
Citation: Abdelkarim, A.; Abdelhafez,

M.H.H.; Elkhayat, K.; Alshenaifi, M.;

Alfraidi, S.; Aldersoni, A.; Albaqawy,

G.; Aldamaty, A.; Ragab, A. Spatial

Suitability Index for Sustainable

Urban Development in Desert

Hinterland Using a Geographical-

Information-System-Based

Multicriteria Decision-Making

Approach. Land 2024, 13, 986.

https://doi.org/10.3390/land13070986

Academic Editor: Yimin Chen

Received: 14 May 2024

Revised: 25 June 2024

Accepted: 1 July 2024

Published: 4 July 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

land

Article

Spatial Suitability Index for Sustainable Urban
Development in Desert Hinterland Using a
Geographical-Information-System-Based Multicriteria
Decision-Making Approach
Ashraf Abdelkarim 1,* , Mohamed Hssan Hassan Abdelhafez 2,3,* , Khaled Elkhayat 2, Mohammad Alshenaifi 2,
Sultan Alfraidi 2 , Ali Aldersoni 2, Ghazy Albaqawy 2 , Amer Aldamaty 2 and Ayman Ragab 3

1 Research Center, Ministry of Housing, Riyadh 12261, Saudi Arabia
2 Department of Architectural Engineering, College of Engineering, University of Hail,

Hail 55476, Saudi Arabia; k.elkhayat@uoh.edu.sa (K.E.); m.alshunify@uoh.edu.sa (M.A.);
s.alfraidi@uoh.edu.sa (S.A.); a.aldersoni@uoh.edu.sa (A.A.); g.albaqawy@uoh.edu.sa (G.A.);
a.aldamady@uoh.edu.sa (A.A.)

3 Department of Architectural Engineering, Faculty of Engineering, Aswan University, Aswan 81528, Egypt;
ayman.ragab@aswu.edu.eg

* Correspondence: dr.ashrafgis2020@gmail.com or ashrafali@deltace.sa (A.A.);
mo.abdelhafez@uoh.edu.sa (M.H.H.A.)

Abstract: This study uses the Aswan Governorate model in southern Upper Egypt to determine
the spatial suitability of sustainable urban development in the Egyptian deserts, ensure resource
sustainability, and contribute to environmentally sustainable urban and economic growth in line with
Egypt’s Vision 2030. To achieve these goals, a GIS-based multicriteria decision-making (GIS-MCDM)
approach was used, through an innovative approach for integrating three main indicators: the
risk index, environmental sensitivity, and economic resources. These indicators were divided into
twenty-four criteria, and their weight was determined according to preference through the analytic
hierarchy process (AHP). This study serves developmental, national, and expected regional and local
development efforts for developing desert regions in the Aswan Governorate, which exceed 80% of
the governorate’s area and represent the future of sustainable urban development. This study found
three spatial suitability categories, with the largest between 50 and 70% suitability. The first category,
with suitability greater than 70%, covers 27.2% of the Aswan Governorate in the north, on both sides
of the Nile. Areas with medium spatial suitability, ranging from 50% to 70%, constitute the second
category, accounting for 40.3% of the Aswan Governorate, with a concentration in the central regions.
The third category includes areas with low spatial suitability, at less than 50%, which make up 32.5%
of the governorate.

Keywords: GIS-based multicriteria decision-making; analytic hierarchy process; risk index;
environmental sensitivity index; economic resources index; sustainable urban development index

1. Introduction

The spatial distribution of the population in Egypt is significantly variable, with over
97% of the total population concentrated in a small area that accounts for no more than
8% of the country’s total area of 1 million km2 [1]. According to statistics for 2022, the
uninhabited Egyptian desert area covers approximately 93% of the country, and only 3% of
Egypt’s 100 million people live there [2]. Over the past two decades, the population has
increased by approximately 36.10 million, from 63.90 million in 2000 to 100 million in 2022,
with an annual growth rate of 2.4% and an average yearly rise of 1.9 million [2]. However,
this growth has not resulted in a suitable expansion of urban space. Instead, it has caused
significant spatial erosion due to the ongoing construction of cities and villages on the
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surrounding agricultural lands, which span an area of 10.2 million acres [3]. Furthermore,
the population density in the inhabited areas has increased to 985 people/km2, surpassing
that in Africa at 534 people/km2 and globally at 532 people/km2. This population spatial
imbalance threatens and drains most of Egypt’s economic resources, so exiting the narrow
valley and the delta and moving people into Egypt’s desert is now inevitable [4].

The uninhabited Egyptian deserts consist of three ecological units, namely the western
desert, the eastern desert, and the Sinai Peninsula. Despite all successive development
efforts made by the Egyptian government to develop these deserts over the past thirty
years [5], these efforts did not result in population spread from the narrow valley to the wide
deserts. Geographical information system (GIS) technology, commonly known as a system
to support decision-making, plays an important role in analyzing decision problems by
combining spatial reference data in the problem-solving environment [6]. The multicriteria
decision-making (MCDM) approach is an important tool in the analysis of complicated
decision problems, which often require non-comparable criteria or data [7,8].

Analyzing spatial suitability is considered one of the most useful applications in
the geographical information system for urban planning [9]. It follows a systematic and
scientific method in choosing the appropriate sites that depend on a variety of criteria,
whether they are factors that contribute to selection or restrictions preventing this choice,
to determine the most appropriate place for the studied phenomenon.

The GIS-based multicriteria decision-making (GIS-MCDM) approach can be defined
as a process of integrating and transforming geographic data (input map criteria) and value
judgments (decision makers’ preferences and uncertainties) into an overall assessment of
the decision alternatives [8]. Due to its applicability to solving complex spatial problems,
the GIS-MCDM approach has been applied in the decision-making process for many
land-use allocation problems.

The analysis of spatial suitability in the context of geographic information systems
(GIS) supports decision-making on whether a specific area is suitable for a specific use [10],
and the basic hypothesis for analyzing the extent of the spatial suitability with the GIS is
that each aspect of the urban region has either appropriate or inappropriate features, and
as per specific criteria, suitability is determined through systemic multiple-factor analysis
for the different natural and human aspects [9,11].

Spatial suitability analysis is a method used in various contexts [12,13], including de-
termining the suitability of land and housing from an ecological perspective [14], assessing
geological suitability [15], evaluating land suitability for agricultural activities [16], conducting
environmental impact assessments [17], selecting optimal locations for public and private sector
facilities [18,19], supporting regional planning [20,21], and guiding urban planning [22,23].

To assess the suitability of Egyptian deserts for urban development in the Aswan
Governorate, a GIS-based multicriteria decision-making (GIS-MCDM) approach was em-
ployed. This approach utilizes the analytic hierarchy process (AHP), a method developed
by Saaty [24], which is a structured technique for analyzing complex decision-making
processes. The AHP allows for the evaluation of individual criteria through quantitative
analysis. It has been widely used in various decision-making scenarios [25,26]. The analytic
hierarchy process (AHP) is widely recognized as the predominant method in the field of
multicriteria decision-making (MCDM) [27,28].

Most of the research to date has been on urban growth in Egypt, namely in the Sinai
region and the Red Sea coasts. These studies have utilized GIS-MCDM with the AHP
methodology. Notable examples of such studies are [5,29–31]. Meanwhile, the eastern
and western deserts have not been thoroughly investigated for their suitability for urban
expansion, despite their significant political, economic, and developmental significance.

