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Abstract. Building a Smart City (SC) is a practically irreversible decision that
needs large investments. The success of a smart city in realizing its objectives of
economic prosperity largely depends on its ability to reach its full potential;
which in turn depends on its location. This research contributes a site selection
method for SCs that satisfies the decision maker’s criteria. Through the analysis
of relevant literature, the main criteria to be considered when locating a SC were
identified. Interviews with subject matter experts enabled retaining the most
relevant criteria to the Egyptian reality. Layers corresponding to these criteria
were built in a Geographic Information System (GIS). The Intersect process was
then applied to perform site selection and identify the region respecting the
decision maker’s criteria. The developed GIS-Based Multi-Criteria Evaluation
(MCE) methodology was tested on a study area that spans Alexandria, El
Beheira and Matrouh governorates in Egypt. The prototype developed is a very
beneficial instrument that enables facts based decision making as opposed to the
current subjective practices used in selecting a SC location.

Keywords: Geographic Information Systems (GIS) � Smart Cities (SC) �
Knowledge Precincts (KP) � Site selection � Multi-Criteria Evaluation (MCE) �
Decision support � Location analysis

1 Introduction

A Smart City (SC) can be defined as a territory with high capacity for learning and
innovation, which is built in the creativity of its population, its institutions of knowl-
edge creation, and its digital infrastructure for communication and knowledge man-
agement [1]. SCs are the result of knowledge-intensive and creative strategies aiming at
enhancing the socio-economic, ecological, logistic and competitive performance of
cities. A Smart City is based on a promising mix of human capital, infrastructural
capital, social capital and entrepreneurial capital [2]. It operates over four main
dimensions: the intelligent city, the digital city, the open city and the live city [3].
A Smart City is an area where a mass of technological activities has structural benefits
for individuals and companies located in there [4–6].
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A Knowledge Precinct (KP) is a smaller form of a Smart City. Its contemporary
practice moves from work focused knowledge precincts e.g., science and technology
parks, innovation parks to multi-activity focused Knowledge Community Precincts
where people, work, live, play, and cyber within their boundaries, as in Crossroads
Copenhagen, Helsinki Digital Village or Singapore One-North [7, 8]. During the last
few decades, the knowledge economy has been the essential boost of the global and
local economic development [9]. The concept of Knowledge City (KC) has evolved
from concepts such as ‘knowledge clusters’ [10, 11], ‘ideopolis’ [12], ‘technopolis’
[13, 14], ‘science city’ [15], ‘learning city’ [16], ‘intelligent city’ [17], ‘sustainable
city’ [18] and finally ‘smart city’ [19]. The meaning of SC involves several definitions
depending on the meanings of the word “smart”: intelligent city, knowledge city,
ubiquitous city [20], sustainable city, digital city [20, 21], etc. Many definitions of
Smart City exist, but no one has been universally agreed upon [22].

To achieve their planned social and economic impact, the SCs, or KPs have to be
well-located and planned in a way that integrates services of different kinds and from
different sectors and to do this researchers need to use Geographic Information Systems
(GIS) which form, more and more, a backbone for the location analysis problems.
Geographic Information Systems can be defined as computer systems designed for
capturing, storing, checking, integrating, manipulating, analyzing, and displaying all
forms of geographically referenced information since it derives information from
digital maps. [22–25]. The term “location” is defined as locating a business, facility or a
group of facilities of a specific size and type in an area [23]. Building SCs is being
considered by many countries in the recent years as an important arm of development.
Egypt’s ICT strategy (2012–2017), adopted four main goals, which are: (supporting
democratic transformation, fostering digital citizenship, supporting sustainable social
development and finally fostering knowledge-based national economy. For the last goal
to be achieved, the strategy set several steps, among them was working to increase the
number of SCs/KPs to reach 20 areas all over the Egyptian society. Egypt has already
developed a number of SCs/KPs. Evaluation of existing SCs/KPs is also important as
[24] argues that most of the KPs within the Arab region have failed to achieve their
goals. Location analysis tools are needed to locate new SCs. These are modeling,
formulation, and solution tools for a class of problems of siting facilities in some given
space within a pre-established set (site selection) or without (site search) to identify the
most suitable location for the decision maker [25–27].

This research aims to develop a selection method that satisfies the decision maker’s
criteria when selecting a location for SC. This is done through investigating a set of
criteria for site selection of Smart Cities, developing a GIS-Based multi-criteria eval-
uation methodology for the site selection and testing the proposed methodology on a
case study. The rest of this paper is organized as follows. Section 2 presents the main
related concepts and reviews recent studies related to GIS, Smart Cities and site
selection. Section 3 introduces the proposed GIS-based Methodology for Smart City
site selection. It also handles the proposed approach and prototype development.
Section 4 presents the results of the study and the discussion is given in Sect. 5.
Finally, the conclusion and future work are included in Sect. 6.
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2 Background and Literature Review

In this section, a review of the related literature is provided. The section is organized as
follows: Sect. 2.1 presents GIS and its components, GIS data models are defined in
Sect. 2.2. In Sect. 2.3 the role of GIS in Location Analysis is discussed. In Sect. 2.4 the
Multi-criteria Decision Making (MCDM) is demonstrated; then in Sect. 2.5 MCDM
and its relation to GIS is further explained. The elements guiding the location of SCs
are discussed in Sect. 2.6.

