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Abstract

Public open spaces play a vital role in supporting social connection and leisure among
residents, enhancing quality of life while contributing to both economic growth and envi-
ronmental health. The rapid global urbanization underscores the critical link between urban
environments and human health, which demands focusing on sustainable, health-conscious
urban planning. Accordingly, Public and green spaces are vital in this context, as recognized
by global agendas like the Sustainable Development Goals (SDG) 11.7. This research aims
to objectively evaluate the availability of public open spaces (POS) in Alexandria, Egypt.
This study will utilize Geographic Information System (GIS) to formulate a methodology
that incorporates spatial data analysis for quantifying public open spaces and assessing
the proportion of the population with convenient access to these areas, evaluating their
coverage, service area isochrones, spatial distribution, and proximity to residential areas.
The study will benchmark its findings against global standards to expose critical spatial
inequalities within cities of the Global South. The primary aim is to present evidence-based
recommendations for sustainable urban public space design, tackling availability and
accessibility issues to improve the well-being of Alexandria’s expanding urban population.
This research offers a scientific foundation to inform policy and decision-making focused
on creating more equitable, healthier, and resilient urban environments.

Keywords: community development; geographic information systems (GIS); open public
spaces; spatial analysis; sustainable development goals (SDGs 11)

1. Introduction

Public spaces are crucial for cities as areas accessible to all, enabling community wel-
fare and social interaction [1,2]. Serving as places to connect neighborhoods, enhance
livability, and signify substantial public investment. Thus, Key design priorities include
walkability, visual appeal, comfort, respect for historical context, and community participa-
tion. Nonetheless, obstacles such as privatization, gentrification, and regulatory constraints
threaten the inclusivity, functionality, and utility of these places [3].

The quality and condition of urban environments are intrinsically linked to the health
and overall quality of life of the worldwide population. The World Cities Report (2022, 2024)
offers insights into the future of urbanization and its impact on health, highlighting the
necessity for sustainable and health-oriented urban design to support the growing urban
population [4,5]. Consequently, emphasizing health and well-being in various contexts
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is crucial for furthering the global development goal. This necessitates collaborative
efforts among policymakers, urban planners, public health experts, citizens, and other
stakeholders to fully leverage the potential of cities in enhancing health and well-being.

Urban health issues have appeared as a growing concern in both developed and
developing nations [6], with increasing interest in various research fields towards challenges
in the global south [7-9]. Within this context, public and green spaces are acknowledged
as essential methods to alleviate the effects of rapid and unplanned urbanization. Public
spaces are recognized as vital for fostering healthy urban environments, as outlined in
numerous worldwide agendas and their corresponding objectives and targets. The 2030
Agenda for Sustainable Development emphasizes the significance of public spaces in
enhancing health and well-being [10,11]. A collaborative systems-thinking approach is
essential for incorporating health into urban planning, effectively addressing intricate policy
and decision-making contexts [12]. This inclusive approach guarantees the integration of
health considerations into urban strategies.

This research revolves around the urban development framework advocated by the
United Nations as outlined in the Sustainable Development Goals (SDGs) [13]. The impor-
tance of public spaces is especially highlighted in Goal 11.7: “provide universal access to
safe, inclusive, and accessible, green, and public spaces.” This study centers on evaluating
the quality of public spaces by reexamining existing assessment indicators and exploring
their potential for further improvement. Through adopting a methodology that integrates
spatial data analysis to quantify public open spaces and estimate the population’s share
with convenient access to them. Assessing the percentage per capita and accessibility
of the population to public open spaces to be able to identify the gaps within the city
and compare them with international guidelines helps to identify challenges and propose
recommendations for sustainable urban public space planning in Alexandria. Despite the
rapid growth in population and economic influence of many Global South cities emerging
in the twenty-first century, spatial equity considerations have not kept pace with urban
expansion, resulting in persistent, structural, and often overlooked disparities.

Since public spaces are the heart of human interaction, the quality, accessibility, and
variety of these spaces are key indicators of a city’s livability and its commitment to creating
an inclusive, vibrant, and sustainable environment for all.

Public open spaces are vital in defining the character of urban environments and are
imperative in addressing critical contemporary urban planning issues, such as flooding and
urban heat islands (UHI) [14], while considering the socio-cultural and economic factors. In
this regard, cities are responsible for integrating green areas into open spaces to enhance air
quality, mitigate climate effects, and improve residents” well-being [15]. With environmental
concerns intensifying globally due to unsustainable consumption, resource depletion,
and greenhouse gas emissions, concepts such as green cities, sustainable cities, and eco-
cities all seek to integrate environmental, economic, and social sustainability through
fair resource utilization, community engagement, and environmental conservation [15].
Globally acknowledged through frameworks such as the UN’s SDG 11 and initiatives like
the European Green Deal and WHO's Healthy Cities, green spaces are vital for sustainable
urban development [16-18]. Experiencing COVID-19 strongly highlighted the importance
of accessible, connected green space networks for mental and physical health [19].