Several authors have also applied the GIS-MCDM approach and the AHP in other
locations, including the following: the study of Jafar and Can [32] on the assessment of the
suitability of sustainable urban growth for Abuja, the study of Mehl et al. [33] on the analysis
of land suitability for the preparation of the urban plan, the study of Can et al. [34] on the
use of GIS to develop a sustainable urban growth area, the study of Jaroslav et al. [35] on the
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assessment of the suitability of land for the Olomouk area of the Czech Republic, the study
of Santosh et al. [36] on analyzing site suitability for urban development using multiple
means of GIS assessment technology, the study of Akbulut et al. [37] on the assessment of
the suitability of the GIS-AHP method for sustainable urban and environmental planning,
study of Huiping et al. [38] on the analysis of the extent of suitability of urban residential
land in Beijing, the study of Maher et al. [39] on the analysis of land’s suitability for urban
growth in Seremban, Malaysia, the study of Ronja et al. [40] on the analysis of multicriteria
decision-making to assess lands’ suitability for potential agricultural land use in the Healy
region of central Vietnam, the study of Abdelkarim et al. [41] on the assessment of the risk
of floods on the North Train Route (Qrayat region, Kingdom of Saudi Arabia), the study
of Abdul Karim and Awawdah [42] on evaluating the quality of life in Braidah (Kingdom
of Saudi Arabia), the study of Abdelkarim [43] on improving urban planning of green
areas in the Dammam urban region, the study of Ajjur and Mogheir [44] on flood hazard
mapping using a multicriteria decision analysis and GIS (case study of Gaza Governorate,
Palestine), the study of Gourav et al. [45] on flood hazard zonation of the Bhagirathi river
basin using multicriteria decision analysis in Uttarakhand, India, the study of Vanolya and
Jelokhani-Niaraki [46] on the use of subjective–objective weights in GIS-based multicriteria
decision analysis for flood hazard assessment (a case study in Mazandaran, Iran), the study
of Rahman and Szabó [47] on sustainable urban land-use optimization using a GIS-based
multicriteria decision-making (GIS-MCDM) approach in Rajshahi City (Bangladesh), and
the study of Otokiti et al. [48] on multicriteria decision analysis and GIS mapping of flood
vulnerability in the core of Lagos State, Nigeria.

The paper presents two main issues: firstly, the inefficient utilization of economic
resources and possibilities in the eastern and western deserts, which account for over
80% of the Aswan Governorate’s total area. Secondly, the unequal distribution of these
resources, which is based on population densities within the governorate. As an illustration,
the northern sector encompasses only 27% of the total land of the governorate, although
it is home to 99.3% of the inhabitants. In contrast, the southern sector of the governorate,
which covers 73% of the area and contains valuable mining, tourism, and agricultural
resources, is home to only 1% of the population. This situation calls for the development of
a new map to ensure sustainable urban growth in the Aswan Governorate. The research
area, specifically the southern region of Nasser Lake, demonstrates a significant level
of environmental sensitivity and susceptibility, resulting in swift consequences when
the ecosystem undergoes alterations. Due to its extremely remote location, the Aswan
Governorate has not yet had any urban development plans implemented. The Aswan
Governorate faces a diverse range of environmental factors and natural hazards that affect
urban development activities. As per the 2019 Human Development Report of Egypt,
the Aswan Governorate exhibits elevated levels of poverty and unemployment, placing
it sixteenth among all governorates in the country. This implies that the government
is incapable of effectively harnessing the riches of the Aswan Governorate and lacks a
coherent strategy for development.

The objective of this study is twofold. Firstly, it aims to improve the model used
to understand the distribution of urban centers, economic activities, and population in
the eastern and western deserts on both sides of the Nile River. This will help optimize
the utilization of untapped economic resources in these areas. Secondly, the study aims
to identify a spatial suitability index for sustainable urban development in the Aswan
Governorate. It will focus on identifying the factors that promote development and exam-
ining the main constraints and determinants that hinder the proposed development. The
objective is to assess the capacity of the study area and implement control mechanisms for
physical development that guarantee environmental safety and reduce strain on current
urban clusters and agricultural land. This will be achieved by suggesting new areas and
activities that align with the Arab Republic of Egypt’s 2030 development plan.

This study set out to answer the following research questions: (1) Is there a distinct
variation in the distribution of people, resources, and density within the research area?



Land 2024, 13, 986 4 of 37

(2) Does the absence of a comprehensive understanding of development result in the
insufficient utilization of the many and varied resources in the Aswan Governorate? (3) Is
it advisable to progressively transition the primary focus of sustainable urban development
in the Aswan Governorate from the East to the West Nile? (4) Is the land validity model,
which was suggested for sustainable urban development in the deserts of the Aswan
Governorate, applicable to other Egyptian deserts? (5) Does sustainable urban growth in
Lake Nasser adhere to the urban density pattern observed in the Nile Valley?

The study’s hypotheses were as follows: (1) The allocation of natural and economic
resources in the northern and southern regions of the Aswan Governorate is fair and just.
(2) The Aswan Governorate is ill-equipped to handle a substantial advancement in urban
development across many areas. (3) The studied area is characterized by its high environmental
sensitivity and vulnerability, necessitating the use of protective measures when engaging in
dense urban growth. (4) The research area has a low density of urban development.

2. Materials and Methods
2.1. Study Area

According to Egyptian General Survey Authority, the governorate of Aswan, located
in the far south of Egypt, is adjacent to the governorate of Luxor to the north, the Red Sea
governorate to the east, AlWadi AlGadid governorate to the west, and Sudan to the south. It
is situated at around 880 km from Cairo. The Aswan Governorate spans from 22◦ N latitude
at the Egyptian–Sudanese borders to 25◦20′ N latitude at the administrative border between
the governorates of Aswan and Luxor. The governorate spans from a longitude of 31◦10′ E
to the west, at the administrative boundary between the governorates of Aswan and AlWadi
AlGadid, to a longitude of 33◦30′ E to the east, at the administrative borders between the
governorates of Aswan and the Red Sea (Figure 1). The area of the Aswan Governorate is
approximately 62,726 km2, divided into 16 administrative units, of which 10 administrative
units represent governorate centers and departments and 6 administrative units have a
desert Dhahir for each center. The governorate’s desert area accounts for around 49,254 km2,
or around 80.85% of the governorate’s area. According to the 2017 Egyptian census, the
Aswan Governorate has a population of 1,473,975, representing approximately 1.6% of
Egypt’s population.
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2.2. Input Data for GIS-Based Multicriteria Decision-Making (GIS-MCDM) Approach

In order to analyze the spatial suitability index in the Aswan Governorate, data from
various sources were collected. The data were then standardized and projected to ensure
compatibility within the GIS. Table 1 displays the spatial data used in this study, including
the input data, categories, spatial accuracy, and sources.

Table 1. Data sources and spatial accuracy used in this study.

Input Data Graphic Scale and
Spatial Accuracy Source

1 Levels, Slope, and Streams Digital height form with a
resolution of 12 m

Web site, Vertex (affiliated with the US
space agency, NASA)

https://search.asf.alaska.edu/ (accessed
on 15 January 2023)

2 Soil Soil maps, scale drawing 1:250,000 Land and Water Research Institute

3 Geology and Faults Geological maps, scale
drawing 1:250,000 Egyptian Petroleum Authority

4 Sand Dunes and Water Topographic maps, scale
drawing 1:50,000 Egyptian General Survey Authority

5 Earthquake Earthquake monitoring maps,
scale drawing 1:100,000

Aswan Governorate General Office
(Information and Decision Support Center)

6 Vegetation Judicial visual Landsat-8
OLI/2022

Location of the United States geological
area (USGS)

http://earthexplorer.usgs.gov (accessed on
15 January 2023)

7 Wells, Groundwater, and Reserves
Topographic maps, scale drawing
1:50,000—Investment opportunity

maps, scale drawing 1:100,000

Egyptian General Survey
Authority—Aswan Governorate General
Office (Information and Decision Support

Center)

8
Land Use Maps (urban areas, cities,

road, railways, water bodies,
arable land)

Digital detailed maps, scale
drawing 1:5000

Aswan Governorate General Office
(Information and Decision Support Center)

9 Tourist Areas, Safari Routes Tourist map, scale
drawing 1:100,000

Aswan Governorate General Office
(Information and Decision Support Center)

10 Agricultural and Industrial
Development Areas, Mining Areas

Investment opportunities map,
scale drawing 1:100,000

Aswan Governorate General Office
(Information and Decision Support Center)

2.3. Methodology

Figure 2 illustrates this study methodological design, and Figure 3 depicts its proce-
dures and stages. The maps of the final spatial suitability index of urban development in
the Aswan Governorate illustrate the stages of this study as follows:

https://search.asf.alaska.edu/
http://earthexplorer.usgs.gov
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2.3.1. Criteria Setting

The initial phase of the MCDM approach is concerned with how to combine informa-
tion from several criteria for decision-making purposes [49]. Based on the above-mentioned
objective, criteria were identified that affect the determination of the spatial suitability
index for urban development in the Aswan Governorate, and criteria were selected for the
MCDM approach based on the local and global literature and interviews [50] by drawing
on three main indicators: the risk index, environmental sensitivity, and economic resources,
which were then divided into twenty-four criteria and weighed according to preference in
the analytic hierarchy process (AHP). These criteria are as follows: risk index standards
are represented in earth surface levels, earth surface slope, valleys, geological formations,
soil, faults, dunes, and earthquakes, while environmental sensitivity index criteria are
represented in vegetation density, ground wells, groundwater, nature reserves, surface
water pollution, and cultivable lands. Economic resource index criteria are represented in
urban agglomerations, major cities, roads, railways, water bodies, agricultural development
zones, industrial development zones, touristic zones, mining zones, and safari trails.

