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ABSTRACT:
As a result of rapid urbanization in many developing countries over the last 20 years, urban
population has concentrated in large cities. This pattern is accompanied by excessively high
urban transport demand creating social costs such as traffic accidents, health costs from
exposure to high levels of air and water pollution, and time lost to long commutes. In order to
find sustainable solutions to these problems, mega cities tend to invest on mega transport
projects. The purpose of this paper is to provide a broad overview of the recent patterns and
trends in urbanization in developing countries towards mega cities and sustainable urban
transport solution; as a case study to focus on mega city �stanbul in Turkey and evaluate the
mega Project Marmaray with a SWOT analysis in terms of achieving sustainable urban
development.
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Introduction
The concentration of the world’s population in urban areas is growing at an enormously rapid
rate creating megacities, currently defined by the United Nations (UN) as cities of over 10
million people. Although there are numerous examples in the developed world, megacities are
primarily a phenomenon of the developing world (Bugliarello,1999). To meet the challenges of
rapid urbanization, transport in mega cities has become a top priority issue in the agenda of
developing countries. The worsening urban transport situation in mega cities urges these
countries improve urban traffic management by investing on environmentally sustainable
inter-city and rural-urban linkages. A popular response to congestion problems of the urban
transport has led governments to invest in large-scale public transport systems such as
underground or overland metro systems.
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The United Nations predicts that more than 80 percent of population growth in the next ten
years will occur in the urban areas of developing countries. Megacities will continue to grow
in size and number, albeit slowly, especially in developing countries (UN,2008). A
characteristic issue of megacities is the difficulty in defining their outer limits and accurately
estimating the population. The number of megacities have reached to 25 -- only five in the
developing world (Brinkhoff,2007).
A major prerequisite for mega cities is sustainable transport: the development of clean, safe,
reliable, and affordable systems for delivering goods and moving people. Sustainable
transport system requires a dynamic balance between the main pillars of sustainable
development, i.e., economic, social and environmental issues. Creating sustainable transport
solutions in mega cities of the developing countries require reducing local and global air
pollutants, mitigating traffic congestion, improving traffic safety, and removing mobility
barriers. These goals may be achieved through a combination of policies that rely on solutions
and implementation strategies that are targeted towards the needs of users and the
achievement of sustainability goals, innovative technologies for vehicles and traffic
management, an integrated approach to transport planning, the projection of general
conditions and business environment which requires new technologies, enforceable standards
and strategic improvements in transport infrastructure.
In this regard, mega cities in China, India, Turkey and similar other developing countries tend
to invest on mega innovative projects to develop sustainable mobility concepts. For example,
in Mumbai of India, the Mumbai Urban Transport Project (MUTP) is designed as a first step
to urgently improve physical infrastructure in rail and road transportation and strengthen
institutional capacity with a cost of around US $ 1 billion. (http://web.worldbank.org). In
Shanghai, China, the project METRASYS (Mega Region Transport Systems for China) aims
to develop and demonstrate solutions for sustainable mobility concepts in the conurbation
Shanghai (Jiading) and Hefei (Transfer city) (http://www.metrasys.de).
Defining Sustainable Urban Transport
Transport has significant economic, social and environmental impacts, and so is an important
factor in sustainability. According to the definition of the European Council of Ministers of
Transport (ECMT, 2004), a sustainable transport system:
• allows the basic access and development needs of individuals, companies and society to be
met safely and in a manner consistent with human and ecosystem health, and promotes
equity within and between successive generations.
• is affordable, operates fairly and efficiently, offers a choice of transport mode and supports a
