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Considering the problems dfaffic congestion, energy dependency and air

pollution depending on excessive use of private cdifferent transport
alternatives to ensure sustainable urban tratespom have come into question.
Particularly in some European countries;yisle use, which does not create any

pollution and uses resouscand road space at a minimutmas appeared as a

sustainablealternative for urban transportation and besidesentlybike-sharing

systemshave contributedo this process positively. Bikeharing systems, which

introduce a number of bike stations in ambareas to encourage citizens to take a

bike from one station and then leave it at any otivez further promotes the
usage of bikes for urban transport purposes. The sysésnmumerous examples

today in Europe, Asia, and North and South America. It fe@ently been

launched in some Turkish cities too, while many other cities are planning to

introduce this system.



This research analgs the planning and operating approaches in-sileging
implementations. The worldwide experiences in this new appraacheviewed,

and best practices in the world will be studied with a view to reveal some criteria
for the successful planning and operation of these systemarkey The first

three bikesharing systems, those in Kayseri, Konya and Istanbul will beseskes

The underlying objectives are to provide a better understanding of the current
experience in bikaharing systems in Turkey, to reveal the strengths and
weaknesses of the systems implemented so far, and to provide recommendations

for the planning, imgmentation and operation of future systems.

Keywords: Bike-sharing, cycling, sustainable transport, planning.
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CHAPTER 1

1. INTRODUCTION
Urban mobility is an indispensable need, which can be realized with different
modes suclas private cars, buses, urban rail systems aneématarized modes,
l.e. walking and cycling. In the last century, automobile use has increasingly
dominated urban transport, and many cities have been restructured as a result of
policies and projects thaimed at accommodating the increasing car traffic in
cities. These projects included the construction of new roads or grade separated
junctions, widening of existing roads at the expense of pedestrian sidewalks, and
conversion of urban space, as well abljguspace, into car parks. These projects
created automobileriented urban areas, which brought along the problems of
traffic congestion, energy dependency, air pollution as well as social inequalities

in accessibility.

Automobile appears as an attraetiurban transpornode sincet provides door
to-door transport, and relatively more comfort, privacy and convenience.
addition urban transport policy plans and investments in the past suppgbee
growth of automobile usky trying to providefor more and more road capacities

to meet the increasing car traffic demand. Roadnted urban transport systems

and the rapid expansion of cities due to n®ads and more automobile use
created cadependent urban areas and-dependent lifestyles. However in

recent decades, it has been realized that automobile dependent urban transport
behavior cannot be sustained anymore due to its environmental, economic and
social consequences. The world has been subject to severe environmental
pollution that cause nabnly local deterioration of air quality but also global
climate change; and the transpeector, particularly car usglay an important

role in this trend due to the CO2 emissions created. Extensive usage of the car
also brings economic problems sindefosters petrol dependency and rapid
depletion of resources. Gdependency alsocauses economic losses for
individuals due to accidents, energy costs, taxes, and time costs because of

congestion. Furthermore cdependent urban r@as createinequality in
1



accessibility for those who do not use cars, which includes not only lower income
but also the elderly and children. It is accepted today that all these trends are

unsustainable and therefore the increase in car usage cannot be sustained.

In order to mak urban transport more sustainable, two main solutions are adopted
by policy makers. First, urban transport modes that are alternatives to the car must
be developed. Infrastructure and quality of public transport, walking and cycling
must be improved. Sendly automobile use must be restricted in urban areas,
particularly in city centers, so that its extensive usage is discouraged. Automobile
use can be discouraged in urban areas through capacity redugizohkisg
restrictions taxes, extra charging andatffic calming tools; however, these
applications should be supported with improvements in public transport, walking

and cycling.

While improvement of all these modes of transport is crucial, there has been a
particular increase in projects that develwpprove and encourage bicycle use.
Bikes, which do not create any pollution and use resources and road space at a
minimum, have appeared as a sustainable alternative for urban transportation. In
the years of the production of bicycle, it was consideredgsisa tool to support

sport or entertainment activities. However, the potential of responding to short or
mediumdistance travel demands of people asabnostcostfree transport mode
made bikes an increasingly preferred way of travel for users and/pakers.
Recently, cycling has become one of the main components of urban transport
plans and infrastructures in many cities in which bicycle use has been encouraged
by the construction of different cycling infrastructure such as bicycle roads or
lanes, btycle parks, and public transport integration mechanisms enabling
bicycles to be carried in public transport vehicles.

In the mid20" Century, an innovative program for the use of cycling emerged in
Amsterdam: bikesharing systems, which refers to pulyliprovided and serviced
bicycles in urban area. In this system, bikes can be picked up from any bike
station and returned to any other station positioned in different deragpdnsive
locations in the city. Bikasharing systems enable people to cycle daily

2



mobility and help strengthen the role of cycling in urban transport. The main
components of these systems are bicycles, docking stations (the stations to pick up
and return bicycles), system access and user registration, system status
information sgtems, and maintenance programs. Bikaring systems are
considered today as one of the main components of a sustainable urban transport
strategy mode, and they are seen and operated as a public transport mode. These
systems are used in many cities arouhd world, and the leading examples
include ParisVelib (1800 station with more than 20000 bicycles), MorBE{I

(411 station with 5120 bicycles) and HangziRublic Bicycle(2416 station with

60600 bicycles).

In Turkey, cycling is still commonly cordgred as a soft policy by local
governmentsand thepotential of bicycle use as an urban transport mode has been
systematically underecognized as an urban transport policy. Bicycle is mostly

seen as a leisure time and sport activity. However, thereireceeasing interest in

some cities to build bike lanes and bike roads. In parallel to this trend, bike
sharing systems have also been recently launched in a number of cities. After the
Kaybis Bikeshare system in Kaysemstablishedn 2009, other citis such as
Konya, Kstanbul, Antalya, Kzmir, and Sa
However, there has not yet been a comprehensive analysis about this experience.
There are no studies that show what has been experienced in the planning,
construction and operati of these systems in Turkey, what the mistakes or
correct attitudes of policy makers have been for their-bileing systems, and

how much these systems are advanced compared to the experience- of best
practice cases around the world. Thereftire,aim of this researchis to analyze

and provig a better understanding of the bstgare experience in Turkey,
particularly in the three cities that became pioneers for this system in Turkey:
Konya O0Smart bikeo, Kayseri O0OKaybisd an

In this research, it is intended to analyse asdudis the meaning and importance
of bike-sharing in in urban planning and transport planning. A particular focus is

on the use of these systems as an urban transport mode by providing a new



sustainable and nemotorized alternative for urban travel. Thegrsficant
components of bikeharing planning are integration into urban planning and
transport plans, public transport integration of kskaring, and bike station site
selection, which is related to the latter issue. In addition-$hleging cannot be
considered only as a planning activity; there are also design issues and operational
aspects from a project management perspective. Within this research, both
planning and management aspects of istkaring will be investigated, and at the
end, some prinpies will be recommended for bHgharing in Turkey considering

these two aspects.

The research questions of the studgupported by some stguestions, which
serve fundamentally to achieve and improve the aim of the research, can be stated

as follows:

1 Whatare the strengths, weaknesses and the areas that can be improved for
O0Smart bi keo, 0 K a ysharirng ésystemsid Kody,s bi k e 6
Kayser. and Ks-frannTorkey in thelight &f the éritermal y
determined through the analysis of literat and best practices from the

world?

