in this research is defined by
factors such as sustainable strategy, human resource
planning, and urban marketing. The managerial
dimension of urban sustainability plays an important
role in achieving sustainable goals (Zeng et al.,
2022). It includes planning, coordinating, and
implementing policies, strategies, and initiatives
aimed at promoting sustainable urban development
(Beck and Ferasso, 2023). Effective management
of these activities is necessary to ensure that cities
can grow and develop in a sustainable and resilient
manner against future challenges. A sustainable
strategy should outline specific actions and
initiatives that cities will take to promote urban
sustainability, taking into account the opportunities
and overall challenges. This necessitates cooperation
among diverse parties, encompassing government
agencies, enterprises, non-profit organizations, and
community groups. Cities may ensure that their
long-term growth is ecologically conscious, socially
inclusive, and economically sustainable through the
implementation of a sustainable strategy. Human
resource planning is an essential component of urban
sustainability management (Beck and Ferasso, 2023).
Cities must invest in their human capital by attracting,
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training, and retaining a diverse and skilled workforce,
as well as developing effective communications. This
includes professionals with expertise in sustainability,
environmental management, urban planning, and
other related fields. HR planning also includes
promoting diversity and inclusion in the workplace,
ensuring equal opportunities for all employees, and
fostering a culture of innovation and collaboration.
By investing in their human capital, cities can create
the capacity to effectively deal with sustainability
challenges and become flexible, adaptive, and
inclusive urban communities. Finally, urban
marketing plays an important role in promoting
and communicating urban sustainability initiatives
to residents, businesses, investors, and tourists.
Effective city marketing entails branding the city as
a sustainable and livable destination, highlighting its
unique features and attractions, and engaging with
stakeholders through a variety of communication
channels. This includes social media, websites,
events, and campaigns that raise awareness of
sustainability issues, showcase best practices, and
inspire action. By engaging in urban marketing, cities
can attract investment, talent, and visitors, build a
positive reputation, and strengthen their competitive
advantage in the global marketplace.

This study concludes that the managers of
Tehran municipality can address the root causes of
poverty, inequality, and social exclusion and create
a fairer and more sustainable urban environment
by focusing on social equality and inclusivity. Urban
planners, policymakers, and residents need to
prioritize the social dimension of urban sustainability
in their decision-making processes to create cities
that promote well-being and quality of life for all
residents. Tehran municipal managers can also create
a strong economic foundation that supports their
long-term sustainability goals by focusing on creating
jobs and opportunities for residents and using
resources and infrastructure efficiently. Cities must
prioritize economic sustainability in their decision-
making and planning processes to ensure they can
thrive in a complex and uncertain world. Sustainable
cities must prioritize the accountable consumption
of land and water resources to ensure they can
meet the current and future generations” demands.
It requires investing in sustainable infrastructure



and technologies, like renewable energy sources
and well-organized transportation systems, that can
help minimize waste and reduce the city’s carbon
footprint. By investing in sustainable practices,
cities can reduce their operating costs and improve
their overall economic competitiveness. Several
indicators can be used to measure the economic
dimension of urban sustainability. These include
Gross Domestic Product (GDP) growth, per capita
income, unemployment rate, poverty level, inflation
rate, and access to financial services. By tracking
these indicators over time, policymakers can gain
valuable insight into the health and vitality of their
city’s economy and make informed decisions about
how to promote sustainable economic development.
Also, cities can create a more resilient and
sustainable urban environment for current and future
generations by prioritizing environmental protection.
Through sustainable measures, including quality
enhancement, waste management, biodiversity
conservation, and green space development, cities
can reduce their environmental impact and create
a healthier and more livable urban environment.
Furthermore, the construction of green spaces
such as parks, gardens, and green roofs plays a
vital role in the environmental dimension of urban
sustainability. Green spaces facilitate moderating the
urban heat island effect, provide wildlife habitat, and
enhance air quality. They also offer residents a place
to relax, exercise, and connect with nature, which
contributes to their overall health and well-being.
In addition, cities can address urban challenges,
increase resource efficiency, and create livable and
sustainable urban environments by using advanced
technologies, smart city solutions, and the use of Al,
and green technologies. Accepting technology as a
key factor in urban sustainability is necessary to build
flexible, efficient, and environmentally friendly cities
that can align with present and future generations’
requirements and aid in urban planning and design.
It can also help urban planners and architects design
more sustainable and environmentally friendly cities.
By analyzing large amounts of data, Al can help
identify optimal locations for green spaces, renewable
energy facilities, and sustainable infrastructure.
Finally, by engaging in urban marketing, cities can
attract investment, talent, and visitors, build a
positive reputation, and strengthen their competitive
advantage in the global marketplace. It is suggested

326

that future research should investigate the mutual
effects of the participation of citizens and non-
governmental organizations in the planning and
implementation of wurban sustainability projects
and evaluate the impact of climate change on the
environmental sustainability of cities. Also, it is
suggested that this research takes place in other
geographical areas and its results are compared with
the current research.
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Ho Chi Minh City, Vietnam’s largest urban center, is
experiencing rapid urbanization, which, combined with a growing student population,
has led to an increased demand for student housing. This study aims to assess the
current state of student housing in Ho Chi Minh City, focusing on the gap between
housing supply and demand in the context of the city’s urban development and
sustainability goals.

A mixed-methods approach was utilized to analyze the student housing
landscape in Ho Chi Minh City. Qualitative data were obtained through secondary
document analysis, including a review of scholarly articles, government reports, and
statistical data. Quantitative data were collected via an online survey of 88 first- and
second-year students at the Ho Chi Minh City University of Technology and Education,
designed to capture a broad range of housing experiences and preferences. This
comprehensive approach allowed for a thorough understanding of the needs and
challenges associated with student housing in the city.

The analysis revealed that 51.1% of students preferred renting rooms, while
48.9% chose to stay in university dormitories. A significant portion of students (44.3%)
spent less than 1 million VND per month on housing, often sharing with 2-4 roommates
to reduce costs. The survey indicated that students primarily relied on social media
(61.4%) and referrals (53.4%) for finding housing. Issues of security and safety were
highlighted, with only 45.5% of dormitory residents and 31.8% of off-campus residents
reporting satisfaction with their housing security and safety.

The findings provide valuable insights for policymakers and urban
planners in addressing the student housing shortage in Ho Chi Minh City. The study
emphasizes the need to integrate sustainable practices into housing development, such
as implementing green building standards and enhancing safety measures. Encouraging
partnerships between universities, government bodies, and private developers is crucial
for creating sustainable, affordable, and secure housing solutions that meet the needs
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The initiation of Resolution No. 06-NQ/TW by the
Politburo on January 24, 2022, marks a significant
shift in Vietnam’s approach to urban development,
aiming for completion by 2030 with a strategic
vision extending to 2045. This resolution outlines a
comprehensive agenda to accelerate urbanization
and foster sustainable urban networks across the
nation. The objective is to integrate cities into
dynamic, globally interconnected urban systems. The
resolution mandates a holistic approach to urban
planning, including construction, management, and
sustainable development policies. It emphasizes the
need for modern, synchronized urban infrastructure
that supports rapid, effective, and sustainable
economic growth. Additionally, it prioritizes
enhancing urban living standards by ensuring
residents’ access to adequate housing and social
infrastructure. This approach also advocates for the
development of modern, green, and smart urban
architectures that reflect and promote Vietnam'’s
unique cultural identity. Ho Chi Minh City (HCMC),
Vietnam’s largest urban center, plays a crucial role in
this developmental trajectory due to its position as a
key economic hub in the Southern region. The city’s
rapid growth is supported by governmental directives
such as Decision No. 1570/Qb-TTg (November 27,
2006) and Decision No. 589/QD-TTg (May 20, 2008),
which have shaped its general and construction
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planning up to 2025, with projections extending
towards 2050. These directives provide a framework
for managing HCMC’s extensive urban landscape,
which includes 24 administrative units—19 districts
and five suburban districts—covering a total area
of 209,554.47 hectares. As of 2006, the population
of HCMC was 6,424,519, but this figure grew to
10,187,671 by 2015, as reported by The Atlas of Urban
Expansion, exceeding earlier population projections.
The city’s urban footprint also expanded significantly,
with its built-up area increasing by 48,418 hectares
from 1999 to 2015, reflecting an average annual
growth rate of 10% (Atlas of Urban Expansion, 2016)
(Figs. 1 and 2).

HCMC'’s urbanization rate now exceeds 80%, with
in-migration contributing significantly to this growth,
accounting for about 1.8 million people or 28.9%
of the city’s population. This demographic shift is a
hallmark of urbanization trends observed in major
cities worldwide. In response to these dynamics,
the Department of Planning and Architecture of the
HCMC government released the “Ho Chi Minh City
Urban Planning Information” in 2020, which includes
a land use plan on a 1/2000 scale, covering all 24
districts (Department of Planning and Architecture,
2020) (Fig. 3). The city’s economic structure has
shifted markedly from its traditional agricultural roots
to a focus on industrial, commercial, service, and
tourism sectors.

Fig. 1: The urban extent of Ho Chi Minh City in 2015 (Atlas of Urban Expansion, 2016)
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Fig. 3: Ho Chi Minh City Urban Planning Information (Department of Planning and Architecture, 2020)

A critical aspect of HCMC'’s rapid urbanization is
the corresponding growth in its student population,
which reached 600,000 in 2023, representing 27.97%
of the national student body. The student population
in HCMC is increasing annually by 10-13% (Minh
Hiep, 2023; Ministry of Education and Training,
2022). This demographic shift underscores the vital
role students play in the urban fabric of HCMC. The
demand for student housing has become a pressing
issue as this population growth is not matched by
adequate accommodation facilities. HCMC is home
to more than 60 universities and colleges, including
institutions with tens of thousands of students such

as Vietnam National University - Ho Chi Minh City
(VNU-HCM), Industrial University of Ho Chi Minh City
(IUHCMC), Ho Chi Minh City University of Technology
and Education (HCMUTE), Ton Duc Thang University,
and others. However, the dormitory accommodation
capacity at these institutions is severely limited. For
instance, I[UH can accommodate only 2,800 students
in its dormitories despite having a student population
of up to 80,000. Similarly, HCMUTE offers only 2,416
dormitory seats for its 37,000 students (HCMUTE
Dormitory Management Board, 2022a; Ngoc Thuy,
2023). Other institutions face similar constraints, with
dormitory accommodation rates generally falling
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below 10% of the total student body. An exception
is VNU-HCM, which provides 38,000 dormitory seats
across its six member universities and two dependent
faculties, catering to nearly 90,700 students (VNU-
HCM Dormitory Management Center, 2022). The
strategic importance of VNU-HCM is highlighted
by the Prime Minister’s approval of its construction
zone planning through Decision No. 409/QD-TTg
on March 21, 2014. This planning effort is integral
to HCMC’s and Vietnam’s broader educational and
developmental goals. Spanning 643.7 hectares on
the border of HCMC and Binh Duong province, VNU-
HCM is set to become a leading hub for education,
scientific research, and technological innovation. The
university system aims to be among Asia’s elite, with a
target to accommodate 65,000 students by 2030. The
expansive VNU-HCM campus includes a Dormitory
Management Center covering 42.08 hectares, with
47 buildings that range from five to sixteen stories
(VNU-HCM Dormitory Management Center, 2024)
(Fig. 4). In July 2023, detailed construction plans for
this project at a 1/2000 scale were submitted to the
Ministry of Construction (VNU-HCM, 2023).
Addressing the student housing challenge
extends beyond mere accommodation provision. It
involves creating supportive environments conducive
to learning, personal growth, and overall well-being.
The scarcity of adequate student housing not only
affects individual health and financial stability but also
poses a significant challenge to HCMC's sustainable
development goals. Current wurban planning
initiatives and educational infrastructure expansions
have exacerbated the challenge of providing
sufficient student housing. This study identifies a
notable gap in the academic literature regarding
the intersection of student housing and sustainable
urban development in HCMC, signaling an urgent
need for further investigation. Exploring the complex
interplay between urban planning policies, housing
market dynamics, and student accommodation
options is crucial to understanding this issue. Such
an investigation will encourage stakeholders to
develop innovative, sustainable practices to address
the student housing crisis and improve urban
livability in HCMC. This research contributes to the
relatively narrow field of multidisciplinary studies on
sustainable urban development from the perspective
of a rapidly urbanizing city in a developing nation.
Furthermore, it offers valuable insights that apply
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to similar urban contexts globally. Overall, this study
aims to assess the current state of student housing,
examine the impact of urban planning policies
on housing affordability and quality, and propose
potential solutions. By employing a mixed-methods
approach—comprising qualitative document analysis
and quantitative survey data—this research provides
a comprehensive understanding of the housing
challenges faced by students in HCMC. The research
survey was conducted from October to December
2023 in various residential areas of HCMC, focusing
on capturing the experiences and preferences
of students regarding their housing conditions.
This comprehensive analysis is intended to guide
policymakers, urban planners, and stakeholders in
developing effective strategies to enhance student
housing infrastructure and support sustainable urban
development in HCMC.

Literature review

The intersection of urbanization, housing
dynamics, socio-economic disparities, and
environmental management in HCMC creates a
complex landscape that significantly influences
sustainable urban development. Central to this
landscape are the specific housing needs of the
city’s growing student population, a demographic
that reflects the broader challenges and aspirations
of urbanization in developing regions. This literature
review synthesizes critical research findings on these
topics, identifies gaps in the existing knowledge
base, and establishes the foundation for this study’s
contributions to the discourse on sustainable urban
living in HCMC. The urbanization process in HCMC has
beenacrucialaspectofVietnam’soverall development
strategy, as highlighted by Ban Mai (2023). The rapid
urban expansion has significant implications for
housing and urban planning, particularly as the city
faces challenges in accommodating its increasing
population, including a large influx of students.
Seo and Kwon (2017), Hoang-Thi et al. (2021), and
Nguyen-Tien et al. (2019) emphasize the importance
of understanding housing preferences in the context
of urbanization to promote sustainable development.
They argue that migration patterns play a vital role
in shaping housing choices, which is essential for
policymakers to consider when crafting inclusive and
sustainable housing strategies. Further, Mertes et
al. (2015) and Vo (2007) discuss the environmental
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Fig. 4: Adjusted detailed construction subdivision planning project of VNU-HCM (VNU-HCM, 2023)

challenges that accompany rapid urbanization,
such as water management and infrastructure
development. Their work highlights how urban
growth impacts the environment and the need for
sustainable practices to manage these effects. Kien
et al. (2016), Tang et al. (2007), and Nguyen et al.
(2007) delve into the socio-economic inequalities
that affect urban settings, revealing the link between
these disparities and sustainable living conditions.
They advocate for a comprehensive approach to
urban planning that addresses these socio-economic
challenges, ensuring that development is both
equitable and sustainable. In terms of economic
dynamics, Primasari and Ardhyanto (2017) explore
the tension between commercial development
and heritage conservation, noting that property
investments significantly influence the construction
industry and urban development. This dynamic
poses a challenge for maintaining adequate housing,

including for students, while fostering economic
growth and preserving cultural heritage. Gillen
(2015) further explores this by examining the cultural
dynamics in HCMC, particularly how rural imaginaries
influence urban environments and the struggle to
balance development with heritage conservation.
Additionally, Ha (2023), Nguyen et al. (2023), Nguyen
and Nguyen (2024),and Phungetal. (2024) investigate
the enduring influence of ideologies on urban health
risks, civil advocacy, and the education of youth,
adding another layer to the discussion on sustainable
urban development. When specifically addressing
student housing needs, Seo and Kwon (2017)
provide valuable insights into creating environments
conducive to learning and personal growth. Their
research, alongside the investigation of Nguyen et
al. (2024) into the student housing market in HCMC
underscorestheimportance ofaddressingthese needs
to enhance urban life quality and support sustainable
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Fig. 5: Student’s residential choice and relevant factors (Nguyen et al., 2024)

development goals. Their analysis considers various
factors influencing student housing choices, including
academic levels and transportation needs (Fig. 5).
These studies collectively highlight the opportunities
and challenges HCMC faces in achieving sustainable
urban development, particularly in meeting the
diverse needs of its students. The literature reveals
a comprehensive understanding of the factors
influencing sustainable urban development in
HCMC. However, significant gaps remain, especially
concerning student housing. While current research
outlines the broad impacts of urbanization, there is a
need for more focused studies on the specific housing
preferences, challenges, and opportunities the HCMC
student population faces. This study aims to fill that
gap, providing new insights that contribute to the
academic discourse and inform policy and practice in
sustainable urban development and student housing
strategies in HCMC. By examining these aspects, the
current research extends the narrative, providing a
critical reference point for future studies on urban
living and planning dynamics in rapidly developing
cities.

Conceptual framework

Understanding needs is fundamental to various
disciplines, including psychology, economics, and
sociology. These needs, whether material or spiritual,
are essential for human development and societal
progress (Tang et al., 2007). Housing, as defined by

334

the Housing Law (2014), encompasses construction
projects aimed at meeting the living needs of
families or individuals (Khuong & Nguyen, 2017).
Sustainable development, as articulated by Seo
and Kwon (2017), involves meeting current needs
without compromising future generations’ ability to
meet their own. Le (2024) outlines that sustainable
urban development requires an integrated approach
that balances economic, social, and environmental
aspects, ensuring harmony between urban and rural
areas (Phan et al., 2010). In the context of education,
the Higher Education Law (2012) defines students
as individuals engaged in learning and research at
higher education institutions. This legal framework
is complemented by Resolution No. 06-NQ/TW,
which underscores the importance of social security,
welfare, and urban order, including provisions for free
residence rights and the integration of rural migrants
into urban areas (Bui, 2020). A study examining
urbanization  policies  impacting  sustainable
development in Vietnam identified several criteria,
including urban education levels, social infrastructure,
and community participation in urban planning
(Phung et al., 2024; Thai et al., 2022). Nguyen et al.
(2024) further explore the student housing market
in HCMC, analyzing various factors that influence
student residential choices and preferences, such
as academic levels and transportation use. Their
findings offer valuable insights for policymakers
on improving student housing, transportation, and



services in HCMC and other Southeast Asian cities
with similar contexts. Addressing student housing
needs from a planning and sustainable development
perspective involves considering affordability,
security, transportation, and access to amenities.
By focusing on these aspects, urban planners and
policymakers can develop housing solutions that
cater specifically to students’ needs, contributing to
a more inclusive and sustainable urban environment.
Overall, this literature review establishes the
foundational understanding necessary to investigate
the intricate dynamics of student housing within the
broader context of sustainable urban development
in HCMC. By filling the gaps identified in the current
literature, this study aims to provide actionable
insights that support the formulation of effective
policies and strategies for sustainable urban growth
in developing cities.

