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Abstract Keywords:

In the Middle East, a sustainable mobility system is crucial for Sustainable development;
sustainable development. However, there is a scarcity of quantitative Sustainable indicators;
investigations on sustainable transport indicators in the region, despite The Middle East;

their significance to scholars. The central focus of this paper is to Erbil city;

execute two objectives: firstly, to construct a comprehensive set of
sustainable transport indicators by reviewing 71 studies that highlight
sustainable transportation. Following that, these indicators will undergo
quantitative evaluation through normalization and scoring on a scale of
0 to 10. These scores will then be utilized to compare Middle East
cities with the Kurdistan Region, the European Union, and the world.
The study database was developed using two distinct sources. The
primary source consists of original articles published in reputable
scientific journals, while the secondary source consists of open-source
government datasets and data from international organizations.
According to the proposed indicators, Erbil City has a sustainability
score that exceeds the average for cities in the Middle East. However,
at the country level, the Kurdistan Region's sustainability score is lower
than the Middle East average, while the European Union excels at
both city and country levels.. Ultimately, potential policies were
suggested to reinforce sustainable development in the region.

1. Introduction

In general, the mobility system'in most Middle Eastern cities has been overlooked in the policies
of their respective countries because of political and economic crises. The financial allocation of a
mobility system is adversely affected by the negative effects of poverty. This explains the monotype
transport in these cities. An increase in travel demand can affect health and the environment by
inducing road congestion, traffic accidents, and air and noise pollution. Travel demand contributes to
sedentary lifestyles (particularly in urban areas) and greenhouse gas (GHG) emissions [1]. Many of
these risk factors® are associated with respiratory diseases, high blood pressure, obesity,
cardiovascular diseases, cancer, and mental health problems [2].

The transportation sector may become unhealthy in the long term unless sustainable mobility is
achieved. Sustainable transportation prioritizes humans and aims to make a city a better place to live,
work, and. conduct business, as well as improving its accessibility and quality of life [3]. When
considering sustainability, it is crucial to assess the current state of mobility systems in order to
determine their level of sustainability. The primary objective of this research is to develop a set of
SMART indicators focused on sustainability.

The central question addressed by the research was: "How can we evaluate the efficiency of
transportation systems at city and country levels to conform with sustainability requisites?"

The suggested indicators underwent evaluation using a smart methodology, which established
a scale for each and displayed their values on a scale of 0 to 10 (with 10 representing the optimal
outcome).

Indicators are used to evaluate progress toward objectives. Indicators can play essential roles
such as help identify trends, predict problems, and evaluate options. Using indicators, cities can
identify the strengths and weaknesses of their mobility systems and the most appropriate solutions [4].
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A set of indicators enables monitoring of progress. By calculating the indicators at regular times (e.g.,
every year), cities can measure the progress towards being more sustainable and having an urban
mobility system with higher performance.

The main emphasis of this study was on the Middle East and North Africa (MENA) region,
stressing the crucial need for a sustainable mobility system. The case study focused on Erbil city, the
capital of the autonomous region of Iraqi Kurdistan, which has a metropolitan population of 861,000
people as of 2021. The car ownership rate stands at 476 cars per thousand inhabitants [5]. Official
transport statistics in the region show that development cannot be achieved in cities® without a
transportation system that has a specific culture, climate, and mobility patterns distinct.from those of
other cities such as European and American cities. In terms of Middle Eastern cities, quantitative
techniques for evaluating sustainability are not widely used. As a result, the present study measured
and explored the sustainability level in the region and its relationship with European Union cities and
the rest of the world.

The text provides an overview of the transportation system in the Middle East, reviews previous
research, and identifies key indicators to inform the formulation of transportation policies in the region.
The details of selected indicators and their measurement are presented. Ultimately, the study utilizes a
spider chart to present indicators at the city and country levels; providing an in-depth look at the
sustainable mobility performance of Erbil city, MENA, the EU, and the world.

2. The Middle East’s transportation system

Currently, the Middle East has developed a complex network of roads, air travel, and sea routes
due to its increasing urbanization and economic growth. However, significant challenges continue to
exist. In cities like Cairo, Amman, Riyadh, and Baghdad, transportation systems struggle with
congested roads and inefficient public transport [6]. These challenges not only hinder the daily travel
of residents but also present significant environmental issues, as the region heavily relies on private
vehicles (Appendix A). These issues have far-reaching consequences that extend beyond daily
setbacks, affecting the economy and contributing to social issues. An official report released from the
Middle East has revealed that the region experiences one of the highest rates of road traffic fatalities
on a global scale, with around.22.6 deaths per 100,000 residents. This alarming rate is indicative of
poor road safety measures and insufficient infrastructure. Furthermore, the significant environmental
impact, such as increased levels of air pollution, is a result of heavy dependence on private cars. This
has negative implications for health‘and overall quality of life in the region.

A major factor contributing to the overuse of private cars is the inadequate public transport
system. Current -public transportation services offered in many Middle Eastern cities are not
comprehensive or user-oriented, often omitting key areas of the cities or lacking in punctuality [7].
Ultimately, this case study is intended to illuminate the transportation challenges in the Middle East,
emphasizing the critical need to thoroughly understand them in order to formulate effective and
sustainable solutions.

3.Literature review

The analysis of sustainable indicators proposed various benchmarks for evaluating the
performance of mobility systems. The majority of these measures prioritize crucial elements such as
social, environmental, and economic aspects, all necessary for achieving sustainability. All studies are
part of the general policy of their respective countries and have addressed specific social and
economic circumstances.

According to the urban transport indicator review, the study's model is based on three key pillars
of sustainability (social, economic, and environmental) in conjunction with transportation performance
and planning characteristics. Through analysis of urban transport literature as shown in Table 1, some
indicators were identified that were recurring. The selection of indicators was greatly influenced by
data availability and reliability.
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Table 1. A detailed inventory of selected indicators and their corresponding themes.

Dimensions

Indicators

Related Studies/Reports

Related Themes

1. Urban Form & Planning Characteristics

[8] Newman & Kenworthy (1989),
[9] Newman & Kenworthy (2015),

- Density & Gasoline Consumption per
capita.

Urban Density [10] Jan Gehl (2010), - Density & Car dependency.
[11] Ewing, R. et al. (2017), - Density & Sustainable city.
[12] Yosef Jabareen (2006), - Density & VKT.
[13] UN-Habitat (2020) - Density and sustainable urban form.
- Compact urban® form & energy
consumption.

Share of urban area
allocated to streets.

[14] UN-Habitat (indicator 11.7.1)
[15] Guzman, Luis A. et al. (2021)
[16] Samuel Nello-Deakin (2019)
[17] Petzer, Brett J. M (2021)

[18] Lefebvre-Ropars, Gabriel
(2021)

[19] Gossling, Stefan (2020)

- Land allocated to streets (LAS).

- Relationships between® mode share,
street space distribution; and construction
costs of spaces.

- Fair.distribution of road space.

- lLegal streets method for comparing
space allocation processes.

- Three fundamental dimensions of the
street: the link, the place, and the
environment.

- Redistribution of road space is crucial for
achieving modal split variation. The
extraction of road space from cars is valid
from.the social, health, environmental, and
economic perspectives.

Commuting Travel

[20] Liao, Yuan; Gil (2020)
[21] Bauer, Dietmar (2019)
[22] Bauer, Marek et al. (2021)

- Travel time, the built environment and
mode choice.

= Route travel time predictions using the
floating taxi dataset.

3. Duration of Journey stages and

3. Global Environment and Quality of
Life

Time [23] Salonen, Maria et al. (2013) transport mode choice.

S [24] Chatterjee, Kiron et al. (2019) | - Evaluation of comparability of different

{,'3, [25] Ha, Jaehyun et al. (2020) methods of calculating travel time by

& different travel modes.

> - Individual's satisfaction with the mobility

7 system decreases with commuting time.

§ - The impact of travel time, cost, and

o transit burdens on commute mode choice.

E - Mode choice and Micro-mobility in

e [26] J. Reck, Daniel (2022) planning process.

IS [27] Abdullah, Muhammad (2021) - Mode choice before and during the

g Modal Split [28] Drliciak, Marek et al. (2020) COVID-19 pandemic.

< [29] Miriam Miller (2021) - Traffic volumes as a modal split

o [30] Sun, Xiaogian et al. (2021) parameter.

ol [31] Memon, I. Ahmed et al. (2021) | - The role of modal shift as a strategy with
respect to land-use and efficiency
measures.

- Predicting passenger mode choice
behavior.
- Mode choice and factors that influence
single occupant vehicle.
- Cities and GHG.
- GHG emissions in the Gulf Cooperation
countries.
[32] UN-Habitat (2021) - "The relationship between transport
[33] Albuquerque et al. (2020) CO, emissions and its key drivers using
GHG [34] Solaymani, Saeed (2022) the Autoregressive Distributed Lag (ARDL)
Emissions [35] Aroke, O.M. et al (2021) technique".
[36] Liimatainen, H. et al. (2018) - Differences in perception regarding
[37] Cakar, N. D. et al. (2021) climate change among transportation

professionals.

- Produce alternative scenarios to reduce
CO, emissions by 80% by 2050.

- "The impact of innovation on carbon
emissions originating from the
transportation sector in Mediterranean
countries”.
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Renewable energy
consumption

[38] Olivares, Antonio et al. (2018).

[39] Li, Linna (2014).

[40] Mikotaj Barttomiejczyk (2018).
[41] J. Redgate et. al. (2006).

[42] Buonocore, Jonathan J.
(2019)

[43] Franzitta, Vincenzo et al.
(2017)

- New renewable transportation sector.

- Alternative and transitional energy
sources in the transportation system.

- The development of zero-emission public
transportation system.

- The wuse of zero-emission electric
vehicles.

- Renewable energy and CO, reduction/
health advantages.

- Economic analysis of .the use of
renewable energy in the bus system.

Equivalent Noise
Level "LAeq"

[44] Ibili, Fidelma et al. (2021)
[45] Gilani, T.A. et al. (2021)
[46] Cole-Hunter, Tom et al.
(2021)

[47] S. Lindgren (2021)

[48] Gozalo, G. Rey et al. (2020)
[49] Wrétny, M. et al. (2021)

- Review certain traffic noise modeling
strategies and _parameters used by
different agencies worldwide.