Disparities in access to green spaces across communities constitute a form of spatial
and environmental injustice [20]. Cities in the Global South, characterized by low develop-
ment and high population density, exhibit significantly less green space than anticipated,
even when accounting for favorable climates. This situation underscores the compounded
challenges related to health and sustainability. Research predominantly spans multiple re-
search hubs in the Global North, while green space data and factors in the Global South are
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insufficiently studied and inadequately documented [16]. From 2015 to 2025, Nature-based
Solutions (a concept that prioritizes the importance of green spaces in urban planning)
research output is dominated by developed countries, particularly in Europe, with Italy
and the UK leading in publication volume, followed by China and the United States, while
developing regions such as Africa and South America remain underrepresented [9]. This
also highlights and supports the high relevance of this paper to increase Global South
recognition in promoting healthier cities and communities through green space. This
evidence gap is shaped by structural challenges such as limited access to high-resolution
spatial data, weak institutional capacities for systematic monitoring, and the prevalence
of informal and rapidly transforming urban environments that are poorly captured by
conventional datasets. The absence of robust and internationally comparable indicators for
these contexts limits the ability of planners and policymakers to benchmark performance,
identify spatial injustices, and monitor progress toward SDG 11 and related climate and
health objectives, thereby reinforcing existing inequalities in global urban sustainability
assessments [21].

The quantity of green spaces (coverage) and their spatial distribution (proximity) in
relation to population are critical factors; total green cover alone fails to adequately reflect
accessibility [22]. Numerous nations and international entities have established quantitative
benchmarks to assist urban planners and policymakers in guaranteeing sufficient green
space provision in urban areas [19]. These standards delineate the minimum requirements
for open spaces and green areas per capita, along with suggested proximity guidelines,
such as:

e  According to UN-Habitat, public spaces are grouped into three primary types: streets,
open areas, and community facilities. Based on comparative research across cities glob-
ally. The recommendation stipulates that 45-50% of urban land should be designated
for streets and open public spaces, with 30-35% specifically for streets and sidewalks,
and 15-20% for open public spaces, which encompasses both green areas such as parks
and hard-surface areas like plazas, squares, and public courtyards [23-25].

e The European Union generally has a standard of 26 m? per capita [19]. However,
European cities set varying targets for minimum urban green space (UGS) provision
per capita with German cities, for example, targeting 6-15 m? per capita [26].

e In the United States, standards set by the Public Health Bureau and the Department of
Housing suggest 18 m? per capita [19].

e  The World Health Organization (WHO) has set a minimum benchmark of 9 m? per
capita, representing a global minimum target [19,27].

e  The United Nations recommends a standard of 30 m? of green space per capita [19].
As for accessibility to these spaces by walking, The World Health Organization (WHO)

indicated that Inclusiveness is frequently assessed by the percentage of the population

living within a walkable distance (400 m) to public spaces. In addition, The European

Environment Agency recommends that urban residents should be able to reach green

spaces within 1000 m (approximately a 15 min walk). While English Nature, the UK,

recommends a maximum walking distance of 300 m to access green spaces [28]. Moreover,
the UN-Habitat advises of a 800 m walk [27]. Generally, health benefits increase if people
live within 300 m of parks of at least 0.5 hectares, and neighborhoods have substantial green
coverage [22,29]. Frequently, Per capita green space in Egyptian communities is measured

and compared to WHO minimum standards [30].

This study is guided by the central research question: How adequate is the provision
and accessibility of public open spaces in Alexandria, Egypt, in meeting the needs of
its urban population, and how can spatial planning be optimized to improve residents’
well-being?
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This research pursues several key objectives to address the research question. First,
it aims to quantitatively assess the availability and distribution of public open spaces
in Alexandria using Geographic Information System (GIS) techniques. Second, it seeks
to evaluate the accessibility of these spaces by estimating service areas, isochrones, and
proximity relative to the population. Third, the study will benchmark its findings against
global standards to expose critical spatial inequalities within cities of the Global South,
where this SDG indicator remains insufficiently recognized, systematically measured, and
effectively integrated into policy frameworks. Finally, the research aspires to develop
evidence-based recommendations for sustainable urban planning and investment in green
infrastructure, to enhance equitable access, promoting social interactions, and improving
the overall quality of life of Alexandria’s residents.

2. Literature Review

According to [24,31,32], the early research on the development of a comprehensive
public space strategy started with qualitative observations. For example, the Garden
City by Howard and urban park systems by Olmsted laid the early groundwork for
integrating green spaces into cities for livability and environmental health. While later
studies adopted quantitative methods, examining factors like land use, urban morphology,
social infrastructure, and population dynamics. [19]. Recent studies show a lack of analysis
about the impact of per capita urban green space on urban vitality, which is an indicator of
the vibrancy and appeal of cities that is intricately connected to the accessibility and quality
of open spaces [16,18].

2.1. Urban Open Spaces

Open public spaces facilitate leisure, social interaction, and physical activity, promot-
ing healthy habits and decreasing the prevalence of diseases. Thereby, well-maintained and
accessible public spaces can mitigate stress and anxiety, serving as a natural intervention
for mental health concerns [33]. A street network viewed as a form of open space, marked
by high connectivity and safety, can enhance active mobility and foster interaction among
citizens, thereby promoting walking and cycling as low-intensity exercises. Research shows
that active transportation significantly benefits public health by reducing the risk of chronic
diseases and improving overall fitness [34]. Reduced reliance on motorized transportation
also improves air quality. It lowers exposure to air pollutants, contributes to better res-
piratory health, and reduces the burden of diseases like asthma and chronic obstructive
pulmonary disease (COPD) [35]. In this regard, urban plans that invite people to use
streets for strolling, relaxing, and spending time outdoors can enhance mental health. This
emphasizes the importance of integrating human-centric elements into urban planning to
foster inclusive and sustainable environments [36]. Therefore, urban parks, which vary
from small pocket parks to extensive regional parks, are essential sanctuaries within urban
settings, promoting recreation, relaxation, and connection to nature [29,37]. Generally, these
open green spaces are often seen as neglected in urban planning [19], with less than half of
Europeans living near public parks, for example [38].