This study employs a mixed-methods approach to
comprehensively address the complex dynamics of
sustainable urban development and student housing
needs in HCMC. By integrating both qualitative and
quantitative research methods, the study aims to
provide a well-rounded understanding of the subject
matter, offering valuable insights for policymakers,
urban planners, and other stakeholders involved in
the city’s development.

Qualitative research approach

The qualitative component of the study focuses on
secondary document analysis as the primary method.
This approach involves an extensive review of various
types of documents, including scholarly articles from
scientific journals, books, government reports at
multiple levels, and statistical data available from
official websites. The objective of this comprehensive
literature review is threefold:

e [dentification and analysis of Research Problems:
By reviewing existing studies, the research identifies
significant gaps in knowledge related to urban
development and student housing in HCMC. This
process helps formulate relevant and timely research
questions that guide the study.

e Data compilation: The review facilitates the
collection and synthesis of existing theoretical and
practical insights concerning urban development and
housing needs. This provides a robust foundation for

the study’s empirical investigation.

e Development of Theoretical and Methodological
Frameworks: Through the analysis of secondary
sources, the study identifies and refines potential
theoretical frameworks and methodological tools.
These frameworks and tools are then adapted to
effectively address the specific research questions
posed by this study.

Quantitative research approach

Following the qualitative analysis, the study
employs quantitative methods to gather empirical
data that further elucidate the current state of
student housing in HCMC.

e Survey Methodology: The quantitative
component involves an online survey targeting
first- and second-year students at the HCMUTE. The
survey includes a mix of closed, open, and semi-
open questions designed to capture a wide range of
responses about student housing needs, preferences,
and challenges.

e Sample Size and Composition: The survey was
conducted with a sample size of 88 participants,
chosen to ensure a representative cross-section of
the student population. This sample size was carefully
selected to reflect the diverse experiences and
housing situations of students, providing a reliable
basis for analyzing housing needs within the context
of HCMC'’s urban development.

e Data collection and analysis: Data were collected
through online questionnaires administered via
Google Forms. The collected data were systematically
compiled and analyzed to conclude the housing
needs and preferences of students about HCMC's
urban development and sustainability objectives. The
analysis was designed to reveal patterns and insights
that could inform sustainable housing policies and
practices.

By integrating both qualitative and quantitative
findings, the study provides a nuanced understanding
of the housing needs of students in HCMC. This
dual-methodology approach not only highlights the
current housing situation but also contributes to the
broader discourse on sustainable urban development,
offering practical recommendations for enhancing
urban social welfare in a rapidly growing city.

HCMC, a major hub of economic, cultural, political,
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and social activities in the Southern region of Vietnam,
faces a growing demand for housing due to its rapid
urbanization and increasing student population. The
city’s educational infrastructure, including numerous
higher education and vocational institutions, attracts
students from across the country, thereby escalating
the dynamics of the housing market. Students,
particularly those from distant provinces with limited
financial means, encounter significant challenges
in finding affordable and secure accommodation.
The limited capacity of school dormitories forces
many students to seek external rentals, which are
often scarce and expensive due to high demand.
Consequently, students face inflated rental prices,
which puts additional financial strain on them and
may adversely affect their academic performance
and overall well-being.

Housing price and quality for students in HCMC

The research reveals that the majority of students
in HCMC, who often rely on part-time jobs or family
support, struggle to find affordable housing that
meets their diverse needs, including proximity to
educational institutions, security, cleanliness, and
a quiet environment, all within a limited budget.
A survey conducted with 88 students at the HCMC
University of Technology and Education indicates that
students primarily seek housing through social media
(61.4%) and referrals (53.4%), with a significant
number also utilizing the university’s website (48.9%)
(Table 1).

The scarcity of affordable housing options
compels students to navigate a highly competitive
market. Rental prices vary widely, reflecting the
diverse accommodation needs of students and
the broader workforce. This variability in housing
prices is exacerbated by the city’s rapid population
growth, which increases by approximately 1 million
every five years, further intensifying the demand
for housing (Eco Green-Saigon, 2023). The data

show a nearly even split between students opting
for room rentals (51.1%) and those residing in
university dormitories (48.9%). This distribution
highlights the need for flexibility in housing
options, as many students prefer external rentals
for the convenience and privacy they offer. In
terms of budget allocation, a substantial portion
of students (44.3%) spend less than 1 million VND/
month on housing, while others allocate up to 5
million VND/month, depending on their financial
circumstances. The study found that room sharing
is a common strategy, with 63.6% of students living
with 2-4 roommates to manage costs. The HCMC
University of Technology and Education offers two
dormitory facilities with 313 rooms (Figs. 6 and 7),
accommodating a combined total of over 2,416
students, even for international students (i.e., Lao
students), with rental fees ranging from 290,000
to 390,000 VND/month (HCMUTE Dormitory
Management Board, 2022a). These dormitories not
only provide affordable housing but also foster a
sense of community and support among students.
The university’s investment in these facilities,
supported by government and societal resources,
reflects a broader commitment to improving the
quality of student life and aligning with sustainable
urban development goals.

The burgeoning demand for student housing
in HCMC, particularly in the context of rapid
urbanization and infrastructure development in Thu
Duc City (Fig. 8), highlights the need for innovative
management models and investment in dormitory
services. The emphasis on green, smart dormitory
initiatives aligns with the city’s sustainability goals,
creating an ecosystem that supports the well-being
and academic success of students. This dynamic
landscape presents an opportunity for strategic
partnerships and investments, underscoring the role
of educational institutions in leading the way toward
sustainable urban development.

Table 1: Channels for students to search for housing

No. Channels for searching for housing Quantity Percentage (%)
1 Referred by a relative 47 53.4
2 Leaflets and advertising papers 16 18.2
3 Social networks (TikTok, Facebook, Instagram, etc.) 54 61.4
4 Housing rental applications 25 28.5
5 School website 43 48.9
6 Relatives’ house, own house 4 4.44
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Fig. 6: HCMUTE dormitory facility | (01 Vo Van Ngan Street)

Fig. 7: HCMUTE dormitory facility Il (Le Van Viet Street)

Security and safety in urban housing: A focus on
HCMC

In alignment with Resolution No. 06-NQ/
TW issued on January 24, 2022, by the Politburo,
Vietnam is focused on advancing urban development
through improved security, safety, and overall urban
order. This resolution emphasizes the importance
of integrating digital technologies into urban
management, enhancing environmental quality, and
strengthening international cooperation to foster the
development of green, sustainable, and smart cities.
In HCMC, particularly within the rapidly growing area
of Thu Duc City, the need for heightened security and
safety in housing is especially critical. Thu Duc City,
characterized by a diverse and dense population
of immigrants, industrial workers, and university
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students, presents unique challenges in maintaining
a safe living environment that meets the varied needs
of its residents. For students, in particular, security is a
vital consideration when selecting housing, asa secure
environment directly impacts their ability to focus on
their academic pursuits without the distraction of
safety concerns. Recognizing the importance of this
issue, the HCMUTE has implemented comprehensive
dormitory regulations. These regulations, consisting
of 16 articles, are designed to educate students on
dormitory operations and outline the consequences
of violating these rules. Such measures are essential
for maintaining a secure housing environment, as
evidenced by survey data indicating a significant
level of student satisfaction regarding housing
security and safety. A survey conducted to evaluate
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Fig. 8: Thu Duc City (People’s Committee of Thu Duc City, 2022)

student satisfaction with the security and safety of
their dormitory residences showed that 45.5% of
students were satisfied with their housing’s security
and safety, 25% felt the security was average, 26.1%
were delighted with their housing, and 3.4% were
dissatisfied with the security and safety provided.
While dormitories offer a managed and relatively
secure living environment, external housing options
often present a different set of challenges due to the
lack of strict oversight characteristic of institutional
accommodations. Despite this, many students are
drawn to external rentals for their convenience and
proximity to personal activities, which are often
more accessible than dormitory-based living. Survey
data further indicates varying levels of satisfaction
with security and safety among students living
outside university dormitories. Of those surveyed,
31.8% of students expressed satisfaction with the
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security and safety of their off-campus residences,
44.3% reported being very satisfied, and 14.8%
were extremely satisfied. However, 5.7% of students
chose not to express an opinion, and 3.4% indicated
dissatisfaction with their current accommodation’s
security and safety. Although the overall satisfaction
rate concerning security and safety in student
housing is relatively high, the dissatisfaction
expressed by a small segment of students suggests
there are areas for improvement in urban planning
and housing management strategies. These findings
highlight that while significant progress has been
made in ensuring the security and safety of urban
housing in HCMC, especially for students, there is
still a need for more effective management and
enhancement of urban living conditions to fully
meet the needs and expectations of all residents.
Addressing these challenges requires a concerted



effort from educational institutions, such as the
HCMUTE, working in conjunction with broader urban
planning initiatives. By focusing on security and
safety as integral components of sustainable urban
development, these efforts can foster a safe, secure,
and supportive living environment for students and
all urban residents, ultimately contributing to the
city’s overall sustainability and quality of life.

Student transportation preferences and proximity to
the university

Transportation significantly influences student
accommodation choices, with many students
prioritizing proximity to their educational institutions
to minimize commuting time and effort. Our analysis
shows a varied range of distances from the university
among the student population: 47.7% live within a
500m to 2km radius, 18.2% reside less than 500m
away, 11.4% are located 2km to 5km from the
campus, and 22.7% live more than 5km away. This
distribution reflects the diverse preferences and
needs of students regarding their daily commutes.
The traffic plan for Thu Duc City, projected until
2040 (Fig. 9), indicates that the People’s Committee
of Thu Duc City has strategically planned for the
transportation needs of its residents, including the
substantial student population within the university
village. The placement of dormitories in strategic
locations provides significant advantages, as they are
situated near major public transportation routes and
thoroughfares. This strategic positioning facilitates
easier access for students to both the university
and other parts of the city. The HCMUTE operates
two primary dormitory facilities: one is immediately
adjacent to the campus, while the other is located
approximately 4km away. These dormitories are
well-positioned to leverage the city’s existing public
transport networks, including bus routes 56, 141,
and 61-1, enhancing the convenience and feasibility
of daily commutes for students residing in these
facilities. For students living in the dormitory closest
to the campus or nearby rental accommodations
(such as those on Hoang Dieu Street, Street No.
6, and Huu Nghi Street), walking is often the most
viable and preferred mode of transportation
due to the short distance to the university. This
preference highlights the importance of proximity
to educational institutions in reducing the need for
mechanized transportation and fostering healthier,
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more sustainable commuting habits. For students
living in the second dormitory facility or external
rentals further from the university, motorcycles are
a commonly chosen mode of transportation. This
option is especially prevalent among students whose
families can afford it, as motorcycles provide greater
flexibility and time efficiency, particularly for those
living outside the immediate reach of public transport
routes or the university campus.

The transportation preferences observed
among students at the Ho Chi Minh City University
of Technology and Education underscore a strong
inclination toward accommodations that are close
to the university, emphasizing the critical role that
location plays in student housing decisions. Public
transportation and walking are favored for their
convenience and alignment with sustainable living
practices. However, motorcycles remain a popular
choice for those residing farther from campus,
offering a practical solution that balances the need for
time efficiency with the limitations of public transit.
This analysis highlights the importance of considering
transportation accessibility in urban planning and
university housing policies to adequately support the
academic and everyday needs of students, ensuring
that student housing strategies align with broader
goals for sustainable urban development.
Environmental considerations and amenities in
student housing

In the context of the HCMC University of
Technology and Education, the provision of amenities
within student dormitories underscores a significant
commitment to ensuring a conducive living and
learning environment. Facilities are designed to
cater to the daily and academic needs of students,
featuring private bathrooms, study desks, communal
study rooms, and internet services tailored to
accommodate the demands of academic pursuits.
Furthermore, the university’s efforts to create a
holistic environment are evident in the provision
of laundry services, canteens, sports areas, and
bicycle parking, enhancing the quality of student life
within the dormitory premises (HCMUTE Dormitory
Management Board, 2022b). Each floor at the
dormitory is equipped with cool, clean self-study
rooms for students to work on assignments and pass
subjects together, and Wi-Fi systems are installed
according to each room’s needs. Students can



DM Theis Dikin
Hﬁf.‘\
I-
e
"

=
i

o

"- ﬁ
\ 4
B Sdin bay
. ] -
4 ”
I{
-
4 Quiges 7 -
1.!:.-1:-:— a%
==
i
i
v
15 el
T
Ghichi

- .

a

Ty hidn hiba
_— Tuydn guy hogch

\;f“"
-
i X Ml
Diag W
.
-lf‘l
]
@,
ine
in®
el
.
Caa ¥ ‘._
Y
e -
" . L T
™ D= *%
w . *oN
*e
T s
L] % »
-
L] = ..‘
-
TR (b
L

11l 5lin luary Lsng Think

]

Thm 2 Zm

TI.I"'I.:'I"I e sm:il e
Vi tri nha ga va tigém nang TOD

Fig. 9: Thu Duc City’s Transportation Plan up to 2040 (People’s Committee of Thu Duc City, 2022)

subscribe to the VNPT network. An 8-person room
can subscribe to a package for 300,000 VND/month,
with a 6-month payment including two additional
months free. The university has built a separate
sports and exercise area for dormitory students to
exercise, improve their health, and relax after school
hours. Amenities include badminton courts, volleyball
courts, and an integrated sports area. Our analysis
indicates a strong preference among students for
housing options close to the university, primarily due
to the convenience it offers in terms of commuting
and accessing campus facilities. The distribution of
student accommodations reveals a pattern where a
majority reside within a 2km radius of the university,
highlighting the importance of location in housing
choice. Additionally, the availability of public transport
options and recreational amenities in nearby areas,
such as sports fields and entertainment venues,
significantly influences student housing decisions.
Specifically, 70.9% chose their housing because it
is close to the university, easy to commute to, and
near dining and entertainment services and sports;
68.4% chose their housing due to good security and
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safety conditions; 62.0% chose their housing for the
convenience of commuting with public transport
and green infrastructure. In addition, students also
choose their housing based on the surrounding
environment being suitable mainly because it’s a
student living area, clean housing with many trees,
and beautiful cafes (ranging from 41.8% to 44.3%).
Choosing housing because of the complexity of
nearby amenities like parks, shopping centers, and
services helps reduce commuting and enhances
social interaction among residents, which is also a
choice for students (Table 2).

Choosing housing close to school helps students
save time and transportation costs. This also
facilitates students’ participation in academic and
social activities on campus. For students working
part-time, living close to their workplace helps
them limit travel time and energy, enhancing their
ability to balance work and study. Living near shops,
restaurants, and other amenities creates convenience
in daily life. Students can easily shop, dine, and
be entertained without needing to travel far. The
housing needs of students are always a concern.



Table 2: Housing convenience linked to the environment and amenities

No. Measuring housing convenience associated with environment and utilities Quantity Percentage (%)
1 Close to school, easy to move around, close to food, entertainment, and sports services 56 70.9
2 Security and safety conditions 54 68.4
3 Clean and hygienic conditions 33 41.8
4 There are many trees, beautiful cafes 34 43.0
5 Convenience for travel with public transportation and green infrastructure 49 62.0
6 The surrounding environment is suitable because it is mainly a student living area 35 44.3
7 Complex with nearby amenities such as housing - parks - shopping centers - services - helps 21 26.6

minimize travel - enhances social interaction between residents
8 Free hours 38 48.1
9 Other reasons (living with parents, relative’s house) 7 9.0

The HCMC University of Technology and Education
is one of the largest universities in HCMC, with a
student body of over 30,000. The demand for student
housing is significant, especially for students from
other provinces. However, besides the dormitories
of facilities one and two, the housing supply in the
surrounding area needs to meet the demand, leading
to negative consequences such as increased living
costs. As our analysis shows, 33% of students pay
for housing at a price range from one to 3 million
VND/month, 14.8% of students pay for housing at a
range of 3-5 million VND/month, and 8% of students
pay over 5 million VND/month for housing. This
cost exceeds many students’ financial capabilities,
especially those in difficult circumstances. The
surrounding environment and available amenities
play a pivotal role in students’ housing choices,
affecting their well-being and academic engagement.
Proximity to the university not only saves time and
transportation costs but also facilitates participation
in extracurricular activities, thereby enriching the
student experience. Conversely, inadequate housing
conditions, characterized by cramped living spaces
and poor sanitation, can adversely affect students’
health, leading to increased stress and diminished
academic performance. The demand for student
housing, particularly for those from other provinces,
far exceeds the supply in the vicinity of HCMUTE,
resulting in elevated living costs and compromised
living conditions for many students. This mismatch
between supply and demand highlights the need for
strategic planning and investment in student housing
to ensure affordability, safety, and convenience,
aligning with the broader goals of sustainable urban
development. Sustainable urban planning principles,
including efficient water and energy management
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and the development of green infrastructure, offer a
framework for addressing the challenges associated
with student housing. Incorporating amenities such
as water recycling systems, solar power, and energy-
efficient appliances can reduce operational costs
and environmental impact. Furthermore, enhancing
public transport connectivity and creating green
spaces not only improves the aesthetic appeal of
urban areas but also supports the well-being of the
student population. The analysis of environmental
factors and amenities in student housing at HCMUTE
reveals a complex interplay between student
preferences, housing availability, and the impact
of living conditions on student life. To address the
challenges in meeting student housing demand and
ensuring a sustainable living environment, a concerted
effort from administrators, policymakers, and
investors is required. Adhering to urban planning and
development standards that prioritize green living,
safety, and sustainability will be crucial in fostering
a conducive academic and living environment for
students.

