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Abstract. “ Smar t City” has grown as an i mportantuefield of S
sustainable development of cities. There was a large number of attempts to formulate a more comprehensive

and accurate concept to the smart city during the past years, focusing on the development of both place and

people. Nevertheless, studies stiikan similar topics on Medina city. This paper aims mainly at exposing and

analyzing some smart city geographical characteristics of Medina (a famous city in Saudi Arabia) with its

important reputation of religious tourism in the Middle East and the islaorld as a whole. It begins with

the standpoint of reviewing some definitions of “Smart
geographical properties measurable or observable. Then, it demonstrates elements that ait as defects to the city
develgment towards smartness. With the increasing role of the Geographical Information System (GIS), as an

inelegant tool, helps in surveying, understanding, managing and monitoring complicated geospatial issues
related to the s mar udyapplitdiABRGGIS 10.8 software, apdelepending omthealatas t

collected from official authorities and fieldork led to the perception of some negative aspects that should be

rehabilitated.

1. INTRODUCTION

The 21st century has brought a new trend of swsténurban development, adding new
dimensions to urbanization with a view to updating old cities by the integration of new strategies with
new technologies and ways of life. Despite the prevalence of recent studies of smart cities, there is a
lack of studes that treat Medina opportunities to be considered as a smart city.

This paper makes a review of the multiple definitions and characteristics of smart city found in
the literature, then proposes a set of indicators thaessential for understanding tirétiatives of
Medina. Consequently, to evaluate what is the situation of Medina among smart cities by measuring
components (governance, infrastructures and services, mobility, living and people) which are essential
for the further elaboration of the srhanity and are studied and evaluated in Medina from many
perspectives. ARC GIS software is found to be a powerful tool in several study stages.

During the past few decades, Medina (an alternative name is MadiNgtbAMohammed) has
become a city with hlh million population in 1990, and recording 1,100,093 inhabitants in 2010; this
was followed by urban growth and pressure on all its facilities and services. It has an important
reputation in religious tourism, being visited by hundreds of thousandeapilepduring some 10
months of the year (the Umrah season with the Ramadan and Hajj feasts) and even more. Visitors are
concentrated in the central area around the Holy Mosque, where there are global hotels and residential
homes. Accordingly, there are dleages of extrapressure on facilities and services. So, the city is
expected to offer better services in terms of infrastructure and facilities, to be more responsive to the
citizens’ and visitors needs.

To make the city more efficient to accommodate trowing and evolving needs of its
population, simultaneously preserving its resources and environment for future generations, it is

" Assistant professor, Department of Geography, Faculty of Arts, Fayoum University, Al Fayoum, Emgik, e
hsa00@fayoum.edu.eg

Rev. Roum. Gé.dsgagr, 60, Rppnl83-2DDH 2016, Bucuresti.


mailto:hsa00@fayoum.edu.eg

184 Hany Sxmy Abu El Ela 2

necessary to follow developed methods in accordance to global technological advances. These
methods are often affected typ-down factors (government policies and plans) and dogvfactors
(population characteristics and attitudes towards technologies). Thus, the idea of evaluating the
geographical properties of Medina comes up to perceive its strengths and weaknessesatie
city. Furthermore, this paper checks the hypothesis of the importance of collaboration between citizens
and government to develop Medina towards smartness.

The study depends mainly upon data collected from official authorities anewiekd GIS
software applications (ARC GIS 10.3) are used in surveying, understanding, managing and monitoring
the complicated geospatial issues of this study.

2. SMART CITY CONCEPT

As the smart city is a fagfrowing field of research, its concept has been confusedeveral
year s’ ti me. Some have mérm et cdrtdire termsuwhizchy were S ma r t
simultaneous and consecutive (such as: Digital City; Wired City; Green City; Information City).
Annalisa Cocchia attempts to compare different definitionbadft ci ty | i nked to the
and to Iist them acc o(Catdha) 2014) Furtherinage, ih previeus yearsiirt e  r e
was approached from different perspectives. In the same vein, Berardi reviewed some definitions
proposed in this literature providing varied concepts regardi@giardi, 2015)

|t can be safely said that “Smartr Chefydr ef.oc“u
becomes wider to include aspects of applying the benefits of modern technologies for true
devel opment of the <city el ement s (StraigesaAnasigsame nt
2015) However, with the beginnings of fotubwas@amer gen
the word “Smart’”, Sso some mentioned that a maj or
the confusion of meanings attributed to the wor
the faith that ke t&matter ist YT r O3 ginh al City",
and “Green City"”, which I ink technological i nfo
and sociecultural changéHollands, 2008)