Overall, Egypt’s Vision 2030 includes targets to increase the per capita share of green
spaces, aiming to expand parks and sustainable green areas in both existing cities and
new developments [39]. Land is often scarce, expensive, or difficult to acquire in existing
urban areas [30]. However, major new urban projects like the New Administrative Capital
integrate extensive green zones (e.g., Green River Park) into their master plans to enhance
livability, biodiversity, and climate resilience. Despite these policies, green spaces in existing
settings are not a policy priority, with less funding compared to buildings and roads [30].
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According to [30], per capita green space in Cairo dropped from 0.87 m? in 2017 to 0.74 m?
in 2020, well below the WHO minimum standards.

The Egyptian Law 119/2008 empowers local governments in building decisions and
provides a legal basis for green space conservation. Within this law, each city is required to
have at least one green area covering over 100 acres or constituting 20% of the city’s open
spaces, whichever is less. Functionally, these green areas are expected to include spaces
for public gatherings, recreational activities, and essential services to meet the needs of the
community. At the city level, Law 119 mandates that green and open areas be provided so
that each resident receives at least the minimum per capita share, with at least 50% of these
areas accessible to the public free of charge or at low fees. At the district level, parks are
designed to ensure that every resident has access to a park within one kilometer of their
home. Neighborhood parks must be within 400 m of residents” homes, cover at least one
acre, and constitute at least 30% of the city’s open areas. These standards collectively aim
to ensure equitable access to green spaces across Egypt’s urban areas [30].

2.2. Spatial Analysis of Urban Open Spaces

Spatial justice principles in the planning of Green Open Spaces (GOS) are a rising
matter of interest in the literature. This ensures that public spaces serve the diverse needs of
the community, promoting social inclusion and environmental sustainability [40]. Through
qualitative and quantitative research methods, studies identify key barriers such as inade-
quate infrastructure, safety concerns, and socio-cultural factors that hinder equitable access
to public open spaces (POS) for marginalized groups, including women, children, and the
elderly. Nevertheless, there is a necessity for context-specific planning and design inter-
ventions that address these challenges, promoting inclusive and accessible public spaces
that contribute to social cohesion and resilience in fragile urban settings [41]. Developing
healthy public spaces requires space evaluations with active community participation. This
method aims to understand and address the shared and unique needs of different social
groups so that these perspectives are incorporated into the planning, design, management,
and everyday use of public areas.

The rapid urbanization expected by 2050, with 68% of the global population living in
cities, poses significant challenges to preserving green spaces [19,37,38,42]. On the global
level, ref. [16] analyzed 159 capital cities worldwide, where their study stated that:

e  Urban green space is unevenly distributed globally, with the highest in Europe and
the lowest in Africa, Asia, and the Middle East.

e  European and North American cities have significantly more green land cover than
African and Asian cities.

e  Green space declines with higher population density, especially beyond 300-400 people
per 250 x 250 m.

e  Climate is the dominant driver, explaining ~75% of variation in green space; precipita-
tion is especially influential, with greener cities in cooler, wetter climates.

e  Human factors, such as development status and population density, also significantly
affect urban green space.

e UN-Habitat studies have demonstrated that the amount of land allocated to public
spaces in developing countries is limited.

A study executed by [38] to evaluate the accessibility to Green Urban Public spaces
(GUPSs) across Italy’s 14 metropolitan cities using the UN SDG indicator 11.7.1, which
measures the share of built-up urban areas open for public use. Green Urban Public Spaces
(GUPSs) were identified using data from OpenStreetMap (OSM) and the Copernicus Urban
Atlas (UA). Access points to these GUPSs were identified using OSM nodes tagged as
entrances or gates, intersections with street networks, or by placing access points every
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100 m along the perimeter if no data existed. In the study, a walkable road network from
OSM was used to model routes within a maximum of 10 km, with accessibility evaluated
based on the population able to reach a GUPS within 300 or 400 m, following the SDG
11.7.1 guidelines. This methodology allowed for a robust spatial analysis of green space
accessibility. Consequently, the study showed that less than one-third of residents in 14
Italian metropolitan cities can access GUPSs within 300 m, with southern cities lagging.
Despite data limitations, the research offers valuable tools to support urban green space
planning and SDG monitoring, informing policies aimed at improving urban resilience,
public health, and equitable access to green infrastructure across Italy and potentially
beyond [38].