2.1 GIS and Its Components

GIS is taking over and extending the role of spatial data storage which was previously
played by maps. Once spatial data is represented in digital form it becomes very much
easier to perform analyses and to make changes to them. Operations can be applied
without reference to any graphic map [28]. The GIS has four main components:
hardware, software, data, and liveware (People) [29]. Data processing systems use
hardware and software components to process, store and transfer data [30].

2.2 GIS Data Models

The GIS’ graphical interface is linked to a relational database, which presents data as a
series of layers. So, according to the stored data model in the geodatabase, one can
distinguish vector and raster approaches [31]. Most GISs have the capability of con-
verting raster to vector and vector to raster. Spatial data types are used to represent
geometric data. These include point, line, and polygon [32] as shown in Fig. 1.

Vector Data Model
In this model, entities in the real world are divided into clearly defined features rep-
resented by point, line, or polygon geometry. The simplest vector features are points
that are represented by an x (easting) and y (northing) values and possibly z (for
elevation). Lines are one dimensional and defined by x, y coordinates. A polygon is a
two-dimensional representation defined by a series of points and line segments con-
necting the points with the start and ending points being the same x, y location [33].

Fig. 1. Fundamental abstractions for modeling single, self-contained objects [32]
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Raster Data Model
This model defines the space into an array of cells, each having a value that represents
some aspects of the real world (e.g. elevation, land use) [34].

2.3 GIS Role in Location Analysis

The GIS have been used in urban planning throughout the past decades. The applica-
tions of GIS vary according to the different stages, levels, sectors, and functions of urban
planning [35]. Recent advances in the integration of GIS with planning models, visu-
alization, and the Internet will make GIS more useful to urban planning. An advantage
of geographical spatial data is that it can be analyzed and worked with easily. GIS and
Remote Sensing, the two variants of digital spatial data, work side by side in urban
planning. Spatial decision problems require the evaluation of a large number of alter-
natives based on many criteria; hence they are multi-criteria in nature [36].

GIS has an extraordinary role in the development and implementation of the
concept of SCs; as the intelligence of a city should be measured by its ability to
produce favorable conditions to get urban operators (citizens, organizations, private
companies, etc.) actively involved into socio-spatial innovation dynamics [3]. Citizen
involvement can be realized through group decision making procedures that can be
followed using artificial intelligence technologies [37]. The GIS tools used in KPs
location problems are presented in [38]. GIS tools are used in conjunction with other
systems and methods such as decision support systems (DSS) and methods for MCDM
to solve location problems [39]. In MCDM, the different factors considered for making
the decision can possibly interfere, which can influence the decision results [40]. This
can be taken into account in cognitive modeling methods.

2.4 Multi-Criteria Decision Making (MCDM)

Multi-criteria decision making (MCDM) can be defined as “the process of making
decisions while having multiple, usually conflicting, criteria” [41]. MCDM is suitable
for addressing complex problems featuring high uncertainty, conflicting objectives,
different forms of data and information, multi interests and perspectives [42].

MCDM can be grouped into two main sections: multiple attribute decision making
(MADM) and multiple objective decision making (MODM). MADM is used when the
decision maker has to choose only one alternative from a set of discrete actions, but
MODM is a continuous decision problem. MADM is often referred to as multi-criteria
analysis (MCA) or multi-criteria evaluation (MCE) [31]. These terms MCDM, MCDA,
MADM, and MADA are used interchangeably. In this work, we adopt MCA to identify
suitable locations for building a SC.

2.5 MCDM and GIS

A literature review was conducted regarding the GIS-based multi-criteria decision
analysis (GIS-MCDA) approaches from 1990 to 2004. There are five generic steps of
the GIS-based MCDA process regardless of the variations between the GIS-MCDA
frameworks: (1) The goal(s) an individual (or group of individuals) seeks to achieve
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and the corresponding evaluation criteria for the alternative courses of action; (2) the
decision-maker or a group of decision-makers involved in the decision-making process
along with their preferences; (3) the set of decision alternatives (4) the set of states of
nature; and (5) the set of consequences associated with each alternative-criterion pair
[43]. GIS provide a powerful platform for performing logical and mathematical anal-
yses that use the weights of each map layer. However it does not have the capability of
objectively assigning the weights to each map layer [44].