In-between the previous varied concepts, researchers attempted to draw up a comprehensive
concept of Smart Cities, which can hersnarized as follows:

-“The smart city is where the wuse of smart
infrastructure components and services of a ci
(Washburn, 2010)

-“The smart city ¢ on drventreadtionpd doleestraffec coogestionu ni t vy
school overcrowding, air pollution, lossofope s pace and skyrockdgRaidoyg publ
2011)

-“The smart <cities, emerged as a solution of |
generated both positive and negative effects, such as traffic jam, carbon dioxide, greenhouse gases
emissionsanvast e di sposal with con(€axaglueltites on heal th

-*“*The smart strategy is |1CT, considered that
rather than the intelligencé@®ameh,2013) i s required f

-“The smar't city related to the codgeengitys of s
including the economic component, e(ByieRR@3d)ment al

Finally, it must be said that themart cityis an extensive concept which describes cities with
smart communication, urban governance, environment and people and produces smart living. Also, it
can be said that thetgicould not be a smart one when there is shortage or surplus of its components
(such as energy, water, services production or property).
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3. SMART CITY AXES

According to the reiterative shared features of the city suggested to meet the future needs over
the coming decades, there were studies drawing up the main axes of the smart city. Researchers of the
future cities laboratory at th8ingaporeETH Centerfor Global Environmental Sustainability have
explored the characteristics of the future city. Theyhedcseven main pivots, considering the city as
an urban metabol i sm. So they used the concepts
dynamics by studying material, energy, water, p
spaceonthee di f ferent scakeal beveltde 1T 8d(s mdddgl eb’ui | d
the urban pawstabael: " LHTIE 2 g eT)htiosr yscal es are sim
previous classificatin (Hafedh, 2012) After filtering, Pardoet al. (Pardoop. cit) reduced these
dimensions to three wth have implied all dimensions as follows:

a)The “Technology di mension based on the use ¢
communication technologies, ICT) to improve and transform life and work within a city in a relevant
way. This dimensioimcludes the concepts of Digital City, Virtual City, Information City, Wired City,
Ubiquitous City and Intelligent City”.

b)The “Human di mension based on peopl e, educati
key-drivers for the smart city. Thisdeann si on i ncludes the concepts of Le

c)The “lInstitutional di mensi on base-dperation gover
between stakeholders and institutional governments is very important to design and implement smart
cty initiatives” “Recent !l vy, main city smart a
transportation, I T, c o mgaxhibitionsa20i5po ns and smart bui

4. GEOGRAPHICAL INFORMATION SYSTEM (GIS) AND SMART CITY

The Geographical Information System (GIS) environment isidered as an adequate spatial
data platform for a lot of the smart city pivots such as mobility, energy, communication, population
and othergJoseph, 2014)

The importance of applyinlS in smart cities comes basically from identifying locatiased
serviceslt facilitates geographical data storing, updating, analysis and visualization that help decision
makers without wasting ti me. Furthermore, “it ini
citizens to create interactives@ali queri es, anal yze, (18QRGMRalg)s , req

Some researchers have akired the interaction betwe@&iS capabilities, cloud computing,
geovisualization, and human o mput er under the ter@GSsdi e“nicnet”eridn
order to transform the <cities’ managememt s to
transportation, risk management , ur b(ai,n201¥)l anni n¢
Besides, accurate updated data are very important elements to manage smatrt cities, by increasing the
importance of realime measurement and data transfer techniques. The raw data no longer worth the
samevalue as they previously had, requires a lot of data analysis to take rapid decisions to help
manage the crisis. These decisions always have spatial dimensions, such as problems of traffic and
transportation, water, sanitation, etc., maximizing the val@&Sin all of the smart city components.

Modelling and simulation are the most import&is applications concerned with the smart city
geospatial management, they act as a platform which can serve many topics, such as;

1 Monitoring urban growth and Chge detection.

1 Managing networks (water, electricity, and sanitation lines).

1 Planning roads, locations, and services (selecting the smart locations).

1 Interpolation of digital surface models (DSM).

9 Setting up GIS with 3D capabilities (3D city model from Baéeimages).

1 Handling the dynamic and semantic aspects of city modelling and simulation.
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1 Producing intelligent maps and implementing them online through WebGIS.

1 GIS excessive capability in representing visible and invisible phenomena of the city

1 Crime pevention (using dateollected through GPS and intelligent map).

Finally, it can be said that applying GIS technology to smart cities emerged as a complete package
referring to a number of modern technologies and advanced processes of expanding knofwledge
urbanization and connections among people to manage and deliver spatial data by geographicdt location.
illustrates the problem of location, its surrounding context, different scenarios in a dynamic environment
and suggested solutions.