-- How was theplanning backgroundf these systems shaped in terms of

planning the systemsdecisioamaking, bike station site selection,

planning aim, and bicycle road infrastructure?

-- What is the general conditicof the main components of these systems

in terms of system designincluding aspects such as station shelter,

sufficiency of bicycle numbers, locking mechanisms, noticeability of bike

stations, and adoptind'4jeneration characteristics?

-- How are theoperational issuesf bike-sharing shaped in these cities

considering system continuity, mobile applicaipsmartcard integration,

registration, maintenance of systems, pricing policy, and helmet wearing?



-- Are there anysupportive complementary policiespplied for bike

sharing systems in terms of encouraging policies, the use of systems as a
sustainable nemotorized  transport  mode, and effective

announcement/advertisement of systems?

-- Are there any intentions fduture to develop the systems in tesnof
system extensions, demands from people, and physical improvements of

systems?

1 How do policy makers of these systems evaluate the systems that they
operate: successful, deficient or developing?

1 What can be the indispensable criteqiganning, desigrand operational

principles as policy inputs for future implementations in Turkey?

The research method comprised-depth interviews with policy makers of
selected three case study cities, participant observation while cycling with the
bicycles of bikeshaing systems, collecting written and visual documents about

bikes hari ng i n Konya, Kayseri and Kstanbu

In the following chapter of the study, Chapter 2, unsustainable growth trends in
transport are described; consequences of car dependency are idustnatéwo
integrated solutions for creating more sustainable urban transport systems are
presented: restrictions on automobile use and improvements in public transport,
walking and cycling. The literature review in this chapter particularly focuses on
the increasing importance given by policymakers to the mode of cycling and the
emergence of bikeharing systems. The history, benefits, effects, costs and
challenges, the future, and business models of these systems are presented in
detail. At the end of ik chapter, three successful biearing examples from
three different continents argtudied in terms of general layout of systems,
initiation process, bicycle and station capacity, existence of bicycle road
infrastructure, pricing, public transport igration of systems, and the use of bike
sharing as an urban transport modéese are Velib (Paris/Europe), BIXI

(Montreal/America) and Public Bicycle (Hangzhou/Asia).
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In Chapter 3, the methodology of the study is presented together with the context
of the study, main aim and research questions, case study selection, and the
method of case study analysis. The methodology builds on the analysis of the
literaturereviewand theinvestigation of successfplractice cases presented in the
previous chapter. Badeon the outcomes of these analyses, a list of criteria is
formed to serve as the basis of analysis and assessment for the Turkishabpéke

case studies.

Chapter 4 presents the case studies after a brief description of cycling in general
and bikesharingin Turkey. The three biksharing examples are analyzed

comparatively focusing on five areas, or indicators: planning background, system
design, operational issues, supportive complementary policies and future plans.

The chapter ends with the main fingaof the case study analysis.

Finally, in Chapter 5, the research is concluded with a general summary of the
research, main findings and recommendations for policy makers ckhéng

in Turkey. Ideas are also offered for further studies in this.field



CHAPTER 2

2. UNSUSTAINABLE GROWTH OF URBAN TRANSPORT AND

THE INCREASING [IMPORTANCE OF BIKE -SHARING

SYSTEMS AS AN URBAN TRANSPORT ALTERNATIVE
Various researches exist in the literature showing that the excessive use of
automobile in urban transpoid unsustainable. Automobile dependency, which
has clearly seen and deeply felt impacts on environment, social relations and
economic stability, is considered as an unsustainable behavioral pattern for daily
inner city travels. Within the context of thigsearch, firstly the concept of
sustainability is presented in relation with urban transport; then unsustainable
growth of the transport sector and the problems associated with car dependency
are described. Later on, policies, projects and measures fhingnarban
transport more sustainable will be discussed with a special focus on the increasing
importance of bike systems and biteare projects.

2.1. The Concept of Sustainability
Technological and industrial innovations of the past centuries have madéfdaily
easier and faster; however, at the same time, we started to consume nature, create
various kinds of imbalances in economy, and constitute deficiencies in social
relations. Consequently, if nothing is done to protect the earth and its natural
assetsand to maintain acceptable living conditions for all societies in the world,
the current growth trends cannot be sustained since it severely compromises the

future of the world.

After the beginning of the 21Century, the world was exposed to deal witmgna

new challenges. However, the most significant one has stood as growing
instability of many natural phenomena such as volcanic activity, drought, fire,
flooding, and hurricanes. Climate change is an obvious fact which is proved by
small but continuous aoreases in temperatures across the globe, named global
warming. Much of the population in the world is located in flooeegsitive

areas and more than half of megacities existed in the world are located near to sea
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level or in river flood plains. For eraple, in these urban areas, around 500
million people will live and flooding tendency and the risk of rising sea level may
strongly influence these locations. Besides the trouble of rising sea level, there is
evidence for increasing occurrences of otheastiers, such as fires, storms, crop
failures, new diseases, and threats to biodiversity. Human activities resulted in
some of these disasters directly, however in other cases their causes are not so
obvious(Banister, 2005)

The process of global warming has to be controlled which means that all forms of
carbon emissions should be decreased. The total global emissiong whicis

the basic global warming gas have increased by about 60 percent between the
years of 1971 andd®1 (International Energy Agency, 2001)

In addition to emissions created, since the industrial revolution, people have been
overconsuming the natural resources to further industrial and economic
development. Consumption of tnaal resources brings two main human based
problems that are the depletion of resources for future development and the wastes
of human, including air pollution and other wastes that have deteriorated drinking
water. After the industrial revolution, tecHagical and economic improvements
have resulted in environmental damages, such as, most importantly, greenhouse
effect and akwater pollution (Instiutte for Research and Innovation in
Sustainability, 2011)

The emergence of stainability concept was dated to 1912 UN Conference on

the Human Environment in Stockholm, aiming to have a cleaner environment by
decreasing air and water pollution, and chemical contamination. 113 nations
agreed the principles of this conferencetedaon, a global reaction to
environmental issuesvas firstly revealedNewman & Kenworthy, 1999)in
Brundtland Report the most commonly used definition of sustaieab
development was mentioned &Sustainable developmerg development that
meets the needs of the present without compromising the ability of future

geng ati ons t o me e(UnitediNations, 198 n needso.



The concept of sustainability consists of four main principles retriéosd the
Brundtland Report and those principles shape the significant approaches to global

sustainabilityin general. These are;

1 The elimination of poverty, especially in the Third World, is necessary not
just on human grounds but as an environmentagissu

1 The First World must reduce its consumption of resources and production
of wastes.
Global cooperation on environmental issues is no longer a soft option.

1 Change toward sustainability can occur only with commueuingtyed
approaches thatake local culture seriously(Newman & Kenworthy,
1999)

The perception of sustainable development has tried to be coeatsideringhe

aim of decreasing consumption of resources in general. The most significant point
here is to make desibnsagainst irreversible impacia global scale through a
common policy making pattern of different countries, since it was realized after
industrialization period that the world itself and its future are not the consideratio

of just one or severabu all of the countries or regions in the world.