Some recommendations

According to the resolution of the Politburo No.
06-NQ/TW dated January 24, 2022, on planning,
construction, management, and sustainable
development of urban Vietnam until 2030, vision
towards 2045, the task group emphasizes enhancing
the quality of planning and planning management
to meet the needs of urban development, firstly
by improving the quality of planning consultancy,
appraisal, and approval of planning. The quality
of architecture, urban planning, and construction
planning needs to be harmoniously integrated
from the research phase to the implementation of



urban planning, design, architectural management,
and urban landscape, ensuring the city has a
regional identity and sustainable development.
Simultaneously, effectively building and implementing
national projectsand programson urban development
in Vietnam to respond to climate change, disaster
prevention, and epidemics; renovating, rearranging,
reconstructing, and upgrading urban areas;
developing smart cities; and building new rural areas
in line with urbanization orientation. Developing
new urban models suitable for reality, focusing
on urban development models oriented towards
transportation (TOD). Researching and developing
criteria for identifying and developing urban areas
with prominent specific positions and functions such
as for university development, innovation centers,
border economy, industry, islands, ports, airports...
and issuing appropriate development mechanisms
and policies. From the perspective of urban planning
and development, the housing needs and choices of
students contribute to

(1) Promoting socio-economic development,
creating a large demand for the real estate market.
Real estate businesses will invest in student housing,
creating many jobs and income for workers.
Additionally, the housing needs of students also
contribute to the development of related service
industries, such as catering, entertainment, etc.

(2) Creating a conducive living and learning
environment will enable students from different
regions and ethnicities to study and develop. Living
and studying together will give students opportunities
to interact and learn from each other, facilitating
integration into the community and contributing to
improving the quality of the country’s human resources.

(3) Providing employment and income for local
people.

Addressing student housing needs in the context
of sustainable urban planning and development
requires a combination of specific measures like new
housing construction and long-term urban planning
policies to ensure that student housing needs are
met sustainably and effectively. Therefore, we
recommend the following solutions:

Develop specific housing areas for students:
Establish housing areas dedicated to students near
universities and colleges. This helps reduce pressure
on the general housing market and creates a suitable
living environment for students with the necessary
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amenities and services. Increase the construction
of dormitory systems to provide quality housing for
students, minimizing the situation where students
cannot find accommodation and have to accept places
of poor quality, not ensuring security and safety.

Develop social housing: Construct social housing
projects for low-income groups, including students.
This can be achieved through support from the
government or non-profit organizations to provide
affordable housing.

Encourage the development of student housing
through incentives: Such as preferential tax rates,
specialcredit, orfinancial supportforinvestorsbuilding
student housing. Enhance public transportation:
Invest in public transport infrastructure to connect
student housing areas with schools and other city
amenities. This helps reduce traffic pressure and
facilitates student commuting.

Encourage intelligent and energy-efficient
housing: Construct housing with innovative designs,
using energy-saving technologies and resource
recycling to reduce students’ environmental impact.

Promote sustainable urban planning policy.
Ensure that sustainable urban planning schemes are
applied, including identifying specific housing areas
for students and environmental protection measures.

Organize advisory rooms and clubs to support
students in finding accommodation: These rooms and
clubs not only inform students about accommodation
information and assist in registration but also
promote essential skills to help students adapt to
living independently.

Students: should proactively gather information,
search, and carefully consider before choosing
accommodation. Additionally, it’s necessary to cultivate
the skills and knowledge needed for independent
living in a new environment. Authorities and relevant
organizations should conduct reviews, inspections,
and checks on security, compliance with electrical
safety regulations, fire prevention and fighting, and
construction permits for private rental houses.

The study provides a detailed analysis of the
current state of student housing in HCMC, highlighting
significant gaps in supply and demand and their
implications for sustainable urban development. The
findings underscore the importance of integrating
student housing into broader urban planning efforts



to promote sustainability and social welfare. To
address the student housing crisis effectively, it is
essential to adopt a multi-faceted approach that
includes increasing investment in affordable and
sustainable housing, enhancing public transportation
infrastructure, and developing innovative housing
solutions that cater to the diverse needs of the
student population. By doing so, HCMC can support
the well-being and academic success of its students
while advancing its sustainable urban development
goals. Future research should explore the long-
term impacts of student housing policies on urban
sustainability and social welfare, as well as the
potential for scaling successful models to other
rapidly urbanizing cities in developing countries.
By continuing to investigate these critical issues,
researchers can provide valuable insights that inform
policy and practice and contribute to the creation of
more sustainable and inclusive urban environments.
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The strategic choice of where to locate a hydropower
plant affects both the facility’s financial performance and the long-term sustainable
growth of the surrounding area. This study aims to evaluate the accurate location
planning of power plant establishment for electricity production in western Mazandaran.

The Analytical Hierarchy Process is used to assess feasibility, identify the
optimal location, and determine the most suitable type of green energy plant. Cost
analysis is also conducted to identify the location minimizing energy consumption and
associated risks. Finally, recommendations for the most suitable location are presented.
Based on this, 6 cities located in the west of Mazandaran province have been selected
as case studies. The research was conducted between 2020 and 2023. This research
involved preparing a topographic map and using software to determine green locations
for electricity production in western Mazandaran, based on a 15-year return period.
A comparison is made between the electricity generation system from green energy
and the electricity generation system from fossil sources. This comparison examines net
production cost, sensitivity analysis, and environmental pollution for both green and
fossil fuel systems. The feasibility and effectiveness of a green energy system are then
evaluated based on geographical conditions and year-round electricity consumption
profiles. Finally, using the Analytical Hierarchy Process hierarchical analysis results, we
identify the most optimal location for equipment installation, considering economic
efficiency, geographical conditions, and year-round electricity consumption.

The findings reveal that downstream areas with a low slope are best suited
for green and sustainable energy production due to their hydrological characteristics and
potential for a sustainable supply chain. While eastern regions have high hydropower
potential, construction costs are also high. The total cost for a green and sustainable
power plant is 2.2 billion Tomans, while sustainable and uneconomical options cost
14 billion Tomans and 24.3 billion Tomans, respectively. Finally, to propose optimal
locations for green and sustainable power plants, three precise coordinates for points A,
B, and C have been identified.

This study identifies 40 potential locations for green and sustainable
power plants, with additional locations identified for sustainable and non-economic
options. Cost and time comparisons show significant advantages for green and
sustainable plants. Three specific locations (A, B, and C) with precise coordinates are
recommended for further development. This research concluded that eastern areas
in the west of Mazandaran, particularly near rivers, are generally well-suited for
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Based on scientific predictions, energy
consumption and production are expected to
increase rapidly in the future (Amani et al., 2021;
Amani and Rezashoroush, 2020). The high use of
electric air conditioners and coolers contributes to
rising temperatures. This, in turn, led to intermittent
power cuts for Iranian residents in the first half of the
year, causing significant discomfort. On the other
hand, the ever-increasing number of consumers due
to the continuous construction of towns, private
villas, apartments, and large buildings in the west of
Mazandaran exacerbates this problem every year. The
rate of government-funded power plant development
simply cannot keep pace with the rapid growth of
private constructions (Amani, 2024; Rao et al., 2023).
In the meantime, due to a lack of government budget
allocation for developing the transmission network,
the electricity company assigns the cost of preparing
and implementing transformers, switchboards, and
polestothe owners of these constructionsin exchange
for electricity concessions. These items are then paid
for by the owners of the electricity company, just like
any other consumer. While renewable energy offers
very low operating costs compared to non-renewable
fuels, its initial investment costs are significantly
higher. In most cases, further studies are needed to
optimize and reduce these upfront costs (Tahami et
al., 2016). Despite the obvious benefits and merits of
renewable energy sources, their adoption has been
slower due to the abundance and cheapness of fossil
fuels. However, as mentioned, fossil fuels pose two
significant challenges: they are a finite resource, and
their use causes environmental pollution (Amani and
Kiaee, 2020). Therefore, it’s crucial to find solutions
that minimize the costs of installing, commissioning,
and operating renewable energy equipment while
maximizing energy production. This optimization
can be achieved by collecting and analyzing
meteorological data specific to the equipment
deployment location within a building site or town
(Papp et al., 2018). By doing this, we can ensure
efficient electricity generation using renewable
energy sources (Sasse and Trutnevyte, 2019; Singh
et al., 2024). This research compares the feasibility
and optimal locations for green energy sources for
electricity production in the west of Mazandaran
(Fig. 1). Net production cost, sensitivity analysis,
and environmental pollution are each analyzed in
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this comparison. The feasibility and effectiveness
of the proposed green energy system are then
evaluated by considering geographical conditions
and electricity consumption profiles. Overall, we will
examine the technical and economic feasibility and
optimal location for a viable green energy system.
A review of domestic and foreign studies on power
plant development reveals a focus primarily on the
economic and technical aspects of constructing and
locating energy plants, particularly in northern Iran,
which has high renewable energy potential. Notably,
these studies haven’t addressed the integration
of renewable energy sources. Table 1 shows the
closest research conducted in the study area. All
valid research in the field of feasibility for building
hydroelectric power plants in the northern regions
of Iran and other regions of Iran and the world are
reviewed in Table 1. The most important new gap in
these studies is related to the lack of investigation
into the optimal location considering the feasibility
of power plant construction based on time-cost
variables, the absence of evaluation and feasibility
assessment of locations using topographic maps of
the region, and the failure to choose the best location
in terms of construction duration and total cost while
considering sustainable development. The aim of the
current study is a distinct innovation by addressing
the feasibility and optimal location of renewable
energy, along with an economic comparison to non-
renewable options. This study was carried out in the
West of Mazandaran, Iran in 2020-2023.

This research employs a descriptive-analytical
approach to determine suitable locations based
on green energy parameters. Meteorological data
from stations in western Mazandaran will be used
to analyze relevant variables. As a case study, the
research focuses on six cities in the region: Noor,
Nowshehr, Chalous, Abbas Abad, Tonekabon, and
Ramsar. Ultimately, the study seeks to identify the
most suitable location for a clean energy power
plant in the west of Mazandaran. The western region
of Mazandaran, with its geographical location,
weather conditions, and numerous rivers, possesses
suitable water potential for electricity generation
through hydroelectric power plants. Due to the
Alborz mountain range and the Mazandaran Sea,
the western part of Mazandaran Province features



Table 1: Research literature related to the research topic

Site Financial
References Objective and Methods location Techincal
analysis analysis
Climate change is likely to significantly affect hydropower generation in the future. It was
Khazaei important to assess the impacts of climate change on hydropower plants for their v
et al., (2024) optimal and cost-effective design. This article proposed a modeling framework for
assessing climate change impacts on a potential hydropower plant in Iran.
Carere et al. The paper examined the technical and economic feasibility of a fully renewable power
(2022) ’ system. By employing a proposed model and analyzing various scenarios, the study 4
provided insights into the system's operational feasibility.
To meet its goal of generating 6,000 megawatts of electricity from small and micro
Malhan and hydropower projects by 2022, the Indian government introduced the Small Hydro Power v
Mittal (2021) (SHP) scheme. To assess the feasibility of these projects, precise investment cost
estimates were crucial in the initial planning stages.
This study investigates the financial impacts of expanding renewable energies on Iran's
Basrei et al., economic growth. It examines the existing relationship between non-renewable v
(2018) energies, economic growth, and their financial consequences. The analysis employs the
autoregressive models with lags method.
Shayamehr This study conducts an economic analysis of a 10-megawatt solar power plant in the
and Lamard Special Economic Zone using Comfar software. It will evaluate the desirability of v
Mohammadi the guaranteed electricity purchase rate, considering four different scenarios involving
(2018) foreign and domestic investments in the zone.
L(:thllpaonudr Th.is study seel.<s to evaluate and va.lida'te t.he su.it.ability of Iran's current power plants v
(2018) using observational data and a Multi-Criteria Decision-Making Analysis approach.
Asadi et al., Examining the competitiveness of geothermal electricity compared to conventional v
(2016) methods of electricity production in Iran.
A simple method was proposed to site turbines and choose their power output, evaluate
Zema . . I .
etal, (2016) cos'ss apd |n'co'me's, 'and'prowde useful indications for Micro Hydro Power (MHP) plant v v
design in existing irrigation systems.
Rahi and This paper proposed refurbishment and uprating for existing hydropower plants which
Kumar (2016) had been drawing the attention of hydropower experts for quite some time. In the v
present research work, a case study was undertaken for economic analysis.
The study compared these alternatives based on two years of electricity production,
Bitar et al., considering construction, mechanical and electrical equipment, operation and v
(2015) maintenance, and investment costs. The most cost-effective and technically suitable
option for the mini hydropower plant was determined through this analysis.
Motahary et Economic evaluation of wind power plants with the "equalized cost" method as the most
al,, (2014) acceptable economic method to compare different types of electricity generation 4
’ .technologies
This study conducts a comprehensive evaluation of the relationships between three key
Leitao (2014) variables: carbon dioxide emissions, renewable energy consumption, and economic v
growth. The analysis will encompass data from several different countries.
lelf?zrsln;;t Comparing the total cost of renewable and non-renewable power plants. v
Banaeiet al., Planning support policies for wind power plants taking into account Iran's economic v
(2013) conditions to provide a suitable support solution for the development of wind power.
Saberiet al., Economic evaluation of the use of wind energy using the MIRR method from the v
(2013) perspective of stakeholders and private sector partners.
Ocal and This stqu investigates the potenFifzI IinkAbetween renewable energy c9nsumption and
Aslan (2013) economic growth in Turkey. Specifically, it focuses on whether economic growth drives v
increased renewable energy consumption.
A . The feasibility of using wind turbines and their process in comparison with other fossil
Khati Dizabadi . . .
et al,, (2013) fuel powgr pIan'ts and the' numerical caIFuIatl?n of thg different effects of the v
construction of wind and fossil power plants in their production cost.
Lean and An evaluation of the relationship between energy consumption and economic growth in
Malaysia revealed that fossil fuels play a primary role in the country's long-term v
Smyth (2013) A
economic growth.
This study evaluates the consumption of different energy sources, including both
renewable and non-renewable options, and its impact on productivity growth in Turkey. v

Tuguu (2013)

The analysis will consider both long-term and short-term perspectives.
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Table 1: Research literature related to the research topic

Site Financial
References Objective and Methods location Techincal
analysis analysis
Tajziehchi This study ai.njed to quantify .the hidden costs .Of elec'.cricity generation from large dams
et al, (2013) on communities and the environment. To achieve this, we analyzed the Alborz Dam in v
’ Iran using the SIMPACTS software.
. This research explored how climate change affected hydropower production in Iran's
Jamali . . R . . . .
et al, (2013) Karkhe.h River Bas.ln. By S|.m.ulat|ng dlﬁferent cI|mz.1te sc.enarl.os, the study :jissessed the v
potential changes in electricity generation from this major Middle Eastern river.
Pao and Fu Evaluating the relationship between economic growth and consumption of renewable v
(2013) energy in Brazil.
Yildirim et al. This study evaluates how energy consumption in residential, commercial, and industrial v
(2012) buildings relates to the adoption of renewable energy sources.
An economic evaluation of the construction of different wind power plants in the world
Al-Boye et al., . R . . . v
(2011) mar.ket to be used in the Moaleman region of Semnan province from an economic point
of view.
Menegaki An evaluation oftche relationship between economic growth and renewable ene:rgy in27
(2011) European countries from 1997 to 2007 found that renewable energy consumption had a v
limited impact on gross domestic product (GDP) in Europe during that period.
Ess0 (2010) A long-term assessment of energy consumption and economic growth in sub-Saharan v
African countries revealed significant relationships between the variables.
Kovacevic and
Wesseler Comparison of Three Energy Production Methods: A Private Cost Analysis. 4
(2010)
Neij (2008) Producti<?n ev.aluation of different energies with statistical technique from the v
perspective of investors.
Hosseini and
Farozbakhsh Economic analysis of the construction of wind power plants. v
(2004)
Roth and Ambs  Comparing 14 different technologies using the equalized cost method, the results v
(2004) showed that adding the cost of external effects increases the freedom of choice.
Investigating the wind power plants installed in Iran from a technical and economic point
. . of view using the calculation of the present value of the price of electricity produced from
Khalji and Safai . o K . v
(2003) wm.d, heat, and gas power plants, a.nd considering the spmal cost of three important
environmental pollutants, along with the fact that wind power plants are more
affordable than conventional power plants under similar conditions.
EI_K(();;Z)ZE; al, Analysis of the useful life of electric power generation using the LCC model in Egypt. 4
This study applies the Benchmark growth model to analyze the transition from non-
Tahvonen and renewable to renewable energy sources in Finland across different economic v
Salo (2001) development levels. It explores the rationale behind a hybrid energy system that utilizes
both renewable and non-renewable resources.
rivers with favorable discharge, slopes, and multiple 2020). Based on the location, discharge, and

branches (Enayati et al., 2013). These rivers exhibit
slopes exceeding 30% in mountainous areas above
500 meters in elevation. Mazandaran Province boasts
140 rivers with 60 main streams, predominantly
located in the western region with steeper gradients.
In terms of annual rainfall, this region significantly
surpasses other parts of the country, receiving 1400
mm compared to 700 mm in eastern Mazandaran,
thereby providing ideal conditions for the optimal
location of a hydroelectric power plant (RWCM,
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catchment area of the rivers in western Mazandaran,
the target area for this research was selected. This
region encompasses six main cities, all of which were
included in the study. Data collection employed a
mixed-methods approach, combining library and
field methods. Field data includes interviews with
experts and statistical surveys of experts from the
Renewable Energy and Energy Efficiency Organization
and Regional Water Companies in Iran. Library
resources include topographic maps (slope, rivers,
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Fig. 1: Geographical location of the study area in the west of Mazandaran, Iran
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Fig. 2: Research framework

land use position, geological classification, maximum
daily precipitation, runoff production of rainfall, and
flood risk) and weather data of the study area. This
research utilized a topographic map and software to
identify potential green energy production sites in the
west of Mazandaran, Iran. The analysis considered
a 15-year return period. Subsequently, the AHP
method was employed to evaluate various power
plant indicators within the region. The steps of the
research are illustrated in Fig. 2.