competitive economy, as well as balanced regional development
• limits emissions and waste within the planet’s ability to absorb them, uses renewable
resources at or below their rates of generation, and uses non-renewable resources at or
below the rates of development of renewable substitutes, while minimizing the impact on
the use of land and the generation of noise.
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Successful urban transport solutions have to address at the same time the 3 pillars, economic
sustainability, social sustainability and environmental sustainability, of sustainable urban
transport. Those policies need to be based on a long-term vision, often exceeding the usual
term of political mandates. These plans should therefore equally address all three pillars of
sustainable urban transport and integrate all relevant urban development policies in an
effective way.
Sprawling mega cities demand require more transport infrastructure, more energy supply and
consume larger amounts of land. This damages the natural environment and increases
greenhouse gas emissions. Among the consequences are climate change, increased air and
noise pollution. As a result, urban sprawl impacts directly on the quality of life of people
living in and around cities . Thus, the urban transport projects in mega cities should; a) Ensure
the accessibility to all categories of inhabitants, commuters, visitors and businesses, b)
Reduce the negative impact of the transport system on the health, safety and security of the
citizens, in particular the most vulnerable ones, c) Reduce air pollution and noise emissions,
greenhouse gas emissions and energy consumption, d) Improve the efficiency and costeffectiveness of the transportation of persons and goods, taking into account the external
costs, e) Contribute to the enhancement of the attractiveness and quality of the urban
environment.
Overview of Urbanization in Turkey and in Mega City �stanbul
In Turkey, urbanization emerged with the initiation of mechanization process in agriculture
in 1950s and gained a new impetus with the liberalization of economic policies by the
implementation of the Market Reform Program in 1980s. While in 1950s, 25 per cent of the
population inhabited in cities, this rate increased to 44 per cent in 1980 and to 65 per cent in
2000 (SPO,2006). During this period, agglomeration in big cities, especially in �stanbul has
been very high. The city is the financial and business hub of the country and also has rich
historical and cultural heritage. However, Istanbul is under constant threat of a major
earthquake. Experts predict that a devastating earthquake could hit the city within two to three
decades which is to be considered in infrastructure projects.
Today , �stanbul is a mega city with over 12 million inhabitants (2007 figure) where
population density exceeds 2,200 inhabitants per km� (2005 figure). The population change
in Istanbul between 1935 and 2000 has been phenomenal as shown in Figure 1. The city’s
population nearly doubled in the 20 years between 1980 and 2000, the fastest growth period
for the population. For the period between 1990 and 2000, the population growth rate of
Istanbul was 29.64 per cent for urban parts and 81 per cent for rural parts of the city. Total
population growth rate was 33.1 per cent for the same period. For the entire Turkey, these
figures are 26.8, 4.2 and 18.3 per cent, respectively (Ezber, et al,2007).
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Figure 1: Population growth of Istanbul
Istanbul is characterized by being the only city in the world built on two continents, Europe
and Asia. The Bosporus, a 30-km strait that connects the Black Sea with the Sea of Marmara,
is considered to be the boundary between Europe and Asia, and the urban Istanbul is located
on both sides of the southern half of the strait connected with two bridges. The first, the
Bosphorus Bridge, is 1074 metres long. The second, Fatih Sultan Mehmet (Bosphorus II)
Bridge, is 1090 metres long, which are not sufficient to meet the increasing travel demand thus,
traffic congestion arises at the entrance of the bridges, especially, at rush hours.
Evaluation of Transport and Infrastructure Systems in Istanbul
Increasing population and disposable income have led to an increase in the transport demand
in daily life. Unfortunately, the demand for transport is met mostly by the increasing use of
cars, has reached to 1.6 million (see Table 1). One-fifth of the economic production of the
country, one-fourth of motor vehicles, and 30% of automobiles are in this city.
Table 1: Major Figures of Istanbul
1980
Population (‘000)
4,700
Automobiles(‘000)
201
Motor Vehicles (‘000)
281
Auto per 1000 inhabitants
43

