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PREFACE

The transport sector has always evolved together with the progress of technology, as innovative 
technological solutions have transformed and modernised it throughout the ages. The exponential 
technological progress witnessed today, as well as the diversity of innovative solutions that have been 
emerging, is expected to transform the land transport sector, and enhance its efficiency, its safety, and 
the mobility of people within it. 
The present report is in line with the ESCWA mandate pertaining to technology for development, 
transport and logistics, and the achievement of the Sustainable Development Goals (SDGs). Some of 
the most relevant resolutions in this regard are: A/RES/74/229 (Science, technology and innovation for 
sustainable development), A/RES/72/212 (Strengthening the links between all modes of transport to 
achieve the Sustainable Development Goals) and A/RES/70/1 (Transforming our world: the 2030 Agenda 
for Sustainable Development). 

This report was initiated in response to the requests made by representatives of member countries on 
two separate occasions. One was the second Intergovernmental Meeting on Technology for Development, 
held in Beirut in 2019, during which they requested that ECSWA focuses on technology and innovation for 
special contexts and selected sectors. Another was the 2018 round-table discussion of the Committee on 
Transport and Logistics, during which they highlighted the importance of technological development in 
the transport sector. 

The report seeks to demonstrate the role of digital technology in improving the land transport sector, by 
discussing available technologies as well as future trends that could further influence development in 
this sector. It highlights the status of enabling technologies and the most commonly used technological 
applications in the Arab region, and provides recommendations and policy frameworks to enable and 
facilitate the integration of new technology in land transport in Arab countries. 
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This report aims to identify the role technology 
and innovation can play in developing the land 
transport sector in the Arab region. The intersection 
of these two sectors, transport and technology, is 
an important one. Indeed, throughout the ages, 
technology has provided innovative solutions 
that have transformed and modernised human 
transportation and the entire transport sector. 
The report is being published at an opportune 
time, when Arab leaders are looking for transport 
solutions that would provide social, economic and 
environmental benefits, while being able to satisfy 
fast-growing urban populations. The report thus 
focuses on the transformative role of technology in 
land transport, and examines holistically important 
aspects, namely infrastructure, legal and regulatory 
environments, human capital, the capacity for 
innovation, the availability of funds, services, 
operation and governance.

The report is comprised of four chapters.

“Chapter 1 - Conceptual Framework of the 
Transport System, and the Historical Role of 
Technology in the Transport Sector” examines the 
conceptual framework of transport systems, and 
the interactions between their environment and 
their internal elements that affect their performance. 
Many of the outcomes of these interactions are 
positive and desirable for transport systems, but 
there are two notable negative outcomes: namely, 
road accidents and environmental pollution. The 
chapter goes on to list the main benefits of well-
performing transport systems, dividing them into 
social, economic and environmental benefits. Two 
additional benefits are their contribution towards 
achieving the SDGs, and the transformative role 
that new technology can play in transport systems. 
Chapter 1 evaluates the relationship between 
technology and transport systems, to find that 
transformations in the transport sector do result 
from technological factors, but that the sector is 
also affected by changes in the ecology and climate, 

economic factors, and geopolitical factors, like 
conflicts and wars. Finally, the chapter reviews the 
role technology has played in transport throughout 
history, from the wheel and the sail to the Hyperloop 
train. The report divides new technology into digital 
technology emanating from the 4IR, and non-digital 
technology, such as the use of lightweight materials 
in the manufacturing of vehicles, Autonomous 
Vehicle systems and Hyperloop trains. However, 
while the report does mention the latter, its focus is 
mainly on digital technologies.

“Chapter 2 – Digital Technology Solutions in 
Land Transport” provides a comprehensive review 
of technologies, software systems and applications 
used in the transport sector. The chapter is divided 
into three parts. The first describes the enabling 
technologies or prerequisites needed to integrate 
digital technology in the transport sector. These 
include internet connectivity, local network 
connectivity, internet addressing and IPv6, IoT, 
GPS, GIS, Cloud Computing, Big Data, and Open 
Data. The second part of the chapter describes 
software systems for the management of freight, 
traffic and infrastructure, and passengers. In 
fact, with the rapid growth of Cloud Computing, 
most transport applications, especially for the 
management of passengers, are now available on 
the Cloud, under “Platform as a Service”, “Software 
as a Service” or “Mobility as a Service”. Finally, 
the third part describes future technology trends, 
including Artificial Intelligence, Vehicle-to-Vehicle 
Networks and urban pods. The challenges of 
applying digital technology solutions include the 
availability of digital skills, privacy and security 
concerns, the availability of budgets, clear policy 
directives, and, last but not least, the availability of 
data, especially Open Data.

“Chapter 3 – Status of Technology and 
Innovation in Land Transport in the Arab Region” 
represents the first attempt by ESCWA to directly 
explore the impacts and opportunities presented 

EXECUTIVE SUMMARY



by the rapidly developing field of modern 
technology in the land transport sector. The chapter’s 
assessment of the use of new technologies and 
innovations in land transport in Arab countries 
is rooted in the analysis of the results of detailed 
questionnaires that were sent to national focal 
points in both the transport and technology sectors. 
The aim of the questionnaires was to collect data 
about technology and innovation in land transport 
services. Twelve Arab countries responded, which 
is an adequate sample for the formulation of a 
general appraisal. The analysis of their responses 
shows that they all have a great deal of interest in 
improving their transport systems by implementing 
technological solutions. It is also clear from their 
responses that these countries are currently at 
different levels of development, with the GCC 
countries in the lead, and countries like Morocco and 
Jordan close behind. One common observation is 
that the financing of public transport systems relies 
heavily on public funds in most of these countries, 
and that many of the systems discussed in this 
report are currently in the planning phase in several 
of them.  

“Chapter 4 – Policy Framework for Mainstreaming 
Technology Solutions in Transport Systems” offers 
comprehensive policy recommendations in all 
areas affecting the performance of technology-
enabled transport systems: flexible regulatory 
frameworks; securing funding for transport 
systems; Open Data; vibrant innovation and 
entrepreneurship ecosystems; reducing 
fuel consumption; privacy and security; 
ubiquitous connectivity; and standardisation 
and interoperability. The chapter argues that 
governance and coordination between the 
various stakeholders is key to the success of 
technology and innovation projects, as are flexible 
regulatory environments. Indeed, too many 
license requirements and restrictions can stifle 
innovation. This chapter also shows the need for 
human capital development, through capacity-
building and increasing digital literacy, both for 
the development of new systems, and for currently 
used systems to be adopted by users.

In conclusion, the key message from the 
entire report is that new digital technology is 
redefining transportation as we know it, with 
broad socio-economic implications for ordinary 
citizens, service providers and policy-makers 
alike. However, the report also highlights the 
fact that Arab countries have yet to experience 
a breakthrough in this regard, as they have so 
far failed to use technology and innovation as 
drivers of a productive economy. This means that 
more needs to be done at a comprehensive policy 
level, to create an innovation ecosystem with a 
practical governance mechanism. Future transport 
systems will likely be shaped by a new balance 
between the forces that maintain those systems 
in equilibrium. The shape of future transport will 
be determined by the main concerns of moving 
passengers and freight faster, in greater quantities, 
more safely and more efficiently.
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INTRODUCTION

Throughout the ages, technological inventions and 
innovations have sparked structural transformations 
in the performance of transport systems, as well as 
in the wider framework of their environment. The 
exponential progress in technology witnessed today, 
with the diversity of new technologies and innovative 
solutions that have been emerging, is expected to 
bring major changes to the land transport sector, 
in terms of its structure, the mobility of people and 
the movement of goods within it, as well as its 
labour force. In the Arab region, the need for such 
a technology-fuelled transformation is particularly 
relevant, for three main reasons.  

First, the region’s urban population is booming. 
According to ESCWA’s 2020 Arab Sustainable 
Development Report, “the urban population in the 
Arab region grew more than fourfold from 1970 to 
2010. It will more than double from 2010 to 2050”.1 

Arab countries also have the second highest annual 
population growth rate in the world, at 1.9 per cent. 
As a result, by 2050, roughly 70 per cent of the 
region’s population will be living in cities. Equipping 
Arab cities with modern transport systems, and with 
the infrastructure needed to enable such systems, 
has thus become a necessity. Unfortunately, as 
this report will show, many Arab cities do not have 
the required infrastructure, and planning for the 
expansion of their transport systems must therefore 
start immediately.

Second, while the major technological trends in 
digitalisation are very diverse, they are at different 
levels of development in different countries. The Arab 
region in particular suffers from substantial barriers 
to sustainable growth in the use of technology in 

various sectors. ESCWA’s Horizon 2030 report states 
that “most Arab countries have stagnated or lowered 
over the period from 2010-2011 to 2016-2017”2 in 
terms of their ranking in two international indices, 
the Networked Readiness Index (NRI) and the Global 
Innovation Index (GII), which respectively address 
the digital economy and innovation. Focusing on the 
application of new technology in one vital sector, 
such as transport, would go a long way towards 
developing both.

Third, within the context of climate change, the 
harmful impact of carbon dioxide emissions 
generated by transport systems in all cities 
worldwide will by 2050 result in intolerably high rates 
of pollution and sea level rise. Technology must be 
developed to reduce carbon emissions and achieve 
sustainable levels of development.

It is thus no surprise to find innovation in 
transportation at the heart of the future city planned 
by Saudi Arabia, “NEOM – the Line”, “a city of 
a million residents with a length of 170 km that 
preserves 95 per cent of nature within NEOM, with 
zero cars, zero streets and zero carbon emissions.”1 
This goes a step further than the ambitious Dubai 
“Smart City” initiative, where innovative transport 
systems also play a central role. Both cases 
demonstrate that Arab leaders are already looking 
to technological innovation in transport systems to 
achieve sustainable levels of economic and social 
development.  

However, although some countries in the region 
have made progress in adopting innovations 
and new technology in transport development, 
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the literature review reveals that little has been 
published in fields connected to policy and 
regulation, as well as regarding the technological 
options available to countries. 

This report seeks to establish a base study on the use 
of technology and innovation for the development 
of land transport in Arab countries. It also aims 
to improve our knowledge of the role played by 
technology and innovation in modernising land 
transport in the Arab region. Specifically, the report 
aims to study:

1.	 The importance of the land transport sector 
for social development and economic growth; 
and the positive impact of technology and 
innovation on safety, efficiency, mobility and 
planning in land transport. 

2.	 The role digital and emerging technologies 
can play in improving the land transport sector 
globally and in the Arab region. 

3.	 The policy framework needed to ensure that 
countries benefit from new technology in the 
land transport sector, and to enable the use 
of emerging technologies in land transport in 
Arab countries. 

The target audience for this report are decision-
makers and officials in ministries and authorities 
working in the transport sector; ministries and 
institutions in charge of technology in general and 
Information and Communications Technology (ICT) in 
particular; international and regional organisations; 
interested scholars and researchers from academia; 
and professional and civil associations.

Chapter 1 of the report examines the conceptual 
framework of transport systems, the historical and 
current role of technology in the transport sector, 
and the benefits of using technology in transport 
systems. Chapter 2 examines available digital 
and technological solutions in land transport. 
Chapter 3 examines the status of technology and 
innovation in land transport in the Arab region, 
using a customised survey. Chapter 4 offers policy 
recommendations for mainstreaming technological 
solutions in transport planning. 
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 CONCEPTUAL
 FRAMEWORK OF THE
 TRANSPORT SYSTEM,
 AND THE HISTORICAL
 ROLE OF TECHNOLOGY IN
THE TRANSPORT SECTOR

1
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Transport is essential for economic and social 
development in all countries, as well as for regional 
and global cooperation and economies. No added 
value can be achieved without moving a commodity 
from the location of its production to that of its 
consumption, and social development cannot be 
achieved without ensuring the daily movement 
of people for such purposes as education, work, 
shopping or entertainment. The value added by the 
transport sector to global Gross Domestic Product 
(GDP) ranges from 6 to 12 per cent, and transport 
typically provides 5 to 8 per cent of the average 
national total paid employment. 

Transport services and activities are the result of 
complicated interactions between many exogenous and 
endogenous factors. As with all complex phenomena, 
the planning and management of transport issues 
requires the application of an appropriate “systems 
approach” that takes into account the complex 
interactions between these factors.4 The application 
of a systems approach to transport planning and 
management has increasingly become the norm at the 
global level5 but has not been systematically applied in 
the Arab region. 

The application of the systems approach, as 
a framework to understand transport in the 
Arab region, reveals a great degree of disparity 
between Arab countries on most of the elements 
and dimensions examined, introducing apparent 
challenges to the achievement of a homogeneous 
multimodal transport system, the backbone 
of balanced and inclusive global and regional 
development. Nevertheless, these disparities 
should also be considered to reflect intrinsic 
complementarities between Arab countries. 
Moreover, the degree of variation becomes 
significantly reduced when bearing in mind a 
sub-regional level of analysis, in which clusters 
of countries can be considered more mutually 
integrated on the basis of geographical proximity. 

Given the longevity and expensiveness of many 
transport infrastructures, strategic planning must be 
conducted over a long-term horizon, and be grounded 
in analysis that is not restricted solely to the expected 
outcomes of conventional cost/benefit analyses, but 
also considers how judicious investments may create 
opportunities for future developments.6

A.	Overview of the Conceptual Framework of the Transport System

Key Messages

•	 Transport is essential for economic and social development in all countries, as well as for 
regional and global cooperation and economies. Its added value to global GDP ranges from 
6 to 12 per cent, and transport typically provides 5 to 8 per cent of the average national total 
paid employment;

•	 Many factors affect transport systems in all countries, and these include natural geography, 
social and economic settings, legislative environments and institutional structures, political 
contexts and orientations, as well as levels of technological development;

•	 Technological applications in land transport play an important role in the management of 
passengers and freight, and have positive effects on the efficiency, safety, mobility and 
reliability of transport services;

•	 Emerging digital technologies, such as the Internet of  Things (IoT), Big Data, Open Data, Cloud 
Computing and Artificial Intelligence, will bring further transformations to the land transport 
sector, improving its management, enhancing its efficiency and safety, and reducing carbon 
emissions and fuel consumption.

”

”
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Planning, unlike science, is a prescriptive not descriptive 
activity7. The planner’s objective is not merely to 
describe the transport system and its components, 
but rather to propose ways in which they can be 
changed and improved. Planning cannot rely on 
knowing what needs to be done in 20 years’ time, 
it rather needs to rely on knowing what should or 
should not be done now, taking into consideration 
possible future developments8.

Many findings support the notion that a national 
infrastructure strategy may concentrate on 
supporting infrastructure investments that:9

a.	 serve the internationally traded productive 
sector;

b.	 exhibit network complementarities with other 
infrastructure investments;

c.	 create new opportunities for further value-
enhancing investments that take advantage of 
the initial investment project. 

The spatial dimension is of great relevance when 
assessing the economic impact of transport 
investments. Traditional planning generally takes 
into consideration the following spatial levels: the 
national level (country), the regional level (sub-
national) and the local level (urban or rural). 

The modern planning process tends to be more 
operational, and does not use forecast models as 
final deterministic tools with unquestionable ends. 
Rather, it uses them in an interactive way, as support 
tools for decision makers, and in some iterative 
rounds with planners, other specialists and the public 
concerned by the issue under planning.10 

Thus, in the case of transport networks of regional 
interest, a platform mechanism should be created 
to enable the initiation of an open and transparent 
dialogue, in which national planning instruments 
for the transport system can be reviewed against 
regional common welfare.

One of the best schematic illustration of the “systems 
approach” to the transport system was suggested by 
Reichman in 1983, as shown in figure 1 below.11 

Figure 1. Schematic illustration of the transport system

Source: Reichman, 1983.
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The schematic representation in figure 1 starts from the 
direct environment of any transport system, includes 
several elements that determine the system’s features, 
and highlights the resources available for it to fulfil 
its function, as well as the restrictions and obstacles 
that impede its performance. In terms of direct 
environment, the primary element is the geographical 
landscape, which determines the distances that must 
be crossed using various transport methods; the areas 
of land that can be allocated to transport infrastructure; 
and the terrain and natural barriers facing the 
movement of people and goods, such as seas, rivers, 
lakes, valleys, mountains and deserts of sand or ice. 
These natural features vary between and within 
countries. The geographical setting determines the 
capability for conducting transport activities, depending 
on the natural resources provided by the environment. 

The social and economic outlook is the second 
most important element to determine transport 
needs. This varies between countries according 
to GDP, GDP per capita, the nature and strength 
of economic activity, and its concentration in the 
agricultural, trade and industrial sectors. Population 
pyramids and demographic growth rates can also 
result in major differences in transport needs across 
different countries. 

The legislative apparatus and the institutional structure 
constitute the third element in the direct environment 
category. This element informs the capacity to regulate 
the system’s performance, influences the challenges 
raised by market forces, and determines the incentives 
for developing the system and improving its services.

The transport sector is affected by a country’s level 
of technological development. This accentuates the 
differences between, on the one hand, developed 
countries that have high-yielding technological 
capabilities and are able to implement and manage 
the infrastructure of various transport facilities, such as 
tunnels, bridges and intelligent transportation systems; 
and on the other, developing countries that have not 
reached the level of technological development needed, 
or have development priorities that prohibit them from 
benefiting from such productive technologies.

The political context in a country has an impact on 
the approach taken when tackling transport issues. 
Thus, the latter are affected by the prioritisation of 
certain social and economic aspects, by prevailing 
economic trends such as complete or partial 
economic liberalisation, and by protectionist 
measures aimed at achieving specific development 
goals in the medium and long terms.

Three elements make up the transport system itself: 
passengers and freight; transport providers; and 
administration and regulation authorities. Passengers 
are the principal element in any transport system. They 
are the people who require transport to engage in 
social and economic activities. In general, passengers 
wish to be transported at a time of their convenience, 
at the greatest speed, for the lowest cost, and under 
the best conditions of security and comfort. Transport 
services are usually offered by carriers, operating as 
economic agents, and using available infrastructure 
and facilities to secure the greatest possible profit. 
In most cases within such a framework, the required 
quality of transport services is not achieved by simply 
relying on market competition. Administration and 
regulation authorities are therefore needed to ensure a 
balance between the opposing interests of passengers 
and carriers, by setting transport specifications and 
standards that guarantee the required conditions of 
comfort, safety and security.

Having covered the elements that make up the 
transport system, figure 1 illustrates system 
outcomes by dividing them into four main 
categories: three indicating positive and desirable 
outcomes for transport systems, and one indicating 
negative outcomes.

The first positive outcome for a transport system 
is that of connecting different places through the 
system’s accessibility, which represents its essence 
and principal function. Connecting places ensures 
social communication and economic exchange, 
which people everywhere cannot live without. 
Transport systems connect different places by using 
infrastructure patterns known as networks, which 
are lines that intersect at specific points. These lines 
represent streets within cities and roads between 
cities, railway lines that intersect at various stations, 
airlines for civil aviation, and maritime shipping lines, 
especially for containerisation. In addition to the 
connections between points in a network through 
its various lines, some points also connect various 
transport modes: airports connect roads to airlines; 
sea port terminals link maritime transport to land 
transport via roads or railways; and train stations 
ensure the vital connections between railway transport 
and road transport using peripheral roads to take 
people and goods to their destination, and vice versa. 

Connecting places through transport systems results 
in traffic flows through the various segments of a 
transport network, reflecting, according to Reichman, 
the “technical performance” of the transport system. 
This second positive outcome is measured in 
kilometres travelled by passengers and goods (million 
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passenger-km and million ton-km). The volume of 
traffic on network sections increases with time, in line 
with population and economic growth. When traffic 
flows reach a level beyond the network sections’ 
design capacity, they result in traffic jams, which 
reduce the comfort of users and waste their time. This 
is a situation that calls for capacity increase, achieved 
by improving the efficiency of existing sections and 
building new sections, within the geographical and 
legally imposed restrictions on land use for transport 
networks. Long-term transport planning provides 
suitable solutions to meet increasing transport 
needs in network sections, by balancing between 
the expected development of these needs, available 
resources, and various restrictions on land use.

The third positive outcome of transport system 
performance concerns economic production. 
Economic activity increases added value and GDP, 
either within the transport sector from the economic 
activity of carriers, or through the transport sector’s 
contribution to other sectors, such as agriculture 
and industry. Indeed, these sectors cannot complete 
their economic activity without the transport sector, 
such as in the transport of agricultural goods that are 
ready for consumption, the transport of raw materials 
to factories, and the transport of manufactured goods 
to various outlets.

In addition to these three positive outcomes of the 
transport system, the various kinds of transport 
activity result in several nuisances, with negative 
effects on public health and the environment. A 
principal detrimental effect is that of road accidents 
(now often referred to as road crashes), which cause 
the death of around 1.35 million people annually 
worldwide, in addition to causing injuries that affect 
around 50 million more.12 A second negative side-
effect of transport is the environmental pollution it 
causes, especially air pollution resulting from the 
carbon emissions generated by the sector’s near-total 
dependence on fossil fuel derivatives (petrol and gas). 
Noise pollution is the third negative impact, resulting 
from road traffic in cities and on motorways, while the 
fourth is the disfigurement of public spaces caused 
by some transport infrastructure, such as large road 
bridges and railway overpasses within a city.

The schematic representation in figure 1 highlights 
the relationships between the various elements that 
constitute the system’s environment, the mutual 
effects between the system and its environment, 
and the role these relationships and effects play in 
determining the system’s development features, as 
the following examples illustrate.

There are reciprocal relationships between the 
elements that constitute a transport system’s direct 
environment. Thus, the geographical landscape 
affects social and economic growth in numerous 
ways, which in turn impacts the maturity of the 
legislative environment and institutional structure. 
Such circumstances are unstable, and can change 
over time due to internal or external factors, such as 
significant changes in climate, or the kind of major 
agricultural epidemics that have historically resulted in 
mass migration and caused wide-ranging changes in 
social and demographic structures. Among the many 
dimensions of the transport environment, technology 
and innovation seem to play the most significant role in 
strengthening human control over nature at every level. 
Traditional geographical barriers, such as rivers and 
seas, have been overcome by maritime innovations, 
the technological progress of which has transformed 
what were once obstacles into channels for maritime 
transport, which remains the cheapest and most 
practical transport mode for large volumes. History 
is rife with examples of the role played by innovation 
and progress in the fundamental transformation of 
transport systems, resulting in lasting changes to 
people’s lives and economic activities. Such was the 
invention of the wheel, the oar, the sail, the compass, 
the steam engine, the diesel engine, containers, global 
positioning systems and the whole set of technological 
innovations that have accompanied the current 
information and communications revolution. Political 
will is likely to play a role in developing transport 
systems, with Governments taking critical decisions 
to strengthen infrastructure, seaports, and logistical 
terminals, or formulating strategic policies with 
proactive visions that would open up new horizons in 
the field of transport and positively impact economic 
activity in their countries.

The interactions between the various elements 
of a transport system determine its performance 
and its outcomes within a specific period of time. 
The distinction must be made between the effects 
of the environment on the system, which can be 
direct and swift, and the effects of the system on 
the environment, which often take several years to 
become apparent. Continuous progress in transport 
systems can be seen in their transformation from one 
steady state to another. This can happen gradually 
or through progressive leaps, each representing a 
key juncture in the long-term process. These leaps 
mirror changes in the tentative balance between 
system-regulating factors. Such changes could result 
from the introduction of new infrastructure, such as a 
railway line between two locations; a new transport 
mode following a technological development, such 
as high-speed trains; or a legislative amendment 
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allowing the private sector to participate in the 
aviation industry, for example. Transformations 
in the transport system can also be caused by an 
increase in a system’s negative effects, as the need to 
counteract them becomes more pressing. 

Understanding the interactions between the elements 
(sub-systems) outlined in figure 1 is essential to 
capturing the drivers of change that shape the 
evolution of the transport system, the latter being 
characterised, according to Reichman, by its 
transformation from one steady state to another. The 
nature of these interactions and their impact on the 
performance and evolution of the system vary among 
different levels and contexts. And while the impact 
of outputs on the system and its environment may 
be slow and only appear in the long term, changes in 
the elements of the broad environment tend to have 
sudden, direct and strong impacts on the system, and 
are often likely to cause structural transformations in 
the nature of its performance.

It is important to note that transformations in the 
transport sector might be caused by changes in ecology 
and climate as well as by a scarcity of resources, both 

of which have historically been root causes for the 
mass movement of entire populations from one area 
to another. Economic factors were at the core of the 
so-called “Age of Maritime Discoveries”, considered 
by some to be the first era of globalisation between 
the 15th and 18th centuries. Indeed, it was largely 
motivated by the search for direct maritime routes 
to connect European countries to the lands of spices 
in the East, and avoid the more costly traditional 
routes through the Middle East and Africa, controlled 
by increasingly greedy brokers. Today, some of the 
conflicts that erupted in the Arab region after 2011 risk 
causing long lasting transformations to traditional 
transport routes around the Mediterranean, with 
tangible effects on the production and trade patterns 
of the countries concerned.13 Nonetheless, technology 
and innovation are good instruments for creating 
transformative changes in the land transport sector, all 
other factors considered. Future transport systems will 
likely be shaped by a new balance between the forces 
that maintain those systems in equilibrium. The shape 
of future transport will be determined by the main 
concerns of moving passengers and freight faster, in 
greater quantities, more safely and more efficiently. 