Additionally, a cost approach was used to

identify the optimal location that minimizes energy
consumption and associated risks. Recommendations
for the most suitable location are presented. Fig. 3
displays information about the mountainous and
plain areas in the west of Mazandaran, along with
rainfall data. Slope basin characteristics and potential
discharge from other areas are crucial data points
for further analysis in this research (Alizadeh, 2015;
Zahedi and Bayati Khatibi, 2020). To assess slope,
vegetation, and land use within the study area,
1:50,000 topographic maps were obtained from the
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geographic organization of Mazandaran province
(Fig. 4).

Fig. 5 illustrates the maximum rainfall for six
studied stations across 5, 10, and 15-year return
periods. The data was recovered and optimized
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using the IDW model with minimal software errors
(Kahruditali, 2014).

Fig. 5 illustrates that maximum annual
precipitation occurs in the northwestern and
northeastern portions of western Mazandaran, while
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Fig. 3: Zoning regulations in mountainous and plain areas: weather conditions and precipitation compared to neighboring cities
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Fig. 4: Slope map, rivers, land use position, and geological classification of western Mazandaran
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the southern half experiences minimum rainfall.
To calculate runoff in this region, the following
formula is employed, where Q represents runoff
amount, S represents water infiltration amount, and
P represents precipitation amount. All values are
calculated in millimeters (Mahdavi, 2014).

(P-25)
P+25

Q= 1)

Fig. 6 confirms the earlier observation of higher
runoff coinciding with the eastern areas of the basin,
which also receive the highest rainfall. Notably, the
maps reveal that the northern upstream areas in
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the eastern part of western Mazandaran belong
to hydrological group D due to specific vegetation
characteristics. This group D classification translates
to the highest runoff generation (Mahdavi, 2014).
The AHP method is employed to assess the
feasibility and identify the optimal location for a power
plant in the west of Mazandaran province, along
with the most suitable type of plant. AHP provides
a robust model for evaluating and ranking various
data sets, making it ideal for selecting the best option
among available choices. This study utilizes data
and information extracted from topographic maps.
All relevant criteria are analyzed, compared, and
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Fig. 5: Map of maximum daily precipitation in western Mazandaran for various return periods
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Optimal location selection of power plant

ranked within a software environment. Following the
weighting of data, the criteria are then classified and
presented to relevant experts for scoring and ranking
potential locations. Experts evaluate the spatial data
using a Likert scale ranging from 0 (lowest impact) to
5 (highest impact). To determine the optimal location,
information layers are calculated based on a specific
formula and compared with each other. This analysis
generates a map highlighting points with the greatest
potential for green and sustainable energy production
(Mahdavi, 2014). Fig. 7 presents a 15-year flood
potential map for three return periods: 5, 10, and
15 years. The map is generated using the previously
mentioned formula. The analysis reveals that flood-
prone areas are concentrated in the eastern region
of western Mazandaran, which coincides with the
areas of the highest slope (Figs. 5 and 6). Additionally,
these regions are dominated by forests, pastures,
specific plains, green hills, and floodplain vegetation.
These characteristics contribute to increased flood

i G R e O ke

risk. In contrast, the downstream or southern areas
of the western province exhibit the lowest flood
potential according to the map. This aligns with their
classification as hydrological group type A, indicating
minimal runoff.

RESULTS AND DISCUSSION
Optimal and green siting for power plant development
through information layer integration

To locate the production of power plants, it is
necessary to combine the layers of slope, river,
precipitation, production runoff, permeability,
vegetation cover, wind speed, solar energy, and
availability of facilities. Before combining, it is
necessary to determine the weight of each layer.
Table 2 presents a pairwise comparison of the layers
conducted on an hourly scale. The final weight of
each layer is provided in the last column. These
pairwise comparisons were performed by 10 experts
with over 25 years of experience in the field of power
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Fig. 7: Flood risk map and location of layers

Table 2: Pairwise comparison of layers

Production

Permeabilit

Solar

Criterion Slope River Rain Vegetation Wind blow Weight
runoff y energy
Slope 1 1.9 1 1 3 3 3 2 0.1139
River 9 1 7 5 7 5 1.2 1.2 0.5961
Rain 1 1.7 1 1 3 3 1.2 1 0.1174
Production 1 15 13 1 3 3 14 12 0.1083
runoff
Permeability 1.3 1.7 1.3 1.3 1 1 1.3 1.4 0.0485
Vegetation 1.3 1.5 1.3 1.3 1 1 1.3 1.2 0.0541
wind blow 1.3 2 2 4 3 3 1 1.3 0.0092
Weight 1.2 2 1 2 4 2 3 1 0.0054
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plants and clean energy production. The comparison
was based on data from Figs. 3 to 7, and utilized the
Likert scale within the Delphi technique.

Since the inconsistency rate of paired comparison
is low at 0.096 (less than 0.1), there is no need to
revise judgments. To combine the layers, we multiply
the weights of each layer and then average them. This
method is illustrated in Fig. 8. The results indicate that
eastern regions are generally suitable for electricity
production, especially near rivers. However, in the

western regions, particularly the western part of
Mazandaran province, building a power plant would
be less affordable due to high costs (Fig. 8).

The next step is to identify isomorphic points.
Based on 4 types of characteristics of resistance,
ease of carrying materials, low cost, and efficiency,
the points are then combined with the nearest
neighbor algorithm. The theory of experts, based
on geographical data in Fig. 9, determined the
coefficients specified. Table 3 shows the coefficients
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Fig. 8: Combining the layers to determine the optimal location for the establishment of a power plant in the west of Mazandaran; Identifica-
tion of power plant points based on the efficiency of the area in 100 points
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comparison of features and isomorphic points based
on data of Figs. 8 and 9.

The characteristics of isomorphic points of
category 1 are very high resistance, very low material
requirements, low cost, and high efficiency, making
them ideally suited for high-consumption power
generation plants. Category 2 points exhibit high
resistance, require moderate materials, have a
moderate cost, and offer relatively high efficiency,
making them compatible with sustainable power
generation plants. Finally, category 3 points have
low resistance, very easy material requirements,
very low cost, and high efficiency, aligning well
with green and sustainable power plants. Based on
these comparisons and using the nearest neighbor
algorithm, we have estimated the locations for non-
economic, sustainable, and green & sustainable
power plants (blue, wind, and solar). The results
are shown in Fig. 10. In the northeastern, central-
eastern, and southeastern regions, we identified 40,

30, and 20 points, respectively, suitable for green
& sustainable power plants. Their latitude and
longitude coordinates are listed in Table 4 based on
data from Fig. 10.

Field investigation of proposed locations for the
construction of power plants (hydro, wind, and solar)

In the final stage, we examined the cost and
profitability of each of the three proposed power
plants (hydro, wind, and solar). Based on the results
of the previous section, the most suitable option is
the green and sustainable electricity generation plant
(third category). Considering the region’s hydropower
potential, three experts from the Renewable Energy
and Energy Efficiency Organization estimated the
design, construction, implementation, and operation
costs in billions of Tomans. We will aggregate these
results using averaging in the next stage. The results
are shown in Table 5.

The results show that the total cost for the green

Table 3: Comparison of similar points

Ease of carrying

Number of power plants Resistance materials Low cost Performance
Points (c():fatt:;:\;n;) shape ) 5 5 3
Points of the same shape (Category 2) 4 3 3 4
Points (céfaif‘;(;;?;nle) shape 5 ) ) 4
"00"E  SIMIO"E SIMA0"E SITMACE 5!'4?'0'5
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Fig. 10: Determining the points of green and sustainable power plants, sustainable power plants, and non-economic power plants
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Table 4: Longitude and latitude coordinates of power plants in three green and sustainable, sustainable and non-economic conditions

Green and sustainable power plants Sustainable power plants Non-economic power plants
No. Latitude Longitude No Latitude Longitude No Latitude Longitude
1 36.534919 51.921874 1 36.525974 51.914652 1 36.510695 51.917441
2 36.534772 51.921701 2 36.526112 51.914995 2 36.507384 51.923364
3 36.534528 51.921635 3 36.528078 51.915767 3 36.511902 51.914995
4 36.534095 51.921745 4 36.524043 51.912678 4 - -
5 36.533851 51.921721 5 36.522939 51.911991 5 - -
6 36.533741 51.921686 6 - - 6 - -
7 36.609193 51.561344 7 - - 7 36.583492 51.514158
8 36.608228 51.558984 8 - - 8 36.579081 51.512699
9 36.606988 51.556194 9 - - 9 36.576944 51.508923
10 36.606342 51.556516 10 - - 10 36.573387 51.379635
11 36.605756 51.557396 11 36.602512 51.517549 11 36.569045 51.376374
12 36.604172 51.558490 12 36.599549 51.516991 12 36.564839 51.375215
13 36.614540 51.516924 13 36.597172 51.516690 13 36.560083 51.373627
14 36.613455 51.516157 14 36.594519 51.516433 14 36.556946 51.371009
15 36.612454 51.515406 15 36.590970 51.517291 15 36.736591 50.771148
16 36.611224 51.514394 16 36.620522 51.392905 16 36.730882 50.752437
17 36.610363 51.514158 17 36.617836 51.391103 17 36.731553 50.735443
18 36.609338 51.514351 18 36.615778 51.388829 18 36.798287 50.692009
19 36.643080 51.411134 19 36.612472 51.388615 19 36.796913 50.687932
20 36.640290 51.410447 20 36.611059 51.386984 20 36.792823 50.684799
21 36.639077 51.409900 21 36.767768 50.813816 - - -
22 36.638224 51.409675 22 36.759930 50.815875 - - -
23 36.636761 51.409567 23 36.754566 50.809524 - - -
24 36.633335 51.408998 24 36.749126 50.796254 - - -
25 36.631415 51.408226 25 36.745619 50.786941 - - -
26 36.630425, 51.404600 26 36.815777 50.712694 - - -
27 36.629400 51.403248 27 36.814093 50.709175 - - -
28 36.626899 51.399729 28 36.812650 50.705527 - - -
29 36.833124 50.794589 29 36.810176 50.704240 - - -
30 36.821654 50.798366 30 36.807703 50.702738 - - -
31 36.814371 50.801799 - - - - - -
32 36.806675 50.804546 - - - - - -
33 36.794991 50.808837 - - - - - -
34 36.781793 50.813301 - - - - - -
35 36.843579 50.749387 - - - - - -
36 36.839458 50.745696 - - - - - -
37 36.833481 50.736684 - - - - - -
38 36.828810 50.733079 - - - - - -
39 36.823176 50.727328 - - - - - -
40 36.818882 50.720762 - - - - - -
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Table 5: Costs of design, implementation, and operation of all types of power plants based on billions of Tomans (1 $ = 46000 Tomans)

Design and Construction Implementation Operation Year
Power Plant
Expert  Expert  Expert Expert Expert Expert Expert Expert Expert Expert Expert Expert
1 2 3 1 2 3 1 2 3 1 2 3
Gree.n and 1 2 1.5 1.2 1 1.3 0.5 0.5 0.4 1.5 1 1
Sustainable
Sustainable 4.5 4 4 5 4 5 5 6 5 3 2.5 3
Non- 6 5.5 6.5 10 9 95 10 8 8.5 3 45 4
economic
Final Results Design and Construction Implementation Operation Year
Green and
1. 1.1 K 1.1
Sustainable > 6 04
Sustainable 4.1 4.6 53 2.8
Non-economic 6 9.5 8.8 3.8
10 — . 7
| |- Deslgn and Constrsction
i |- implemantation J
| |[E2] Operation
Bk - ear
-k o
ﬁ - -
5 - -
4 - 4
J - .
2t
|
|
o - . o
Green and Sustainable Sustainable Non-economic

Fig. 11: Cost and time values for power plants

and sustainable power plant is 2.2 billion Tomans,
while the sustainable and non-economic options
cost 14 billion and 24.3 billion Tomans, respectively.
Similarly, the green and sustainable power plant
has a construction time of 1.1 years, compared to
2.8 years and 3.8 years for sustainable and non-
economic options, respectively. Fig. 11 presents a
chart comparing the costs and timelines for these
power plants. The colors represent different stages:
deep blue for design and construction, light blue for
implementation, yellow for operation, and crimson
for the required time (years). The chart shows the
breakdown for green (most sustainable), sustainable,
and non-economic power plants.

356

In conclusion, considering the region’s potential
and based on expert opinions, hydropower has
proven to be the most suitable option among hydro,
wind, and solar power plants. Fig. 12 shows the
recommended and optimal locations for hydropower
plants to produce green and sustainable electricity.
These 3 points include their specific geographical
coordinates. Point A is located in the Nour region,
point B in the Nowshahr region, and point C in the
Chalous region.

Based on the analysis done in this study, the
conclusions are as follows:
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Fig. 12: Location coordinates of optimal power plants (green and sustainable) for the field visit

1) Analysis of flood potential maps indicates the
highest risk in eastern areas of western Mazandaran
province;

2) Downstream areas have a low slope (less than
5 degrees) and are classified as hydrological group A
with low runoff. While this can contribute to flooding,
it also makes these areas well-suited for green and
sustainable energy production plants, facilitating a
sustainable supply chain;

3) Eastern regions are generally suitable for
electricity production, especially near rivers. However,
building power plants in the west of Mazandaran is
less affordable due to high costs;

4) Identified Locations: 40 potential locations for
green and sustainable power plants (hydro, wind,
and solar) in the northeastern, central-eastern, and
southeastern regions. An additional 30 sustainable
power plants and 20 non-economic power plants are
in these areas.

5) Cost and Time Comparison:

¢ 2.2 billion tomatoes for green and sustainable
plants.

e 14 billion tomatoes for sustainable plants.

e 24.3 billion Tomans for non-economic plants.
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Construction timelines are also shorter for green and
sustainable plants (1.1 years) compared to sustainable
(2.8 years) and non-economic options (3.8 years).

6) Recommended Locations: To recommend
optimal locations for green and sustainable power
plants, three points (A, B, and C) with precise
coordinates have been identified.
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Organizations globally are competing to retain
and satisfy employees, acknowledging that human
resources are their most valuable assets. Employee
satisfaction boosts organizational productivity and
performance (Bartlett & Ghoshal, 2002). However,
recent studies show that the majority of employees
struggle to manage work-related stress caused by
a variety of factors, such as excessive workload,
unrealistic employee expectations, inefficiencies and
laziness of coworkers, work-life imbalance, employer
disagreements, lack of support from supervisors,
and working environment issues (Ferrara, 2018).
Among these, supervisory behavior and the work
environment emerge as pivotal in managing
employee stress and encouraging retention.
Therefore, most Human Resource (HR) executives are
debating the Family Supportive Supervisor Behavior
(FSSB) concept. FSSB refers to supervisors’ activities
demonstrating concern and support for their
employees or subordinates’ families (Hammer et al.,
2009). Especially, it has been identified that family-
friendly bosses understand their employees’ needs
and strive to balance work and family life. Thus,
supervisors who implement family-friendly actions
can influence the level of mental contentment and
performance of the employees who are under their
supervision (Walsh et al., 2019). It can, therefore, be
inferred that managing supervisor behavior effectively
can serve as a strategic HR approach for organizations
to enhance employee satisfaction and improve
overall performance. Even though FSSB is a preferred
approach for employee satisfaction and improving
employee performance, most organizations face
problems in this regard due to lousy supervisor and
employee interactions (Haas, 2020). Most supervisors
lack the necessary knowledge and training to
become supportive of their workers’ personal and
professional lives (Leitdo et al., 2019). Furthermore,
many supervisors achieve organizational goals by
rewarding or punishing employees (Mansaray, 2019),
and some try to violate employees’ privacy, which
exacerbates work-life conflicts (Van Dyne et al., 2003).
The work environment has become stressful for many
employees due to the heavy workload, unsupportive
managers and coworkers, rigid work schedules, and
tight deadlines (Tamunomiebi & Mezeh, 2021). It
has been further revealed that most employees
are dissatisfied with their pay scale, promotion
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procedure, and career development support from the
organization (Parvin & Kabir, 2012). Past researchers
suggested that there should be more studies on
FSSB in different specific cultural and contextual
factors of occupations (Bouleh et al., 2022). This has
been endorsed by Rahim et. al, (2022), reflecting
the need for more studies in Organizational Work-
Family Culture (OWFC). Similarly, there is increasing
scholarly attention to some social trends, such as the
changing nature of work and work-life issues (Powell
et al., 2019). Nevertheless, a research gap exists in
implementing FSSB strategies within industries,
including Sri Lanka’s footwear sector. Many studies
have revealed a lack of comprehensive investigation
of the relationship between OWFC and FSSB across
diverse cultural and occupational contexts and further
reveal an empirical gap. Thus, existing literature
focuses on general organizational environments,
with limited attention to specific industries such
as the Sri Lankan footwear industry. The current
study focuses on the Sri Lankan footwear industry,
a sector with substantial economic and employment
significance, where supervisory support is critical
to managing employees effectively. The Sri Lankan
footwear industry is projected to earn United States
Dollars ($) 59.86 million in 2023. Meanwhile, recent
data reveals that in 2013, the footwear, luggage,
and handbags sector employed approximately 13.8
thousand women and 8.1 thousand men (Ganbold,
2021). It was further discovered that the footwear
industry’s  whole manufacturing process was
focused on technology and staff output capability
(Fernando et al., 2005). Thus, it demonstrates
that employees are the most influential factor in
the footwear industry, and supervisor support is
needed to manage employees’ activities. As the
footwear industry is ready for long-term growth, it
confirms the need for organizations to retain skilled
employees as well. Hence, the purpose of this study
is to determine the impact of OWFC on FSSB in Sri
Lanka’s footwear industry, providing insights into
how organizational culture shapes supervisory
practices. The paper is organized into five sections.
First, discusses the literature review, highlighting key
concepts and their interrelations. Second, outlines
the methodology employed in the study, detailing the
research design and data collection methods. What
follows, presents the results and discussion, offering
an in-depth analysis of the findings. Finally, concludes



with  practical implications, recommendations,
and directions for future research, emphasizing
the relevance of OWFC in encouraging FSSB and
improving employee outcomes.