Different contributions used GIS in conjunction with MCDM. These include
applications in forestry [45], landfill site selection [46], locating optimal sites to the
hillside development [47], wind turbine farm site selection [48], river catchment
management [49] and site selection of aquifer recharge with reclaimed water [50]. In
order to consider weights, MCDA and overlay analysis using GIS were used for siting
landfill [51]. MCDA process that combines GIS analysis with the Fuzzy Analytical
Hierarchy Process (FAHP) was used to determine the optimal location for a new
hospital in Tehran. GIS was used to calculate and classify governing criteria, while
FAHP was used to evaluate the decision factors and their impacts on alternative sites
[52]. GIS-MCDA continued to be an interesting area of research throughout the last
decade and contribution tackled a diverse set of problems from different sectors [53].

2.6 Elements Guiding Smart Cities Site Selection

There are five intangible key elements and principles that judge the nature and potential
for building KPs in towns. The five elements are: (MIXED-USE ENVIRONMENT:
helps living and working purposes, CENTRALITY: provides accesses to different
infrastructure, services, and amenities, BRANDING: forms new niche markets and
marks the name of the emerging knowledge city with a landmark development such as
Barcelona city, LEARNING AND PLAYING: suggests the existence of Urban play-
field, R&D facilities, places of interaction, and technological innovation and creativity
hubs, CONNECTIVITY: happens through tacit knowledge, face-to-face interaction,
places of interaction, and social networking between the citizens [54]. These five
elements are reflected in the criteria identified in the following section and used in the
study. A more comprehensive review on SCs location analysis is found in [55].

3 Proposed GIS-Based Methodology for Smart Cities Site
Selection

The current study applies to the Alexandria Region; which includes: Alexandria
Governorate, El Beheira Governorate, and Matrouh Governorate in Egypt, as shown in
Fig. 2. Data relevant to this region was obtained from bodies holding statistics such as
Ministry of Housing, Utilities and Urban Communities, General Organization for
Urban Planning, Strategic Plan for Alexandria Region Project; and from experts in the
field. Table 1 provides the criteria used in this study and their respective values for
smart cities at the local, regional, and international levels. The land cover criterion was
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also considered in this study but is excluded from the comparison table as it was found
suitable for all the studied cities. In order to undergo MCE, interviews were conducted
with subject matter experts in Egypt including officials and scholars who work in SC
projects and representatives of the Ministry of Communications and Information
Technology to identify the relevant criteria presented below.

Preparing Criterion Maps
The first step in the study is to prepare the criterion maps. The thresholds upon which
the criteria will be treated were estimated according to secondary sources and expert
opinion. The criteria considered are Land Cover; which is the classification of land
according to what activities take place on it or how humans occupy it, Soil Type; which
refers to the different sizes of mineral particles in a particular sample, Elevation; which
is the height of a geographic location above or below a fixed reference point, Proximity
to High Ways, Proximity to Residential Areas and Proximity to Universities and
Proximity to Airports. Table 2 shows the used criteria and the threshold of every
criterion. The open street map basemap was added to the GIS project. The geodatabase
contains seven layers corresponding to these different criteria that were then added to
the project as shown below from Figs. 3, 4, 5, 6, 7 and 8.

Fig. 2. Study area

A Multi-criteria GIS Based Methodology for Smart Cities Site Selection 43



Table 1. Comparison between local, regional, and international SCs

Criteria Egypt Regional International

Smart Village
Giza

Borg El
Arab’s
Technological
Zone

Smart
Dubai

Abu
Dhabi
(Masdar)

Riyadh Japan
(Yokohama)
(YSCP)

Europe
(London)

USA
(New
York)

Elevation
https://
www.
latlong.net/

28 m 18 m 0 m 7 m 638 m 13 m 15 m 7 m

Soil type Highly
calcareous,
gypseous and
saline
Parent
material:
Argillaceous
sandstone of the
continental
terminal

Other
quaternary
formations

Torripsa-
mments

Torripsa-
mments

Jurassic Parent
material:
Weathered
volcanic ash
material of
Tertiary
formation

Parent
material:
peat

Aquic
+UDIC
soil

Proximity
to high
ways

Yes No Yes Yes Yes Yes Yes Yes

Proximity
to
residential
areas

Yes Yes Yes Yes Yes Yes Yes Yes

Proximity
to
universities

Yes Yes Yes Yes Yes Yes Yes Yes

Proximity
to airports

Yes Yes Yes Yes Yes Yes Yes Yes

Table 2. Threshold of criteria

Criterion Threshold

Land cover Bare rock - Bare soil stony
Soil type Bare soil stony - Bare rock with thin sand layer
Elevation From 0–100
Proximity to high ways Buffer 5 km
Proximity to residential areas Buffer 30 km
Proximity to universities Buffer 30 km
Proximity to airports Buffer 30 km
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Fig. 3. Land cover Fig. 4. Soil type

Fig. 6. Proximity to highwaysFig. 5. Proximity to airports

Fig. 7. Proximity to residential areas Fig. 8. Proximity to universities

A Multi-criteria GIS Based Methodology for Smart Cities Site Selection 45



Data Processing
The second step is the data processing procedure for generating criterion maps based
on the following GIS functions. Buffer which is one of the proximity analysis tools that
can create influence zones for points, lines and polygons. The influence zone is shown
in Fig. 9 [56]. The second function Intersect is an overlay analysis tool that computes a
geometric intersection of the Input Features and will be used for the spatial analysis.