1.	 Historical Spotlights---------------
The purpose of the transportation sector is no longer 
just to move people and goods around, as it contributes 
to achieving economic, social, and environmental 
sustainability. Given the inherent complexity of 
transportation systems, Governments and cities must 
address conflicting requirements to provide a safe, 
efficient, reliable and green transportation system. 
Transport systems must support the economy by 
providing affordable transportation services across 
several transport modes, and those same systems must 
limit carbon emissions and waste to within the planet’s 
ability to absorb them, minimise the consumption of 
non-renewable resources such as fuel, and minimise 
the use of land and the production of noise.

The role played by technology in transport systems 
is a historical one, beginning with the invention of 
the wheel. A historical perspective on the evolution 
of transport systems makes clear the impact of 
technological innovations in introducing deep and 

structural transformations to transport systems around 
the world. Today’s transport systems are the result of 
a long evolution, marked by periods of rapid change 
during which new technologies emerged. Below are 
examples of some of the main inventions/innovations 
that have marked the history of transport, with the 
structural transformations they introduced to the 
transport system and their subsequent impact on 
societies and their economies. 

a.	The wheel
The most famous invention that revolutionised 
transport is undoubtedly the wheel, which was 
first invented in Mesopotamia as a tool to produce 
pottery around 3500 BC, before being used to 
transport people and goods as early as 3200 BC. It 
should be noted that after more than 5000 years, 
land transport all around the world remains largely 
dominated by the wheel. Moreover, apart from 
functioning as a basic component of most vehicles, 
the wheel today is central to the basic design of 
the engines that power trucks, trains, ships and 

B.	 The Relationship Between Technology and the Transport Sector
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even airplanes. Beyond the realm of transport, the 
wheel appears in manufacturing and processing 
equipment, and in power generation such as 
hydroelectric generators and wind turbines. Without 
the invention of the wheel, it is doubtful that the 
world’s economies could have grown to become 
what they are today.14

b.	The sail
The second most famous invention in the field 
of transport is the sail, first used to facilitate river 
navigation by the Sumerians and Ancient Egyptians, 
then for open sea navigation by the Chinese with the 
use of “catamarans”. Due to its dependency on wind 
suitability, sail navigation was complemented with 
oared galleys for centuries, only to be replaced by full-
fledged sail in the fourteenth century. Sailing ships of 
that era were much faster and required smaller crews, 
which reduced their operating cost. Shipping by sail 
depended to a large extent on seasonal winds. The 
year 1431 marked the beginning of European maritime 
expansion, with the discovery by the Portuguese of 
circular wind currents in the North Atlantic Ocean, with 
trade winds westbound and westerlies eastbound, 
leading to the triangular trade structure that enabled 
colonial expansion into the Americas. Similar patterns 
were later found in the Indian and Pacific Oceans with 
the monsoon winds.

c.	Steam engine railways

Prior the Industrial Revolution, land transport was 
limited in speed and volume, and was also very 
expensive. A stagecoach going through the English 
countryside in the sixteenth century had an average 
speed of 1.3 km per hour, and moving one ton of 
cargo 50 kilometres in the United States by the late 
eighteenth century was about as costly as moving it 
across the Atlantic. Around that same time, the canal 
systems that started to emerge in Europe allowed for 
the first large movements of bulk freight inland, and 
expanded regional trade.

Transport played a major role in enabling the shaping 
of the Industrial Revolution, through the generalised 
use of inland waterways and canals, using the 
principle of locks to connect different segments of the 
fluvial system and turn them into a comprehensive 
waterway system. Without these advanced transport 
systems, it would have been impossible to move the 
massive amounts of raw materials, coal, minerals 
and grains from their places of production to the 
emerging industrial cores.

While the first inland waterways depended on animal 
labour to tow the vessels, the system still yielded 
a noticeable increase in efficiency compared to 
traditional roadways. For instance, four horses could 
pull a wagon weight of one ton 12 miles a day over 
an ordinary road. The same four horses could tow a 
barge of 100 tons 24 miles a day on a canal.15

The first practical steam-powered engine was 
developed in 1698 by Thomas Savery, and took the 
form of a water pump. The marriage of the steam 
engine to the wheel was the fundamental change 
that sparked the Industrial Revolution. Thanks to 
the reliable steam engine created by James Watt 
in 1765, larger quantities could be produced with 
fewer people and animals, and thus at a lower cost. 
The Industrial Revolution thus began in England and 
spread around the world by way of expanded trade 
and transport.

The portable steam engine, in the form of the steam-
powered locomotive, led to the creation of the first 
commercial railway system in 1826, thanks to the 
famously reliable rail locomotive produced by Gorge 
Stephenson (1781-1848). Paradoxically, the first 
railway lines were constructed as complementary 
to the canal systems, only to later quickly expand as 
a new stand-alone system of transport, reaching by 
the end of 1843 a total length of railway of more than 
2000 miles in England alone.

Steam locomotives changed the way goods were 
transported, first in England and then throughout 
Europe and North America. Larger volumes of goods 
could be carried in shorter periods of time. In the 
case of North America, the steam engine and the 
railway were fundamental to the development of the 
United States and Canada. Rail systems reached their 
phase of maturity by the early twentieth century, as 
the rail network reached its maximum extent in term 
of total length in most developed economies.

d.	The internal combustion engine
The internal combustion engine, specifically Gottlieb 
Daimler’s four-stroke engine (1889), which was a 
modified version of Rudolf Diesel’s engine (1885), 
together with John Boyd Dunlop’s pneumatic tire 
(1885), were the inventions that revolutionised 
individual mobility. Their combination permitted the 
extended flexibility of door-to-door transport vehicles 
such as individual cars, buses and trucks. The mass 
production of these vehicles, using the assembly 
lines adopted by Henry Ford in 1913, made the 
automobile affordable and popular, and paved the 
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way for the predominance of automobile roads by 
1950. The expansion of the highway systems, in turn, 
enabled lower-density forms of urban settlement, and 
led to the emergence of suburban neighbourhoods. 

Starting in the second half of the twentieth century, a 
spatial complementarity emerged between road and 
rail modes for the transport of people and goods. Road 
transport is considered more competitive for short 
distances, up to around 500 kilometres, while heavy 
rail investments tend to be economically viable for 
distances ranging between 500 and 1500 kilometres.16

e.	Telegraph communication
The invention of the telegraph, perfected by Samuel 
Morse in 1844, played an important role in the 
management of international shipping transport and 
continental rail systems. The telegraph also improved 
the efficiency of business transactions by reducing 
the delay of interaction between management, 
production and consumption centres to only a few 
hours instead of weeks.

f.	 The container
The idea of using containers for transporting goods 
is not a recent one. In the ancient Mediterranean 
world, as early as the Neolithic, the use of clay jars 
(amphorae in Greek) could be considered the earliest 
example of inter-modalism, offering an efficient and 
effective standard to transport products like olive oil, 
perfume, wine and grain.17 In a sense, this was an 
early use of the concept of “containerisation” in land 
and maritime transport.

There are records of containers being used as early as 
the 1830s for the transport of ore, limestone and coal in 
pre-railway England, Silesia and America. They were, 
however, smaller than modern containers, and most 
had a capacity of only 5 to 10 tons.18

The history of modern containers is associated with 
Malcolm Maclean, “the father of containerisation”, 
when his tanker, Ideal X, sailed on 26 April 1956 from 
Port Newark to Houston carrying fifty-eight 35-feet 
containers.19 The use of containers reduced the cost of 
loading from $5.83 per ton to only $0.16 per ton, and 
the economic advantages of this mode of transport 
became clear to the shipping industry.20 The success 
of the operation led to the conversion of other cargo 
ships into “trailer ships” which were equipped 
with on-board handling cranes and could transport 
containers at an increased capacity. It has been said 
that containerisation has perhaps had the greatest 

impact on the shipping industry since the invention of 
the steam engine.21

In 1960, a container ship sailed from New York to 
Venezuela, marking the container’s entrance into the 
international trade market. Today, containers account 
for 16 per cent of the total volume of goods transported 
by sea. Yet the proportion increases considerably when 
one considers the value of the goods transported rather 
than their size, with some sources estimating that the 
value of containerised goods represents the equivalent 
of 60 per cent of the total value of goods transported by 
sea worldwide.22

The popularity of container transport for many dry 
goods, particularly manufactured or semi-finished 
goods, is due to the advantages it offers, chief among 
them being: the protection of goods from damage 
and loss; the reduction of the time and costs needed 
for loading and unloading goods in origin, destination 
and intermediate ports; and the flexibility provided by 
containers in terms of multimodal transport, whether 
by truck or rail.

g.	Aviation
Before aviation, maritime transport was predominantly 
used for the movement of passengers over long 
distances, aboard sail ships, then steamships, and 
finally oil-powered ships. Beginning in 1880, linear 
services linked the major ports of the world, supporting 
regular international passenger transport services, and 
it was only in the 1950s that air transport became the 
dominant mode.

On 17 December 1903, thanks to the perseverance 
of the Wright brothers, Orville and Wilbur, the first 
powered flight took place in Eastern North Carolina, 
on the Atlantic coast. A timeless human dream thus 
became a reality. Although prior flights had occurred 
using hot air balloons, this event marked the real 
beginning of controlled flight, in which aviators were 
no longer at the mercy of the winds. As with the advent 
of steamships, the first powered aircraft provided 
the foundation for the design and creation of aircraft 
with greater capacities, and the ability to fly for longer 
distances and at higher speeds.23

Following the end of the World War II, and particularly 
since the 1970s, air transport witnessed high growth 
rates, with air freight growing at a rate similar to that 
of passengers. The growth of air traffic has also been 
characterised by its being subject to a number of 
setbacks, linked to recessions (1973-1975; 1980-1984; 
1990-1991; the Asian financial crisis of 1997; 2008-2009) 



21

Technology and Innovation for the Development of Land Transport in Arab Countries

or geopolitical instability (the Gulf Wars of 1991 and 
2003; the September 11 attacks in 2001). Despite these 
setbacks, its growth appears to be exponential and 
is expected to level off when developing economies 
such as China, India and Brazil become mature 
markets. When this takes place, the global demand 
for air transport is predicted to peak, according to 
the mainstream transport literature,24 but this should 
be reviewed in light of the shock sustained by the air 
transport sector as a result of the COVID-19 crisis.

The current COVID-19 pandemic is affecting all human 
activity, and consequently all transport services, 
and will inevitably impact future behaviours, mainly 
among passengers. On the short-term, trip purposes, 
frequencies and modes will be distorted, mainly 
due to the prevalence of remote work and meetings. 
Changes are also expected on the mid and long terms, 
accompanied by innovation opportunities arising from 
the development of new and advanced technologies.  

The above review provided examples of how 
innovations and technological inventions trigger 
structural transformations in the performance of 
the transport system and the wider framework of 
its environment. 

With the help of technology, well-functioning and 
well-performing transport systems can have social, 
economic and environmental benefits. Overall, 
they offer strong linkages in terms of their potential 
contribution to the SDGs. Technology could improve 
the efficiency and performance of those systems 
in a targeted way. There is a strong link between 
well-performing transport systems and the goals 
and targets set by the 2030 Agenda for Sustainable 
Development. While different modes of transport have 
different advantages, the ease of reaching destinations, 
based on criteria of proximity, convenience and 
flexibility, enabled by well-performing transport 

systems represents an advantage in line with the 
5Ps of the 2030 Agenda (people, prosperity, planet, 
partnership and peace), particularly the objectives 
concerned with people, planet and prosperity. It 
would also contribute to several SDGs and targets of 
the 2030 Agenda. More specifically, the integration 
of technology in land transport would help member-
countries achieve SDG 9, particularly target 9.1 
(“develop quality, reliable, sustainable and resilient 
infrastructures”) and SDG 11, particularly target 11.2 
(“provide access to safe, affordable, accessible and 
sustainable transport systems for all”), by improving 
the safety and efficiency of transport infrastructure 
and systems. Table 1 provides a summary of the links 
between well-performing transport systems and the 
SDGs. The introduction of technology in the transport 
sector, or any other sector, would also help achieve 
many other targets included in the SDGs, as will be 
shown in chapter 4. 

2.	 Lessons Learned: Drivers of Change for Future Transport------------------

There are enormous social benefits to developing 
the transport system, and to the integration of 
technology in this sector, as will be discussed later 
in this chapter (see section 1.4). This would include 
improving accessibility, affordability and safety. 

Moreover, the transport sector participates in 
economic production and significantly contributes to 
a country’s GDP. Transport costs are usually included 
in the final price of agricultural or manufactured 

products, in line with the set of transport processes 
necessary for its production and transfer to outlets. 
In many cases, transport and logistics cost margins 
determine a product’s competitive advantages in 
domestic and global markets. The scientific literature 
asserts that investment in transport infrastructure 
stimulates overall economic growth at the national 
level, and achieves economic development in the 
areas that benefit from such infrastructure.25

Table 1. Links between transport systems and the SDGs

Improved traveller experience SDG 8 (8.1)

Improved energy efficiency SDG 9 (9.4); SDG 13 (13.2)

Improved operational performance SDG 7 (7.A and 7.B); SDG 9 (9.1)

Increased safety SDG 3 (3.6); SDG 11 (11.2)

Source: Compiled by ESCWA.
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Due to their massive energy consumption, transport 
systems threaten global energy sources. In 2012, the 
transport sector was responsible for 27.9 per cent 
of total energy consumption, and 55 per cent of all 
liquid energy consumption, worldwide, and such 
consumption is expected to increase in the future. 
Currently, the transport sector heavily relies on non-
renewable energy from fossil fuels (petroleum oil 
derivatives). It therefore greatly contributes to the 
spread of air-polluting emissions, such as carbon 
dioxide, nitrogen and sulphur, as well as other 
nefarious gases. 

Main policies that can reduce air pollution include 
(re)designing cities around active public transport 
as the main mode of transport, providing cleaner 
fuels, and implementing vehicle emission standards 
for light-duty and heavy-duty vehicles. That is why 
reducing greenhouse gas (GHG) emissions and fuel 
consumption, where cars and traffic represent the 
main source, has become a common policy goal all 
over the world. Most approaches focus on curtailing 
automobile use in cities to reduce emissions, improve 
air quality, and support sustainable development.

The adoption of digital technologies in the field of 
transportation, as a tool for developing strong new 
platforms to solve problems, would reduce supply 
chain inefficiencies, improve demand-supply matching, 
and increase connectivity and visibility across systems. 
Because the aims of the transport system go beyond 
the movement of people and goods, the use of 
technology in land transport comes with the promise 
of improved overall traveller experience through 
increased efficiency, reduced congestions reduced 
travel time, and hence reduced fuel consumption. It 
also promises improved environmental impact benefits, 

in line with global development agendas such as the 
2030 Agenda for Sustainable Development. 

The benefits of integrating technology in land 
transport systems  include:

•	 Improved traveller experience mainly through 
accurate, live information on timings, road 
conditions, etc.;

•	 Improved monitoring of the status of 
infrastructure, to arrange for the maintenance 
of roads, railroads and public transportation 
vehicles before decay and accidents occur;

•	 Increased safety, by tracking speeds and heavy 
breaking, and reporting on accidents and 
emergencies;

•	 Improved operational performance, by 
optimising inventory and providing timely 
delivery of goods, which would result 
in a reduction of fuel costs and vehicle 
maintenance expenses;

•	 Reduced supply chain inefficiencies, improved 
demand-supply matching, and increased 
connectivity and visibility across systems;

•	 Improved customer satisfaction and increased 
profitability;

•	 Improved energy efficiency, through reduced 
congestion, reduced time spent searching for 
parking, and reduced energy consumption, 
which would result in reduced GHG emissions, 
improved air quality indices, and decreased 
environmental impacts;

•	 Job creation and the development of digital 
skills (smart cities).

The latest transformational wave of digital 
technology represents the Fourth Industrial 
Revolution (4IR), and has taken the entire planet by 
storm. This technology has changed the way we live, 
work, communicate, learn and play. It has changed 
the business models of major industries and created 
complex supply chain models previously unheard of, 
placing the customer at the heart of service delivery. 
“Uber, the world’s largest taxi company, owns 
no vehicles. Facebook, the world’s most popular 
media owner, creates no content. Alibaba, the most 
valuable retailer, has no inventory. And Airbnb, the 
world’s largest accommodation provider, owns no 

real estate”.26 Digital transformation tools are tackling 
transportation issues as well, such as: (a) visibility, 
by providing the possibility to track/monitor goods 
in real time; (b) agility, by allowing a more rapid 
response to demands from consumers; and (c) 
sustainability, by reducing GHG emissions. 

According to Klaus Schwab,27 the technology 
enablers of the Fourth Industrial Revolution are: 
Autonomous Robots, Big Data, Cloud Computing, 
Additive Manufacturing (3D printing), the Internet of 
Things (IoT), Cyber Security, Simulation, and System 
Integration (see figure 2).

C.	 Emerging Technologies for Land Transport
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All 4IR technologies are digital technologies, involving computer sciences, software and applications, but not 
all of these technologies have applications in the transport sector today. The 4IR digital technologies that have 
the most impact on transport and logistics are Artificial Intelligence, the Internet of Things, Big Data, 
and Cloud Computing. The combination of these technologies, characteristic of the 4IR, could generate 
tremendously important applications for land transport. These technologies and their applications will be 
discussed in more detail in Chapter 2 of this report, which focuses mainly on digital technologies. According to 
the University of Ohio,28 there are five technologies that have arisen at the forefront of the transport revolution. 
These are: the Internet of Things, Autonomous Vehicle Systems, lightweight vehicle materials, on-demand ride 
services, and the Hyperloop. 

Figure 2.	Enablers of the fourth industrial revolution 
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Figure 3.	Five technologies at the forefront of the transport sector
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The Hyperloop is a special high-speed train that 
requires a separate infrastructure, where pods 
(trains) travel through tubes or tunnels from which 
most of the air has been removed to reduce friction, 
which allows the pods to travel at very high speeds. 
Several companies (including Virgin, Tesla and 
SpaceX) are currently building prototypes, inspired 
by a concept first proposed by Robert Goddard in 
1904. The United Arab Emirates started building a 
Dubai-Abu Dhabi Hyperloop corridor in 2020, while 
India’s Maharashtra State Government has been 
working on the construction of a Mumbai-Pune 
commercial Hyperloop corridor since 2017.

To reduce the weight of vehicles and thus their 
energy consumption, manufacturers are replacing 
cast iron and traditional steel components with 
lightweight materials, such as high-strength 
steel, magnesium (Mg) alloys, aluminium (Al) alloys, 
carbon fibre and polymer composites.  

Autonomous Vehicle Systems (AVS), also known as 
self-driving cars, make up a field of applied science of 

their own, merging robotics, Artificial Intelligence and 
advanced car automation to command and control 
vehicles without human intervention. While the 
science aspect of these efforts is now very advanced, 
the ethical and legal aspects are still lagging behind. 
This is especially true in the case of accidents and 
loss of life, with the debate still ongoing over the 
liability of man versus machine.

IoT and on-demand ride services will be described 
in detail in Chapter 2, which is dedicated to digital 
technology solutions in land transport. 

It is safe to assume that a whole range of 
inevitable societal and technological changes could 
revolutionise how we travel in the coming decades. 
These include large-scale responses to the climate 
change crisis, energy sourcing and security; shifting 
demographic trends (such as the growing numbers 
of elderly people); the development of a collaborative 
economy; the apparently inevitable advent of 
driverless cars; and last but not least, the growing 
use of technology in land transport.  

Throughout history, major innovations and 
technological inventions have owed their application 
and widespread diffusion in the transport sector to the 
advantages and benefits they offered, when compared 
with the prevailing transport tools and systems of 
their time. Examples of these advantages include: 
shifting from costly animal labour to free wind energy, 
in the case of the sail; increasing transport capacity 
and range with a reduced cost, in the case of the 
railway; noticeably increasing transport speed and 
range, in the case of the aircraft; and increasing the 
efficiency and effectiveness of freight transport, in the 
case of container use. In all of these examples, the 
technological application heralded a transformation 
in the conventional compromise between speed and 
energy, reflecting a change in the return to cost ratio 
of covering distances. Every application introduced 
a new reconciliation between the return/cost factors 
associated with the new solution, making possible the 
provision of services that were previously unthinkable.  

Without aspiring to achieve a similar paradigm shift 
in the evolution of transport systems, recent advances 

in Information and Communication Technologies (ICT) 
have enabled the development of several applications 
resulting in the improvement of speed, efficiency, 
safety and reliability in today’s transport services. 

Estimating the impact of each of those technologies 
individually is no trivial task, as they are relatively 
new (20 to 30 years old at most), and being 
developed as separate segments or components 
of more integrated systems, known as Intelligent 
Transportation Systems (ITS). 

Intelligent Transportation Systems (ITS) are a 
combination of cutting-edge information and 
communication technologies, used in transport 
and traffic management systems to improve user 
safety, operation efficiency and transport network 
sustainability, reduce traffic congestion, and enhance 
driver behaviours. They include smart motorways, 
autonomous/driverless and communicating vehicles, 
urban and inter-urban traffic management, speed 
limit enforcement, transport safety and security, and 
improved mobility. ITS optimise existing infrastructure 

D.	Advantages and Benefits of Innovation and Digital Technology 
Applications in the Transport Sector
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to make transport more efficient, instead of 
requiring additional physical infrastructure, with the 
environmental disadvantages and financial costs this 
would entail. 

Several transport agencies in various countries have 
been collecting data and developing approaches to 

more precisely quantify the benefits of implemented 
ITS. The following sub-sections showcase the outputs 
of quantitative impact studies of ITS deployment 
conducted in selected countries. 

1.	 The Benefits of Intelligent Transport Systems in the United States 
of America29

The Research and Innovative Technology Administration (RITA) at the U.S. Department of Transportation 
conducted a study in which it evaluated the benefits, costs and deployment statistics of ITS, as well as the 
lessons learned. In measuring the benefits of a deployed system, researchers mainly looked into the following 
elements: safety, mobility, efficiency, productivity, energy consumption, environmental impact and customer 
satisfaction. A few examples of the benefits measured for various implemented ITS components are:

1. Adaptive signal control: Adaptive signal control systems coordinate the control of traffic signals across a 
signal network, adjusting the lengths of signal phases according to prevailing traffic conditions. The following 
benefits were assessed:

Benefit elements Findings

Safety Stop reduction from 10 per cent to 41 per cent

Mobility Delay reduction from 5 per cent to 42 per cent

Efficiency 20 per cent increase in vehicle throughput on arterials, and 6 per cent on freeways

Energy and Environment Emission reductions of 3 to 6 per cent, and fuel savings of 4 to 7 per cent

2. Parking management: Parking management systems with information dissemination capabilities are 
most commonly deployed in urban centres or at modal transfer points, such as airports. Those systems 
monitor the availability of parking and disseminate the information to drivers, thereby reducing traveller 
frustration and the congestion associated with searching for parking.

Benefit Elements Findings

Mobility Travel time reduction by 9 per cent, and stopped time delay decrease by 4 per cent

Efficiency
Sizable increases in transit mode
share (5.5 more transit commutes per month), a decreased average commute time (an average of 5 per cent for a 
50-minute commute), and a reduction in total vehicle miles travelled per participant of 9.7 miles per month

Customer Satisfaction 81 per cent of surveyed travellers indicated that parking was easier, and 68 per cent agreed that parking was faster

It was also found that, according to the ITS Cooperative Deployment Network, the projected benefits of ITS 
in the United States (for the period between 1996 and 2015) are: 44 per cent accident cost savings, 41 per 
cent time savings, 6 per cent GHG emissions/fuel savings, 5 per cent operating cost savings, and 4 per cent 
agency cost savings.
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2.	 The Benefits of Intelligent Transport Systems in the United Kingdom 
and Sweden30

ITS United Kingdom describes itself as “the UK’s 
society for all who work in Intelligent Transport Systems 
(ITS)”. An independent association, it is financed 
by members’ subscriptions, and has 160 corporate 
members, including Government departments, 
local authorities, software houses, manufacturers, 
consultancies and system integrators. Its 2016 report on 
the benefits of ITS lists the following findings: 

a.	 Health, safety and environmental benefits

1.	 A safety report following 3 years of operation 
shows 2.25 Injury Accidents per month with 
4 Lane Variable Mandatory speed limits, 
compared to 5.08 with no variable speed limits 
– a 56 per cent reduction.

