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Abstract The role of gateways, particularly the main
international airports, has changed dramatically, from just
being a passenger transit to an anchor and catalyst in the
metropolitan economic development system and economic
globalization competitiveness. The mutual interaction
between international airports and the metropolitan region
has resulted in the development of new urban forms and
new economic approaches such as Aerotropolis.
Aerotropolis is a new spatial economic approach defined as
the special airport economic zone. The airport plays the
role of the new urban core, metropolis, connecting all local
business centers with the global to constitute a global
metropolitan frontier (new metropolis or new international
metropolitan core city). Therefore, Aerotropolis has
become an indicator of country globalization and urban
development. The research attempts to apply the
international Aerotropolis approach in the Egyptian
environment for the Cairo International Airport (CIA) case
study in the context of the Greater Cairo Metropolitan
Region (GCR), based on the projection of the concepts,
factors, and key indicators of the Aerotropolis approach on
the case of Cairo region. The research methodology was
based on the integration of geoinformatics and statistical
techniques for the development of a spatio-economic
model for Aerotropolis region determination. The
development of the proposed model was based on the
statistical technique of the different logit model types,
k-means cluster analysis. During the model establishment,
the research used geoinformatics techniques of spatial
analysis tools, network analysis, and weighted overlay to

accomplish the research objective of Aerotropolis region
generation. The research ends up with the determination
of CIA Aerotropolis Region boundaries, identifying the
key factors responsible for shaping this Aerotropolis,
followed by recommending some policy notes to
complete the missing requirements for establishing a
proper Aerotropolis in GCR and its CIA capable to lure
more FDI (Foreign Direct Investment), particularly in
terms of the quality of employment, missing land uses,
urban activities and services, and urban fabric.

Keywords  Aerotropolis, Transportation Planning,
Airport City, Spatial Analysis, Logit Model, Metropolitan
Region, Economic Development

1. Introduction

Since the beginning of the Industrial Revolution,
economic  development characteristics have been
associated with transportation modes. The transportation
mode features generate different types and spatial forms of
regional economic development activities. Since the
industrial revolution, we can distinguish five major
economic waves associated with different transportation
modes [1].

The first wave of economic expansion, from the 16th
through the 18th century was defined by the establishment
of major commercial and industrial hubs around seaports
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which have grown in importance since it has enabled
international trade and global supply chains [2]. The
second wave, from the late 18th to the early 19th centuries,
was characterized by development along rivers and canals,
which formed the pillar of the industrial revolutions in
Europe and the United States, the development of canal
systems in the second wave was primarily to transport
heavy goods which allowed the construction of primitive
and limited inland distribution systems [1]. In the 19th
century, the third development wave was shaped by
railways transportation mode, allowing more flexible and
high-capacity inland transportation systems. The railway
mode has created significant economic and social potential
through the connection of the fringe regions and the
resource areas inside the countries, promoting rapid
commercial, industrial, and urban development outward
[2].

During the twentieth century, the fourth economic wave
was based on the highway systems, which enhanced the
accessibility inside the country and spawned an urban
development boom. The fast growth of comprehensive
road transportation networks leads to the creation of a new
major economic sector such as vehicle manufacturing, as
well as the occurrence of enormous economic prospects to
serve industrial and commercial customers with
dependable door-to-door delivery [1].

From the second half of the twentieth century to date, the
fifth wave of development was characterized by
information technology and rapid economic growth. The
airport has become the distinguished transportation mode
of this fifth wave [2]. Figure 1, shows the associated
transportation modes for the development waves and their
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spatial development forms.

Airports have become significant components of
production and projects on a worldwide scale with speed
and ease of movement and access, playing a major part in
the fundamental expansion and the urban shape [3].
International airports are widely acknowledged as vital
tools for local and regional economic growth since they
improve competitiveness at the continental and global
levels and attract international investment and job creation
in a wide range of new urban activities, the airport's
function has expanded beyond simply carrying passengers
to the establishment of the new economic region paradigm
around the airport known as Aerotropolis [4].

International investment is crucial for developing
countries to realizing the future goals of sustainable
development and economic growth. The evidence shows
that airport exploit in developing countries can generate
not only capital and revenue, but also jobs, knowledge,
technology, innovation, upgrading and especially inclusive,
sustainable and responsible growth[4].

The research attempts to introduce the fifth development
wave of airport economic zone in the developing countries
and use the airport region potentials for the development of
new country global economic poles and join the worldwide
airports’ economy network.

The aim of the research is to approve the applicability of
the of the new paradigm of airport economic zone,
Aerotropolis, in developing countries to escalate the
country’s economic level from local economic
development to regional/global economic development
and associate the country to the global worldwide
economic network.
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Figure 1. The mutual interaction between modes of transportation and development waves
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2. Literature Review

In 1939, New York commercial architect Nicholas de
Santis proposed a hypothetical airport in the city to
establish an economic growth pole by merging the airport
with the surrounding metropolis based on time
competitiveness and connection to the global economic
network. Nowadays, global entrepreneurship has shifted
the dimension of speed connectivity to the main principles
of development and competitiveness in addition to the
traditional dimensions such as efficiency, connectivity, and
mobility [4]. The significance of these principles leads to
the development of a new geo-economic development
form based on air transport networks in the twenty-first
century, similar to highways in the twentieth century,
railways in the nineteenth century, and seaports in the
eighteenth [1, 2].

Currently, airports act as regional and local exchange
hubs for the other modes of transportation. On the other
hand, the highly competitive potential in the airports’ air
transport services leads airports to propose future growth
in their extension areas or comprises regions near airports
for their growth where these services represent a great
opportunity and potential for economic development in air
transport-related industries of logistics, commercial and
large economic projects. The international airports have
attracted manufacturing, distribution, entertainment,
tourism, and other industries that require rapid access to
suppliers, consumers, customers, and remote partners
nationally and globally which in turn has led to the
expansion of international economic interaction and
cooperation as well as the growth of domestic industrial
production and connected economic networks worldwide
[3, 4].

What is the Aerotropolis Approach?