2.3.2. Data Reclassification

During this phase, the balancing and comparison process was conducted by reclassify-
ing the influential variable’s values. This entailed substituting the inserted layer values
with new ones that aligned with the analysis procedures. Ten categories for each distance
map were identified based on the degree of suitability of each criterion. Those categories
from 1 to 10 were classified, where the criteria closest to the standard had the highest suit-
ability value (10) and those farthest from the standard had the lowest suitability value (1).
The reclassification process was conducted within the GIS environment. The criteria were
classified using literary studies and expert judgments gathered from interviews. Thus,
several interviews were conducted with developers and contractors, urban planners and
researchers, engineers, and members of the local authority including the Office of the
Governor of Aswan, the development of Lake Nasser, and representatives of the Ministry
of Housing.

Concerning the topographic criterion, levels are regarded as a limitation that influences
urban development. Urban areas are typically established in regions with lower elevations,
away from severe mountainous terrain that is challenging to reach or supply services [12].
The categories that are deemed most appropriate are those that are least hazardous, falling
within the eighth and ninth categories, with an elevation of less than 205 m above sea
level. Urban areas are typically characterized by their location in flat terrain with gentle
slopes, avoiding areas with steep slopes that would make it challenging to build urban
infrastructure. The most appropriate categories are those that are deemed to be the least
hazardous, represented by a slope of less than 0.6 degrees. The slope map reveals that
locations with slopes over 20% are unsuitable for urban expansion, as confirmed by urban
planning experts [51–53].

Urban areas are commonly located away from valleys’ routes and mouths to avoid
flash floods caused by torrents and floods [54]. The least risky categories, those with a
radius of over 29.3 km around the valleys, are considered the most suitable. Geologically
coherent regions separate urban areas from fragmented and rugged areas. The categories
that are considered the most suitable are the least hazardous. The ninth and tenth categories
represent these groups. Due to their distinctive features, urban areas are typically situated
a considerable distance from dunes. The tenth category, characterized by the absence of
dunes, is considered the least harmful due to frequent movement and poor soil.

Urban areas are in isolated regions, and earthquakes play a crucial role in determining
appropriate locations for urban development [55]. When considering the possible impacts
of earthquakes, particularly those of high intensity, the most suitable classification is for
earthquakes with a magnitude below 3 degrees. In terms of fault criteria, proximity to faults
increases the likelihood of landslides, and arid areas are particularly susceptible to land-
slides compared to other forms of land cover. The studies conducted by Kanwal et al. [56],
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Ahmed [57], and Achour et al. [58] have identified the least dangerous categories for urban
development. These categories are characterized by more than 80 km of faults and the
presence of soil as a controlling constraint. The most suitable categories are Nubian stone
rocks and cohesive sandy gravel soil.

When considering the density of vegetation cover, urban areas are defined as regions
that are far away from any vegetation. The most suitable categories are those with a distance
from vegetation cover greater than 131.8 km. Naghibi et al. [59] describe groundwater as a
crucial natural resource, found in the pores and fissures of rocks and sediments below the
Earth’s surface. The tenth category, with poor aquifers and a concentration of about 70.5%
on both sides of the Nile River, represents the least sensitive and most suitable category.
The wells’ locations are a limiting factor that governs the progress of urban development.
Urban areas are defined as locations located at a considerable distance from wells. The
ninth and tenth categories, which are the least sensitive, are regarded as the ideals for urban
areas. Distances from the wells exceeding 185.3 km represent these categories.

Natural reserves act as a regulatory mechanism for urban growth by demarcating
metropolitan areas apart from these reserves. The optimal categories are those that are
located more than 246.2 km from the reserves. Surface water contamination is a limiting
factor in urban development, as metropolitan centers are typically located at a considerable
distance from sources of pollution. The categories that are deemed most appropriate are
those that are least susceptible since their distance from surface water exceeds 97.1 km.
Tan et al. [60] acknowledge arable land as a significant component influencing sustainable
urban, social, and economic development. Arable land is a limiting factor in urban devel-
opment, as metropolitan centers are typically located at a considerable distance from areas
suitable for cultivation. The most appropriate categories are those located at a distance
greater than 191.6 km from arable land. Urban areas are designated close to industrial
growth zones as a contributing element. The most appropriate categories are determined
based on their proximity to industrial growth regions, with a maximum distance of 34.6 km.

According to Kanwal et al. [56], the road network criterion regards road networks as a
fundamental aspect of land use and a benchmark in urban development. Infrastructure
plays a role in improving accessibility and connectivity between neighboring cities, thereby
creating social and economic opportunities for sustainable urban expansion [61]. The
optimal categories are those in which the road network’s circumference is less than 17 km.
Railways play an important role in urban development by reducing the travel time between
cities and facilitating the integration of urban regions [62]. To optimize transportation
efficiency, urban areas are strategically placed close to train lines. Typically, the ninth and
tenth categories, within a radius of 58.3 km from the railway, are the optimal locations.
Mining areas undeniably contribute to urban development by facilitating the identification
of new urban areas. Proximity to mining locations is a contributing factor. The ninth and
tenth categories are the most appropriate options, given that the distance from the mining
regions is within a radius of 16.8 km. The reclassification process was executed using the
Arc GIS software 10.8.1, with the results shown in Table 2.

Table 2. Classification categories of criteria influencing the spatial suitability index for sustainable
urban development in the Aswan Governorate.

Criteria Categories Category Value

Levels (meter)
80–159 10

464–594 1

Slope (degree)
0–0.3 10

4.5–6.9 1

Valleys (kilometers)
0–1.7 1

47.6–36.4 10
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Table 2. Cont.

Criteria Categories Category Value

Geological formations
Circulating and mutant 1

Modern Nile configurations 10

Sand dunes
Sand dunes 1

Other configurations 10

Earthquakes (degree)
3 degrees 10

6 degrees 1

Faults (km)
0–10 1

90–100 10

Soil
Rocky soil 1

Nubian stone plains 10

Urban areas (km)
0–19.3 10

173.6–192.9 1

Major cities (km)
0–20 10

179.7–199.7 1

Roads (km)
0–8.5 10

76.6–85.1 1

Railway (km)
0–29.2 10

262.4–291.7 1

Water bodies (km)
0–10.8 10

97.1–107.9 1

Agricultural development areas (km)
0–10.8 10

97.1–108.1 1

Industrial development areas (km)
0–17.3 10

155.7–173 1

Tourist areas (km)
0–8.9 10

80.4–89.4 1

Mining areas (km)
0–8.4 10

75.4–83.8 1

Safari routes (km)
0–16.7 10

150.6–167.4 1

Vegetation (km)
0–16.5 1

148.3–164.8 10

Underground wells (km)
0–23.2 1

208.5–231.7 10

Groundwater
Simple water-bearing layers 10

Highly water-bearing layers 1

Nature reserves (km)
0–30.8 1

277–307.8 10

Surface water (km)
0–10.8 1

97.1–107.9 10

Arable land (km)
0–23.9 1

215.6–239.6 10
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2.3.3. Distribution of Relative Weights to Criteria

One important part of this analysis is figuring out how to weight the study’s criteria.
There are several ways to do this, such as the AHP method [63], the entropy method [64],
the analytic network process [65], and the Delphi method [66]. The analytic hierarchy
process (AHP) is the most popular and widely used method for making decisions around
the world. It is a structured way to derive weighted factors that break down decision-
making into a few easy steps and even compare methods for evaluating the site’s spatial
information in GIS [67–69]. Table 3 gives an example.

Table 3. The analytic hierarchy process (AHP) using the Thomas Saaty method.