- Assessment of risk factors for nuisance
caused by traffic noise as well as of levels
of awareness among exposed
populations.

- "Examining the association between
long-term. exposure to road traffic noise
and its incidence

Total and secondary stroke (ischemic or
hemorrhagic) after air pollution
adjustment”.

- "Estimating the advantages of noise
mitigation by its capitalizing into property
values".

- The study shows that street location,
urban land use, street geometry, road
traffic control, and public and private
transportation are correlated with the noise
levels.

- Comparison of the effect of road noise on
human health, with that of railroad noise.

Traffic Safety

[50] Morimoto, A. (2021)

[51] Alhajyaseen, Wael et al.
(2021)

[52] Topol$ek, D. et al. (2019)
[53] Bucsuhazy, K. et al. (2020)
[54] Gifty, Gyan et al. (2021)
[55] Al-Wathinani, Ahmed M.
(2021)

- Provide a conceptual framework for road
traffic safety by comparing traffic safety
objectives and strategies worldwide.

- Investigate the status of traffic safety and
public perception of traffic safety during
the COVID-19 pandemic.

- Training and education are two pillars of
traffic safety.

- Analyze human behavior that can cause
accidents or affect the causes of
accidents.

- Conduct a comprehensive review to
provide evidence of effective interventions
to prevent road traffic accident among
young adults.

- The behavior of drivers in Saudi Arabia is
generally identical to that of their
counterparts in other cultures and
countries, with men and young individuals
being exposed to the highest risks while
driving.

4. Economic Success (Economics of Urban

Mobility)

Percentage of the
labor force in the
transport sector

[56] Bastiaanssen, J. et al. (2020)
[57] Hine, John (2019)

[58] Wachs, Martin (2011)

[59] Acker (2020)

[60] Barak, A. (2019)

- "The relationship between transportation
and employment outcomes".

- "Provide information and guidance on
issues and trends relating to employment
within the transportation sector and on the
effect of transportation investment on
employment.”

- "Spending on transportation programs
generates jobs. Infrastructure investments
are prescribed to stimulate the economy in
the short term by generating construction
employment, and to foster longer-term
economic growth by making the
transportation system more efficient and
reliable. President George H. W. Bush
stated that the value of the bill is
summarized by three words: jobs, jobs,
jobs."
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- The gender dimension of the
transportation workforce.

- The study examines public transportation
reform affecting employment in Arab
localities in Israel.

Travel Expenditures

[61] Eliasson, Jonas (2021)
[62] Zhang, Q.; Tong, Q. (2021)
[63] Anowar, S. et al. (2018)
[64] Venter, C. et al. (2011)
[65] Kim, W.G. et al. (2011)
[66] Li, T. et al. (2015)

- Efficient transportation pricing.

- "Examining the economic impacts of
traffic consumption during the COVID-19
pandemic in China."

- "The study indicated that a household
socio-economic attribute . in  conjunction
with the residential location characteristics
affect the apportioning of income to
various expenditure categories and
savings."

- "The study reviewed evidence -on
transportation expenditure and affordability
in South Africa. It focused particularly on
lowsincome and mobility. constrained
individuals."

- "The study examined factors affecting the
travel expenditure of visitors to Macau."

- "This study investigated transportation
disadvantages by examining spatial
patterns of household transportation
expenditures on public transportation fares
and _private vehicle fuel use in the
Brisbane metropolitan area".

Economic value
added by transport

[67] Stehel, V. et al. (2016)
[68] Gutiérrez, J. et al. (2011)
[69] Meersman, H et al. (2017)
[70] Jankalova, M. et al. (2020)
[71] Sahara, Lia Ira. (2018)
[72] Jurgelane-Kaldava, | et al.
(2019)

- "The study focused on an analysis of
economic value added by transportation
companies in the Czech Republic."

- "The study attempted to develop a
methodology for calculating the European
value added (EVA) generated by transport
infrastructure projects.

- "The study quantified the impact of
transportation infrastructure investment on
the Belgian economy."

- "The study aimed to apply the economic
value-added methodology to real-life
corporate data and present the company’s
value through a case study."

- "The study attempted to examine the
effects of economic-value-added and
market-value-added, including and their
effects on the stock return of five
transportation companies."

"The study aimed to evaluate the
feasibility of modeling the impact of the
transportation and storage industry on the
economic development of Latvia."

Fuel consumption

73] Loman, M. et al. (2021)

74] Chikishev, E. et al. (2022)
75] Hien, N. L. Huy et al. (2022)
76] L. Sheldon, T. et al. (2021)
77] Alarenan, S. et al. (2019)
78] Zhang, X. et al. (2021)

"The aim of the research was to
determine the effect of driving technology
on fuel consumption."

"Investigation of factors causing
increased fuel consumption of a diesel bus
operating in an urban environment.”

- "Analytical and predictive studies of fuel
consumption for different vehicle models in
Canada."

- "The study investigated the drivers of
recent improvements in Saudi Arabia's
fleet fuel economy for new vehicles
including passenger cars and light-duty
trucks."

- Energy efficiency and fuel consumption
in Gulf Cooperation Council (GCC)
countries.

- "The study attempted to estimate and
analyze the energy consumption and
carbon dioxide emissions of fuel vehicles
and battery electric vehicles in  China
during the COVID-19 pandemic."
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Related literature demonstrates the importance of the selected indicators drawn from the three
pillars of sustainability. Figure 1 shows key dimensions of sustainable mobility system in the Middle
East. Banister (2005) suggested seven principles for the mobility system to be sustainable. These are
(i) air pollution, (ii) global warming, (iii) traffic noise, (iv) traffic safety, (v) degradation of the urban
landscape, (vi) share of urban area allocated to streets and (vii) traffic congestion. Additionally urban
form characteristics [79].

Dimensions of Sustainable Urban Mobility (The Middle East)

Dimensions Indicators Parameters
Urban Form & 1- Urban density. 1- People per square kilometer.
Planning 2- Share of urban area allocated to 2- % of the mobility space to the total city area.
Characteristics streets.
Performance of the 3- Commuting Travel Time. 3- Average minutes per person per day.
Mobility System 4- Private car use. 4- % of private cars use.
Global 5- GHG Emissions. 5- % of CO, emissions from the sector.
Environment and 6-Renewable energy consumption. 6- % of Low-carbon energy used in the sector.
Quality of Life 7- Equivalent Noise Level. 7- Average dB (A) emitted by transportation.
8- Traffic Safety. 8- Fatalities/year.
Economic 9- The workforce in the sector. 9- % of workers in the sector to the total workforce in the
Success 10- Travel Expenditures. country.
(Economics of 11- Value added by transport: 10 - % of the household income.
Urban Mobility) 12. Fuel consumption by transport. 11- % of transport economic value added to GDP.
12- % of total fuel used.

Fig. 1: Dimensions of sustainable urban mobility (Middle East Cities)
Drawn by the author

Urban density refers to the level of compactness and sprawl of an urban form, which has a
direct influence on mode choice and travel behavior. Commuting travel time and private car use are
reliable measures of a city's mobility performance and traffic management tactics.

In the context of environmental factors, carbon dioxide emissions and noise levels refer to the
planning paradigm in terms of traditional and intelligent systems. The incorporation of renewable
energy in the transportation industry is indicative of a sustainable system.

Traffic fatalities indicate a deficiency in traffic management. The transportation sector's value
added at the economic level is a measure of the system's overall macroeconomic success, while the
strength of its workforce reflects its microeconomic performance. The transportation sector's high fuel
consumption is a clear indication of an inefficient mobility system. Ultimately, the affordability of
transportation can be measured by travel expenditures.

The mentioned indicators were chosen based on sustainability, but they should not be viewed
as a definitive measure of sustainability. Different themes may be introduced in the future, while the
selection of indicators will remain grounded in the reliability and availability of data.

Despite the continuous expansion of knowledge on mobility indicators in recent decades,
previous research has demonstrated some shortcomings, highlighting the potential for further
contributions to the literature. Firstly, the majority of studies have been conducted in cities across
Europe and America, while there is a scarcity of research on sustainable indicators in the Middle East.
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Secondly, previous studies primarily focused on the methodology, with little consideration for the
benchmarking process.

This paper's contribution is its ability to be extended to other areas in the Middle East, like
Beirut, Tehran, Baghdad, and Riyadh, which possess comparable social, environmental, and
economic qualities. From a worldwide standpoint, this study carries significance for the following
rationales:

» Through the study, a diverse set of sustainable indicators was identified, which can effectively
predict sustainability levels and can be generalized to cities worldwide.

» With the suggested indicators, cities worldwide can evaluate their transportation system and
identify the best course of action for addressing any deficiencies.

* SMART indicators allow monitoring of progress, by calculating the indicators at regular times
(e.g., every year), the level of sustainability and efficiency in urban mobility systems can be measured
and monitored by cities to track their progress.

This research introduces a novel method for evaluating the sustainability of transportation in the
Middle East, highlighting its performance in comparison to the EU and the world. Consequently,
policymakers can make decisions that support sustainability efforts. The significance of sustainability
was evident in the planning policies adopted in the region. The final part of the research will focus on
the transportation policies that are being enforced in the region.

4. Overview of proposed indicators

This section provides an overview of the chosen indicators and-their respective measurement
methods. (Refer to the appendix for indicator values and corresponding links.)

4.1. Urban density (inhabitants/ sq km: as-an indicator of the urban form)

Density is a good indicator of urban form in terms of compactness and sprawl. Urban density
can affect the manner in which humans travel and thereby, the energy consumption and carbon
emissions of such travel. The objective of sustainability is to induce a modal shift in travel behavior
from high-carbon forms of transportation (principally individual car use on routes) to lower-carbon
forms such as public transportation, cycling, and walking [80]. A compact urban form has economic,
social, and environmental advantages (See: UN-Habitat 2014)

According to UN-Habitat, low density is 5000 p/km?, middle density is 10000 p/km?, and high
density is 15000 p/km? (UN- Habitat: urban planning discussion note 3). Figure 2 illustrates the urban
density values of Erbil, EU, MENA, and the global average.

