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This research presents a GIS-based approach to evaluate land suitability for
the urbanization of Saudi Arabia’s NEOM region, an ambitious initiative for
sustainable development within a desert setting. By employing a multi-criteria
decision-making framework, we have synthesized data on land resources,
stability, accessibility, construction costs, and proximity to conservation areas
using the Analytical Hierarchy Process (AHP) to prioritize these factors based
on their importance for sustainable growth. Our analysis reveals that areas
designated with grid values of 9 and 8, totaling 6312.33 square kilometers or
28.23% of the area studied, are most favorable for urban development. These
sectors span the northern, central, and southern parts of NEOM, which are
notable for their strategic location near future infrastructure and natural assets
conducive to sustainable practices. This finding supports NEOM's key initiatives
such as "The Line,” “Oxagon,” and "TROJENA,” showcasing the model’s utility
in directing urban development strategies. The study discusses the broader
socio-economic and environmental ramifications of pinpointing areas suited
and unsuited for development, underlining the model's role in facilitating
decision-making that aligns urban expansion with environmental stewardship.
Furthermore, it advocates for leveraging development-restricted zones in
conservation efforts and renewable energy ventures. Nevertheless, the study
concedes certain limitations, such as the dependence on static datasets and
inherent challenges related to the AHP method, including the presumption of
criteria independence. Future research avenues are proposed, emphasizing
the integration of dynamic data sources, comprehensive socio-cultural impact
evaluations, and adopting flexible urban planning methodologies to refine the
model's precision and practicality. Overall, this detailed examination showcases
NEOM'’s blueprint as an exemplar for future urban environments, illustrating
a systematic strategy for developing desert regions that integrate innovation,
ecological sustainability, and the preservation of cultural heritage.
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1 Introduction

Launched by the Saudi government on 24 October 2017, the
NEOM Region initiative symbolizes a commitment to development
and aligns with international endeavors to transform urban landscapes
for the 21st century. This initiative is part of a global movement where
countries are pioneering the future of urban living. NEOM aims to
establish Saudi Arabia as a leader in this global trend, drawing on both
its unique cultural heritage and similarities with initiatives such as
Dongtan in China, Egypt’s Smart Village, and Masdar City in the UAE
(Powell, 2022). NEOM is envisioned as a beacon of innovation and
environmental stewardship, setting a new standard for regional
development in harmony with sustainability goals prevalent across
global megacities (Brochure, 2018).

The pursuit of sustainable urban development, particularly in
challenging environments, is a common thread among various global
projects, including NEOM (Aina, 2017). From Masdar City’s focus on
zero-carbon living to Dongtan’s ambition for a sustainable rural-
urban blend and the Smart Village’s technology-centric business
model, these initiatives, though varied, share NEOM’s vision for a
sustainable and innovative future.

1 Masdar City, UAE: Since its inception in 2006, Masdar City has
stood as a pioneer in sustainable urban development, striving
for a zero-carbon and zero-waste ecosystem driven by
renewable energy (Sankaran and Chopra, 2020). Unlike
NEOM, which integrates the latest technologies into its urban
fabric, Masdar employs traditional designs for natural cooling
and energy efficiency (Yusuf and Abdulmohsen, 2022).

2 Dongtan, China: Envisioned as an eco-city that marries urban
living with rural tranquility, Dongtan aims for self-sufficiency
and minimal environmental impact (Wang and Mell, 2019),
paralleling NEOM’s sustainability goals but placing greater
emphasis on agricultural (Yusuf and

Abdulmohsen, 2022).

3 Smart Village, Egypt: As a technological hub outside Cairo, the

integration

Smart Village mirrors one of NEOM’s objectives to foster a
tech-driven business environment (Abusaada et al., 2023).
However, it does not aspire to NEOM’s broader goal of creating
a comprehensive urban ecosystem.

Furthermore, the NEOM project resonates with global
development agendas advocated by UN-affiliated organizations,
focusing on sustainable urbanization and addressing core issues such
as poverty, healthcare, and environmental sustainability (Boelt, 2014).

Urban development in deserts introduces unique challenges
(Ramadan and Effat, 2021), including water scarcity, extreme climates,
environmental conservation, and the need for sustainable resource
management. These obstacles necessitate innovative solutions in areas
such as water management, urban design, and infrastructure resilience.
Key issues include water scarcity: intrinsic water shortages in deserts
demand sustainable management practices such as desalination, water
recycling, and rainwater harvesting to ensure a sufficient supply for
urban needs (Alkhalidi et al., 2018; Amr, 2023); extreme climate:
deserts’ severe heat and sunlight require urban designs and building
materials that offer cooling and comfort with minimal energy use,
highlighting the importance of innovative architecture and renewable
energy (Giinel, 2019; Ramadan R. H. et al., 2022; Kutty et al., 2023);
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environmental conservation: the unique biodiversity in deserts calls for
a careful balance between development and the preservation of natural
habitats to prevent ecological degradation (Sankaran and Chopra, 2020;
Effat et al., 2022); sustainable resource use: limited natural resources in
deserts necessitate a sustainable approach in all urban development
facets, from energy to waste management, incorporating renewables
and efficient recycling systems (Alshammari, 2019); infrastructure
durability: creating infrastructure that can endure desert conditions
without significant maintenance poses a challenge, necessitating
materials and designs resistant to sand erosion, heat, and UV exposure
(Riadh, 2022).

Addressing these challenges, nations have turned to technologies
such as geographic information systems (GIS) for planning and
analysis (Taiema and Ramadan, 2021). GIS’s role in assessing land use
suitability has become indispensable, aligning with research that
underscores NEOM’s innovative development strategies. Such
approaches provide a blueprint for resource utilization that satisfies
current needs without compromising future generations’ capabilities
(Brown, 2006). GIS is pivotal in urban planning, enabling informed
decisions that balance social and economic impacts with
environmental sustainability (GIS) (Mishra, 2023). The analysis of
data, when combined with methods for evaluating criteria has shown
its value in addressing issues related to land use and reducing the
environmental effects of spatial planning (Saiu et al, 2022).
Geographic Information Systems (GIS) have proven to be tools in
planning and handling, particularly when it comes to mapping and
analyzing the suitability of land use (Lasaiba, 2023). Basically, the
objective of land use suitability analyses is to figure out how to arrange
types of land uses in the future, taking into account priorities or
factors related to certain objectives (Abdullahi et al, 2015;
AbdelRahman et al., 2016; Gonzalez-Méndez et al., 2021; Ramadan
M. S.etal, 2022). GIS, depending on an analysis of land use suitability,
has been successfully employed in contexts, such as defining habitats
for animal and plant species from an ecological perspective (Hakam
et al., 2023; Rana and Moniruzzaman, 2023; Watuwaya et al., 2023),
determining geological favorability (Lotz, 2023), assessing agricultural
suitability (Anusha et al, 2023; Batool et al., 2023), evaluating
landscapes for planning purposes (Latue and Rakuasa, 2023;
Machireddy, n.d.), and conducting environmental impact assessments
(Bourbonnais, 2022; Xie et al., 2022).