The sustainability or sustainable development term has appeared from a political
process which has aimed to integrate the strongest necessities of our time in
global scale. The first one is the need for ecoicodevelopment to overcome
poverty. The second one is the need for environmental protection of air, water,
soil, and biodiversity, upon which we all ultimately depend. And, thirdly the need
for social justice and cultural diversity to enable local comtiesito express

their values in solving these issues stands as the final(Tuwmalin, 2012)
Therefore, in summary, the concept of sustainability refers to environmental
protection in global scale along with any kinds of sosiadconomic development

(Figure ).
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Figure 1. Three Pillars of Sustainability

Source: Littp://www. pittstate.edu/office/president/initiatives/sustainability/what
is-sustainability.dagt

The statement of economic development iainty about the growth in the
economy in time and how this kind of an economic development is seen in the
wealth of countries.Social development consists of concerns abthé
distribution of that wealth between individuals in society named social eayuity

over urban space named spatial equity. Thedthomponent of sustainability
relates to theprotection of environment in generdlhat kind of a protection
includes sustaining the current stock of environmental resources and leaving this
stock to othegenerationsvhich has not been quite exploitethe environment

part of sustainable development covers both the global and local environment
within the context of the use of resour@esd production of pollution, and the
subjects about biodiversity, saation, water quality and waste management
(Banister, 2005)

The outlined components of sustainabiligve to be applied to citieshe goal of

sustainability in a city can be stated
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natural resources, reduction of waste production; at the same time, improving the
livability of the city, thus, it can more easily fit within the capacities of global,
regional and local ecosysten{®dlewman & Kenworthy, 1999)The major
objective of sustainable urban development has to ensure that development has to
contain the use of carbon resoureethin the context of sustainability principles.

In addition, all people in society have to reach that development accordhejrto
welfare and wetbeing. When the cities areconsidereddepending onthis
framework,urban transponplays a key role in providinghe efficient operation of

the wealthcreating activities;and in bringing towards social wddeing and
ensuring acceds those activitieslt should be noted that transport is a major and
growing consumer of energy; thereforehas to make a significant amount of
contribution to theenvironmental objective alecreasing its use of carbbased

energy source@Banister, 2005)

2.2. Urban Transport and Sustainability
Each people in the world travel to shop, work or business; each kind of raw
material has to be transferred from land to manufacture or usage, and all products
have to be reached fronrgauction place to the market and from staff to the
consumer. Transport, that is the term that covers those activities, plays a key role
in the fabric of a moderday urbanized nation. The way the people live or work
has varied as a result of advancementifestyle and in transport capabilities;
therefore, what can be stated for the future is that these developments and changes
will continue to occufO'Flaherty, 199a). Thus, the important question is in what
way this continuous process in transportatwill take place and what kind of
strategies will be needed in order to have both a more socially, economically and
environmentally sustainable and livable future in urban areas.
Global warming, greenhouse effect and rising consumption ofrermewable
resources constitutes the main components of environmental problentkeand
transport sector stands as one of the most significantlmatatr of it (Low, 2003)
A policy change ha®ccurredin various locations in the world bgdopting
sustainable and clean transport objectives which take part in many national and
supranational policy documents. The necessity of adoption of a more sustainable
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development which has minimized negative impacts on the environment became a
universaly-acknowledged objectivé B a b-Butcléfds 2009) Policy documents

that have an emphasis on sustainable transport include the Brundtland Report
published in 1987United Nations, 1987he EarthSummit inRio de Janeiro in

1992 (Earth Summit, 1992)and the Kyoto Protocol i1998 (Kyoto Protocol,

1998) The OECD Conference oruStainableTransport in 199OECD, 1996)

and the Habitat | | ameeyeatdlsomade angunkests abautb u |
sustainability focusing on urban development and transport. In addition, the 2001
Habitat document(UNCHS (Habitat), 2001)emphasized the role of urban
transport on sustainable human settletmedevelopment, and this document
highlighted the significance of the transport sector in achieving overall
sustainability objectives. Furthermore, the World Bank Urban Transport Strategy
(World Bank, 2002helped to highlight framework for urban transport planning
which contains the effects of transport urban development, the environment,
and poverty reduction, the significance of frantorizedtransport, mass rapid
transportation, public road passenger transport, asase¢lie methods of demand
management, traffic management and pricikd) Transport White Paper
(European Union, 200 European Union, 20119lso focused othe necessity to
constitute a more balanced transmystem and the need to move towards green
urban transport modes B a b-Butcléfd 2009)

In recent years, significant discussions about the physical development ef trans
European transportation systems and their operation were made, and previously
mentioned legal documen were prepared that focus on present and future
transportation policies. As understood from the document of White Papers, today,
the primary principle is sustainability in existing European Union transportation
policies (Europan Union, 2001) and to promote economic development,
competitivenessand efficiency through green, i.e. environmentaligndly
transport modes and vehicle technolodiEsropean Union, 2011)

In the last 30 years, the migzreferred transport modes in either passenger or
freight transport have been the modes that created most of the harmful

environmental impacts. Since 1970, the most commonly used transport mode in
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passenger traffic has become the automobile; and mosafét tincrease was

observed firstly in private automobile, and secondly in air passenger transport in
those years. In addition, road transport, which has also been the most preferred
mode in freight transport, has become the most crowded transport mede du

traffic. Those mentioned transportation types are the most polluting ones, and
according to a research applied by European Union in 1998, 28% poQ&0O

emissions which causes greenhouse effect are derived from the traffic in transport
sector (European Union, 2001)Transportalso represents between -256% of

aggregate energy consumption which metrat it stands as a major global
consumer of energ@World Energy Council, 2007 Considering theontribution

of transport to the future of sustainable development in cities, it can be easily
stated that there is an evident need to have the integration of sustainability and
transport sector to examine the ways of decreasing negative effects pdytmula

nature.

Sustainable urban transport includes cycling, walking, public transport, renewable
energy and fueéfficient vehicle technologies. Ensuring sustainable transportation

for the communities has positive impacts on the three components of
sustanability, i.e. environment, society and econor(fychafer, 1998) The

conceptof sustainable transportation catso bedescr i bed as Atr a
services that reflect the full social and environmental costs of their pnoyvikiat

respect carrying capacity; and that balance the needs for mobility and safety with
the needs for access, envir onm@ardara | gua
& Thomas, 1997)As another definitionfisustainableirban transportatiogystem

l' i mits emissions and waste to within ¢t
renewable energy sources, recycles its components, and minimizes the use of
land; provides equitable access for people and their goods and heipgeazh

healthy and desirable quality of life in each generation; and is financially
affordabl e, operates at maxi mum effici
(Duncan & Hartman, 1996)

The concept of sustainability refersttee explanation of the necessity for a long

term perspectivén order to achieve the reduction for demand on environmental
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resourcesin general; it also explamthe need to make essential changes to
achieve the goals thare socialy and economically befieial (Newman &
Kenworthy, 2000) Organization for Economic CGoperation and Development
(OECD) held a conference in 1996 to state the concerns about governments
regarding transport as a sector which creates significabtgons for sustainable
developmentAccording to that conference, motorized transgwas vital and
commonly accepted environmental and health impabish are global warming

and depletion of ozone layer, spread of toxic organic and inorganic substances,
depletion of oil and other natural resources, and damage to landscape and soil.
This statement mentioned that there were over 800 million motorized vehicles in
the world, and this number has been continuing to increase at higher rates than
human population(OECD, 1996) As a result, n the currentsustainability
discussions particularly aboutbantransportthe main problenms about what we
desire tosustain; more accuratelyhat we desir@ot to sustain anymore.