Weight by Digital Measurement Interpretation by Verbal Analogy

1 Equally important

3 One criterion is more intermediate than the other

5 One criterion is more powerful than the other

7 One criterion is more important than the other

9 One criterion is extremely important

2-4-6-8 Intermediate values are used between previous
weights in digital comparison

The hierarchical analysis proceeded through successive stages of developing a matrix
of bilateral comparisons between the study criteria with values ranging from 1 to 9, as
illustrated in the previous Table 3. The diameter of each matrix must be accurate as it
represents the criteria. The values above the diameter correspond to the inverse values
below it. Once the digital trade-off is complete, we collect the columns, divide each
value by the total, and then collect rows in the matrix of comparisons to determine the
relative weight.

Phase I: Setting preference values between criteria according to Thomas’ table
The analytic hierarchy process (AHP) bases its preferences on even comparisons,

which evaluate each element against all other elements at a specific hierarchical level. The
element in question is a specific object, such as a decision variable or evaluation criterion,
and the benchmark for comparisons is a higher element in the hierarchy analysis.[

aij
]
, where i, j = 1, 2, . . . ..n, (1)

aij = 1 f or i = j, (2)

aij =
1
aji

f or i ̸= j. (3)

This preference matrix has the above features because it compares all elements at a
certain hierarchical level in relation to a specific phenomenon (trait, criteria). Equation (1)
indicates that we are working with a matrix consisting of n elements, with n representing
the total number of elements compared. Equation (2) is an expression of the preference
principle, which states that two elements are identical when compared to each other and
not different. Number 1 expresses no difference in preferences; therefore, all element values
on the matrix’s diameter equal 1, placing the preference value in the subsequent matrix
(Tables 4–6).
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Table 4. Preference values between risk index criteria using the AHP.

Service Levels Slope Valleys Geological
Formations Soil Faults Sand

Dunes Earthquakes

Levels 1 2 2 3 3 4 5 6

Slope 0.5 1 1 2 2 3 4 5

Valleys 0.5 1 1 2 2 3 4 5

Geological
formations 0.33 0.5 0.5 1 1 2 3 4

Soil 0.33 0.5 0.5 1 1 2 3 4

Faults 0.25 0.33 0.33 0.5 0.5 1 2 3

Sand dunes 0.2 0.25 0.25 0.33 0.33 0.5 1 2

Earthquakes 0.17 0.2 0.2 0.25 0.25 0.33 0.5 1

Total 3.28 5.78 5.78 10.08 10.08 15.83 22.5 30

Table 5. Preference values between environmental sensitivity index criteria using the AHP.

Service Vegetation Underground Wells Groundwater Nature Reserves Surface Water Arable Land

Vegetation 1 2 3 3 4 5

Underground Wells 0.5 1 2 2 3 4

Groundwater 0.33 0.5 1 1 2 3

Nature Reserves 0.33 0.5 1 1 2 3

Surface Water 0.25 0.33 0.5 0.5 1 2

Arable Land 0.2 0.25 0.33 0.33 0.5 1

Total 2.61 4.58 7.83 7.83 12.5 18

Table 6. Preference values between economic resources index criteria using the AHP.

Services Urban
Areas

Major
Cities Road Railway Water

Bodies
Agric Dev.

Areas
Industry

Dev. Areas
Tourist
Areas

Mining
Areas

Safari
Routes

Urban areas 1 1 2 3 4 5 5 6 7 8

Major cities 1 1 2 3 4 5 5 6 7 8

Road 0.5 0.5 1 2 3 4 4 5 6 7

Railway 0.33 0.33 0.5 1 2 3 3 4 5 6

Water
bodies 0.25 0.25 0.33 0.5 1 2 2 3 4 5

Agric dev.
areas 0.2 0.2 0.25 0.33 0.5 1 1 2 3 4

Industry
dev. areas 0.2 0.2 0.25 0.33 0.5 1 1 2 3 4

Tourist
areas 0.17 0.17 0.2 0.25 0.33 0.5 0.5 1 2 3

Mining
areas 0.14 0.14 0.17 0.2 0.25 0.33 0.33 0.5 1 2

Safari
routes 0.13 0.13 0.14 0.17 0.2 0.25 0.25 0.33 0.5 1

Total 3.92 3.92 6.84 10.78 15.78 22.08 22.08 29.83 38.5 48



Land 2024, 13, 986 12 of 37

Phase II: Percentage of preference values for all criteria according to the total columns

a. Percentage of preference values

The percentage of preference value shall be between two criteria, one row and one
column of the equation:

ajk =
ajk

∑m
1=I aIk

(4)

where ajk: percentage of preference value between two criteria, one row and one column,
ajk: value of the preference between two criteria, one row and one column, and ∑m

1=I aIk:
total of the column criterion. The percentages of all criteria calculated are recorded in the
following Tables 7–9.

Table 7. Percentage of preference values for risk index criteria using the AHP.

Services Levels Slope Valleys Geological
Formations Soil Faults Sand Dunes Earthquakes

Levels 0.3 0.35 0.35 0.3 0.3 0.25 0.22 0.2

Slope 0.15 0.17 0.17 0.2 0.2 0.19 0.18 0.17

Valleys 0.15 0.17 0.17 0.2 0.2 0.19 0.18 0.17

Geological
formation 0.1 0.09 0.09 0.1 0.1 0.13 0.13 0.13

Soil 0.1 0.09 0.09 0.1 0.1 0.13 0.13 0.13

Faults 0.08 0.06 0.06 0.05 0.05 0.06 0.09 0.1

Sand dunes 0.06 0.04 0.04 0.03 0.03 0.03 0.04 0.07

Earthquakes 0.05 0.03 0.03 0.02 0.02 0.02 0.02 0.03

Total 1 1 1 1 1 1 1 1

Table 8. Percentage of preference values for environmental sensitivity index criteria using the AHP.

Service Vegetation Underground
Wells Groundwater Nature Reserves Surface Water Arable Land

Vegetation 0.38 0.44 0.38 0.38 0.32 0.28

Underground Wells 0.19 0.22 0.26 0.26 0.24 0.22

Groundwater 0.13 0.11 0.13 0.13 0.16 0.17

Nature Reserves 0.13 0.11 0.13 0.13 0.16 0.17

Surface Water 0.1 0.07 0.06 0.06 0.08 0.11

Arable Land 0.08 0.05 0.04 0.04 0.04 0.06

Total 1 1 1 1 1 1

Table 9. Percentage of preference values for economic resources index criteria using the AHP.

Services Urban
Areas Cities Road Railway Water

Bodies
Agric
Dev.

Industry
Dev.

Tourist
Areas

Mining
Areas

Safari
Routes

Urban areas 0.255 0.25 0.292 0.278 0.253 0.226 0.226 0.201 0.182 0.167

Major cities 0.255 0.25 0.292 0.278 0.253 0.226 0.226 0.201 0.182 0.167

Road 0.128 0.12 0.146 0.186 0.19 0.181 0.181 0.168 0.156 0.146

Railway 0.084 0.08 0.073 0.093 0.127 0.136 0.136 0.134 0.13 0.125
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Table 9. Cont.

Services Urban
Areas Cities Road Railway Water

Bodies
Agric
Dev.

Industry
Dev.

Tourist
Areas

Mining
Areas

Safari
Routes

Water bodies 0.064 0.06 0.048 0.046 0.063 0.091 0.091 0.101 0.104 0.104

Agric dev.
areas 0.051 0.05 0.034 0.031 0.032 0.045 0.045 0.067 0.087 0.083

Industry dev.
areas 0.051 0.05 0.034 0.031 0.032 0.045 0.045 0.067 0.087 0.083

Tourist
areas 0.043 0.04 0.029 0.023 0.021 0.023 0.023 0.034 0.052 0.063

Mining
areas 0.036 0.03 0.025 0.019 0.016 0.015 0.015 0.017 0.026 0.042

Safari routes 0.033 0.03 0.02 0.016 0.013 0.011 0.011 0.011 0.013 0.021

Total 1 1 1 1 1 1 1 1 1 1

b. Relative weight values

We determined the relative weight value of each criterion of the rows of the following
equation [70]:

wj =
∑m

1=I ajl

m
(5)

where wj: relative weight value for grade criterion, ∑m
1=I ajl : total percentage of preference

for a class criterion, and m: final value of the total ∑m
1=I ajl for all rows, The weight values

of all criteria calculated are recorded in the following Tables 10–12.