2006
12,000
1,607
2,290
134

Source: Gerçek,2007

The share of car use dramatically increased from 19.3 per cent to 26.3 per cent in the last ten
years. The share of rail slightly increased from 3.6 per cent to 4.6 per cent (see Table 2).
This rapid rise in personal vehicle ownership and the lack of economic instruments, such as
charged parking and road pricing, has led to enormous congestion especially in the central
part of the city which increases the average commuter travel time in �stanbul.

4

XIII

Retour au
sommaire

Back
to menu

Table 2: Trend of mode split at Istanbul (mode share %)
Transport Mode

1987

1996

2006

Car
Taxi&Dolmus
Company & School bus
Bus
Minibus
Rail
Sea
TOTAL
Source: Gerçek,2007

19.3
10.2
10.4
35.2
19.0
3.8
2.1
100.0

19.3
9.4
11.4
34.1
19.6
3.6
2.6
100.0

26.3
4.8
21.5
24.1
16.7
4.6
2.0
100.0

As a result of these, social and environmental problems have mounted up. In order to tackle
both urban traffic congestion and air pollution, local authorities and the government are
investing in rail transport in urban transportation. The first LRT line was opened in the early
90s, and since then, the city has increasingly found rail to be a solution to the looming traffic
gridlock in this megacity. In addition to existing 125.2 km of rail transit sytem, 382.6 km is
under construction and planned(Gerçek,2007). Of these, the most notable one is the
Marmaray Project.
Mega Transport Project: Marmaray
Marmaray Project is the mega urban transport infrastructure project with a cost of over US $ 3
billion, aiming to connect Europe and Asia with a railway tube tunnel under the Bosphorus
Strait for a design life of 100 years, which is the utmost sustainable solution for the mega city
Istanbul. In fact, this project is also one of the most interesting transport projects of the
world. The Marmaray will connect Europe and Asia with a concrete tunnel under the
Bosphorus, with the concept based on offering an environmentally sustainable solution for
people as symbolized in its logo shown in Figure 2.

Figure 2: Logo of the Marmaray Project
Marmaray Project is perceived as the backbone of Istanbul's transport system aiming to
provide bi-directional, safe, robust, reliable, comfortable, durable, cost-effective and
uninterrupted train transportation of passengers and freight throughout the Istanbul area of
Turkey, on both sides as well as under the Bosphorus Strait.
The Project is splited into 4 contract packages; Engineering and consulting services, the
Bosphorus Crossing Contract BC1, the Commuter Rail Infrastructure and Systems Contract
CR1 and the Rolling Stock Contract CR2.
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Figure 3: The Outlook of Marmaray Project
Source: www.marmaray.com

The Marmaray Project provides a full upgrading of the worn out commuter rail system in
Istanbul, connecting Halkali on the European side with Gebze on the Asian side with an
uninterrupted, modern, high-capacity commuter rail system(see Figure 3). Two existing
railway tracks on both sides of Bosphorus will be fully upgraded to three tracks and
connected to each other through a two track railway tunnel under �stanbul and the Bosphorus.
The line goes underground at Yedikule, continues through the Yenikapi and Sirkeci new
underground stations, passes under the Bosphorus, reaches to the Uskudar new underground
station and emerges at Sogutlucesme. The entire upgraded and newly constructed railway
system will be approximately 76.7 km long of which approximately 13.6 km shall be
underground. The main structures and systems include the immersed tube tunnel, bored
tunnels, cut-andcover tunnels, at-grade structures, three new underground stations (Yenikapı,
Sirkeci ve Üsküdar), 37 surface stations (36 of them new), an operations control centre,
yards, workshops, maintenance facilities, upgrading of existing tracks and a new third track
atgrade, completely new electrical and mechanical systems and procurement of modern
railway vehicles (Lykke and Belkaya,2005;DLH,2008). Within the framework of the project,
it is planned to purchase 440 rolling stock in total, 280 in 2009, 40 in 2010, and 120 in 2011.
The construction works on Tube Tunnels (BC1) started in 2004 and project duration is 56
months. But duration was extended by 540 days until October 2010. The construction works
on Tube Tunnel Section (BC1) are planned to be completed in 2010. Upgrading works on
Sirkeci-Halkali line section started in 2007 and duration is 1447 days. Test Operations on
upgraded existing lines (CR1) are planned to be done in 2011 and commercial operations are
also planned to start in 2011.
After the completion of the Marmaray project, it is foreseen that trains will serve at every 2 10 minutes between Halkali and Gebze and 75.000 passengers will be transported per hour in
both sides. It is estimated that the number of passengers travelling by the rail system will
increase dramatically and Istanbul will have an efficient urban public transport system,
significantly mitigating traffic congestion, air pollution and decreasing the commuter travel
time in the city (Oktem,2006). Travel time will be 4 minutes between two sides of the Strait,
105 minutes between Halkali and Gebze ( see Figure 4) with 44 per cent improvement in total
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Figure 4. Travel times foreseen in the Project