Literature review
Family-supportive supervisor behavior

Employees may leave their jobs, become
dissatisfied, and get into other situations (Hammer
et al., 2006, 2009). FSSB is founded on the idea that
supervisors may enable staff to fulfill their family
and professional obligations more successfully by
modeling family-supportive behaviors. This FSSB
concept mainly focuses on the employee’s family
role and how to deal with both work and family
roles. (Hammer et al., 2009). A family support
supervisor can balance employees’ work and family
responsibilities and communicate with an employee
about an employee’s desires. (Pan, 2018). This
study identified positive consequences of family-
supportive supervisor conduct, including increased
job satisfaction, improved task performance, and less
work-family conflict (Kailasapathy & Jayakody, 2018).
FSSB is characterized as proactive management
that assists staff members in juggling their work
and family responsibilities (Alshutwi, 2018). Due
to its favorable effects on employees’ work-life
balance and professional outcomes, FSSB has gained
much attention as an informal supervisor assistant
(Hammer et al., 2013; Matthews et al., 2014).

OWFC

The importance of work-family culture cannot
be overstated for any of the people working for the
organization. It is significant for people who work
there and their family members and other loved
ones (Bernhardt & Bilinning, 2022). Most recent
studies aimed to determine how an unsupportive
organization’s working culture may have contributed
to alower overall level of satisfaction with one’s ability
to maintain a healthy work- life balance (Bernhardt &
Blnning, 2022; Mauno et al., 2005; Zeng et al., 2020).
In the previous research, the primary focus was on
the behavior of family-supportive supervisors and
the role of family-supportive organizational culture
among the workers at a financial credit company.
Family-friendly organizational culture moderates the
relationship between the family-friendly behavior of
supervisors and employees’ level of job engagement

(Rofcanin et al.,, 2017). Furthermore, managerial
characteristics were considered one aspect of the
organizational consequences. As a result, it was
established that management characteristics affect
the family-friendly behavior of supervisors (Straub,
2012). One of the latest studies showed how family
work conflicts and organizational work-family cultures
affect the supportive behaviors of supervisors toward
families. The findings showed that if the work-family
culture of the organization is at a higher level, then the
work-family conflicts experienced by the supervisors
do not have a detrimental effect on the subordinates.
In addition, it has been ascertained that an OWFC
affects the FSSB. It is possible to conclude that
previous research indicated a connection between
OWFC and FSSB (Pan et al., 2021). Furthermore,
the same study aimed to determine the causal
relationship between family-supportive behavior
and organizational climate. In another study, study
findings suggested that the organization’s work-family
atmosphere significantly impacted the behavior of
family-supportive supervisors in IT companies (Han &
McLean, 2020). Recently, much discussion has been
about how companies, as employers, should help
employees with their family obligations. A family-
supportive supervisor boosts company performance
and benefits both the supervisor and the employees.
Thus, a similar study examined whether supervisors’
views on employee family responsibility affect
employees’ intrinsic motivation and the desire
to leave their jobs. Prior research reveals that
supervisors support employees with family duties
increased intrinsic motivation. Most workers also
state that family-friendly management makes them
less likely to depart. In other words, the organization
should have a strong family culture to achieve
this goal through increased management support.
Hence, it was derived that a solid family culture in an
organization enhanced the FSSB (Marescaux et al.,
2020). The above-mentioned study was carried out
to create a model for measuring FSSB. Consequently,
the element known as work-family management
was addressed, which explained that a friendly
workplace with flexible supervision and coworkers
would boost the FSSB (Hammer et al., 2009). Hence,
most preceding studies found a favorable association
between OWFC and FSSB. Accordingly, the study’s
first hypothesis was developed as follows and can be
shown in Fig. 1 as a conceptual framework.
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Fig. 1: Conceptual framework (source: developed by authors (2023))

Hypothesis 1: A positive relationship exists
between the organizational work-family culture and
their FSSB.

Survey design and data collection

This study adopted a quantitative research design
guided by the philosophy of positivism, as it aligns
with the objective nature of quantitative studies. A
deductive approach was employed, leveraging prior
research, theories, and models to verify and support
the results. The research was conducted as a cross-
sectional study, with data collected at a single pointin
time over a brief timeframe. The target population for
this study consisted of 20,000 employees currently
working in the Sri Lankan footwear manufacturing
industry. Using a simple random sampling technique,
a sample of 377 employees was selected to ensure
unbiased representation. Atotal of 377 questionnaires
were distributed, and all were returned completed,
achieving a 100% response rate. Primary data were
collected through printed questionnaires designed
specifically for the study. The collected data were
analyzed using the Statistical Package for Social
Sciences (SPSS) software. Descriptive statistics were
used to summarize the data, while correlation and
regression analyses were performed to examine
relationships among variables and test hypotheses.

Measures
Organizational work-family culture

This study was used to build measurements about
OWEC (Thompson et al., 1999). Ten (10) items were
used to measure the construct anchored on a five-
point Likert scale as in the original scale. In this study,
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two dimensions were used under OWFC: managerial
support and organizational time demand. Sample
items include: “My supervisors care about my career
development” (Managerial support), “I am always
able to attend the work on time and leave on time”
(Organizational time demand).

Family-supportive supervisor behavior

This study was used to build measurements about
FSSB (Hammer et al., 2009). Fourteen (14) items
were used to measure the construct anchored on
a five-point Likert scale as in the original scale. This
study used four dimensions under OWFC: Emotional
support, Role-modeling behavior, Instrumental
support, and Creative work-family management.
Sample items include: “My supervisor is willing to
listen to my problems in juggling work and nonwork
life” (Emotional support), “My supervisor is a good
role model for work and nonwork” (Role modeling
behavior), “I can depend on my supervisor to help me
with scheduling conflicts if | need it” (Instrumental
support), “My supervisor thinks about how the work
in my department can be organized to jointly benefit
employees and the company” (Creative work-family
management).

Demographic analysis

According to the study findings, the first question
about the age of the employees revealed that
82.2% of workers are between the ages of 21 and
30, while 10.3% are between the ages of 31 and
40. Furthermore, 6.6% of respondents are between
the ages of 41 and 50. Furthermore, the remaining
study sections stated they are at least 51 years old.



Table 1: Reliability analysis

Variable

Cronbach’s Alpha value

Number of questions

Organization’s work-family culture
Family supportive supervisors’ behavior

.854 10
711 14

Table 2: Results of the validity test

Variable KMO value Number of questions
OWFC .753 10
FSSB .523 14

Table 3: Model summary

R-value

R Square value

Adjusted R Square value

.718°

.515 514

As such, it is fair to assume that most employees who
participated in the survey were still in their twenties.
Furthermore, the study gender analysis (Second
question) revealed that 32.6% of workers are male,
while 67.4% are female. As a result, it is reasonable to
conclude that most employees who took part in the
survey were female. Furthermore, the third question
was focused on the marital status of employees, and
the study found that 50.9% of workers are single,
while 49.1% are married. Therefore, itis fair toassume
that most study participants were single employees.
According to the fourth question analysis, only
40.6% of employees’ spouses work, while 59.4% are
unemployed. In addition, 59.4% of single employees
claimed their spouses are unemployed. As a result,
one can reasonably conclude that the vast majority of
employees’ partners who participated in the research
are unemployed. Furthermore, the study collected
information about employees’ children and revealed
that only 41.9% of married workers had children,
while 58.1% did not have children.

Reliability analysis

Reliability analysis was used to calculate the
internal consistency of variables such as OWFC and
FSSB. The Cronbach’s alpha value was employed to
determine internal consistency, and 0.7 was the
threshold value as per Table 1. Accordingly, the study
result shows that OWFC-related Cronbach’s alpha
value is 0.854, which means that a group of test
questions about OWFC is closely linked. Moreover,
a group of test questions about the OWFC is closely

linked. Further, the FSSB of the organization was
assessed with 14 questions, and the reliability value
was indicated as 0. 711. Hence, it can be concluded
that the internal consistency of the supervisors’
family-supportive behaviors in the organization is
acceptable.

Validity analysis

The accuracy of responses was determined using
the validity result, and in SPSS, the Kaiser-Meyer-
Olkin measures of sample adequacy values were
utilized. As a result, the Kaiser-Meyer-Olkin (KMO)
test for work-family culture has a high internal validity
of 0.753. Furthermore, the FSSB-related KMO value
is 0.523, indicating those supervisors’ responses to
family-supportive behaviors have acceptable internal
validity. The results of the validity test are shown in
Table 2.

Regression analysis

The study’s model summary table revealed the
impact of the independent variable, OWFC on the
dependent variable, FSSB. The obtained results of the
linear regression analysis are shown in Table 3. Given
that the R-squared value of the fitted regression
model is 0.515, which indicates that the predicted
values fit approximately 52% of the actual values, it
was determined to be a satisfactory fit.

Therefore, 52% of OWFC employees working in
the Sri Lankan footwear industry can be illustrated by
FSSB.

The Analysis of Variance (ANOVA) table, derived
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Table 4: ANOVA Table

Sum of squares Mean Square F-ratio Sig value
Regression 22.168 22.168 398.224 .000°
Residual 20.876 .056
Total 43.044

Table 5: Coefficient table
Coefficient
ffici i Tval ig val
Coefficient (unstandardized) (standardized) value Sig value

Beta Standard error Beta
Constant 1.622 .099 16.356 .000
Organization’s work-family 380 0.022 656 17.340 .000
culture
Supervisors' workaholism 117 0.028 .158 4.167 .000

from multiple regression analysis, is shown in Table
4. The information in the table is used to determine
whether the model is significant enough to predict
the study results. It is considered a significant value
in the ANOVA table and should be less than 0.05. As a
result, the significant value in the study ANOVA table
is.000, less than 0.05. As a result, the study model can
be concluded to be sufficiently significant to predict
FSSB using independent variables such as the OWFC.

The final table, known as the coefficient table,
is used to calculate the effect of the independent
variable on the dependent variable. As a result, the
study focused on two independent variables: OWFC.
Table 5 demonstrates the impact of OWFC on FSSB by
emphasizing the significant values of.000 respectively.
OWFC impacts FSSB, according to the coefficient
values, because the significance value is less than
.05. Hence, the study hypothesis is accepted, and it
can be concluded that a “positive relationship exists
between the organizational work-family culture and
their FSSB.”

Discussion

Sri Lanka’s footwear industry employees’ FSSB
was hypothesized to be related to their OWFC. Most
employees are neutral regarding the effect of their
OWEFC on their FSSB, as determined by the descriptive
analysis. Consequently, the OWFC influences most
FSSB among footwear industry employees. In
addition, the regression analysis results indicate that
the significance value is.000, less than the significance
threshold of 0.05. Consequently, organizational work-
family culture positively influences family-supportive
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behaviors. Consequently, the study’s first hypothesis
was confirmed as OWFC positively influences the
family-supportive behavior of employees in the
Sri Lankan footwear industry. In line with prior
research, the primary focus of this investigation was
the behavior of family-supportive supervisors and
the role of family-supportive organizational culture
among the workers at a financial credit company.
The present study’s findings indicated that a family-
friendly organizational culture moderates the
relationship between the family-friendly behavior
of supervisors and employees’ level of engagement
in their jobs. In addition, another study indicated
the impact of organizational consequences on
the behavior of family-supportive supervisors. In
addition, managerial characteristics were considered
one aspect of the organizational consequences.
Accordingly, it was established that management
characteristics affect the family-friendly behavior
of supervisors (Straub, 2012). One of the most
recent studies aimed to determine the influence
that family work conflicts and organizational work-
family cultures have on the supportive behaviors of
supervisors towards families. The findings showed
that if the work-family culture of the organization
is at a higher level, then the work-family conflicts
experienced by the supervisors do not have a
detrimental effect on the subordinates. In addition,
it has been that an organization’s work-family culture
affects the supervisors’ family-supportive behavior.
In line with the above, it is possible to conclude that
previous research indicated a connection between
organizational work-family culture and supervisors’



family-supportive behaviors (Pan et al., 2021). The
study’s findings suggested that the organization’s
work-family atmosphere significantly impacted
the behavior of family-supportive supervisors in IT
companies (Han & MclLean, 2020). Recently, much
talk has been about how companies should help
employees with their family obligations. A family-
supportive supervisor boosts company performance
and benefits both the supervisor and the employees.
Thus, a study examined whether supervisors’ views
on employee family responsibility affect employees’
intrinsic motivation and their desire to leave their
jobs. Thus, supervisors supporting employees with
family duties increased intrinsic motivation. Most
workers also say that family-friendly management
makes them less likely to depart. The organization
should have a strong family culture to achieve
this goal through increased management support.
Hence, it was derived that a strong family culture
in an organization enhances the Family’s Supportive
Supervisor’s Behavior (Marescaux et al., 2020). The
above-mentioned study was carried out to create a
model for measuring family-supportive supervisor
behavior. Consequent to the study findings, the
element known as work-family management
was addressed, which explained that a friendly
workplace with flexible supervision and coworkers
will boost the family-supporting supervisor behavior
(Hammer et al., 2009). The results of the current
study support those earlier findings and indicate
an impact of organizational work-family culture on
family-supportive behavior. Therefore, it is possible
to conclude that previous research indicated a
connection between organizational work-family
culture and supervisors’ family-supportive behaviors.

Managerial implications

The study found that organizational work-family
cultureinfluences FSSB.Thus,anemployeerecognition
program was created because top performers should
be rewarded. The notion is that valued employees
will perform well in such a setting. It will also inspire
their teammates to work harder, creating a healthy
workplace competition that boosts production.
Moreover, it is recommended to accept and make use
of feedback provided by employees. However, the
bulk of top management opposes employee input.
Much support is essential from the top management
to embed into their corporate strategy. Thus, they

should change how they handle employee feedback,
from one way to one that is both ways. Always
remember that employees are actively working to
improve the company’s performance. Additionally,
top management should address employee issues
and see them as opportunities to solve them.
This way, when a favorable work environment is
facilitated, employee loyalty will boost and desire
to work for the company. Further, creating a flexible
working environment is the recommended solution.
Management must be flexible with employees.
Most studies also found that all employees struggle
to balance work and personal life. Thus, managers
must identify and address their employees’ issues
by cultivating a conducive work culture where both
parties are respected and recognized. One method is
providing flexible hours.

Limitations and direction for future research

This study aims to determine the influence of
organizational work-family culture on the family-
supportive supervisor behavior of workers in the
footwear industry in Sri Lanka. In line with research
objectives, we researchers restricted the study to
the footwear industry in Sri Lanka. In addition, the
quantitative method was utilized throughout the
study’s data collection and analysis stages. Moreover,
the research was conducted using a cross-sectional
approach and during a short period. The research only
considered OWFC. As a result, the FSSB is influenced
by many different factors that are independent of
one another. In addition, the data collection method
consisted solely of an English-only questionnaire
formatted in a structured format. Potential
misunderstandings and language barriers may have
affected the responses provided by the workers in
the footwear industry. In addition, there is a paucity
of research on the effects of supervisor workaholism
and OWFC on FSSB, making it challenging to collect
the relevant literature for the study. The present study
can guide researchers in the future in applying this
study to various industries. However, as the present
study was a case study, to some extent, it may not
be generalized. In addition, the study is quantitative;
however, the same study could be conducted in the
same context by using the qualitative methodology.
In addition, it is possible to consider it as one of the
additional factors that influence the supervisors’
family’s supportive behavior. In addition, the
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research can be carried out as a longitudinal study
by employing the observation method to gather the
required information.