5. STUDY-AREA SMART SITE AND LOCATION

Medina is the capital city oAl Medina Provincewhich is located in the Western part of Saudi
Arabia (Fig. 1) at6 Etl mer gi n t\Ra8it dae TREACiY IS sitoated dh theé 3
Arabian shield composed afetamorphic rocks dating to the figgtological periodf the Paleozoic
Era. It seems to be in harmony with nature, and is surrounded by mountains from all destinations that
can be seen particularly from the North and the
the North, “Eyr” in the South and “Dal ee Al Bary

It has a distinctivelyhot desert climateéSummer is very hot, but Winter is milder, with very little
rainfall sometimes. It rains almost entirely between November and May.

The city gained its importance as the second most important Islamic city in Saudi Arabia after
Mecca, which is visited by thousands of Islamic visitors. Also its nodal site at the itimrsaica
number of highways that connect it to some important cities in Saudi Arabia supported its smart site. It
connects to: Riyadh, Yanbu, haiel, Jeddah, Mecca and Tabuk (Fig. 2). Its location had the same
importance in the past because it lay on tldecaravan route which linked the South of The Arabian
Peninsula with th&evant(Sham) in the North.

N

A

Saudi Arabia

build had
I siing shadon 7000 14000 21,000
— roads Meters

Fig. 1— Medina (Al madinah Almunawwarah). Looatt.
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Fig. 2— The nodal site of Medina Location
at the intersection of highways.

6. MEDINA SMART CITY DOMAINS

Although nowadays a smart city is a critical issue in the literature, yet there are few design
methods and architectures of smaities. The eventriven approach to the smart city design is
unclear, too. On the other hand, there are many recently published studies that deal with smart cities
and their architectures which may help drawing up the main elements for Medina to beatgmart

With respect to such studies previously discussed, the smart city components are governance,
information, mobility, economy, environment, services and people. The currentfistouwork
includes five characteristics (Fig. 3) as a targeting thdndurélaboration of the smart city which
examined and evaluated Medina from many such perspectives.

It should be noted that each of the following characteristics is therefore defined by a number of
factors. Then, each factor is described by a number afatats which are derived from public and
freely available data. The study always takes into account the overall target. These five characteristics
are as follows;
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— Smart governance. —smart infrastructures and services.
— smart nobility. —smart living (Quality of life).
—smart people.

smart governanc

smart infrastructures

smart living ’
and services

(Quality of life)

° O smart mobility

smart people

Fig. 3— Framework of study domains.

6.1. Smart Governance

Governances the exercise of the political, economic and administrative dtytttormanage a
nation’s affairs. It is a complex of mechani sms,
groups articulate their interests, exercise their legal rights and obligations, and mediate their
differences(Somayya Madakam, 2014¥ledinaleadership and governan@®mes basically from its
regio n al munici pality. On the other hand, the *“ Al
participates, together with the municipality, in planning fields.

Sincesmart governancelepends on the implementation of a smart governance infrastructure
thatshoul be “accountabl e, r(Mosijp 2008k d fieleé suraey dith & presets p ar e
guestionnaire form was cdacted for monitoring and evaluating the smart governance maturity level
of Medina city. The questionnaire included inquiries about the main objectives of smart governance
which achieve greater efficiency (e.g. strategies, visions and plans) in additioa ti'echnological
tools and facilities that support decisioraking.

Depending on the selected measurement factors shown in Table 1, thewtosmart city
strategy is simply absent, no leadership engagement related to it and the vision towards smart is
exhibited on a caskey-case basis in a decentralized way. Most departments have documented clear
roles, but no dedicated teams for the smart city were formed.

City governance basically applies technology (fax, tel. and internet) to facilitate and support
better planning and decisianaking. It introduces electronic services in several sectors (to be
addressed in detail later), but continuous improvement of services through innovation is absent in all
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the departments. It is worth mentioning tldSis usedmerely as a portfolio of spatial data, as well as
some on screen analysis. On the other hand, failure to activate "Cloud Computing" technology reduces
the benefits of this GIS technique.

Although, the smart governance concept must comprise performanceremeest tools, in
which feedback registration is an important factor, yet it is ignored in the city.

Table 1

List of the main objectives evaluated according to the field survey used to assearthgovernance maturity level
of Medina city.