2.3. Unsustainabke Growth of Urban Transport: Automobile
Dependence
If sustainability is tried to be applied to cities, the forces shape them have to
be examined; therefor@ this framework, it will be easy to suggest global and
local solutions for the current prigins (Kostof, 1991) Dominant forces shaping

the cities can beonsidereds:

1 Economic priorities
7 Cultural priorities

1 Transportation prioritieNewman & Kenworthy, 1999)

Firstly, in order to esiblish any kind of infrastructurd particularly for
transportation that shapes the city, commitment of economic resources is
required. Previous experiences reveal that sprawled and car dependent urban form
in some cities were not embraced, and a more aomjess car oriented urban
forms started to be supported. This was basically because of an economic priority
rather than roathased infrastructure on®&ewman & Kenworthy, 1999)n the

nineteenth century and into the tviieth century Westerncity had two distinct
14



types of urban structure: the first one was traditional -digihsity cities, and the
other one wasow density newfrontier ones The reason for this differenceas

the way these two types of cities used thapital. The high densitgitiesdid not

use their capital accumulation for urban infrastructure in contrast with low density
onesin which higher proportion of wealth is used for suburban infrastruetode
housing(Frost, 1991)This showghe impact of economies on the development of
urban structureSecondly, cultural priorities affect the shape of citigse history,
tradition and culture of a city may have influence on urban development; for
example, United Stateends tobe forming edge cities away from the inner cities.
In addition, in the new global citieshere has been a necessity for faEéace
interaction; therefore, industries in central inner city afessbeen shifted away
(Newman & Kenworthy, 1999)

2.3.1. How the Automobile was Insertedto Our L ivesand ShapedUrban
Structure

The third and accurately the most important elentbat shapesthe urban
structureis the transportation choicef public andpolicy makers for the future of
a city. Urban macro form is determined through planning by considering the
future potentials, tradition, economic capability and future objectives. At this
point, transportation toolstep in the process aail systems, road investments,
cycling opporturties and walking alternativesThat kinds of tools mainly
deteminethe future development of urban development, dekending on these
tools according to the classification of Newman and Kenwo(#899) in their
bok of ASustainability and Citi etses Over
can begroupedinto three main groups: the walking city, the transit city, and

finally the automobile city.

The initial cities were settled in the Middle East between 10000 or yéai

ago, and the urban structures of those cities were developed in time according to
walking pattern of society. Although central parts of American and Australian
cities had an urban structure of Walking City, this feature was lost in time. In

recent ars, just some historical urban areas have kept this kind of a structure like
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Society Hill in Philadelphia, the North End in Boston and the Rocks in Sydney.
According to Figure 2the traditional Walking City includes high density (100

200 people per hemte); mixed land use, narrow streets which have organic form
appropriate with existing landscape, and half an hour reaching distance on foot
between destinatior(®dlewman & Kenworthy, 1999)

—  routes Traditional Walking City
=== ralway rack + High density

* Mixed use
+ Organic

parks
citytowns
tram suburbs

a3 transit
"pedestrian pockets”

high density

middie suburd (gnd based

post 60's residential cul de sacs

SN T

& ex-uban or specal naal

industrial uses

Figure 2. Traditional Walking City
Source(Newman & Kenworthy, 1999)
After the 1960s, population and industry made the old Walking Cities begin to

collapse in Europe and the New World. As a result of this, a new urban form
devebped and the cities which had this kind of form owned the capacity to
accommodate many more people at lower densities while maintaining the half
hour average accessibility distance. This condition was fulfilled by new transit
technologies; for example, themin and tram (initially horsdrawn, then steam,

then electric) changed the macro form of the cities which were oriented towards
outward and enabled faster travel for passengers, and finally, the Transit City was

created as seen on Figur@\&2wman & Kenworthy, 1999)
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Transit City e

Figure 3. Transit City
Source(Newman & Kenworthy, 1999)

Trains and trams constitute different kinds of impacts on the development of
cities. Forthe Transit City, the trains usually created -sebters at railway
stations. These sutenters were small cities with walking scale pattern.
Nevertheless, trams created linear urban development on main corridors or streets.
These two cases formed mixedeusnd medium density urban areas along tram
lines and rail station nodes. The overall density of this kind of urban form was
between 50 and 100 people per hectare. Today, a significant and powerful
movement in planning named transitented development (D) tries to
reemphasize the importance of an urban development which is based on transit
passenger travel. When the current European cities are considered, it is seen that
the pattern of the Transit City that has transit oriented form and tram systems are
retained in most examples although in recent decades, they have started to sprawl
around their main corridors becoming increasingly dependent on automobile

transportatiofNewman & Kenworthy, 1999)

The automobile, suppodeby bus, has become the transportation mode which
formed the urban physical structure after the beginning of the years of Second
World War. By this technology, it was possible for the city to develop in any
direction. Initially, urban development occurrieédtween train lines, and then the

cities started to develop fifty kilometers away from the central core for the
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average hathour journey.The Automobile City appeared (Figure 4). In Auto
Cities, as a reaction to the industrial city, urban planners st&oteskparate
residential and business centers by zoning and they used low density housing
pattern in those residential areas. Therefore, journey distances were increased,
reinforced further by decentralization and urban sprawl. In addition, the density of
the Auto City decreased to approximately ten or twenty people per hectare. The
recently experienced Auto City concept means the availability of automobile, and
this made developers provide not more than basic power and water services which
means that peoplcould make the transportation connections themselves. After
this kind of a process, the phenomenon of automobile dependence as a
transportation issue, which appeared not as a choice but a necessity in Auto City,
has become a significant characteristicuoban life (Newman & Kenworthy,

1999)
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Figure 4. Automobile Dependent City
Source(Newman & Kenworthy, 1999)

According to a study carried out by Newman and Kentlay (1989) three cities

New York, San Francisco and Melbourngere taken as examples in order to
examinethe change in gasoline use and urban density starting from core suburbs
towards outer suburlzs shown in Talel L Gasolineuse per person increases

the contrary, urban density decreases in three cities when the distance increases

from core suburbs towards outer suburbs; in other words, from walking oriented
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urban structure to automobile orientede (Newman & Kenworthy, 1989)This

means that behavior of private car use is more common in the places that are far
away from city center in which the density decreases. Therefore, it can be
concluded that automobile use has becomeinawitable necessity or, more
accurately an obligation, in the sprawled parts of cities and this causes negative

infrastructural and environmental costs to the cities.