2.	 Journey times in congested conditions were 
reduced by 16 per cent, and journey time 
variability by 22 per cent, making journey 
times more predictable.

3.	 Noise levels were reduced by 2.1 dB (A).

4.	 Carbon monoxide and carbon dioxide 
emissions were both reduced by 4 per cent, as 
was fuel consumption.

5.	 Subsidiary effects were a reduction in 
driver stress and an improvement in speed 
compliance. There were also high levels of 
driver satisfaction with the scheme.

6.	 Killed or Seriously Injured (KSI) accidents were 
reduced by 70 per cent.

b.	 Driver and traffic management benefits

1.	 The London congestion-charging scheme 
reported a 6 per cent increase in bus use and a 
20 per cent drop in road traffic.

2.	 The Stockholm congestion tax has realised 
traffic reductions of more than 20 per cent, and 
travel times have improved.

3.	 Congestion charging is usually thought 
to be unacceptable to the voting public. 
However, there is evidence that a majority of 
the population will accept it, given the right 
information and experience. The Stockholm 
congestion tax was initially opposed by 62 per 
cent of voters, but after a 7-month trial which 
demonstrated the benefits, a majority voted to 
make the scheme permanent and it is currently 
supported by 74 per cent of the population.

Box 1. Applications of ITS in Qatar............................................................................................................................................

The Qatar Ministry of Transport and Communication (MoTC) is currently working on several key projects that involve 
the use of new technologies and smart systems, such as developing a national strategy for ITS, on-street smart parking, 
tooling, the Qatar Transport Master Plan, the Qatar Parking Master Plan, Qatar Freight Master Plan, asset management 
systems, smart street lighting, and a Traffic Management Centre. The Government of Qatar has also passed the 
overarching laws and executive legislation needed to organise the land transport system.

In addition, the MoTC is responsible for the TASMU Smart Qatar Program, which includes several key strategic 
projects, many of them connected to transport, including, but not limited to:

1.  A digital travel guide.

2.  Real-time crowd and transport management.

3.  Intelligent road signage.

4.  Road to vehicle communications.

5.  A national supply and demand dashboard.

6.  Insightful customs rating.

Source: ESCWA, 2020b; TASMU Smart Qatar, 2021.
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 DIGITAL TECHNOLOGY
 SOLUTIONS IN LAND
TRANSPORT2
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Over the past two decades, Information and 
Communication Technologies (ICT) have introduced 
new solutions for increasing energy efficiency, 
reducing greenhouse gas emissions and mitigating 
climate change, as well as reorganising traditional 
processes in different sectors, including the 
transportation and logistics sectors. ICT systems 
have enabled the efficient use of devices in the 
infrastructure to regulate and manage vehicular traffic, 
and adopted emerging and novel technologies for 
collecting and processing data, to then disseminate 
it in the form of useful information for passengers 
and travellers. The application of ICT to transportation 
systems has improved services and led to the 
adoption of new models using new resources.  

As a matter of fact, the impact of this technology 
on transportation transcends its effects on mobility 
and cost-effectiveness. Those new technologies 

are changing the way we plan, design, build, and 
operate transportation systems, and yet the social and 
environmental consequences of these systems remain 
the most important consequences of this change. 
Efficient transportation systems would also reduce 
overall cost and significantly reduce GHG emissions.

All sectors of land transport are affected by 
technology:  individual transport, by driving 
one’s own car or on-demand mobility; collective 
(public) transport, in buses and trains; as well 
as the transportation of goods and freight. Land 
transportation systems can be rural, urban or 
inter-regional.

This chapter describes the most notable technologies 
that could help develop land transport, by conducting 
a literature review and providing examples from both 
developed and developing countries.  

Key Messages
•	 A well-developed digital infrastructure is essential to facilitating the use of technologies for 

land transport, such as the Internet of Things, Big Data, Open Data, Cloud Computing and 
Artificial Intelligence. These technologies would in turn facilitate the provision of services;

•	 A variety of technological applications are available today for the management of freight, 
traffic, infrastructure and passengers. These applications improve efficiency, safety and the 
mobility of people, while reducing costs. Arab countries should seriously consider these 
technologies and their benefits for land transport;

•	 There are challenges that should be addressed in introducing these new technological 
applications, including those connected to security and personal data protection. Decision-
makers should therefore seriously consider these issues, as part of the process of integrating 
new technology in the transport sector.

This section describes enabling technologies that must 
be available before ICT solutions and services can be 
deployed in the land transport sector.  

Applications often require more than one enabling 
technology for their land transport solutions to function 
properly. As land transport is about mobility, several 
enabling technology components will have to be used 
simultaneously (Connectivity, IoT, Open Data, Big Data, 
Cloud Computing, etc.) to create the smart systems 
described below. 

The order in which technologies are listed in this section 
is inspired by the Open Systems Interconnection 
(OSI) model, starting from pure infrastructure and 
moving towards the user interface aspect, using 
applications, cloud applications, and interoperability 
cooperation agreements. This includes connectivity 
infrastructure, the Internet of Things (IoT), Big Data, 
Cloud Computing, Global Positioning Systems (GPS), 
Geographical Information Systems (GIS), Open Data 
and Interoperability. For each of these technologies, 
special attention is given to their uses in land transport.

A.	Enabling Technologies for Land Transport

”

”
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Connectivity infrastructure is needed to deploy ICT 
software and applications. For land transportation 
systems, a broad range of networks can be deployed 
to provide the communication infrastructure needed 
for information flow, using both wireline and wireless 
technologies. Transportation networks include moving 
parts (vehicles, passengers, etc.) and fixed stations 
(traffic control centres, road signs, toll booths, etc.), and 
there are multiple communication options available 
to the system designer, falling under the classification 
“land mobile service”.31

In addition to the “land mobile service” aspect, 
transportation networks also need internet connectivity 
because many of the systems involved are provided 
as Platform as a Service (PaaS), Software as a Service 
(SaaS), and Mobility as a Service (MaaS) by the cloud.  

The flexibility afforded by the broad diversity of 
available options provides each implementer with the 
ability to select the specific technologies that meet 
their local, regional or national needs. For greenfield 
deployments, leveraging existing and emerging 
transportation and communication infrastructure in 
the design is recommended. This minimises the risk 
and cost of deployment, and maximises marketplace 
acceptance, penetration and early deployment.  

Below is a summary of the connectivity technologies 
available and used in the transportation sector:

Internet: The prime building block of any 
transportation software system is reliable and pervasive 
connectivity and internet access. Existing infrastructure 
for 3G/4G cellular networks, or city-wide wireless 
networks, can deliver quick wins before the installation 

of the complex application systems described in the 
next sections even begins. Examples of quick wins 
that can be implemented immediately, given adequate 
internet access, include:

•	 Wi-Fi hotspots for passenger connectivity in 
buses and trains;

•	 Points of Sale (POS), such as trains and taxis, 
accepting credit card payment;

•	 In-vehicle CCTV equipment in public transport, to 
improve passenger and driver safety;

•	 Electronic and Mobile Ticketing, where 
passengers can book and carry their travel tickets 
electronically on their phones, with a simple 
scanning solution to check the validity of the 
customer’s ticket;

•	 Location management using applications like 
Citymapper or Google Maps;

•	 Simple local applications to view bus schedules 
and arrival times;

•	 Any other relevant local application.

According to a recent report by the Internet Society,32 

internet access infrastructure “consists of a value chain 
that carries internet traffic from international locations 
to national points of presence and then to end-
users. It must have sufficient capacity to not congest, 
particularly during peak usage times, and to support 
new and emerging services and applications. It must 
also be available at a cost that makes access affordable 
for end-users, while also providing redundancy and 
resilience to support enterprise applications”. Internet 
access infrastructure, as depicted in figure 4, must be 
available to all. 

1.	 Internet and Connectivity Infrastructure---------------------------------------

Figure 4.	Internet access infrastructure

 

Source: Kende, 2020.
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The Internet Society report notes that prices for 
international bandwidth are quite high in the region, 
ranging from $10 to $67 per Mbit/s per month, 
compared with prices near or below $2 in the United 
States and Europe. The high cost of international 
transit can lead Internet Service Providers (ISPs) to 
under-provision the amount needed by their end-users. 
This, in turn results in congestion during times of peak 
usage, which further increases the latency of access to 
international traffic. The latency of international capacity 
is also a significant issue for the transport sector, as 
high latency rates impact transportation usage.  

When it comes to the national network, and to help 
solve the latency problem by maximising local internet 
traffic, Internet Exchange Points (IXPs) should be 
deployed. IXPs could be connected to data centres that 
would host cashes of the international and national 
applications needed, but very few Arab countries have 
viable IXPs at the present time.

For the last mile, mobile networks already cover large 
parts of many Arab countries, with some effectively 
having 100 per cent of their population covered with, at 
the very least, mobile voice services, also known as 2G. 
This would enable mobile internet to effectively leap-
frog fixed access, which would be much more costly 
to deploy. The first true mobile broadband technology, 
better known as 3G, is still in widespread use in the 
Arab region today, with Qatar being the only country 
with 100 per cent fibre coverage.

Wireline (Last mile or local networks): Used for 
fixed-to-fixed communication requirements, it requires 
leased or owned twisted wire pairs, coaxial cables or 
fibre optics. Examples of what can be done with this 
type of communication requirement include gathering 
information, and monitoring, or controlling fixed 
roadway subsystem equipment (e.g., traffic surveillance 
sensors, traffic signals, changeable message signs, 
others) from a traffic control centre. Fibre is considered 
the new standard for all wireline connections, as it can 
provide high bandwidth and reliable connections. 

Short-range wireless (Last mile or local 
networks):  Used for fixed-to-mobile or mobile-to-
mobile for short range communication requirements 
(less than 100 meters).  

For IoT devices placed on the roadway or inside 
vehicles, the main technologies used for device-to-
device communication are Bluetooth Low Energy (BLE), 
Zigbee, and Z-Wave. Zigbee is a short-range, low-
power, wireless standard (IEEE 802.15.4), commonly 
deployed in mesh topology.  IoT devices all have small 

batteries, and their low power consumption is key to 
their durability.

Wireless networks, such as city-wide or municipal 
networks, remain the preferred means of 
communication between the IoT device and 
the gateway, or between the device and the 
internet directly, when such an option is available. 
For connected cars, Dedicated Short-Range 
Communications (DSRC) are used for fixed-to-mobile 
applications, such as toll collection, parking fee 
collection, roadside safety inspection, credential checks, 
in-vehicle signing, intersection collision avoidance, 
etc. DSRC can also be used for vehicle-to-vehicle 
communication to avoid collision. To minimise latency, 
DSRC require spectrum and high frequency allocations 
that vary by country.

Wide-range wireless: Used for fixed-to-mobile 
communications, for services and applications that 
disseminate information to users who are not located 
near the source of the transmission and require 
seamless coverage.  

Cellular-type networks such as 3G and 4G/LTE 
offer reliable broadband communication supporting 
various voice call and video streaming applications. The 
advent of 5G technology is expected to be a watershed 
event, one that would accelerate further deployment 
of high-speed mobility applications, including smart 
transportation and autonomous vehicles, due to its 
higher speed and very low latency.  That being said, 
cellular-type networks are the most expensive of all 
to deploy, and entail very high operational costs and 
power requirements.

Evolving Low Power Wide Area Network 
(LPWAN) technologies are well-suited to most 
smart city applications, due to their cost efficiency 
and ubiquity. LPWANs provide long-range 
communication, using small and inexpensive 
batteries that last for years, and are purpose-
built to support large-scale IoT networks. These 
technologies include Narrowband-IoT (NB-IoT), Long 
Term Evolution for Machines (LTE-M), and Extended 
Coverage GSM (EC-GSM), which require licensed 
spectrums, as well as MYTHINGS, Long Range (LoRa) 
and Sigfox, which can use unlicensed spectrums.

Selecting the best wireless technology requires 
an accurate assessment of bandwidth, Quality of 
Service (QoS), security, power consumption and 
network management.

Internet addresses and IPv6: Every computer 
hosting content to be published on the internet must 

https://www.thalesgroup.com/en/markets/digital-identity-and-security/mobile/inspired/5G
https://behrtech.com/mythings/
https://twitter.com/intent/tweet?url=https%3A%2F%2Fbehrtech.com%2Fblog%2F6-leading-types-of-iot-wireless-tech-and-their-best-use-cases%2F&text=Selecting%20the%20best%20wireless%20technology%20for%20your%20IoT%20use%20case%2C%20requires%20an%20accurate%20assessment%20of%20bandwidth%2C%20QoS%2C%20security%2C%20power%20consumption%20and%20network%20management.&via=behrtech&related=behrtech
https://twitter.com/intent/tweet?url=https%3A%2F%2Fbehrtech.com%2Fblog%2F6-leading-types-of-iot-wireless-tech-and-their-best-use-cases%2F&text=Selecting%20the%20best%20wireless%20technology%20for%20your%20IoT%20use%20case%2C%20requires%20an%20accurate%20assessment%20of%20bandwidth%2C%20QoS%2C%20security%2C%20power%20consumption%20and%20network%20management.&via=behrtech&related=behrtech
https://twitter.com/intent/tweet?url=https%3A%2F%2Fbehrtech.com%2Fblog%2F6-leading-types-of-iot-wireless-tech-and-their-best-use-cases%2F&text=Selecting%20the%20best%20wireless%20technology%20for%20your%20IoT%20use%20case%2C%20requires%20an%20accurate%20assessment%20of%20bandwidth%2C%20QoS%2C%20security%2C%20power%20consumption%20and%20network%20management.&via=behrtech&related=behrtech
https://twitter.com/intent/tweet?url=https%3A%2F%2Fbehrtech.com%2Fblog%2F6-leading-types-of-iot-wireless-tech-and-their-best-use-cases%2F&text=Selecting%20the%20best%20wireless%20technology%20for%20your%20IoT%20use%20case%2C%20requires%20an%20accurate%20assessment%20of%20bandwidth%2C%20QoS%2C%20security%2C%20power%20consumption%20and%20network%20management.&via=behrtech&related=behrtech


31

Technology and Innovation for the Development of Land Transport in Arab Countries

be identified by a unique number known as an Internet 
Protocol (IP) address. In addition, every user, mobile 
phone and device of any kind that are connected to 
the internet also require a numerical IP address to 
communicate with other devices. 

The original IP address scheme, called IPv4 (Internet 
Protocol version 4), is made up of a 32-bit numerical 
string, with an address pool of (232), allowing for only 
4,294,967,296 individual IPv4 addresses. One of the 
major challenges faced by the internet today is that 
IPv4 addresses are running out all around the globe. 
RIPE NCC, the organisation that allocates and registers 
IP addresses in Europe, the Middle East, and parts of 
Central Asia, announced that it had run out of IPv4 
addresses in November 2019.34

As IPv4 addresses run out, IPv6 (Internet Protocol 
version 6) must be adopted to ensure that the internet 
can continue to grow and develop. With IPv6, at 128-
bits the address space is (2128), allowing for 340,282,366,
920,938,463,463,374,607,431,768,211,456 IPv6 addresses. 
This pool of addresses would be sufficient to cover 
all IoT needs, and allow all mobile devices, sensors, 
cameras, cars, buses, refrigerators, washing machines 
and coffee machines to be connected to the internet.

With the advent of connected cars, fully automated, 
autonomous or “self-driving” vehicles, every car will 
need to have its own IPv6 address to be connected to 
the internet. Moreover, as discussed in further detail 
in later sections of this report, transportation software 
systems, such as Intelligent Transportation Systems 
(ITS) and Automated Highway Systems (AHS), are 
highly dependent on sensors placed on roads, to 
gather data, analyse it, and make predictions. As 
transportation systems keep growing, and as they 
become increasingly dependent on IoT components, 

while continuing to rely heavily on moving vehicles, 
it will not be possible to connect all “things” and all 
“cars” without IPv6.

While IPv6 has been installed by default in all 
equipment, computers and mobile phones since 2012, 
many ISPs either do not enable the feature or are 
afraid that some user or some equipment might not be 
IPv6-ready. Until service providers can be assured that 
all of their customers’ needs are being met, they must 
continue to run IPv4 and IPv6 in parallel, using dual 
stacks, or another technology called NAT64, which can 
translate IPv6 addresses into IPv4 addresses.  

IPv6 deployment must be thought of as a long-term 
project that must be carefully planned, executed and 
managed. Internet organisations such as RIPE NCC and 
the Internet Society are ready and willing to provide 
support. National telecom regulatory authorities also 
have a major role to play in encouraging service 
providers to adopt IPv6 as quickly as possible.  

Satellite: Satellite communication providers have been 
pursuing opportunities in the land transport sector, 
given that satellites have broad areas of coverage that 
exceed even the reach of the best cellular networks. 
While there are so far no known applications, Inmarsat 
for example has been working with its partners for four 
years to develop a system to integrate the European 
Rail Traffic Management System (ERTMS) with satellite 
and cellular coverage, so as to improve safety and 
operational efficiency on regional lines.
The most compelling applications for connected 
transportation are expected to be: emergency 
assistance calls, navigation and mapping updates, 
backup connectivity for terrestrial networks (especially 
on autonomous vehicles) and over-the-air updates.

Around 10 billion devices are connected through 
the Internet of Things (IoT) today, and this number is 
estimated to grow to 22 billion by 2025.36 

While the internet used to be a network of connected 
computers, it has grown to include other kinds of 
devices, such as mobile phones, sensors, cameras, 
refrigerators, washing machines, cars, buses, trains, 
etc. Humanity seems to be heading towards a world 
where everything is connected to the internet. 

Different institutions have defined the IoT layered 
model in different ways. The most basic is a 3-layer 

model, while the most common is a 5-layer model that 
includes the following37 (see figure 5): 

1.	 Perception layer, also called sensing layer or 
objects layer: this layer basically refers to the 
devices that are physically placed in the field 
to detect, collect and process information from 
the environment, such as weight, temperature, 
humidity, motion, location, etc. Devices that 
collect information could be Radio-Frequency 
Identification (RFID) tags, sensors or smart 
detection devices. 

2.	 The Internet of Things (IoT) and its Applications in Land Transport------
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2.	 Network layer, also called transmission layer, 
data communication layer or object abstraction 
layer: this layer securely transmits the data 
collected from sensors/devices, over existing 
or private network media for short ranges, to 
the middleware, using technologies such as Wi-
Fi, 3G/4G/5G, Bluetooth, BLE, LoRaWAN, etc.

3.	 Middleware layer, also called service 
management layer: this layer links data 
received from the network layer, processes 
information, makes decisions on the type 
of service required, and stores the data in 
management databases.

4.	 Applications layer, this layer includes user-
level smart applications based on the targeted 
sector (such as smart health, smart homes, or 
transportation). 

5.	 Business layer, this is the layer where 
IoT system management takes place. This 
layer provides business models, graphs 
and flowcharts to support decision-making, 
and also “designs, analyses, implements, 
evaluates, monitors, and develops IoT system-
related elements”.38

a.	Uses of IoT in transport 
The Internet of  Things (IoT) is an enabling technology 
for transport systems. IoT comes with the promise 
of improved overall traveller experience through 
efficiency and reduced congestion, as well as a 
reduced environmental impact and benefits consistent 

with global development agendas such as the 2030 
Agenda for Sustainable Development. In 2016, it 
was estimated that the IoT transportation market 
was worth $135 billion globally, and it was expected 
to grow to $328 billion by 2023.39 These numbers, 
however, will need to be revised in light of the global 
crisis caused by the current COVID-19 pandemic. 

Figure 5.	IoT layered models 
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Figure 6.	IoT applications in transport
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One of the most prominent aspects of implementing 
IoT for smarter transportation is the fact that 
it does not necessarily require building new 
infrastructure,20 although this may not be feasible in 
many developing countries, including those of the 
Arab region. Indeed, IoT technology can be applied 
right away at the transportation infrastructure level, 
vehicle level and freight/container level.

When it comes to infrastructure, “municipalities 
can start making their roadways smarter right now 
by deploying off-the-shelf sensors”.41 This would 
include pavement markings, signage and signals, as 
well as technology that can gather information and 
communicate with vehicles and control centres.42 

Sensors installed on existing road structures such 
as traffic lights can collect information on road 
conditions, weather and wildlife movement. Once 
the information has been collected and analysed 
by Intelligent Transport Systems in a traffic control 
centre, it can be transmitted back to vehicles on the 
road, to inform them of traffic conditions. At the 
vehicle level, IoT devices are deployed in vehicular 
telematics systems, to manage the vehicle itself and/
or communicate with its surroundings, whether other 

vehicles (vehicle-to-vehicle) or the infrastructure 
(vehicle-to-infrastructure).43

At the freight/container level, IoT provides a 
multitude of benefits for the transportation logistics 
sector. On the one hand, IoT helps in the planning 
of routes and timetables for fleets, and on the other, 
facilitates the monitoring of cargo and inventory.

IoT devices and sensors are mounted on both the 
external and internal areas of containers, as part of 
intelligent transport logistics solutions. These devices 
generate data on44 the position of the container, its 
movement, the ambient temperature, opening of 
the door, shocks and vibrations, cargo temperature 
(measurement and control through automated 
feedback), cargo humidity, and the detection of 
human presence. Basically, most of the applications 
listed in the next section, such as Intelligent 
Transportation Systems, Transportation Management 
Systems and Fleet Management Systems, integrate 
IoT technology for data collection from the field. 
Figure 6 below summarises its different fields of 
applications. Two examples of the application of IoT 
in land transport are described in box 2. 

https://www.researchgate.net/publication/321242420
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With the sheer volume of large data sets emanating 
from IoT, mobile phones, social media and other 
digital platforms, Big Data has emerged as a new 
field of technology with its own data science field, 
known as “data analytics”.  The growing technological 
field is providing innovative new tools for the data 
analytics field, such as Xplenty, Apache Hadoop, 
Apache Cassandra, MongoDB, and many more. In 
addition to tools, data science is developing new 
methods like Machine Learning (ML), predictive 
analytics, and visualisation. These methods promise 
significant potential for drawing on real-time 
information to address development challenges – 
potential that cannot be ignored.43

Big Data was first defined by Gartner,46 and its 
definition was gradually improved to finally settle on 
the ‘five Vs’ that characterise it:47

Volume: Big Data is characterised by volume that is 
incomprehensibly big. Measurement of this volume 
is made in terabytes (TB), petabytes (PB), or even 
exabytes (EB). A forecast by the International Data 
Corporation (IDC) estimates that ‘things’ in the 
Internet of  Things will generate 79.4 zettabytes (ZB) 
of data in 2025.48 To illustrate this in the transport 
sector, consider the number of sensors that are 
mounted on road infrastructure, the type of data 

each sensor collects, and the number of data points 
generated per time-interval (for example per one 
minute); the resulting volume of data per year, or 
even per month, will be quite big;

Velocity: Velocity refers to the speed of data flow, 
or the rate at which data is received, after being 
generated and transmitted. In the transport sector, an 
increased number of devices collecting data would 
result in an almost constant flow of data, allowing for 
real-time analysis;

Variety: Collected data varies in both type and format. 
Data collected from a certain road or container could 
have the form of multimedia files such as images or 
video, or could be measurements of temperature or 
humidity;

Veracity: The usability of Big Data stems from the 
ability to verify its truthfulness, reliability, security, 
accountability and privacy;

Value: The real value of Big Data lies in connecting 
analytics meaningful insights. It is thus not merely an 
automatic process, but also part of a larger decision-
making process, in which policymakers are able to 
use it to make decisions and develop strategies. 

Box 2. Examples of the application of IoT in the transport sector......................................................................................

Finland – predictive maintenance of railways - IoT

VR Group, Finland’s State-owned railway operator, was able to implement an IoT system to predict the maintenance needs 
of railways, and allow the replacement of parts before they break down. Sensors were fitted and mounted on various 
systems and parts, to monitor their status and report signs of damage and failure. An analytical system that runs collected 
data through mathematical models helps operators and engineers decide on response plans and actions for repair or 
replacement, so as to avoid unplanned downtime. 

Source: Williamson, 2018.

Kuwait – public buses utilisation - IoT

Citybus is Kuwait’s largest public transport operator. In early 2020, it reported measurable improvements in bus utilisation, 
with passenger journeys up by 12 per cent in one year, following the deployment of a smart IoT-based system. Around 85 
per cent of the fleet’s buses have been fitted with IoT technology, which generate data that is analysed in a smart mobility 
software platform. The system supports control, decision-making and planning. It also provides passengers with real-time 
information, thereby improving customer satisfaction. 

Source: Harper, 2020.