This study leverages remote sensing technology and GIS to explore
development potentials in Saudi Arabias NEOM region, aiming to
identify optimal locations for community establishment. By considering
factors such as accessibility, land stability, and natural resources,
we employ a GIS-based model to highlight suitable areas for urban
development, aligning with NEOM’s innovative and sustainable vision.

NEOM distinguishes itself by aiming to construct a
comprehensively smart city in the desert, merging sustainability,
technological progress, economic diversification, and social welfare
from the outset. Our methodology, especially our GIS-based land
suitability model combined with the Analytical Hierarchy Process
(AHP), represents a novel approach to sustainable urban development.
This method’s thorough integration of diverse data and systematic
assessment of development suitability uniquely addresses NEOM’s
challenges, positioning this research at the forefront of futuristic city
planning in arid landscapes. Furthermore, this study contributes to
achieving Sustainable Development Goal 11: creating inclusive, safe,
resilient, and sustainable urban spaces.
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Addressing desert urban development’s specific challenges, this
study aims to:

1 Develop a GIS-based model incorporating diverse datasets to
pinpoint optimal development locations.

Use AHP to prioritize factors crucial to urban development in
deserts, such as water scarcity and energy sustainability.
Recommend design and planning strategies tailored to desert
environments, emphasizing conservation and efficiency.
Assess environmental impacts, aiming for a minimal ecological
footprint and enhanced natural habitat preservation.

By integrating remote sensing technology and GIS, this research
endeavors to identify strategic development areas in NEOM,
considering factors such as accessibility, resource availability, and
ecological sensitivity, thereby advancing the vision of establishing
thriving communities in Saudi Arabia’s desert landscapes.

2 Data acquisition and methods
2.1 Study area
The NEOM Region, located in northwest Saudi Arabia, has been

designated as an area that combines economic, commercial, and
tourist activities. It is located within Tabuk Province, covering a space

10.3389/frsc.2024.1370881

of 136,000 kilometers. It shares borders with Egypt and Jordan and is
50 kilometers away from Tabuk City. The NEOM Region, which was
planned to span an area of 26,500 kilometers, stretches along the Red
Sea coastline for about 225 kilometers. In terms of its positioning, it
lies between the coordinates of 27° 43’ 27” N and 29° 08’ 29” N, and
34° 31’ 40" E and 35° 57" 55" E (Figure 1).

The region has some features that make it stand out. It acts as a
connecting point between Asia and Africa, serving as a link between
the Mediterranean Sea and the Red Sea. Approximately 10% of global
trade passes through this area. Its diverse geography includes altitudes
surpassing 2,500 meters, which leads to plant and animal life and
various weather conditions. The NEOM Region contains heritage sites
that represent different civilizations throughout history. It is abundant
in resources and ore deposits with many other potential resources yet
to be explored and utilized. The NEOM Region has the potential to
become a hub in the part of Saudi Arabia. Despite covering 18% of
Tabuk Province, its unique natural features make it one of the most
noteworthy and exceptional regions, in the whole Kingdom. Tabuk
Province is well known for its coastline, which stretches for 648
kilometers. Approximately 38% of Saudi Arabias coastline is
encompassed by this, which includes the Gulf of Aqaba and the Red
Sea. It is important to mention that the NEOM Region alone accounts
for 40% of the coastline in Tabuk Province.

The NEOM Region comprises villages over 25, with each village
having a population of more than 1,000 residents. Al Sharaf and Al
Badaa are actually within the NEOM Region, while the rest of the
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FIGURE 1
Location of the study area.
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TABLE 1 Data sources.

10.3389/frsc.2024.1370881

Data Date extraction time Source
Land Use Land Cover Sentinel-2 satellite images
Slope
2023
Faults Shuttle Radar Topography Mission (SRTM)
High order stream
Geologic map
Saudi Geological Survey (SGS)
Quarries
Power supply
Industrial areas Ministry of Municipal and Rural Affairs (MOMRA)
2022
Incinerators
Archeological sites
Saudi Commission for Tourism and National Heritage (SCTH)
Tourist sites
Roads Ministry of Transport

towns are positioned along the coastline. These coastal towns include
Magna, Ayeynat, Al Khrierbah, Gayal, Sharma, Al Sarah, and Al
Muwieleh. They stretch from north to south. Among these towns, Al
Badaa is notable as it is the governorate (Mohafazat) in the NEOM
Region and has a population of 13,000. Sharma City is home to around
5,000 people. The remaining towns have populations of more than
3,000 each. Overall, it is estimated that the total population in both
villages and towns in the NEOM Region does not exceed 60,000
individuals. The low population density reflects that the region is still
relatively undeveloped and sparsely populated, with 2 people per
square kilometer. It is important to note that non-Saudi citizens make
up 20% of the population in Tabuk and these mentioned towns
(Arabia, 2016).

Human movement in the NEOM Region is mainly concentrated
in the coastal zone, with fewer human activities observed in the other
areas due to their rugged topography. As a result, the coastal zone
stands out with its coasts and unique coral reefs attracting numerous
tourists and hosting various resorts. Fishing is also an occupation in
the zone of NEOM. In terms of agriculture, most farming activities
occur in the zone and on plateaus along the roads leading to Tabuk.
Here, you will find cultivated palm trees, mangoes, and oranges
alongside other field crops and seasonal plantings. The region is
renowned for its sites and cultural heritage spots, such as Maghayer
Chouaieb in Al Badaa and Bir Al Saaidani in Magna. The NEOM
Region enjoys transportation connections as it serves as a route
between Jordan and other important Saudi hubs. The Al Durrah
border crossing is located 50 kilometers away from the NEOM border,
while the significant Duba Port is situated 15 kilometers to its south.