Table 1. Variations in Car Use with Urban Density across Cities1980

Inner and Middle Outer Suburbs
Core Suburbs )
_ _ Suburbs (Automobile-
(Walking -oriented) . .
(Transit-oriented) oriented)
Urban
Urban Urban
Gasoline ) Gasoline ) Gasdine density
density density
CITIES use (per use (per use (per | (persons
(persons per (persons per
person) person) person) per
hectare) hectare)
hectare)
New York 119 251 20.1 107 59.6 13
San
; 17.5 128 33.3 57 58.4 8
Francisco
Melbourne 13.2 32 20.3 20 26.9 10

Source(Newman & Kenworthy, 1989)

In a car oriented ty, people living in suburbs have no other choice that the
automobile to determine their life style and travel behavior. New suburbs far away
many kilometers from the city center, experience a kind of isolation from
traditional urban functions and, depend the car for every urban need and
activity. Hence urban and transport problems in car oriented or dependent cities

are growing rapidlyNewman & Kenworthy, 1999)

When the effects of car dependence are considered in arbas in terms of
sustainability concerns for the future of environment, society and economy, it is
obvious that an automobile based urban pattern cannot be sustained. The
following section highlights why car based urban systems are considered

unsustaindie.
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2.3.2. Why Car Dependency idUnsustainable?
In the late 1960s, both public and policy makers tended to reconstruct central
urban areas in order to create more space for traffic such as roads and parking
spaces. In the early 1970s, many Western countriezedalhe negative urban
and health impacts associated with the excessive use of automobile, and prepared
regulations to reduce emissions of pollutants per vehicle kilometer for cars and
other kinds of road vehicles together with considering noise emissfoiiem
(Wee, 2007)

The use of automobiles hagynificantly increased during the last few decades.
Between the years of 1970 and 1990, the number of passenger kilometers by
private car per capita experienced an abrupt rys@0opercent inWesternEurope

and 13 percent in therited States(Jakobsson, 2004Road traffic that depends

on motorized vehicles is a fundamental contributor to particularly environmental
problems at a global scale. Steagtpwth of motorized traffic threats the quality

of life in urban areas, and private car use is an important source of these problems.
In this instancereducing negative effects per vehicle through new technologies
cannot make a significant impact to cdetply control thesgroblems;instead

changes in volumes of car traffic are neces§agCD, 1996)

According to Newman and Kenworti{(000) the problems of car dependence

can be classifd into three headings of sustainabilifyable 2)

Table 2. The Problems of Car Dependence

ENVIRONMENTAL ECONOMIC SOCIAL

1 External costs
M Loss of street

1 Oil vulnerability from accidents i
ife
and pollutions
) 1 Congesion costs,
1 Photochemical ] 1 Loss of
despite endless _
smog o community
road building
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Table 2 (continued)

1 High
1 Toxic emissions infrastructure _
_ 1 Loss of public
such as lead and costs in new
' safety
benzene sprawling
suburbs
_ 1 Loss of o
1 High greenhouse _ 1 Isolation in
o productive rural
gas contributions remote suburbs
land
1 Access
problems for car
1 Loss of urban
1 Urban sprawl for car less and
land _
those with
disabilities

1 Greater storm
water problems
from extra hard

surfaces

9 Traffic problems
such as noise ang

severance

Source(Newman & Kenworthy, 2000)

It can be seen in the table that problems of car dependence cover a wide range of
issues, varying from economic efficiency, environmental responsibility, social
equity, and human livability. The effects of tamobile dependence on the
efficiency of economyirstly, start with infrastructure costs. A significant amount

of costs for new urban infrastructure emerges, because older infrastructure in the
city is underutilized. In fact it is obvious that, as losgtlae urban development is

low density and sprawled rather than transit oriented, monetary sources will still

be wasted. Then, transportation costs come for the issue of economic efficiency. It
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IS important to mention that the total costs of an automdiaiteed urban
transportation system exceed transit system costs by 30% to 40%. Moreover, this
system could become completely automob#esed with a little focus on public
transport; therefore, the land use structure has to be on the basis of more
concentradd and nosmotorized movements including public transport. In
addition, time costs of an automobile based urban transport system also exist as a
constraint. Urban traffic mostly creates congestion, and cities have been oriented
their way out towards it. Tdrefore, people lose most of their time for travelling
from one destination in a city to another, and it has to be reconsidered that the
solution for the problem of time loss necessitates land use changes in order to
reduce the need to travel. The lastljpeon of economic efficiency on the basis of
automobile dependence is land waste which refers to the use of urban land for car
parking and new road construction. The loss of available productive land for
excessive parking and road space is not only theecoraf economic constraints,

but social as well as environmental ongscondlythe constraint ofocial equity

on automobile dependent cities stands initially together with inequalities in being
carless. In any city, a significant part of population maindrive, because of
being too young, too poor, too old, or just disabled and being thus disadvantaged.
Then, the issue of inequalities in location comes. The people living in middle,
outer and fringe suburbs created in the era of the car are accessuliagdd
because of lack of transit, which is often the case irdependent cities. This

kind of a disadvantage has two key characteristics: primarily, the policy makers
focus on transportation rather than land use policy approach which reduce the
need or car travel; and secondary, they give priority to private cars over public
transport and nemotorized modes. Furthermore, there are constraints of
automobile dependence dmuman livability Initially, the issue of loss of
community constitutes one ofdlsignificant automobileelated constraints. The
interactions between neighborhoods and communities are decreased, because
together with the domination of automobile on urban transport, pedestrian or
transit system travelswhich cause accidental or cakuateraction between

peoplelessened. Therefore, it is evident that walking, cycling and public transport
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play crucial role in considering the quality, and more interaction of human
oriented aspects of access and transportation. Moreover, loss of utdliy vi
stands as another part of constraints. The vitality and culture of the city is
decreased when urban spaces are dominated by automobiles instead of people.
The main problem here is structuring our cities according to car use and an

emphasis on privatrather than public spa@@ewman & Kenworthy, 1999)

One of the most important constraints on automobile dependent cities is about
environmental responsibility Newman and Kenworthy(1999) mentioned

environmental effects of automobile dominance in cities as follows:

1 Oil vulnerability: The main resource of modern cities and civilization is oil
which constitutesalmost the most concentrated of our energy forms, most
easily extracted, procesd and traqmorted of all our fossil fuels, arttie
people have become highly dependent on it because of urban transport
needs. Thus, there will be increasing vulnerability to oil shocks in future.

1 Greenhouse gasesttempts for reducing CoOwill orient policy makers to
turn to transportation for changes, becaitise the most rapidly growing
user of fossil fuelsAfter the increase in greenhouse gases for many years,
the waste products of industries, that have vital effects on climate change,
now have tdegin to decrease. Therefore, it will be impossible to achieve
this goal if we would not change the focus of planningeiouild Auto
cities.

1 Smog The cleaning quality of air is fundamental for the Healt cities,
however automobikased urban struates bring a kind of envionment
that regularly exceedmog limits. Smog pollution can be dealt with a
combination of incremental approaches like technological developments
for cars and their engines, and improvements in traffic systems. On the
other handif the efforts are not focused towards reducing annual growth
in car travel, other approaches cannot be effective by themselves.

1 Sprawl impactsThe cities experiencing urban sprawl towards fringe have

high amount of asphalt or road infrastructudte the movements of
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automobiles (about eight parking spacesqagrin the USand more roads
per capita), therefore more stormwater pollution exists.