3.	 Big Data for Land Transport------------------------------------------------------
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4.	 Cloud Computing and Land Transport------------------------------------------

b.	Uses of big data in transportation
TomTom, a company that supplies location and 
navigation products and services, has been collecting 
anonymous GPS measurements from its users since 
2006. In 2012, it reported having collected more than 6 
trillion data points, which it uses to provide information 
on traffic congestion, bottlenecks and travel time, as 
well as produce accurate real-time maps.49

Another application of Big Data is the management 
of fleets, whether made up of buses, trucks or trains, 
as well as road assets. While IoT is concerned with 
collecting data, this data only becomes valuable when 

it is analysed to gain new insights, and when plans are 
developed based on these insights. Thus, predictive 
maintenance is based on analytical algorithms and 
Machine Learning, which help predict possible failures 
and the need for maintenance before the equipment 
fails. This approach reduces costs and minimises 
downtime due to unscheduled maintenance.

Analysis of Big Data in freight and logistics 
management relies on data collected from sensors 
mounted on trucks and containers, as well as data 
about the weather, road conditions and traffic. Big 
Data analytics help identify optimal routes for the 
fastest and safest delivery of goods. 

The Cloud has become an enabler of Big Data, 
providing a cost-effective environment to support Big 
Data storage and analytics, as well as many services 
that can now be “rented” instead of being purchased, 
operated, and maintained locally. The Cloud creates 
a common platform for the exchange of data and 
information between stakeholders, creating new 
opportunities and value-added capabilities for logistics 
organisations, allowing the latter to focus on their 
core business as their processes are managed faster 
and more cost-efficiently. In other words, by using the 
Cloud, Governments and other stakeholders can focus 
on quick deployment and results.  

Given a dependable high-speed internet, the Cloud 
allows the deployment of IT services remotely, 
without the cost of hardware infrastructure.50 
Companies are able to build platforms and provide 
services by simply purchasing a virtual server from 
companies like Amazon Web Services, Microsoft 
Azure, Google Cloud, etc. Many applications are also 
made available on the Cloud by software vendors.

The Cloud provides several kinds of services:51

•	 Analytics as a Service (AaaS), where clients 
use web-based technologies to perform 
analyses of Big Data;

•	 Infrastructure as a Service (IaaS), where clients 
are granted access to hardware and computing 
power;

•	 Platform as a Service (PaaS), where users are 
granted access to the operating environment in 
addition to the infrastructure; 

•	 Software as a Service (SaaS), where users are 
granted access to the software that specifically 
meets their needs.

According to a study conducted by the IDC for the 
European Commission in 2012, entitled “Quantitative 
Estimates of the Demand for Cloud Computing 
in Europe and the Likely Barriers to Up-take”, 
quantifiable and concrete economic benefits can be 
achieved by adopting Cloud Computing services. 

Box 3. Boston – The MIT big data challenge .........................................................................................................................

Challenges and competitions provide effective platforms for attracting the talents of innovators and entrepreneurs. To that 
end, the Massachusetts Institute of Technology (MIT) launched its Big Data Challenge in 2013, in partnership with the City 
of Boston, to address transportation issues in the city. Transportation datasets from more than 2.3 million taxi rides, local 
events, social media and weather records were made available to spur innovative data analysis and visualisation. The 
winning team used Machine Learning algorithms to predict the number of taxi pickups over 700 time intervals and at 36 
locations in the city of Boston – and their predictions were the most accurate in the competition. 

Source: Abazorius, 2013; Brehm, 2014.
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The survey conducted for the study shows that the 
adoption of Cloud Computing by organisations reduces 
their costs of operation by 10 to 20 per cent, improves 
mobile working by 46 per cent, productivity by 41 per 
cent, and standardisation by 35 per cent, in addition 
to increasing new business opportunities and markets 
by 33 per cent.52 Similarly, studies conducted by 
Greenpeace show that environmental issues connected 
to water and energy consumption can be mitigated by 
the efficient use of hardware and data centres relying 
on low-energy servers and green energy.53

The benefits of Cloud Computing go beyond it merely 
being an efficient way to store, protect and analyse 
large amounts of data. Migrating to the cloud means 
using less hardware and fewer machines, which would 
result in reduced cooling and space requirements.54 
It would also reduce carbon emissions and energy 
costs, and would free capital for firms to allocate to 
other projects. From a global economic standpoint, 
the SMART 2020 report55 estimates that, with 
information technology-enabled energy efficiency, 
massive energy savings over five years will translate 
into roughly $946.5 billion worth of cost savings.56 
Another study found that the Microsoft Cloud would 
be up to 93 per cent more energy-efficient, and would 
result in 98 per cent lower carbon emissions, than 
traditional enterprise data centres. The study attributes 
this to four key factors: IT operational efficiency, IT 
equipment, data centre infrastructure efficiency and 
renewable electricity.57

The incorporation of Cloud Computing and other 
emerging technologies into the transportation system 
would lead to integrating applications, converting 
networks, improving road safety, increasing efficiency 
and reducing pollution. The impact of Cloud Computing 

on transport and logistics would provide real-time 
tracking with lower investments in infrastructure. 
This model would ensure an advanced level of 
management, and allow the running of effective 
transport and logistics processes faster and at lower 
costs, as the platform provides direct access to 
normalised data stored on the network. Needless to 
say, adopting Cloud Computing applications in the 
transport and logistics sector would lead to saving time 
and energy, and increasing efficiency. It would also 
generate high-quality and reliable data for research, 
thus paving the way for future innovation projects.

One important application in the land transport sector 
is the Connected Vehicle Cloud (CVC) platform, which 
was developed by Ericsson and is being used by car 
manufacturers such as Volvo to deliver high-quality 
digital capabilities, including a full suite of automation, 
telematics, infotainment, navigation and fleet 
management services. This flexible platform enables 
vehicle manufacturers to rapidly develop and manage 
new services for connected vehicles, and its connected 
automotive ecosystem can integrate any number 
of third-party stakeholders, such as transportation 
departments or ministries.  

Cloud Computing technology can also be used in 
the transport sector to connect shippers, suppliers 
and partners through a virtual network, to serve as a 
platform for cooperation and collaboration. Several 
application modes have been proposed by experts, 
including a scenario for collaboration between shipping 
logistics businesses and Governments using a single 
window system. Another example is the Logistics 
Mall Project in Germany, which offers IT services and 
logistics applications and processes as tradable goods 
in the Cloud.  

GPS works by using ground-based receivers that 
collect signals from at least four satellites, which their 
processing units interpret by calculating their position 
with respect to each satellite and translating it into 
coordinates of latitude, longitude, height and time.

GPS is a U.S. Government-owned technology, 
first developed for the U.S. military and originally 
restricted to military use. Following the Korean 
Airlines disaster of 1983, the Reagan Administration 
announced that GPS would be available for civilian 
use. In 2000, President Clinton made the commitment 

to grant civilians access to un-degraded GPS 
signals on par with those used by the military, and 
in 2007, under President Bush, the Department of 
Defense made that commitment permanent. Similar 
technologies include the Global Navigation Satellite 
System (GLONASS) used by Russia, the Galileo 
system created by the European Space Agency, and 
the BeiDou system launched by China. 

There are many different uses for GPS, including 
clock synchronisation, navigation, personal locator 
beacons, and surveying. In the transport sector 

5.	 Global Positioning Systems (GPS) and Land Transport ---------------------

https://www.theclimategroup.org/sites/default/files/archive/files/Smart2020Report.pdf
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specifically, its range of applications is vast and is 
growing constantly. The most common use of GPS 
in transport is vehicle tracking. Using GPS makes it 
possible to track the location of any vehicle in which 
it is enabled, from personal vehicles to commercial 
fleets (such as courier services) and public transport 
vehicles. GPS is also used in disaster relief and 
by emergency services, such as ambulances and 
the police, who also use vehicle tracking to save 
lives. GPS can be used for bus tour commentary, 

and for bus stops to estimate arrival times. Lastly, 
GPS is used for Geotagging, which attaches 
GPS coordinates to locations and objects for different 
purposes, such as creating map overlays using GIS.

However, there are also potential challenges to the 
use of GPS, such as those connected to satellite 
signals or the availability of coverage in remote 
areas. Solar activity, such as the occurrence of solar 
flares, can also disrupt GPS signals.

Geographic Information System (GIS) software is 
designed to store, retrieve, manage, display, and 
analyse all types of geographic and spatial data. It 
basically records information (locations retrieved 
from GPS or other information), and allows users 
to produce maps and other graphic displays of 
geographic information for presentation. Google 
Maps is an excellent example of a web-based GIS 
mapping solution that people use for everyday 
navigation purposes.

Today, there are over a thousand applications58 of GIS 
being used in all kinds of businesses and industries, 
including but not limited to: mapping, urban planning, 
transportation planning, navigation, aviation, automobile 
integration, fleet management, disaster management 
and mitigation, agriculture, flood damage estimation, 
pest control, banking, assets management and 
maintenance, consumer science and behaviour, climate 
change, crime, community development planning, 
economics, defence, and energy. GIS treats data as 
different layers. Thus, for example, one layer may show 
the street pattern of a city, another the boundaries of 
its administrative districts, and a third the location of 
reported crimes. Within a GIS, the display of each type of 
data can be tailored to meet specific criteria, and then the 
various layers can be combined to form a single map. 
One of the key features of a GIS is that it can map any 
type of information with a geographic component. Thus, 
thematic maps can be constructed from layers of data 
that represent traditional cartographic information, and 
from data sets supplied by users from other sources.  

It is self-evident that GIS is at the heart of a variety of 
applications in the transport sector:59

Highway maintenance and management is an 
important issue that can become very costly for 
road authorities if problem areas are not identified 
early enough. Using GIS to help in the maintenance 

of highways can reduce costs and improve the 
experience and safety of travellers. Satellite imagery 
of highways and maps of road networks can help 
authorities identify problem areas in real-time and 
deal with them early. Field maintenance crews 
can also use devices to collect data in the field 
and immediately update databases for further 
analysis, decision-making, and even immediate 
action. Conversely, using GIS and imagery makes it 
possible to inspect some of the work being done on 
roadways without conducting site visits. 

Accident analysis can be performed by integrating 
video and images from traffic cameras with GIS. 
The control centre can easily and quickly identify 
the location of an accident, then send warnings to 
all travellers or take action to divert traffic away 
from the scene. The analysis of accidents over time 
can also help identify problematic and accident-
prone areas within the transport network, as well as 
potential causes, so that measures can be taken to 
increase the safety of specific locations. 

Traffic management and modelling using GIS 
makes it possible to design better roads, as well as 
continue to monitor traffic after their completion. This 
is achieved by using GIS data to create simulation 
models of traffic networks. Such models are 
interactive, and can therefore be used in the planning 
of roadways and other structures to increase the 
efficiency of the transportation network.

Route planning involves the creation of new 
roadways. GIS is a valuable tool to ensure that the 
planned routes are optimal for travellers, and that 
their cost is optimal for authorities, considering 
the geography of the area in which it is planned. 
Elements such as soil properties, drainage and 
potential for flooding are just some of the issues that 
should be considered when planning new routes. GIS 

6.	 Geographic Information Systems (GIS)----------------------------------------- 
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offers a visual representation of the planned route 
with the necessary attribute data, so that informed 
decisions can be made before the route is built. 

Fleet management can be improved with the use 
of GIS, especially when it is linked with GPS. For 
example, it would make it possible to plan better bus 
routes for public transport by integrating information 
such as the location of routes, streets, shelters, 
schools with travel time and scheduling. Better 
information could then be provided to travellers 
using public transport, in the form of route maps with 

scheduling, which would allow them to better plan 
their commutes. 

Personal travel experience can be enhanced with the 
integration of GIS and GPS, as personal navigation 
systems would make it possible for individual 
travellers to plan routes and travel safely. Information 
such as speed limitations, or the location of roadside 
services and fuelling stations, are important to 
ensure the quality of the transportation network, 
making GIS and GPS an integral part of the intelligent 
transportation system.

Open Data is the idea of providing access to 
Government data freely for public use and distribution 
by anyone, without the kinds of restrictions on its 
use associated with copyrights or patents. Open Data 
cannot truly be considered open unless raw data 
is provided by Governments in open formats (CSV 
files) and can be read by common software (technical 
openness), and unless the legal right to re-use it is 
granted (legal openness). Open Data is not to be 
confused with Big Data, as there are fundamental 
differences between the two concepts.

Open Data cannot be discussed in the absence of 
the e-government services needed to generate it. 
First, the Government agency providing the e-service 
must itself be computerised and automated.  And 
second, the information must be shared with the 
e-government’s central authority or other Government 
agencies, in an interoperable way, in order to achieve 
the interconnectivity that would allow commuters to 
move between states and municipalities to access 
interstate services. Types of Open Data that could 
be made available by e-government include road 
taxes (tolls), vehicles registration, fee collection, 
and the issuing of driving licenses and permits. In 
addition, e-government could provide citizens with 
fare payment rates, urban mobility analytics, real-time 
traffic information for buses, etc.

The first Government policies on Open Data were 
introduced in 2009, and were later followed by 
numerous Open Data initiatives in around 50 
countries and various organisations such as the 
World Bank and the United Nations. In 2013, the 
leaders of the G8 countries signed the Open Data 
Charter,60 which included a set of principles to 
advance Open Data. Eight pillars of Open Data 
had been defined by academics from the onset:61 
complete, primary, timely, accessible, machine-

processable, non-discriminatory, non-proprietary and 
license-free.42

The increased number of data portals is evident in 
the development of available datasets. For instance, 
available open datasets on the European Data Portal 
(EDP), which harvests the metadata of public data 
across Europe, have more than doubled (to over 
890,000) over the past three years, with further increase 
expected in the future.63 The Open Data market is 
growing significantly, both in size and across the globe. 
In fact, in the European Union alone, the market is 
forecast to expand to somewhere between €199.51 
billion and €334.20 billion in 2025,64 which would mean 
potentially achieving an annual growth of around 
€25 billion. It is worth noting that this money does 
not constitute revenue for European Union States, 
but rather generated added value to the economy by 
innovative start-ups and other private sector companies 
using Open Data to create applications.

Meanwhile, in the Arab World, data has been difficult 
to find, and far from available and ready to be 
processed by anyone at any time.65 According to the 
ESCWA report “Fostering Open Government in the 
Arab Region 201866 several Arab countries, including 
the counties of the Gulf Cooperation Council (GCC), 
Egypt, Jordan, Morocco and Tunisia, have already 
developed and implemented Open Data initiatives 
leading to the creation of public Open Data portals. 
Despite the massive growth of Open Data worldwide, 
Arab countries still have a long way to go to catch up 
with the rest of the world, according to the findings 
of the Open Data Barometer (ODB) Fourth Edition 
report, which evaluates Open Data in 115 countries and 
provides scores for each of them.65  

The “Transportation and Storage” sector, as categorised 
by the European Data Portal report, is considered 

7.	 Open Data----------------------------------------------------------------------------
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one of the five “high impact sectors with proven and 
successful Open Data impact creation”.66 General Transit 
Feed Specification (GTFS) was developed by Google 
as a common data format for public transit agencies to 
share their transit data openly, in a series of text files 
that hold the agency’s transit information, including 
stops, routes, and other data.67 Since its launch back in 
2005, GTFS has become the most popular data format 
for fixed-route transit services in the world. Google 
has encouraged public transport authorities to adopt 
it, so that their timetable information can be linked to 
the multi-modal journey planners, such as Google’s 
own Google Maps.70 The data can also be used freely 
by developers to create new applications and provide 
services to the public.

While many agencies have published their GTFS data 
openly and shared them with the public, others have 
chosen to share them only with selected partners, such 
as Google Maps. Currently, Open Mobility Data lists 
1,252 providers with publicly accessible GTFS feeds, 
out of which 473 are in the United States and only two 
in the Arab World (Tunisia and Algeria).71 The massive 
number of transit agencies now utilising GTFS data is 
paving the way for developers to innovate, using that 
data to create new transit applications that might be 
useful to them, to users, and to transit agencies as well. 
Box 4 provides an example of the application of Open 
Data in land transport, specifically in Dubai. 

Challenges of Open Data
The complete implementation and publishing of 
Open Data are often faced with numerous challenges, 
most of which are connected to Government 
practices, such as the following:72

Most Governments are not providing Open Data, as 
around 90 per cent of Government datasets are still 
not open to the public;

Even when Governments claim to be providing 
Open Data, the data made available to the public is 
typically incomplete, of low quality, or even outdated;

Sustained political will is what makes or breaks the 
success of Open Data;

Arab Governments are publishing selective datasets, 
and rarely the kind of critical data needed to gain 
citizens’ trust;

Among the datasets that have been published, there 
are few Open Data initiatives that actively promote 
inclusion and equity.

Box 4. Dubai – GTFS ....................................................................................................................................................................

Dubai has recently taken a step forward, with the launch a new initiative meant to overcome the issue of delays or early 
arrivals of buses by providing commuters with live updated journeys using GTFS-real time. Dubai has thus become the 
first city in the Middle East to use Open Data in public transport, through a collaboration with Google that will provide real-
time updates of bus timetables on Google Maps.

Source: Geronimo, 2020.

While this section does not discuss technology per 
se, the issues it addresses are very important for the 
use of digital technology in land transport, especially 
with regard to cross-border cooperation at the local, 
national or regional level. 

Because transport systems are often operated by 
different local, municipal, district, federal, or national 
authorities, transport services must be subjected 

to a national e-government framework, to facilitate 
the provision of transport services electronically 
to citizens, and the exchange of traffic data across 
Government agencies.

Transport software systems are more efficient 
and more useful when they operate on a set of 
interoperability standards. Indeed, transportation 
systems must share data amongst themselves across 

8.	 Interoperability and Cross-Border Cooperation------------------------------
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agencies, towns, and even countries, so as for the 
end-user (passenger, car driver, cargo shipment, etc.) 
to receive the best possible service. Cooperation 
with a wide range of entities in the public sector 
(other authorities and ministries), the private sector 
(technology firms, service providers and professional 
organisations) and academic institutions is one of 
three steps any Government must take to be able 
to provide smart mobility services.73 For example, 
for a system to give priority signals at intersections 
to certain vehicles, such as connected city buses or 
ambulances, close coordination between the public 
transit operator and the infrastructure operator, or 
between the infrastructure operator and the police, 
is required. Usually, all such data should arrive to 
the traffic management centre according to a pre-set 
format, and be processed by the various software 
systems used it in ITS and other applications.

Ideally, the set of interoperability standards should 
be available across national borders as well. Here 
the Arab region finds itself at a disadvantage, when 
compared to Europe or North America, because 
every Arab country has its own sets of policies and 
standards, making freight trucks waste valuable time 

at every border crossing. Under such conditions, 
transport systems are unable to predict delivery 
and travel time, due to unforeseen new rules 
cropping up at border crossings, and leading to 
losses in productivity and business value. When 
data requirements, format, and other such policies 
suddenly affect the planned route, the software 
system becomes unable to effectively plan and 
manage routes.

Another example of the need for international 
interoperability is the Electronic Toll System.  The 
various European electronic road toll systems 
introduced at local and national levels from the early 
1990s onwards were non-interoperable. That meant 
that drivers had to affix several electronic tags inside 
their vehicle to be able to use the various systems 
encountered on their itinerary. This situation led the 
European Union to issue Directive 2004/52/EC on 
the interoperability of electronic road toll systems, 
which was signed into national law by many Member 
States. This led to the creation of the European 
Electronic Toll Service (EETS) and its implementation 
guide,74 which allow travellers to go through all 
European roads using the same e-toll service.  

There is no known classification for the different 
kinds of software systems used in the transportation 
sector. As a matter of fact, transportation authorities, 
or companies in the transportation and logistics 
sector, may use one or more systems in an 
interoperable way, which allows them to manage all 

the demands of providing transportation services. In 
this report, we will categorise the various systems in 
use today, according to their main function for end-
users: freight management, traffic and infrastructure 
management, and passenger management.  

B.	 Technology Applications in Land Transport

In this section, we will be looking at all the systems 
that provide solutions for businesses providing 
transportation and logistics services, mainly in the 
transportation of goods and freight. These kinds of 
Transportation and Logistics systems are classified 
under Logistics Management Systems (LMS). In 
the following sub-sections, we will review the most 
prominent modules used for the transportation 

of goods and freight: Transportation Management 
Systems (TMS) and Fleet Management Systems 
(FMS). Such systems might include modules for 
Warehouse Management Systems (WMS) and Order 
Management Systems (OMS), but these will not be 
discussed here because they are not specific to the 
transport sector.

1.	 Freight Management --------------------------------------------------------------

a.	 Transportation management systems (TMS)

TMS are technology solutions created for companies 
in the freight sector, or companies that include the 
movement of goods as a primary part of their supply 
chain or logistics. TMS software automates the 

processes and systems used to manage needs and 
requirements specific to the physical transportation 
of goods and cargo. They are designed to 
accommodate the needs of shippers using common 
carrier shipping, by automating route planning and 
optimisation, load optimisation, execution, freight 
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audits and payments, yard management, advanced 
shipping, order visibility and carrier management. 
Most TMS provide the following three core features:

Booking: Instead of having to call individual carriers 
or visit each of their websites, users can simply 
access the TMS to see all of their negotiated rates laid 
out side-by-side. This makes it both faster and easier 
to select the option with the right balance of price 
and service. 

Tracking: Transportation management systems 
provide detailed tracking information on shipments, 
starting from the warehouse and all the way to their 
final destination.

TMS benefits also include minimising the negative 
environmental effects of freight transportation, 
because optimising freight transport reduces the 
associated long-term direct and indirect impacts, 
such as increased greenhouse gas concentrations 
and global warming. 

Rating: Any logistics professional using a TMS can 
easily find the appropriate rates for their customers’ 
orders, and book delivery of those orders.

TMS are not suited for the transportation of 
passengers, and their application to private or 
public land transportation is therefore very limited. 
The main challenge in the application of TMS lies 
in the interoperability of the networks used for 
transportation. A certain cargo might require a truck 
first, then railway transport, then sea shipping, or 
air cargo shipping, then back to railway transport 
and trucks until it arrives to its destination. 
International shipping makes things even more 
complicated, with the absence of international 
standards and cooperation.				  
							     
					   

b.	Telematics and fleet management 
systems (FMS)
At the heart of a Telematics system is a vehicle-
tracking device or “black box”, which records data 
about the vehicle and transmits it through General 
Packet Radio Service (GPRS), wireless or 3G/4G 
networks. These devices are also connected to 
GPRS, and the data they record include location 
speed, idling times, driving behaviour, maintenance 
requirements, and automotive servicing. Some 
manufacturers are automatically equipping vehicles 
with tracking devices, but not all vehicles equipped 
with such devices are part of an FMS.  

FMS software is designed to manage and control 
the private fleets of trucking companies, or of any 
company that owns and manages a large number of 
vehicles to distribute its products. The ultimate goal 
of an FMS is to maximise the fleet’s efficiency and 
lower its operating costs, so as to maximise revenue 
from backhauls. FMS functions include: 

•	 Optimising routes for the capacity needed, and 
minimising empty miles;

•	 Optimising driver performance, by planning 
and recording driving, resting and service 
times to maximise driver utilisation;  

•	 Tracking the routes of vehicles for safety and 
control by using geolocation and fleet-tracking, 
and recording trip histories;

•	 Minimising equipment utilisation by managing 
maintenance and repair, as well as fuel and 
mileage efficiency;

•	 Maximising the profitability and productivity of 
the entire fleet.

FMS are often integrated to other business software, 
such as Electronic Road Pricing (ERP), to compensate 
drivers and calculate their bonus payments, or a TMS 
for booking and tracking orders.			

Transport agencies and/or transit authorities count 
on a variety of software to provide them with 
administrative support, streamline their operations, 
and manage their fleets and passengers. This section 
focuses on systems that are mainly used by transport 
authorities to streamline their operations, and to 
maintain and operate road infrastructure. Passenger 
management will be discussed in the next section.

a.	Geofencing
Geofencing is a technology that sets up a virtual 
fence to control the movement of vehicles within 
a specific geographical area. It is enabled by GPS 
in the transport and logistics sector, and allows for 
remotely monitoring geographical areas surrounded 
by a virtual fence (geofence), and automatically 

2.	 Traffic and Infrastructure Management----------------------------------------

https://www.sciencedirect.com/topics/engineering/greenhouse-gas
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detecting tracked mobile objects when they enter 
or exit these areas. The purpose of geofencing is to 
make the restricted areas greener and safer. Smart 
vehicles are controlled within these zones by being 
restricted from moving outside of specific areas (such 
as day-care facilities and schools), having their speed 
limit controlled, being switched to electric drive on 
certain stretches, etc. Geofencing is also used for the 
enforcement of Heavy Goods Vehicle (HGV) regulations: 
weight and height restrictions on specific routes or 
tunnels, restrictions on the transport of dangerous 
goods, and access restrictions in urban areas.

b.	Electronic toll service
The electronic toll collection market is expected to 
grow from 196 million subscriptions in 2015 to over 
540 million by 2025,75 due to advances in technology, 
lower prices, and the growing need to manage urban 
congestion in an increasing number of countries and 
markets. There is now a wide variety of technology 
to choose from, including ANPR (Automatic Number-
Plate Recognition, for video tolling), DSRC (Dedicated 
Short-Range Communication – see section ‎2.1.1), 
RFID (Radio-Frequency Identification), GNSS (Global 
Navigation Satellite Systems, for satellite positioning), 
and mobile communications (GSM and smartphones). 
There are also several models for Governments to 
choose from, as well as service providers operating 
around the globe.