In Yogyakarta, Indonesia, ref. [43] employs a qualitative approach with purposive
sampling to identify what Gen Z favors, such as spaces that offer comfort, privacy, and
aesthetic value. Reported preferred activities include socializing, relaxing, and engaging in
photography, often facilitated by seating arrangements like benches and mats, as well as
natural elements such as vegetation. The study also highlights the role of public spaces that
cater to the social and recreational needs of young people in enhancing user experience and
inclusivity. Another example of a study conducted in Bilecik city center, Turkey, revealed
that although the green space per capita increased to 15.1 m? in 2017, the distribution of
these areas was unequal across neighborhoods, leading to deficiencies in certain regions [15].
However, cities with similar populations can have quite different green space requirements
based on land use and density [19].

Recent research documenting how Urban Green Infrastructure (UGI) is being analyzed
in the city of Alexandria has been evolving. For example, in 2019, ref. [44] proposes a
method using a UGI Priority Index to identify and prioritize urban areas in Alexandria for
implementing Urban Green Infrastructure to mitigate flood risks and associated human and
economic losses. In 2022, ref. [45] found out that UGI represents 30.34% of the Montazah
district, while built-up areas dominate the overall landscape, influencing the vulnerability
and functionality of the green matrix in the district. Their analysis was conducted based
on using the patch matrix model built from a landscape ecology point of view. In 2023,
ref. [46] attempted to examine how urban planning in Alexandria can promote happiness,
health, and overall quality of life, with emphasis on mental health and inclusive concepts.
However, they reported that the lack of open-access data in the city is a major barrier.
In 2025, ref. [47] investigates how urban design interventions such as green spaces and
landscape modifications can mitigate urban heat island effects in Alexandria’s public spaces,
enhancing outdoor thermal comfort, mental health, and well-being, as demonstrated
through user surveys and ENVI-met simulations.

2.3. The X-Minute City Concept

Historically rooted in the principle of proximity [48,49], the X-minute city—an um-
brella concept including the 15 min city—emphasizes accessibility, density, diversity, and
digitalization to promote sustainable, inclusive, and health-oriented urban living [50].
Closely tied to the neighborhood unit that has long been a key concept in urban planning,
evolving from Clarence Perry’s 1920s model. Recent models like the 15 min city reinterpret
this legacy by promoting accessible, sustainable, and socially cohesive urban forms [51].

The 15 min city concept represents a contemporary approach in urban planning. This
has received broad support from policymakers worldwide [52]. Policies such as the EU’s
Nature Restoration Law seek to safeguard these areas; however, they frequently prioritize
quantity over quality and accessibility. Assessing green urban public spaces effectively
necessitates the integration of spatial data regarding size, location, access points, and popu-
lation distribution, in accordance with the principles of the “15 min city.” These initiatives
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align with Sustainable Development Goal 11’s objective of ensuring the inclusion of accessi-
ble green spaces in urban planning frameworks [38]. Based on the international guidelines
established previously, a guide distance to determine the walking time isochrones in this
paper will be within the 300-100 m range, in light of an X-minute city concept alongside
with the SDG indicator 11.7.1 training module and the Egyptian Law 119/2008, which
prioritize the analysis of the 400 m walk and therefore corresponds to a 5 min city strategy
to look forward to [4].

3. Materials and Methods

The adopted methodology delineates the systematic process employed to calculate
SDG Indicator 11.7.1, which assesses the availability and accessibility of open public spaces
in urban environments. This methodology employs spatial data analysis to quantify public
open spaces and estimate the proportion of the population with convenient access to these
areas, as illustrated in Figure 1.

DEFINE FUNCTIONAL CITY BOUNDARY

Use Built-Up Area in GIS workflow to delimit City Limits

DATA COLLECTION

1- Collect street data (Length &Width) from Local 2- Obtain Public Open Spaces Data from Local databases, :
databases or Open Street Map Satellite imagery, or Google Earth :

LAND ALLOCATED To STREETS (LAS) CALCULATIONS

1-Clip Streets To City Boundary 2- Calculate Streett area ( length* width)

LAND ALLOCATED To PUBLIC OPEN SPACES (OPS) CALCULATIONS

Use GIS To Map Public i Validate Spaces with ground Calculate Total OPS Compute the Percentage Of

Open Spaces

area i City Land Allocated TO OPS |

PoOPULATION AcCESS ESTIMATION TO OPS

Define a 400 m Walking Distance
service Area around OPS

Map Service Areas Using Street Map Accessibility Gaps
Networks

Figure 1. Research Methodology (developed by the author).

The computation of SDG Indicator 11.7.1 consists of three primary components: identi-
fying requisite tools and data sources, delineating methods for calculating the area of open
public spaces and streets and assessing the population’s access to these areas. Key tools
include GIS software (ArcGIS Pro 3.5.4), image processing applications, and proficiency
in spatial analysis. The primary data source is the city’s open space and streets database,
which may encompass records from land use plans, project documents, and infrastructure
inventories. Despite the potential for obsolescence or fragmentation across departments,
these records are essential for evaluating public space. Departments are essential for the
evaluation of public space.

Accurate measurement of public space availability and the facilitation of inclusive
urban planning need reliable data and suitable analytical tools [4]. The process initiates
with the delineation of functional city boundaries through the application of GIS tools.
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Data from streets and OPS information are then gathered from local or global sources. The
area appointed for streets is determined by intersecting street data with the city boundary
and calculating the area based on length and width measurements. Public open spaces
are systematically mapped, validated through local knowledge, and their total area is
calculated to learn about the percentage of city land they encompass. Population access
is estimated by mapping a 400 m walking distance around OPS using street networks,
thereby identifying accessibility gaps. The findings, encompassing land distribution and
demographic coverage, are examined and presented via maps and statistical data to monitor
Sustainable Development Goals and inform urban planning decisions.