Objective

Regional Municipality (Departments) :

Reconstruction and projects

VIiunicipar Amairs

SErVICES

MTOFMAToN TeCNNology

Info. Media

Legal Affairs
Human resources
Public relations

Development Authority (Departments) :

Administrative & Financial Affairs

Legd Affairs
TENUEr anmounceEMent

Transaction Systems

E-competitions

1 — Strategy

—{ Follow-up and control

—

—( Coordination of project implementation

—({ Municipal investments

—( Land and the landowner

2—Vision

—( —

—({—( Regional development, Planning & Qual

—

—(—( Information Technology & GIS

—(—( Planning

3—Clear role

—_

—_
—_—( =

—{—4—( Administrative and Financial Affairs

—
—

R R, —

J—
J—
J—

4 — Dedicated
Team work

— —

—( —( —( —

q

(

—({—{—4—4 Urban development

5—Partnership

6 — Innovated
civil services

Tel.

7 —Applying

Fax

Technologies

Internet

—_—( =—( —(
—_—( =—( —(

—_—( =—( —(
—_—( —( —(
—_—( —{ —(

—_—( —{ —(
—_—( —{ —(

—_—( —{ —(
—( —( =—(

Cloud
computing

8 — Applying
GIS

9 — Electronic
Services

business
sector

governmel
tal sector

individual
sector

10— Feedback regist.
& Performance Measurement

Although, the effective networks of infrastructures and services are important for sustainable
cities, the smart city idea depends mainly upon applying articulated soft infrastructures, i.e. mobile

applications,
improve the performance of such hard infrastructuresandces.

6.2. Smart infrastructures and services

socCi

al

net wor ks

and

t h elCTcwhiohmu n i

t

€



19C Hany Smy Abu El Ela 8

6.2.1. Electronic (E)Government

E-Governmentis the term coined to describe this soft real time infrastructures and services. It
depends on providing access of needy citizens to government information and services (regardless of
their culturaland technical level of access to information and communication technologies). Services
are provided through some government centers, private centers and smart ghGogsrnment
includes many services supplied by various ministries and other goveragegrties for citizens, thus
shortening time and distance since geographical factors play an important role in service assessment.
Decree No. 7/b/16,838, issued in 2001, established the national plan that regulates the stages towards
e-applications in SaudiArabia in general, and in Al Medingncit., 2015) The city has moved to
implement E-Governmentin most government departms. The government services percentage
converted electronically increased from 29.4% in 2009 to 31.6% in@servatory, 2013)

Accordingly, someE-Governmenservices centers have been distributed in several glatie
city, supplied with computers connected to the internet to provide and conduct electronic transactions.
These services were applied first at paffices, then at private centers in response to the increasing
needs of users for electronic transaies. After that, the opportunity of logging in this applications
became available on smart mobiles. Figure 4 demonstrates that thereEaf@o86rnmentervices
centers in Medina, their distribution pattern being seemingly clustered within the secoddaadn
but they are also dispersed in the other parts of the city, too.

® EService Center|
=] Post Office
[ Buildings

Main Roads

3,000 6,000 9,000
Meters

Fig. 4— E. Government Services distribution pattern in Medina.

(ARC GIS 10.3 is applied to calculate the nearest neighbour index using the equation:
Nearest neighbour index (R) =observed distance / expected distance)
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6.2.2. Accessibility of services data (Open Data)

The data quality andpen datglatform strategy meet the demand for citizens who would like to
access their services easily at home, or at work via the web, oriomtigle devices. This confirms
the deepgoing concept of smart cities that allows data sharing and transparency.

Data openness does not mean only the opening up of data by government authorities, but also
making data available for privatebwned compais and individual citizens to use and share them.

In such a context, a questionnaire (of 300 form) was applied to some firms, authorities and
individuals aiming at measuring the availability of several sectors to obtain the data. Figure 5 shows
the result®f applying this questionnaire, indicating the availability of the atsa platform as follows:

a)lt is clear that the public authorities have distinctive access to-agt@anrmovement compared
to private companies and individuals.

b)Education, administratioand finance data represent major open domains for all the sectors.

c¢) Individuals offer open data in certain areas (e.g. Education, Health & Public Safety).

d)Sport, transportation and environment represent minor open domains for all.

It is important to notehat data sharing will raise concerns about information security, privacy

and data protection. So, controls may be necessary to identify what type of data can be processed (as
open) and in which sector.

|
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Fig. 5— Opendata availability by categories in Mi@a.

6.3. Smart Mobility

Medina is growing, and so is the number of trips taken within the city. Imdi®lity concept,
attention is paid to ensure sufficiency, as well as efficiency. Smart mobility generally aims at local
accessibility, (inte) natioral accessibility, sustainable, innovative and $edasport systems that can
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be described by traffic management, reduction of time and energy and facilitate travel and payment of
tol |l s, al | aiming at the citizen's satisfaction.