4,
0 233 455 2% 68 10

5
. _"_1 | ! ,
40500 2000 3500 5000 6500 Tvs.ooo 9500 11000 12.500 14.000 >15500k

) . ‘ World: 7.333 MENA: 7.520
Inhabitants/km EU: 4.00 Erbil: 7.490

Fig. 2: Urban density rating

4.2. Share.of urban area allocated to streets (street area in km?/ total area in km? as an
indicator of road density)

It refers to the total urban area occupied by all forms of streets and green areas that are identified
as part of the street space within the city. In accordance with UN-Habitat recommendations, the
network should occupy at least 30% of the urban land or at least 18 km of street length per km? as
shown in Figure 3. (See UN-Habitat, Module 6, indicator 11.7.1).
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Fig. 3: The score of the urban area allocated to transport facilities
4.3. Share of private car use (% of private car users: as an indicator of travel behavior)
This addresses the unsustainable modes that people utilize for travel, particularly through the

use of private cars. The value is converted into a scale of 0 to 10 (with the highest value representing
the most unsustainable) as illustrated in Figure 4.

% of travelers use private cars
0 1;5 450 o 7.89 18.52 10
2E S
100% 92 84 76 68 60 52 44 36 28 <=20%
Erbil:87% MENA:64 EU:36.88 World:48.00

Fig. 4: Measuring the rate of private car use

4.4. Commute travel time (minutes: as an indicator of delay level)

This describes the average time spent traveling to work or education on a normal day. The
average one-way travel time is<10 to 25 minutes, with a maximum of 45 minutes. (It is assumed that
dissatisfaction with commute time increases exponentially with each minute when a one-way commute
time is longer than 25 min). Figure 5.

0 244 429 4.86 8 10
B AR Vo

>=45 41.5 38 34.5 31 27.5 24 20.5 17 13.5 <=10

Minutes MENA:36.47 EU:30 World:28 Erbil:17

Fig. 5: Commute travel time scale
4.5. Equivalent noise level (LAeq_ Decibel: an indicator of quality of life)

Noise pollution is mainly generated by traffic among various human activities [81]. In the
European Union, about 125 million people are exposed to noise levels higher than 55 decibels [82].
LAeq is the average sound level over a specified time at a specified location. According to
the guidelines of the World Health Organization, the acceptable levels for continuous sound pressure
in an urban residential area are 55 dB(A) during daytime and 45 dB(A) at night [83]. For commercial
zones, it is 65 dB(A) during the day and 55 dB(A) at night. Sounds above 85 dB(A) are hazardous as
portrayed in Figure 6.

0 2.50 3.875 5.0 6.75 10
Y \ v Y §
>85 81 77 73 ‘69 65 61 ‘ 57 53 49 <=45
Decibel Erbil:75 MENA:69.5 World:65 EU:58

Figure 6. Noise level scale
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4.6. CO2 emissions from the transport sector: (% of total GHG emissions from the
transportation sector: as an indicator of the global environment)

Air pollution is now identified as the primary environmental health hazard, with a yearly death toll
of 7 million [84], and carbon dioxide is the most important anthropogenic GHG. The main source of
atmospheric CO: is the burning of fossil fuels, and the transportation sector is responsible for 20.4% of
the total emissions'. A numerical scale of 0 to 10 is utilized to convert the CO: value, wherea lower
figure is considered more advantageous. The transportation sector contributes 30% of .total GHG
emissions in high-income economies, compared to less than 3% in the least developed nations? as
depicted in Figure 7.

% of total GHG emissions resulting from transportation
0 185 2.1 5 5.56 5.74 10
—HT— n -
>=30% 27.3 24.6 21.9 19.2 16.5% ‘ 13.8 1141 84 5.7 <=3%
MENA:24.29 EU:14.5
Erbil:25 World:15

Fig. 7: GHG scale

4.7. Traffic fatalities (deaths/ 100 000 people: as an indicator of traffic management)

Road fatalities refer to deaths that occur immediately or within 30 days of a road accident injury,
with the exception of suicides committed using road motor vehicles®. The World Bank (2019) reports
that Monaco boasts the lowest rate (0), while Zimbabwe holds the highest rate (41.2) as evidenced in
Figure 8.

Deaths/ 100 000 people

0 1.925 56 5.8 8.6
5 10
— L |
>=40 36.0 32.0 28.0 240 20 16.0 12.0 8.0 4.0 =0
World:16.7
Erbil:32.3 MENA:17.55 EU:5.57

Fig. 8: Traffic safety scale

4.8. Share of total final energy consumption by the transportation sector (% of energy
consumed by transportation: as an indicator of system efficiency)

The transportation industry is a major consumer of energy, with a focus on oil products. The
final amount of fuel used for city transportation, including gasoline 90, diesel, and LPG, is the
measuring unit for fuel consumption. The transportation of humans and goods accounts for
approximately 25% of the total worldwide delivered energy consumption*. Some studies have proven
that by utilizing construction-technical solutions during the design phase of the track structure or
during the reconstruction or modernization of the lines, the energy demand of a railway line can be
decreased [85].The total fuel consumptionis greatly impacted by an inefficient mobility system,
accounting for around 50%. Sustainable transport is defined as the area in the lower right quadrant
where the maximum and minimum requirements are satisfied, per capita energy consumption is below
5.6 KWh/day, and per capita travel distances are above 9.2 km/day as illustrated in Figure 9.

% of total energy consumption by transportation
0.8 3312 422420
0 5 10

Voo | |

|>=50% 45.0 40.0 35.0 30.0 25% 200 15.0 10.0 5.0 =0
. EU:28.9%

Erbil:46% MENA:33.44%
World:29%

Fig. 9: Fuel consumption scale
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4.9.Travel expenditures (as a percentage of household income)

Travel expenditures include the costs of traveling to the workplace or educational institute®. The
recommended budget for transportation should not exceed 15% of net monthly income®. The Victoria
Transport Policy Institute's research reveals that households generally devote less than 20% of their
budget to transportation, and less than 45% to both transportation and housing expenses combined.
The 2018 statistical model of Erbil indicates that transportation expenditures account for approximately
13% of the total household income” as shown in Figure 10.
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Fig. 10. Travel expenditure scale

4.10. Economic value added by transportation (% of economic value added: as an indicator of
macroeconomic success)

The transportation, storage, and communication sectors greatly contribute to the GDP, as
shown by economic value added. This metric is a strong reflection of the transportation sector's
performance. The Transportation sector typically adds up to 10% to the total GDP in the Middle East®.
Globally, the economic analysis of transportation demonstrated that Lithuania had the highest
economic value (15.9%)°, while Libya had the lowest (3.4%)'° as evidenced in Figure 11.
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Fig. 11: Economic values scale

4.11. The workforce in the transportation sector (% of workers employed in the transportation
industry: as an indicator of microeconomic success)

The transportation workforce consists of employees aged 15 years or older who work in the
transportation sector'!. The Transport and Logistics industry plays a vital role in facilitating economic
and social activity. It is responsible for employing approximately 6.7% of the total workforce in the
Middle East!?. Figure 12 displays the rating of employees within the transportation sector.

% of workers employed in the transportation sector

0 1.67 4.58 ¢ 5.58 6.67 10

' S —T+—T ——

0% 1.2 24 3.6 4.8 ‘ 6.0% 72 84 9.6 10.8 >=12%
World:2.0% Erbil:5.5% MENA:6.7% EU:8.0%

Fig. 12: The score of the workforce in the transportation sector
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4.12.Renewable energy consumption for urban transportation (% of renewable energy
consumption in the transportation sector: as an indicator of system smartness)

Low-carbon energy encompasses all renewable sources used in transportation, but does not
include conventional biofuels. The EU has set a target of 14% for 2030%3. Figure 13 demonstrates the
rating of renewable energy consumption in transportation.

% of renewable energy consumption in the transportation sector
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) Fig. 13: Renewable energy consumption scale
5. Data collection

The data collection process was guided by specific criteria; including reliability and
comparability. Two sources of data were incorporated: 1) primary sources being original articles
published in scientific journals and 2) secondary sources include open-source government data and
international organizations like UN-Habitat, IEA, and IRENA.

5.1. Data availability & reliability

The construction of a sustainability model is hindered by the challenges of data availability and
consistency, which are crucial aspects of data collection. This is particularly true in conflict-ridden
regions, such as Lebanon, Libya, Syria, and. Yemen. The data-collection process is hindered by
inconsistencies, presenting a major obstacle.

The prerequisite for data sources is for these to-be comparable. This implies that data for
different regions are collected using an identical -method and under identical conditions. Data
robustness is an essential consideration for constructing indicators that determine whether the data
are sufficiently robust for its intended usage. Only indicators that can be collected with meaningful
quality should be included. The research encompassed indicators from both the country and city
levels, which were then differentiated for comparison. The quality of data is a key factor in determining
its relevance to a specific objective. This research sought to tackle quality obstacles, such as
duplication, inconsistency, incorrectness, and lack of clarity, by analyzing data from diverse sources.

The reliability of the data source plays a vital role in data analysis, impacting the accuracy and
trustworthiness of the findings. However, assessing the dependability of various data sources can
pose difficulties, particularly with extensive, intricate, or varied datasets. The initial step in assessing
data source reliability involves checking the data's origin, authorship, and purpose. The information
presented in this article was collected from primary sources such as original articles and data from
international organizations. The following measure in determining the reliability of the data source
involves checking the accuracy and consistency of the data. It's important to assess data quality
through factors such as completeness, correctness, timeliness, and standardization. The procedure
involves cross-referencing the information with various sources like official data, scholarly articles, or
reliable databases to check for consistency or discrepancies.

It is vital‘'to provide an instance that illustrates the evaluation of data reliability from specific
sources. The data from a 2024 study demonstrated that 87.18% of passenger travels in Erbil city were
carried out using private cars, a statistic that was further supported by NUMBEQ's report showing that
84.62% of journeys were made in private cars.'4. Thus, the comment accurately reflects the data from
the two sources, with the study depending on the more credible data source, and in this specific case,
utilizing the data from the original paper.