Within Alexandria’s city boundary, targeted keyword searches on Google Maps in
2025 were employed to systematically delineate public open spaces. The search strategy
prioritized terms that align with both formal designations and colloquial usage of open

e

spaces in both English and Arabic languages. keywords included “green space,” “city park,”
and “urban plaza.” The search included terms such as “community park,” “playground,”
“nature reserve,” and “botanical garden” to encompass a wider range of spaces. The
keywords consist of a variety of publicly accessible outdoor environments, including
recreational fields and natural preserves. Contextual phrases such as “places to relax
outdoors,” “free outdoor spaces,” and “walking trails near me” were employed to find
areas that are less formally named yet often visited. Google Maps was selected due to its
effective spatial indexing of local landmarks, coupled with local datasets obtained from the
General Organization of Physical Planning in Egypt (GOPP). This method of data collection
and delineation offered a summary of public spaces that are accessible within the study
area, appropriate for subsequent analysis.

Measuring internationally comparable indicators of public open and green spaces
requires globally consistent and methodologically robust data. While global land cover
datasets and street-view imagery offer useful insights, they are limited by accuracy varia-
tions, incomplete coverage, and an inability to capture public accessibility at scale. Conse-
quently, recent studies emphasize data fusion approaches that integrate Remote sensing
with complementary datasets such as OpenStreetMap, which offer a more accurate and
policy-relevant method for identifying publicly accessible green spaces and supporting
SDG-aligned monitoring [53]. Accordingly, Google Earth provides high-resolution imagery
dated to 2025 was beneficial for the digitization of public spaces, measurement of street
widths, and validation of OpenStreetMap data. Community members, NGOs, and local
leaders offer crucial insights for identifying unrecorded or altered public spaces and evalu-
ating aspects such as safety, accessibility, and inclusiveness. Open-source datasets, notably
OpenStreetMap (OSM), offer essential information regarding street networks, public spaces,
and urban infrastructure. Their accessibility and compatibility with GIS contribute to their
widespread use [4].

The share of city land allocated to open public spaces (OPS) is calculated using the
following formula, which expresses the proportion of total open public space area relative
to the entire city area as a percentage [4,52]:

1)

Share of city land allocated to OPS = (Total area covered by OPS) x 100

Total city area

In estimating the population with access to public open spaces, a standard threshold of
a 400 m walking distance (approximately 5 min) is employed for reasonable access. Using
this, a service area is mapped along the street network around each public open space, and
all people living within these areas are considered to have convenient access [4].
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4. Results
4.1. Case Study Area

The dense urban area in Alexandria reflects common urban development patterns or
challenges typical of other cities or regions, enhancing the case study’s generalizability.
The city serves as the capital of Alexandria Governorate and is divided into 9 main ad-
ministrative districts: Al Ameriyah, Al Ameriyah Tany, Al Agami, Sharq, Wasat, Gomrok,
Garb, Montazah Awal, and Montazah Tany, along with 16 subordinate districts. The urban
morphology of Alexandria reflects its long and layered history, blending ancient, colonial,
and modern influences. The spatial distribution of green spaces in Alexandria is highly
uneven, reflecting several development patterns, and is still quickly changing overtime.
This uneven distribution limits accessibility for many residents, particularly in high-density
areas, highlighting the need for exploring the situation based on quantitative evidence
aspired by this research.

Alexandria extends about 85 km along the coastline on a T-shaped peninsula, situ-
ated between the Mediterranean Sea, surrounding lagoons, and former lake areas. The
area Alexandria covers is about 2679 km?. Urbanization pressures have led to a gradual
decline in important agricultural areas. The city accounts for 40% of the national industrial
output, while 60% of the Egyptian foreign trade is managed in the three Alexandrian
seaports. As a result, environmental pollution represents one of the city’s most significant
challenges [5,54]. Additional challenges include uncontrolled urban expansion, with an
annual population increase of up to 150,000 residents, the widespread development of
informal settlements lacking adequate infrastructure and utilities, an overburdened public
transportation system approaching collapse, and a significant shortage of public open
spaces that must be addressed [5,54]. Alexandria’s 2025 population is now estimated at
5,630,050 with a population density of 4800 people per square mile [55].

The study area focuses on 7 urban high-density districts: Agamy, Al Montazah Awal
and Tany, Al Gomrok, Sharq, Wasat, and Gharb, as shown in Figure 2. While the two
remaining districts, Al Ameriyah first and Al Ameriyah second, were excluded from the
study because of rural or undeveloped nature and does not contribute meaningfully to
an analysis within an urban boundary of the city. These districts are also geographically
isolated from the urban core, making it less relevant to urban boundary impacts. Including
them would reduce the depth of analysis since the types of public open spaces offered to
their communities do not encompass the diversity featured in the other seven districts.
Also, in western districts, green spaces in private or restricted areas are not included in
the study.