2.2 Data acquisition

In our comprehensive study, we meticulously examined various
segments such as land utilization, agricultural zones, urban
development, and water resources. This detailed analysis was primarily
facilitated through the examination of satellite imagery, notably:

Satellite Imagery from Sentinel-2 (2023): We procured satellite
imagery of the NEOM region from the Sentinel-2 satellite, captured
in 2023, with a resolution of 10 meters. This imagery played a crucial
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role in providing a thorough overview of the entire area. To refine the
data, we employed the FLAASH module within ENVI 5.1 software to
eliminate any atmospheric disturbances and involved subsequent
steps using Mosaicking techniques to merge different satellite scenes
into a cohesive image. Leveraging the Support Vector Machine (SVM)
model for image classification, we successfully segmented the
integrated images into distinct categories, namely land, urban areas,
water bodies, and desert regions, using the ENVI 5.1 tool for this
intricate task.

Data from the Shuttle Radar Topography Mission (SRTM): The
SRTM data was pivotal in extracting the Digital Elevation Model
(DEM), with a resolution of 30 meters, shedding light on the
topographical details such as elevation differences, slope gradients,
orientations, and the intricate network of streams. This intricate
dataset required sophisticated processing, accomplished through the
ESRI Spatial Analyst toolkit, enhancing our understanding of the
physical landscape.

Further exploration into the NEOM Region was enriched by
thematic maps sourced from specialized agencies (as listed in Table 1).
These maps, originally in hard copy form, underwent digital
transformation. The process involved scanning, correcting
imperfections, and converting them into digital format using the
widely recognized ArcGIS 10 software. This conversion process
rendered the maps into shapefiles, stored within a database for
subsequent analysis and exploration.

This methodological approach, combining advanced satellite
imagery with comprehensive topographical data and thematic
maps, laid the foundation for a detailed understanding of the
NEOM region’s geographical and environmental attributes. It
facilitated a nuanced analysis of land use patterns, agricultural
potential, urban development areas, and water resources, which are
critical for planning and sustainability assessments in the
development of NEOM.

Figure 2 presents a diagram illustrating the applied analysis.

2.2.1 Defining the criteria

Defining the criteria for site selection is a foundational step in
spatial decision-making processes, especially when it comes to
urban development, environmental conservation, and land use

frontiersin.org
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FIGURE 2
A diagram illustrating the applied analysis.

planning. This task necessitates a deep dive into both scholarly
research and expert insights, laying the groundwork for a set of
factors and constraints that guide the decision-making process.
The selection of specific factors and constraints for determining
site suitability is informed by an extensive review of existing
literature and consultations with experts in the field (Aminu, 2007;
Govindan etal., 2016; Saqr et al., 2021). This dual approach ensures
that the criteria are both theoretically sound and practically
relevant. Constraints are essential in the criteria framework as they
help identify areas that should be excluded from consideration
right from the outset. These include regions with sensitive
ecosystems, areas already developed, or lands with legal
protections. By filtering out unsuitable areas, constraints ensure
that the analysis focuses only on viable sites. Factors, in contrast to
constraints, are used to assess the suitability of areas based on
specific indicators of appropriateness. These are aligned with
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sustainable development goals and can include a variety of
sub-criteria, such as environmental impact, resource availability,
and socio-economic benefits (van Herwijnen et al., 1993; Yang
et al., 2008). The overarching aim of applying these criteria is to
support sustainable development, which encompasses economic
viability, environmental preservation, and social equity (Keshkamat
et al., 2009). This holistic approach ensures that selected sites
contribute positively to long-term societal goals.

2.2.2 Dissecting into components

Given the complexity of overlay analysis, breaking down the
process into smaller, thematic sub-models is a reccommended strategy.
This approach allows for a more organized and focused analysis of
each factor, facilitating clearer insights into the interactions between
different variables. For this study, factors influencing land suitability
for communities were grouped into five main themes:

frontiersin.org
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1 Land resources: Assesses the availability and quality of natural
resources, such as water and arable land.

Land stability: Considers geological and topographical features
to ensure that the land is stable and suitable for construction.
Accessibility: Evaluate how easily the area can be reached,
considering  existing transportation networks and
planned infrastructure.

Construction costs: Estimates the financial implications of
developing on a particular site, including the costs associated
with terrain modification and infrastructure development.
Land protection: Aims to safeguard areas of historical,

archeological, or cultural significance.

Detailed descriptions of these themes used in creating the
sub-models will be discussed in the following section:

A Land resources theme

The primary focus in developing areas should be on utilizing
potential land resources as they are essential for creating job
opportunities. When modeling the availability of land resources, it is
crucial to consider factors. One important factor is the presence of
quarries and mines, which are vital for activities. In NEOM, there are
mineral resources present, including coal, black sands, glass sand, and
kaolin, as well as construction materials, such as marl, dolomite, sand,
gravel, marble, and granite. Additionally, there are resources required
by the cement industry such as limestone, shale, and gypsum. The
Saudi Ministry of Petroleum and Mineral Resources provided the
mineral resources map used in this analysis.

B Land stability theme

In the NEOM project’s site selection for urban development,
creating a constraints map is essential for identifying and excluding
sensitive and at-risk areas. These constraints are often represented as
buffered zones, among other markers, and are integral to sustainable
development analysis in NEOM’s planning initiatives. Given the
fragile nature of desert ecosystems, it is vital for urban development
to minimize environmental impacts, preserving biodiversity and
natural resources (Fischer, 2023). This methodology ensures that
development is conducted with a high regard for ecological
sensitivities, effectively reducing environmental impacts and adhering
to sustainability principles by avoiding areas with ecological,
geological, or social vulnerabilities. To pinpoint the areas to
be excluded from development, we compiled a map highlighting land
hazards (as detailed in Table 2). The assessment of land stability was
then conducted based on the inverse data from this hazard map,
guiding the selection process away from potentially unstable or
unsuitable locations.

The map that showcases land stability is generated by inversely
calculating the vulnerability index map, effectively transforming
vulnerability scores into stability indicators. This inverse calculation,

TABLE 2 Land stability constrains.

10.3389/frsc.2024.1370881

essentially dividing 1 by the vulnerability score, allows for a nuanced
assessment of land stability based on the following several
critical factors:

1 Industrial areas and incinerators

This category identifies areas at risk due to pollution from human
activities. The Ministry of Municipal and Rural Affairs (MOMRA)
plays a crucial role in designating buffer zones around such industrial
sites to mitigate their impact. A detailed enumeration of these zones,
complemented by insights from existing literature, is presented in
Table 2.