During studying and analyzing the economic
development in major airports, Professor John Kasarda
introduced the term 'Aerotropolis' to highlight the
importance of airports in the process of aviation-driven
economic development and urban growth. He explained
that large international airports become ideal centers and
economic catalysts for global production and industries.
They have been recognized as one of the essential tools
for the development of local and regional economies, as
well as a key of competitiveness of international airport
regions at the continental and global levels and their
ability to attract investments and jobs in a variety of
activities [2]. Several scholars and researchers have
defined the Aerotropolis approach as a city with a dynamic
economy, advanced infrastructure, and adjacent land uses
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related to aviation, technology, and air freight [2, 5, 6].
The Aerotropolis approach is also defined by the airport
air transport mode which has a direct impact on
investments and business in its sphere of influence which
include a group of components and factors in one
geographical area that facilitates integration processes,
increases competitiveness and productivity, improves
economic performance, and accelerates growth rate [7].
According to Baofeng Huo and Menggiu Guo, the term
Aerotropolis is a multi-transport hub, an economic
gateway for logistics, time-sensitive companies, and
technology-intensive industries [8]. Dr. John Kasarda has
argued the Aerotropolis region is one of the 21 major
drivers of urban economic growth in the cases of China
Zhengzhou airport, Amsterdam Schiphol, Paris Charles de
Gaulle, Dubai, Incheon, and Memphis [9]. John Wiley
characterized the airport region by groups of
aviation-related companies and infrastructure that facilitate
the airport access for fast delivery and receipt of goods (air
freight). Wiley debates that time has replaced land and
distance and become a critical planning criterion and
physical internet to facilitate speedy delivery and cost
optimization which are significant factors for developers,
companies, suppliers, customers, and industry sponsors on
a local, national, and global basis [10]. On the other hand,
John Roosevelt Hubbard realizes that one of the success
factors of Aerotropolis' is the number of residents and
employees who can be reached near the airport with high
economic, educational and social level who are able to
adapt the approach of evolving economic territories and
technological development, which will help in the
development progress and success of the new Aerotropolis
region approach [19].

Why the Aerotropolis approach in developing
countries?

The application of the Aerotropolis approach in
developing countries will shift the local economic
development (LED) of the countries to regional economic
development (RED) and will help change the structure of
traditional activities and professions to value-added
activities in all industries, providing job opportunities,
enhancing rates of development and urbanization [3,10].
Aerotropolis will encourage foreign direct investment and
improve the production, efficiency, and competitiveness
of developing countries. The Aerotropolis will establish
effective and trustworthy airfreight links with distant
markets and global supply chains within the global
economic networks. [8, 9, 10]. The following figure 2
shows the development functions of Aerotropolis.
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Figure 2. Aerotropolis economic development function

3. Research Objective

The aim of the research was to realize the fifth
development wave of the Aerotropolis region in
developing countries to boost the country economic level
and participate in the global economy.

The research objective is to verify the opportunity to
implement the Aerotropolis approach in developing
countries by examining the application of the Aerotropolis
region to the CIA as a case study.

To achieve the research objective in Egypt, the study
attempts to develop a model for the evaluation of the CIA
region readiness to form an Aerotropolis region and to
identify the potentials of the region to be an economic pole
for the economic globalization of Egypt.

The research recognizes the main criteria for
Aerotropolis success from the literature and proposed the
suitable analytical methods, statistical and spatial, to fit the
computational criteria in the developing countries with the
challenge of scared data availability

The study developed a proposed methodology for a
spatio-economic logit model to establish the Aerotropolis
region of the CIA. To describe the proposed methodology,
the paper is structured be as follows:

The paper starts with a review of the literature and
case studies for the Aerotropolis development and
approach and distinguishes the main factors
influencing the development of the Aerotropolis
region.

Description of the three-phase processes of the
proposed methodology and its application to the CIA
Aerotropolis region.

Analyze the proposed model
Aerotropolis on GCR.

B

results of CIA
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Modify the proposed CIA Aerotropolis region from
the three phases due to the vision of the national
development strategy of GCR as a fourth factor to
satisfy the requirement gap for Aerotropolis region
success.

Finally, conclusions and recommendations of the
research to improve the Aerotropolis region
performance of the CIA.

Cairo International Airport (CIA) case study

The literature argues that there are two pre-requests or
thresholds to form an Aerotropolis region for an airport,
the airport must be an international airport and the airport
must include air cargo terminals for international freights
[4.5.6].

If the two pre-requests have been satisfied for an airport,
the Aerotropolis region has no threshold and can be
formed. The processes to form the Aerotropolis depend
mainly on the region aerotropolis potentials current status
which might need a long-term region development
strategy or a short term towards the realization of the
Aerotropolis region.

In Egypt, the largest international airport is the capital
Cairo International Airport with the largest international
air cargo terminal. CIA satisfies the two Aerotropolis
pre-requests and the Cairo region has a high development
potential which leads the research to choose as a case
study for applying the Aerotropolis region approach.

CIA is located on northeast of the Greater metropolitan
region and has an area of approximately 37 square
kilometers. Cairo International is the second airport in
Africa after Tambo International Airport in Johannesburg,
South Africa in terms of the number of passengers and
cargo annually. Over 45 scheduled and charter airlines use
Cairo airport and 9 cargo airlines. The airport has three
runways and four terminals, it has been placed within a
global classification that suits the Egyptian state, its
geographical distribution, and its position in the world, as
well as the development of its system, to become one of
the largest air traffic centers of the Middle East and Africa,
distinguished as the safest, the easiest to use and the
luxurious in 2030 [11].

CIA has an international role of main station for the
Egyptian state's capital and its destination for all transport
and air traffic activities from and to various parts of the
world, and it collaborates with multiple governmental and
security agencies, airlines, and business sectors to achieve
integrated performance governed by a set of international
and local laws and standards, The airport contains 5-star
hotel, which contributes to increased transit tourism and
the transformation of Cairo Airport into a worldwide
transit center, a large hall for celebrations, conferences, and
events, and a business center that includes four halls
equipped for meetings of businessmen, companies, and
bodies, as well as four main restaurants, as well as many
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services and entertainment sites, green spaces, swimming
pools, and a health club, and the general site includes a
garage and a train to transport passengers between the
airport's three terminals, and the project was implemented
to serve passengers travelling by train, and there's the
major commercial village[11].