Somayya determined the smarobility framework emphasizing travel choickgalthy, lovable
communities, reliable travel times for peoplad freight and safety for all users (Somagpacit).

To analyze the mobility performance of the city, the following factors will be included

9 Road classification.

i Transportation means.

9 Use of noamotorized traffic.

6.3.1. Road classification

Medina has a good network of roads and streets, both within the city limits and beyond them. It
can be said that the important location of the Mosquerophet Mohammad has clearly reflected in
these radial network of roads that ends up in Medina. Figure 6 illustrates a detailed profile of the three
road classes in Medina, based on their type, condition, width and designated speed, as follows:

The first ype (Round Roads) consists of four closed ways of circular rings that surround the
Mosque of Prophet Mohammad. They are between 60 m and 100 m wide. The designated speed on
these round roads is 110 kilometers per hour, except for the first round roadspbeckis of 80
kilometers per hour. These round roads represent the main framework of traffic adjustment and most
of the movement within the city, especially of the large number of vehicles around the Mosque.

The second group includes those highwaysftimattion is fastgoing traffic to and from the city
centre towards the peripheries and beyond them. They are about 100 m wide, speed allowed at 120
kilometers per hour.

The third group consists of arterial roads, no more than 65 m wide, which help therfsint
highways speed: only 60:80 km/hour-datween, there is a good network of paved streets that
connect the aboveentioned types of roads.

Ethics

Sport, Parks &
Recreation
Environment & Eco
System

Spatial data & Maps

Public Transpaortation

M Indiviuals
] a . ey
Health & Public 5afety H Public. Authorities
] M Firms
Education (all stages) - |
Property %
Construction & | i
permitting
Administration &
Finance. ! . : |
T T T T
0 20 40 60 20 100 “

Fig. 6—Medina network of roads and streets.
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6.3.2. Transportation means

Transportation means Medina a@e of two kinds: for goods and for passengers; transport is
private and public.

According to the reports of Medina traffic department (Department of Licensing), in 2014 there
were 49,350 cars in Medina area (data on the city numbers are unavailable)bh& 630 more to
than in 1994 (40,720 cars). Private cars represent 48.4% while other types vehicles account for 51.6%
of the total number of licensed cars. It should be noted that private cars are used for the transport of
passengers within the citytleér by their owners, or by taxi services, where the law allows it.

Public transport is the second type of movement in Medina, the Saudi Public Transport Company
SAPTCCQoperates a comprehensive network of kiglality bus services across the Kingdom ofdtau
Arabia. They link all major cities, towns and villages.

There are ten bus lines departing from Medina to the surrounding cities (Jeddldhahd —

Mecca— Yanbu— Tabuk by desert road Tabuk by coastal road Riyadh— Dammam- ELola — haiel),

coveringg he passengers’ needs. The main |lines, operat
Medina, Mecca and Jeddah. In 2014, there were 4,016 trips from Medina to Makkah and 4,989 in the
opposite direction, transporting nearly 131,000 passerf§&BTCO, 2014)On the other &nd, the
Medina-Jeddah line registered 4,658 trips from Medina to Jeddah, and 4,124 trips in the opposite
direction. Data on trips, ticket reservation and payment methods can be easily obtained on the internet.

As for international transport, the city depks on two ports in the adjacent Yanbu city, namely
King Fahd industrial port and the commercial port, besides the two airports: Prince Mohammed bin
Abdul Azeez Airport within the city and Yanbu Airport. As the region has an old rallneytheHijaz
line), which is out of service now, there is an ongoing project to build a new Hithedyetween Medina
and Mecca.

There is no doubt that modern transport technologies, logistics and new transport systems
i mprove the i nhabit angensentisanebsentidl dleynent oEtbe,cities towafds i ¢ r
development and smartness. In this context, the Medina Government has planned traffic management
inside the city and beyond it as follows:

As regards traffic management on roads outside the city, thé\ KMBnistry of Transport has
been measuring the traffic volume on the regional roads since the beginning of 1992; this is done by a
number of permanent stations including one in Madinah (Station No. 104) located on the Medina/
hanakiyah road. They coumaffic per hour on the track direction by vehicle type, an annual report
presenting data for each station. On the other hand, the Hajj Research Center makes permanent reports
on the traffic volume at the four main entrances to Medina. The processed ataeka converted
on tables. The other component that supports traffic management on roads oo the city is the
Police unit for road security that oversees roads traffic and has accurate statistical data on road
accidents in terms of location addgree of injury.