4.2. Land Allocation Calculations

The total area of the urban boundary is 339,593,088 m?2, as shown in Figure 3. After
excluding the Al Ameriyah districts, the calculations show that only 2.6% green spaces are
compared to 10.8% of total open spaces, as illustrated in Table 1. The green open spaces
are concentrated in the El Montazah district, app 49.2% of total open spaces in Alexandria,
followed by Sharq by 29%, Wasat 10.1%, AL Gomrok 5.3%, and El Agamy by 3.8% and
Gharb district by 2.6%. The results raise questions: Do these available open spaces meet
international criteria?
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Figure 2. Map of Case study districts in the Urban Boundary of Alexandria (developed by the author).
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Figure 3. Map of Open spaces distribution in the Urban Boundary of Alexandria (developed by
the author).
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Table 1. Areas reported using ArcGIS Pro3.5.4 in the city of Alexandria.

Share per Person
(Mid 2025 CAPMAS

Share per Person
(Near Future

. . »
Type of Spaces Population = Estimation Population Does it Meet International Standards?
5,630,000) = 6,000,000)
m? m? UN WHO
Total Open Spaces 6.51 6.11 No No
Green Spaces 1.55 1.45 No No
Streets and Squares 4.96 4.66 No No
None of the public open Spaces meet international benchmarks. As the popula-
tion approaches 6 million, per capita access to open areas, greenery, and infrastructure
decreases—a clear sign that current expansion struggles to keep pace with demographic
growth. The extremely low green space per person in Alexandria (~1.45 m?) is a significant
concern for environmental resilience, mental health, and quality of life, as indicated in
Table 2.
Table 2. Share per person reported using ArcGIS Pro 3.5.4 in the city of Alexandria and UN-HABITAT
guidelines, with comparison with international guidelines.
Type of Spaces Area Percentages from the Total Urban
m?2 Boundary (Share)
Total Open Spaces 36,622,900 10.8%
Green Spaces 8,710,440 2.6%
Streets and Squares 27,931,680 8.2%
Total area of Urban Boundary 339,593,088

4.3. Access to Green Spaces

There is an obvious shortage in the overall share of land allocated to open spaces,
where green or public open spaces, access to these open spaces is calculated to show the
distribution of available green open spaces and the population it serves within 400 m, as
emphasized in Figure 4. It was found that the overall green spaces cover 8,710,440 m?Z,
serving an area of 88,729,200 m2, yet leaving 251,158,800 m? unserved about 73.87% of the
total urban area, as shown in Table 3.

Table 3. Service Areas to access Green Spaces Statistics.

District/Area of District Area (M2) Green Spaces Service Area of Unserved Urban % of Unserved
Focus Area (M?) Green Spaces (M?) Area (M?) Areas
AGAMY 95,651,555.68 477,518.12 7,824,902.42 87,826,653.26 91.82%

AL MONTAZAH 84,941,787.49 3,428,331.49 34,917,966.20 50,023,821.29 58.89%

AL GOMROK 4,678,268.62 129,955.49 3,071,463.46 1,606,805.16 34.35%
SHARQ 50,870,476.53 2,618,459.62 24,379,545.32 26,490,931.21 52.08%
WASAT 29,596,274.88 1,082,181.29 12,034,489.95 17,561,784.94 59.34%
GHARB 73,863,121.13 198,180.68 6,501,909.84 67,361,211.29 91.20%

CASE STUDY 339,601,484.32 8,711,483.20 88,730,277.19 250,871,207.14 73.87%

AREA BOUNDARY
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Figure 4. Map of Service Areas to Green Spaces in the Urban Boundary of Alexandria (developed by
the author).

Among the districts, Agamy is the largest (5,634,851.2 m?) with the highest unserved
rate (91.82%), while Gharb also shows poor coverage with 91.2% unserved. Al Montazah
and Sharq perform comparatively better, with green spaces serving over 40% of their
areas. Al Gomrok, though the smallest district (4,679,476.6 m?), has the lowest unserved
percentage (34.35%). Wasat sits in the mid-range with a 59.34% unserved rate. This variation
highlights significant disparities in green space accessibility across the districts.

The proximity analysis shows that most of Alexandria’s urban land is still poorly
served by green spaces. The striking variation in unserved rates, particularly the critical
failure to provide access in the western districts of Agamy and Gharb, confirms a pattern of
spatial inequality that calls for immediate policy intervention to enhance equitable access
to public open spaces. The analysis highlights spatial inequities in green space provision,
which indicates a lack of spatial justice observed through the following:

1.  The districts of Agamy and Gharb show the most critical lack of coverage. Agamy,
the largest district, has a massive 91.82% unserved rate, while Gharb closely follows
with 91.20% unserved. This illustrates that these western areas are overwhelmingly
dominated by the “Unserved Areas” designation, suggesting that residents in these
districts experience significant environmental injustice regarding proximity to public
green infrastructure.

2. Conversely, Al Gomrok, the smallest district in the city core, shows the highest relative
accessibility, with an unserved rate of only 34.35%. The smaller size and dense, central
network of streets contribute to this comparatively higher coverage.

3. Sharq, Al Montazah, and Wasat Districts represent intermediate accessibility levels,
with unserved rates ranging from 52.08% to 59.34%. While performing better than the
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peripheral districts, these figures still indicate that more than half of the urban area in
these zones lacks convenient walking access to green spaces, underscoring persistent
accessibility challenges even in more centrally located regions.