4. Research Methodology

The research attempts the application of the Aerotropolis
approach to developing countries by a proposed
spatio-economic logit model for the CIA in Egypt. To
achieve the proposed model, the research has followed
three phases, as shown in figure 3.

Phase 1:The research studied the literature review on
the Aerotropolis approach and its applications in case
studies in developed countries to highlight the main factors
and the indicators used to be assessed for the application of
Aerotropolis studies in developing countries.

Phase 2:The development of logit models for the three
factors of phase one. This phase has been conducted in
three stages as follows:

Stage 1:For each factor, the study will collect spatial
and tabular data required for the computation of the
existing values of indicators. The data gathering contains
experts in the fields of urban planning, logistics, social and
economic.

Stage 2:Spatial and statistical quantitative techniques
will be used for the computations for the selected
indicators for the CIA case study. The results of the stage
are spatial maps of the indicators for the CIA surrounding
region.

A Spatio-Economic Logit Model for Aerotropolis Region of Metropolitan Cairo International Airport, Egypt

Stage 3: the third stage is concerned with the
implementation of the logit statistical model for the using
the data gathering of expert survey and the results of stage
2 as well as the adjustment and adaptation of the indicators
threshold for the CIA Aerotropolis developing country
case study. The proposed logit model used the results of
experts’ judgment face to face questionnaire, the Egyptian
regulations, and norms, and companies’ field surveys for
logit data input. The final output of the stage is the
development of the logit model and the spatial probability
raster map for each factor indicator.

Phase 3:In this phase, the logit model outputs of phase
2 will be analyzed in two stages:

Stage 1:A spatial weighted overlay analysis will be
applied from the results of phase 2 for the indicators of
each factor. The expert’s questionnaire will be conducted
to determine statistically the average weight which will be
used for the Egyptian case study. The results of the stage
are spatial probability maps for the CIA Aerotropolis
region of the surrounding area. The spatial probability
Aerotropolis region results will be assessed to determine
the probability threshold which will realize the
Aerotropolis requirements.

Stage 2:The assessment process has used a literature
review for assessing the existence of Aerotropolis
requirement components on each region alternative. The
selected Aerotropolis region will be adapted for the
realization of the vision and the Egyptian national
development strategy of Greater Cairo and Egypt in
general. The final output for a proposed CIA Aerotropolis
region has been established.

The structure of the remaining research will discuss the
methodology’s three phases in detail.
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indicators to denote each factor during the Aerotropolis
approach implementation around the case studies airports.
In the next sections, the three main factors: accessibility,
economic land use, and socio-economic level will be
discussed.

5. Phase 1: MainFactors and
Indicators of the Aerotropolis
Region

According to the analysis of the literature review and
previous studies, the studies have cited three main factors,
figure 4, for the success of the Aerotropolis approach as
follows:

Accessibility to airport
Economic land use
Socio-economic level

Economic
Landuse

The majority of Aerotropolis application case studies
considered accessibility factors and rarely use other factors
during the application of the Aerotropolis approach in
developed countries. In the research, the proposed model
has considered the three factors together during the
application of the Aerotropolis approach for the CIA, and
the results will be assessed and adjusted by the
development vision and the national strategy of Egypt as a
fourth factor added by the research to determine the
Aerotropolis region.

Table 1 gives case studies and literature analysis for the
factors considered during their studies and the used

Socio-
economic
level

Accessibility
to Airport

Figure 4. Aerotropolis main factors

Table 1. Aerotropolis case studies analysis for considered factors and indicators

The main factors of Aerotropolis
Aerotropolis Accessibility Economic Land use Social and economic level
Case studies Factor Used Factor Used Factor Used
Considered Indicator Considered Indicator Considered Indicator
Incheon Airport [12] \% Statlc/t'heoretlca
| distance
Dichotomous
the Durban airport [3] \% Drive time \% (exist — not
exist)
The Zhengzhou Airport Static/theoretica chh_otomous
\% A \% (exist — not
Economy Zone [8] | distance .
exist
. . Dichotomous
Amsterdam Airport [1 b \% Statlc/t_heoretlca \% (exist — not
| distance :
exist
Hong Kong International Static/theoretica Soc_lal ‘jmd economic
. \% - \% indicators for
Airport [1 # | distance -
population
. . Dichotomous
Memphis Aerotropolis \% Drive time \% (exist — not
(15 exist
Social and economic
Los Anglos. airport [1 ¥ \% Drive time \% indicators for
population
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Accessibility factor

Scholars disagreed on the methods of geographic
accessibility determination for airports. There are two
techniques for determining the airport's influence sphere
(the Aerotropolis region boundary) that have been applied
in literature [1 P The first technique of fixed distance
computation from the airport core has been used by
different literature, John Kasarda uses 25-30 km in the
case study of the airport region in south Asia [2], the case
study of Incheon International Airport, the study applied
48-50 kilometers [1 B while John D. Kasarda's of
Zhengzhou Xingheng airport case study used a distance of
more than 100 km [8, 15]. The static fixed distance has
been criticized in the literature that it is not realistic [1 2
16].

The second technique used the drive time zones on
transportation networks to and from the airport along the
main roads and railroads; this method is more realistic and
dynamic. Drive time indicator expresses the interaction
between the airport and land uses (passengers and cargo)
on the roadways, with the airport's outer border
determined by the amount of time spent engaging with
aviation enterprises and entrepreneurs at the airport [1 P

Drive time indicator is vital to express the real-time
accessibility to airports where the safety of fresh and
high-tech products, goods and food industries depends
mainly on time spent moving from the air cargo area. In
the research, the proposed model adopts the drive time
indicator to express the accessibility factor ranging from
15 minutes to two hours to define the different
Aerotropolis accessibility boundaries alternatives using
Cairo transportation spatial network accompanied with the
traffic data to compute a realistic dynamic drive time zone
for Aerotropolis region determination.

447

Economic land use

According to the literature review, the Aerotropolis
region is lined up around the airport and can be defined
internally into the three zones; the airport zone, the direct
zone of the airport, and finally the indirect zone of the
airport [18].