The idea of the Electronic Toll Service is for cars not to 
stop at the toll gateway, but to be identified by one of 
the technologies listed above as they come near the 
gateway, and charged the amount due automatically. 
The toll can be collected using a stored credit-card 
payment, or on a monthly basis. Service providers 
collect the fees and transfer the amounts collected 
to the Government agencies operating the road 
infrastructure. E-toll systems save time for travellers 
and improve congestion, thereby improving air quality.

c.	 Intelligent transport systems (ITS)
Intelligent Transport Systems (ITS) are in a class of 
their own, because they manage both the supply and 
demand sides of transportation services. The main 
use of an ITS is two-fold: to achieve traffic efficiency 
by minimising traffic problems, and to enhance 
the safety and experience of travellers. Transport 
agencies use them to control traffic signals, detect 
roadblocks, count traffic, decrease traffic congestion, 
manage overcrowding on public transport systems, 
manage emergency vehicles notification systems, 

manage variable speed limits, etc. Travellers use them 
to enhance their traveling experience and improve 
their safety, plan their routes, be informed of road 
conditions, check the arrival times of buses or trains, 
use fuel more efficiently, etc.

The benefits of ITS include76, 77 improved safety 
of roads and travellers, by warning the latter of: 
visibility, wind speed, rainfall, other bad weather 
conditions; potential infrastructure decay issues, such 
as bridge and road conditions; and traffic incidents 
such as collisions. ITS can also be used to manage 
infrastructure decay, as well as for traffic management 
and optimisation. ITS is a burgeoning field of research 
that has already produced technology like electronic 
tags on car windshields for paying tolls and parking 
charges, and “smart cards” for paying transit fares.

ITS today is in a constant state of improvement and 
development, especially with the advent of Cloud 
Computing services (see section 2.1.4), as many 
transportation platforms and software can now be 
provided by the Cloud.  

At the heart of the performance of an ITS is the 
transportation authority that manages it through 
a Traffic Management Centre, where one or 
several specialised software applications are used 
simultaneously to collect and analyse data. Data 
collection involves hardware that can either be 
infrastructure-based or vehicle-based. Infrastructure-
based technologies include sensors, cameras and 
GPS, while vehicle-based technologies include 
automatic vehicle identifiers and vehicle probes 
for police and traveller reporting systems. This 
data is then combined across systems to generate 
predictions and notifications.

An effective ITS depends on the automation of its data 
collection. Using a variety of different software, the 
data is first processed through different steps, such 
as error rectification, data cleaning, data synthesis 
and adaptive logical analysis, while inconsistencies 
are also identified. Second, the processed data is 
pooled and analysed to provide traffic predictions 
that can be transmitted to travellers by means of the 
various devices that make up Transport Information 
or Transport Advisory Systems, such as Dynamic 
Message Signs (DMS), Highway Advisory Radio 
(HAR), television, traveller information websites, social 
media and the internet, dedicated phone systems, 
and in-vehicle display devices. These systems deliver 
information such as travel times, travel speeds, delays, 
accidents on roads, changes in route, diversions and 
work zone conditions. Information is relayed back to 
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travellers, and to law enforcement centres, through 
signs on the road, websites, mobile applications or 
other means of communication. Relayed information, 
or feedback, also takes the form of communication 
between traffic signals, which use the outcomes 
of data analysis to determine light sequences and 
maintain traffic flow.78

Challenges of ITS
The first challenges are political ones. Indeed, accurate 
cost-benefit analyses comparing new technology 
to conventional approaches may not be available 
when the decision is taken to move forward with 
ITS. This means that the decision to deploy ITS is a 
political one, based on public interest, needs and 
demands.  Decision-makers must be convinced to 
invest resources, time and effort in systems that could 
take years to move from “proof of concept” to full 
deployment. Another political challenge is how to 
include the private sector in the development of ITS, 
in such a way as to secure the investments needed 
without compromising intellectual property, data 
ownership, or the privacy of citizens. Lastly, there 
must be a long-term funding plan for ITS, to ensure 
continued innovation, operations and maintenance. 
Underfunding sensor maintenance, for example, would 
significantly reduce the effectiveness of this large 
investment in street and highway instrumentation. 

The second set of challenges is a technical one, and 
regards the collection and analysis of large datasets. 
Indeed, transportation agencies must store and 
process massive quantities of data from roadway 
sensors quickly and inexpensively. Such data would 
include vehicle location information; road network 
data, such as traffic capacity, lane availability and 
use, speed limits, roadside services, etc.; and traffic 
monitoring data, such as traffic count, surveillance, 
speed and time, location, vehicle weight and delays. 
This would be much easier if the IoT infrastructure 
for sensors, cameras, and the rest of the specialised 
hardware was available, connected, and interoperable 
as part of a larger smart city scheme.

Finally, for the Traffic Management Centre to respond 
effectively to changing needs, it must be properly 
operated and maintained by a competent and 
specialised team. Like all complex systems, ITS 
require coordination between different domains, such 
as road transport, traffic management, mobility, etc. 
They also require specialised resources, planning, 
and interoperability between different Government 
entities and systems.

Examples of ITS
The following are some of the many examples of ITS 
application from various regions around the world: 

1.	 Dubai – Smart traffic system project79

In 2018, the Dubai Road and Traffic Authority (RTA) 
launched a $160 million project to expand the city’s 
smart traffic system. The project intends to increase 
system coverage from 11 per cent to 60 per cent of 
roads in Dubai. Its objective is to reduce congestion, 
optimise accident detection and response, improve 
safety and enhance personal mobility.

The system is based on a number of technologies, 
including IoT, and entails the implementation of 
five bundles of technologies: (1) cameras, devices 
and sensors; (2) dynamic road information signs; 
(3) infrastructural installations; (4) a traffic support 
software system for decision-making and automated 
response; and (5) the construction of a traffic control 
centre. By August 2019, the project had reached a 65 
per cent implementation rate.

2.	 Seattle, Ann Arbor, and London – The 
SCOOT Traffic light control system80

The Split Cycle Offset Optimisation Technique (SCOOT) 
is a traffic signal optimiser that relies on a number of 
technologies, including IoT and AI. Using data collected 
from sensors at intersections, SCOOT analyses traffic 
conditions and optimises light signalling and timing at 
road network junctures in real-time, thus minimising 
congestion. SCOOT is not a new system, but it has 
benefited from the evolution of technology over time.

SCOOT implementation in the city of Seattle (United 
States) reduced travel time by 21 per cent, and in the 
city of Ann Arbor (United States) by 12 per cent on 
weekdays. Its implementation by Transport for London 
(TfL) in the city of London (United Kingdom) improved 
traffic flow by an estimated 12 per cent. TfL, however, 
is currently upgrading and replacing its systems, which 
will not be supported beyond November 2020. A new 
Surface Intelligent Transport System (SITS) is being 
developed.

3.	 Pittsburgh – Adaptive traffic control 
system81

Since 2012, researchers from Carnegie Mellon 
University in Pittsburgh (United States) have worked 
with city managers to develop an adaptive traffic 
control system named Surtrac, which became licensed 
and was commercially deployed by a company called 
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Rapid Flow Technologies. The technology is a real-
time, Artificial Intelligence (AI) adaptive traffic signal 
control system, allowing signals to communicate with 
each other and independently make their own decisions 
on timing, by sensing approaching traffic streams 
and generating a timing plan to optimise movement 
through intersections. Moreover, the system’s ability to 
receive and send information to vehicles, pedestrians, 
and other ITS systems, makes its design highly 
adaptive for an environment that includes connected 
and autonomous vehicles. This technology is being 
used at 50 intersections in Pittsburgh, where it has 
reduced wait times at intersections by up to 40 per cent, 
according to Rapid Flow.

The company also claims that it reduces average 
travel times by 25 per cent, and vehicle emissions by 
up to 20 per cent, as a result of reduced idling time. 
Additionally, the company claims that the busiest 
intersection in the city of Portland, Maine (United 
States) has witnessed a 20 per cent reduction in 
delays and a 16 per cent reduction in travel time.

4.	 Seoul – Real-time management system82

Seoul, the capital of South Korea, has established 
the Transport Operation & Information Service 
(TOPIS), which provides real-time management 
of communication and traffic by collecting 
and connecting information from major traffic 
information centres. In addition to playing a central 
role in the smart management of Seoul’s bus service, 
TOPIS acts as a control station for the city’s transport 
system by gathering and processing real-time traffic-

related information. GPS receivers and wireless 
communication devices are utilised across the Bus 
Management System (BMS) to gather and analyse 
bus information in real time. Passengers boarding 
buses use an integrated rechargeable smart card 
to pay transportation fares, which helps operators 
keep track of records in real time. Using smart card 
data from passengers boarding and exiting, real-
time occupancy conditions are provided as well. 
Moreover, real-time bus operation information 
is disseminated to the public through electronic 
signboards, smartphone applications, and a website. 
This kind of information has proved crucial to 
controlling and avoiding crowding, so as to allow for 
physical distancing amid the COVID-19 pandemic.

d.	Other systems
Other systems that do not require a more detailed 
discussion include:

Smart parking operation and maintenance: These 
systems can display parking vacancies and guide 
drivers to them, in addition to allowing online 
payment for street parking spots.

Corridor management systems, for the management 
of highway lanes, also called Automated Highway 
Systems (AHS):83 This technology was invented 
in 1993 and is not likely to witness significant 
growth, especially with the advent of self-driving 
autonomous vehicles.  

This section provides the review of a wide range 
of applications that fall under Public Transportation 
software (also called Transit Software or Mobility 
Solutions or Transportation Dispatch), all primarily 
focused on the demand side of public transportation, 
i.e., the passenger side.  

These applications can either be Cloud-based or 
enterprise-based public transportation software 
systems, provided by specialised vendors who 
operate primarily or exclusively in the public transit 
vertical. These systems are used by public transport/
transit agencies, cities, private sector companies 
operating transport services, university campuses, and 
the like, to plan their route capacity and provide better 
customer experience. These applications can also be 
developed internally by transit authorities themselves.

a.	 Mobility as a service (MaaS)
Mobility as a Service (MaaS) is the integration of 
various forms of transport services into a single 
mobility service, accessible on demand. MaaS is 
the passenger-facing part of the system, offering 
passengers the ability to purchase a subscription 
that bundles up all mobility solutions by optimising 
all modes of transportation to meet demand, and 
providing the right vehicle at the right time.84

Figure 7  shows a graphical representation of MaaS. 
The service has the ultimate goal of encouraging 
people to give up their cars and use alternative 
multi-modal journeys. Rather than paying many 
separate providers, users are able to compare the 
various fare rates of different modes and purchase 

3.	 Passenger Management-----------------------------------------------------------
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mobility services from a single platform, regardless 
of their chosen means of travel. While the on-
demand economy and collaborative consumption 
have paved the way for the introduction of MaaS, 
the concept itself came from the need for more 
intelligent transportation solutions.85 The city of 
Helsinki in Finland pioneered the introduction of 
MaaS, through an application called Whim. Helsinki 
aims to make it unnecessary for any of its residents 
to own a private car by 2025.86 Beyond Finland, 
MaaS has increasingly gained momentum in other 

parts of Europe, as well as in the United States. The 
benefits of MaaS are manifold, and are not simply 
limited to allowing for efficient and inexpensive trips. 
Indeed, its merits extend to reduced congestion, 
increased passenger utilisation, and a decreased 
carbon footprint per passenger.87 Moreover, cities 
can make use of the data generated by passengers’ 
daily commutes to analyse each traveller’s unique set 
of decision-making factors, which would in turn give 
them the ability to advise when a preferred route is 
unavailable, and offer informed alternatives.88

Mobility as a Service (MaaS) is a digital platform that 
integrates end-to-end trip planning, booking, electronic 
ticketing and payment services, across all modes 
of transportation, public or private. It is a shift away 
from personally owned modes of transportation and 
towards mobility provided as a service,89 on demand. 
The key concept behind MaaS is to offer travellers 
mobility solutions based on their travel needs. The 
MaaS revolution originated in Helsinki, Finland, in 
2016, with an application called Whim, which allowed 
residents to plan and pay for all modes of public 
and private transportation within the city — be it by 
train, taxi, bus, carshare or bikeshare. Before that, 
several countries such as the United Kingdom or 
Japan had a rechargeable, contactless fare card used 
for transportation. Other cities also had their own 
applications to serve their residents, such as Beeline in 
Singapore, and Qixxit in Germany.90

These local applications drove specialised urban 
mobility applications, such as Transit, Uber and 
Lyft, to start expanding their services to enable 
MaaS. Leading MaaS providers include Moovit – an 
Intel Company; Moovel – a BMW Group company; 

Mobileo – a U.K.-based private company; The 
Miles Consultancy (TMC) company; and Open 
Transport – an open data Application Programming 
Interface (API) for MaaS companies and application 
developers. Mobility-as-a-Service can only be made 
possible if transportation services from both public 
and private transportation providers can be made 
available, and combined through a unified gateway 
that creates and manages the trip.

Because the interoperability of the various data and 
the integration of the various transport services 
require coordination between various actors, 
Governments play a very important role in bringing 
everyone to the table. The European Union, for 
example, has created the “MaaS Alliance”, a public-
private partnership that facilitates information-
sharing between transport operators, service 
providers and users. The MaaS Alliance thrives on 
the openness of its members, and on their will to 
collaborate on new ideas to develop a flourishing 
MaaS ecosystem, both in Europe and worldwide. 
There are currently three Working Groups operating 
under the auspices of the MaaS Alliance, addressing 

Figure 7. MaaS Representation

 

Source: Hong, 2018. 
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issues related to user needs, regulatory challenges, 
governance and business models, technology and 
standardisation.91 Additionally, there are several 
global gatherings of MaaS providers, innovators 
and other leaders of the urban mobility revolution, 
such as the Smart Mobility Congress (SMC), or the 
Autonomy and the Urban Mobility Summit.92

b.	Mobility on demand (MOD)
The main principle behind Mobility on Demand 
(MOD) is that transportation is a commodity, about 
which consumers make choices based on factors 
such as: cost, travel and wait time, number of 
connections, convenience, vehicle occupancy, and 
other attributes. Unlike MaaS, which emphasises the 
aggregation of several transportation services into 
one pricing bundle, MOD emphasises transportation 
systems management to optimise the overall 
operations of the transportation network (i.e., supply 
and demand). 

MOD passenger services can include: bike sharing; 
carsharing; ridesharing (i.e., carpooling and 
vanpooling); Transportation Network Companies 
(TNCs) such as Uber and Careem, also known as ride 
sourcing and ride-hailing; scooter sharing; micro 
transit (multi-passenger/pooled cars, shuttles or 
vans) such as “service” in Lebanon and UberPool; 
shuttle services; Urban Air Mobility (UAM); and 
other emerging transportation solutions. The 
most advanced forms of MOD passenger services 
incorporate trip planning and booking, real-time 
information, and fare payment into a single user 
interface.

The power of MODs can be illustrated by looking 
at the bike sharing service sector. More than 1,000 
bike sharing schemes and 1,200,000 bikes are 
already in operation worldwide, with a 20 per cent 
expected market growth by 2020.93 With the use of 
AI technology, Siemens is operating a fleet of 1,410 
electric bikes and 2,638 docking stations in Lisbon, 
Portugal.94 Machine Learning is used to analyse 
various data sources, such as the weather, to predict 
future demand at each bike sharing station, and 
optimise the availability of bikes at docking stations.95 
This allows the service to ensure the availability of 
bikes, and of spaces in charging docks for returning 
bikes. Those predictions, coupled with recent traffic 
information, help the process of restocking docking 

stations, in addition to providing optimal routing for 
the technicians maintaining them.

MOD courier services are also available for 
transporting food, groceries and small packages. 
These include: app-based delivery (also known as 
Courier Network Services or CNS); robotic delivery; 
and aerial delivery (e.g., with the use of drones). 

These MOD options are raising awareness 
of innovative mobility alternatives that may 
complement and/or compete with public 
transportation. In this emerging mobility ecosystem, 
public agencies are increasingly being confronted 
with opportunities to partner with private-sector 
mobility providers. 

Approaches that support MOD public-transit 
partnerships include: trip planning, fare integration, 
guaranteed ride home initiatives and data sharing.96

c.	Dynamic ridesharing
Dynamic ridesharing is a subset of MOD that is 
focused on single non-recurring trips, which do not 
require long-term commitments between people to 
travel together for a particular purpose. The trips are 
prearranged (but on short notice), which means that 
the participants agree to share the ride in advance, 
typically while they are not yet at the same location. 

Emerging technologies may make dynamic 
ridesharing more available, even in the absence of 
Government- or employer-sponsored programmes. 
The last several years have seen major advances 
in mobile phone, GPS, social networking and 
instant communication technologies. Ride-matching 
applications have already appeared for long-distance 
trips, e.g., from Berkeley to Los Angeles, while new 
applications for local dynamic ridesharing continue 
to evolve. As these applications mature, the role 
played by the public sector may simply become 
that of facilitating private sector innovation in 
dynamic ridesharing, by providing information on its 
availability and perhaps even incentives to use it.

Providers like Carticipate, Zebigo, Carma and 
Piggyback have recently started offering mobile 
phone applications that allow drivers with spare 
seats to connect with people looking to share a ride. 
Box 5 provides examples of carsharing in Paris. 
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d.	 Other services
There are a number of simple applications that can 
be used to facilitate passenger experience, and can 
be offered as a single service in a single city by the 
transportation authority or public transportation 
provider:  

•	 Mobile ticketing is a technology used to 
purchase tickets online, and have them sent 
with a barcode to users’ smartphones by SMS, 
MMS, or email, saving them time and money. 
There are dozens of such applications on the 
market, and some of them are specialised 
in transport systems. For the application to 
work, the company that owns it must make 
contractual arrangements with a supplier. 
There are currently no mobile ticketing 
applications that cover the entire globe;

•	 Passenger ticketing through one 
transportation card that can be refilled and 
used on a per need basis, such as the Oyster 
Card in London; online ticketing; Points of Sale 
(POS) in the vehicle (such as a train) and taxi 
drivers accepting credit card payments;

•	 Real-time information for the location and 
arrival time of buses and trains, available 
either online, through a mobile application, or 
at bus stops and train stations;

•	 Wi-Fi hotspots for passenger connectivity in 
buses and trains;

•	 Location management using applications 
like Citymapper or Google Maps.		
	

						    

Box 5. Paris – Electric carsharing............................................................................................................................................

Autolib was an electric carsharing programme that was launched in Paris in 2011. It was based on an IoT system that uses 
sensors inside the connected vehicles to track them by GPS and provide drivers with information to reserve public parking 
spaces in the city. Despite its apparent success, and over 4,000 electric cars in operation, the private company running the 
programme shut down its operations in mid-2018 due to debt, unmet revenue goals and contractual issues. 

Paris still has IoT ridesharing options in operation, such as Ubeeqo, which is considered Autolib’s successor. Ubeeqo’s 
majority stakeholder is Europcar, and it was selected by the City of Paris in 2019 to fulfil the city’s carsharing contract, along 
with other companies. While Ubeeqo operates in several cities across Europe, it announced in 2019 that it plans to increase 
its fleet in Paris from 400 to 1,100 cars.

Ubeeqo manages a fleet of cars fitted with sensors and on-board devices that collect information about the vehicle and 
how it is used, and links it to its registration number. Legally, Ubeeqo is responsible for information confidentiality and how 
data is used*. Vehicles are accessed using an RFID card or the mobile application. It is worth noting that Ubeeqo’s vehicles 
in London are available in a geofenced location. 

* For legal terms and conditions, see BetterCar, 2020. 

Source: The Local, 2018; Burban, 2019; Desrosiers, 2019; Middleton, 2018.

In addition to the previously described digital 
technologies and applications used in land transport, 
there are new trends emerging in this sector, 

especially in developed economies. In all likelihood, 
those will eventually make their way to international 
markets, including in Arab countries, in the future. 

C.	 Future Trends in Land Transport 

“Pod cars” are self-driving electrical vehicles 
used for individual passenger pickup and drop-
off transportation service. They are viewed as 
alternatives to fossil fuel-powered vehicles by 
municipalities, which are setting them on particular 
source-destination trajectories. They are virtually 

silent when running, producing little or no external 
vibration and zero GHG emissions. They are already 
in use in Dubai, Tokyo, and the United Kingdom (in 
several small towns and at both Heathrow and Bristol 
airports). Dubai has also announced plans for aerial 
taxi pods.

1.	 Urban Transport Pods--------------------------------------------------------------
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VANETs are fully connected vehicular networks that 
use advanced wireless communications, computing 
and vehicular technologies to connect vehicles 
with one another, with infrastructure and with 
pedestrians. This type of network allows pre-installed 
car computers to communicate with each other 
wirelessly, with individual cars become wireless 
routers or nodes in a network of participating cars in 
close vicinity. For example, if one of the connected 
vehicles stops, the network automatically applies 
the brakes in the car behind it. Another example is 
“platooning”, where multiple vehicles are made to 
accelerate or brake simultaneously as one unit. In 
addition to smart phone technology, VANETs can 
incorporate three different communication pathways: 

•	 Vehicle-to-Vehicle (V2V): messages are 
transmitted between neighbouring vehicles. 
This includes “single-hop” and “multi-hop” 
messaging, in which vehicles communicate 
directly with other vehicles and through 
intermediary vehicles, respectively;

•	 Vehicle-to-Infrastructure (V2I): messages 
are transmitted between vehicles and road-
side units located on nearby arterial road 
intersections or highway on-ramps;

•	 Vehicle-to-Pedestrian (V2P): messages are 
transmitted between vehicles and pedestrians, 
who send and receive messages using their 
phones or other wireless devices.

Challenges of VANET
There are still communication problems that need to 
be resolved within these complex systems, mainly 
concerns about privacy, liability and security,97 
which are hindering progress towards large-scale 
implementation. Liability is of concern when the 
network is congested (too many cars), and when 
delays in transmission cause the signals transmitted 
to become unreliable. If these systems cause a crash, 
who would be at fault? The question of determining 
liability in cases such as these remains a serious 
concern.

For safety purposes, participating vehicles must 
periodically broadcast their locations and speed 
profiles to neighbouring vehicles. Many of their 
owners are thus likely to opt out, because they do not 
want their whereabouts broadcast to the public at all 
times. Unfortunately, privacy cannot be ensured with 
the way VANETs are set up.

Finally, there are concerns about the most important 
issues, namely those of security and safety. VANETs 
require extremely fast message authentication 
and processing, and to be secure against hacking, 
messages must be significantly larger in size, which 
would in turn require increased processing time. As 
currently designed, VANETs are thus vulnerable to 
hacking and tampering.

2.	 Vehicular Ad Hoc Networks (VANET)-------------------------------------------

Broadly speaking, Artificial Intelligence (AI) describes 
software that mimics human cognition or perception. 
AI is already all around us, and people use it on a daily 
basis with Google (search algorithms), Facebook (face 
recognition), Netflix (personalised movies), Siri and 
Alexa (virtual assistants), chatbots, and much more. 
More substantial applications in line with the SDGs 
can be found in the personalisation of healthcare 
treatment, education curriculums, or judicial 
sentencing. Examples of AI applications include: 
making predictions about the disease a patient is 
suffering from, writing a report on the results of an 
X-ray, predicting where crimes might occur, and 
processing natural spoken language, as in the case of 
virtual assistants.

Narrow Artificial Intelligence (used to solve a specific 
problem) is the main subset of AI that is being 

implemented today. One of its main branches is 
Machine Learning (ML), which emanates from Data 
Science, and uses large sets of data to teach machines 
to decide. For example, image recognition models 
contain 1.2 million training images hand-labelled with 
a few object categories. ML itself can be subdivided 
into three main algorithms: supervised learning, 
reinforced learning, and unsupervised learning. The 
second main subset of AI is Deep Learning, which 
evolved out of ML. Deep Learning applies artificial 
neural network theories and probabilistic decision 
trees to generate its results, also based on large sets 
of data. Different algorithms fall under the umbrella of 
Deep Learning, including: Artificial Neural Networks 
(ANN), Genetic Algorithms (GNs) and Fuzzy Logic (FL).