4.4. Analysis and Reporting

The study adopted a five-minute walking distance threshold as the standard measure
of accessibility, aligning with internationally recognized urban planning benchmarks that
consider a five-minute walk (approximately 400 m) as an acceptable radius for local park
access. Due to the unavailability of updated comprehensive spatial datasets that include
population records, the delineation and assessment of green space service areas was deter-
mined based on residential density and the spatial distribution of public open spaces. This
approach allowed for an assessment of the proportion of residential areas served by public
green spaces and those located beyond the service boundaries.

The total residential area within the case study covers approximately 42,714,000 m?, of
which only 24,725,400 m? lie within a 5 min walking distance to green spaces, leaving about
17,988,600 m? (42.12%) unserved. Agamy stands out as the most underserved district, with
84.5% of its residential area (13,123,400 mz) lacking access as illustrated in Figure 5.

Alexandria 2025
Legend

Urban Boundary - Case Unserved Residential
(- Study Area L Population
~~==1 Alexandria Governorate Residential Population

' Boundary

Green Spaces Service
Open Public Spaces L Areas

Roads and Squares Unserved Areas

Esri, Garmin, NaturalVue

Esri/Garmin, NatdralVie

Esri, Garmin, NaturalVue Esri, Garmin, NaturalVue

Figure 5. Map of Unserved Residential Buildings to access Green Spaces in the Urban Boundary of
Alexandria (developed by the author by ArcGIS Pro 3.5.4).

In contrast, Al Montazah, Sharq, and Al Gomrok show stronger accessibility, with
over 85% of their residential areas (between 7,673,400 m? to 12,709,200 m?) within reach
of green spaces. Wasat has a moderate unserved rate of 32.11%, while Gharb has nearly
half (45.16%) of its residential buildings outside service areas as shown in Table 4. This
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highlights stark spatial disparities in access to green spaces, with outer districts like Agamy
and Gharb most affected.

Table 4. Access to Green Spaces Statistics.

As FOI: Effef:t on 2 Areas That Car.l Acce.s $  Areas Outside of the % Of Unserved Areas
Residential Total Area (m?) Green Spaces in 5 min . 5 s
. 2 Service Areas (m~) per District

Populations (m?)

Residential Buildings 42,714,196.96 24,724,177.19 17,990,019.77 42.12%

in Case Study Area

Agamy 15,545,956.21 2,410,388.78 13,135,567.44 84.50%

Al Montazah 14,859,096.99 12,706,937.41 2,152,159.59 14.48%

Al Gomrok 451,630.15 387,438.95 64,191.20 14.21%

Sharq 7,676,566.65 6,591,813.97 1,084,752.68 14.13%

Wasat 2,386,138.25 1,619,894.62 766,243.63 32.11%

Gharb 1,742,997.19 955,891.94 787,105.24 45.16%

Opverall findings indicate that nearly half of the residential population lacks convenient
access to public open spaces, suggesting a significant gap in equitable spatial distribution.
The relatively high proportion of unserved areas reveals the inadequacy of existing green
infrastructure to meet the spatial needs of residents, particularly in districts with high
population densities and limited undeveloped land.

A closer examination at the district level highlights pronounced spatial disparities
in accessibility to public open spaces. Agamy District shows the most critical deficiency,
with 84.50% of its residential area—equivalent to over 13.1 million m?>—being still outside
the five-minute service radius. This indicates a severe shortfall in accessible green spaces,
likely linked to the district’s rapid residential expansion and limited allocation of land for
recreational or open space uses.

Conversely, the Al Montazah, Al Gomrok, and Sharq districts show superior acces-
sibility conditions. Al Montazah has 14.48% of its residential area classified as unserved,
indicating that a significant part of its urban fabric is situated within the five-minute ser-
vice zone. Al Gomrok and Sharq exhibit low percentages of unserved areas, at 14.21%
and 14.13%, respectively, showing improved integration of public open spaces within the
residential environment. The results can be attributed to the historical urban patterns of
the districts, characterized by the establishment and maintenance of smaller neighborhood
parks and coastal green corridors over time. The Wasat and Gharb districts fall into an
intermediate category. Wasat shows that 32.11% of its residential area lies outside the green
space service area, while Gharb records 45.16% of unserved residential zones. These mod-
erate accessibility levels suggest the presence of green spaces that are unevenly distributed
or insufficiently connected to residential fabric. In such cases, the accessibility challenge
may not stem solely from the lack of open spaces but also from urban barriers such as road
networks, building densities, or land-use fragmentation. Central and historically planned
districts show relatively better access, while peripheral districts, particularly Agamy and
Gharb, exhibit severe deficits. These patterns indicate socio-spatial inequities, where dis-
advantaged areas face compounded environmental and health burdens, consistent with a
spatial perspective of justice.

5. Discussion

Urban green open spaces, if poorly planned, may result in spatial injustice or eco-
logical inefficiency [56]. Despite the overall presence of green spaces, which do not meet
international standards, the accessibility for residential populations is still uneven, high-
lighting clear spatial injustices. These two measures of percentage and coverage underline
the need for a balanced planning approach that does not overly prioritize one aspect such
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as proximity at the expense of others, as both are especially important for emphasizing the
problem. The study indicated that underserved districts like Agamy are recommended to
be considered for targeted interventions that enhance ecological value while also improving
equitable access to inform urban planning and policy reform.