Within the city, there is an automatic Traffic System of connected control centers, in terms of
Traffic Laws, street mar ki ng and camer as. The ¢
(Ministry of Transport, unpublished repprt

9 Reducing traffic congestion especially in the central area.

9 Securing compliance to traffic laws and rules.

9 Optimizing traffic flows within the city.

1 Reducing accidents in the city.

Noteworthy, Medina has witnessed a phenomenal growth of vehiclesressily many of the
arterial roads and intersections capacity is exceeded and average journey speeds on some roads at peak
hours are low. Also, the time required by citizens for everyday mobility and the number of trips taken
are subject only to minimal viations.



194 Hany Smy Abu El Ela 12

6.3.3. Use of nomotorized traffic

It can be said that if the traffic situation in the city depends mainly on individual motor vehicles,
the higher population growth rate will result in more car trips, energy consumption, emissions of pollutants
and the intensive use of urban space in the city. This will affect a high quality of life for its dwellers.

Although measuring nemotorized movement on sidewalks, bikes, etc. is difficult because
official data and tools are missing, yet researchers skdwo distinct methods to monitor this type of
traffic: —br@hgur) mamualrcountg, dnd (2) continuous measurements using automated
i nst r u(Papamikobgoulos, 20100thers have used aerial photography for the same purpose
(Behnam, 1977)

In Medina, there are no bicycle facilities or pedestrian lanes such as painted bike lanes, except
for only one offstreet for pedestrians and cyclists, including sidewalks and trails. So, applying GIS is
effective to classify streets and determine eve
uses. Classifications include main roads (round roads and highveaterial roads and local streets. A
studentteam conducted the field count. They measured traffic volumes for pedestrians and cyclists at
30 locations (selected for their characteristics of special interest) and calculated the hourly traffic
volumes Fig. 7). Most counts have been made in October and November at twiqeak The
general trends in volumes at the selected locations proved traffic variations (pedestrians and cyclists)
in relation to location characteristics and land use. The obsensitawed the increase of pedestrians
in the central area and commercial streets compared to other parts of the city, while the number of
cyclists in the city was the lowest.

It should be noted that these results cannot be broadly generalized to thecaiigebéhe
location and timing of these observations were not random. So, they are nothing more than just
indicators for the study.
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Fig. 7— Locations of normotorized traffic counts and land use.
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6.4. Smart Living (Quality of Life)

Due to the final repdrof a research project on Smart cities Ranking of European mesitagioh
cities (Ljubljana, 2007) “ s mar t Il iving comprises various asp
important of thee aspects is housing, heal t h, educati on,
studied in Medina in the following.

6.4.1. Smart housing

According to the socieconomic survey of th&rban Observatory Center of Medinaverage
per capita housing 2012 wad.8 square meters in Medir{®bservéory, 2012) while the rate of
overcrowding reached 1.6 individual / room. These rates are acceptable according to international
standards. Moreover, dwellings that meet health requirements in construction (with building permits)
represented 85.4% of thietal number of dwellings in the city (2012), while 14.6% of them had no
building permit, being located in the slums.

Besides, the city has 8,113 vacant housing units, which represent 3.7% of the total number of
housing units in the city (neallocated forthe accommodation of pilgrimgElectricity, 2014) Most
of these highvalue units are beyond the purchasing power of a large number of people.

6.4.2. Smart health

Smart health can be described by the rate of hosp@#ds per inhabitanfsdoctors per
inhabitantsand the quality ofervice. There are a number of public and private hospitals in Medina,
with an average d?1.6beds per 10,00hhabitantgHealth, 2014)This is a good rate compared with
the rate of beds in Saudi Arabia in gene?dl.{ beds per 10,000 inhabitatins2014).

In 2014, Medina &d 18.1 doctors per 10,000 inhabitantehereas Saudi Arabia hé&k®.8
doctors per 10,000 inhabitant§herefore, that same year, the mortality rate a6 per 100,000ve
births, and it wad2 per 100,000ive births in Saudi Arabia.

6.4.3. Smart basieducation

The smart basic education indicator could be derived from some elements, such as number of
students per inhabitanteducational qualityandsatisfaction with access to the educational system

In brief, it can be stated that there is a wide ¥aroé male and female education enrolment rates
in Medina. In 2013, male enrolment rate in primary, preparatory (Intermediate) and secondary schools
was 77%, 79%, 76%Educational, 2013)while the female enrolment rate was 71.4%, 71.3%, 72%.
Figure 8 A illistrates the absence of female rates in comparison with males, because of conventions
that underestimate female education.

On the other hand, the quality of education can be evaluated by classroom density. It is from
28.0 to 29.5 pupils per clags primaryand preparatory schools, and betw86rand 38.9 students per
classin secondary schools. These numbers are better than those in Saudi Arabia generally, but in
regard of the structural condition of schools, reports indicate that only 23.4% of them m@ggt qu
requirements and this is a big drawback for school buildings in the city.