1 Traffic impacts: The noise and visual pollution, loss of community
perception, road accidents (globally 250 @@aths per year), and parking
problems are created with excessive traffic impacts depending on
automobile dependence. Reduction of these kinds of impacts can be
possible with only the changes in urban systems, such as provision of less
car dependent hous) and employment regulations, traffic calming tools,
building up new public transport networks, and giving priority to-non
motorized modes in urban transport such as walking and cydegman
& Kenworthy, 1999)

Primarily, local air pollution stands as one of the most significant environmental
effects of traffic. The emissions coming from road vehicles create significant
levels of concentrations of pollutants which cause negative health effects, smell
disturbances, dirt oanything located near to the roads. Climate change is a very
important issue that is constituted basically as a result of combustion of fossil
fuels causing C@®emissions. Another problem is the effects of acidification on
nature, agriculture and landsea@hen, most importantly, air pollution comes as

a final result affecting the ozone formatiivee, 2007)

Urban transport is also highly related with injuries and deaths as a result of
accidents and this probably have thestdramatic unfavorable influences on
both objective and experienced quality of life of survivors, their families and
friends. Besides, it can be extensively considetett serious accidenthave
irreversible impacts on victims due dounk or carelesslriver who fatally injures
someone els€Gifford, 2007) Motor vehicle accidents constitu#&% of total
accidental deathm the United States; inddition, approximately about 4H)0
people have been died every year in the38syeardor that reasoriBest, 2005)

In Table 3, statistical data can be seen including population, number of people
with driver license, total motor vehicle accidents, deaths and injuries between

20022011 for Turkey. Whenhe number of people with driving license is
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considered almost in parallel with the number of motor vehicles in traffic, it can
be obviously seen from the table that the number of total motor vehicle aceidents
constituted much of them from car involvementaised almost threefold in
number between the years of 2002 and 2011. In those accidents, important
numbers of them involved death or personal injury which increased also in
parallel with the number of driver in traffic and total accidents. In addialomost

each year, an approximate average number of 4300 people were killed, and more
people also injured. In this case, it is evident that motorized traffic has a direct
effect on not only human health, but its existence, and if the increase in the use of
motorized vehiclesespecially private carsontinues, the condition will be very

dramatic as expected.

Table 3. Number of driver license persons killed, persons injured, motor
vehicles and population between 2002011 in Turkey

Number Accidents
Total ) .
. of People involving Number  Number
Population ) Motor
YEARS with ] death and of people of people
(Thousand) . Vehicle ) .
Driving ) personal killed injured
) Accidents o
License injury
2002 69 626 14994960 439 777 65 748 4093 116 412
2003 70 231 15,488493 455 637 67 031 3946 118 214
2004 71794 16,151,623 537 352 77 008 4 427 136 437
2005 72 065 16,958895 620 789 87 273 4 505 154 086
2006 72 974 17,586179 728 755 96 128 4 633 169 080
2007 70 586 18422958 825561 106 994 5007 189 057
2008 71517 19,377790 950 120 104 212 4 236 184 468
2009 72 561 20,460739 1053346 111121 4324 201 380
2010 73723 21,548381 1106201 116 804 4 045 211 496
2011 74724 22,798282 1228928 131845 3835 238 074

Source(Turkish Statistical Institute, 2012)

Thus, the seriousness of the circumstance has to be stated that on the one hand, a
car based urban transport system damages particularly the environment, climate,
and nature; and on the other hand, it affects huneattthand quality of life in
general. It is evident that car use has unfavorable results on three phases of
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sustainability: on economy, society, and especially environmental quality;
therefore, the answer of the question about what we undoubtedly shduld no
sustain anymore for urban transport appears more clearly. In shortbasear

urban travel pattern cannot be sustained, and some kinds of sustainable solutions
have to be considered in policy making.

2.4. Sustainable Solutions for Car Dependency
In order topreserve a lifestyle that includes various activities at different places in
urban areas, travel has to be convenient, fast, and affordable. Many kinds of
investments in road infrastructure, improvements in automobile technology, and
increasing affordahbtly to purchase automobiles resulted in a situation where most
modes of travel cannot compete with private car for urban transport. Actually,
instrumental motives constitute primary motives for buying and using private
cars, and in addition to these instrental reasons, the reasons people prefer to
use their car even for short distancelespite the suitability of cycling and
walking- are convenience and the advantage on time pregslaekett, 2003)
Besides, private car use ésnsidered as fast, comfortable, prestigious, flexible,
facility for free choice of routeand possible to carry heavy carddakobsson,
2004) All these contents constitute the causes about why people prefer car use
instead 6 public transport or nomotorized modes such as walking and cycling.
Since the consideration of using the car as an only unique and appropriate urban
transport mode seem quite reasonable to drivers; in fact, a kind of a dependency is
formed unconsciously Therefore, it should be realized that some kinds of
precautions have to be taken and new sustainable approaches must be adopted
including much more use of public transport and-matorized modes against the
negative aspects of car dependent urban toahspstems. In current decades, this
is evident in the concepts of New Urbanism, Smart growth, and Transit Oriented
Development (TOD). Besides, most importantly, sustainable solutions to
automobile dependence can be derived under two headings: prinmapigying
the alternatives to the automobile, and then implementing restrictions in the use of
automobile, thus presenting incentives for using alternative modes and
disincentives for using the automobile.
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A discussion came into agenda about the approdaoha&banism which has been
evolving in North America for over a century, named New Urbanism. This
approach has been considered as an urban reform movement which was highly
popular in the 1990€Talen, 2005)Yan and Gerrit (203) mentioned that a group

of architects found the Congress for the New Urbanism in 1993 and dedicated this
meeting to creating buildings, neighborhoods, and regions that provide a high
quality of life for all residents, while protectirte natural envinoment(Yan &

Gerrit, 2003) New Urbanismcan be considered as the most significant planning
movement in this century which mainly focuses on creating a better future for us
all. It aims to reform the design of the built envinment, and to increase quality

of life by establishing better places to live
(http://www.newurbanism.org/newurbanism.htmiThus, a brief explanation
about the principles of New Urbanism can be stateth@ading high density,
mixed use neighborhoodstraegically placed open spacespnvenient public
transit, bicycle paths and pedestriaendly streets; and well-designed

architecture to establish social connecfigan & Gerrit, 2003)

According to the Charter of New Urbamig1996),the mainprinciplesof New
Urbanism movement about transpahd mobility in urban areagan be

summarized afllows:

1 Most of the activities have to be located within walking distance which
allows independencéor the people who cannot drive, rgaularly the
elderly and the young.

1 Transportation alternativeshould constitute a framework thallow the
support of a physical organization including maximization of access
together with transit, pedestrian, and bicycle systems. Therefore, mobility
through region increases and automobile dependence is reduced.

1 Neighborhoods have to be compact and mixed use, and pedestrian
friendly. In addition, some corridors between neighborhoods and districts

form connections through boulevards, rail lines, riveis parkways.
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1 Appropriately planned and coordinated transit corridors can make
metropolitan structure organized and urban cenmersalized. However,
highway corridors should not displace investment from existing centers.

1 Convenient building densities @dand useshave to be within walking
distance of transit stops which constitutes public transit to become an
effective alternative to automobile.

1 The automobilemust beapplied in the development of contemporary
metropolis;however it should not lose thespect to the pedestrian ahe
form of public space.

1 Streets and squares shoutdeate environments which seem safe,
comfortable, and interesting the pedestrian. If they are welésigned,
they encourage people to walk, amhble neighbors to commuoate and

protect their communitie@Congress for the New Urbanism, 1996)

In addition to the contribution of New Urbanism movement for the sustainability
of urban transport, another concept stands as Smart Gnehith aims to

organize the urban growth in a sustainable manner.