Scholars and academics such as John Kasarda and
Tianyao Sun have agreed that by extrapolating the
literature and case studies in implementing the
Aerotropolis approach, a set of activities and economic
land uses must be established inside the Aerotropolis
region [18]. Studies have agreed that the success of
Aerotropolis region zones required that each internal zone
has a set of economic land uses. The three Aerotropolis
region zones and their components are as follows, figure 5,
6:

Hub airport Core (tier one), the immediate area of the
airport, consists of the air cargo zones, marketing zones,
free zones, airport hotels, arrival and departure halls,
aircraft maintenance center, cargo area, and cargo villages
[17].

The
Research and development centers R&D, higher education
centers, free trade zones, logistics parks, technology parks,
tourist and luxury residences, hotels, entertainment areas,
regional retail districts, administrative offices, and
business parks [18].

The airport's indirect zone (tier three): consists of
industrial regions that generate aviation-related industries
such as food industries, high-value industries, and
petrochemicals that must move swiftly, as well as export
farming and dwelling areas, and a network of major road
axes connecting the three zones and facilitating airport
access is required. Table (2) shows the three Aerotropolis
zones and the different economic land uses requirement for
each zone for passengers and goods.

air por t (tigtwa:iThe rogetincludes n e
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Table 2 Economic land use requirements for Aerotropolis region zones

Aerotropolis Region Land use for passengers Land use for goods
. Retail and boutiques - Air express and courier
Hut()zzlrré)ort Passenger and | - Restaurants (higher-end and fast-food areas) . Cold storage and cool chain
(Tier one) cargo terminal | . Leisure (spa, fitness, Gym, Cinema, theaters, etc.) . General air cargo
Culture (museums, regional art) . Aircraft maintenance, repair
. . Hotels and residential high level
Direct airport . . Office and retail complexes . Logistics and distribution
zone Airport City . i
(Tier two) Business and technology parks . Wholesale merchandise marts
Regional entertainment, Sports centers, and Clubs
Free trade zones, special
Settlement and exhibition . economic  zones  Logistics
Producer services (finance, parks and distribution centers
Auditing, consulting, etc.) : Accuracy and time-critical
Indirect airport Aerotropolis | - Corporate headquarters : Manufacturing
zone airport . Information and communication : Pharmaceuticals industries
(Tier three) Region . technology firms . High-tech electronics repair
Wellness and medical facilities . High-value agricultural and
Large mixed-use residential : food products
Developments : Medical instruments
aviation-related industries
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Socioeconomic level factor

Several literatures did not mention the social and the
economic level of the population surrounding the airport
in defining and evaluating the Aerotropolis, but Hubbard.
C stated that the characteristics of the population are the
human capital that must be dealt with first and foremost in
defining and evaluating the Aerotropolis [19]. The study
agrees with the researcher on the importance of the region
socio-economic level where human development is one of
the pillars for the economic success and the region will
not succeed through only the presence of uses and
activities. The research agrees that the airport is a
significant factor for the economic development of the
surrounding region, but with the existence of human
development force with economic and socially acceptable
level to aid in the success of the Aerotropolis approach.

Economists and social scientists believe that highly
skilled and educated employees are the driving force
behind economic progress in different economic zones
and societies. Human capital is a term commonly used by
economists to describe this pool of ability. Measuring a
society's human capital development is difficult. While
everyone agrees on the value of human capital in a
community [19].

The socio-economic level factor will be considered in
the proposed model for the success of the Aerotropolis
region. The research selected the Human Development
Index for Egypt [20] as the most suitable indicator to
express the social and economic status of the population
around the airport area.

6. Phase 2: Logit Model Development

Due to the difficulties, scarce, and low accuracy of the
data for the required aerotropolis indicators of the three
factors in developing countries, the proposed model of the
study is based on the predictive statistical analysis of logit
regression family.

The logit model analyzes the relationship between the
independent variable/variables and the logit dependent
variable [20]. The logit dependent variable, the response, is
a binary variable (true 1 /false 0) which denotes the
probability of the given value for the independent variable
to contribute in the achievement of the economic goals for
the CIA Aerotropolis region.

The logit dependent variable, the probability of
Aerotropolis  economic  goal achievements, was
determined in the study using Egyptian experts’ opinions,
field visits questionnaire, benchmarks and norms from the
Egyptian regulations, and previous statistical studies of
the different factors.

The research proposed statistical analysis approaches for
each of the three factors of the Aerotropolis region success
as follows:
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The first factor of the accessibility, the study applied the
spatial logit model using the GIS network spatial analysis
for drive time independent variable computation.

For the second factor of economic land use, the study
applied the binary logit model for the independent
variable of the economic percentage of land use in each
neighborhood of GCR.

Third Factor the socio-economic level, the study applied
the k-means cluster to identify five homogenous classes of
the neighborhood socio-economic level using six
independent human development index variables. The
classification of the neighborhoods has been done to
select random class sample during the questionnaire of the
logit model. These classes have support and facilitate the
response of the experts about the neighborhood
socio-economic level status. The statistical approach
continues with the application of the multiple logistic
models for the six human index independent variables and
the expert’s logit dependent response of experts.

The applied statistical approached for the three factors
processes will be discussed in details in the next sections.

6.1. First Factor: Accessibility to the airport

The research applied the logit model process, four stages
will be followed to obtain the raster probability for the
accessibility factor.

Stage 1 Data Gathering

Assuming that the cargo uses the highways in Egypt by
traffic laws, the research will use the GIS spatial data of
main highways and their design speed produced by the
transportation ministry 2018 as the input for drive time
computational techniques using the design speed of each
highway.

To develop the logit model, the research used the
ministry of trade and industry records, including contact
information, of 2021 and identify around 380 large
companies of different good types within the GCR.

The companies’ locations were spatially mapped within
the ARCGIS software. A grid of 10*10 km was
constructed and 15% of the companies in each cell were
randomly selected as the spatial random sample for the
drive time independent variable for the logit model.

Fifty companies were contacted by phone or/and a visit
for participation in the questionnaire and seven companies
refused to participate or failed to be contacted.