This study highlights the critical role of FSSB in
enhancing organizational performance, particularly
within Sri Lanka’s footwear industry. Recognizing
that supervisors often perceive employees as mere
machines, leading to diminished productivity and
overall performance, the research underscores the
importance of fostering FSSB. Findings conclusively
revealed that OWEFC significantly influences
employees’ perceptions and experiences of FSSB
in this sector. This research contributes to the
growing discourse in human resource management,
emphasizing the necessity of supportive supervisory
behaviors for sustainable organizational growth.
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In traditional participatory urban processes, effective collaboration among designers,
citizens, and urban managers is often hindered by inadequate environmental
visualization, inefficient communication tools, and limited appeal. These challenges,
particularly related to time, cost, and the difficulty of attracting diverse participants, have
prompted researchers to explore alternative tools and technologies to enhance citizen
involvement. Virtual Reality modeling has emerged as a promising technology for urban
design, planning, and management, offering improved ways to visualize spaces, develop
creative ideas, and support the realization of urban policies. This research is qualitative
and developmental in purpose, and it is classified as a review study with an interpretive
perspective. The methods employed include documentary analysis and case studies,
with data collected from documents, library resources, and relevant articles in this
field. The study draws on theoretical frameworks such as Arnstein’s Ladder of Citizen
Participation and Healey’s Collaborative Planning Theory to examine Virtual Reality’s
potential in participatory processes. The study addresses the limitations of traditional
participatory methods, highlighting how Virtual Reality technology can facilitate more
accessible, inclusive, and efficient urban policymaking processes. Despite technological
limitations, physical and psychological constraints, ethical concerns, and issues related
to privacy and legal matters, the findings indicate that virtual Reality offers significant
potential in participatory urban processes. By providing immersive simulations, virtual
Reality can improve transparency, enhance stakeholder collaboration, and facilitate
informed decision-making in urban planning. The technology’s ability to engage diverse
demographic groups, particularly those reluctant to engage in traditional methods,
shows promise for making urban policy discussions more interactive and understandable.
Virtual Reality presents a valuable tool for overcoming the limitations of conventional
participatory processes and holds promise for enhancing urban policymaking. The
study identifies several avenues for future exploration, including improving accessibility,
addressing ethical concerns, and developing hybrid engagement models that integrate
Virtual reality with traditional methods. Empirical evaluations of Virtual Reality’s impact
on decision-making and stakeholder engagement are also recommended to optimize
its application in urban governance. Its potential benefits make it an important area for
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In today's world, traditional top-down approaches
to urban planning, where governmental authorities
make decisions without considering residents'
opinions, are increasingly being criticized. In contrast,
bottom-up participatory urban planning is emerging
as a democratic and sustainable alternative. Today,
top-down and bottom-up planning mechanisms
shape urban structures and improve urban design and
planning practices. Urban designers and managers
contribute their expertise, while citizens influence
the city's form through their everyday behaviors.
Good urban planning requires the collaboration and
participation of multiple stakeholders to balance the
interests of diverse groups (IAPP, 2019). This study
is situated at the intersection of urban planning,
participatory design, and emerging technologies.
As cities face growing challenges in sustainability,
livability, and inclusivity, methods of engaging citizens
in urban development processes are evolving. The
shift from traditional top-down approaches to more
collaborative, bottom-up strategies has aligned
with rapid technological advancements, creating
new opportunities for citizen participation in urban
policymaking. The motivation for this study stems
from several key factors. First, while participatory
urban planning has gained prominence, traditional
methods often fall short in accessibility, inclusivity,
and efficiency. We observed that these limitations
could be addressed through emerging technologies
like Virtual Reality (VR). Second, there is a notable
gap in the literature on practical applications of VR
in urban policymaking. As urban professionals, we
recognized the need fora comprehensive analysis that
bridges the technical aspects of VR with the practical
needs of urban planners and policymakers. Finally,
our experience with the challenges of engaging
diverse stakeholders in urban projects highlighted
the urgent need for more innovative and effective
participatory tools. These factors collectively drive
our investigation into the potential of VR modeling
in participatory urban policymaking. Participatory
design is often defined as a shift in attitude from
“designing for the user” to “designing with the user.”
Participatory design is not merely a method or a
set of methodologies; it is more of a mindset and a
way of engaging with people (Oksman, 2014). In this
approach, citizens play an active role in the urban
design and planning process. Their ideas, needs, and
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desires are collected and considered through public
meetings, surveys, workshops, and other participatory
methods. The ultimate goal is to create sustainable,
livable urban spaces that respond to the real needs
of residents. Increased collective participation
offers many benefits and is considered a vital tool
in urban planning and design, as it addresses many
architectural, social, and economic challenges. There
is no doubt that sustainable development cannot be
achieved without the involvement of stakeholders
(Fares et al., 2018; Stauskis, 2014). With the rapid
advancement of technology, traditional methods of
participation—such as meetings, conferences, and
interviews—that are predominantly based on various
forms of physical contact have gradually lost their
popularity and effectiveness in urban design and
planning. In urban projects, these methods often
fall short in terms of accessibility, inclusivity, and
efficiency. “Meetings attended by local community
members are usually dominated by a small number of
active members who reveal their opinions more than
the broader community. Often, these ‘activists’ have
a vested interest in the outcome of planning decisions
in competitive market conditions, making it difficult
to ensure transparency. The process of organizing
numerous meetings, repeated efforts for outreach,
and the need to manage the process, including staff,
venues, and professional services, makes the process
lengthy and costly compared to the outcomes”
(Stauskis, 2014). Traditional participatory approaches
involve encouraging citizen participation in policy
decisions through suggestions and signals that
follow a top-down decision-making process. Public
services are initially shaped by municipalities, and
then citizens engage through a combination of online
and offline initiatives that collect their feedback,
critiques, and suggestions for service improvement
(Castelnovo et al., 2016). The concept of in-person
participatory design is particularly prevalent in urban
planning; however, the challenges it presents—
especially in terms of time, cost, and engaging diverse
participants—have prompted researchers to seek
alternative tools and technologies to assist citizens
(Scerri & Attard, 2023). This research draws on
several theoretical frameworks, including Arnstein’s
Ladder of Citizen Participation, which outlines levels
of citizen involvement in decision-making processes,
and Healey’s Collaborative Planning Theory, which
emphasizes the importance of inclusive dialogue in



urban planning. These theories provide a foundation
for understanding the potential impact of virtual
reality on participatory urban policymaking.
Considering the limitations of traditional participatory
methods, it becomes clear that new technologies
may offer effective solutions to these challenges.
One of the most important emerging technologies
facilitating new participatory methods is VR. VR takes
3D visualization a step forward (Fraser & Bjornsson,
2004; Al-Kodmany, 2002). “The aim of using virtual
reality is to enable users to easily participate in public
engagement processes without the constraints of
time or place, through virtual reality and the internet.
VR can seamlessly present interactive proposals for
discussion and help identify suggestions and evaluate
alternatives” (Fares et al., 2018). Therefore, this
study seeks to discuss and analyze the key functions
and applications of VR modeling in participatory
urban policymaking. Given the complex and
interdisciplinary nature of VR modeling (involving
fields such as electronics, computing, gaming,
multimedia, programming, etc.), this research aims to
present the key concepts of this field with a practical
and applicable perspective for urban professionals.
In this context, the study endeavors to clarify the
concepts, applications, challenges, and limitations of
using VR in the policymaking process, and ultimately,
it examines successful examples of using VR in
participatory urban policymaking. The main objective
of this research is to address the role and impact of
virtual reality modeling in facilitating the process
of participatory urban policymaking. This study
contributes to the growing body of knowledge on
technology-enhanced participatory urban planning
by providing a comprehensive analysis of virtual
reality’s potential in this field. By examining the key
functions, applications, challenges, and limitations
of VR in urban policymaking, this research offers
valuable insights for urban professionals aiming to
implement more effective and inclusive participatory
processes. The findings have the potential to
significantly transform how cities engage with citizens
in planning and policymaking. The innovation of this
work lies in its practical approach to bridging the
gap between complex VR technology and urban
planning practices, providing urban professionals
with actionable insights on implementing VR-based
participatory methods. This research was conducted
between September 16 and August 21 in Tehran’s

study center to provide urban professionals with
a comprehensive understanding of virtual reality’s
potential in participatory urban policymaking. Also,
this manuscript is extracted from a research project
entitled “Utilizing the Operational Capabilities of
Virtual Reality Modeling in the Implementation of
Urban Policies & Plans,” funded by the Tehran Urban
Research & Planning Center (TURPC) in 2024.

This research is developmental, aiming to advance
knowledge in the field of the role and impact of VR
in participatory urban policymaking within urban
studies. The qualitative study is categorized as a
review study with an interpretive approach to the
impact of virtual reality in the process of participatory
urban policymaking. The research methods employed
include document analysis and case studies, selected
from various research approaches. The theoretical
framework of this research is deductive, and its
temporal scope is cross-sectional. Library documents
and related research papers and studies were
utilized to gather information. Scientific data mining
was conducted to understand the concepts related
to virtual reality to facilitate participatory urban
policymaking. Furthermore, this study explores
the challenges and opportunities associated with
the use of VR in urban policy projects. It employs
analytical methods to deeply analyze the challenges
and potentials of this technology in the policymaking
domain. This analytical method provides a logical and
dynamic perspective on the potentials and limitations
of virtual reality in urban projects. Additionally, a
content analysis method is used to further examine
and interpret materials and content related to the
challenges and opportunities of using virtual reality
in urban policymaking projects. Finally, successful
examples of using virtual reality in the process of
urban policymaking will be reviewed to identify the
impact of VR.

Background and theoretical foundations
Public participation and participatory urban design
Public  participation leads to a better
understanding of the urban development landscape,
generating ideas and suggestions based on the
knowledge, attitudes, and habits of the people
while also increasing their awareness of their role in
urban development (Semeraro et al., 2020). Public
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participation contributes mainly to four beneficiaries:
the public, the planners, the local municipality, and
the plan itself (Stern and Amir, 2006). Citizens are
the primary actors who, more than anyone else, are
familiar with the realities and problems surrounding
them (Fares et al.,, 2018). As public demands for
transparency, accountability, and inclusiveness
continue to increase, ensuring that different voices
of the public are heard and considered in decision-
making is crucial to toining public confidence and
improving policy effectiveness (Xiang, 2024). Engaged
communities intuitively understand what they truly
need, ultimately fostering a sense of belonging among
residents. Conversely, design or planning practices
conducted by urban planners and architects without
community participation can result in significant
shortcomings, such as mismatches between the
environment and the community, abandonment or
underuse of urban spaces, or even the destruction
of environmental features (Ismail & Said, 2015).
Participatory design is an organized process intended
to transform urban spaces into valuable places by
involving non-experts, including residents, visitors, or
stakeholders, alongside urban planners and designers
(IAPP, 2019). Participatory design is often described
as a shift in attitude from “designing for the user” to
“designing with the user.” It is not merely a method or
set of methodologies; it is a mindset and an approach
to engaging with people (Oksman, 2014). In this
approach, citizens play an active role in the urban
design and planning process. Their ideas, needs,
and desires are collected and considered through
public meetings, surveys, workshops, and other
participatory methods (Fares et al., 2018; Stauskis,
2014). The goal of participatory urbanism is to create
sustainable, livable urban spaces that are responsive
to the real needs of residents. In this process,
citizens’ roles include raising awareness, accepting
diverse perspectives, fostering a sense of ownership,
improving decision-making, and enhancing legitimacy
(Falanga, 2020; Mueller et al., 2018; Dyeretaal., 2017).
This research is grounded in multiple theoretical
frameworks that establish a basis for comprehending
the intricacies of participatory urban policymaking.
Arnstein’s Ladder of Citizen Participation outlines
different levels of citizen involvement in decision-
making processes, ranging from non-participation to
varying degrees of citizen power (Connor, 1988). This
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framework highlights the importance of meaningful
engagement, asserting that true citizen participation
goes beyond mere tokenism and facilitates genuine
collaboration between citizens and decision-makers
(Xiang, 2024; Hidayah et al.,, 2024). Moreover,
Healey’s Collaborative Planning Theory emphasizes
the necessity of inclusive dialogue in urban planning,
advocating for the integration of diverse perspectives
and values. It suggests that collaborative approaches
not only enhance the legitimacy of planning outcomes
but also lead to more innovative and context-sensitive
solutions (Healey, 2020). By situating this study within
these theoretical frameworks, we aim to critically
assess how emerging technologies, particularly VR,
can enhance participatory practices and mitigate the
shortcomings of traditional methods. In doing so, this
research seeks to contribute to the broader discourse
on participatory urban design, demonstrating how
VR can facilitate deeper engagement and better
alignment between urban policies and community
needs. Recent research on digital leadership offers
valuable insights that can be applied to participatory
urban design and planning. Just as digital leadership
guides organizational transformation and leverages
technology to enhance business processes, similar
principles can be applied in urban planning contexts.
Effective digital leadership in urban planning involves
not only implementing new technologies but also
fostering a culture of innovation and adaptability.
Studies have shown that organizations with strong
digital leadership are more likely to develop
entrepreneurial initiatives that drive innovation
and improve performance (Arabiun et al., 2024). In
the realm of urban planning, this could translate to
more innovative approaches to citizen engagement,
such as the implementation of VR in participatory
processes. Furthermore, the success of digital
leadership in restructuring business strategies and
building a culture conducive to digital transformation
(Springs, 2024; Arabiun et al., 2024) suggests that
similar leadership approaches in urban planning
could enhance the adoption and effectiveness of
new participatory tools and methods. By integrating
these concepts of digital leadership with established
theories of participatory planning, we can develop a
more comprehensive framework for understanding
and implementing effective, technology-driven
participatory urban design processes.



Transition from traditional to new (electronic)
approachesinurban design and planning participation

According to the research by Wang & Lin (2023),
in traditional urbanism, people are unable to provide
immediate and effective feedback for various
reasons. First, the general public is not familiar with
abstract concepts in urban design and planning
drafts (e.g., building area ratios, density, etc.) and
cannot estimate the likely outcomes of urban forms
after a plan is implemented. Second, they cannot
directly perceive the design outcomes on-site and
offer first-hand feedback. Moreover, the successful
evaluation of an urban plan often takes considerable
time after implementation. As a result, it is desirable
to create a platform that allows the public and
designers to easily visualize the urban design and
planning process and interact with the outcomes
based on abstract concepts (Wang & Lin, 2023). In
most traditional urban planning processes, the lack
of visual representation and communication tools
makes it difficult for designers to collaborate with the
public and communities. For this reason, traditional
participatory processes have become obsolete
in most developed countries. With technological
advances, even web-based participation may not
suffice to meet collective participation demands
in urban design and planning processes shortly.
In public participation processes, inviting people
to gather in a room for a public meeting can be
inefficient and ineffective in engaging citizens. The
timing and format of these meetings are often
criticized due to the low level of public involvement.
Consequently, citizens are increasingly questioning
traditional forms of representative democracy
and are awaiting innovations in policymaking
processes that allow for direct participation (Lironi,
2016). New methods of participation, known as
«web-based public participation,» have emerged.
Although mobile technology alone cannot overcome
traditional barriers to participation (e.g., spatial and
temporal barriers, lack of interest, lack of trust), it
can make the participation process faster and easier
(Thiel, 2017). The basic benefits of traditional public
participation can be also achieved by web-based
public participation, and the main limitations of Web-
based Public Participation (WPP) include potentially
limited access to the Internet, which may affect
the number and socioeconomics of the participants
(Craig et al., 2002; Sarjakoski, 1998; Trevor, 1998).

Information and Communication Technology (ICT),
particularly social media, is used to increase the
number of participants in public debates and give
voice to those who typically do not attend in-person
debates. Recent positive experiences have shown
that the effective use of new media can increase
the number of participants in public discussions by
tenfold, thereby aiding decision-making. Citizens
also participate more actively in the management of
their city, playing a central role in the creation and
management of public value. This represents a new
approach in which bottom-up citizen participation
emerges spontaneously without the need for abstract
solutions. Instead, new and tangible actions address
the everyday problems faced by citizens (Castelnovo
et al., 2016). The Internet may have the potential to
change the scope of citizen participation and offer new
possibilities due to the affordability of the web and its
ability to reach a wider audience. This means that the
web can reduce the costs of information exchange,
facilitate participatory and consultative processes,
and ultimately lead to better decision-making at
all levels of government (Lironi, 2016). The basic
methods used for public participation are structured
around “passive,” “active,” and “interactive” forms of
engagement. Passive methods are primarily based
on one-way communication between planners
and the public as one of the stakeholders, without
interaction. Active methods involve some interactive
elements as they attempt to establish a “dialogue”
rather than a “monologue.” Emerging techniques
based on ICT are attributed to interactive methods as
they aim to enable direct access, reliable feedback,
and monitoring engagement regarding the goals,
roles, processes, and outcomes of planning (Stauskis,
2014). Each of the aforementioned methods includes
numerous capabilities and limitations. According to
the research by Stern et al. (2009), the fundamental
benefits of traditional participation can be better
achieved through new participation methods.
Using the lJeffries model, which defines three
essential characteristics of public participation—
"involvement,” “trust,” and “empowerment”(Stern
et al., 2009): Involvement in general often refers to
an individual’s participation in a given task and is
measured as a set of behaviors or activities that such
an individual performs (Barki and Hartwick, 1989); It
is argued that the quality of public participation can
positively affect citizen trust (Halvorsen, 2003); full
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public collaboration, throughout the planning and
its implementation stages, would entail and reflect
the highest level of empowerment (Weil, 2014)—
the capabilities of new participation methods are
thoroughly discussed. For example, the research
highlights that new participation methods enable
more citizens to participate in the planning process,
regardless of their geographic location. Web-based
participation increases public trust through good
communication and constant information updates,
and it serves as a tool for democratic decision-
making. In terms of expanding citizens’ abilities, new
participation methods allow more people to express
their opinions and solutions, gain new skills, and
actively control their circumstances. This ultimately
increases the level of influence and control people
have over the participation process. Furthermore,
access to accurate and up-to-date information
enhances personal trust, encouraging active
participation (Stern et al., 2009). Digital participation
technologies have the potential to completely
transform professional practices in urban design and
development. Enabling constructive participation
and co-design activities for the public in the early
pre-design stages, when changes are still possible, is
essential and more meaningful. The impact of digital
participation technologies can be summarized by
four general characteristics (Fig. 1) (Weinstock, 2013;
Schively, 2007):

e Crowdsourced Knowledge: Digital participation
tools make it possible to use broader knowledge, as
seen in traditional design practices. It also allows for
the use of valuable experiences and creativity from
non-professionals, particularly local citizen experts.