The number of students to teachers represents a good indicator to measure the quality of
education. Reports in 2013 show 17.6, 14.9 Bh@ students per teacher primary, peparatory and
secondary schools in Medina, compared to Saudi Arabiag, 11.2 and 11.9 students per teagher
(Fig. 8 B). That means that Medina is in need of additional teachers for all stages of education.
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Fig. 8 A—Male and female education enrolment rates Fig. 8 B— Number of students to teachers
in Medina. in Medina and KSA

6.4.4. Smart Environment and Tourism

The Medina environment can be evaluated by reviewing pollution rates and waste management.
Due to the impdance of air quality as one of the most significant indicators of the environment, the
Pollution Measurement Laboratoim Medina municipality reported five types of air pollutants in
2013: Carbon monoxide, Carbon dioxide, Nitrogen monoxide, Nitrogenddiand Sulfur dioxide
(Municipality, 2014) Although rates were within the allowable range compared to the international
standards of air pollution, yet some pollutants, such as Ozone, were not measured.

It should be noted that hydrocarbon compounds, considerde one of the most dangerous
substances for human health, whether they come from the vehicles tailpipe (diesel) or from petrol,
have a high density in Medina. Further mor e, a g
are combined with dusind smoke, especially in the central area of the city with its tall buildings and
high density traffic. StudiegZollaly, 1998)show the effect of pollutants as a cause of pulmonary
edema and other diseases.

Water quality and its efficient use are also important indicators of environment quality. Medina
water supply is based mainly on a network of underground pip&2l (186 of the buildingsjWater,
2014)which carry water into the tanks under each building, the water being pumped to tanks above
the buildings by electric pumps. Danger often lies in this system, because of contaminated reservoirs,
both underground or above the buildings, especially when aineynot disinfected periodically.
Portable tanks on trucks represent the second way of water supply in Medina. They carry clean water
for off-grid buildings, and sometimes to buildings connected to the network during outages time.

With regard to water caumption, the amount of water in Medina was of 38,341 thousand liters
per day in 2014, with an estimated 307 liters per capita and more in the Hajj and Umrah periods.

On the other hand, the buildings connected to the sewerage network represented 3%b ia 56.
all (2014)(Observatory 2014) the majority depending on the underground reservoirs for sanitation:
evacuation and transportation to the treatment station may lead to sanitation water leaking into the sail
and groundwater.

Waste management is an important component of theczmrent management system, too.
Reports indicate that the amount of solid wastes was 385.3 thousand tons in 2014 (with an increase of
18.2 tons compared to 2006) and an estimated 0.39 tons per capita, which is an accepted rate.

Despite the existence of damers for waste collection in every neighbourhood, permanently
emptied periodically and the damaged ones replaced, a lot of these containers are usually filled during
the day; so wastes can be seen around them, possibly because waste collectiomtiricksycovice
a day.

Smart tourism can be described by tourist attractivity and tourist housing. Medina has an
internationally important rich cultural heritage
other mosques of historical interest. Nenwus archeological and other important historical sites lie in
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historic cities, urban neighbourhoods, old trade routes and some museums of heritage vethes, Bea
uniguemarine resources appropriate for recreation and natural sites, exist in Medina. Besides, Medina
has some central gardens and parks throughout the city and many neighbourhoods of small and
mediumsized gardens. According to the reports of thieald Observatory, in 2014 there were about 5.1
square meters per capita of public gardens and parks in Medina, but $ilakiés 2011)reported
their decrease from 50 in 1988 to 44 in 1994 due to the lack of irrigation water and the change of
ownership from public to private.
Applying ARC GIS 10.3Buffer-zone analysis) indicated that 91% of théldings on the first
ring road were located in a 1,000 m buffene gardens, and 67% in a 500 m one; 78% of the
buildings on the second ring road lay in a 1,000 m buffere and 55% in a 500 m one; 46% of the
buildings on the third ring road were siteda 1,000 m buffezone and 23% in a 500 m zone (Fig. 9).

Tourist housing in Medina falls in three categoriesholels; 2apartments; guesthouses.
There are 66 hotels and 131 other types of tourist hoSing.C, 2015) Applying ARC GISMean

Center pointapplication on the didtsution of hotels and other types of tourist housing in Medina
proves that themean center poinbf hotels is located in the NoHWe s t

corner

of

Mosque, while thenean center pointf the other types of tourist housing lies in the Sdteistcorner

(Fig. 10).
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Fig. 9— Garden buffer zones in Medina.

Fig. 10— Mean Center point of Medina hotelad other
types of tourist housing.