2 Fault zones

Regions intersected by fault lines are inherently more prone to
land collapse due to the geological instabilities they introduce.
Identifying these areas is crucial for assessing land vulnerability.

3 Geological structure

Composition for development varies; stratification helps to
distinguish between clayey terrains, which are considered structurally
unstable, and rocky terrains, which, while more stable, may lead to
increased costs for infrastructure development. This distinction is
elaborated upon by Golany (1983), highlighting the importance of
geological considerations in urban planning.

4 High order streams

Areas with a dense network of streams are identified as having a
heightened risk of land collapse. Stream density serves as an indicator
of potential erosion and waterlogging issues, both of which can
significantly affect land stability.

By evaluating these factors, the land stability map serves as an
essential tool for urban planners and developers, guiding decision-
making processes to ensure that development is both safe
and sustainable.

C Accessibility theme

The accessibility theme is pivotal in urban planning,
emphasizing the necessity of sound infrastructure and ease of
access for the efficient functioning of urban locales. This theme
impacts numerous aspects, including transportation, logistics, and
the provision of utilities and services. A critical factor in assessing
accessibility is the presence and condition of road networks,
which facilitate transportation to and from development sites and
play a crucial role in linking different areas (Dastgoshade et al.,
2024). These connections are essential for catering to residential
and commercial needs. Our primary attention was directed
toward mapping roads, routes, and tracks traversing desert
landscapes. The road data utilized in this analysis was sourced
from the Ministry of Transport, with all relevant roads being
this
understanding of current accessibility and aiding in the strategic

digitized for purpose, ensuring a comprehensive

planning of future development projects.
D Construction cost theme

Constrain Distance in m? Source

Faults 500 ‘
Ramadan and Effat (2021)

High order stream 300 ‘

Industrial areas 5,000 The Ministry of Municipal and Rural Affairs (MOMRA) (UN-Habitat, ‘

Incinerators 1,500 2019) ‘
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The long-term success of urban development projects hinges
significantly on their economic sustainability. This involves
considering the development’s initial costs, its potential to generate
employment, and its ability to bolster the overall economic growth of
the region (Du et al., 2023). When selecting a site, economic feasibility
plays a crucial role in influencing decision-making through various
cost-related factors. Evaluating these factors thoroughly ensures that
site selection for urban development not only meets present-day
economic requirements but also aligns with the strategic vision for
sustainable economic growth in the region. These include:

1 Land cover/Land use

Urban planning significantly depends on understanding the
distribution of land cover and land use, as these elements dictate
potential constraints and opportunities for development. Specific
areas, including reserves, agricultural lands, and existing urban
zones, are typically earmarked to remain unaltered due to their
current utilization or designated importance (Borana and Yadav,
2023). The process of generating a land cover layer involves
sophisticated classification methods applied to Sentinel 2 satellite
imagery. This analysis delineates the landscape into four primary
classes: water bodies, vegetated areas, desert regions, and
urbanized spaces. Such categorization is instrumental in guiding
the decision-making process for urban development, ensuring
that planning aligns with the existing natural and human-
made environments.

2 Power supply

The closeness to existing power supply infrastructure, such as
high-voltage electric lines or power stations, plays a pivotal role in the
economic aspects of choosing locations for development. The intense
solar radiation characteristic of desert environments offers a valuable
opportunity to tap into renewable energy sources (Asakereh et al.,
2017).
diminishing dependency on fossil fuels and advancing sustainable

Leveraging this renewable energy potential is key to

development. The mapping of high-voltage lines and power stations
was carried out utilizing data extracted from topographic maps,
providing essential insights for site selection based on proximity to
energy resources.

3 Water supply

In arid areas, such as NEOM, the scarcity of water presents a
formidable obstacle to the realization of sustainable urban growth. The
presence and accessibility of water resources emerge as critical
considerations in the planning of area development (Marinou, 2020;
Aldan et al, 2023), vital for meeting the needs of residential,
commercial, and agricultural sectors. In addressing this challenge, the
prospect of harnessing seawater through desalination has been
considered. To evaluate this option, a distance module was applied to
assess the closeness to the coastline, thereby gauging the feasibility of
desalination into the water

integrating seawater

supply strategy.

4 Slope

The assessment of slope was conducted using the Shuttle Radar
Topography Mission (SRTM) digital elevation model (DEM) within
the ESRI ArcGIS 10.3 environment. Sloped terrains are generally more

region’s

susceptible to issues such as land collapse, making them critical
considerations in urban planning and development. For our analysis,
areas with slopes exceeding 25 degrees were deemed unsuitable for
development (Zhang et al., 2023). This classification criteria helps in
identifying and excluding areas where steep terrain could pose
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significant challenges or hazards to construction and long-
term stability.

E Land protection theme

The Land Protection Theme underscores the archeological
significance of the area under study, emphasizing the imperative to
preserve historical sites and prevent alterations in land use that could
impact their integrity (Alsubeh and Helmi, 2024). To safeguard these
areas, including both archeological sites and tourist attractions, data
were sourced from the Saudi Commission for Tourism and National
Heritage (SCTH). In our methodology, lands were categorized with a
specific focus on protection; areas designated as protected received a
value of zero, indicating their exclusion from development
consideration. Furthermore, a buffer zone extending 500 meters
around these sites was also assigned a value of zero, effectively
delineating these regions as off-limits for any developmental activities.
This approach ensures the conservation of cultural and historical
assets while guiding urban planning decisions.

2.2.3 Standardization

To ensure a rigorous analysis, standardizing the measurement
scales of the attributes under consideration is paramount. This process
involves translating these attributes into a scale that accurately reflects
their suitability for the intended analysis or application. Here is how
this standardization can be approached, particularly in the context of
assessing land use, agricultural viability, urban development potential,
or environmental conservation:

1 Rating scale definition: Each attribute across various factors is
rated on a scale from 1 to 9, with higher values indicating
greater favorability or suitability. This scale allows for a nuanced
assessment of each attribute’s contribution to the overall
evaluation criteria.

2 Unsuitability coding: Pixels or areas identified as unsuitable
based on the predefined criteria are assigned a value of zero.
This clear demarcation ensures that these unsuitable regions
are easily distinguishable and excluded from further suitability
analysis, focusing attention and resources on areas
with potential.

3 Attribute standardization process as shown in Table 3:

» Identification of attributes: Initially, all relevant attributes
contributing to the analysis are identified. These might include
factors such as soil quality, water availability, proximity to urban
centers, elevation, and slope for land use and agricultural
assessments, or infrastructural and environmental considerations
for urban development.