6. Descriptive statistics of input data source

The standard deviations (SDs) reveal a considerable range in both travel time and private car
use. The city of Erbil had the shortest travel time at 17 minutes, while Baghdad recorded the longest at
59 minutes. In terms of private car use, Riyadh city had the highest percentage at 92%, while
Casablanca city had the Ilowest at 33%. The SDs forfuel consumption and traffic
fatalities demonstrate significant fluctuation. Beirut city had the greatest fuel consumption rate
(54.2%), while Muscat city had the least (17.2%). The standard deviation of traffic fatalities varies
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significantly among Middle Eastern countries, with Turkey having the lowest rate (6.7 per
100,000 inhabitants) and Saudi Arabia having the highest rate (35. 9/100 000 inhabitants).
Consequently, the high SDs signify more data spread and distribution in the Middle East. Figure 14
shows that the world, the European Union, the Kurdistan Region, and MENA have scores of 4.62,
6.46, 2.81, and 4.35 respectively. At the city level, these have scores of 5.45, 5.08, 4.20, and 4.13,
respectively.

4.62
o N 5.5

6.46
BV N 5.05

; 2.81
N .20

4.35
MEN A N /13

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Countey-Level mCity- Level

Fig. 14: Sustainability Model (Final Rating 0-10)
Drawn by the author

Identifying the factors contributing to these results in Table 2 is essential. For instance, in Erbil
City, the scores were 2.81 at the country level and 4.20 at the city level. The findings indicate how the
traditional transportation system in the region is influenced by the mobility paradigm. Erbil city's official
traffic authority adopted engineering solutions with a focus on improving traffic flow, which included the
construction of new roads, closure of U-turns, and regulation of traffic lights, all of which underscore
the engineering dimension of the mobility system. Improving sustainable transportation planning can
enhance the quality of life and help manage urban travel demands. The transportation system in Erbil
City is predominantly centered around private cars, with a notable absence of sustainable modes such
as advanced bus systems, Tram, walking, and cycling.

At the country level, the European Union has achieved a sustainability rate of 6.46. The
findings indicated that sustainable strategies focusing on the supply side of the system can
successfully decrease the need for city trips and promote the use of more sustainable modes of
transportation.

Table 2. Sustainability values for selected areas (World, EU, Kurdistan, and MENA)

Case Studies Country_ Level City_ Level
World (Avr.) 4.62 5.45
EU-28 (Avr.) 6.46 5.08
Kurdistan Region (Erbil City) 2.81 4.20
MENA (Avr.) 4.35 4.13

In this article, a spider chart is used to analyze the sustainable mobility performance in Erbil
city, MENA, the EU, and worldwide, showcasing data at city and country levels in Figures 15 and 16.
The value of this chart lies in its ability to facilitate a comparison between regions. Through this, it
becomes possible to pinpoint the strengths and weaknesses of each indicator, and devise suitable
mobility measures. This spider chart also shows how these indicators are interconnected and help
researchers examine how their solutions can affect several indicators simultaneously [86]. For
example, a reduction in the demand for daily trips is likely to positively affect GHG emissions and fuel
consumption.
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MENA, and the World. Drawn by the author

7. Conclusion

This study aims to tackle the challenges posed by climate change inthe Middle East,
specifically the surge in dust storms, droughts, and the temperature has climbed twice as quickly as
the global average, causing a decrease in rainfall and increased unpredictability. Some policies will be
presented to help combat these increasingly prevalent issues. The purpose of this investigation was to
quantify mobility performance by creating a set of sustainable mobility indicators, these indicators
were established based on four core dimensions of sustainable urban development: social, economic,
environmental, and mobility system performance.

The proposed methodology would help cities perform standardized evaluations of their mobility
systems, identify their strengths and weaknesses, and implement targeted actions.



Civil and Environmental Engineering Vol. 0, Issue 0

According to the proposed indicators rating, the sustainability score of Erbil City is 4.20 out of
10. This is higher than the average for Middle Eastern cities. However, at the country level, the
Kurdistan region scored 2.81 out of 10, this indicates a low level of sustainability resulting from a
significant weakness in its global environment driven by its strong dependency on cars, low use of
renewable energy, and the traditional planning system implemented in the city. The European Union
has a higher value for sustainability resulting from successful strategies and sustainable planning that
have been implemented to reduce the impact of the mobility system on the global environment. These
include the increase in the share of renewable energy in the final energy consumption, and'the use of
more sustainable modes (walking and biking), which have positively affected the final score.

Ultimately, according to the proposed indicators rating, the world has scored 5.45 out of 10 at
the country level, indicating a moderate degree of sustainability.

8. The Middle East’s progress towards sustainability (potential policies)

In the past few decades, the population of the Middle East and North Africa has experienced a
significant increase, growing from 256,203,998 million in 1990 to 493,279,469 millionin 2022.
Urbanization in the region also saw significant growth during this time. In 1990, only 55% of
the population resided in urban areas, but by 2022 it has reached 66%. The global population living in
urban areas was 43% in 1990 and reached 57% in 2022, highlighting the Middle East's accelerated
urbanization compared to the rest of the world?®.

The increasing use of cars in congested cities is a major concern, as it has a detrimental effect
on the built environment and the physical health of people [2]. It is crucial for local governing bodies to
implement initiatives that promote the use of sustainable transportation options, particularly in the
Middle East. The region's efforts towards promoting sustainable transportation will be highlighted
through an examination of key policies in this section.

8.1.Kurdistan Region (Erbil City)

The objective of this study is to assess the sustainability of Erbil city and propose a series of

measures to enhance its mobility system. The recommended policies include:
e The first priority is to develop alternative modes of transportation in the city. Policies must also
consider the potential for public transit. The results of a study conducted in 2024 demonstrated that
22.4% of the surveyed population in Erbil showed a positive attitude towards utilizing the tram service
if it was made available. The need for adequate sidewalks and bike lanes, especially for young adults,
was also emphasized.
¢ In countries where oil is a major industry, transportation demand management is considered an
essential policy that involves utilizing a range of actions, including pricing, to manage demand. A
comprehensive pricing strategy should encompass various measures, including taxes, fuel costs,
traffic fines, and parking prices. At this stage, it is important to monitor car ownership and usage.
Additionally, encouraging a shift towards alternative modes of transportation, such as walking, biking,
and public transit, should be a top priority.
¢ Human development is an essential element of urban development, and has a significant impact on
progress. The first step towards changing behavior is acknowledging the detrimental effects of private
cars on both people and the environment. Social media, TV, and radio can play a crucial role in
increasing awareness about personal choices, behavior patterns, and the outcomes of these actions.
e The urban transportation department should adopt sustainable planning methods that prioritize
pedestrian and cyclist needs over car-centric traditional planning, such as expanding and enhancing
pedestrian and bike lanes while reducing car lanes.
e Creating a designated car-free zone in the heart of the city (Erbil Citadel) to reduce traffic and
encourage the utilization of public transit.
e Supporting the idea of ride sharing, specifically for individuals who travel to the same location, like
students and workers, to optimize the occupancy of private cars.

Ultimately, the application of research findings can contribute to enhancing the transportation
system in cities. A few possible uses for these findings are:
e Exploring new scientific avenues: The realm of transportation can be explored through the
application of research findings, both in theory and practice.
e Promoting social change: By incorporating research findings into the formulation of social policies
and interventions, we can drive positive social change and enhance the well-being of individuals and
communities.
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e Optimizing transportation policy: The outcomes of this study can offer valuable recommendations
for transportation policies and optimize decision-making at the local, state, and regional levels.

e Streamlining approaches: Utilizing research-based evidence can optimize planning approaches and
streamline the city's transportation system.

8.2. Irag (Baghdad)

The Iragi government recently took action to alleviate traffic congestion and establish working
hour regulations for state departments. The recommendations of the consultative meeting held. on
March 16, 2024, regarding the transportation system were officially approved by the Council of
Ministers and as follows?®:

e The fourth mass transit route in Baghdad has been launched, connecting Bismayah city to Bab Al-
Muadam with round trips available.

e The Baghdad Metro project was initiated in 2023 and is expected to be completed in 2027. It
is expected to transport 3,250,000 commuters every day and significantly alleviate the city's traffic
congestion (Supply management).

e Enforcing the use of ministry-provided buses for at least 30% of their employees in order to activate
the mass transportation system for all affiliated and non-affiliated entities (Supply management).

¢ Vehicle registration fees are set to increase, with ongoing considerations for raising customs duties
on imported cars (Demand management).

¢ Increasing the cost of improved gasoline from (500 1QD) to (850 IQD) per liter, and super gasoline
from (1000 1QD) to (1250 IQD) per liter (Demand management).

e Eliminating trespassers and street vendors from sidewalks and streets (Transportation system
management).

e Establishing pedestrian bridges near colleges and hospitals (Transportation system management).
¢ Approving the start and end times of official working hours at the ministries’ headquarters (Demand
management).

¢ Raising awareness through media about the environmental,. economic, and social advantages of
utilizing public transportation, and encouraging individuals to change their behavior (Voluntary Travel
Behavior change).

The proposed policies aimto reduce car dependence, alleviate congestion, and manage
demand, particularly during peak hours. It is crucial to implement various measures to effectively
manage transportation in‘the city. However, for these measures to be successful, it is imperative to
also offer alternative-modes of transportation to users and a fair distribution of these options.
Baghdad's transportation system is primarily based on inefficient buses, minibuses, and
unaffordable taxis, which do not adequately serve the needs of the majority of its inhabitants.
Moreover, cultural norms discourage. walking and cycling'’. In conclusion, effective urban
transportation policies must be accompanied by the development of a sophisticated and sustainable
transportation system.

8.3.-The UAE (Abu Dhabi)

The United Arab Emirates is making great strides in promoting smart and sustainable mobility
as part of their Net Zero by 2050 strategic initiative, which aims to eliminate carbon emissions by
2050. The UAE government is actively promoting the use of electric vehicles (EVs) as a solution to
reduce carbon footprint. By 2030, the country plansto have at least 10% of all cars on the
road powered by electricity. To promote the use of EVs, the UAE government has implemented
measures-such as free registration, parking, and reduced charging and toll fees. In addition to EVs,
the UAE has also invested in other eco-friendly modes such as buses and the Dubai Metro system?*2,

8.4. Qatar (Doha)

As for Qatar, the transportation system has made great progress. Qatar has been recognized
as one of the leading markets for electric vehicles, ranking 9th in the 'Global Electric Mobility
Readiness Index (GEMRIX) 2023'. In line with its commitment to sustainability, the Ministry of
Transport has a vision to fully convert the public bus system to electricity by 2030. Currently, nearly
70% of the buses are already operating on electric power, and are supported by an integrated
infrastructure for electric charging.
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8.5. Iran (Tehran)

In Tehran, the distribution of daily trips among different modes of transportation is as follows:
15% use the metro, 18% take buses and minibuses, 21% opt for taxis, and 46% use private cars and
motorcycles. The government has set a goal for Tehran to create a unified transportation system by
2025, focusing on enhancing citizens' well-being and advancing human-centered growth within the
city. The following policies will be taken into account®®:
e Changing attitudes towards walking and cycling.
¢ Modifications in perspectives towards parking space supply and demand, with a focus on effectively
managing travel demands.
e Restrictions in urban roads network development.
e ITS based mobility.