Table 10. Risk index weight ratios using the AHP.

Services Total Grade Relative Weight

Levels 2.27 0.28

Slope 1.43 0.18

Valleys 1.43 0.18

Geological Formations 0.87 0.11

Soil 0.87 0.11

Faults 0.55 0.07

Sand Dunes 0.34 0.04

Earthquakes 0.22 0.03

Total 7.98 1

Table 11. Environmental sensitivity index weight ratios using the AHP.

Service Total Grade Relative Weight

Vegetation 2.18 0.36

Underground Wells 1.39 0.23

Groundwater 0.83 0.14

Nature Reserves 0.83 0.14

Surface Water 0.48 0.08

Arable Land 0.31 0.05

Total 6.02 1
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Table 12. Economic resources index weight ratios using the AHP.

Service Total Grade Relative Weight

Urban areas 2.335 0.233

Major cities 2.335 0.233

Road 1.61 0.161

Railway 1.122 0.112

Water bodies 0.776 0.078

Agric dev. areas 0.52 0.052

Industry dev. areas 0.52 0.052

Tourist areas 0.354 0.035

Mining areas 0.247 0.025

Safari routes 0.182 0.018

Total 10.001 1

Phase III: Consistency Verification
First, the stability index is calculated from the following equation [71]:

CI =
yMax − n

n − 1
(6)

where LMax is the underlying root of the average binary comparison matrix, n is the number
of benchmarks, the constant index of risk index benchmarks is 0.04, the environmental
sensitivity criterion is 0.02, and the economic criterion is 0.04. The closer the output is to
zero, the more confidence there is of the constant index, and the further it is away from
zero, the more contradiction there is of the index.

Second, we calculate the ratio of consistency mathematically:

CI
R

= StabilityRatio (7)

where R is a random constant indicator by the number of criteria, which has to be valued
from the following Table 13.

Table 13. Random stability index values.

N 1 2 3 4 5 6 7 8 9 10

R 0 0 0.52 0.89 1.11 1.25 1.3 1.4 1.45 1.49

The random stabilization index value of the risk index criteria was around 1.4 since
the number of criteria was 8. Therefore, the stabilization ratio equaled 0.03, which was
equivalent to 3% or 0.04/1.4. For the ESI criteria, which totaled 6 and had a constant ratio
of 0.02, it was approximately 1.25. Similarly, for the ERI criteria, which totaled 10 and had a
constant ratio of 0.03, it was approximately 1.49. The constant ratio must fall within the
range of 0.1 to 10%, and any deviation beyond this indicates a contradiction.

2.3.4. Spatial Suitability Model and Model Builder

Following the completion of processing and preparing the variables in the necessary
formulas, the layers of variables were gathered (algebraic addition for maps) and multiplied
by their weight using a raster calculator in the ArcGIS program environment, with us
implementing the weighted matching method. The calculation consists of (a) multiplying
the normalized values of each criterion layer (raster maps) by their respective weights;
(b) summing the resulting values of raster pixels; and (c) rounding the obtained values to
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have only integer ones. A new layer was created, known as the suitability model, which
identifies the optimal locations for establishing new urban areas in Aswan City. The final
stage entails creating a model builder within the ArcGIS environment. The model builder
is used in the ArcGIS geographic information system environment to create, modify, and
manage tool models [12,13,42].

Tool models are thought of as a logical sequence of a set of tools that enable specific
processing to create a model. The Arc Catalog program was used to create a model
builder for multicriteria analysis, which aimed to identify the most suitable areas for
urban development in Aswan City. The Euclidian distance was added to generate maps of
proximity and distance from various standards and slopes, to create a map of the Earth’s
surface inclinations. The extract-by-mask method was used to extract distance maps from
the borders of the study area. The reclassify method was used to reclassify the distance
maps and identify the spatial suitability categories for each criterion. Afterwards, the Raster
Calculator was utilized to gather maps of the spatial suitability categories for all criteria,
considering the weights assigned to each criterion. Then these maps were connected to
the model builder using the existing Connect feature, and the model builder was executed
using Run.

3. Results
3.1. Analysis of the Spatial Suitability Index Map for Sustainable Urban Development in the
Aswan Governorate
3.1.1. Spatial Suitability of Risk Index Criteria

From the analysis of spatial suitability maps for risk indicator criteria, Table 14 and
Figures 4–7 were produced, which were used to determine the spatial suitability index for
sustainable urban development in the Aswan Governorate; this indicator contains eight
risk sub-indicators: levels, slope, valleys, geological formations, soil, faults, sand dunes,
and earthquakes.

Table 14. Spatial suitability of risk index criteria.

Criteria
Low-Fit Areas High-Fit Areas

Category Area (km2) % Category Area (km2) %

1 Levels <411 m 4624.6 7.4 >205 m 19,248.2 30.8

2 Slope <3.3◦ 437.5 0.7 >0.6◦ 40,058.8 64.1

3 Valleys >3.7 km 39,058.9 62.5 <29.3 km 687.4 1.1

4 Geological
Formations

Al-Qaida
Rocks—The Rocks 6061.9 9.7 Modern

Nile—Sandstone 42,871.1 68.6

5 Soil Rock—Shelves 5811.9 9.3 Nubian
Stone—Gravel Sand 38,808.9 62.1

6 Faults >20 km 34,246.9 54.8 <80 km 1874.8 3

7 Sand Dunes Dunes 17,998.4 28.8 Without dunes 44,495.9 71.2

8 Earthquakes <6 degrees 437.5 0.7 >3 degrees 2624.8 4.2

In terms of the spatial suitability of the levels, the most suitable categories are the least
hazardous, namely, categories VIII and IX, where the level is less than 205 m above sea
level. Concentrated on both sides of the Nile River, these occupy approximately 30.8% of
the governorate area. The most suitable categories for the slopes are the least hazardous,
which are categories VIII and IX, where the slope is less than 0.6 degrees. Concentrated on
the west side of the Nile River, these occupy approximately 64.1% of the governorate area.
Regarding the spatial suitability of valleys, categories IX and X are the least hazardous,
with a distance around the valleys exceeding 29.3 km. Concentrated on the west side of the
river, these valleys occupy approximately 1.1% of the provincial area. In terms of geological
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formations’ spatial suitability, the most suitable categories are the least hazardous. The
New Nile and sandstone, comprising categories IX and X, occupy approximately 68.6%
of the governorate area. The most suitable category for sand dunes is the least hazardous,
that is, the tenth class, which is free of sand dunes. In terms of the spatial suitability of
earthquakes, the highest category is the least hazardous, which is the tenth category, with
an earthquake of fewer than 3 degrees. The representation of this category is concentrated
in the southern districts, with an area of around 4.2% of the governorate area, according to
Figures 4–6.
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Figure 6. An imbalance between fisheries wealth and natural challenges in Lake Nasser: (a) fish in
Lake Nasser, (b) crocodiles in Lake Nasser.
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As for the spatial suitability of faults, the most suitable categories are the least haz-
ardous, which are categories IX and X, where the distance from cracks exceeds 80 km.
These categories are concentrated on the west side of the river and have an area of around
3% of the governorate area. The highest soil categories are the lowest risk categories,
namely categories IX and X, where Nubian stone rocks and coherent gravel sand soil are
concentrated along the Nile River and represent around 62.1% of the governorate area.

3.1.2. Spatial Suitability of Environmental Sensitivity Index Criteria

The environmental sensitivity index criteria (Table 15) and Figures 7–9 were used
to find the best places for urban development in the Aswan Governorate. This indicator
is made up of six sub-indicators of environmental sensitivity: the amount of vegetation,
underground wells, groundwater, natural reserves, surface water, and arable lands.

Table 15. Spatial suitability of environmental sensitivity index criteria.