» Quantitative assessment: Each attribute is quantitatively assessed
based on its importance or relevance to the overall goal. For
example, in agricultural land assessment, soil fertility might
be given a higher rating than slope.

» Application of the rating scale: The determined quantitative
assessments are then aligned with the 1 to 9 rating scale.
Attributes most conducive to the objective receive higher scores,
indicating their favorable conditions.

» Integration into analysis: Once all attributes have been rated,
these standardized scores are integrated into the broader analysis
framework. This might involve spatial analysis, where each pixel
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TABLE 3 Standardization of themes.

Suitability Themes
scale o :
Accessibility Land Construction cost Protected zones
resources
Distance to Distance  Land Distance  Distance Slope Distance Distance to
roads to quarries cover to the to water  (degrees) to archeological
(meters) (meters) power supply tourism resources
supply (meters) sites
(meters)
0 0.911488 0 0 0
0.707328- Urban area
1 - - - 43-78 - -
0.902065 and Water
0.017691 1.114502 0.011189 0.085577 17,509
0210217 0.761574 0.136117 0.085577 17,509
0.578902-
2 - - - - 34-43 - -
0.707328
0.284819 0911488 0.169131 0.145883 29,067
0.167831 0.635497 0.113277 0.145883 29,067
0.479487-
3 - - - - 28-34 - -
0.578902
0.210217 0.761574 0.136117 0.202791 40,489
0.138397 0511571 0.092603 0.202791 40,489
0.397555- Agriculture
4 - - - 22-28 - -
0.479487 land
0.167831 0.635497 0.113277 0.259521 52,538
0.114103 0.392883 0.075056 0.259521 52,538
0.325917-
5 - - - 17-22 - -
0397555
0.138397 0.511571 0.092603 0.320592 64,823
0.090207 0.281725 0.057598 0320592 64,823
0.257706-
6 - - - - 12-17 - -
0325917
0.114103 0.392883 0.075056 0387024 77,391
0.065241 0.18076 0.040342 0387024 77,391
0.186218-
7 - - - - 8-12 - -
0.257706
0.090207 0.281725 0.057598 0.467858 92,443
0.042605 0.10644 0.085577 0.025019 0.467858 92,443
8 - - - - - 4-8 - -
0.065241 0.186218 0.18076 0.040342 0.563728 111,896
0.017691 0 0 0.011189 0.563728 111,896
9 - - Desert - - 0-4 - -
0.042605 0.10644 0.085577 0.025019 0.735569 136,326

in a geographic information system (GIS) is evaluated based on from highly suitable (rated closer to 9) to unsuitable (rated

the cumulative scores of its attributes. as zero), as shown in Figure 3. These outputs can guide

decision-making in urban planning, environmental

4 Use of standardized attributes in decision-making: conservation, agricultural development, and other

applications, ensuring that efforts are focused on areas with

> Spatial suitability models: In GIS, standardized attributes can
be used to develop spatial suitability models that visually represent
the most and least suitable areas for a given purpose.

> Weighted overlay analysis: Attributes can be weighted according
to their importance before being overlaid to create a composite
suitability map. This approach is particularly useful in complex
decision-making scenarios where multiple factors influence
the outcome.

5 Final evaluation and mapping: The end product of this

standardization and analysis process is a set of maps or
models that clearly delineate areas based on their suitability,

Frontiers in Sustainable Cities

the highest potential.

2.2.4 AHP calculation steps developing the
hierarchy

To establish the relative importance of various factors in our site
selection process for urban development, we implemented the
Analytical Hierarchy Process (AHP), as devised by Saaty (Saaty, 1977).
This method involves pairwise comparisons of criteria within a
structured matrix, the dimensions of which correspond to the number
of criteria being evaluated. By creating a comparison matrix and
conducting an in-depth assessment of criteria pairs, we calculated a
priority vector (Wj) that reflects the relative weights of these factors,
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FIGURE 3
Standardized factors map: (A) Land cover; (B) distance to roads; (C) distance to quarries; (D) distance to the power supply; (E) distance to the water
supply; (F) geological structure; (G) slope; (H) distance to archeological resources; (l) distance to tourism sites.

ensuring our evaluations were consistent (Sharma et al., 2022). The As recommended by Bailey (2005), through comprehensive,
scaling for these comparisons was conducted on a 1 to 9 scale, as  extensive literature reviews. These reviews informed the creation of
shown in Table 4. a pairwise comparison matrix, as illustrated in Table 5, where
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weights are denoted as “aij.” For example, a comparative weight of
a23 =3 indicates the third attribute is three times as important as
the second, with its reciprocal a32=1/3 representing the inverse
relation. This matrix’s values are normalized by dividing each
judgment by the sum of its column, leading to the derivation of the
priority vector by averaging these normalized values across each
row. This vector is then normalized further to achieve a
representation of all factor weights (Wj). The next steps involved
the following:

1 Computing the weighted sum vector by multiplying the
comparison matrix with the priority vector, normalizing each
resulting value, and then summarizing these to obtain an
overall weighted sum.

Clz(l—n)/(n—l)

2 Determining the consistency vector and calculating both
lambda (A) and the consistency index (CI) to measure the
coherence of our pairwise comparisons. Lambda is the sum of

TABLE 4 Pairwise comparison matrix (Saaty, 1977).

1 Equal importance

3 Moderate importance of one over
another

5 Essential or strong importance

7 Demonstrated importance

9 Extreme Importance

2,4,6,8 Intermediate values

The reciprocals For inverse comparison

TABLE 5 Clindex (Saaty, 1977).

Order 1 2 3

matrix

4 ) 6 V4 8

9

‘CI ‘ 0.00 ‘ 0.58 ‘ 0.9 ‘ 1.12 ‘ 1.24 ‘ 1.32 ‘ 1.41 ‘ 1.45 ‘ 1.49 ‘

TABLE 6 Pairwise comparison.

10.3389/frsc.2024.1370881

the consistency vector’s components, serving as a benchmark
for consistency, where perfect consistency results in A equaling
the number of criteria, n.

CR =CI-RI

The CI provides a normalized measure of inconsistency,
which is crucial for evaluating the reliability of our assessments
(Saaty, 1994). Table 5 presents the CI values based on the
matrix order.