The market share of AI in the automotive and 
transportation industry alone was valued at 

3.	 Artificial Intelligence---------------------------------------------------------------
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$19.17 billion in 2018, and is projected to grow at 
a compound annual growth rate of 13.12 per cent 
during the forecast period (2019 to 2029).98 

AI is the technology with the greatest impact on 
transportation systems. Beyond its role in the advent 
of self-driving autonomous cars, ML in particular is 
a powerful tool for planning and real-time decision-
making. Applications of AI in transportation also 
include vehicle control, traffic control and prediction, 
as well as road safety and accident prediction. 

The first area of AI application (vehicle control) is 
restricted to the automotive industry, as it includes 
the design of anti-lock braking systems, the design 
of systems to minimise emissions, the optimisation 
of suspension systems, etc. Meanwhile, the other 
two areas (traffic control and road safety) have 
direct applications in most of the software systems 
reviewed in the previous sections, such as TMS and 
ITS. Other uses of AI in transportation systems99 are 
provided in figure 8 below.

Examples of AI applications in land transport include:

•	 Smart Pedestrian Signals, like those being 
implemented across Dubai, represent 
another application of AI technology that 
acts synchronously with the signal’s light 
operation.80 With the use of sensors connected 
to a ground optical system, it is now possible 
to perceive the movement of pedestrians 
before and during street crossings, and 
automatically readjust the signal’s remaining 
time for safe crossing.101 Not only would this 
system be especially useful to pedestrians 
who need a longer time to cross, it would also 
improve traffic flow by providing additional 
time to motorists when no pedestrians are 
detected;102

•	 Using an ML model that combines real-time 
traffic forecasts with data on bus routes, 
Google Maps has introduced live traffic delays 
for buses, to better predict how long a bus trip 
will take.103 As a result, the accuracy of transit 
timing for millions of people in hundreds of 
cities worldwide has improved significantly;

•	 The European eCall regulation requires all new 
cars to be equipped with eCall technology, 
which detects and reports accidents, starting 
from April 2018.104 In case of an accident, eCall 

automatically dials the emergency number, 
and communicates the vehicle’s location, the 
time of the accident and the direction of travel 
to emergency services;

•	 Smart cameras, now installed in taxis across 
Dubai, can help enforce regulations during the 
COVID-19 pandemic, by using Deep Learning 
algorithms capable of automatically detecting 
and reporting people who are not wearing 
masks on board, as a preventive measure.105 
This technology can be installed on various 
public transportation systems, and used as 
an enforcement mechanism to help suppress 
transmission of the disease.

Challenges of AI
One of the major limitations of AI is that the 
relationship between its input and output is often 
ambiguous and untraceable. In Deep Learning 
and Neural Networks in particular, it is almost 
impossible to understand how a trained AI algorithm 
is arriving at its decisions or predictions. This is of 
particular concern in determining the legal liability 
of AI systems, in the case of harm or damage being 
suffered as a result of the technology.

Furthermore, AI cannot provide its full benefits 
without the availability of large data sets, like those 

Figure 8.	Uses of AI in transportation 

 

Source: Machin and others, 2018.
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generated by mobile applications, IoT systems and 
Open Data from Governments. Such data is not 
usually available in Arab countries, and it should be 
noted that training an AI system with limited data 
can lead to biased predictions, which is why the 
availability of large data sets is of vital importance.  

With the application of strict regulations that limit 
the type of data that can be collected, as in the 
case of the European Union,106 it has become more 
challenging for tech companies to develop the high-
definition maps required for autonomous vehicles.107

It is also crucial for the educational system to address 
the issue, and incorporate AI in school curriculums to 
prepare the next generation for the AI era. At present, 
students are not receiving the kind of instruction (or 
training in the kinds of skills) they will need in an 
AI-dominated landscape,108 which in itself is a setback 
for the advancement of AI. 

Funding is another issue directly connected 
to the progress of AI, as increased public and 
private investment and spending in research and 
development could foster further innovation. 

There are many challenges facing the application of 
new technology in land transport and other sectors. 
This section looks at the main challenges that should 

be examined and addressed when implementing 
technological applications: 

D.	Challenges to the Application of Technology Solutions

1.	 Security and Privacy Concerns---------------------------------------------------

The solutions detailed in the previous section, 
whether deployed in the public or private sector, 
may raise security and privacy concerns. IoT is 
especially susceptible, because security features 
(such as encryption, device authentication, or user 
access control) are not necessarily built into IoT 
devices when they are manufactured. This makes 
IoT systems particularly weak in transportation 
network security.109 Unfortunately, the privacy 
issues surrounding IoT devices remain largely 
unaddressed.110 Areas of privacy concern arising from 
IoT deployment have been identified as: unauthorised 
surveillance, uncontrolled data generation and use, 
inadequate authentication, and information security 
risks. Moreover, simply deploying connected and 
autonomous devices, without appropriate testing, 
systems considerations and cybersecurity safeguards, 
could lead to unintended consequences that would 
increase risk and life-cycle costs. More importantly, 
poorly secured IoT devices and services can be 
potential entry points for cyber-attacks. Several 
severe Distributed Denial-of-Service (DDoS) attacks 
used CCTV cameras as botnets to amplify the attack. 
Another area of concern is the security of autonomous 
and connected cars, where a security breach could 
hijack the car, cause a crash, and potentially harm or 
kill the driver and passengers.

Like other types of digital technology, Big Data 
requires solid cybersecurity frameworks to protect 
it against breaches and targeted attacks. National 
cybersecurity frameworks and strategies apply, and 
may require adjustments to cater to specific Big Data 
requirements. This is especially true of transportation 
data, which is directly connected to people’s lives, 
and to their safety and security.

While in some cases mobile applications do ask 
for user permission to share data, in most cases, 
Big Data collection is automated, generated and 
transferred from devices without the knowledge or 
consent of citizens. This has led to increased concerns 
about privacy and the anonymity of data, as well 
as about the adequacy of Government regulations 
to ensure privacy and protect citizens. Big Data in 
transportation has the added feature of containing 
location data collected from GPS devices, raising 
even more concerns about the security of individuals. 
Indeed, experiments have shown that even data 
collected anonymously can be traced back to specific 
individuals, using contextual data and links.9 This 
has also led to questioning storage locations, with 
Governments opting to store their data in national 
data centres rather than in the Cloud.
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2.	 Regulatory Environment ----------------------------------------------------------

3.	 Budget Allocation-------------------------------------------------------------------

With the emergence of new technologies and their 
implementation in various businesses and services, 
Governments must be willing and able to create, 
modify and enforce regulations that can match these 
new technologies and protect citizens and users. This 
is giving rise to significant challenges for regulators, 
who seek to preserve a reasonable balance between 
fostering innovation and protecting users. Another 
challenge for Governments is to actually accomplish 
this at a previously unthinkable pace.

Emerging technologies, such as Artificial Intelligence 
(AI), Machine Learning (ML), Big Data Analytics, 
Distributed Ledger Technology (DLT) and the 

Internet of Things (IoT), are creating new ways for 
consumers to interact. Yet they are also disrupting 
traditional business models, since today machines 
can teach themselves to learn; autonomous vehicles 
can communicate with one another and with the 
transportation infrastructure; and smart devices can 
anticipate and respond to the needs of consumers.

Amid these developments, regulatory leaders are 
faced with a key challenge: how to best protect 
people, ensure fair competition, and allow new 
technologies to be implemented, all at the same time. 
Box 6 examines the regulations adopted by Saudi 
Arabia for emerging technologies. 

Automation requires the allocation of considerable 
budgets, and Government budgets do not always 
allow for deployments on the scale needed for 
city-wide wireless networks and/or 3G/4G cellular 
networks. With the advent of 5G, which supports 
higher speed, mobility, and low latency, the 
allocation of the budgets needed will become even 
more critical.

Other specific budget issues include the need to 
adequately equip transport vehicles with GPS 

receivers, mobile connectivity, IoT sensors, and other 
technology that would generate an adequate base of 
data to feed the software applications. 

In addition to the costs of acquisition and/or 
development of digital systems, Governments 
must bear the costs of operation and maintenance. 
For example, to ensure the effectiveness of GPS, 
the maintenance of satellites and control systems 
is essential. Human error in control systems and 
maintenance can lead to shutting down the system 

Box 6. Saudi Arabia– Data privacy regulatory framework..................................................................................................

Saudi Arabia has enacted many laws to protect the privacy of its citizens. Below is a summary of Saudi Arabia laws and 
regulations enabling the technologies discussed in this report. 

In October 2019, Royal Decree No. M/126, the E-Commerce Law, came into force. The law applies to all e-commerce service 
providers, including those located outside of Saudi Arabia, who offer goods/services to customers based in Saudi Arabia. 
The law states that service providers are responsible for protecting the personal data of customers in their possession 
or “under their control”. Finally, the law limits the period of data retention. Under the Saudi Arabia Cloud Computing 
Regulatory Framework (CCF), Cloud service providers must be licensed by the Communications and Information 
Technology Commission (CITC). Data is classified into four categories, and categories 3 and 4 (Government and secret 
data, respectively) cannot be stored outside national borders.

The IoT Regulatory Framework regulates all use of IoT services in Saudi Arabia. It requires IoT service providers to comply 
with “data security, privacy and protection requirements”, and states that IoT providers and implementers must “comply 
with all existing or future laws, regulations and requirements”. Data must be collected for specific purposes and can only be 
retained for a specific time. IoT service providers are also required to deploy appropriate data security measures to guard 
against unauthorised access, loss, destruction, disclosure etc. of the data.

Source: PwC, 2019.
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for a period of time, but also to broadcasting 
incorrect information. 

Cost has traditionally been a challenge for building 
ICT systems. Indeed, only those who could afford 
to purchase the hardware, software, data and 
people needed could afford to build and maintain 
their own software and applications. Today GIS is 
available as a service from numerous firms in three 

forms:  Software as a Service (SaaS) – provided 
by companies such as ArcGIS Online; Platform 
as a Service (PaaS) for geocoding and analysis – 
provided by companies such as ArcGIS Online, 
Google Maps JavaScript API version 3, Microsoft 
Bing Geocode Dataflow API; and Data as a Service 
(DaaS) – provided by companies such as ArcGIS 
Online, Apple Maps, Google Maps, HERE Maps and 
OpenStreetMap.

Digital skills: The application of emerging 
technologies, like those described in the previous 
section, requires high-level digital skills and an entire 
ecosystem of innovation and entrepreneurship. 
Conversely, digital services may face skill barriers 
among their users (e.g., digital literacy issues); they 
may also encounter cultural barriers, with people 
who might prefer physical face-to-face interactions. 

Availability of data: Another problem with digital 
solutions is that of the availability of data, with 
Governments playing a special role in this regard. 
Examples include making digital maps available 
(maps are Government property), and making 
Government-owned data open (Open Data).

4.	 Other Challenges -------------------------------------------------------------------
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The transport sector worldwide is currently 
undergoing its most rapid transformation in 
decades, with various transport technologies set to 
change travel behaviour in cities, and technological 
innovations being introduced into transport systems 
(in some countries faster than in others).

This chapter represents the first attempt by ESCWA 
to directly explore the status, opportunities and 
impacts of the rapidly developing field of digital 
technology in the land transport sector. 

The goal here is to describe the various types of 
emerging transport technologies currently available, 
as well as significant trends and future plans, so as 
to provide an adequate foundation for exploring 
policy recommendations. Indeed, Arab countries will 
need clear and committed policies if they are to take 
advantage of the opportunities presented by new 
technology in land transport.

The emerging transport technologies examined in 
this report include enabling infrastructures and IT 
management systems for passengers, freight and 
traffic, as well as e-government and e-payment 
services. They also include applications specific to 
the transport sector, such as ITS, georeferencing, 
accident detection and management, public transport 
services and variable messaging signs. 

This chapter describes the status and maturity of land 
transport technologies in the Arab region, as well as 
the challenges and opportunities they present, as 

per the three levels of digital applications outlined 
in Chapter 2: enabling technologies; technological 
applications; and future trends. In examining the 
status of digital technology in Arab countries, the 
following aspects will be highlighted: policy, strategies 
and plans (for emerging technology in transport), 
infrastructure, legal and regulatory framework/
environment, human capital, services and operations.

With the above in mind, there follows an analysis of 
the current situation in the Arab region, highlighting 
the challenges and opportunities and discussing the 
socioeconomic effects/impact of new technology 
in land transportation, based on responses to two 
ESCWA questionnaires. The first questionnaire 
concerns the spread of digital technology in 
the Arab region, and the second is focused on 
technological applications used in land transport. 
The first questionnaire was sent to ministries and 
authorities concerned with digital technologies 
in Arab countries; while the second was sent to 
transport sector ministries and authorities in ESCWA 
member-States. Twelve responses were received for 
each questionnaire, accounting for almost half of all 
Arab countries. Using those responses, ESCWA can 
outline the trends emerging in the Arab region, but 
cannot produce an exact image, when it comes to the 
use of new technology in land transport. The twelve 
countries that responded to the questionnaires 
constitute an adequate representation of the region, 
as they include high-income, middle-income and 
least developed countries, as well as countries 
experiencing armed conflict. 

Key Messages
•	 Most of the technology used in land transport in Arab countries is centred in the urban 

context, while rural areas and railway infrastructure and facilities need more investment and 
modernisation programmes for technological integration;

•	 With few exceptions (mostly in Morocco and some Gulf countries), the majority of Arab cities 
have not developed or set up any extensive public transport systems, and they suffer from 
a lack of urban transport policies, at a time when transport demand is constantly on the rise;

•	 Basic mobile services are adequately distributed in urban areas; however, coverage should be 
extended to rural areas as well. Telecom infrastructures should also be modernised to meet 
the requirements of emerging technologies, such as the Internet of Things and Big Data;

•	 Traditional IT systems are relatively widespread in about half of all Arab countries. This 
includes GPS, transport management systems, e-government services, e-payment and 
fleet management systems. However, more advanced systems, such as Intelligent Transport 
Systems, IoT and AI, are still limited or non-existent in the Arab region’s land transport sector.

”

”
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The main purpose of the first questionnaire112  was to 
gauge the level of implementation of different land 
transport technologies in the region, and examine 
how these levels vary in each country, depending on 
various parameters, such as its economy, geography 
and available resources. The land transport systems 
covered in this questionnaire are divided into five 
categories: rural roads; railway; urban streets; public 
transportation; and Land Transport Management 
(LMT) operation and border crossings. 

The twelve countries that sent responses to this 
first questionnaire are Egypt, Iraq, Jordan, Kuwait, 
Lebanon, Libya, Oman, the State of Palestine, 
Qatar, the Sudan, the Syrian Arab Republic and the 
United Arab Emirates. All of these countries differ 
in size, location, economic and financial stability, 
and development; and their outputs therefore 
differed (as expected) as well. The below sections 
showcase the main results and findings of the 
analysis of questionnaire responses.

A.	Analysis of Technology Applications in Land Transport in the 
Arab Region 

Rural roads are often treated as the transport 
network’s last link. They nevertheless often represent 
the most important link for providing access to 
rural populations. Investments in rural roads offer a 
significant potential for the use of local resources, 
job creation, and support for local trade and the 
local economy. They therefore have significant 
implications in terms of poverty reduction and local 
economic and social development. As shown in 
figure 9 below, responses varied mostly between 

implemented technologies (28.3 per cent), planned 
technologies (21.2 per cent), and not yet applied 
technologies (31.5 per cent).

Geographic Information Systems (GIS), automatic 
radars and centralised traffic management are the 
applications most used in the Arab region. Other 
applications, such as toll motorways, are yet to be 
widely used in almost all Arab countries.

1.	 Rural Roads--------------------------------------------------------------------------

More detailed results show that these rural road 
technologies have mostly been implemented in 
Qatar (9 out of 11) and the United Arab Emirates (8 
out of 11). Lebanon and Libya have yet to consider 

implementing these technologies; and Egypt has 8 
out of the 11 in the process of being implemented 
(ongoing work on development plans for the 
technology), as shown in table 2. 

Figure 9.	Rural roads – Status by technology

 

Source: Compiled by ESCWA.
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Table 2.	 Rural roads – Status by country

A- Implemented B- In process C- Under design D- Planned E- N.A. Grand total

Qatar 9 2       11

United Arab 
Emirates

8     1 2 11

Kuwait 4 3   3 1 11

Jordan 4 1   3 3 11

Oman 4   2 3 1 10

Sudan 3 2 1 3 2 11

Iraq 3   1 1 6 11

Libya 2       9 11

Egypt 1 8   1   10

Lebanon 1     2 8 11

Syrian Arab 
Republic

  1 2 4 4 11

State of Palestine     1 6 4 11

Total 39 17 7 27 40 130

Total percentage 30% 13% 5% 21% 31% 100%

Source: Compiled by ESCWA.

When it comes to financing the use of new 
technology in land transport, Egypt, Kuwait, Oman, 
Qatar and the United Arab Emirates have opted to 
rely on public funds for their technologies, while the 
State of Palestine has chosen a mix of public and 
private financing for its planned technologies.

The percentage of rural roads covered by these 
technologies varies significantly between countries. 

Egypt, while its plans are still in process, intends to 
implement most of its technologies on a majority of 
its rural roads (7 out of 11). Meanwhile, the United 
Arab Emirates and Qatar, where most of those 
technologies have already been implemented, are 
only applying these technologies to less than 20 per 
cent, 20 to 40 per cent, or 40 to 60 per cent of their 
rural roads (depending on the technology), as shown 
in figure 10 below.

Figure 10. Rural roads – Percentage of new technology coverage by country
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Although rural roads generally experience only 
average volumes of traffic, they provide critical 
links in any road transport network, facilitating 
access to various regions and participating in their 
development. Rural Roads Connectivity represents a 
key technology for rural development, as it promotes 
access to economic and social services, and thus 
results in increased income and employment rates.

The results from the questionnaire help assess 
the realities of technological integration on rural 

roads in Arab countries. The more developed and 
economically flourishing countries have rural 
roads with high levels of technological integration 
and high-standard conditions. Meanwhile, lower-
income countries still need much work on their 
road infrastructure, pavements and connections. 
Implementing new technologies seems to be less of 
a priority for them. These results show the need for 
more development programmes and investments in 
rural roads in Arab countries.

Figure 11. Railways – Status by technology
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Rail transport is an energy-efficient means of 
mechanised land transport, since electric trains are 
on average 20 times more efficient than automobiles 
for the transport of passengers. Compared to other 
modes of transport, railways are the least affected 
by weather conditions, the best organised (with 
fixed routes and schedules), and have the highest 
carrying capacity for freight transport. In many cities, 
railways are considered fundamental for modernity 
and development. When it comes to railways, almost 
half of the technologies addressed in the ESCWA 
questionnaire have not yet been applied (47 per 
cent). Others are either planned (39 per cent) or have 
already been implemented (18 per cent).

According to the responses received, very few Arab 
countries have so far implemented most of the 

applications shown in figure 11 below. These results 
are largely due to the fact that most Arab countries 
do not use railways as a means of transport. Railways 
in the Arab region are either being planned, or once 
used to function but do not anymore (as in the case 
of Lebanon, where the railways stopped operating 
during the civil war).

The applications mostly used in the Arab region are 
Geographic Information System (GIS), Centralized 
Information System (CIS) and Web application for 
the purchase of train tickets and services. Other 
applications such as On-Board internet availability for 
passengers (WiFi) and Online information system for 
passengers connected with train movements are still 
not widely used in almost all Arab countries

2.	 Railways------------------------------------------------------------------------------
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More detailed results show that these railway 
technologies have mostly been implemented in Qatar 
(9 out of 11). As shown in table 3 below, Jordan, 
Kuwait, Lebanon, Libya and Oman have yet to 
consider implementing the technologies discussed. 

Meanwhile, Egypt, Iraq, the State of Palestine and the 
United Arab Emirates have plans to implement many 
of them, and it should be noted that the general 
concepts have already been designed and approved.

Table 3.	 Railways – Status of the use of new technology by country

  A- Implemented B- In process C- Under design D- Planned E- N.A. Grand total

Qatar 9 1 1 11

Iraq 4 6 1 11

Egypt 3 2 6 11

Sudan 3 3 5 11

United Arab Emirates 2 1 7 1 11

Syrian Arab 
Republic

1 2 1 2 5 11

Lebanon 9 9

Oman 1 10 11

State of Palestine 10 1 11

Kuwait 3 8 11

Jordan 11 11

Libya 11 11

Total 23 7 1 38 61 130

Total percentage 18% 5% 1% 29% 47% 100%

Source: Compiled by ESCWA.

When it comes to financing, Egypt, Oman, Qatar, 
the Syrian Arab Republic and the United Arab 
Emirates have opted to rely on public funds for their 

technologies (implemented or to be implemented), 
while Kuwait has chosen a mix of public and private 
financing for its planned technologies. 

Figure 12. Railways – Percentage of new technology coverage by country
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As shown in figure 12 above, the percentage of 
coverage for railway technologies varies from one 
country to another. Qatar, where the implementation 
of new technology is one of the best, covers 80 to 
100 per cent of its railway network. The United Arab 
Emirates also plans to implement most of its new 
technologies on the majority of its railway network.

Egypt has by far the oldest railroad in the Middle 
East and Africa, and one of the oldest in the world. It 
currently has the most extensive railway system in the 
Middle East, and is one of only two countries in the 
Arab League to have an underground metro system, 
specifically in Cairo. Egypt still has numerous new 
railway technologies planned for the coming years.

Perhaps the most developed railway network 
connecting different Arab countries can be found 
between Iraq and the Syrian Arab Republic, with the 
Iraqi Republic Railways running through the latter all 
the way to Turkey (though its operation is currently 
problematic, due to ongoing conflicts). There are 
new projects to develop Arab railway lines currently 
under construction, such as for example the railway 
connecting southern Egypt to northern Sudan.

In the Arab region, many countries have limited to no 
railway transport. Examples include Lebanon, where 
the railways stopped working after the civil war, but 
also the United Arab Emirates, which has a very 
limited rail network. Plans for a railway system in the 
United Arab Emirates rose to prominence in the late 
2000s, and various entities have since been working 
on its development.

The results of the ESCWA questionnaire reflect 
the realities of the railway network in the Arab 
region. In Qatar, the Doha Metro train transport 
has only recently begun operations (2019), which 
explains why most of the technologies listed in this 
questionnaire have already been implemented or are 
to be implemented soon. The results also show that 
railway infrastructure and facilities in Arab countries 
are generally not very advanced and need to be 
developed. There should be more investments and 
modernisation programmes in this sector, alongside 
technological integration.

City streets are the lifeblood of urban communities 
and the foundation of their economies. Making up 
more than 80 per cent of all public space in cities, 
streets have the potential to foster business activity, 
serve as a front yard for residents, and provide a safe 
space for people to get around, whether on foot, by 
bicycle, by car, or in transit. 

Growing and diversifying urban populations are 
generating a particular strain on urban streets 
worldwide. Urban streets epitomise the kinds of 

challenges and opportunities that are associated with 
designing mobility infrastructure and public spaces 
in cities, where stationary and mobile functions are 
inevitably brought together.

For new technology in urban streets, as shown in 
figure 13 below, responses varied mostly between 
implemented technologies (40 per cent), planned 
technologies (21 per cent), and not yet applied 
technologies (24 per cent).

3.	 Urban Street-------------------------------------------------------------------------
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Figure 13. Urban streets – Use of new technology in arab countries
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More detailed results, as shown in table 4 below, 
reveal that these urban streets technologies have 
mostly been implemented in Jordan (8 out of 10), 
the United Arab Emirates (8 out of 10), Kuwait (6 

out of 10), Qatar (6 out of 10) and Lebanon (6 out 
of 10). Libya has yet to consider implementing the 
technologies discussed, and Egypt has 9 out of the 10 
planned for implementation.113

Table 4.	 Urban streets – Status by country

A- Implemented B- In process C- Under design D- Planned E- N.A. Grand total
Jordan 8 2 10

United Arab 
Emirates

8 8

Qatar 6 2 2 10

Lebanon 6 2 1 1 10

Kuwait 6 1 3 10

Oman 5 1 4 10

Iraq 5 1 1 2 9

Sudan 3 2 5 10

State of Palestine 1 8 1 10

Syrian Arab 
Republic

1 3 6 10

Egypt 9 1 10

Libya 10 10

Total 47 8 9 25 28 117

Total percentage 40% 7% 8% 21% 24% 100%

Source: Compiled by ESCWA.
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Figure 14. Urban streets – Percentage of new technology coverage by country
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When it comes to financing, Kuwait, Oman, Qatar and 
the United Arab Emirates have opted to rely on public 
funds for their technologies (already implemented 
or yet to be implemented). The State of Palestine has 
chosen a mix of public and private financing for its 

planned technologies (6 out of 10). In Lebanon, some 
projects are entirely publicly financed (5 out of 10), 
while others are privately financed (3 out of 10) or 
benefit from mixed financing (1 project).