Spatial Analysis
This third step consists of the MCE and the overlay. The MCE model includes stan-
dardization of spatial data from its original format into a general format to be ready for
analysis [57]. Various spatial input layers can be combined when MCE is used in a
GIS-based environment to facilitate decision making [58]. The overlay was realized
applying the Intersect function over the four proximity layers after filtering the three
other layers according to the chosen threshold. The complete process of intersect is
shown in Fig. 10.

Software
ArcMap10.5, used in this work, is the main component of Esri’s ArcGIS suite of
geospatial processing programs. It allows the user to explore data within a data set,
symbolize features, and create maps. ArcMap is a kind of Desktop GIS. It performs
several powerful tasks such as creating and editing maps, analyzing the maps and their
relevant spatial data, create graphs and reports, etc. Google Earth which is a free online
geographical tool that allows users to navigate the globe and create customized maps
[59] was also used. It displays a 3D representation of the Earth based on satellite
imagery allowing users to see cities and landscapes from various angles and allowing
them to explore the entire globe by inputting coordinates, or names of the locations. In
order to do so, a kml file was created in Google Earth Pro desktop application and then
it was imported to a shapefile in ArcMap environment.

Fig. 9. The influence zone [56]
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4 Results

The area defined by the outer red polygon in Fig. 11 satisfies the seven criteria con-
sidered in this research and provides a wide area where decision makers can locate new
SCs.

Fig. 10. The complete process of intersect

Fig. 11. Intersect between proximity layers (Color figure online)
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5 Discussion

In this paper, the selection criteria used for locating a Smart City were identified to be
land cover, soil type, elevation, proximity to universities, proximity to airports, prox-
imity to residential areas, and proximity to highways. SC site selection is considered a
crucial decision as it is difficult to reverse because of the high cost of relocation and the
potential waste of time and effort. In this paper the site selection of the smart city was
addressed considering strengths and capabilities that GIS offers such as the ability to
visually analyze sites and to display data and information on a map which helps better
interpret relationships within a specified area. Since Decision Making is a subjective
case, criteria are chosen by concerned experts. Thus, it is impossible to arrive to the
same results using data obtained from different experts. Another way for getting criteria
is using an aggregate measure representing the opinion of a group of experts obtained
through applying techniques such as Delphi technique.

6 Conclusion and Future Work

This paper contributed a GIS-based MCE methodology to meet the requirements of SC
site selection. The spatial model considers a number of criteria of interest to the
decision maker. First criterion maps were prepared; data processing and GIS spatial
analysis involving MCE were undergone and the overlapping area is the area to be
proposed to the decision maker. The development of the proposed system was carried
out using ArcGIS 10.5 with Spatial Analyst extension as well as Google Earth Pro. The
proposed system was tested to determine the potential sites for SCs in the identified
study area in Egypt.

A big region was identified where it is suitable to build a SC. Interestingly, an area
such as the Abis region in Alexandria seems to be an excellent candidate location for a
SC. However, it never attracted the decision makers’ attention. It is also recommended
to do further detailed studies on the identified area in this research to assess the
feasibility of establishing a SC on one of its sites.

The proposed methodology can be introduced to the Central Agency for Public
Mobilization and Statistics in Egypt (CAPMAS) to adopt it nationwide and to add more
data relevant to other criteria potentially of interest to decision makers. These may
include proximity to healthcare institutions, proximity to telecommunication hubs,
electrical distribution hubs as well as proximity to railway junctions as well as
developed railway stations.

Future work includes building and developing a dynamic prototype where the user
can input the criteria of interest to the ArcMap project. The interface can also have
buttons for different analysis and conversion tools embedded in ArcMap.

Another future avenue of research is testing the proposed methodology in a real
environment, on an existing smart city to evaluate whether the location chosen by the
decision makers was appropriate or not. The proposed methodology may be integrated
with weight setting methodologies that can improve the output to the decision maker.
These include the Analytical Hierarchy Process AHP. Finally, the described approach
was used for the location of SCs which is the focus of this paper. However the
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methodology is generic enough to be applied to the selection of industrial and resi-
dential areas, among others. The relevant criteria of interest to the concerned decision
maker would then be used.
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