The fifty spatial random companies’ sample were of
different good types with different distances and
directions from the CIA within the Greater Cairo
metropolitan region, as shown in figure 7, and they have
participated in the field questionnaire survey for the
spatial logit model development which has been
conducted by a phone call and/or field visit.
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The survey consists of an introduction for the
objectives of the study, then survey the company is
responsible to answer the following main two questions,
and the result is shown in figure 8
Do you export your products (YES/NO)

Do the company use the CIA for the cargo
(YES/NO)
How much time for goods to achieve the airport?

B

B

B

Stage 2:Spatial Network Analysis technique

The study used ARCGIS PRO software of ESRI for
applying the network analysis technique to the
transportation network of Greater Cairo. The study starts
by spatial editing of the highway network feature class of
Greater Cairo by cutting each component into small
sectors to (junction — endpoint) [22], followed by
geometry topology, giving the design speed as impedance
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then creating a network dataset and using the service area
tool of ArcGIS PRO for the different time interval [23,
24]. The results were spatial time drive zones for 15
minutes time intervals of 15, 30, 45, 60, 75, 90, 120, and
150 minutes as shown in figure 9.

The results of the analysis for the accessibility factor
show that the surrounding neighborhoods of the airport
are Nasr City district, Heliopolis, Nozha, Al-Qubba
Gardens, Ain Shams, and Al-Matareya, which are located
15 minutes from the CIA. The second accessible
neighborhoods group to CIA are New Cairo, the 10th of
Ramadan, Al-Obour, and Downtown (Old Cairo), which
is located 30 minutes away from Cairo Airport, and also
The city of sixth of October is located 30-45 minutes. The
third neighborhoods group which is 60 minutes away
from the airport is Sadat City, the port of Ain Sukhna, and
the economic zone, which is 75 minutes away.

Ain sokna
Port

Gulf
of Suez

tarbul

city

.4

Figure 9. Analysis of accessibility factor (Drive time)
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Stage 3 Accessibility Spatial Logit model development

The research builds the spatial logit model for the accessibility factor using the drive time indicator. The spatial logit
model has developed within the SPSS using the results of data gathering survey response of using the airport to export
(YES= 1/ NO =0) as a dependent dichotomous variable and the drive time zone of the company as an independent
variable from the spatial results of network analysis.

The logit model predicts the probability P(t) of an object with a drive time (t) to use the airport (accessibility factor).
The logit model is given as follows, table 3.

Table 3. SPSS accessibility spatial logit model output

Variables in the Equation
B S.E. Wald df Sig. Exp(B)
drive_time -9.490 .073 1.967 1 .032 .000
Step 1
Constant 118 4.948 1.936 1 .045 1.125
Logit Model of to Cairo International Airport Drive time
1.2
; () WDV PSSRV SN WONS W SN SR SRV N—— S—" S -
P(t) = ! 08
' 1+e(0.118-9.49 1) =y
T o6
Significance Level 0.05 3
e 04
q
0.2
0 Driven time, min
0 20 40 60 B8O 100 120 140 160 180 200
0.2

After applying the three steps 3, the proposed logit model has been applied to the spatial raster time drive service area
map to get the final output of a spatial raster probability Aerotropolis region map for accessibility factor as shown in
figure 10.
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Figure 10. Accessibility raster probability

The research found that the new cities and communities
surrounding Cairo Airport are highly valued due to the
existence of the ring road that connects the new suburbs
and cities to the airport, in addition to the major highways
that are implemented throughout the nation. From the
analysis of the developed spatial logit model, the
threshold metrics for drive time of CIA Aerotropolis
region success in GCR for CIA Aerotropolis region was
90 minutes corresponding to an average distance of 100
km from CIA.

6.2. Scond Factor: Economic Land Use

The four stages will be repeated for the economic
land-use indicator to obtain the raster probability for the
Economic land-use factor.

Stage 1 Data Gathering

The economic land use analysis will be applied to GCR
spatial neighborhoods unit. The land uses spatial data was
based on the official institution's land use for the study
region (GCR) 2018 from the General Organization for
Physical Planning (GOPP) [25].

Stage 2 Spatial analysis technique

A spatial analysis tool of a Geographic information
system was employed as a technique in the research to
compute the economic land-use indicator of the percentage
of economic land-use area in neighborhoods. Consider the
following land use allocation around CIA: The indicator
was computed by the presence of economic land-use
parcels supporting the success of the Aerotropolis
approach such as:
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High level residential Figure 11, illustrates the distribution of economic land
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Figure 12. Analysis of economic land-use factor

Based on planning guidelines and Egyptian standards,
the analysis results of the percentage of economic land-use
indicator, required for the Aerotropolis approach,
distinguish that the distribution of economic land
use around the airport is concentrated in the south/east
south towards the new cities (New Cairo, the 10th of
Ramadan and the 6th of October, and Sheikh Zayed) with a
high economic land-use percentage, as shown in figure 12.
On the other hand, the residents are the dominant land use
for the north neighborhoods of the airport which are
unplanned areas and need development intervention to
participate in the success of the airport's Aerotropolis
system.

Stage 3 Economic land use binary Logit model
development

The binary logit model has been constructed based on
the land use budget of each neighborhood for the
independent variable computation of the percentages for
economic land uses variable. Based on service and activity
evidence reports, guidelines, and urban planning standards
in Egypt, the research settled the threshold value of 50%
for the percentage of economic land use independent
variable. The neighborhood with value of 50% and higher
for economic land use percentage has assigned a value of
(True =1) for the response dependent variable while a
response dependent value of (False =0) has assigned for
neighborhood response binary variable for less than 50%
value for economic land use percentage values.

The binary logit model SPSS output was as follows,
table 4:
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Table 4. SPSS Economic Land use binary Logit model Output

Variables in the Equation
B S.E. Wald df Sig. Exp(B)
Sten 1 Eco_Luse -1.479 1.148 1.660 1 .019 .859
tep
Constant 5.198 4.080 1.623 1 .029 633.969
1.2
2
3o
2
%o
1
P(t) =

(-0.152 +6.452t)
1+e

Significance Level 0.05 0 20 40 60 80 100 120

After applying the three stages for the economic land-use factor, the spatial raster probability Aerotropolis region
map for the economic land-use factor was created using the logit model outputs as shown in figure 13.
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Figure 13. Aerotropolis probability of economic land-use factor
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The researcher found that the new cities play a role in
determining the limits of the Aerotropolis because the
state directs investments and financial and economic hubs,
such as October City, Sheikh Zaid, and New Cairo, as
well as the planned new administrative capital.