The percentage of new technology coverage for 
urban streets varies from one country to another, 
and within the same country between one 
technology and another. In Qatar and Kuwait, where 
new technology implementation reaches about 60 
per cent, these technologies cover 80 to 100 per 
cent of urban streets. The United Arab Emirates also 
boasts a similar percentage. 

The general trend in Arab countries is to build 
streets for private vehicles, with limited to no focus 
on pedestrian and cyclist routes, public transport 
lanes, or green open spaces. This has led to a greater 
reliance on the use of private motorised modes 
in Arab cities, rather than on shared or collective 

modes, which in turn has resulted in increased 
congestion, accidents and negative effects on the 
environment and on public spaces.  

It is evident that urban streets in the Arab world, 
whether traditional or modern, are facing numerous 
problems. Exceptions, however, include countries 
like the United Arab Emirates, which has developed 
the first “Urban Street Design Manual” in the Middle 
East, to transform its existing infrastructure of urban 
roads, dominated by cars, into streets where more 
varied modes of transportation are encouraged. 
The results of the questionnaire indicate that more 
investment in technology is needed for urban street 
design and development in Arab countries.

Public transport provides people with mobility 
and access to employment, community resources, 
medical care and recreational opportunities. It 
provides a basic mobility service to all users, with or 
without access to a car. The incorporation of public 
transport options and considerations into broader 
economic and land use planning can also help 

expand business opportunities, reduce sprawl, and 
create a sense of community through transit-oriented 
development. Areas with good public transit systems 
tend to be economically thriving communities, 
providing location advantages to businesses and 
individuals who choose to work or live in them. 

4.	 Public Transport---------------------------------------------------------------------
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Public transport also contributes to reducing road 
congestion and travel time, air pollution, and energy 
and oil consumption, all of which benefit travellers 
and non-travellers alike. When it comes to the use of 
new technology in public transport in Arab countries, 

the situation varies mostly between implemented 
technologies (43 per cent), planned technologies 
(23 per cent), and not yet applied (29 per cent) 
technologies, as shown in figure 15.

More detailed results show that these public 
transport technologies have mostly been 
implemented in Jordan (8 out of 11), the United Arab 
Emirates (9 out of 11), Qatar (8 out of 11) and Egypt 

(7 out of 11). Libya has yet to consider implementing 
the technologies discussed, and the State of Palestine 
has 10 out of 11 of them planned for implementation, 
as shown in table 5. 

Figure 15. Public transport – Status of use of new technology
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Table 5.	 Public transport – Status by country

  A- Implemented B- In process C- Under design D- Planned E- N.A. Grand total
United Arab Emirates 9     1   10

Qatar 8     3   11

Jordan 8     2 1 11

Egypt 7     4   11

Iraq 6 3     2 11

Oman 5   1 2   8

Kuwait 4     1 6 11

Sudan 4       7 11

Lebanon 2     2 7 11

Syrian Arab Republic 1     4 6 11

State of Palestine   1   10   11

Libya         10 10

Total 55 4 2 29 37 127

Total percentage 43% 3% 2% 23% 29% 100%

Source: Compiled by ESCWA.
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Figure 16. Public transport – Percentage of new technology coverage by country
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When it comes to financing, the United Arab Emirates 
and Jordan have opted to rely on public funds for 
their technologies (already implemented or yet to be 
implemented), while the State of Palestine has chosen 

a mix of public and private financing for its planned 
technologies (9 out of 11). Meanwhile, Kuwait and Egypt 
have opted for more reliance on private financing (with 
4 and 8 privately financed projects, respectively).

The percentage of new technology coverage in public 
transport varies from one country to another, and 
within the same country between one technology and 
another. In the State of Palestine, Kuwait and Qatar, 
these new technologies cover 80 to 100 per cent of 
public transport systems. The United Arab Emirates 
has also implemented these technologies in 60 to 80 
per cent of its public transport systems. With one or 
two exceptions (mostly in Gulf countries), the 
majority of Arab cities have not developed or 
set up any extensive public transport systems, 
and suffer from a lack of urban transport 

policy, at a time when demand for transport is 
constantly on the rise.

National Governments and local authorities in nearly 
all Arab countries are currently undergoing extensive 
structural reforms and building major infrastructure 
projects. The results of the questionnaire show a 
general need for more modernisation programmes 
and investments in technology in the public transport 
sector, with significant differences between countries 
that should be taken into account.

Growing cross-border trade and transport in 
the globalised world economy are compelling 
Governments to develop more efficient border 
management procedures. Indeed, cumbersome 
procedures at border crossings increase the 
cost of transport operations, thereby hampering 
international trade and foreign investment.114

For new technologies in Land Transport Management 
(LTM) operation and border crossings, as shown in 
figure 17 below, the status varied mostly between 
implemented technologies (39 per cent), planned 
technologies (24 per cent), and not yet applied 
technologies (19 per cent).

5.	 Land Transport Management (LTM) Operation and Border Crossings---
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More detailed results, as shown in table 6 
below, indicate that these LTM operation and 
border crossings technologies have mostly been 
implemented in Jordan (6 out of 10), the United Arab 

Emirates (8 out of 10) and Oman (6 out of 10). Libya 
has yet to consider implementing the technologies 
discussed, while Egypt and the Sudan have plans to 
implement 6 and 5 out of the 10, respectively.

Figure 17. LTM operation and border crossings – Status by technology
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Table 6. LTM operation and border crossings – Status by country

  A- Implemented B- In process C- Under design D- Planned E- N.A. Grand total
United Arab Emirates 8   1     9

Oman 6 1   2 1 10

Jordan 6     2 1 9

Iraq 5   3     8

Qatar 3 2 2   3 10

Syrian Arab Republic 3 2 1 4   10

Egypt 3     6   9

Lebanon 2 2 1 1 3 9

State of Palestine 2 1 2 4 1 10

Sudan 2 1   5 2 10

Libya 1   1   8 10

Kuwait       1 1 2

Total 41 9 11 25 20 106

Total percentage 39% 8% 10% 24% 19% 100%

Source: Compiled by ESCWA.

When it comes to financing, Egypt, Qatar, the 
Sudan, the Syrian Arab Republic and the United 
Arab Emirates have opted to rely on public funds 
for their technologies (already implemented or yet 

to be implemented), while the State of Palestine 
has chosen either public (3 out of projects) or a 
mix of public and private financing for its planned 
technologies.
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Figure 18. LTM operation and border crossings – Percentage of new technology coverage by country
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The percentage of LTM operation and border 
crossings new technology coverage varies between 
countries, and within the same country between 
technologies. In the United Arab Emirates (9 
technologies) and Oman (6 technologies), most of 
these technologies cover 80 to 100 per cent of land 
transport systems. Meanwhile in Egypt, they either 
cover less than 20 per cent (4 technologies) or 80 to 
100 per cent (5 technologies).

The demand for land transport management and 
operation in the Arab world remains high. This 
is mainly due to the region’s high standard road 
infrastructure; the low cost of fuel in some Arab 
countries; the absence of significant fees for road 
transport; and the inability of existing railway 
networks to cope with the demand for land transport. 
Despite continuous efforts to upgrade, modernise 

and improve the management and operation 
systems of land transport networks in most Arab 
countries, these systems still do not meet the needs 
of a modern economy and efficient land transport, 
especially in countries with a low GDP. Every 
country in the Arab region has its own particular 
circumstances, which determine how it might best 
handle the issue of promoting sustainable transport.

As a result of the diversity of transport conditions and 
circumstances in the various countries, and of the 
unique structure of each country’s transport sector, 
sustainable transport regulations and standards differ 
markedly across the Arab region. Broadly speaking, 
the efficiency of sustainable transport regulations 
in Arab countries can be improved, especially if it is 
coupled with economic incentives.

The main purpose of the second questionnaire115 
was to determine the status and dissemination of 
digital and emerging technologies, in supporting 
the development of various sectors, with a special 
focus on the transport sector. It was divided into 
five parts: connectivity; IT systems in land transport; 
regulatory environment for technology; challenges 
in implementing technology in land transport; and 
readiness to implement emerging technology. 

The twelve countries that sent responses to this 
questionnaire are: Bahrain, Jordan, Lebanon, 
Morocco, Oman, the State of Palestine, Qatar, Saudi 
Arabia, Somalia, the Syrian Arab Republic, Tunisia 
and the United Arab Emirates. Those countries 
include high-income, middle-income and least 
developed countries, as well as countries amid 
conflict, thus providing an adequate representation 
of the Arab region as a whole. 

B.	 Questionnaire on Technology
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The results of the questionnaire confirm the findings 
of the World Bank,116 which showed that, since the 
introduction of commercial 3G/4G services, mobile 
broadband has quickly emerged as the dominant 
broadband access technology in the Arab world. All 
twelve countries confirm that 3G Mobile connectivity 
is already available, and report that 4G networks 
have been implemented or are in the process of 
being implemented. Finally, the GCC countries are 

the only ones to have implemented 5G networks so 
far. Such networks are crucial for responsive mobility, 
which is used for the kind of IoT technologies 
needed for smart cities, self-driving cars, drones, 
etc. – all of which are planned but have not yet been 
implemented in the GCC countries. Most countries 
(10 out of 12) report mobile coverage (2G, 3G and 
4G combined) in the range of 80 to 100 per cent, as 
shown in figure 19 below. 

1.	 Connectivity -------------------------------------------------------------------------

When it comes to high-speed fixed broadband 
infrastructure using fibre-optic cables, responses to 
the questionnaire confirm that fibre is available as a 
service in urban areas, or in economic zones where 
the presence of businesses justifies the investment. 
All twelve countries report that fibre is available as a 
service, when requested from service providers and/
or regulators. The responses make it clear that most 
countries have restrictions on the deployment of 
fibre, and that special permissions and elevated costs 
are usually needed to secure it.

There is increasing demand for higher speed rates, 
which would be best served with newly built fibre-
optic networks. This is due to the increased demand 

for high-speed fixed broadband services from citizens 
(especially during the COVID-19 pandemic), on the 
one hand, and to the backhauling traffic generated 
by mobile, IoT and other networks, on the other. So, 
while in theory, it is possible to have 3G coverage 
and install fibre-optic broadband networks to 
backhaul traffic, camera and vehicle data to the traffic 
control centre, there is still the challenge of extending 
such connectivity to non-urban and sparsely 
populated areas. Most of the populations in Arab 
countries tend to be concentrated in urban areas, 
which are well served by both mobile and fixed 
broadband technology. However, when considering 
transport purposes, the coverage of non-urban areas 
must also be looked at. The 2G/3G/4G coverage maps 

Figure 19. Mobile coverage by country
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Figure 20. Status of connectivity in the arab region
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(provided by GSMA117 and nPerf.com) show that, 
with the exception of Lebanon and Morocco, areas 
of coverage in the Arab region are limited to urban 
agglomerations. The same is true for fixed broadband 
infrastructure using high-speed fibre. It will therefore 
be essential for Arab countries to look at connectivity 
coverage in non-urban areas, if they are to support 
national land transport systems.

IPv6: IPv6 readiness and usage, as explained in the 
previous chapter, are a requirement for connected 
devices and smart cities, as they would enable every 
vehicle to be equipped with its own IP address to 
connect to the internet. According to the questionnaire 
results, the GCC countries and Morocco are the only 
ones to have implemented IPv6. And according to 
the Asia Pacific Network Information Centre (APNIC), 

which measured users’ capability to connect over 
an IPv6 address,118 Saudi Arabia and the United Arab 
Emirates are the only two Arab countries where one-
third of users are able to connect to the internet using 
IPv6. In contrast, Oman and Kuwait only have a 10 per 
cent capability, while the remaining countries all have 
below 5 per cent capability.

Connected Buses: According to the responses to the 
questionnaire, public buses in Jordan, Morocco and 
Oman are connected mainly through mobile data. In 
all of the other countries, buses are not connected 
at all.

Figure 20 summarises the 12 answers received on 
the topic of connectivity in the Arab region. 

According to the responses to the ESCWA 
questionnaire, when it comes to GPS coverage, 
Jordan and the GCC countries report 80-100 per 
cent coverage on their territory, while the remaining 
countries all report less than 60 per cent coverage. 
Bahrain, Jordan and Oman report having special 
legislation or regulations for GPS.

An analysis of the questionnaire results suggests 
that the question about GPS coverage was too 

ambiguous. Indeed, all of the responses should have 
reported 100 per cent coverage, because a single 
satellite footprint usually encompasses several 
countries at once. In fact, as satellite footprints now 
cover the entire globe, any device equipped with a 
GPS receiver should normally be able to contact at 
least three satellites. The discrepancy in their answers 
suggests that responders may have been referring to 
the lack of GPS receivers, or the lack of connectivity 
of these receivers, outside urban areas.  

2.	 IT Systems in Transportation-----------------------------------------------------

http://www.apnic.net/
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When it comes to GIS implementation, all twelve 
countries are actively planning, or are in the process 
of implementing, a local GIS. The GCC countries 
report having implemented one that covers 80-100 
per cent of their territory. However, Government GIS 
maps have not been made available to the public, 
except in Jordan, Morocco and the GCC countries. 

Jordan and all of the GCC countries report having 
implemented Transportation Management 
Systems, but only Oman reports having 
implemented a custom-made Intelligent 
Transportation System. All of the other countries, 
except Somalia and the Syrian Arab Republic, have 
ITS currently under design or planned. Only the 

GCC countries report having implemented Fleet 
Management Systems, but Morocco is in the 
process of implementing one. It should be noted that 
discrepancies between the questionnaire results and 
the reality of the situation might be due to private 
companies using such technologies, but not regularly 
updating their information with the public sector. 

Funding for transportation IT systems is mainly 
public, except in Jordan, which relies exclusively on 
private funding in this regard, as shown in figure 
21 below. Some countries report Public Private 
Partnerships (PPP) funding up to 30 per cent of IT 
systems for transportation, namely Bahrain, Oman 
and Saudi Arabia.

There are no clear indications as to whether the 
IT systems implemented were developed by local 
expertise and local companies, or whether these were 
imported brand-name systems. Figure 22 provides 
a graphical representation of the answers provided 

by the different countries. Morocco stands out as the 
exception, with the majority of its IT systems being of 
local provenance. Other countries where IT systems 
rely on locally developed technology are Saudi Arabia 
and the State of Palestine.

Figure 21. Financing of transport IT systems by country
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Figure 22. Provenance of transport IT systems by country
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E-Government and Open Data: All twelve 
countries have implemented e-government 
programmes, but the level of implementation and 
the availability of e-services vary between them. 
Jordan, Lebanon, Somalia and the Syrian Arab 
Republic report that they have not implemented 
e-government programmes in the transport sector. 
Moreover, all responding countries except for 
Lebanon and the Syrian Arab Republic report having 
Open Data portals,119 where Government data is 
published in machine-readable formats (CSV, Excel 
or others). However, additional research shows that 
these datasets are unrelated to the transportation 
sector. The data available in Open Data portals could 
fuel the development of innovative applications 
by entrepreneurs in search of new technology that 

could provide local solutions and improve the lives 
of citizens. However, there is no evidence yet of local 
applications being developed through the use of 
Open Data in the transport sector. 

E-Payment: Only the GCC countries have 
implemented e-payment for transportation services. 
The preferred e-payment method for Government 
services in all Arab countries is credit card payment, 
with the exception of Somalia where e-money is used. 
Bahrain has pre-paid debit cards called “GO Cards” for 
public transport, and Dubai has the “Nol Card”.120

Figure 23 sums up the responses of the different Arab 
countries on the issue of IT systems, with a focus on 
land transport. 
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On the issue of IoT infrastructure, the responses 
received were unexpected, as they indicate that 
regulations preceded local industry development 
in this field (it is usually the other way around in 
Europe and North America). Saudi Arabia issues 
special licenses for the provision of IoT services, 
and has the enabling infrastructure needed for IoT. 
Among the GCC countries, only Bahrain, Saudi 
Arabia and the United Arab Emirates reported having 
an IoT infrastructure. Outside of the GCC, Jordan, 
Morocco, the State of Palestine and Tunisia report 
having one as well. All of the countries that have an 
IoT infrastructure (Bahrain, Jordan, Morocco, Saudi 
Arabia, the State of Palestine, Tunisia and the United 
Arab Emirates) also have special regulations for IoT.  

Cloud Computing is regulated in most of the 
responding countries, except for Jordan, Lebanon, 

Qatar and Somalia. The others have strict regulations 
on the provision of Cloud Computing services.121 
Meanwhile, none of them have legislation or 
regulations on Autonomous Vehicle Systems, 
although Jordan and the GCC countries report that 
they are in the process of developing such policies.

Responding countries are divided when it comes to 
drone regulation. Bahrain, Jordan, Morocco, Oman, 
Tunisia and the United Arab Emirates have such 
regulations, while the others do not. All twelve countries 
report having enacted legislation for e-transactions, 
e-signature, and data privacy and security. 

Figure 24 shows the number of technology-related 
regulations by country, while figure 25 shows the 
number of countries that report having regulations 
for specific technologies.

Figure 23. IT Systems in land transport in arab countries
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3.	 Regulatory Environment for Technology---------------------------------------
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Figure 24. Technology-related legislation by country
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Figure 25. Number of countries per technology-related regulation
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Source: Compiled by ESCWA.

As shown in figure 25 below, many of the responding 
countries have legislation for e-transactions, 
e-signature and personal data protection, which are 
important for professional interactions in cyberspace. 
The availability of legislation for emerging 

technologies (such as IoT, Cloud Computing and 
AI) is less developed however, and regulations 
are sometimes formulated even before those 
technologies become widespread in the country. 
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According to the questionnaire responses sent by 
the twelve Arab countries, the challenges facing the 
implementation of new technology in transport are 
mainly connected to security, the lack of data, the lack 
of regulation and the lack of business engagement. 
Other challenges are connected to a lack of vision, 
standards and inter-governmental institutions. Less 

prominent challenges include data interoperability, 
human skill, and privacy and data protection. 

Regarding the readiness of Arab countries to 
implement future technological trends, figure 26 
below sums up the responses received.

4.	 Challenges and Future Trends in Implementing New Technology in Transport
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The previous chapters examined the intricate 
structure of transport systems and how they can be 
affected not only by technology, but also by a variety 
of other factors, including political, legal-institutional, 
socio-economic, geographical and environmental 
factors. A suitable policy framework should thus 
encompass all of these factors, and promote the 
development of a sustainable, environmentally 
friendly, inclusive and people-centric land transport 
system that can cater to the needs of citizens and 
help countries achieve the SDGs. 

This report has also surveyed many of the existing 
digital components (software, applications and other 
systems) and future technological trends in transport 
systems, and the main take-away has been that 
technology is redefining transportation as we know it, 
with broad socio-economic implications for ordinary 
people, service providers and policy makers alike.  

The responses to the ESCWA questionnaires confirm 
that the Arab region is characterised by a broad 
spectrum of very unevenly developed countries 
and sub-regions. There are significant differences 
in levels of technological and digital development, 
but there are also significant differences in political 
vision and priorities. The questionnaire results, along 
with the literature survey, show that, aside from a 
few exceptions (like the GCC countries, Morocco 
and Jordan), Arab countries have not been including 
sustainable transport systems in their economic 
development plans. Most of them have not integrated 
new technology into their transport systems, and 
when they have done so, they have used imported 
technology or the work of external actors.  

Evidently, the Arab region has in the past few 
decades suffered from substantial barriers to the kind 
of sustainable growth that is driven by technology 
and innovation, unlike other countries (such as 
Turkey or China) that were able to ride the wave of 
innovation.122 Thus, for example, the two top success 
stories in innovation in the Arab world, both of them 
out of Dubai, were not particularly innovative. These 
are namely Souq.com, an e-commerce retailer that 
was acquired by Amazon in 2017, and Careem, a 
local rival to Uber that was acquired by Uber for 
$3.1 billion in 2019. So, despite several technological 
flagship projects, most parts of the Arab region 
remain on the periphery of the Fourth Industrial 
Revolution, compared to other regions. 

It should be noted that the introduction of technology 
in various sectors requires a suitable environment 
for technology and innovation, which would be 
beneficial in many ways, as it would support the 
development of various sectors, and help achieve the 
2030 Agenda for Sustainable Development. In fact, 
the spread of technology, and building capabilities in 
technology and innovation, as discussed later in this 
chapter, would help achieve a number of SDGs, such 
as SDGs 7, 8, 9 and 16. 

An innovative and technology-driven economy 
requires a well-established National Innovation 
System (NIS) and an ecosystem that work together, 
within the framework of a national vision, to produce 
results.123 The NIS, as clearly defined by ESCWA,124 

should include appropriate education and training, 
adequate research and development, a suitable 
regulatory framework, and an advanced support 

Key Messages
•	 It is important for Arab countries to have a clear vision and clear policy directives for the use 

of new technology in land transport. Such vision must be accompanied by a Government plan 
or strategy, which should be shared with all stakeholders to ensure that it is well implemented 
in the whole country. 

•	 For the smooth and effective integration of new technology in land transport, Governments 
should adopt a flexible regulatory approach, to enable competition, attract investment and 
take full advantage of emerging technologies. 

•	 Many Arab countries should develop and improve their innovation and entrepreneurship 
ecosystems, as they are essential for the use of emerging digital technologies to flourish. 

•	 Technological applications could substantially contribute to reducing fuel consumption and 
negative side-effects in the transport sector. 

”

”



75

Technology and Innovation for the Development of Land Transport in Arab Countries

mechanism for innovators and entrepreneurs. 
Furthermore, in addition to the innovation framework, 
the technology and transport elements must also be 
included. Comprehensive policy frameworks, across 
several sectors and categories, are therefore needed 
to advance the adoption of new technology in Arab 
countries, including in land transport. Fostering 
innovation by improving the national ecosystem 
would also help countries achieve some of the SDGs, 
in particular SDG 9 and its target 9.b. 

It should be emphasised that having a clear vision 
and clear policy directives represents a prerequisite 
for success. When formulating such a vision and 
policy directives, different stakeholders from multiple 
fields should be involved in the process. Once a 
vision for the future transport system has been 

formulated, and a Government plan or strategy 
has been adopted, they should be shared with all 
stakeholders, in both the public and private sectors, 
as well as in civil society, to allow the community 
to participate in its implementation. The goal of 
the vision should not be to simply promote the 
technology, but rather to implement a sustainable, 
environmentally friendly, inclusive and people-centric 
land transport system.  

The integration of new technology in various sectors, 
and in land transport systems in particular, should 
be a political goal for policy makers. Indeed, it 
represents an opportunity to grow local talent and 
expertise, and to develop local content relevant to 
Arab populations. Such integration would require the 
Government to develop the following main areas: 

Regulatory frameworks determine the way transport 
services are designed, planned and executed, taking 
advantage of new and experimental technologies. 
They represent the means by which the Government 
defines its own role, and whether it is to “enable and 
facilitate” or “command and control”.  

To fulfil its role as an “enabler and facilitator” 
of innovation, the Government should adopt a 
flexible regulatory approach that would enable 
competition and attract investment. Thus, for 
example, new technologies using IoT, Big Data 
and Cloud Computing do not need to be fully 
regulated before they can be used in transport 
systems. Once identifiable problems begin to 
arise from the use of such technologies, regulators 
can always adjust and regulate accordingly. 
A flexible regulatory framework would help 
achieve economic efficiency, improve quality of 
service, and enable the inclusion of the various 
stakeholders. Regulatory functions should be 
transparent in both their operation and their 
organisation, and thus help achieve some of the 
SDGs, particularly target 9.1 of SDG 9.

The alternative regulatory approach (“command and 
control”) usually involves premature and convoluted 
regulations that could stifle innovation, especially when 
added to convoluted bureaucracy. Moreover, having to 
comply with too many requirements tends to hinder 
the entry of smaller companies into the market, thus 
reducing both competition and consumer choice.

In matters of technology, the Government plays 
the crucial role of driver and enabler. Technology 
usually advances at a very quick pace in a non-
regulated environment in its country of origin, and 
Governments often lack the expertise to effectively 
regulate technological trends, especially at their 
inception stage. After a certain maturation period, 
the Government can effectively step in to regulate 
problems that might have arisen from the application 
of such technologies (IoT, AI, driverless cars, etc.).  