The share of public transportation is projected to reach 55% in 2025, including 30% for rail, 22% for
buses, and 3% for minibuses. The remaining 45% will be divided among taxis, vans, private cars, and
motorcycles. In the near future, the city's public transportation will expand to cover 98% of the city,
with the rail network and BRT system reaching 13.2% and 56.7%, respectively.

8.6. Turkey (Istanbul)

A total of 30.3 million daily trips are made in Istanbul, with 37.5% being on foot, 19.5% by
private cars, 15% by company/school buses, and 28% by public transport during peak hours?°.
The key objective of the Istanbul sustainable urban mobility plan (SUMP).is to concentrate on reducing
car dependency and addressing the negative effects of carbon emissions, air and noise pollution, and
traffic accidents. Additionally, the Istanbul SUMP adheres to the UN Sustainable Development Goals
(SDGs) in every aspect, including scope, context, vision, and project implementation.

The SUMP for Istanbul outlines various policies to improve the city's mobility system (Ince et al.
2020):
e Green and smart mobility (From fossil fuels towards renewable energy- electromobility).
¢ Shifting from the “ownership” model to the “user” model.
¢ Developing a car-sharing system, ride-sharing, and bike-sharing in the city.
¢ Integrating mobility considerations into urban planning, including car-free zones, walkable areas,
and cycling options.
¢ Innovation approaches, road pricing, and digital mobility management.
¢ A mobility system that facilitates compact and polycentric development.

8.7. Saudi Arabia (Riyadh)

Saudi Arabia is focused on developing a comprehensive and interlinked transportation
infrastructure that can effectively serve the needs of its citizens and visitors. Technological progress is
a top priority for Saudi Arabia, with a focus on future mobility and electric buses. The most important
policies towards transportation are electric buses and intelligent transportation system. The integration
of ITS into its infrastructure is a testament to Saudi Arabia's commitment to a smart mobility plan that
places importance on-connection, dependability, and user convenience?.

8.8. Israel (Tel Aviv)

Israel'has signed and is bound by numerous international agreements addressing air pollution
and climate change, such as the Kyoto Protocol, Paris Agreement, and UN Framework Convention on
Climate Change?2. By 2030, Israel's primary goal in mitigating climate change is to decrease per
capita greenhouse gas emissions. The country aims to generate 17% of its electricity from renewable
sources and transition 20% of its transportation from private cars to public transport. With a focus on
sustainability, Israel's Ministry of Transport plans to electrify all public transportation (trains, light rail,
and buses) by 2030 according to their Strategic Plan. The appeal of electric and fuel cell vehicles lies
in their potential to lower emissions and more efficient traffic. The fundamental
pillars of Israel's transportation policy are:
¢ National preference for mass transit.

e Demand management and regulations.
e Technological advancement.
¢ Reducing the need for mobility.
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8.9. Jordan (Amman)

Jordan's capital city of Amman is leading the way in urban transformation. As a metropolis that
is growing at a rapid pace, Amman has its own set of challenges in its urban transportation
system, which is shaped by its exceptional topography, cultural dynamics, and infrastructural
limitations. Amman has a daily total of seven million trips, with 34% being made by private cars, 9% by
taxis, 17% by public transportation, 14% by bicycles, and 26% by other non-motorized vehicles [87].
The Ministry of Transport?® has declared their plans for sustainable mobility, including the ‘launch of
the 20 km Amman- Zarga bus rapid transit (BRT) line in 2024.

8.10. Morocco (Casablanca)

Casablanca is the largest city in Morocco with a population of 3.89 million residents (2023)24,
with an area® of 220 km?, and 7.8 million daily journeys with 13% being made by formal public
transportation, 6% by informal public transportation, 60% by walking, 13% by private cars, private
motorbikes or 2-wheelers:4%, and taxi 4%.

The municipality's strategic development plan is aligned with sustainability goals and emphasizes
the expansion and improvement of the existing tram and bus networks to facilitate integration among
various neighborhoods, and planning to develop a modernized public transport network, incorporating
four tram lines and two rapid bus routes, spanning approximately 100 km by 2025 (Casa Transports
SA, 2020). Through enhancements to multiple aspects_ of the public transportation system, the city
is dedicated to decreasing car dependence and reducing GHG emissions
in alignment with Morocco's Nationally Determined Contributions (NDCS.).

8.11. Egypt (Cairo)

The capital of Egypt, known as the Greater Cairo Metropolitan Area, is a megacity that has a
population of over 22.2 million inhabitants?®in 2023, making. it the most populous city in the country.
As the primary transport hub of Egypt, Cairo facilitates over 20 million motorized and 7 million non-
motorized trips daily. The distribution. of transportation modes was dominated by private cars at 63%,
with public transportation, car ride-hailing, private buses, and walking or biking accounting for 14%,
11%, 6%, and 3%, respectively. Taxis made up the remaining 3% [88]. The primary aim of the
Egyptian government was to carry outthe latest comprehensive transportation policies. The
main priority was on the following targeted areas?*:
¢ Enhancing infrastructure development.

e Transit-oriented development.

¢ Digitization in'transport.

e Public vs..private: The trend towards greater private sector involvement in the sector is enhancing
the reach of these system modernization efforts.

8.12.© Beirut, Sana’a, and Khartoum

The economic. and political situation of a country has a significant impact on urban
development. The stability of finances and politics are crucial factors in driving development and
attracting investment. Some countries in the region have faced financial and political turmoil, which
has led to a decline in urban development and quality of life. They face major challenges such as
environmental pollution, water scarcity, and insufficient infrastructure to support population growth. In
therealm of urban transportation, countries undergoing economic downturns have become
increasingly dependent on traditional forms of transportation, namely informal buses, minibuses, and
taxis. As a result, there has been a notable uptick in private car ownership due to the subpar quality of
public transportation services.

9. RECOMMENDATION

This article presents a set of sustainable indicators used to evaluate the sustainability of urban
transportation in cities across the Middle East, and assess their progress towards achieving
sustainability. In addition, this assessment offered insights into the system and policies implemented in
each city, shedding light on their strengths and weaknesses.

In future research, other indicators may be suggested and evaluated in comparison to this study.
However, the availability and reliability of data pose a challenge for conducting such studies.
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Ultimately, this study sheds light on potential policies and sustainability levels for cities in the Middle
East; this article emphasizes the importance of continuous research and analysis to improve
our understanding of the sustainable urban mobility system in the Middle East.

Competing interests

The author declares that there is no conflict of interest associated with this work.

Funding Sources

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Notes

1. https://lknoema.com/atlas/World/topics/Environment/Emissions/CO2-emissions-transport-
percent

2. https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3 ar5 chapter8.pdf

3. https://www.oecd-ilibrary.org/docserver/factbook-2015-48-
en.pdf?expires=1647626466&id=id&accname=quest&checksum=315423719080D1E1211B89
12CC3CFF06

4. https://www.eia.gov/outlooks/ieo/pdf/transportation.pdf

5. https://www.investopedia.com/terms/t/travelexpenses.asp

6. https://www.sapling.com/12117443/recommended-percentage-income-expenses

7. https://krso.gov.krd/en/statistics/population

8. https://www.pwc.com/ml/en/industries/transportation-and-logistics.html

9. https://knoema.com/atlas/Lithuania/topics/Economy/National-Accounts-Value-Added-by-

Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-
communication

10. https://lknoema.com/atlas/Libya/topics/Economy/National-Accounts-Value-Added-by-
Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-
communication

11. https://www.workbe¢.ca/industry-profile/transportation-and-warehousing

12. https://www.pwc.com/ml/en/industries/transportation-and-logistics.html

13. https://www.eea.europa.eu/data-and-maps/indicators/use-of-cleaner-and-alternative-fuels-
2/assessment

14. https://www.numbeo.com/traffic/in/Erbil-Irbil-Irag

15. https://data.worldbank.org/indicator/SP.POP.TOTL?locations=ZQ

16. https://www.cabinet.ig/en

17. https://www.aljazeera.com/news/2013/4/2/saudi-arabia-eases-ban-on-women-riding-bikes

18. https://www.trade.gov/country-commercial-quides/united-arab-emirates-smart-and-
sustainable-mobility#:

19. https://www.metropolis.org/sites/default/files/1. teheran.pdf

20. https://urban-mobility-observatory.transport.ec.europa.eu/resources/case-studies/istanbuls-
new-sustainable-urban-mobility-plan_en

21. https://nwbus.sa/en/blogs/the-future-of-mobility-innovations-and-upgradations-in-saudi-
arabias-bus-network/#

22. https://www.wexnerfoundation.org/israels-ministry-of-transportation-plan-for-sustainability/#:

23. https://globalmasstransit.net/operations-to-commence-on-amman-zarqa-brt-by-2024-jordan/

24. https://www.statista.com/statistics/1323068/total-population-of-casablanca-morocco/#:

25. https://worldpopulationreview.com/world-cities/casablanca-population

26. https://worldpopulationreview.com/world-cities/cairo-population

27. https://s3.eu-central-1.amazonaws.com/storage.arab-reform.net/ari/2022/04/04160053/2022-
03-EN-EgyptPolicyDialogues-Eqgypt-transport-policies-2014-2021.pdf



https://knoema.com/atlas/World/topics/Environment/Emissions/CO2-emissions-transport-percent
https://knoema.com/atlas/World/topics/Environment/Emissions/CO2-emissions-transport-percent
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf
https://www.oecd-ilibrary.org/docserver/factbook-2015-48-en.pdf?expires=1647626466&id=id&accname=guest&checksum=315423719080D1E1211B8912CC3CFF06
https://www.oecd-ilibrary.org/docserver/factbook-2015-48-en.pdf?expires=1647626466&id=id&accname=guest&checksum=315423719080D1E1211B8912CC3CFF06
https://www.oecd-ilibrary.org/docserver/factbook-2015-48-en.pdf?expires=1647626466&id=id&accname=guest&checksum=315423719080D1E1211B8912CC3CFF06
https://www.eia.gov/outlooks/ieo/pdf/transportation.pdf
https://www.investopedia.com/terms/t/travelexpenses.asp
https://www.sapling.com/12117443/recommended-percentage-income-expenses
https://krso.gov.krd/en/statistics/population
https://www.pwc.com/m1/en/industries/transportation-and-logistics.html
https://knoema.com/atlas/Lithuania/topics/Economy/National-Accounts-Value-Added-by-Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-communication
https://knoema.com/atlas/Lithuania/topics/Economy/National-Accounts-Value-Added-by-Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-communication
https://knoema.com/atlas/Lithuania/topics/Economy/National-Accounts-Value-Added-by-Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-communication
https://knoema.com/atlas/Libya/topics/Economy/National-Accounts-Value-Added-by-Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-communication
https://knoema.com/atlas/Libya/topics/Economy/National-Accounts-Value-Added-by-Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-communication
https://knoema.com/atlas/Libya/topics/Economy/National-Accounts-Value-Added-by-Economic-Activity-Percentage-Distribution-Shares/Value-added-in-transport-storage-and-communication
https://www.workbc.ca/industry-profile/transportation-and-warehousing
https://www.pwc.com/m1/en/industries/transportation-and-logistics.html
https://www.eea.europa.eu/data-and-maps/indicators/use-of-cleaner-and-alternative-fuels-2/assessment
https://www.eea.europa.eu/data-and-maps/indicators/use-of-cleaner-and-alternative-fuels-2/assessment
https://www.numbeo.com/traffic/in/Erbil-Irbil-Iraq
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=ZQ
https://www.cabinet.iq/en
https://www.aljazeera.com/news/2013/4/2/saudi-arabia-eases-ban-on-women-riding-bikes
https://www.trade.gov/country-commercial-guides/united-arab-emirates-smart-and-sustainable-mobility
https://www.trade.gov/country-commercial-guides/united-arab-emirates-smart-and-sustainable-mobility
https://www.metropolis.org/sites/default/files/1._teheran.pdf
https://urban-mobility-observatory.transport.ec.europa.eu/resources/case-studies/istanbuls-new-sustainable-urban-mobility-plan_en
https://urban-mobility-observatory.transport.ec.europa.eu/resources/case-studies/istanbuls-new-sustainable-urban-mobility-plan_en
https://nwbus.sa/en/blogs/the-future-of-mobility-innovations-and-upgradations-in-saudi-arabias-bus-network/
https://nwbus.sa/en/blogs/the-future-of-mobility-innovations-and-upgradations-in-saudi-arabias-bus-network/
https://www.wexnerfoundation.org/israels-ministry-of-transportation-plan-for-sustainability/
https://globalmasstransit.net/operations-to-commence-on-amman-zarqa-brt-by-2024-jordan/
https://www.statista.com/statistics/1323068/total-population-of-casablanca-morocco/
https://worldpopulationreview.com/world-cities/casablanca-population
https://worldpopulationreview.com/world-cities/cairo-population
https://s3.eu-central-1.amazonaws.com/storage.arab-reform.net/ari/2022/04/04160053/2022-03-EN-EgyptPolicyDialogues-Egypt-transport-policies-2014-2021.pdf
https://s3.eu-central-1.amazonaws.com/storage.arab-reform.net/ari/2022/04/04160053/2022-03-EN-EgyptPolicyDialogues-Egypt-transport-policies-2014-2021.pdf

Civil and Environmental Engineering Vol. 0, Issue 0

References

[1] AL-JABIR, M. — ISAIFAN, R. J.: Long-Term Projection of Transport-Related Social Cost of
Greenhouse Gas Emissions in Qatar. Sustainability, 16(2), 2024, p. 536.
https://doi.org/10.3390/su16020536

[2] WORLD HEALTH ORGANIZATION (WHO): Health: Transport and Health. 2020.
https://www.euro.who.int/ _data/assets/pdf file/0020/324641/Health-2020-Transport-and-health-
en.pdf%3Fua%3D1

[3] SHEN, L. — DU, L. — YANG, X. — DU, X. — WANG, J. — HAO, J.: Sustainable Strategies for
Transportation Development in Emerging Cities in China: A Simulation Approach. Journal of
Sustainability, MDPI, Vol. 10, 2018. https://doi.org/10.3390/su10030844

[4] LITMAN, T.: Developing Indicators for Sustainable and Livable Transport Planning.  Victoria
Transport Policy Institute, 2021.

[5] ALSABBAGH, H.. Eastern Paradigm of Urban Mobility: The Case of Erbil City, Irag.
Transportation, Springer, 2024. https://doi.org/10.1007/s11116-024-10464-x

[6] WORLD BANK GROUP: 2018. https://data.worldbank.org/indicator/SP.POP.TOTL?locations=ZQ

[71 ABDEL, W. A. — M. M. — ABD EL MONEM, N.: Sustainable and Green Transportation for Better
Quality of Life Case Study Greater Cairo — Egypt. HBRC Journal, 16(1), 2020, pp. 17-37.
https://doi.org/10.1080/16874048.2020.1719340

[8] NEWMAN, P. — KENWORTHY, J.: Cities and Automobile Dependence: An International
Sourcebook. Aldershot, UK: Gower, 1989, p. 24.

[9] NEWMAN, P. — KENWORTHY, J.: The End of Automobile Dependence: How Cities Are Moving
Beyond Car-Based Planning. Island Press, USA, 2015, p. 24.

[10] GEHL, J.: Cities for People. Island Press, Washington DC., 2010, p. 34.

[11] EWING, R. — HAMIDI, S. — TIAN, G. — PROFFITT, D. = TONIN, S. — FREGOLET, L.: Testing
Newman and Kenworthy’s Theory of Density and Automobile Dependence. Journal of Planning
Education and Research, Vol. 38, 2, 2017, pp. 167-182.
https://doi.org/10.1177/0739456X16688767

[12] JABAREEN, Y. R.. Sustainable Urban Forms: Their Typologies, Models and Concepts.
Department of Urban Studies, Massachusetts Institute of Technology. Journal of Planning
Education and Research, 2006, p. 40.

[13] UN-HABITAT: World Cities Report. The Value of Sustainable Urbanization. 2020.

[14] UN-HABITAT: Towards Green and Just Cities. 2021.
https://unhabitat.org/sites/default/files/2021/11/geocities updated.pdf

[15] GUZMAN, L. A.= DANIEL, O. — JULIAN, A. — CANTILLO-GARCIA, V.: Buying a Car and the
Street: Transport Justice and Urban Space Distribution. Transportation Research Part D:
Transport and Environment, Vol. 95, 2021. https://doi.org/10.1016/j.trd.2021.102860

[16] NELLO-DEAKIN, S.: Is There Such a Thing as a ‘Fair’ Distribution of Road Space? Journal of
Urban Design, Val. 24, (5), 2019, pp. 698-714.

[17] PETZER, B. J. M. = WIECZOREK, A. J. — VERBONG, G. P. J.: The Legal Street: A Scarcity
Approach to Urban Open Space in Mobility Transitions. Urban Transformations, 2021, pp. 1-24.
https://doi.org/10.1186/s42854-021-00018-0

[18] LEFEBVRE-ROPARS, G. — MORENCY, C. —- NEGRON-POBLETE, P.: Toward A Framework for
Assessing the Fair Distribution of Space in Urban Streets. Transportation Research Record:
Journal of the Transportation Research Board, 2021. https://doi.org/10.1177/0361198121995196

[19] GOSSLING, S.: Why Cities Need to Take Road Space from Cars — and How This Could Be
Done. Journal of Urban Design, Vol. 25 4), 2020, pp. 443-448.
https://doi.org/10.1080/13574809.2020.1727318

[20] LIAO; Y. — GIL, J. — PEREIRA, H. M. — SONIA, Y. — VERENDEL, V.: Disparities in Travel Times
Between Car and Transit: Spatiotemporal Patterns in Cities. Scientific Reports, 10, 2020, p. 4056.
https://doi.org/10.1038/s41598-020-61077-0

[21] BAUER, D. — TULIC, M. — SCHERRER, W.: Modelling Travel Time Uncertainty in Urban
Networks Based on Floating Taxi Data. European Transport Research Review, Vol. 11:46, 2019.
https://doi.org/10.1186/s12544-019-0381-5

[22] BAUER, M. — KISIELEWSKI, P.: The Influence of the Duration of Journey Stages on Transport
Mode Choice: A Case Study in the City of Tarnow. Sustainability, 13, 2021, p. 5922.
https://doi.org/10.3390/su13115922

[23] SALONEN, M. — TOIVONEN, T.: Modelling Travel Time in Urban Networks: Comparable
Measures for Private Car and Public Transport. Journal of Transport Geography, Vol. 31, 2013,
pp. 143-153. https://doi.org/10.1016/j.jtrange0.2013.06.011



https://doi.org/10.3390/su16020536
https://www.euro.who.int/__data/assets/pdf_file/0020/324641/Health-2020-Transport-and-health-en.pdf%3Fua%3D1
https://www.euro.who.int/__data/assets/pdf_file/0020/324641/Health-2020-Transport-and-health-en.pdf%3Fua%3D1
https://doi.org/10.3390/su10030844
https://doi.org/10.1007/s11116-024-10464-x
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=ZQ
https://doi.org/10.1080/16874048.2020.1719340
https://doi.org/10.1177/0739456X16688767
https://unhabitat.org/sites/default/files/2021/11/geocities_updated.pdf
https://doi.org/10.1016/j.trd.2021.102860
https://doi.org/10.1186/s42854-021-00018-0
https://doi.org/10.1177/0361198121995196
https://doi.org/10.1080/13574809.2020.1727318
https://doi.org/10.1038/s41598-020-61077-0
https://doi.org/10.1186/s12544-019-0381-5
https://doi.org/10.3390/su13115922
https://doi.org/10.1016/j.jtrangeo.2013.06.011