Criteria
Low-Fit Areas High-Fit Areas

Category Area km2 % Category Area km2 %

1 Vegetation >32.9 km 24,435.3 39.1 <131.8 km 1499.9 2.4

2 Underground Wells >46.3 km 23,747.8 38 <185.3 km 4124.6 6.6

3 Groundwater Rich aquifers 1999.8 3.2 Poor aquifers 44,058.5 70.5

4 Nature Reserves >61.1 km 17,873.4 28.6 <246.2 km 5062 8.1

5 Surface Water >21.6 km 25,560.2 40.6 <97.1 km 749.9 1.2

6 Arable Land >47.9 km 27,342.5 43.8 <191.6 km 2687.3 4.3

The most suitable categories for vegetation are the least sensitive, categories IX and
X, where the distance from vegetation exceeds 131.8 km. The concentration occurs in
southeastern destinations, occupying approximately 2.4% of the governorate’s total area.
In terms of the spatial suitability of groundwater, the tenth category exhibits the least
sensitivity, with poor aquifers concentrated on both sides of the Nile River, encompassing
an area of approximately 70.5% of the governorate. The most suitable categories for
underground wells are the least sensitive, categories IX and X, where the distance from
wells exceeds 185.3 km. Concentrated in the north, these categories occupy approximately
6.6% of the governorate area. When it comes to the spatial suitability of natural reserves,
the least sensitive categories—categories IX and X—are the most suitable, with a distance
from the reserves exceeding 246.2 km. These occupy approximately 8.1% of the governorate
area, concentrated in the south of Lake Nasser (Figures 8–10).

As for the spatial suitability of surface water, the most suitable categories are the least
sensitive, the ninth and tenth categories, where the distance from surface water is more
than 97.1 km. These are concentrated in the southeast and have an area of around 1.2% of
the governorate area. Concerning the spatial suitability of arable lands, the most suitable
categories are the least sensitive, categories IX and X, where the distance from arable lands
exceeds 191.6 km. Concentrated on the northern sides of the Nile River, these occupy
approximately 4.3% of the governorate area.
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Figure 9. Environmental sensitivity: (a) natural appearance of the Nile River, Lake Nasser, and
urbanization, (b) natural appearance of the Nile River and Western Desert.



Land 2024, 13, 986 21 of 37

3.1.3. Spatial Suitability of Economic Resource Indicator Criteria

From the analysis of spatial suitability maps carried out to identify the criteria of the
economic resources index (Table 16 and Figures 10–15), which were used to identify the best
areas for urban development in the Aswan Governorate, we determined that this indicator
contains 10 sub-indicators of economic resources: urban areas, major cities, roads, railways,
water bodies, agricultural development areas, industrial development areas, mining areas,
tourist areas, and safari routes.

Table 16. Spatial suitability of economic resources index criteria.

Criteria
Low-Fit Areas High-Fit Areas

Category Area (km2) % Category Area (km2) %

1 Urban areas <154.3 km 1374.9 2.2 >38.6 km 24,935.2 39.9

2 Major cities <159.7 km 2624.8 4.2 >39.9 km 20,998.1 33.6

3 Road <68.1 km 749.9 1.2 >17 km 35,934.2 57.5

4 Railway <233 km 2562.3 4.1 >58.3 km 22,122.9 35.4

5 Water bodies <79.1 km 749.9 1.2 >21.6 km 25,560.2 40.9

6 Agric. dev. areas <36.4 km 749.9 1.2 >21.6 km 37,871.5 60.6

7 Industry dev. areas <138.4 km 1812.3 2.9 >34.6 km 33,184.5 53.1

8 Tourist areas <71.4 km 874.9 1.4 >17.9 km 22,560.4 36.1

9 Mining areas <67 km 1812.3 2.9 >16.8 km 18,185.8 29.1

10 Safari routes <133.9 km 1437.4 2.3 >33.5 km 39,183.9 62.7

The high spatial suitability of urban areas is concentrated in the north of the gov-
ernorate around the river and scattered in the southwest, with an area of around 39.9%
of the governorate’s area, while the low suitability of urban areas is concentrated in the
southeast, with an area of around 2.2% of the governorate area. The spatial suitability of
high-agricultural-development areas is concentrated along the Nile River zones, with an
area of around 60.6% of the governorate, while low-convenience categories are concentrated
in the agricultural areas of the southeast.
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Figure 10. Some of the most important mineral resources in the desert of the Aswan Governorate:
(a) sand quarries, (b) stone quarries, (c) granite quarries, (d) phosphate quarries.
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Figure 11. Economic resources index criteria Part I include (A) agricultural development areas,
(B) urban areas, (C) roads, and (D) industrial development areas.

The center and north contain the most suitable spatial categories for industrial de-
velopment areas. High-spatial-suitability categories of road networks are concentrated in
the center and north on both sides of the Nile River. With an area of around 57.5% of the
district area, the same concentration applies to the high spatial suitability of major cities
and tourist areas, mining areas, water bodies, railways, and safari routes.
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Figure 12. Some of the tourism development in the Aswan Governorate: (a) Abu Simbel temple,
(b) Philae temple, (c) Gharb Seheyl village.
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Figure 13. Some of the state’s efforts in urban and agricultural development in the Aswan Gover-
norate: (a) the project of reclamation and cultivation of 485,000 acres in Toshka; (b,c) the main canal
of the project.
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Figure 14. Economic resources index criteria Part II include (A) tourist areas, (B) cities, (C) water
bodies, and (D) mining areas.
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Figure 15. Economic resources index criteria Part III include (A) safari routes and (B) railway.

3.2. Analysis of the Spatial Suitability Index Map for Sustainable Urban Development in the
Aswan Governorate
3.2.1. Results of the Analysis of the Risk Index Map in the Aswan Governorate

The results of the analysis of the risk index map in the Aswan Governorate (Figure 16
and Table 17) revealed that there are three categories of relevance, as follows:



Land 2024, 13, 986 26 of 37Land 2024, 13, x FOR PEER REVIEW  30  of  43 
 

 

Figure 16. Indicators of risk, environmental sensitivity, and economic resources for sustainable ur-

ban development of the Aswan Governorate. 

Table 17. Relative degrees of suitability of the risk indexes of the Aswan Governorate in 2022. 

Figure 16. Indicators of risk, environmental sensitivity, and economic resources for sustainable urban
development of the Aswan Governorate.
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Table 17. Relative degrees of suitability of the risk indexes of the Aswan Governorate in 2022.

Risk Index Proportion of Suitability Area (km2) %

1 Low Less than 53% 15,596.3 25.6

2 Medium 53–65% 27,780.9 45.6

3 High More than 65% 17,545.8 28.8

Total 60,923 100

Low-risk areas, with a risk of less than 53%, comprise approximately 25.6% of the
Aswan Governorate’s total land area. These areas are concentrated north of Aswan on
both sides of the Nile River. They are also concentrated in a scattered form along the west
side of the Nile River, followed by areas with a medium risk of between 53% and 65%,
representing around 45.6% of the total land area in the Aswan Governorate. Then, high-risk
areas, with a risk of more than 65%, make up approximately 28.8% of the total land area
in the Aswan Governorate. These areas are concentrated in the southeastern and western
parts of the Aswan Governorate.

3.2.2. Results of the Analysis of the Map of the Environmental Sensitivity Index in the
Aswan Governorate

The results of the analysis of the map of the environmental sensitivity index in the
Aswan Governorate (Figure 17 and Table 18) revealed that there are three categories of
relevance, as follows:
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Figure 17. Degrees of sustainable urban development of the Aswan Governorate.



Land 2024, 13, 986 28 of 37

Table 18. Relative degrees of suitability of the environmental sensitivity indexes of the Aswan Governorate.

Environmental
Sensitivity Index

Proportion of
Suitability Area (km2) %

1 Low Less than 30% 20,896.6 34.3

2 Medium 30–60% 31,192.6 51.2

3 High More than 60% 8833.8 14.5

Total 60,923 100

Areas with low sensitivity of less than 30% comprise around 34.3% of the total land area
of the Aswan Governorate, concentrated in the north and west of the Aswan Governorate,
while areas with a medium sensitivity range from 30% to 60% and comprise around 51.2%
of the total land area in the Aswan Governorate. These areas are concentrated on both
sides of the Nile River around areas of high sensitivity (more than 60%), which comprise
around 14.5% of the total land area in the Aswan Governorate, concentrated on both sides
of Nasser Lake.

3.2.3. Results of the Analysis of the Map of the Economic Resources Suitability Index in the
Aswan Governorate

The results of the analysis of the map of the economic resources suitability index in
the Aswan Governorate (Figure 16 and Table 19) revealed that there are three categories of
suitability, as follows:

Table 19. Relative degrees of suitability of the economic resources index of the Aswan Governorate.