Marmaray Project is an integrated approach towards sustainable mobility and considers the
connection to other rail transit sytem; underground metro at Yenikapı, LRT between AksarayAirport, Eminönü-Zeytinburnu tramway system at Sirkeci,Bakırköy-Avcılar-Beylikdüzü Rail
System at Küçükçekmece, Kadıköy-Kartal Underground Metro at Kadıköy and UskudarUmraniye Tram System at Uskudar. Connacting the whole system to International Airports
of �stanbul;Atatürk Airport in european side,
Sabiha Gökçen Airport in Asian
side(DLH,2008). Istanbul's railway network currently caters for 4.6 per cent of all journeys
in the city. It is aimed that following opening of the new rail link the city will come into line
with other major cities with railway transport, accommodating 28% of all passenger journeys.
The immersed tunnel technique is used in the Marmaray Project to cross the Bosphorus Strait.
The tunnel will be the deepest immersed structure in the world, some 55m below sea level. Its
length is 13.6km long with 9.8 km of bored tunnel, 2.4 km built using cut-and-cover methods
and the remaining 1.4 km as a tube tunnel. This is a section of tunnel being floated into
position in the Project, like in Oresund link in Denmark(http://www.railwaytechnology.com/projects/marmaray).
The Marmaray Project offers many special challenges as:
1. The area of Istanbul will most likely experience a seismic event of up to magnitude 7.5
Reichter Scale during the life-span of the Project.
2. The deep stations and tunnels will have to be constructed in an area where civilization
can be traced more than 7,000 years back in time. Preservation and rescuing of
Historical Heritage is therefore a focal point not to be neglected.
3. The geotechnical conditions of the Bosphorus Strait are of such a nature that the
connection between the Bored Tunnels and the Immersed Tunnels will constitute a
special technical challenge when it comes to seismic concerns.
4. The ultimate capacity of the Commuter Rail system will be not less than 75,000
passengers per hour per direction. This brings in special requirements regarding the
safety of people in the tunnels and deep stations.
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Analysis of the Marmaray Project under sustainable transport principles
Public transport has a vital role to play in ensuring that every city-dweller (whether motorised
or not) has access to work, shops, services and leisure facilities. Public transport costs the
community less than cars, consumes far less road space and energy and is more
environmentally friendly as well as less damaging to the health of city-dwellers. On the other
hand, public transport promotes standardisation and harmonisation, as a powerful tool to
improve the technical and economic efficiency of the public transport systems. In this regard,
in Table, we evaluate the mega public transport Project Marmaray under broad categories of
sustainable transport principles considering strengths, weaknesses, opportunities and threats
(SWOT).
Table 3: Evalution of Marmaray Project
Sustainable
Strengths
Weaknesses
Transport
Principles
Economic
Economic viability
���2
Promotion of
sustainable
transport modes
(rail)
Being affordable
and efficient
Creating wealth
Long-term
Integrated planning
Social
Accessibility to all
Social equity
Improving urban
transport safety
Reducing
congestion
Promoting health
2
3

4

Opportunities Threats

���
���3
���
���
���
���
���

���4

���
���

Its construction is very expensive
Lack of clarity in the commercial operation of the Project
Predicted seismic event of up to magnitude 7.5 during the lifetime of the Project.
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Improving quality
of life
Environmental
Reducing energy
consumption
Mitigating noise
Reducing GHG
emissions
Improving air
quality
Protecting
landscape, heritage,
history
Minimasing the use
of land and
resource
Offering balanced
regional
development

���
���
���
���
���
���
���
���

Adapted from ECMT 2004

The above table clearly shows that almost all three- pillars of sustainable urban transport have
been taken into consideration in the Marmaray Project which are the strengths of the Project
to achieving sustainability. The position of the Immersed Tunnel in the most critical seismic
zone of Turkey constitutes the important threat of the Project.
Construction of high speed rail between �stanbul and Ankara, restructuring and liberalization of
railways in Turkey, tourism development in �stanbul, development of the international airports in
�stanbul are the major opprtunities fort the Project. The major weakness is the high Project cost of
the Project.

Conclusion
This paper has reviewed mega city Istanbul’s urban development, transport and infrastructure
system, and evaluate the mega Project Marmaray with a SWOT analysis in terms of
achieving sustainable urban development. The evaluation shows that the transport system in
�stanbul will be improved by the implementation of the rail-based Mega Project Marmaray
providing a sustainable approach to urban transport development. The Project will improve
urban transport in the future towards economically, environmentally, and socially
sustainable.
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