Civil and Environmental Engineering Vol. 0, Issue 0

[24] CHATTERJEE, K. et al.. Commuting and Wellbeing: A Critical Overview of the Literature with
Implications for Policy and Future Research. Transport Reviews, 2019, pp. 5-34.
https://doi.org/10.1080/01441647.2019.1649317

[25] HA, J. — LEE, S. — KO, J.: Unraveling the Impact of Travel Time, Cost, and Transit Burdens on
Commute Mode Choice for Different Income and Age Groups. Transportation Research Part A:
Policy and Practice. Vol. 141. 2020. pp. 147-166. https://doi.org/10.1016/j.tra.2020.07.020

[26] RECK, J. — HENRY, M. — KAY, W. A.: Mode Choice, Substitution Patterns and Environmental
Impacts of Shared and Personal Micro-Mobility. Transportation Research Part D: Transport and
Environment. Vol. 102. 2022. https://doi.org/10.1016/j.trd.2021.103134

[27] ABDULLAH, M. — ALI, N. = ASLAM, A. — JAVID, M. — HUSSAIN, S.: Factors Affecting the Mode
Choice Behavior Before and During COVID-19 Pandemic in Pakistan. International Journal of
Transportation Science and Technology. 2021. https://doi.org/10.1016/].ijtst.2021.06.005

[28] DRLICIAK, M. — CELKO, J. — CINGEL, M. — JANDACKA, D.: Traffic Volumes as a Modal Split
Parameter. Sustainability. Vol. 12. 2020, p. 10252. https://doi.org/10.3390/su122410252

[29] MULLER, M.: Course Change: Navigating Urban Passenger Transport Toward Sustainability
Through Modal Shift. International Journal of Sustainable Transportation. 2021.
https://doi.org/10.1080/15568318.2021.1919796

[30] SUN, X. — WANDELT, S.: Transportation Mode Choice Behavior with Recommender Systems: A
Case Study on Beijing. Transportation Research Interdisciplinary Perspectives. 2021.
https://doi.org/10.1016/j.trip.2021.100408

[31] MEMON, I. A. et al.: Mode Choice Modeling to Shift Car Travelers Towards Park and Ride
Service in the City Centre of Karachi. Sustainability, 2021. https://doi.org/10.3390/su13105638

[32] UN-HABITAT: Towards Green and Just Cities. 2021.
https://unhabitat.org/sites/default/files/2021/11/geocities updated.pdf

[33] ALBUQUERQUE, F. — MUNJED, A. - REZAUL, C. - TIMUR, M. = MOHAMMED, A.: Greenhouse
Gas Emissions Associated with Road Transport Projects: Current Status, Benchmarking, and
Assessment Tools. Transportation Research Procedia. Vol. 48.2020. pp. 2018-2030.
https://doi.org/10.1016/].trpro.2020.08.261

[34] SOLAYMANI, S.: CO2 Emissions and the Transport Sectorin Malaysia. Front. Environ. Sci.
2022. https://doi.org/10.3389/fenvs.2021.774164

[35] AROKE, O. M. — ESMAEILI; B. — KIM, S. C.: Impact of Climate Change on Transportation
Infrastructure: Comparing Perception Differences Between the US Public and the Department of
Transportation Professionals. Sustainability, 13(21). 2021. 11927.
https://doi.org/10.3390/su132111927

[36] LIIMATAINEN, H: = POLLANEN, M. = VIRI, R.: CO2 Reduction Costs and Benefits in Transport:
Socio-Technical Scenarios. European Journal of Futures Research. 2018.

[37] CAKAR, N.D. — GEDIKLI, A. = ERDOGAN, S. - YILDIRIM, D. G.: Comparative Analysis of the
Relationship Between Innovation and Transport Sector Carbon Emissions in Developed and
Developing Mediterranean Countries. Environmental Science and Pollution Research. Vol. 28.
2021. pp. 45693-45713.

[38] OLIVARES, A. G. — SOLE, J. - OSYCHENKO, O.: Transportation in a 100% Renewable Energy
System. Energy Conversion and Management. 2018.
https://doi.org/10.1016/j.enconman.2017.12.053

[39] LI, L= LOO, B. P.Y.: Alternative and Transitional Energy Sources for Urban Transportation.
Current Sustainable/Renewable Energy Reports. Vol. 1. 2014. pp. 19-26.

[40] BARTLOMIEJCZYK, M.: Potential Application of Solar Energy Systems for Electrified Urban
Transportation Systems. MDPI. 11(4). 2018. p. 954. https://doi.org/10.3390/en11040954

[41] REDGATE, J. et al.: Sustainable Transport System Using Renewable Energy and Efficient
Electric Vehicles. Transactions on The Built Environment. 2006.
https://doi.org/10.2495/UT060041

[42] BUONOCORE, J. J. et al.: Metrics for the Sustainable Development Goals: Renewable Energy
and Transportation. Palgrave Commun. 5. 2019. p. 136. https://doi.org/10.1057/s41599-019-
0336-4

[43] FRANZITTA, V. — CHIARAMONTE, D. — MILONE, D. —= TUMMINELLI, M.: Energy Saving in
Public Transport Using Renewable Energy. Sustainability. 9(1). 2017. p. 106.
https://doi.org/10.3390/su9010106

[44] IBILI, F. et al.: Traffic Noise Models and Noise Guidelines: A Review. Noise & Vibration
Worldwide. 2021. https://doi.org/10.1177/09574565211052693



https://doi.org/10.1080/01441647.2019.1649317
https://doi.org/10.1016/j.tra.2020.07.020
https://doi.org/10.1016/j.trd.2021.103134
https://doi.org/10.1016/j.ijtst.2021.06.005
https://doi.org/10.1080/15568318.2021.1919796
https://doi.org/10.1016/j.trip.2021.100408
https://doi.org/10.3390/su13105638
https://unhabitat.org/sites/default/files/2021/11/geocities_updated.pdf
https://doi.org/10.1016/j.trpro.2020.08.261
https://doi.org/10.3389/fenvs.2021.774164
https://doi.org/10.3390/su132111927
https://doi.org/10.1016/j.enconman.2017.12.053
https://doi.org/10.3390/en11040954
https://doi.org/10.1057/s41599-019-0336-4
https://doi.org/10.1057/s41599-019-0336-4
https://doi.org/10.3390/su9010106
https://doi.org/10.1177/09574565211052693

Civil and Environmental Engineering Vol. 0, Issue 0

[45] GILANI, T. A. = MIR, M. S.: A Study on the Assessment of Traffic Noise Induced Annoyance and
Awareness Levels About the Potential Health Effects Among Residents Living Around a Noise-
Sensitive Area. Environmental Science and Pollution Research. Vol. 28. 2021. pp. 63045-63064.

[46] HUNTER, C. T. et al.: Long-Term Exposure to Road Traffic Noise and Stroke Incidence: A
Danish Nurse Cohort Study. Environmental Health. 20(115). 2021.
https://doi.org/10.1186/s12940-021-00802-2

[47] LINDGREN, S.: A Sound Investment? Traffic Noise Mitigation and Property Values. Journal of
Environmental Economics and Policy. Vol. 10(4). 2021.
https://doi.org/10.1080/21606544.2021.1911861

[48] GOZALO, G. R. et al.: Noise Estimation Using Road and Urban Features. Sustainability. 12(21).
2020. p. 9217. https://doi.org/10.3390/su12219217

[49] WROTNY, M. — BOHATKIEWICZ, J.: Traffic Noise and Inhabitant Health — A-Comparisoh of
Road and Rail Noise. Sustainability. 13(13). 2021. p. 7340. https://doi.org/10.3390/su13137340

[50] MORIMOTO, A. — WANG, A. — KITANO, N.: A Conceptual Framework for Road Traffic Safety
Considering Differences in Traffic Culture Through International Comparison. IATSS Research.
2021. https://doi.org/10.1016/j.iatssr.2021.11.012

[51] Bastiaanssen, J. — Johnson, D. — Lucas, K.: Does Transport Help People to Gain Employment? A
Systematic Review and Meta-Analysis of the Empirical Evidence. Transport Reviews. Vol. 40(5).
2020. pp. 607-628. https://www.sciencedirect.com/org/science/article/pii/S0144164722000265

[52] ACKER, A.: The Gender Dimension of the Transport Workforce. International Transport Forum
Discussion Papers. 2020. No. 2020/11. OECD Publishing, Paris. https://www.itf-
oecd.org/sites/default/files/docs/gender-dimension-transport-workforce.pdf

[63] BARAK, A.: The Effect of Public Transit on Employment in Israel's/Arab Society. Bank of Israel.
Research Department, 2019.
https://boiwebrepec.azurefd.net/RePEc/boi/wpaper/WP_2019.03.pdf

[54] ELIASSON, J.: Efficient Transport Pricing — Why, What, and When? Communications in
Transportation Research. Vol. 1. 2021 https://doi.org/10.1016/j.commtr.2021.100006

[55] ZHANG, Q. — TONG, Q.: The Economic Impacts of Traffic Consumption During the COVID-19
Pandemic in China: A CGE Analysis. Transport Policy. Vol. 114. 2021. pp. 330-337.
https://doi.org/10.1016/j.tranpol.2021.10.018

[56] ANOWAR, S. — ELURU, N.— MIRANDA-MORENO, L.: How Household Transportation
Expenditures Have Evolved in Canada: A Long-Term Perspective. Transportation. 2018. doi:
10.1007/s11116-017-9765-3

[57] VENTER, C. — VOKOLKOVA, V. — MICHALEK, J.: Transport Expenditure and Affordability: The
Cost of Being Mobile. Development Southern Africa. Vol. 28(1). 2011.
https://doi.org/10.1080/0376835X.2011.545174

[58] KIM, W. G. et al.: Factors Affecting the Travel Expenditure of Visitors to Macau, China. Tourism
Economics. Vol. 17(4). 2011. https://doi.org/10.5367/te.2011.0060

[59] LI, T. - DODSON, J. - SIPE, N.: Differentiating Metropolitan Transport Disadvantage by Mode:
Household Expenditure on Private Vehicle Fuel and Public Transport Fares in Brisbane,
Australia. Journal of Transport Geography. Vol. 49. 2015. pp. 16-25.