Recommendations for a flexible regulatory approach 
may include the following:

•	 Setting clear and transparent rules for 
interaction between the different actors: 
transportation providers, Government agencies 
(especially departments of transportation and 
technology) and citizens (i.e., passengers). 
Such rules should include clear policy 
and mandates, as well as the allocation of 
responsibilities and shared risks;

•	 Steering national or regional legislation 
towards the implementation of sustainable 
transport services. Indeed, the main reason 
such systems are not being implemented is the 
lack of vision and will, even when budgets are 
available;

•	 Facilitating the use of Cloud-based solutions 
(IaaS, SaaS, PaaS, MaaS, etc.) by removing 
licensing requirements and restrictions 

A.	Flexible Regulatory Frameworks
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on Cloud hosting and Cloud usage. Many 
transport-related management systems 
are now available in the Cloud, and 
implementation could be accomplished faster 
and cheaper (for Governments as well as for 
citizens) by using those existing systems;

•	 Using Government procurement processes to 
enforce standards and good behaviour in the 
private sector. In most countries, including in 
the Arab world, Government-funded projects 
and initiatives tend to be larger than those of 
the private sector;

•	 Easing regulations on technology provision 
and technology-based services emanating 
from emerging technologies, such as Cloud 
Computing, IoT, etc.;

•	 The full cycle needed to produce a 
technologically-enabled transport system 
includes planning, developing, deploying, 
operating, and maintaining the system, all of 
which should be discussed at the highest level 
with relevant authorities and stakeholders.

The transport sector has a tremendous impact on 
people’s lives, and on their social and economic 
activity. Focusing on infrastructure investments 
is therefore of crucial importance. For these 
investments to be properly allocated, rather than 
squandered, it is vital for decision-makers, especially 
those in charge of planning and managing the sector, 
to anticipate expected future trends. Indeed, the 
latter should be incorporated into planning scenarios, 
to allow the sector, as it develops in the future, to 
effectively meet changing needs in a timely manner.

Budgetary constraints remain a real problem for 
most countries. As seen in Chapter 3, the majority of 

transport systems, and securing the technology they 
require, rely on public funding. Because transport 
systems are expensive, funding remains crucial 
to facilitating their development and deployment. 
Incentives can affect change in consumption and 
production behaviours, when used intelligently 
by Governments. It should also be noted that 
technological solutions for certain transport issues 
may sometimes be less costly than transport 
infrastructure solutions. 

The following are a few recommendations for 
securing the funding required to plan, develop, 
deploy, operate and maintain transport systems:

B.	 Funding for Transport Systems

Public Private Partnerships (PPPs) can be an 
effective way to build and implement new 
infrastructure, or to renovate, operate, maintain 
and manage existing transport infrastructure 

facilities, by integrating advanced technologies. In 
both areas, PPPs can be a mutually beneficial way 
to solve critical transportation problems.

1.	 Public Private Partnership--------------------------------------------------------- 

2.	 Corrective Taxes---------------------------------------------------------------------
Implementing corrective taxes on consumers and 
producers (e.g., citizens may be given a subsidy to 
purchase cleaner cars and/or support Public Transport 
facilities). Other incentives for the private sector and 
individuals to promote the use of new technology in 
land transport can also be offered.

There is currently a need for effective regulations 
and regulatory institutions, for a number of 
reasons, including:

•	 the existence of natural monopolies; 

•	 the limitations of competition for the market; 

•	 the existence of asymmetric information 
between transport operators and regulators; 

•	 the need for private investment in 
infrastructure facilities; 

•	 the need to assign risks between operators and 
Governments.
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Furthermore, barriers to user-based systems for 
IoT data analysis, Cloud Computing, and other 
emerging technologies, should be lowered, by 

removing burdensome equipment taxes, licensing 
requirements and inter-connection fees.

Externalities are generated by transport activity 
and services on third parties (external to the 
transport system). These could be at either or both 
the production (the providers) and consumption 
(the users) level, and are generally divided into two 
main categories:

•	 Positive Externalities: such as boosting 
economic activity and strengthening social 
cohesion, as a result of the availability and 
improvement of mobility facilities (i.e., job 
creation; access to education and administrative 
services; increased consumption; growing real-
estate market; multimodal choice for all user 
groups and purposes);

•	 Negative Externalities: impacts on the 
environment such as air pollution, GHG 
emissions, visual or sound pollution, public 
space defacement and safety issues. 

The aim of Government policies and regulations 
in this regard is generally to influence users’ 
behaviours, and to orient strategy and planning in 
such a way as to “internalise” these externalities 
within the transport system. The main goals are 
therefore: (i) to mitigate negative externalities 
as much as possible with more sustainable 
programmes; (ii) to integrate this in investment 
plans, so as to attract additional sources of funding.

3.	 Externalities--------------------------------------------------------------------------

As seen in the previous chapters, the availability 
of data is the key success factor for developing 
relevant local systems, applications and content. 
Unfortunately, most “data gathering” applications 
(such as OTT, Google Maps, Citymapper, Uber, and 
others) are based abroad, and their data is owned 
and used by foreign companies. That being said, one 
important source of local data is Government data. 
Indeed, traffic data, bus routes, weather conditions, 
geographical maps, accident locations, and bus and 
train capacity are only some examples of the data 
collected and owned by Governments.  

Government-owned data made public is called “Open 
Data” when datasets are published in machine-
readable files on Open Data portals. Open Data 
sets are outputs of e-government services, so the 
availability of Open Data and the automation of 
administration and provision of e-government services 
go hand in hand. With Open Data, citizens become 
partners in monitoring transportation systems, and 
can offer valuable feedback on the qualities and 
shortcomings of particular routes or services, thereby 
helping transportation authorities to plan accordingly. 
Providing Open Data also helps increase transparency 
and accountability, and thus achieve some of the 
SDGs, specifically target 16.6 of SDG 16. 

According to the World Bank, Open Data can 
help achieve the SDGs by providing insights into 
critical information on various forms of data, such 
as Government operations, public services, and 
population demographics, which could contribute 
to solving many national problems and improving 
services, such as by:125

•	 Achieving economic growth and job creation 
(this occurs when start-ups use the Open 
Data in innovative ways, unforeseen by 
Governments, to create relevant local 
applications); 

•	 Improving the efficiency and effectiveness of 
public services; 

•	 Increasing transparency, accountability and 
citizen participation; 

•	 Providing easy access to information-sharing 
within the Government. 

In view of the aforementioned challenges and setbacks 
of providing Open Data to the public, the following are 
a few recommendations for Governments:

•	 All Government data must be open by 
default and not selectively. In particular, data 

C.	 Open Data and Big Data
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connected to the transport sector (geographical 
maps, road conditions, road blocks, traffic 
patterns, routes, buses, timing, etc.) must be 
released in Open Data sets immediately;

•	 Government data must be published as 
collected at the source, with the highest 
possible level of granularity, not in aggregate 
or modified forms. The data should also be 
published in machine-readable formats (CSV), 
in a manner that promotes analysis and reuse;

•	 The data should be available to anyone, with 
no requirement of registration;

•	 Governments must decentralise Open Data 
across all agencies and departments;

•	 Governments must adopt the Open Data 
Charter 126 to ensure that good practices are 
embedded beyond political mandates. 

In addition to making their data available as Open 
Data, Governments should encourage the use of Big 
Data. This can be done through multiple channels by:

•	 Encouraging universities to engage in Research 
and Development on Big Data, and to offer 
master’s degrees in the fields of Data Analytics 
and Data Sciences. Universities should also 
start offering courses in Big Data analysis at 
the undergraduate level;

•	 Facilitating data storage in the Cloud, as Big 
Data is generated by applications and often 
stored in the Cloud, where storage space is 
available and cheap;

•	 Encouraging SMEs and start-ups that work in 
Big Data and find a market for their products.	
	

The fundamental shift from traditional public transport 
systems to a user-centric dynamic ridesharing system 
was achieved by entrepreneurs in the Uber start-up. 
Similarly, the current revolution in transportation 
systems (with MOD and MaaS) is being driven by 
hundreds of start-ups from around the world, many 
of them concentrated in the United States. In the 
Arab region, while there is entrepreneurial activity in 
several countries (such as Egypt, Jordan, Lebanon, 
Morocco, Saudi Arabia, the State of Palestine, Tunisia 
and the United Arab Emirates), there is not much to 
show for it yet.

The following are a few recommendations for 
building a vibrant innovation and entrepreneurship 
ecosystem, drawn from two ESCWA publications: 
Innovation Policy for Inclusive Sustainable 
Development in the Arab Region,127 and Innovation 
and Entrepreneurship: Opportunities and Challenges 
for Arab Youth and Women:128

•	 Governments should engage in organising 
capacity-building for policy-makers to 
motivate them to properly plan transport 
systems at the national, regional, and local 
levels, using international best practices. Like 
all complex systems, transport systems need 
to be planned carefully;

•	 Governments should scale up their 
contributions to Research and Development 
(R&D), and include land transport systems as a 
priority area for R&D funding;

•	 A Government mechanism should be 
set up for the management of innovative 
projects. Innovative projects, like those 
involving technology in the transport sector, 
often require the coordination of different 
Government ministries and/or authorities. It is 
recommended to form steering committees or 
advisory boards, made up of members with 
experience in a variety of different fields (IT, 
transport, geography, environment, climate, 
etc.). The involvement of multiple stakeholders 
(Government, the private sector, academics and 
students, the youth, entrepreneurs, NGOs, etc.) 
in the integration of new technology in land 
transport systems is also of vital importance;

•	 In addition to introducing coding in school 
curriculums, Governments should organise 
digital skills training on three levels: first, 
to ensure that the entire population has the 
necessary skills to go online and engage in 
meaningful interactions; second, to ensure that 
engineers have the in-depth skills needed to 
deploy and operate complex networks, and to 
develop and maintain software and services; 

D.	Vibrant Innovation and Entrepreneurship Ecosystem 
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and third, to enable entrepreneurs not just to 
develop innovative technologies, but also to 
turn their start-ups into growing companies;

•	 Governments should encourage and/
or incentivise incubators, accelerators, 
technology-hubs, angel funds, business 
plan competitions, and all other initiatives 
that would provide support and funding for 
entrepreneurs working on technological 
innovations in land transport, in the early 
stages of start-up formation;

•	 A “fund of funds” should be created to 
facilitate access to financing for technological 
applications in land transport. One successful 
example is the Al Waha Fund of Funds, launched 
by the Bahrain Development Bank, with $100 
million to invest in venture capital funds with a 
presence in the country. Usually, Governments 
invest in a fund labelled for innovation, for 
example, with simple criteria for eligibility. 
Operational venture capital funds can secure 
funding from this “fund of funds” at preferential 
rates for their start-up clients. Thus, while the 
Government would put in the money, existing 
venture capital funds would manage the due 
diligence process of selecting start-ups and 

managing them throughout their growth cycle;

•	 Innovative local transport start-ups should be 
incentivised to find solutions to meet needs 
that have been identified, and to ensure that 
local solutions (mobile applications and others) 
are developed to solve local problems;

•	 Regional integration of digital transport 
services and solutions should be fostered, 
as start-ups are more likely to succeed in a 
bigger market. In the Arab region, this would 
ultimately create a market of 400 million 
people, with a combined GDP of $2.7 trillion. 
As a single digital market, it would have the 
fourth largest population (after China, India 
and the European Union), and the sixth largest 
economy, making it a highly attractive market 
for investment and growth;129

•	 Regional and international cooperation, including 
with multilateral development organisations, 
should be promoted, with the aim of launching 
a regional award for innovative technological 
solutions in land transport.

It should be noted that having vibrant innovation and 
entrepreneurship ecosystems would also help achieve 
some of the SDGs, in particular target 8.3 of SDG 8. 

Fuel consumption is one of the key elements of 
a transport strategy for any country. Generally, 
Governments try to reduce the expenses and 
negative impacts of transport facilities, which mainly 
use fossil fuels, so as to contribute to a cleaner 
environment. This general concept, however, is 
neither widely nor systematically applied. 

National strategies and regulations will generally 
adopt options and measures that are in accordance 
with general policies established at the national and 
regional levels (such as congestion pricing; public 
transport subsidies; taxes on gasoline, facilities and/
or exemptions for renewable energy…).

In this regard, the main challenges are:

•	 to reach the set economic and social targets 
and ambitions with the available resources;

•	 to maintain a balance between revenue and 
expenses, in favour of a sustainable economy 
and environment;

•	 to ensure the consistency of strategic options 
and general policy for transport at the national 
level and/or in the wider regional space.

Thus, the options adopted for the transport system 
and its key elements (such as fuel consumption) 
will ultimately be adapted to the overall policy. 
However, alternative options should be revisited 
periodically, as part of a monitoring plan, to validate 
the efficiency and consistency of those adopted with 
context evolution. For example, subsidies of tariffs 
in urban public transport could be partially replaced 
by plans to switch to more environmentally friendly 
equipment.

Technological applications could greatly contribute to 
the emerging approach of reducing fuel consumption 
and minimising negative externalities as much 
as possible, and provide real opportunities for all 
transport modes and at different levels (urban, 
regional, passengers, freight…). Reducing fuel 
consumption would also help achieve some of the 
SDGs, especially targets 7.1 and 7.2 of SDG 7. 

E.	 Reducing Fuel Consumption
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As discussed in section 2.4.1, when emerging 
technologies are adopted, privacy and security 
issues should also be addressed. Nowadays, most 
internationally developed solutions would have 
already seriously considered those aspects. Yet 
decision-makers should also be aware of these 
concerns, and should make sure that all imported 
solutions are adequately secure. Security and 
privacy must also be ensured by locally developed 
or customised solutions, whether they are connected 
to information systems or to emerging technologies 
such as IoT or Big Data. 

It should be noted that privacy and security do not 
constitute a critical threat for public transportation 
systems, because the kind of data available (bus 
routes, passenger routes, traffic conditions, etc.) 
would not be particularly harmful if leaked or shared. 
From this perspective, passengers should probably 
be more worried about the security of their mobile 
phones, which carry a lot more information than any 
software application specific to transport.

Recommendations for improving privacy and 
security issues:

•	 Make sure that safety and security are built 
into the information systems from the onset. 
Indeed, the security of passengers and 

transportation systems should be a top priority 
for any of these systems;

•	 Enforce requirements for manufacturers to 
make IoT devices with adequate security 
features;

•	 Make sure that legal instruments for personal 
data protection and privacy in cyberspace 
have been adopted and are operational at the 
national level;

•	 Certify IoT devices that meet the minimum 
requirements for security features, such as 
changeable, non-guessable, non-default 
passwords; ports not exposed to the wider 
internet; software updates to fix known 
vulnerabilities; patchable devices; reliance on 
industry standard protocols; etc.;

•	 Maintain the balance between privacy 
protection and technical needs, to improve 
technological integration in the land transport 
sector;

•	 Organise privacy and security awareness 
campaigns, to help users understand privacy 
and security threats (on-line bullying, identity 
theft, etc.), as well as the responsibilities of 
every actor in the security space (Government, 
service provider and user). 

F.	 Privacy and Security

G.	Ubiquitous Connectivity
If it is to fuel economic growth and social well-being, 
connectivity should be pervasive and available to 
everyone everywhere, for everything, every time. 
And this happens to be quite consistent with the 
purpose of transportation systems.

Connectivity should not be thought of as only 
“connecting to the internet”. Integrated transportation 
networks include “land-to mobile” communication 
requirements at their core, which in turn require 
wireline and wireless access. That is because IoT is 
of vital importance to transportation networks, given 
that vehicles, road sensors, cameras, etc. all fall under 
connected devices or “things”. There are four different 
communication models described by the Internet 
Architecture Board (IAB) for IoT: Device-to-Device, 

Device-to-Cloud, Device-to-Gateway, and Back-End 
Data-Sharing.130 Only one requires a connection to the 
internet. 

Below are policy recommendations for achieving 
pervasive and ubiquitous connectivity, which would 
be very useful for land transport: 

•	 Promote the expansion of both wireline and 
wireless infrastructure, including in rural and 
remote areas, and consider IoT needs for both 
licensed and unlicensed wireless services, as 
well as for spectrum use. National broadband 
roll-out plans, which should include strategies 
to reach otherwise unprofitable regions with 
Government incentives, should be completed. 
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H.	Standardisation and Interoperability

The policy goal should be to provide a low-
cost, high-speed pervasive connection;

•	 Complete telecom sector reforms by putting an 
end to the dominance of existing monopolies, 
enabling competition, and strengthening the 
mandate of independent regulators as neutral 
referees. Clear regulatory terms within a 
clear policy for the sector will attract private 
investment in its development. For example, 
issuing broad unified licenses, which enable 
operators to provide a wide range of services, 
is considered a best practice;

•	 Encourage the deployment of municipal 
networks, which are necessary for urban 
transportation systems. Allow access to 
Government land and provide Government 
permissions in a timely fashion, such as 
for cellular towers and spectrum, within a 
streamlined process with clear criteria;

•	 Encourage IPv6 deployment. IPv6 is an 
enabling technology for internet growth, which 
will become even more necessary as IoT 
drives up the number of connected devices. 
Governments should make the adoption 
of IPv6 a national priority, and engage 
stakeholders to encourage IPv6 rollout in their 

community. Telecom regulatory authorities 
should encourage service providers to adopt 
IPv6 as quickly as possible, and ensure that all 
greenfield deployments in particular are IPv6 
only. Internet organisations, such as RIPE NCC 
and the Internet Society, are ready and willing 
to provide support in developing and executing 
an IPv6 roll-out plan;

•	 Lower the price of international bandwidth 
and interconnection to around $2/Mbps. 
International bandwidth prices in the Arab 
region are among the highest in the world;

•	 Establish or strengthen existing national 
Internet Exchange Points (IXPs) to provide 
local redundancy and lower latency. To 
increase the incentive to connect to the 
IXP, the Government can connect its own 
e-government services to the IXP, which would 
make it necessary for providers to connect to 
the IXP to enable their customers to access 
Government services. 

Improving internet accessibility would also 
help achieve the 2030 Agenda for Sustainable 
Development, especially target 9.c of SDG 9. 

The use of standards encourages industry growth 
by minimising development costs and increasing 
compatibility and interoperability. Different levels 
of development and/or performance, as well as 
problems of interface, are some of the issues 
that need to be resolved when standards and 
interoperability have not been adopted.

One standard for structuring transport data 
(particularly transit information), and thus facilitating 
analysis and insight, is the General Transit Feed 
Specification (GTFS), which “allows public transit 
agencies to publish their transit data in a format 
that can be consumed by a wide variety of software 
applications. Today, the GTFS data format is used by 
thousands of public transport providers”131. Although 
GTFS has not been mandated, transit agencies have 
voluntarily adopted it and used it to publish their 
transit information. Several open registries include 
hundreds of publicly available transportation network 
and schedule datasets, from transit agencies all over 
the world.132

The static component of GTFS defines the terms 
and requirements of schedules, transit information 
and fares; whereas its real-time component provides 
information about arrivals, possible disruptions 
and other advisories. Third-party applications 
are able to openly use published GTFS data to 
optimise the management of public transportation 
and provide users with information and updates. 
Google, for example, uses GTFS as its transit data 
standard. Meanwhile, the Technical Specifications 
for Interoperability (TSIs) “define the technical 
and operational standards which must be met 
by each subsystem or part of subsystem in order 
to meet the essential requirements and ensure 
the interoperability of the railway system of the 
European Union”,133 for example.

In the ideal scenario of a fully interoperable 
environment, any IoT device would be able to 
connect to any other device or system and exchange 
information as needed. In practice, however, 
interoperability is more complex. Among IoT devices 
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and systems, interoperability occurs at varying 
degrees in different layers within the communications 
protocol stacks that mediate between devices. 
Moreover, full interoperability across every aspect of 
a technical product is not always feasible, necessary 
or even desirable. If it is artificially imposed (such as 
through a Government mandate), it could result in 
disincentives for investment and innovation.

In this regard, relevant authorities should:

•	 Include standards in Government procurement 
specifications, along with standard 
conformance and acceptance tests that 
procured systems must pass;

•	 Enforce standards rooted in the consensus of a 
global peer network;

•	 Incorporate the importance of standards in 
the national policies of Arab countries on 
technology and innovation in land transport. 
Neighbouring countries should voluntarily 
agree on a standard set of interoperable data, 
to allow for the integration of technological 
systems to manage vehicles and freight across 
national borders;

•	 While there are many different standards that 
can be applied to transportation systems, 
Governments should encourage the use of 
standards that are voluntary, consensus-based 
and open.  
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Unlike other sectors, transport has always been 
characterised by long periods of slow growth that occur 
between sudden revolutions in its development. Over 
the past two decades, however, there have been major 
changes in transportation infrastructure and services, as 
a result of the wave of technological developments that 
has been reshaping every aspect of society, known as 
the Fourth Industrial Revolution (4IR). 

There are many aspects to the transport sector, 
including economic, social and environmental 
dimensions, each with its own specific systems and 
challenges. An integrated conceptual framework 
can address these challenges, and clarify the 
relationships between different components of the 
transport sector, and how they influence one another. 
While the economic, social and environmental 
benefits of integrating new technology in transport 
systems are clear, one added benefit is that new 
digital technologies can ensure a more efficient and 
sustainable use of the existing infrastructure, saving 
time and money that would have otherwise been 
spent on new infrastructure.

This report comes to the conclusion that all of the IT 
systems reviewed in Chapter 2 could be deployed 
in Arab countries, in accordance with the vision and 
priorities of each country. The results of the limited 
survey that was conducted show that Arab countries 
are eager to implement technology-driven transport 
systems, but that they are currently at different 
levels of development. The report also comes to the 
conclusion, however, that there is much that still needs 
to be done in all cases, and that a comprehensive 
policy framework will therefore be needed for 
Governments to jump-start this vital sector.

The integration of technological innovations into the 
transport sector will affect the demand for transport 
and change behaviour patterns. It will have a profound 
effect on the operation and performance of transport 
systems, their sustainability, their financing (with the 
involvement of the private sector), and the provision 
of transport services. In other words, this new 
technology is redefining transportation as we know it, 
with broad socio-economic implications for ordinary 
citizens, service providers and policy-makers alike. 
Mobility as a Service (MaaS), in particular, is changing 
the very business model of transport service delivery, 
and turning transportation into a commodity.

Decision-makers in the Arab region should be aware 
of the importance and the far-reaching effects of this 

kind of technology and innovation for the transport 
sector. They should also be prepared to adopt these 
new technologies and innovations and introduce them 
to this vibrant sector, so as to ensure improved safety, 
accessibility, efficiency and sustainability. 

To capitalise on the positive effects of this technology, 
Governments should implement all aspects of the 
comprehensive policy framework recommended in 
Chapter 4. For innovation to drive economic productivity, 
policy-makers must ensure that a full-fledged innovation 
ecosystem is available, one governed in coordination 
with all contributing stakeholders.  

To keep up with the ever-developing technological and 
digital fields, and make use of their benefits for the 
transport sector in its every aspect (fuel, public transport, 
operation and management, energy, machinery and 
systems, investments, etc.), countries must be well-
prepared, and should start with the following:134

•	 Proper investments should be made towards 
improving existing infrastructure and transport 
facilities, and integrating new ones, with the 
application of relevant technological and digital 
innovations;

•	 Governments, stakeholders, investors, 
planners, engineers and users should all 
become fully aware of existing digital and 
technological applications in all transport fields, 
as well as of expected future trends, challenges 
and solutions;

•	 Regulatory and legislative frameworks for 
transport and its services should be developed, 
in accordance with existing issues, and with 
innovative governance frameworks supported 
by technological and digital applications in the 
transport sector;

•	 Past experiences of implementation, planning 
and programme design from the more 
developed countries (i.e., GCC members), or 
specific experiences from developing countries, 
should be proposed as principles or templates 
to be adopted by the other countries, with the 
appropriate amendments and adjustments 
specific to each of them;

•	 The necessary technology infrastructure, the 
internet, should be made available to all at 
affordable prices. 

CONCLUSION
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Transportation has always benefited from the progress of technology, 
and innovative technological solutions have repeatedly transformed and 
modernised the transport sector throughout the ages. Today, emerging 
technologies, such as Artificial Intelligence (AI), the Internet of Things (IoT), 
Big Data, Open Data and Cloud Computing, are providing new opportunities 
for the development of land transport. The use of those technologies promises 
a transformation in the transport sector that would increase the efficiency of 
its infrastructure, improve safety on roads, facilitate the mobility of people, 
and reduce both fuel consumption and carbon emissions.
  
 This report examines the role played by technology and innovation in
 transforming the transport system throughout history. It shows the importance
 of emerging digital technology and innovation for the land transport sector,
 and showcases their positive social and economic impact, as well as their
 boosting effect on progress towards the achievement of the 2030 Agenda
 for Sustainable Development. The report demonstrates the added value of
 technology and innovation in land transport, using experiences from both
 developed and developing countries. It also highlights the current status of
 enabling technologies, and of the technological applications in land transport
 most used in the Arab region today, by drawing on the results of two
 surveys. Building on its analysis of those results, the report provides policy
 recommendations to facilitate the integration of technology in land transport
 in Arab countries.
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