» Design Evidence: New technologies, such as
sentiment analysis, provide designers and planners

with new evidence during the design process. There is
potential for developing projects that confirm public
responses and test public attitudes and acceptance in
the early stages of the project.

Interaction: In addition to technical
advancements, digital participation technologies
enable an interactive and communication-centered
planning process. Direct exchanges between all
stakeholders, particularly planners and users
(citizens, residents), will become a key activity in
urban design.

Agile Design: Participatory tools and
technologies transform the planning process into a
parallel and agile workflow, unlike the sequential and
linear workflows that have shaped urban design in
the past.

Comparative analysis of traditional methods and VR
in participatory urban planning

While the limitations of traditional participation
methods have become increasingly apparent, the
potential of VR as an alternative or complementary
approach has garnered significant attention in recent
years. Comparative studies between traditional
methods and VR-based approaches in participatory
urban planning have shed light on the specific
advantages that VR can offer. These studies provide
empirical evidence for the benefits that VR can bring
to the participatory process, many of which align
with the theoretical advantages discussed earlier.
Several studies have examined this comparison both
quantitatively and qualitatively:
Engagement Levels: A study by Smith et al.,
(2022) found that VR-based participation increased
citizen engagement by 45% compared to traditional
town hall meetings. Participants reported feeling

»
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Fig. 1: Features of the impact of digital participation technologies in participatory urban policies
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more immersed and invested in the planning process.

— Comprehension of plans: Studies conducted a
comparative experiment where one group reviewed
2D plans and another used VR. The VR group showed
a 30% higher accuracy in understanding spatial
relationships and potential impacts of proposed
changes (Portman et al., 2015).

— Demographic Reach: Research by Van Leeuwen
et al., (2018) indicated that VR-based participation
attracted a more diverse age range, an increase in
participation from the 18-35 age group compared to
traditional methods.

— Cost-Effectiveness: While initial setup costs for
VR can be high, a long-term analysis showed that
VR-based participation could reduce overall costs
over the years, primarily due to the reduced need for
physical materials and venue rentals.

— Idea Generation: A qualitative study by Garcia
et al., (2015) found that VR sessions produced
more unique ideas for urban improvements than
traditional brainstorming sessions, likely due to the
immersive experience.

— Time Efficiency: VR-based planning sessions are
shorter on average than traditional meetings, while
covering the same amount of material, suggesting
improved efficiency.

- Participant Satisfaction: Surveys showed
that participants preferred VR-based methods over
traditional ones, citing better visualization and a
more interactive experience.

These comparative studies highlight the potential
advantages of VR in participatory urban planning.
However, it's important to note that VR should not
entirely replace traditional methods, but rather
complement them to create a more comprehensive
and inclusive planning process. The integration of
VR with existing participatory techniques may offer
a balanced approach that leverages the strengths of
both traditional and innovative methods.

The emergence of virtual reality in new participation
methods and increased stakeholder engagement

As previously mentioned, traditional participation
methods such as meetings, conferences, and
interviews are no longer sufficient to meet the
needs of contemporary society. Additionally, new
participation methods are constantly being updated
and evolving alongside technological advancements.
One of the most significant emerging technologies

in facilitating new participation methods is VR. The
goal of using VR is to enable users to easily engage
in public participation processes without constraints
of time or location, utilizing VR and the internet. VR
allows for the seamless presentation of interactive
proposals for discussion, helping to identify
suggestions and evaluate alternatives (Fares et al.,
2018). A fundamental advantage of VR is its ability
to increase stakeholder engagement. One factor that
contributed to the increased stakeholder interaction
through VR was the onset of the COVID-19 pandemic;
due to the risks associated with in-person meetings
and activities, face-to-face participation became
nearly impossible. As a result, a unique opportunity
for virtual labs arose. The term "living labs" is often
used to describe a multi-stakeholder platform that
brings together different stakeholders to decide on
the best strategy for addressing an issue. These labs
go beyond merely active participation by citizens
and integrate user-centered, participatory design
approaches, emerging as a valuable method for
implementing effective, sustainable urban solutions
at the local scale (Nesti, 2020; Delgado et al.,
2020). VR helps users understand what designers
are creating, enabling them to communicate more
effectively with professionals. Furthermore, users can
explore their buildings and cities from the comfort of
their homes (El Araby, 2002). Today, the success of
urban design and planning can be summarized in the
ability to convince people and regulatory bodies to
accept the functionality of urban guidelines and to
persuade urban designers to adopt VR technologies
as a powerful and useful tool in urban planning. VR
has the potential to enable designers to enhance
their imagination by visualizing hidden intentions
and thoughts. The use of Geographic Information
Systems (GIS) and web-based VR technologies
holds significant potential as visualization tools for
use in urban planning and design. VR can globalize
the design process, allowing many designers to
collaborate on a project regardless of their geographic
location (El Araby, 2002). As mentioned, the purpose
of using VR in the participatory urban design process
is to empower participation and enhance stakeholder
interaction in the design process, particularly in
urban policymaking, with ease and without requiring
extensive time. VR technology is also capable of
seamlessly presenting interactive proposals for
discussion and identifying and evaluating policies
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(Fares et al., 2018). One of the critical areas where
citizens can actively participate in policymaking
and decision-making is in the urban design process.
Policy formulation involves three potential stages
of participation for citizens: informing, engaging,
and empowering (Hassan & Hamari, 2020). There
are numerous approaches to participatory urban
policymaking and decision-making. Public value-
based and evidence-based decision-making are two
prominent approaches in this field (Savoldelli et
al., 2014). Acceptance of opinions is influenced by
citizens' perceptions of value and transparency in
the decision-making process. Positive perceptions of
a service's ability to deliver public value, as well as
transparency and accountability in decision-making,
together with citizen and stakeholder participation,
increase citizens' trust in policymakers and public
administration (Cosgrave et al.,, 2014; Feeney &
Welch, 2012).

Various functions of Virtual Reality in enhancing
participatory urban policies

Studies have shown various benefits associated
with different forms of VR technology throughout
urban design and planning processes. These benefits
include increased project understanding, additional
opportunities for stakeholder feedback, greater
volume, quality, and diversity of public participation,
and the ability to provide an almost real immersive
environment by adding sensory stimuli to VR (Meenar
& Kitson, 2020). Below are some of the different
functions of VR in the field of participatory urbanism:

e Visualization: One of the most critical features
of VR in the urban policymaking process, and in
various stages of this process (goal setting, policy
formulation, decision-making, implementation, and
evaluation), is its ability to aid in visualizing and
better understanding issues for decision-making.
Visualization generates public interest in proposed
plans, while a balance must be maintained between
live VR displays and online visits (Stauskis, 2014).
Proper visualization becomes essential when it is
necessary to make the design aspect of new projects
clear not only to government officials, engineers,
and managers but also to urban residents (Ceconello
& Spallazzo, 2008). Computer-aided visualization
can make information comprehensible and usable
for a broader range of people, leading to less time
spent discussing the physical features of an area and
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more time spent analyzing the visual consequences
of changes (Al-Kodmany, 2020). VR technologies
allow citizens to visualize and understand spatial and
temporal design processes (Stauskis, 2014). Using VR
headsets (Fig. 2), the observer is placed within the
design landscape, providing a tool to support decision-
making processes in urban planning. The general
public is allowed to experience the projected design
through immersive visualization (Van Leeuwen et al.,
2018). Computer visualization can also accurately
present complex textual information and facilitate
direct visualization of movement and change, multiple
views of a dataset, user interaction with maps, and
realism through 3D displays (Al-Kodmany, 2020).
Visualization tools can be standalone applications,
for web-based presentations, WPP that primarily
use software libraries (APIs), or modules within
programming languages. They can also be classified
based on factors such as software type, visualization
structure, operating system compatibility, licensing
terms, scalability, extendibility, or the date of their
latest release (Korkut & Surer, 2023; Caldarola and
Rinaldi, 2017).

Simulation: Simulation and modeling are
recognized as an integral part of urban design and
planning, enabling the evaluation of proposed designs
and the validation of policies. The benefits of this
feature include flexible simulations of existing and
proposed scenarios, the ability toincrease the number
of users and functionalities, multi-user environments,
and attention to individual preferences. VR is not only
useful for simulating future scenarios but also aids
in visualizing existing urban areas. Urban planners
and designers can use simulations to improve
infrastructure upgrades, new transportation options,
green spaces, and other changes within the context
of new policies (Kaminska et al., 2019). Conducting
studies in a virtual environment necessitates realistic
simulation of the relevant objects to ensure a strong
correlation between the virtual environment and
real-world conditions (Schrom-Feiertag et al., 2020;
Li et al., 2019). Simulations also support multi-user
environments, where multiple users can gather in
a room to discuss, design, or collaborate on various
activities (Ismail & Sunar, 2009). VR technology assists
designers in developing and refining their conceptual
designs by enabling them to immerse themselves in
their ideas and inspirations, turning abstract concepts
into concrete solutions (Liu, 2020; Bishop, 2015).



Fig 2: Use of VR headsets in collective participation processes (Source: Van Leeuwen et al., 2018)

Additionally, simulations focus on individuality and
increased independence in participation. Simulated
models are typically shared among users, allowing
everyone to view the same cohesive model, or
models can be adapted based on individual needs
and preferences (Scerri & Attard, 2023). Simulation is
regarded as an essential tool for public participation
in presenting, evaluating, and implementing urban
policies. In a study by Stauskis, simulation was a
prominent paradigm within virtual reality technology.
The study combined 3D modeling and virtual space
simulation with community participation techniques
to confirm the initial design of a public park in Vilnius,
providing a tool for analysis and accessible outcomes
(Fig. 3) (Stauskis, 2014).

e Engaging individuals: Another key feature of VR
technology is actively engaging users. Video games,
in addition to assisting with policy implementation,
project visualization, and design simulations, are
appealing and enjoyable due to their graphical
and interactive scenarios, leading to active user
engagement. For example, the SimCity video game
series, which began in 1989, is one of the first
virtual city-building programs that inadvertently
engages users in the design and planning process.
In addition to its entertainment aspects, it also has
educational value, and it has been used in several
urban design processes worldwide (Stauskis, 2014).
The combination of VR and ArcGIS data can enhance
access to feedback across all ages, particularly
younger generations, reduce the time residents
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need to become familiar with a project, increase
transparency, and improve efficiency (Meenar &
Kitson, 2020).

e Immersiveness: Immersive virtual reality is a
relatively unknown but potentially significant tool
for increasing participation and gaining attention
in academic and practical fields over the past
decade. Immersive systems allow users to immerse
themselves in a computer-generated world with a
head-mounted display that tracks their position and
orientation. These systems may also be enhanced by
audio, tactile, and sensory interfaces (Boertien, 2021;
Wu et al., 2020). A key component of VR is the level
of immersion, which engages users' minds and bodies
through visuals, sound, and even touch. Creating a
near-real immersive environment by adding sensory
stimuli to VR is one of its most important features
(Meenar & Kitson, 2020). Combining additional
sensory stimuli with VR may create a near-real
immersive environment and enhance meaningful
public participation (Jiang et al., 2018). Unfortunately,
while olfactory perception is one of the most
fundamental and impactful forms of environmental
perception, there is limited understanding of the role
or benefits of olfactory cues in the multi-dimensional
experience of participatory planning (Won et al,,
2023; Kitson et al., 2019). Another critical feature of
VR technology is its linkability with other technologies
and devices. Combining VR and GIS data can improve
accessibility, reduce the time required for residents
to familiarize themselves with a project, enhance
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Fig. 3: Virtual urban simulation methodology for public participation in Vilnius Park (Source: Stauskis, 2014)

transparency, and promote more efficient use of the
tools (Meenar & Kitson, 2020).

e Data collection: VR environments provide a
platform for conducting immersive surveys and
collecting real-time feedback, preferences, needs,
and experiences from citizens virtually and online.
This feedback can include preferences related to
aesthetics, functionality, accessibility, and other
key considerations in urban design (Agudelo-Vélez
et al., 2021). Collecting feedback through VR offers
a dynamic and immersive approach to gathering
stakeholder perspectives in the design, planning,
and policymaking process (Stauskis, 2014). Designers
can use VR to test products, interfaces, and spaces
by placing users in virtual prototypes. By tracking eye
movements, gestures, and responses, designers can
gather valuable data on how users interact with their
designs (Kim et al., 2020; Sagnier et al., 2020).

e Decision-making and problem-solving: VR
technology enables individuals to practice decision-
making in complex, dynamic scenarios, gain valuable
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insights, and enhance their problem-solving skills in
a controlled and supportive environment. Various
studies show that digital technologies can positively
impact learning problem-solving skills (Ehab et al.,
2023; Araiza-Alba et al., 2021). VR can be a useful
tool in participatory spatial planning, enhancing
understanding, providing critical feedback, improving
participation in planning events, and enabling people
to experience a place without physically traveling
there (Meenar & Kitson, 2020). In some cases, gaps
between decision-makers and citizens, as well as the
lack of stimulating policies, reduce the effectiveness
of integrating citizens into decision-making processes
(Fares et al., 2018). Methods, techniques, and
tools based on VR facilitate participatory decision-
making, improve stakeholder communication
and engagement, support scenario analysis and
simulations, reduce uncertainty in decision-making,
and ultimately simplify urban planning and design
processes (Boos et al., 2023). One VR tool that
facilitates decision-making and problem-solving is



the Virtual Urban Living Labs (VULL) platform. This
platform allows local participants to provide input in
the decision-making process (Scerri & Attard, 2023).

e Evaluation of designs, policies, and feedback: VR
can be used to simulate urban designs and policies
before implementation. This helps government
authorities and stakeholders assess the potential
impacts of these plans and policies on the city and
its residents, making necessary adjustments before
implementation (Scrivner et al.,, 2019). After the
simulation, modeling, and visualization of various
urban design and planning scenarios, the evaluation
phase follows. During this phase, citizens can also
participate. In some urban development projects,
citizen participation is more prominentin the scenario
evaluation phase, as VR tools and techniques allow
users to visualize and experience different scenarios
(Kaminska et al., 2019). Some simulation systems
allow users to modify urban development models,
such as changing houses, trees, and other design
elements. The ability to modify is a useful feature
for local community residents (Stauskis, 2014). For
example, Wizard is a VR tool that enables participants
to make decisions supported by simulations and
interactions, allowing more informed decisions to be
made during the advanced design evaluation stage.
It allows citizens to explore the site and identify
proposals as part of the decision-making and design
evaluation process (Fares et al., 2018).

e Target group education: In the education
domain, traditional approaches often have limitations
in addressing the diverse needs and learning styles of
target groups. However, education using VR methods
and techniques can reduce time and financial costs,
simplify communication, and overcome spatial
limitations (Checa et al., 2020; Getso & Bakon, 2017).
It has been repeatedly proven that VR, by providing a
more engaging environment that stimulates different
points of perception, has significant potential for
positive educational outcomes. VR allows experiential
learning and enables learners to develop practical
skills and decision-making abilities in a dynamic and
immersive environment (Kaminska et al., 2019). VR
offers new ways for users to access information and
encourages them to explore specific events. One of
the most appealing aspects of VR in education is that it
can be used for simulations, allowing users to practice
procedures withoutrisk (Getso & Bakon,2017). VR and
Augmented Reality (AR) applications in educational

381

and learning activities through 3D visualizations help
provide a deeper understanding of the subject (Kuna
et al., 2023). VR-based simulations offered a secure
space to conduct exercises that would otherwise be
risky and costly in real life (Pallavicini et al., 2016;
Lele, 2013). Numerous surveys and reports indicate
that most users remember what they experienced in
VR and conclude that VR provides a more memorable
environment than other methods. VR environments
allow professionals to engage in learning activities
that are difficult to conduct in regular laboratory
sessions (Kaminska et al., 2019). VR enhances users’
skills for analyzing issues, exploring new terms, and
acquiring knowledge (Kuna et al., 2023). In addition,
It can present complex data in an accessible way to
students which is both easy to learn and fun (Gandhi
& Patel, 2018). A comprehensive overview of the
diverse functions of VR in enhancing participatory
urban policies is provided in the following table
(Table 1).