To synthesize the data effectively in our overlay analysis, it is
essential to interlink all input factors, pinpointing locations that
best meet our model’s goals. A weighted summation method
allows us to evaluate which areas are more favorable for
development according to the generated output raster.
We developed a suitability index for different zones by applying
a weighted overlay approach, which integrates the maps of
various criteria. In this process, each factor (j) is assigned a
specific weight (Wj), and scores (Xij) are allocated to gauge their
relevance. Moreover, we incorporated Ilcl, a map representing
symbols, to enrich our analysis, ensuring a comprehensive
assessment of all variables involved in determining the most
suitable locations for development.

§=3(WrX;)* g

The factor weights are derived using the Analytical Hierarchy
Process (AHP) as represented in (Tables 6-9).

2.2.5 Model development for each theme

For each thematic area, a detailed model is developed that
accounts for the specific attributes and layers relevant to that
theme. This involves selecting appropriate indicators, assigning
weights based on their importance, and integrating them into a
cohesive analytical framework using tools such as ESRI Spatial
Analyst. The multi-criteria evaluation model Equation (1) was used
to determine the five themes of sub-models, as shown in Figures 4,

Matrix Land safety Land resources Construction costs Accessibility
Land safety 1 9/6 917 9/5

Land resources 8/9 1 714 715
Construction costs 6/9 6/7 1 6/4
Accessibility 5/9 517 4/6 1

TABLE 7 Normalized pairwise comparison matrix and computation of weights.

Land safety

Land resources

Construction costs

Accessibility

Land safety 1 1.3 2 2.45
Land resources 0.88 1 1.6 1.65
Construction costs 0.66 0.67 1 1.15
Accessibility 0.23 0.6 0.4 1

Total 2.77 3.57 5 6.25
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TABLE 8 Normalized pairwise comparison matrix and calculated weights.

Land safety

Land resources

10.3389/frsc.2024.1370881

Construction costs Accessibility

Land safety 0.37 0.356 0.37 0.37
Land resources 0.259 0.26 0.26 0.26
Construction costs 0.199 0.2 0.2 0.2
Accessibility 0.169 0.169 0.169 0.17
Total 1.000
TABLE 9 Calculation of the consistency ratio (CR).
Weighted sum vector CR

Land safety 1(0.37)+9/6 (0.26) +9/7 (0.2) +9/5 (0.17) 1.45/0.37=4
Land resources 8/9 (0.37)+1 (0.26)+7/4 (0.2) +7/5 (0.17) 1.11/0.26 =4
Construction costs 6/9 (0.37)+6/7 (0.26) +1 (0.2) +6/4 (0.17) 0.81/0.20=4
Accessibility 5/9 (0.37)+5/7 (0.26) +4/6 (0.2) +1 (0.17) 0.63/0.17=4

5, which illustrates the sub-model specifically related to the land
stability theme (constraints).

2.2.6 Integration toward Overlay Model's
objective

Although each sub-model addresses a specific aspect of site
suitability, their integration is crucial for achieving the overall
objective of the overlay analysis. This collaborative approach ensures
that the final site selection supports safety, resource optimization, cost-
efficiency, accessibility, and the preservation of cultural and natural
values, as shown in Figure 6.

3 Results and discussion

3.1 Integrating development with
infrastructure and natural surroundings

The extensive spatial analysis, supported by calculated results,
spans 6312.33 square kilometers or accounts for 28.23% of the entire
study area. These insights, elaborated in Table 10 and depicted in
Figure 7, highlight the crucial role these zones play in achieving the
NEOM project’s ambitious urban development objectives.

This analysis underscores the advantageous positioning of suitable
areas close to current and forthcoming infrastructure developments.
Their nearness to the anticipated NEOM airport and planned high-
speed rail links enhances their viability for both commercial and
residential projects, positioning them as future vibrant urban locales.
In addition, the selected zones are primed for development, benefiting
from easy access to vital utilities and renewable energy sources. Their
proximity to existing and future solar energy projects underscores
NEOM’s commitment to eco-friendly energy solutions, promoting
immediate development endeavors with a minimal ecological
footprint. Otherwise, the spatial analysis uncovers a beneficial
connection between these suitable zones and the economic, industrial,
and technological sectors within NEOM. This congruence is expected
to spur economic enrichment, employment opportunities, and
innovation, propelling NEOM toward its aspirational goals.

Frontiers in Sustainable Cities

3.2 Sustainable development in harmony
with nature

The chosen areas boast a favorable landscape and are situated near
vital water sources, including underground aquifers and prospective
desalination sites along the coast. This deliberate selection fosters
sustainable water usage practices, which are essential for the region’s
flourishing. Situated near protected lands and ecological hotspots, the
high-suitability areas are planned with environmental preservation in
mind, incorporating buffer zones and green corridors to ensure the
ecological integrity of NEOM is maintained amidst development. The
analysis integrates microclimatic conditions, selecting areas that
naturally support passive cooling, adequate ventilation, and solar
energy harvesting. This climate-aware planning demonstrates a
forward-thinking approach to crafting sustainable and comfortable
urban spaces within NEOM.

The detailed spatial analysis provides a compelling overview of
NEOM’s potential to champion sustainable urban development. The
strategically chosen zones, recognized for their ideal locations and
compatibility with the surrounding coastal and Piedmont landscapes,
reflect the meticulous planning underpinning NEOM’s development
approach. These areas not only fulfill the criteria set across various
thematic evaluations but also represent a thoughtful integration of
development initiatives with environmental stewardship and cultural
heritage preservation. By steering clear of culturally and historically
significant sites and utilizing the region’s distinct natural resources, the
identified zones exemplify NEOMs ability to juxtapose urban growth
with the conservation of heritage. This strategy ensures that NEOM’s
evolution contributes positively to economic and social goals while
honoring and enriching the natural and cultural fabric of the region
for future generations.

3.3 Comparison with NEOM's strategic
plans

NEOM’s development vision showcases an ambitious blend of
futuristic urban, industrial, and recreational endeavors across
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Themes sub-models maps.

approximately 26,500 square kilometers. The NEOM’s initiatives environment that prioritizes minimal ecological footprint,

reflect dedication to sustainability, pioneering innovation, and enhancing walkability, and embedding essential amenities and

leveraging technology for development, emphasizing renewable greenery within a 5-min walk from homes (Yusuf and
energy, water conservation, and advanced digital infrastructures. Its Abdulmohsen, 2022).

key initiatives, as shown in Figure 8, include: 2 Oxagon: Set to become the largest floating industrial complex

globally, Oxagon is positioned in NEOM’s southwestern area,

1 The line: A revolutionary linear city extending over 170 focusing on cutting-edge manufacturing, innovation, and

kilometers, aiming to support a million residents in an technology sectors (Belaid et al., 2023).
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The land stability theme.
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Final weighted linear combination between themes.