Economic Resources
Index

Proportion of
Suitability Area (km2) %

1 Low Less than 62% 9869.5 16.2

2 Medium 62–85% 33,203.0 54.5

3 High More than 85% 17,850.4 29.3

Total 60,923 100

The area of low-suitability economic resources (less than 62%) comprises around
16.2% of the total land area of the Aswan Governorate. These areas are concentrated in
the southeastern and western parts of the Aswan Governorate, while the area of medium-
suited economic resources (62–85%) comprises around 54.5% of the total land area of the
Aswan Governorate. These areas are concentrated around high-fit areas on both sides of
the Nile River and are particularly concentrated on the western outskirts of the river, while
high-fit and convenient economic resource areas of over 85% comprise around 29.3% of the
governorate’s total land area, concentrated in the northern outskirts on both sides of the
Nile River and scattered around the city of Abu Simble in the south.

3.3. Results of the Analysis of the Final Spatial Suitability Index Map for Sustainable Urban
Development in the Aswan Governorate

The results of the final spatial suitability index map to identify areas of spatial suit-
ability for urban development in the Aswan Governorate (Figures 17 and 18 and Table 20)
revealed that there are three categories of suitability, as follows:
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Figure 18. Spatial suitability index for sustainable urban development includes the following: (A) less
than 80%/greater than 80%, (B) less than 75%/greater than 75%, (C) less than 70%/greater than 70%,
and (D) less than 65%/greater than 65% of the Aswan Governorate.

Table 20. Relative importance of the final spatial suitability index map for sustainable urban develop-
ment of the Aswan Governorate.

Sustainable Urban
Development

Proportion of
Suitability Area (km2) %

1 Low Less than 50% 19,800 32.5

2 Medium 50–70% 24,552 40.3

3 High More than 70% 16,571 27.2

Total 60,923 100



Land 2024, 13, 986 30 of 37

Areas of low spatial relevance (less than 50%) comprise around 32.5% of the total
land area of the Aswan Governorate. These areas are concentrated in the southeastern and
western parts of the governorate, while areas of medium spatial relevance (ranging from
50% to 70%) comprise around 40.3% of the total land area of the Aswan Governorate. These
areas are concentrated in the central governorates, on both sides of the Nile River and
Lake Nasser. Meanwhile, areas of high spatial relevance (more than 70%) comprise around
27.2% of the total land area of the Aswan Governorate. These areas are concentrated in
the northern districts on both sides of the Nile River and are scattered around the cities of
Tushki and Abu Simbel.

4. Discussion

Spatial planning for sustainable urban development is always associated with different
types of decision-making problems and strategies, and integrating interrelated and often
conflicting factors or criteria into decision-making is not always an easy task [32]. Assessing
spatial suitability for sustainable urban development involves a comprehensive analysis
that requires a combination of several effective long-term factors [72]. There is a growing
trend of integrating MCDM and GIS into spatial decisions related to sustainable urban
development [73]. Numerous researchers have discussed various models of sustainable
urban development in various countries [42]. Most of these studies have found that
focusing solely on economic development may lead to ignorance or negatively impact
society and the environment [32].

This study utilized GIS-based multicriteria decision-making (GIS-MCDM) approach
to create a map of sustainable urban development in the Egyptian deserts, spe-cifically
focusing on the Aswan Governorate model. GIS-MCDM is a method for evaluating mul-
tiple criteria that may conflict. The decision-making process in GIS-MCDM typically
involves four stages: problem identification, establishing decision-maker preferences,
evaluating alternatives, and identifying the most favorable options [74,75]. Including
geographic in-formation in spatial problems makes a substantial impact, and spatial options
prove to be very efficient for decision makers.

This study included twenty-four criteria that encompassed both development re-
strictions and their corresponding incentives. Specifically, the criteria focused on risk
constraints. The land surface features include topographic variations such as valleys, ge-
ological formations, and soil types. Additionally, there are faults and dunes present in
the area. The region is also prone to earthquakes and subject to environmental sensitivity
regulations. The criteria used for representation included vegetation density, ground wells,
groundwater, natural reserves, and surface water pollution. The criteria used to stimulate
economic potential included urban agglomerations, major cities, road networks, railways,
water bodies, agricultural development areas, industrial development areas, tourist areas,
mining areas, and safari tracks.

This study utilized the hierarchical analysis method (AHP) in two distinct ways within
the GIS environment. The first involved determining the weights associated with the layers
of the properties map. These weights were then combined with the layers of the properties
map using a weighted suitability model. This approach is particularly useful for problems
with many alternatives, where binary comparison is not feasible. The second way AHP
was used was to aggregate the priorities at all levels of the hierarchical structure, including
the level representing the alternatives. In this case, there were a relatively small number of
alternatives that could be evaluated.

The map of sustainable urban development in the Aswan Governorate reveals a
significant level of environmental sensitivity and fragility in the study area. The ecosystem
is highly susceptible to change, and several environmental factors pose challenges to
future urban development. These findings align with previous studies conducted by
Jaafar and Can [32] and Jaroslav et al. [35]. The state’s failure to effectively utilize the
resources in the Aswan Governorate, along with the lack of a coherent development
strategy, has led to an uneven distribution of the population. This observation aligns
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with findings from other studies, such as the research conducted by Jaafar and Can [32].
In Mehul et al.’s study [33], it was found that over 99% of the population in the Aswan
Governorate is concentrated in the Old Valley, which covers an area of 1300 km2. This
area represents only 2.8% of the entire area of the governorate. In contrast, only 1% of the
population resides in Lake Nasser, which covers 97.2% of the governorate’s area. The Old
Valley encompasses around 97.6% of the 271,057-acre urban centers, whereas Lake Nasser
comprises around 2.4% of the urban centers in the governorate. The significant population
and urban size in the Old Valley area are associated with most of the agricultural land.
Lake Nasser accounts for only 10% of the total agricultural land, while the remaining 90%,
equivalent to 280,000 acres, is represented by other areas.

By analyzing three development indicators—risk, environmental sensitivity, and
economic resources—it was determined that there are three categories of spatial suitability
for sustainable urban development, with between 50 and 70% suitability the greatest. The
first category represents areas with very high suitability, exceeding 70%. This category
covers approximately 27.2% of the Aswan Governorate and is concentrated in the northern
regions on both sides of the Nile River, as well as scattered around the cities of Toshka
and Abu Simbel. The second category, with a suitability ranging between 50% and 70%,
is mainly located in the central regions on both sides of the Nile River and Lake Nasser,
covering about 40.3% of the governorate. The third category comprises areas with low
suitability for sustainable urban development, accounting for approximately 32.5% of the
governorate. These areas, concentrated in the southeastern and western regions, have a
suitability level below 50%. It is recommended that areas with a suitability percentage of
70% or higher be prioritized for sustainable urban development in the Aswan Governorate.

Egypt is facing the inevitable need to develop its desert areas, particularly in the
Aswan Governorate. This is because only 19.15% of the governorate’s total area is suitable
for human habitation, while more than 80% is comprised of desert regions. A study has
shown that there are various natural and human hazards in the Aswan Governorate,
rendering the land unsuitable for urban development. This indicates that the region is not
yet prepared for significant advancements in various aspects of development.

One significant drawback of GIS-based multicriteria decision-making (GIS-MCDM) is the
need for achieving equilibrium among social, economic, and environmental development [35].
However, accomplishing all the goals of GIS-based multicriteria decision-making (GIS-
MCDM) is a challenging problem due to the persistent lack of resources, which are insuffi-
cient to support all analytic operations [34]. Furthermore, when com-pared to commonly
used methods like FUZZY, TOPSIS, MIVES, and COPRAS, there is no compelling rationale
for selecting the AHP method. This is due to its lack of consideration of problem char-
acteristics, such as differing weighting opinions, the choice between com-pensation and
non-compensation for criteria, and overall rationale. All GIS-MCDM methods al-low for
the development of assessments that consider various dimensions of sustainability and
intersect differently based on decision makers’ preferences. Most methods also allow for
the use of different units of measurement across standards, making it easier to quantita-
tively measure different aspects. However, the analytic hierarchy process (AHP) method
is the most widely used method for multi-standard decision-making, as demonstrated by
previous studies [27,28] referenced in this study.