The quantitative assessment of public open spaces (POS) in Alexandria, conducted
using the rigorous spatial metrics of SDG Indicator 11.7.1, reveals critical deficits in both the
fair distribution and availability of green open spaces. The analysis yields two primary ob-
servations: a profound quantitative lack of green space compared to international standards,
and substantial spatial inequality in accessibility across the city’s administrative districts.

5.1. Deficit in Quantitative Provision

The finding that only 2.6% of the urban boundary is allocated to green spaces is
significantly below the UN-HABITAT recommended standard of 15—20% for open pub-
lic spaces (which includes both green and hard-surface areas), and far below the more
ambitious targets set by organizations like the WHO and the European Union for green
space provision. Furthermore, the calculated per capita green space is alarmingly low at
approximately 1.45 m? for the projected near-future population of 6 million. This figure
falls drastically short of the WHO’s minimum benchmark of 9 m? per capita and is a clear
indicator that Alexandria’s current urban expansion is not meeting demographic growth
with adequate infrastructure.

This deficit carries significant implications for urban resilience and public health. As
highlighted in the literature, a lack of green space undermines the city’s capacity to mitigate
the Urban Heat Island (UHI) effect, manage stormwater, and improve air quality [14,57].
More fundamentally, the shortage directly compromises the mental and physical well-
being of residents, limiting opportunities for active mobility, social interaction, and stress
reduction [33,34].

5.2. Spatial Inequality in Accessibility

The proximity analysis, which uses the 400 m walking distance threshold, confirms
that the distribution of existing green space is inequitable, leading to pronounced spatial
injustice. The overall unserved urban area of 73.87% is alarming, but the variation across
districts is more telling:

Extreme Disparities: The western districts, notably Agamy (91.82% unserved) and
Gharb (91.20% unserved), suffer from the most critical lack of service. These results
align with broader global trends that show green space provision declining with higher
population density and being lower in cities of the Global South compared to North America
and Europe [16]. The severe inaccessibility in these districts suggests that marginalized and
peripheral populations are disproportionately affected by environmental injustice [20].

Residential Impact: The analysis of residential accessibility indicates that 42.12% of
the residential area is outside the convenient service radius, with Agamy being the most
affected, where 84.50% of its residential area is unserved. This is a crucial finding, as
it directly relates the lack of physical space to the quality of life and well-being of the
population, underscoring that total green coverage alone does not capture functional
accessibility [22].

The earlier accessibility observed in the inner district of Al Gomrok (34.35% unserved)
suggests that smaller, older, and more centralized urban forms may inherently offer better
proximity due to historical planning or denser street networks. Conversely, the high
unserved rates in peripheral districts point toward inadequately regulated and unplanned
urban sprawl that prioritizes built density over essential public infrastructure.
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The findings advocate for a change in thinking in Alexandria’s urban governance,
moving beyond mere quantitative growth targets to integrating principles of spatial justice,
where planning decisions are deliberately targeted at enhancing ecological value and
ensuring fair access in the most underserved districts.

6. Conclusions

This study made three interconnected contributions to urban research focused on
the Sustainable Development Goals (SDGs). This study offers the inaugural systematic
evaluation of SDG Indicator 11.7.1 in Alexandria, Egypt. This study illustrates the efficacy of
a hybrid, GIS-based methodology that is scalable and appropriate for data-scarce contexts
in the Global South. This approach utilizes a spatial justice framework to analyze the
availability and accessibility of public open spaces, emphasizing that aggregate provision
can mask significant intra-urban inequalities.

This research used a quantitative, GIS-based methodology aligned with SDG Indicator
11.7.1 to assess the availability and accessibility of public open spaces in Alexandria, Egypt.
The results show that the city faces a severe dual challenge: a critical deficiency in the
quantity of open public spaces, especially green space, and a substantial spatial inequity
in its distribution. The timely and comprehensive dissemination of information about the
existence, characteristics, and accessibility of public open spaces is crucial for developing
policies and initiatives for urban management; this seeks to bolster community resilience to
extreme climate events and enhance citizens’ quality of life, thereby improving the planning
of a healthy city.

Quantitatively, Alexandria’s provision of green space, measured at 1.45 m? per capita,
significantly does not meet international public health and sustainability standards, show-
ing a critical necessity for land reallocation and investment in green infrastructure. The
proximity analysis indicates that more than 73% of urban areas and 42% of residential areas
do not have convenient 400 m walking access to green spaces. Notably, the western districts
of Agamy and Gharb demonstrate significant spatial marginalization, with unserved rates
surpassing 91%.

Addressing these deficits requires policy reforms that integrate health considerations
into urban planning, prioritizing the creation of small, strategically located green spaces
(e.g., pocket parks, urban plazas) in the most underserved neighborhoods. Future efforts
must focus on: (1) Targeted Intervention in high-density, low-access districts to remedy the
environmental injustice; (2) Policy Implementation to enforce mandatory green space ratios in
all new urban developments; and (3) Fostering Community Participation to ensure that new
public spaces are inclusive and cater to the diverse needs of Alexandria’s population, thereby
enhancing both urban resilience and public well-being. This research provides the essential
spatial evidence needed to inform these strategic policies and investment decisions.
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