3 TROJENA: An all-season mountain retreat designed for The congruence between the model’s outputs with NEOM’s
outdoor adventures, including skiing, setting its sights on  Strategic Plansas, shown in Figure 9 confirmed the following:
becoming an international hub for sports and leisure Our suitability analysis corroborates “The Line™s envisioned
(Analytica, 2022). location, underscoring its viability for urban development. This
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TABLE 10 Suitability categories areas in Km2.

10.3389/frsc.2024.1370881

Suitability index Area (km?) Area in %
Most suitable 288.74 1.29
More suitable 6023.59 26.94
Suitable 11008.87 49.23
Marginally suitable 4,211 18.83
Least suitable 821.95 3.68
Not suitable 7.8 0.03
Most suitable zones for
urban development in Neom Region
|
0 12.525 50 75 100
- ey s Km
FIGURE 7
Most suitable zones for urban development in the NEOM region.

validation is based on its access, terrain advantages, and the
integration possibilities for renewable energy and sustainable water
management, affirming the project’s strategic siting and objectives.
Although the model identifies the “Oxagon” coastal regions as
fitting, given their access to water and transport networks, it also
brings to attention the environmental sensitivities of marine
ecosystems potentially overlooked in the preliminary plans. This
gap underscores the necessity for in-depth environmental
evaluations to ascertain the project’s sustainability credentials. The
“TROJENA™s
mountainous areas as apt for leisure and tourism projects. Their

model supports development, pinpointing
distinctive climate and topography, coupled with the potential to
offer a unique visitor experience, endorse the project’s placement
and concept.

The congruence between the models outputs and NEOM’s
development blueprint affirms the model’s applicability as an effective

tool in earmarking zones suitable for varied development pursuits,

Frontiers in Sustainable Cities

enhancing its value in strategic urban planning. Environmental and
sustainability highlights: The models indication of potential
environmental challenges, especially with “Oxagon,” emphasizes its
role in surfacing environmental considerations that might require
further assessment, ensuring that development adheres to
sustainability and ecological preservation standards.

This analytical comparison offers insights for refining NEOM’s
land use and development strategies, advocating for a balanced
approach that marries innovation with environmental conservation
and points out areas where development synergizes with sustainability
goals alongside zones where ecological protection should
take precedence.

The juxtaposition of the GIS-based suitability model’s insights
with NEOM’s planned projects presents a nuanced perspective on the
regions development prospects. It validates the strategic foresight
behind NEOM’s planning decisions while highlighting areas where
enhanced focus on environmental sustainability could augment the
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overarching development strategy. This balanced methodology
ensures NEOM’s ambition to fuse technological advancement with
environmental guardianship and sustainability ethos, paving the way
for a future where development and nature coexist harmoniously.

3.4 The socio-economic and
environmental implications of suitable and
unsuitable areas for future development

3.4.1 Implications of identifying suitable areas

3.4.1.1 Socio-economic impacts

» Economic growth and diversification: The identification of
suitable areas paves the way for targeted investments in
infrastructure, renewable energy, technology hubs, and
tourism, contributing to the region’s economic growth and
diversification. It opens up new job opportunities and
stimulates local economies by attracting international
businesses and researchers.

Frontiers in Sustainable Cities

» Community development and social wellbeing: Developing these
areas with a focus on sustainability and inclusivity can lead to the
creation of new communities that offer improved living
conditions, access to services, and social cohesion. The emphasis
on smart city elements such as digital connectivity can enhance
education, healthcare, and overall quality of life for residents.

3.4.1.2 Environmental impacts

> Conservation and sustainable use of resources: Suitable areas
for development were selected partly because of their
potential to support sustainable resource use. This means
development projects in these areas are more likely to
incorporate renewable energy, water conservation techniques,
and sustainable waste management, minimizing the
environmental footprint.

> Biodiversity protection and restoration: By focusing development
in suitable areas, other regions can be preserved or earmarked for
conservation projects, protecting biodiversity and natural
landscapes. This strategic approach ensures that urban expansion
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FIGURE 9
Comparison of final model results with the NEOM's strategic plans.

contributes to ecological balance and resilience against
climate change.

3.4.2 Implications of identifying unsuitable areas

3.4.2.1 Socio-economic impacts

> Guiding strategic land use planning: Recognizing areas as
unsuitable for development helps in directing resources and
planning efforts toward regions with higher potential for
sustainable growth. This strategic land use planning can prevent
investments in areas where development could lead to socio-
economic disadvantages, such as isolated regions lacking access
to essential services or markets.

> Risk mitigation: Identifying unsuitable areas also plays a
crucial role in mitigating risks associated with urban
development, including those related to environmental
hazards, water scarcity, or infrastructural challenges. This
foresight helps in avoiding the socio-economic costs of
developing in areas prone to these risks.

3.4.2.2 Environmental impacts

Preservation of natural habitats: Unsuitable areas often
include regions critical for biodiversity, ecological services, or
natural beauty. Recognizing these areas as unsuitable for
development is a proactive measure to preserve natural habitats,
ensuring the maintenance of ecosystem services and the
protection of wildlife.

Frontiers in Sustainable Cities

Climate change adaptation: Some areas may be deemed unsuitable
due to vulnerabilities to climate change impacts, such as flooding,
desertification, or sea-level rise. Keeping these areas free from
development not only protects the environment but also aligns with
broader strategies for climate change adaptation, reducing long-term
socio-economic vulnerabilities.

The identification of suitable and unsuitable areas for future
development in the NEOM region carries significant implications for
socio-economic growth, environmental conservation, and the
strategic planning of sustainable urban spaces. By carefully considering
these implications, planners and policymakers can ensure that
development within NEOM not only contributes to the region’s
ambition to be a hub for innovation and sustainability but also aligns
with global goals for sustainable development and climate resilience.
This approach emphasizes the need for an integrated planning strategy
that balances development aspirations with the imperative to protect
and preserve the natural environment and ensure socio-economic
wellbeing for current and future generations.

3.5 Exploring sustainable alternatives in
development-limited zones

o Safeguarding biodiversity: Regions marked as development-
restricted frequently harbor distinct species and ecosystems,
serving as crucial spots for biodiversity. Setting these locales aside
for preservation aids in protecting native species and sustaining

which is vital for worldwide

ecological equilibrium,

biodiversity objectives.
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« Carbon absorption areas: Lands rich in greenery, particularly
those classified as sensitive and unfit for development, can act
as natural carbon absorbers. Preserving or even expanding
these areas can play a significant role in counteracting
climate change.