Stakeholder participation is rarely observed during all stages of the evaluation. In-
stead, it is typically limited to the stages involving the determination of weights. To achieve
more accurate and reliable results in this study, a standard strategy was employed, which in-
cluded expert opinions, statistical data, and field surveys. The criteria were classified based
on a combination of literary studies and expert evaluations, which were gathered through
interviews. Hence, numerous interviews were carried out with real estate developers,
contractors, urban planning professionals, researchers, engineers, and officials from various
organizations like the Aswan Governorate General Office, Lake Nasser Development, and
representatives from the Ministry of Housing.
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The absence of consistent statistical data for certain criteria resulted in the exclusion
of those criteria. Additionally, this study is limited by the unavailability of spatial data
layers for factors such as the communication network, sewage network, and official land
and housing prices. However, these factors were not of significant importance in this
study as we employed a desert development model that prioritizes environmental and
natural standards.

Another constraint of multicriteria GIS methods is the need to reconcile the varying
scale levels of the standards employed, which can impact the outcomes and information
management processes at different levels. This issue has been addressed in the GIS envi-
ronment through the utilization of classification routines to standardize maps by balancing
and comparing processes. This involves reclassifying the values of influential variables,
thereby replacing them. The input layer cells have been assigned new values that align
with the analysis procedures. For each distance map and criterion, ten categories have been
identified. These categories are ranked from 1 to 10, with the highest suitability value (10)
assigned to the category closest to the standard distance, and the lowest spatial suitability
value assigned to the category farthest from the criterion.

This study is the first to use the hierarchical analysis (AHP) method to identify the
important weights of indicators in GIS-based multicriteria decision-making (GIS-MCDM)
for urban development in the Egyptian deserts. The study focuses on three specific in-
dicators and highlights the advantages of the approach. The implementation described
by Hafezalkotob, et al. [76] and Rahimi et al. [74] is quick and straightforward. It offers a
user-friendly environment for comprehending intricate matters. This tool can be utilized
by officials and authorities in developing nations to minimize both time and expenses [77].
Additionally, it can manage and establish connections between vast quantities of intricate
geographic data [78]. Boggia et al. conducted a study that demonstrated the effectiveness
of using applied analytic hierarchy process (AHP) methodologies for weighing criteria and
prioritizing options [79]. This approach is widely recognized and utilized in several fields.
This methodology is valuable for examining issues that possess spatial characteristics
and can assist planners and decision makers in making intricate decisions [80], as well as
facilitating the implementation of AHP methodologies. When conducting site selection
studies, it is important to evaluate the significance of each factor and incorporate subjective
judgments into the decision-making process [74]. This strategy can also benefit from expert
input [81].

The key aspect of this study is its comprehensive approach to mapping sustainable
urban development. Unlike previous studies that have focused on specific criteria, this
study has utilized a GIS-based multicriteria decision-making (GIS-MCDM) approach to
incorporate a wide range of criteria for guiding urban development. Notably, there is no
existing study in the Arab Library that has integrated three crucial indicators the risk in-
dex, the environmental sensitivity index, and the economic resources index—in assessing
the spatial suitability of sustainable urban development. The utilization of multicriteria
decision-making inside a GIS framework has enhanced the efficiency and precision of the
outcomes while facilitating the integration of the results in overlay analyses. Furthermore,
the findings demonstrate the efficacy and suitability of this approach in addressing complex
spatial decision problems involving several criteria. Therefore, the methodology employed
in this research can aid in the intricate task of evaluating sustainability in regions that share
similar natural and geographical characteristics.

One additional advantage of this study on a national and planning scale is that during
the last thirty years, the Egyptian government has successfully developed over 24 newly
constructed cities, with an additional 7 cities currently being created in the Egyptian
deserts, and we assessed the suitability of the land in the Egyptian deserts for urban
development. The findings of this study may thus have a significant impact on the types of
services that cities offer to their residents. Lastly, the potential offered by the integrated
and comprehensive methodology used in this research is of great importance to political
and planning decision makers in Egypt.
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5. Conclusions

Multicriteria GIS-based spatial suitability assessment is a valuable tool for monitoring
and establishing sustainable urban development. However, one of the main limitations
of spatial suitability assessment methods for urban sustainability is their narrow focus
on a limited number of potential suitability criteria used to create maps for sustainable
urban development. In this study, it was necessary to incorporate additional sustainability
criteria, such as socio-economic factors and environmental considerations, which have
not been adequately included in previous methods. In recent years, there has been a
growing focus on spatial planning for urban development and environmental protection.
To address these concerns, we utilized a method called GIS-based multicriteria decision-
making (GIS-MCDM). The weights for the criteria were determined using the analytic
hierarchy process (AHP), which allows for preference-based decision-making.

The current study highlights the need to focus on the significance of sustainability
dimensions at a local level in Egyptian desert areas. This involves identifying indicators
for urban development and assessing urban sustainability. This study concludes that the
Aswan Governorate is particularly important due to its high environmental sensitivity
resulting from the fragile desert environment. The governorate is also susceptible to
rapid changes due to its location in a desert range. Therefore, it is crucial to consider the
ecological balance of natural and vital systems when formulating policies and plans. The
development of the desert in the Aswan Governorate is an essential requirement that cannot
be overlooked. This is because only 19.15% of the governorate’s area is inhabited, while
more than 80% is desert. However, the region is not yet prepared for development in various
aspects, given its high environmental sensitivity and fragility. The ecosystem is prone to
rapid changes, which can have significant impacts. Additionally, certain environmental
factors pose challenges to future urban development processes.

Based on these findings, this study suggests promptly creating a comprehensive map
of the various uses of state-owned lands in the Aswan Governorate. This map should
specifically identify lands suitable for urban development, as determined by this study’s
results. It is recommended that the governorate and its relevant authorities have full
control and authority over these lands, allowing them to be utilized for development and
investment following the applicable regulations. Additionally, there is a need to establish a
new urban spatial economic pattern that aligns with the development of the Lake Nasser
shores, taking into consideration the distance from the current density pattern. This
study suggests implementing the small multi-sectoral development model, which involves
shifting the focus of development from the eastern side of the Nile to the western side. This
would be achieved by connecting the western desert sector to the new road network. The
aim is to enhance the region’s capacity to accommodate significant population growth at
the national level. To achieve this, a new population distribution map at the governorate
level would be developed. Given that a spatial suitability of 70% or higher is recommended
for sustainable urban development in the Aswan Governorate, the implementation of
priority projects that support and achieve the goals of the future vision should strengthen
the functional links between targeted village complexes and proposed local urban growth
centers. These projects will restrict random extension and promote sustainable urban
development in specific areas.

This study is the first to utilize GIS-based multicriteria decision-making (GIS-MCDM)
approach in analyzing urban development in the Egyptian deserts. We conducted a com-
prehensive review of the existing literature and references to support the findings. The
results of this study have the potential to be applied in various ways, which have not been
explored previously due to the limited availability of spatiotemporal data over long histori-
cal periods. It is worth noting that the methodology, methods, and research tools used in
this study are like those employed in studies conducted outside the Arab Republic of Egypt.
However, there is a notable variation in the techniques and approaches used to generate
spatial suitability maps. Some of the approaches used in this field include frequency rates,
fuzzy logic, artificial neural networks, multicriteria analysis, hierarchy analysis, decision
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trees, and multivariate regression lines. AHP analysis enables the performance of sensitiv-
ity analyses, which can aid in the selection of choice criteria by accommodating standards
with varying scales and facilitating statistical analyses. Therefore, the method was utilized
in this study.

The methodology presented in this study offers policymakers and planners a chance to
create development plans and policies. Our approach, which utilizes multicriteria decision
rules based on AHP methods in the GIS environment, has several advantages. It provides
a model for evaluating urban sustainability and can be applied to other areas with similar
environmental and geographical conditions. Given the inclination towards amalgamation
in future studies, the CA-Markov cellular automatology model will be used in conjunction
with the GIS-based multicriteria decision-making (GIS-MCDM) and the analytical hierarchy
process (AHP) to enhance our understanding of growth dynamics in urban development
areas. This approach aims to effectively monitor and predict changes in land use, which is
crucial for sustainable urban development.
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