6.3. Third Factor: Socio-Economic Levé

Finally, the three stages of the methodology will be
applied to the socio-economic level factor.

Stage 1 Data Gathering

Six indicators for socio-economic have been selected
after a literature review and the Egyptian social and
economic reports. The six indicators’ data have been
collected for 197 neighborhoods within the study area from
secondary data of the Human development index 2019 [20],
as shown in Table 5.
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Table 5. Human development index variables

7a Average per capita GDP is equivalent to purchasing power
in dollars

Zb human development indicator

Zc a higher qualification %

Zd Employees in scientific and technical professions %

Ze The number of doctors in the Ministry of Health per
10,000 people

Zf Annual population growth rate

The model starts with standardizing the variables data
which is the process of converting the variables on the
same scale to statistically analyze and compare scores
between the variables.

of Suez

A higher qualification indicator
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The third-factor of analysis highlights the presence of a
significant mixture and social mix in the settled social
strata in the surrounding CIA neighborhoods, whereas
many neighborhoods surrounding the airport are
unplanned areas that developed randomly over time and
have a low social and economic level, particularly to the
north of the airport, which has the predominant economical
housing, such as Al-Marj, Al-Matareya, and Ain Shams.
The neighborhoods south of the airport have high social
and economic levels, such as Nasr City and Masr Gedida,
new cities, as shown in figure 14 of the spatial analysis of
the socio-economic indicators.

Stage 2 K-means Cluster analysis

K-means cluster techniques are descriptive data
analyses that might be applied to multivariate data sets to

uncover the structure present in the data by grouping
similar data points in larger datasets without concern for
the specific outcome. The k-means Clustering is used to
classify data into structures to be more easily understood
and manipulated for logit model application [26].

The model used the k-means clustering statistical
method of vector quantization to classify the 197
neighborhood observations of the six indicators into the
minimum significant clusters in which each observation
belongs to the cluster with the nearest mean.

Applying the k-means cluster for the six standardized
variable scores using the Statistical Package of Social
Sciences (SPSS) package, we find that five clusters are
significant as shown in the SPSS results output shown in
table 6 and figure 15.
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Table 6. SPSS ANOVA analysis results for the k means cluster groups

A Spatio-Economic Logit Model for Aerotropolis Region of Metropolitan Cairo International Airport, Egypt

Number of Cases in each ANOVA
Cluster Cluster Error
Cluster 1 1.000 Mean Square di Mean Square df F Sig.
2 3.000] |Zscore(A) 39.882 4 184 187| 216.407 .000
3 49.000) |Zscore(B) 29.861 4 400 187 74.641 .000
4 5.000] |Zscore(E) 30.653 4 382 187 80.209 .000
5 134.000] |Zscore(H) 29.408 4 408 187 72.012 .000
Valid 192.000] |Zscore(C) 24914 4 488 187 51.003 .000
Missing 0005 Zscore(D) 18.776 4 620 187 30.296 .000
Final Cluster Centers
Variables
12.5- B Z=score(A)
| M 7=core(B)
[l Zscore(E)
W Zscore(H)
[(Z=score(C)
1007 B Z=core(D)
7.5
n
Q
2
[
= 507
2.5-
0o L S ‘1[.
T I I T I
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Cluster

Figure 15. Socio-economic clusters centers values

Stage 3 Multiple Logistic regression for Socio-Economic
Factor

The research surveys 25 academics and experts to
classify the cluster members (Socio-economic indicators).
The expert survey has been conducted for a random
neighborhood member of each cluster. The number of
random neighborhoods selected for each class was
proportional to the total number of members in each cluster
group. Experts have been asked from their social and
economic background and their previous studies of the
GCR to give their opinion (YES/NO) for each selected
neighborhood with its socio-economic characteristics have

a human development potential to support the success of
Aerotropolis.

Multiple logistic regression has been developed for the
expertise opinion (0/1) and the six standardized indicators
as the dependent variable to formulate the probability of
neighborhood to rise the success of the CIA Aerotropolis
region.

The multiple regression SPSS outputs were significant at
a level of 0.1 as shown in the table 7.

Figure 16 shows the raster probability to contribute to
the success of the Aerotropolis region, the map was
produced by the application of the multiple logistic
regression model on the neighborhood’s unit.
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We agree that social and economic factors are essential  also highlighted the extreme contrasts between the new
in determining the Aerotropolis because of considerable cities, old downtown Cairo and the areas north of the
differences in economic and social standards of living airport.
within the GCR, as shown in the previous map. The map

Table 7. SPSS results for the coefficients of the multiple logistic regression model

Variables in the Equation

B S.E. Wald df Sig. Exp(B)
Step 1* ZA 2.405 .839 8.219 1 .004 11.079
ZB 8722 2.786 9.802 1 002 6133.446
ZE -3.370 1.417 5.653 1 017 .034
ZH -1.908 742 6.610 1 .010 148
ZC 10.565 4.070 6.739 1 .009| 38736.695
ZD -2.280 1.699 1.801 1 110 102
Constant -10.061 3.232 9.691 1 .002 .000

a. Variable(s) entered on step 1: ZA, ZB, ZE, ZH, ZC, ZD.
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Phase 3: The logitmodel aralysis for Aerotropolis
factors

Stage 1 Determination of comprehensive Aerotropolis
region from the three factors

After the implementation of phase 2 and the
development of the logit model and the probability raster
maps output of each factor, the research continued by
using the raster weighted overlay technique of GIS to
produce the comprehensive Aerotropolis region of CIA.
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The stage starts with the identification of the factor’s
weight by surveying 25 academics and professionals to
determine the relative weight of the three factors. The
survey response analysis gives the average weight for
accessibility at 45 %, economic land use at 35%, and 20%
for the socio-economic level which will be used within
the spatially weighted overlay process of the three
probability maps of each factor.