6.5. Smart People

The

People are considered the main factor of urban studies. As there are a variety of definitions to
describe smart cities, the conceptual variants that can define who the smart people are varied and

mutually connected. In generalnart peopleare described not only by the level of qualification, but

also by the elements referring to innovation, social interactions, both public life and openness to the

outer wor |l d.

Studies conceptualize smart people by laying explicit emphasis on learain@)dr creativity

and knowledge(Coe, 2001) (Campbell, 2009)and (Kanter, 2009) Thus, Smart people can be

characterizedby the following:
e Higher educati
e -LEarning.

e Creativity and

on

and

training.

knowl edge.
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6.5.1. Higher education and training

A basic element in the development of cities is having-edlicated and trained people. There
are two universities in Medindn 2012, the rate of enrolment in higher education was 34.1% of the
city’'s total p o p u (Ohdervatory, 2@1g)eothparéd3to 30% dn Saudi éArabia.

While in 2006 it recorded 33.6% in Medina, it reached up to 38.9% in the entire Kingdom (Fig. 11).
This percentage rise in tlogdy may be due to the activation of new educational systems suiting a large
class of students who do not attend the university through distance learning and affiliation.

A random sample of the city popul at thermare( 4 % of
variations in peoples’ training percentages in
specialists and government employees, respectively who attended training courses, only 9% of
students and 6% of other job people. Analyzing the im&tion considered, it follows that the major
percentage of government employees, students, and special job people (like professors, doctors,
engineers, etc.) were obliged to attend training courses to meet the requirements of their jobs. The
study also shwed that the majority of the trained population followed local training courses in
Medina. Although 41% of the study sample considered that the educational and training offers were
suited to the needs of today' . Ramad.ket, 59% felt

39 g |
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34
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mEKSA

33
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Fig. 11— Enrolment rates in higher education in Medina and Saudi Amal#@06 and 2012.
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Fig. 12— Training characteristics of a random sample in Medina.
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6.5.2. ELearning

Plans of digital development inghented by schools and universities in Med{Nedina
Ministry of Education, 2015J259 schools:136 primary schools, 78 medium schools, 45 secondary
schools and 2 universities) reflect that there is full digitization, including new methods of ICT
(Information and Communications Technology) at the two universities; the majority of the city
schools have partial digitization on the way to complete its components according to plans. Also, there
are some schools which are in need of these technolé@gied ).

100 1
90 A
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70 A
60
50 A
40 A
30 A
20 A
10 o

primary s. middles. secondary s. university

m complete digitization W partial digitization planned to develop

Fig. 13— Plans of digital development in the schools and universities of Medina 2015.

6.5.3. Creativity and knowledge

Roughly speaking, there was no registered patent in Medina during the last five years (2010
2015). The results of field regea showed that only 31% of the population sample preferred to read
books and 62% were interested in general knowledge. The majority of the subjects did not prefer to
connect people outside Saudi Aralfig( 14.

' W Yes
®No
Demand for knowing general knowledge
Demand for reading books Demand for connecting people outside Saudi
Fig. 14-Thesamplp opul ati on’s demand for books, knowl ec

and connecting people outside KSA.

7. DISCUSSION

Speaking of Medina, the study presented and analyzed some smart city geographical characteristics
and demonstrated elements that are a drawback to the city devetdpmards smartness as follows:

9 The city governance needs to undertake a clear strategy and have a vision for developments
and greater involvement of the private sector in the delivery of services.

1 The effective use of GIS, cloud computing and all ICTigdo order to facilitate services and
reduce the need for travel.
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1 Improved access to information through multiple chanrefgernet, mobile apps, radio, TV
and print media.

9 Some municipal services, such as water supply and solid waste managemenbetodwiery
high quality.

9 Transport needs a good plan to meet rapid motorization, severe congestion, deteriorating air
quality, road accidents and energy waste.

9 Citizens of the city are in need of human development training programs because smart
citizens luild smart cities.

8. CONCLUSIONS

This paper introduces the fundamental concept of smart cities, along with their supporting
aspects. It summarizes thmart citiescharacteristics and the distinction between them and other city
concepts reported in thedrature.

There is a lack of the precise determination of reliable elements for the characterization of smart
cities, nor are they given in previous related researches. So, the study proposed a group of
characteristics, including factors and indicatorswéel from public and freely available data and field
work. These characteristics are governance, infrastructures, mobility, quality of life and people. They
play the role of Pillars to express the position of Medina and to sharpen its profile from flecpess
of transition to a smart city in an neveighted way.

This study emphasizes the need to incorporate the smart city criteria in Medina which should be
taken into consideration.
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