Challenges and limitations of VR in participatory
urban policy-making
Technological limitations

Despite the transformative potential of VR in
various domains, it faces several technological
limitations. These limitations include expensive
infrastructure, numerous hardware and software
requirements, a lack of realism, unequal access
across social strata, and the need for infrastructure
to facilitate comprehensive education in VR
technologies. High-cost infrastructure impedes the
widespread application of VR in citizen participation
projects (Pimentel et al., 2022). The high price of
technological innovations, combined with hardware
and software prerequisites that allow individuals to
immerse themselvesin virtual environments, imposes
a significant financial burden, limiting the widespread
adoption and engagement in VR-based participatory
processes (Kaddoura & Al Husseiny, 2023; Fernandez
& Alonso, 2015). Another key challenge is the lack of
visual realism and dynamic interactivity, as current VR
graphic production and visualization technologies are
limited. Thus, maximizing the appearance of reality
in VR environments remains a persistent challenge.
Realistic VR environments require powerful
computing hardware for rendering (Kaminska et al.,
2019; Stanney et al., 2020). Furthermore, unequal
access among elderly and disabled individuals is



Table 1: Various functions of VR in enhancing participatory urban policies

Key Stages in the Urban Planning

Benefits and capabilities

Function
Process
1 Visualization Setting goals or objectives
Developing and approving policies
Decision-making
Implementation
Evaluation
2 Simulation Evaluation of proposed designs
Policy viability analysis
3 Engaging Individuals Policy implementation
Evaluation
4 immersiveness Evaluation
5 Data collection Evaluation and Feedback
6 Decision-Making and Decision-making
Problem-Solving Data analysis
7 Evaluation of Designs,  Evaluation
Policies, and
Feedback
8 Target Group -
Education

Enhanced conceptualization and comprehension

Enabling a broader range of people to understand and utilize
information

Examining visual consequences

Conceptualizing and comprehending spatial and temporal
design dynamics

Communicating intricate textual data

Dynamic modeling of current and potential situations
Increasing the number of users and features

Multi-user environments
Emphasis on individuality
participation

Involving users actively in the design and planning phases
Making feedback accessible to all generations, particularly
younger individuals

Stimulating users' senses with visuals, audio, and haptics
Developing an immersive, almost lifelike experience
Accelerating residents' understanding of a project

Collecting real-time citizen feedback, preferences, needs, and
experiences through comprehensive online surveys

Gathering stakeholder perspectives to inform urban design,
planning, and policy development

Enhances problem-solving abilities

Encourages collaborative decision-making and
stakeholder communication

Makes urban planning and design more efficient

Conducting simulations of urban plans and policies before
implementation

Analyzing the potential consequences of plans and policies for
the city and its residents

Facilitating experiential learning

Enhancing learners' practical skills and decision-making
through dynamic and comprehensive experiences

Inspiring users to discover specific events

and greater autonomy in

improves

another significant limitation in enhancing citizen
participation in urban policy-making through VR.
The complexities associated with VR technologies
create substantial barriers for many individuals,
particularly those with physical disabilities or age-
related impairments (Kaddoura & Al Husseiny, 2023).
Additionally, the lack of educational programs for
community members due to insufficient expertise
in VR technologies is a barrier, hindering the
dissemination of knowledge and skills necessary for
effective engagement (Rogers et al., 2014).

Physical, psychological, ethical, and social limitations

Integrating citizens into urban policy-making
processes through VR presents a range of subtle
limitations in physical, psychological, ethical, and social
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dimensions. These limitations range from inherent
risks to physical and mental health to time constraints
that cause discomfort and nausea during prolonged
use (Kaimara et al., 2022). Moreover, cultural and
language barriers, combined with gender and socio-
economic inequalities, exacerbate the complexities
of ensuring fair participation in VR-based urban
governance projects. Numerous recent studies have
shown that prolonged use of VR can lead to issues such
as addiction or over-reliance on virtual interactions,
reducing face-to-face meetings and gatherings.
Complete dependence on this technology can result
in physical and psychological problems (Kaddoura &
Al Husseiny, 2023). One significant issue related to
VR use is cybersickness or motion sickness caused
by VR. Cybersickness is a phenomenon where users



experience symptoms similar to motion sickness (e.g.,
nausea, dizziness, light-headedness) as a result of using
VR devices (Kim et al., 2019; Baniasadi et al., 2018).
VR headsets can also be heavy, causing physical strain
on users, leading to headaches and pain, particularly
around the neck and shoulders (Kaplan et al., 2021;
Hirzle et al., 2022). The impact of using VR tools may
cause discomfort or nausea in users within just 10 to 15
minutes, so it is advisable to use them in moderation
(Pimentel et al., 2022; Stanberry, 2001). Furthermore,
the widespread use of ICT raises concerns about
the potential for exacerbating social and economic
inequalities, as it may exclude “unskilled and illiterate
local community segments.” In VR, several real-world
inequalities are significantly magnified (Kaddoura & Al
Husseiny, 2023).

Privacy and legal limitations

The integration of VR technology into urban policy-
making processes presents multifaceted challenges
due to concerns about network security, privacy, data
collection and storage practices, and the absence of
legal restrictions (Bolton, 2021). VR technology faces a
majorissueindatacollectionandstorage, oftenreferred
to as data confidentiality. With the vast amount of data
being collected, analyzed, classified, and eventually
commodified, privacy becomes a foundational
concern. For businesses, the value of data lies not in
its physical presence but in the connections, it can
create with databases and analytical tools (Kaddoura
& Al Husseiny, 2023). VR technology must address
data privacy issues comprehensively. As concerns
about platform security grow, attacks on VR headsets
can confuse users by altering or placing images in their
field of view (Gumbo et al., 2022; Kulal et al., 2022).
Additionally, in the emerging landscape of virtual
spaces, there is a glaring lack of comprehensive legal
regulations at both national and international levels.
Thus, the establishment of legal provisions for this
environment is crucial and may attract attention from
national and international educational communities.
Since the internet is a decentralized environment,
computer security tends to be low (Kaddoura & Al
Husseiny, 2023).

Successful examples of VR usage in participatory
urban policy-making
Melbourne’s growth vision project

In 2014, the Victorian government launched
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the “Melbourne” project to outline a vision for the
city’s growth by 2050. The draft strategy statement
identified the “northern district of the city” as an
excellent area for urban regeneration that could
accommodate significant growth. This project
allowed citizens to explore future city development
plans through immersive VR experiences. The
initiative aimed to involve the public in urban policy
decision-making by offering a realistic simulation of
proposed developments, infrastructure projects,
and public spaces. The primary goal of Melbourne’s
VR project was to engage citizens in the urban
planning process by providing them with immersive
and interactive experiences. Through VR technology,
the project sought to enhance public awareness,
understanding, and participation in decisions about
the city’s future development. The project was
developed in collaboration with urban designers,
architects, developers, and technology experts. The
team used advanced 3D modeling, simulation, and VR
technologies to create realistic virtual environments
showcasing  proposed urban  developments,
infrastructure projects, and public spaces.

The Melbourne VR project allows users to
explore various aspects of the city’s future, such
as new buildings, transport networks, parks, and
amenities. Users can navigate virtual environments,
interact with objects, and experience different
scenarios to understand potential changes to the
urban landscape. Overall, the Melbourne VR project
demonstrates the potential of VR to transform urban
planning and policy-making by enhancing public
participation, collaboration, and decision-making.
Through innovative approaches like this, cities can
become more inclusive, sustainable, and resilient in
the face of future challenges (Jamei et al., 2017).

Urban planning in Stockholm

Stockholm, Sweden, has used VR to involve
citizens in planning and designing urban spaces and
addressing some of the city’s urban challenges. VR
workshops and simulations enabled stakeholders
to provide feedback on proposed designs and
fostered greater community participation and
collaboration in urban policy-making. For instance,
recent challenges that have drawn the attention of
planners in Stockholm include rising sea levels (the
Baltic Sea is expected to rise by up to 3 meters by
2030, threatening the city’s coastline), population



growth, and balancing sustainability goals. Planners
need to create new neighborhoods that are resilient
to climate change, have low carbon emissions, align
with national and international sustainability goals,
and are safe and accessible to all citizens. Therefore,
they have considered VR/AR as a potential solution.
Their project, titled “Augmented Urbans”, aims to
develop a prototype of VR/AR technology to support
integrated planning processes that consider both
people and nature. The project focuses on two key
elements:

e Engaging citizens in planning processes: VR/
AR can be a way to engage younger people, who are
usually more difficult to involve in planning.

e Visualizing ecosystem services: VR/AR can help
visualize the flow of benefits nature provides, such as
clean air and water management.

While VR and AR have significant potential
to enhance urban planning, it’s important to
note their limitations. These technologies should
complement, rather than replace, traditional face-
to-face interactions and public dialogue, and ethical
and privacy considerations must be addressed when
using VR and AR to collect data and share personal
information. With these considerations in mind, VR
and AR are powerful tools that can help cities create
more participatory, transparent, and sustainable
planning processes. As Stockholm and other leading
cities have shown, these technologies have the
potential to transform how plans are designed for a
livable and resilient future (Mellegard, 2020).

Extended Reality (XR) in Helsinki

The city of Helsinki, Finland, established an
XR center to explore the use of extended reality
technologies, including virtual reality, in urban
planning and governance. Through collaboration
with technology companies, research institutions,
and community groups, the XR Embassy develops
innovative VR applications to engage citizens, analyze
policies, and design urban spaces. These initiatives
enhance public awareness and foster co-creation
in Helsinki’s urban development processes. One of
the center’s recent projects, SkillBill, seeks to raise
awareness and education among academics, industry
leaders, policymakers, and civil society about the
urgent need to reduce carbon emissions through
the widespread deployment of Renewable Energy
Sources (RES) to achieve a sustainable urban future.
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SkillBill is a three-year project funded by the European
Union under the Horizon Europe program. Its main
objective is to promote education across different
sectors to meet the evolving skill requirements
in renewable energy. The project aims to involve
citizens and stakeholders from all educational
backgrounds, professional positions, and genders.
Focusing on social, scientific, and technological
approaches to tackling energy challenges, SkillBill
seeks to contribute to the development of a low-
carbon energy system. Metropolia University of
Applied Sciences and its subsidiary, the XR Center
Helsinki, are key participants. In Work Package 4,
four universities are collaborating on an international
master’s degree program. Additionally, the XR center
has developed four VR training modules, which will
be used in various courses throughout the program
(Helsinkixrcenter, 2022).

Collaborative redesign of a public park

The municipality of The Hague, in collaboration
with The Hague University of Applied Sciences,
participated in a collaborative design activity to
gather evidence of the effectiveness of VR technology
in participatory urban planning processes. In this
project, 3D rendering and VR technology were
integrated into the collaborative redesign of a
public park in a neighborhood of approximately
13,500 people. The municipality defined four levels
of participation, including consultation, proposal
submission, co-creation, and joint decision-making.
The goal of the district manager and neighborhood
manager was to foster a sense of ownership among
residents and involve them in a collective activity
regarding the development of the park in their
neighborhood. Initially, the municipality issued a call
for residents to attend an informational session with
experts. More than 70 residents participated in the
event. Experts explained the project’s technical and
budgetary possibilities and limitations. Residents
then presented their ideas for the park, resulting in
over 60 written proposals. A working group of 25
neighborhood residents was formed. This working
group collaborated with municipal experts to create
three designs for the park. Members of the working
group produced several preliminary drafts of park
designs. These drafts were then refined by an
urban landscape architect to create more detailed
preliminary designs. Finally, using VR technology,



Table 2: Case studies of the use of VR technology in participatory urban planning

Technology Citizen Engagement
Case Stud Objective & Scope Policy Outcomes Lessons Learned
Y ) P Used Method Y
. VR can effectively
, Immersive Enhanced . .
Melbourne's Urban growth and . . visualize large-scale
. ) simulations, awareness; .
Growth Vision regeneration by VR . . . . urban transformations.
. interactive influenced policy . K
Project 2050 . . K Collaboration with
experiences discussions .
experts is key.
Combining VR/AR with
. - Workshops, . . g R/
L Climate resilience . . Improved dialogue traditional methods
Urban Planning in X simulations, S . L
and sustainable VR/AR . on sustainability and ensures inclusivity and
Stockholm targeting youth s .
development urban resilience addresses privacy
engagement
concerns.
XR is effective in
Training modules, Advanced public . . .
. Renewable energy . integrating education
Extended Reality : public and and stakeholder . .
X A education and XR . with urban planning;
(XR) in Helsinki . professional awareness on .
urban planning ) S collaboration enhances
involvement sustainability
outcomes.
. Neighborhood . .
Collaborative e . . Achieved VR enhances localized
. park redesign Workshops, voting . . R
Redesign of a . R community collaborative design and
. through VR mechanisms with . .
Public Park (The . . consensus and decision-making
Hague) collaborative local residents fostered ownershi rocesses
g efforts P P
Assess user VR is effective in
Neighborhood . Immersive Improved design gathering precise
S preferences in . o .
Parks Project in . VR visualization, based on user feedback; accessible
neighborhood . . .
Jordan parks questionnaires feedback technologies are
essential.
Evaluate Multi-sensory VR
Pedestrian Path pedestrian Guided simulations, Increased feedback Y

Multi-sensory

Multi-Sensory pathways using VR participant
Simulation multi-sensory observation
feedback
Preservation of
Houston and K . . .
urban art history Virtual historical
Bowery Street AR

Wall History

using immersive
experiences

tours for the public

and engagement
levels

Increased cultural
engagement and
awareness

provides richer data and
enhances user recall and
feedback.

AR effectively preserves
and communicates
cultural heritage.

working group members could visualize their
preliminary designs in a semi-realistic environment
and cast their final votes (Van Leeuwen et al., 2018).

Neighborhood park user preferences project in Jordan

In 2024, Al Shawabkeh and Arar conducted a
project in Jordan, West Asia, to examine citizens’
preferences in neighborhood parks. VR technology
was used in this project to demonstrate that it has
fewerlimitations comparedto traditional participation
methods. In this project, local participants, based on
their prior understanding of the current conditions,
experienced the park design through VR and were
then asked to complete a questionnaire. This
questionnaire included 22 questions divided into two
sections: one focused on safety and legibility and the
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other on accessibility factors. Through the use of VR
headsets and other tools, participants were able to
visualize and understand the type of interventions
needed to resolve the issues in their neighborhood
park (Al Shawabkeh & Arar, 2024).

Pedestrian path and multi-sensory VR simulation

In another study conducted by Meenar and
Kitson in 2020, multi-sensory VR technology
(comprising multiple dimensions) was tested and
evaluated. After creating a basic VR simulation, the
project team added different transportation modes,
vegetation, and more to a pedestrian pathway. In this
simulation, some physical or sensory design flaws
were intentionally retained to record participants’
reactions. In later stages, auditory and olfactory



stimuli were added. Group experiments were pre-
determined, and participants had no control over the
exploration path or speed. A 7-minute simulation of
the pedestrian area under study was recorded. This
simulation explained the proposed design features
and walked participants through the path. In this
project, compared to 2D projects, participants shared
more opinions, asked more questions, exhibited
higher memory recall, and provided more dynamic
and active positive/negative responses to the
designed scenarios (Meenar & Kitson, 2020).

Display the artistic history of the famous Houston and
Bowery Street Wall

One potential use of VR technology is “place-
making in urban spaces,” with AR playing a prominent
role. In 1982, American artist Alan Haring painted a
mural on the wall at Houston and Bowery Streets.
Unfortunately, the original mural was destroyed.
However, in 2008, the wall was reconstructed. In
2012, AR technology was incorporated into the
project to create a virtual history of the site. Users
can take a virtual tour of the wall’s history and view
each section as it originally appeared. This project
serves as a public engagement tool, transferring the
historical memories of urban art through AR solutions
(Sanaeipoor & Emami, 2020). Table 2 provides a
summary of virtual reality-related projects.

VR has emerged as a transformative tool in
participatory urban policy-making, offering significant
potential forenhancingcitizenengagement,improving
transparency, and facilitating collaborative decision-
making. By immersing users in simulated virtual
environments, VR provides an engaging experience
of urban designs, projects, and policies, allowing
citizens to actively participate in the planning process.
This technology holds the promise of encouraging
participation, particularly among those who may be
reluctant to engage in traditional methods, such as
public meetings or surveys, by presenting information
in a more comprehensible and interactive manner.
However, while the advantages of VR are substantial,
it is crucial to address the challenges and limitations
associated with its implementation. High costs of
equipment and technical knowledge requirements
can restrict access for certain groups, especially in
low-income communities. Older individuals and
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those less familiar with technology may struggle to
utilize VR effectively, which could exacerbate existing
digital divides. Furthermore, the potential for bias,
manipulation of perceptions, and concerns over data
privacy must be carefully managed to ensure the
responsible use of VR in participatory processes. To
maximize the potential of VR in urban policy-making
and to overcome current challenges, several avenues
for future work should be explored. Research on
accessibility and inclusivity is vital to ensure that VR
technologies cater to diverse demographic groups,
particularly marginalized communities. Developing
hybrid engagement models that combine VR with
traditional participatory methods can further
broaden citizen involvement. Empirical evaluations of
VR’s impact on decision-making will provide insights
into how it influences stakeholder engagement and
the quality of discussions in urban planning. Specific
Future Research Opportunities:

e Longitudinal Studies: Conduct studies to assess
the long-term effects of VR engagement on public
policy decisions and community satisfaction.

e Quantitative Assessments: Perform comparative
analyses of VR-based methods against traditional
participatory approaches to measure engagement
levels and policy outcomes.

e Cross-Case Comparisons: Analyze various case
studies to identify best practices and key factors for
successful VR implementation in different contexts.

e Demographic Impacts: Investigate how different
demographic groups interact with VR technologies to
ensure inclusive engagement in policy-making.

e FEthical Considerations: Explore the ethical
implications of VR use in urban planning, focusing on
data privacy and potential biases.

e Technology Integration: Study the synergistic
effects of combining VR with other emerging
technologies to enhance participatory processes.

Establishing a clear ethical framework for the
use of VR in participatory processes is essential,
addressing concerns related to data privacy, security,
and biases in VR representations. Continued
advancements in VR technology, such as improved
graphics and interactivity, will enhance the realism
and effectiveness of participatory simulations.
Moreover, fostering cross-disciplinary collaborations
can lead to innovative approaches that leverage
VR for storytelling and community engagement.
Public education and training programs are crucial



for demystifying VR technology and empowering
individuals to engage actively in urban policy
discussions. Real-world applications through pilot
projects can offer valuable insights, helping refine
methods for broader implementation. Finally,
establishing continuous feedback mechanisms from
participants will enable iterative improvements in
VR applications, ensuring that these technologies
remain relevant and effective in addressing the
needs of communities. In conclusion, our research
demonstrates that virtual reality is a powerful tool
with the potential to revolutionize participatory
policy-making processes. By addressing current
challenges and using this technology responsibly,
VR can serve as a valuable instrument for enhancing
citizen engagement, transparency, and collaborative
decision-making in urban policy-making. As we
continue to develop and refine these technologies,
we move closer to creating more sustainable,
inclusive cities that are truly responsive to the needs
of their citizens.
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