[60] STEHEL, V. — VOCHOKZA, M.: The Analysis of the Economical Value Added in Transport.
Preliminary Communication. Vol. 63(3). 2016. pp. 185-188. DOI: 10.17818/NM/2016/S120

[61] GUTIERREZ, J.~ CONDEGCO-MELHORADO, A. — LOPEZ, E. - MONZON, A.: Evaluating the
European Added Value of TEN-T Projects: A Methodological Proposal Based on Spatial
Spillovers, Accessibility and GIS. Journal of Transport Geography. Vol. 19(4). 2011. pp. 840-850.
https://doi.org/10.1016/j.jtrange0.2010.10.011

[62] MEERSMAN, H. - NAZEMZADEH, M.: The Contribution of Transport Infrastructure to Economic
Activity: The Case of Belgium. Case Studies on Transport Policy. Vol. 5(2). 2017. pp. 316-324.
https://doi.org/10.1016/j.cstp.2017.03.009

[63] JANKALOVA, M. — KUROTOVA, J.: Sustainability Assessment Using Economic Value Added.
Sustainability. Vol. 12(1). 2017. p. 318. https://doi.org/10.3390/su12010318

[64] SAHARA, L. |.: The Analysis of Financial Performance Using Economic Value Added and Market
Value Added Methods and Its Influence on Stock Return of Transportation Company Listed in
Indonesia Stock Exchange. Scientific Journal of Reflection: Economic, Accounting, Management
and Business. Vol. 1(3). 2018.

[65] JURGELANE-KALDAVA, |I. — OZOLINA, V. — AUZINA-EMSINA, A.: Modeling the Influence of
Transportation and Storage Industry on the Economic Development of Latvia. Procedia Computer
Science. Vol. 149. 2019. pp. 450-456. https://doi.org/10.1016/j.procs.2019.01.161



https://doi.org/10.1186/s12940-021-00802-2
https://doi.org/10.1080/21606544.2021.1911861
https://doi.org/10.3390/su12219217
https://doi.org/10.3390/su13137340
https://doi.org/10.1016/j.iatssr.2021.11.012
https://www.sciencedirect.com/org/science/article/pii/S0144164722000265
https://www.itf-oecd.org/sites/default/files/docs/gender-dimension-transport-workforce.pdf
https://www.itf-oecd.org/sites/default/files/docs/gender-dimension-transport-workforce.pdf
https://boiwebrepec.azurefd.net/RePEc/boi/wpaper/WP_2019.03.pdf
https://doi.org/10.1016/j.commtr.2021.100006
https://doi.org/10.1016/j.tranpol.2021.10.018
https://doi.org/10.1080/0376835X.2011.545174
https://doi.org/10.5367/te.2011.0060
https://doi.org/10.1016/j.jtrangeo.2010.10.011
https://doi.org/10.1016/j.cstp.2017.03.009
https://doi.org/10.3390/su12010318
https://doi.org/10.1016/j.procs.2019.01.161

Civil and Environmental Engineering Vol. 0, Issue 0

[66] LOMAN, M. — SARKAN, B. — SKRUCANY, T.: Comparison of Fuel Consumption of a Passenger
Car Depending on the Driving Style of the Driver. Transportation Research Procedia. Vol. 55.
2021. pp. 458-465.

[67] CHIKISHEYV, E. — CHAINIKOV, D.: Assessment of External Factors Influence on the Fuel
Consumption of a Diesel Bus Operating on a City Route. Transportation Research Procedia. Vol.
61. 2022. pp. 354-360. https://doi.org/10.1016/j.trpro.2022.01.057

[68] HIEN, N. L. H. — KOR, A. L.: Analysis and Prediction Model of Fuel Consumption and Carbon
Dioxide Emissions of Light-Duty Vehicles. Sustainability. Vol. 12(2). 2022. p. 803.
https://doi.org/10.3390/app12020803

[69] SHELDON, L. T. — DUA, R.: How Responsive is Saudi New Vehicle Fleet Fuel Economy to Fuel
and Vehicle-Price Policy Levers? Energy Economics. Vol. 97. 2021. 105026.
https://doi.org/10.1016/j.enec0.2020.105026

[70] ALARENAN, S. — GASIM, A. — HUNT, L. - MUHSEN, A. R.: Measuring Underlying Energy
Efficiency in the GCC Countries Using a Newly Constructed Dataset. Energy Transitions. Vol. 3.
2019. pp. 31-44.

[71] ZHANG, X. — LI, Z. = WANG, J.: Impact of COVID-19 Pandemic on Energy Consumption.and
Carbon Dioxide Emissions in China's Transportation Sector. Case Studies in Thermal
Engineering. Vol. 26. 2021. 101091. https://doi.org/10.1016/j.csite.2021.101091

[72] BANISTER, D.: Unsustainable Transport: City Transport in the New Century. Routledge:
Oxfordshire. 2005. eBook ISBN: 9780203003886. https://doi.org/10.4324/9780203003886

[73] RYDIN, Y.: Governing for Sustainable Urban Development. Earthscan in the UK and the USA.
2010. p. 107.

[74] PULTZNEROVA, A. - MECAR, M. - SESTAKOVA, J. — HODAS, S:: Influence of the Condition of
the Railway Superstructure on Traffic Noise on the Regional Line. Civil and Environmental
Engineering. Vol. 18(2). 2022. pp. 402-407. DOI: 10.2478/cee-2022-0037

[75] PANULINOVA, E. - HARABINOVA, S.: Noise Annoyance from Tram Traffic in the Urban
Environment. Civil and Environmental Engineering. Vol. 18(2). 2022. pp. 688-694. DOI:
10.2478/cee-2022-0063

[76] ALSABBAGH, H.: Residential Activity System and Noise Level Case Study: Residential Zone in
Erbil City-New Rasty Zone. Journal of the Planner and Development. Vol. 11(34). 2016. pp. 120-
140.

[77] MATARA, C. — OSANO, S. — YUSUF, A. — AKECH, E.: An Assessment of the Contribution of
Vehicular Traffic to Ambient Air Quality — A Case Study of Nairobi Expressway Corridor. Civil and
Environmental Engineering. Vol. 20(1). 2024. pp. 54-67. DOI: 10.2478/cee-2024-0005

[78] HODAS, S. — PULTZNEROVA, A.: Reducing Energy Consumption in the Design of Railway Lines
— Compensated Curve of the Vertical Track Gradient. Civil and Environmental Engineering. Vol.
18(1). 2022: pp. 29-38. DOI: 10.2478/cee-2022-0003

[79] IMAM, R.: Regulating the Transport Sharing Economy and Mobility Applications in Jordan.
International Journal of Business Innovation and Research. Vol. 27(1). 2022. pp. 101-120. DOI:
10.1504/1JBIR.2020.10030377

[80] SAMAHA, A. — MOSTOFI, H.: Predicting the Likelihood of Using Car-Sharing in the Greater Cairo
Metropolitan Area. Urban Science. Vol. 4. 2020. p. 61. DOI: 10.3390/urbansci4040061

Appendix A (City-Level Indicators and their Associated Hyperlinks)
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. % Private Commute Noise Level
MENA, EU, the world capita/sq.km allocated to streets ) N N
. Car Use Travel Time dB (A)
in thousands (%)
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Kuwait (Kuwait City) 3.46 22.52 85.40 26.00 65.00
Lebanon (Beirut) 7.43 14.72 81.00 | . 71.00
Jordan (Amman) 6.48 17.96 34.00 31.00 64.00
Bahrain (Manama) 8.67 2208 | 30.00 66.00
Oman (Muscat) 034 | 71.50 30.00 58.00
Qatar (Doha) 5.34 21.24 82.40 23.00 | e
Syria (Damascus) 7.10 18.6 52.70 35.00 75.00
Emirates (Abu Dhabi) 720 | 48.00 44.00 52.00
Yemen (Sanaa) 5.54 2294 | 21.00 « | e
Tunisia (Tunis) 5.38 22.20 80.00 | ... 72.00
Libya (Tripoli) 291 23.10 87.00 | e
Algeria (Algiers) 10.15 12.39 29.00 50.00 78.00
Morocco (Casablanca) 10.20 17.88 13.00 24.00 75.00
Sudan (Khartoum) 5.77 23.23 76.00 30.00 68.00

European Union-28 (4.00)*** 15.37 36.88 * 30.00 58

World 7.33 158* 31.83 28.00 65 *

Appendix B (Country-Level Indicators and their Associated Hyperlinks)

CO; emissions Traffic Fuel Travel Economic Renewable Employees in the
from transport Fatalities Consumption Expenditures Value Energy transportation
25.00 32.30 46.00 15.40 6.40 0.00 5.55
20.60 27.30 49.70 11.20 10.30 0.00 5.00
17.60 6.70 26.90 15.30 11.50 2.00 8.00
24.90 21.50 23.80 10.60 10.00 0.00 9.00
25.90 35.90 32.60 11.90 640 | e |
22.50 10.10 29.60 6.10 9.10 0.00 8.70
26.10 | e 38.30 15.20 12.90 0.00 6.80
.......... 15.40 29.40 11.00 6.30 0.00 1.60
24.40 16.40 54.20 8.00 6.30 | 6.60
29.20 17.60 4740 | 9.00 0.00 9.10
.......... 5.20 18.30 15.20 7.20 0.00 6.50
20.80 13.60 17.20 13.40 5.80 0.00 2.80
18.20 7.30 19.70 13.10 4.50 0.00 6.90

24.00 14.90 33.40 10.20 9.50 0.00 | .
21.00 8:.90 21.30 14.70 12.30 1.20 8.90
34.60 29.40 45.00 4.20 13.40 0.00 9.50
25.30 16.50 29.60 9.30 11.70 0.00 8.60
39.30 21.30 52.60 8.10 3.40 0.00 4.60
19.80 20.90 35.30 12.70 11.00 1.40 6.20
18.70 17.70 37.10 7.10 6.60 0.35 5.10
.......... 26.80 27.30 10.10 0.00
145 5.57 28.90% 13.1% 10.70% 8.40 8%
15 16.70 29.00% 13.5% 8.76% 3.40 2%
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