The final probability raster map of the Aerotropolis
region was computed by ArcGIS Pro using the weighted
overlay tools as shown in figure 17.
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Figure 17. The Aerotropolis Probability raster map
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Stage 2:the objective of the stage is the determination of
the proposed Aerotropolis region of the CIA.

The research adopts an assessment methodology to
evaluate each cell within the GCR probability raster map
output of stage 1 to select the most suitable probability
value to determine the Aerotropolis region using the raster
spatial logical tools. The assessment methodology is
based on the minimum probability value for the success of
the cell to be included in the Aerotropolis region over
50%, each value produces a CIA Aerotropolis region
alternative which will be evaluated by the existing
minimum activities requirements for Aerotropolis success.

465

The research applied the assessment methodology five
times for probability values of 90%, 80% to 50% as
shown in table 8. Each assessment process produces a
CIA Aerotropolis region alternative, then it has been
valued for the existence of the Aerotropolis approach. The
assessment process shows that the optimum probability
value was 60% which is the minimum probability value to
realize an Aerotropolis region with the most requirements
needed for the realization of Aerotropolis approach
objectives to be achieved. Figure 18 shows the proposed
Aerotropolis region for CIA based on the proposed
spatio-economic logit model developed by the research.

Table 8. Evaluation and requirements for each zone

Aerotropolis
region - . . . . . Aerotropolis region
probability Existing Aerotropolis requirements Missing Aerotropolis requirements Success Evaluation
Values
airport terminal — cargo area - cargo villages
> 90% — distribution zone - Aircraft maintenance, _ \%
repair, and overhaul — airport hotels
Hotels — entertainment — Mega malls retail
80- 90 % -Leisure (spas, fitness, recreation, . \%
. . Lo Business and technology parks
Cinema, etc.) in new Cairo city
. . . . Information and communication
R&D n Ma}adl ar.1d Zayed C'ty_ B H!gh technology firms -Free trade zones and
education - high mixed-use Residential special
70-80% areas in new cities such as Sharok and eCoNoMic Zones - \%
Obbour, and October cities - Convention Logisti ks and
and exhibition 9g|§t|05_ parks an
distribution centers
High-tech electronics repair-
. . High-value agricultural and
60-70% Industrial areas in Food products.
6 October — 10 Ramadan — Giza .
Medical instruments- \%
Aviation related industries
50-60% _ U
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Figure 18. CIA Aerotropolis region

The GCR vision in the nationaldevelopment strategy

The research proposed a fourth factor of national
development strategy to adjust and adapt the proposed
Aerotropolis region to satisfy the Aerotropolis region
requirements. The research found that there are areas with
high economic potential outside the proposed region and
that the government strategy was relocating the mega

industrial hubs outside of the Greater Cairo border to new
cities such as Sadat, Ain Sokhna, Salhia, benisuef, and
Banha as shown in figure 19.

These mega industrials produce products with high
economic value to be exported by the CIA due to
time-consuming values as shown in table 9. These cities
have economic potential and it is expected a potential role
in the success of the Aerotropolis system of the CIA.
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Figure 19. Industrial hub’s potential for Aerotropolis region

Table 9. Cities industrial components

Regional Aerotropolis region Industrial Components and potential
Elsadat city agricultural and food products and engineering and electrical industries
Benisuef city High-tech electronics  (Samsung) - Investment areas
Ain Sokhnaa Special economic zone — free trade zone — export processing zone — Ports
Banha City Engineering and electrical industries — Investment areas
Salhia city agricultural and food products
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Figure 20. Regional Aerotropolis region for CIA

The research has developed the regional Aerotropolis
region which is adjusted to the proposed Aerotropolis
region in phase 3 by including the industrial hubs around
Greater Cairo to achieve the Egyptian development vision
as shown in figure 20.

7. ResultsDiscussion

Although most of the previous literature has relied on
one or two factors in the process of identifying the
maximum extension of the Aerotropolis region, Greater
Cairo Aerotropolis has shed the light on a successful
attempt to identity the Aerotropolis region based on the
outcomes of three factors together;  accessibility,
economic activity, and land use, and socio-economic level.
Each factor of these three factors has been weighted in
order to deduce the final Aerotropolis boundaries by
adopting an intensive interview with the key experts in
order to determine the weight of each factor due to the lack

of data availability, and a limited number of Aerotropolis
studies in developed countries.

The research findings for accessibility, the first factor,
have delineated the CIA Aerotropolis region with threshold
of 90 minutes driving within the GCR international airport.
The spatial form of the Aerotropolis region around the CIA
as the core confirmed the mono-centric urban pattern of the
Greater Cairo metropolis Aerotropolis.

The research findings of economic activity and land use,
the second factor, have affirmed the existence of a
hinterland for the GCR Aerotropolis which was easily
distinguished by the spatial pattern analysis of the
economic land use densities and distribution within one
hour drive from the airport and those of more than an hour
driving.

Moreover, the second factor findings, economic activity,
and land use have not only delineated the CIA
mono-centric urban pattern of GCR Aerotropolis but also
have outlined the following four spatial tiers based on the
existence of economic land uses within the Aerotropolis
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region of CIA:

The core of Aerotropolis (Hub airport core, tier-one)
is up to 15 minutes driving away from the airport
Transitional zone (direct airport zone, tier two) of
Aerotropolis is from a 15 to 30 minutes’ drive away
from the airport

Peripheral zone of Aerotropolis (indirect airport zone,
tier three) is from 45-60 minutes driving away from
the airport

The hinterland or fringes zone of Aerotropolis (New
regional zone, tier four) is from 60 to 90 minutes
driving away from the airport

B

Finally, for third factor findings, socio-economic level,
confirm that determining the Aerotropolis region via a
fixed range from the CIA is not effective for the Egyptian
case due to the huge mixture in the settled social strata of
the CIA surrounding neighborhoods. The research realizes
that the airport is encircled and enclosed (located in the
first /second tier of Aerotropolis) with many districts
inhabited with low social level strata, particularly those of
slums and unplanned areas occupied by low social and
economic levels which have grown randomly over time to
the north of the airport. These slum areas are predominant
with mixed use residential areas, whereas the informal
economic activities and workshops are mixed with
residential areas, such as Al-Marj, Al-Matareya, and Ain
Shams neighborhoods. Oppositely, far away from the
airport (mainly third tier), particularly neighborhoods
south of the airport, are characterized by high
socio-economic levels such as Nasr City and New Cairo
and which are one of the requirements for the Aerotropolis
development success. This, in turn, is stated that the spatial
form airport city surrounding matching with Airea spatial
form more than the Aerotropolis spatial form, from the
perspective of socio-economic level factor (the third one)

The Previous results and discussion of the three factors
and their significant roles in the determination of the
Aerotropolis region for CIA in Cairo have accentuated the
appropriateness of the research methodology for adopting
the triangulated approach of the three factors, accessibility,
economic activity, land uses, and socio-economic level for
the development model of Aerotropolis region for the CIA.