Smart Growth concept exists under the umbrella term of sustainability, and
together with local, regional, state and federal plans, it aims to achieve compact,
nonsprawl, transit corridor or new town déeement patterns. It also necessitates
sufficient public facilities in the areas that urban development o¢Euedich &
Popowitz, 201Q) The policies of Smart Growth aim to achieve the goal of
reducing per capita impervioland which is covered by any kind of urban land
use such as buildings, roads or parking facilities, minimizing vehicle ownership
together with vehicle travel, and increasing the use of alternative urban transport
modes compared with sprawled, automochbigpendent, and more dispersed urban
macroform. In short, Smart Growth can be considered as an alternative to
dispersed, automobile dependent development in outer parts of urban areas that

are usually referred to as urban spréwtman, 2012)

According to the report prepared by International Economic Development

Council in Washington (2006), the principles of Smart Growth can be listed as:
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M Mix land uses

Use land efficiently

=

Create a range of safe, convenient, and affordable frgpugiportunities
and choices

Create walkable neighborhoods

Foster distinctive, attractive communities with a strong sense of place
Preserve natural lands, farmland, and critical environmental areas
Strengthen and direct development toward existing comragnit
Provide a variety of transportation choices

Make development decisions predictable fair, and-efisttive

=4 =2 A 4 4 45 -2

Encourage community and stakeholder collaboration in development

decisiongInternational Economic Development Coun2D06)

When it is thought from the perspective of urban transport, Smart Growth
provides walkable communities, different transportation alternatives, contributes
access to many ddrent origins and destinations, includes a quality pedestrian
environmet, and useful public transport servic®¥ithin the context of a Smart

Growth transportation systesix items are included:

Multiple routes between points
Short building blocks and frequent chances to cross streets on foot
Direct and safe travel routesowided by sidewalks and bicycle facilities

Different kinds of street types providing access and mobility

= =4 A A4 -

Access management which mednat, for instance, there should be a link
between highways and towns; howevdrey should not bypass these
towns

1 Denseand frequent public transport servi@gag-Olson, Ecola, & Santore,
2003)

As easily seen in all these principles, the common conclusion can be drawn that
automobile use should not be suppori@ad its alternatives have to imeproved

in order to achieve the future sustainability of our citieghis case, urban public
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transport constitutes significant choice for urban travel supported by the concept
of Transit Oriented Development (TOD).

The problems in urban transport tains traffic congestion, accidents, inequitable
access to transport and services, changing prices, unreliable public transport, noise
and air pollution created by emissions from automobiles and their negative
impacts on human health, decreasing use timgand cycling, and dominance

of car use in urban traffic for even short distances. The Transit Oriented
Development concept contains moderate and high density housing near to the
important retail, services, and public uses that focus on rugedurban
development on strategic points along the rail system. The main emphasis of TOD
is directed to a pedestrian oriented environment and strengthening the use of
public transport, and this kind @ftegrationbetween land use and transit results

in an urban dvelopment pattern which increases the use of public transport
systems, and provides reduction in urban sprawl, traffic congestion and air
pollution. In addition, pedestrian friendly mixed use development structure
connected to transit enables urban growihimizing environmental and social

costs(Calthorpe Associates, 1992)

Calthorpe (1993) presented the urban design principles associated with Transit

Oriented Development in his book as:

1 A compact and transit supportive dey@inent urban growth on regional
level,

1 Location of housing, jobs, commercial activities, parks and civic uses
within walking distance of transit stops,

1 Formation of street networks that are pedestrian friendly and directly
connected to local destinations,

1 Provision of a mix of housing types, densities, and costs,
Protection of environmental quality and high quality open spaces,
Making public spaces the focus of building orientation and neighborhood

activity
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1 Encouragement of infill and redevelopment aloransit corridorsn the

existing neighborhood&althrope, 1993)

As expected, a variety of solutions to the problem of automobile dependence can
be mentioned as restrictions for using cars, and improving public transport
services and biking and walking conditions. This requires a careful management
of the urban transport systein. the 1988, concepts of congestion management
and travel demand management were tried to be discussed referring to problems
in cities, inter-city corridors, and activity centers that produce urban traffic
(O'Flaherty, 199@). These management measures can help to accomplish one or

more of the following targets:

Reduce the need to make a trip
Reduce the length of a trip

Promote nofmotorized transport
Pramote public transport

Promote car pooling

Shift peak hour travel

Shift travel from congested locations
Reduce traffic delay€OECD, 1994)

=4 =4 =4 4 A4 -4 A -2

There is a necessity to improve the alternatives to the automobile and at the same
time better manage the extensive usage of automobiles in urban areas. Today
contemporary transport policies for a more sustainable urban transport system can
be categorized under two headings: restrictions on automobile use and improving

the alternatives to autwobile.

2.4.1. Restrictionson Automobile Use
At the beginning of the 2bCentury, automobile was only available for the
accessibility of a small minority group of people, but today, even in countries like
Turkey, it has become widespread for the middle dlassme group of societies.
The reason of this rapid advancement is that when automobile is compared to

public transport, which has relatively lower speed, longer journey durations, and
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sometimes problems of reliability and punctuality, it seems supermrnaore
convenient. Automobile enables people to reach from one place to another
without waiting, with comfortable sitting, privacy and door to door transportation
(Elker, 1979) However, automobilés a commonly used urbamhsport vehicle

in the city today, and despite its advantages, it shoubdt be ignoredthat
automobile is an urban transport mode which has the most negative effects on
public transitamong all urban transport mod@dker, 2012) Besides the negative
effects on public transit, it has also environmental, economical, and social
drawbacks; therefore, first and foremost, the use of automobile should be
restricted and decreased as much as pos3ibéepossible policies to a@we this

target can be listed as follows.

1 Vehicle ownership taxes:These taxes on car purchase can be considered
as the most obvious direct charge on private car. Increasing the proportion
of fixed car useosts may have effect on decreasing car use oeihip
(May, 1997) The aim of this kind of taxes is to make people feel that they
cannot afford to buy a car; however, high income people will always
continue to buya new car, andhigh income people are not be affected
from this increase. The real impact could be on middle class of society,
therefore the efficiency of this policy about decreasing car use and
ownership stands as a debatable issue.

1 Fuel taxes: These taxes can contribute to the effdas decreasingcar
use,paticularly in longer term, people start to choasere fuel efficient
vehiclesin order to deal with these taxesherefore, this provides the
condition for fuel savings and also, efficiency for environmental
sustainability strategies. ©the other handt would not have too oth
impact on congestion or traffic safety. As in vehicle ohi taxes, fuel
taxes affects mainly the ass@éility of low income people who could not
afford the increase in these taXbtay, 1997)

1 Parking measures:Time, fee traveltime and cost are all important for
parking; therefore, it is possible to affect the demand for car use positively

or negatively by facilitating or bringing additional burden to the parking
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action at arrival points. Freewy or decreasing the supply of parking space
particularlyin city centerds an effective precautiaimat makes car use for
travelling city centers less attractivén addition another policy for
decreasing automobile trave city center is charging mein CBD for
parking compared to peripheral locatign&€ | ker , 2012; . Kéel én -
Congestion charging:That kind of chargingould decrease car use in the
charged areaand contributeshe decrease in envirorental impacts and
accidents.Several types of congestion charging methods exist, and the
most significant one stands as charging to cross screenlines or cordons,
using paper licenses, toll gates, or totally automated electronic charging.
Other types werapplied as charging in a defined area according to how
much time is taken, travel distance, and time spent in congestion (as in
Cambridge) With this type of charging, urban traffic diverts to boundary
routesand other modes of transpadmarticularly buss- are used much
more.As a result, congestion charging can achieve significant efficiency,
environmental and safety advantages together with increasing
accessibility. However, there is also a risk of being congested for
alternative modes, and this probleran be solved together with careful
design(May, 1997)
Traffic calming measures:This method mainly aims to reduce the speeds
of motor vehicles in built up areas including the promotion of pedestrian,
public and bicycle trammort. The main objectives of traffic calming can be
listed as:
U Decreasing the higher speeds of vehicles in urbandraffi
U Making regulations on road conditis encouraging people to drive
calmly and more carefully
U Displacemenextracar and commercial vehetraffic from the roads
and streegt which are calmed
U Advancements oamenity andmprovements for the environment

U Decreasing accahts in traffic and severifO'Flaherty 199%).