« Conservation of heritage sites: Identifying zones as unfit for
construction due to archeological or cultural significance
allows for their preservation as sites of heritage. This safeguards
historical narratives while providing educational and tourism
opportunities that highlight the area’s cultural wealth.

» Wildlife sanctuaries and recreational parks: Development-
restricted zones, especially those with exceptional landscapes
or biodiversity, can be transformed into wildlife sanctuaries or
parks. These areas offer leisure activities for both locals and
tourists, encourage nature-based tourism, and promote
awareness of environmental preservation.

o Eco-adventurous and nature-centric tourism: Terrain and
ecosystems that are unsuitable for urban development can
become hubs for eco-adventurous activities (e.g., trekking and
rock climbing) or nature-centric tourism, aligning with
NEOM’s ambition to establish a new tourism frontier.

« Environmental research bases: Areas set aside for conservation
could house bases for research on desert ecosystems,
sustainable resource use, or global warming, potentially
positioning NEOM as a leader in environmental and
sustainability studies.

« Solar and wind energy projects: Some regions might be unfit
for housing or commercial ventures due to their isolation or
landscape but ideal for renewable energy initiatives such as
solar or wind farms, supporting NEOM’ renewable
energy ambitions.

3.5.1 Conservation strategies

To guarantee the preservation and appropriate use of zones
designated as unfit for development, the following conservation
strategies should be adopted:

o Legislative safeguards: Implementing legal measures to protect
sensitive zones from development, thus conserving their
ecological and cultural integrity.

Eco-friendly management approaches: Crafting management

strategies for the preserved areas that encompass eco-friendly

tourism, regulated entry, and ecosystem restoration efforts to
ensure their enduring preservation.

o Community involvement and awareness: Engaging local
populations in the conservation process and enhancing
awareness regarding the significance of safeguarding natural and
cultural heritage to cultivate shared of

a sense

environmental guardianship.

The categorization of certain areas within the NEOM project as
development-restricted is not a limitation but a strategic avenue to
foster the projects objectives of sustainability, conservation, and
recreation. By thoughtfully designating alternative functions for these
areas, NEOM can fulfill its vision of being a beacon of innovation, all
while respecting and conserving the natural and cultural environment.
This approach highlights NEOM’s dedication to forging a model for
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future cities that balances development with ecological and
societal sustainability.

4 Limitations of the GIS-based model
and AHP methodology

The GIS-based model and analytical hierarchy process (AHP)
methodology, while instrumental in evaluating land suitability for
urban development in regions like NEOM, come with inherent
limitations that must be considered.

4.1 GIS-based model limitations

» Dependence on data quality and availability: A critical constraint
of the GIS-based approach is its reliance on the quality, resolution,
and timeliness of spatial data. Inaccuracies or lack of up-to-date
information can lead to misrepresentation of current conditions,
impacting the precision of suitability assessments.

» Static data analysis: The models reliance on static snapshots for
analysis does not adequately capture the dynamic nature of
environmental and socio-economic changes, which can significantly
influence the long-term suitability of development areas.

4.2 AHP methodology limitations

» Assumption of criterion independence: AHP’s foundational
assumption that evaluative criteria are independent and may not
align with the interconnected realities of urban development,
where criteria can be deeply interrelated, affecting the robustness
of the decision-making process.

» Challenges with multiple criteria: The method becomes
increasingly cumbersome and less intuitive as the number of
criteria grows, complicating the evaluation process and
potentially hindering accurate priority setting among diverse
development objectives.

Future research could benefit from integrating dynamic modeling
techniques to better reflect the evolving nature of target environments
and employing advanced multi-criteria decision-making frameworks
capable of addressing the interdependencies among evaluative criteria.
Recognizing these limitations is crucial for refining the GIS-based and
AHP methodologies, ensuring they more accurately reflect the
complexities of urban development planning. This acknowledgment
not only enhances the credibility of the current study but also lays the
groundwork for more sophisticated approaches to sustainable urban
development in the future.

5 Conclusion

This research delves into a detailed spatial analysis and evaluation
of suitability for the NEOM region in Saudi Arabia, showcasing
significant insights and pioneering strategies for urban development
within the challenging desert landscapes. Utilizing GIS and AHP
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techniques, the study identifies crucial areas within NEOM that are
most promising for sustainable urban growth, highlighting zones that
excel in terms of land resources, stability, accessibility, construction
costs, and conservation needs.

Our findings spotlight areas with the highest suitability scores,
notably those with grid values of 9 and 8, spanning 6312.33 square
kilometers or 28.23% of the examined area. These strategically
located zones, which align with NEOM’s vision, are deemed ideal
for the development of future urban centers. Their close proximity
to planned infrastructure, such as transportation routes and
renewable energy projects, along with their natural attributes and
dedication to preserving cultural and ecological landmarks,
highlight NEOM’s capability to accommodate innovative
development initiatives in sync with its desert context.

However, it is important to recognize certain limitations of
this research, including the reliance on static data and pre-existing
datasets, which may not fully reflect the dynamic environmental
and socio-economic factors at play in the NEOM region.
Although the GIS-based model and AHP methodology offer a
solid analytical foundation, assumptions regarding the
independence of criteria and the complexity of managing various
criteria could impact the depth of understanding concerning
urban development suitability.

Looking forward, addressing these limitations presents
opportunities for future research. Incorporating real-time data
collection and dynamic modeling could improve the precision and
applicability of suitability evaluations over time. Broadening the
scope to encompass extensive socio-cultural impact studies would
help ensure that development strategies are considerate and
representative of the needs and heritage of the local community.
Additionally, adopting flexible planning approaches that consider
environmental, economic, and social fluctuations may pave the
way for more resilient and sustainable development trajectories for
NEOM and similar initiatives globally.

This study marks an important advancement in comprehending
the intricacies of urban development in desert areas, offering a
systematic method for pinpointing suitable locations for such
projects within the NEOM region. By underscoring the project’s
potential and addressing its challenges, our research contributes
valuable perspectives to urban planning and sustainable
development disciplines. As NEOM progresses, it is poised to
become an exemplar for future cities, merging innovation,
sustainability, and cultural conservation to foster vibrant, durable
communities in tune with their environmental settings.
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