Due to the impact of the rigorous decentralization
process taking place in the GCR metropolitan region which
is in its final counter-urbanization stage, it in turn has
dispersed the key economic centers and hubs in a
fragmented manner within the metropolitan, thus the
research proposes a new fourth external tier or frontier to
the Aerotropolis called “Regional Aerotropolis”. Therefore
to determine this external tier, the research compares the
missing economic activities and land uses which should be
allocated in any Aerotropolis and they are missing in the
case of GCR Aerotropolis boundaries, with the anticipated
planned projects and economic activities have been
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proposed by two significant national and regional
development strategies. This in turn constitutes the fourth
factor of determining the boundaries of GCR Aerotropolis.
The results have confirmed the prospected extension of
GCR Aerotropolis to include the following:

The leapfrog industrial Egyptian strategy, by which
most of the future industrial zones are collaborated
with the airport, and have been pushed away based on
the leapfrog industrial allocation strategy adopted in
Egypt, such as the new industrial parks in Sadat,
Banha, and Beni Suef cities which have a high
probability to be included to the proposed CIA
Aerotropolis region.

Similarly, the National development strategy of the
new city’s development around old Cairo such as
New Cairo, 6th of October, Sheikh Zayed, the new
administrative capital, etc... These new cities will
play a significant role in the development of GCR
Aerotropolis. The existing and proposed new cities
activities and land uses will accomplish the
Aerotropolis successful economic and
socio-economic requirements, such as entertainment
areas, investment housing, and financial and business
centers complementary to the historical and cultural
significance of land uses of the old Cairo.

5

In the other hand, literatures have addressed a number of
limitations for the aerotropolis approach, the three major
negative effects and limitations for aerotropolis approach,
which must be considered and adapted by the Egyptian
government during the development of the CIA
aerotropolis region were as follows [2 F.

The economics of the aerotropolis region is heavily
reliant on the worldwide oil price, and a sustained
drop in oil output may risk the effectiveness of
airports economic regions. The price of energy,
represented by petroleum, is a key element in
maintaining high levels of passenger and freight
traffic and the sustainability of aerotropolis region
success.

The goals of aerotropolis as a twenty-first-century
alternative to road, sea, or rail have the limitation of
the fact that many commodities are too large and
cannot be transported by air freight at any fair freight
rate.

One of the most recent and significant areas of
criticism of aerotropolis is the environmental
degradation of the aerotropolis's environmental effect,
the region's economic concentration, particularly the
destruction/loss of agricultural land, and the
long-term stability of high-carbon infrastructure. The
most crucial issue, however, is the carbon emissions
produced by enormous regions of aerotropolis across
the world.

5
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8. Conclusions and Recommendations

The proposed methodology and the spatio-economic
logit model formulated had accomplished the research
objective of the appropriateness of adopting the
Aerotropolis region concept in the developing country
mega region. Although, the validated and rational results,
the research recommends that the assumptions of the
expert’s judgment techniques used in the research must be
revised and new data sources and techniques must be
proposed during the study, particularly for the adopted key
factors and main indicators for more accurate significance
results.

The research affirms that the three utilized factors
globally to identify the boundaries of any Aerotropolis are
valid in the case of determining the boundaries of CIA
Aerotropolis, whereas all of them have influenced the
determination process of the CIA Aerotropolis region
boundaries. This, in turn, has raised the importance of the
triangulation process between the three factors adopted by
the research during the model formulation. Moreover, the
proposed regional Aerotropolis, or adding a fourth external
tier is quite useful for the fragmented and highly dispersed
metropolitan region such as GCR, whereas many new
economic zones and estates are proposed to be located in
the futuristic new towns in the desert as proposed by
regional and national development strategies.

The adopted delineation triangulated of the three factors
has succeeded in identifying new metropolitan boundaries
for the Greater Cairo Metropolitan region, based on its new
core (CIA) including four spatial tiers extending for the
driving time of more than 75-90 minutes to comprise the
emerging new industrial poles (mainly new towns such as
Sadat new city, Tenth of Ramadan, New Beni-Seuf City,
New Salhia city, New Suez and Ain Sokhna city).

The research affirms the existence of high intensity of
urban (national/ semi-global land uses and economic
activities) located within the first tier- 15 minutes driving
away from the airport, and articulated this intensity is not
due to the impact of Greater Cairo Airport, but due to the
competitiveness of the already existing and emerging
Metropolis Sub-centers in attracting high-end economic
activities and high-end residential estates such as New
Cairo city (which is considered one of the most vibrant
regional sub-center)

Moreover, the research provides evidence of the
inabilities of GCR to attract time-sensitive manufacturing,
distribution, entertainment, tourism, and other enterprises
that require rapid access to distant suppliers, consumers,
clients, and partners both nationally and worldwide. This,
in turn, has accentuated the importance of articulating the
proper policies that can enhance the spatial allocation of
specific land use and economic activity types to constitute
a real global or semi-global Aerotropolis.

The research recommends that the Egyptian National
development visions and policies introduce the
development of Aerotropolis regions for the potential

A Spatio-Economic Logit Model for Aerotropolis Region of Metropolitan Cairo International Airport, Egypt

Egyptian international airports in Egypt. Moreover,
substantial modifications in the Metropolitan development
strategy are needed to satisfy and fulfill the three factors’
requirements.
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