Newman ad Kenworthy (999 also added these objectives as:
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U Decreasing loal air and noise pollution and vehicle fuel
consumption

U Advancement ofirban street enkonment for norcar users

U Reducing the dominance of private cars on roads by providing
more living spaces instead of rog8leewman & Kenwaothy, 1999)

Methods of traffic calmingconsist of many kinds of techniques as
exemplified below:

U street planting on the road and greening environment

U extensions on sidewalks and supply of cycle ways on the roads

U narrowing driving lanes

U establishmenbf light rail occupyingalmost half of the existing
road space

U provision of angle parkingllowing the separation of widened
pedestrian facility and cycle ways from traffic

U using Woonerf style service and access roads

U pedestrianization aftreets and sques

U decreasing the width of roads at the pedestrian crossing points by
using changes in street surface

U speed bumps or geaus in order to limit the spe of vehicls
especiallynear pedestrian crossing poifidewman & Kenwathy,
1999)

7 Car-pooling: This concept is about putting single car driviert® fewer
vehicles, therefore it is expected that travel distance of vehicles, traffic
congestion, and air pollution can be redud@drpooling can be applied
in an informal maner which is organized by a group of people sharing the
driving and decrease the cost of driving alone. the efficiency of car
pooling increases when distance of trips are long, and the participants who
are compatible, have jobs in the same area, and h#vinfa jobswith
same travel time table each d&@/Flaherty, 199).

1 Charging for road use More radical mechanisms are considered in many

countries in order to deal with the use of private car on congested roads.
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Road pricing is one of the more commpuised measures which consists
of employing theuser pag @rinciple on a congested road to create
thoughts on drivers' mind about whethemot to use the controlled roads

(O'Flaherty, 199R@)

All these measures constitute precautions for decreasiogabile usebecause
of sustainability concerns that were previously staBedides, when the excessive
use of car is transformed tar dependency, the restricticiosdecrease the use of
it cannot be efficient and adequate enough; therefamme sother slution is
needed which stasdas improving the alternatives to the céhese alternatives

modes can be stated as public transport, walking, and finally cycling.

2.4.2. Improving Public Transport, Walking, and Cycling
Particularly, after the oil crisis in theya1970s, the interest on public transport
for daily urban access has significantly increased, and people started to prefer
public transport more instead of their car. Many new generation metro systems,
Light Rail Systems (LRT), buses, and trams have Ibeghin the world in order
to meet the demand for mobility and to do this in a less enstgysive way. In
addition, due to especially sustainability concerns, walking appeared as another
alternative for particularly short distances, and for that meppedestrianization
projects in city centers were implemented and new areas that only pedestrian
access and use are enabled were established to support walking. In addition to
public transport and walking, cycling started to receive attention sinceiexper
in some Northern European cities showed that it could be used ef$eative
urbantransport mode. Until a few decades ago, it has been mostly considered as a
soft policy by the authorities, meaning that cycling was seen as a leisure or sport
activity, and investments to improve cycling infrastructure to make it easier for
people to move by using their bicycles for the aim of creating an alternative urban
transport mode have not been considered as effective transport investment
options. However, todathere is a better understanding of the potentials of

cycling as an urban transport mode. In the following sections, alternatives to the
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automobile are presented, and hence information is given on public transport,

walking and finally cycling.

2.4.2.1. Public Transport
The most efficient passenger transport mode for long distances and at the
corridors that travel demand is high in urban transport is public transport. In cases
of short travel distances pedestrian travel and transport through cycling can also
be effcient alternativegSutcliffeB a b a | é k Jt ca? Belsegn that public
transport systemgrovide significant advantages for passenger travel when
compared to car use. At most five people can be carried by car; on the other hand,
the passenger capacity of a bus changesdsm therangesof 40 or 120 which
meansthat 8 or 24 times more people can be carried by public transport.
Automobile and publi¢ransport isalso differentiatedn terms of the necessity of
road use. Foexample, a2 lane roads neededor 40,000 peole to cross over a
bridge; on the other hananly 4 lanes for bus, and two lanes for a light rail
systemis neededlllich, 1992). In addition, another advantage of public transport
systems compared to the car is the efficieforyenergy consumption, that is, per
passenger transported per kilometer automobile consumes five times more energy
compared to bus and metro, and automobile creates 125 times more air pollution
compared to bus. For these reasons, improving public treansipgs a key role
within the framework of sustainable development strategies. Consequently,
sustainable urban development objective necessitates a high quality and sufficient

capacity public transport systg@utcliffeBa b al ek, 2012)

2.4.2.2. Walking
Another sustainable mode for urban accessibility is walking. Pedestrian oriented
regulations-especially in city centerscan make people use their car less for
transportation and, also it contributes to decreasing staisable impacts of

automobile on the streets or open public spaces.

According to Tumlin (2012) pedestrian planning principles include several

critical issues including thanost of the needs of dailife should be waailable

within walking distancebuildings should be in relation wisidewalks rather than
36



parking lots;road traffic has to be calmetighting should be arranged for the
benefit of pedestriangpeople shouldeel safe Even if all these principles are
applied in the design of a walkable environmenfjrat glance, walking may not
seem as an alternative transport mode compared to car or public transport;
however, if urban planning and design of an area includes efficient regulation
principles that focses on facilitating pedestrian movements particularly in short
distancesit can seriously affect the appearance of car in the areas in which the car
existence is not desiregarticularly in city centersdue to wishes fothe efficient
pedestrian use afirban space antbr a less polluted, more equal urbsocial

environment

2.4.2.3. Cycling
Finally, and the most importantly for this study, cycling stands as a transport
alternative which can contribute significantly to sustainability of our urban
transport futue. Using bicycle as a transport mode has been common travel
choice for many years in the globe: there are a number of cities where people ride
their bicycle from their home to school, or to work, or to a leisure activity, or to
the opposite direction, amibw this can be considered as a permanent culture, in

ot her words, O6cycling culturebod.

Learning from the experience of such cities with a cycling culture, many other
cities in the world started to invest in cycling infrastructure by developing
bikeways, ke lanes, and building bike parks. In order to further encourage the
usage of this mode, which is one of the most sustainable modes of travel since it
requires no energy and emits no pollution, many cities in the world also started to

launch bikeshare sy®ms.

2.5. Planning and Implementation ofBicycle as a Sustainable
Transport Mode
Cycling is commonly accepted as a clean and sustainable urban transport mode.
The potential of cycling is in its being an alternative to automobile use for short
distance travein cities (European Conference of Ministers of Transport, 2004)
Bicycle can be a leisure time or sport activity, or it can also serve to an aim of
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movement from one point to anoth&ccording to Gravg2003) cycling can be

used in several ways and the most common ones are listed as:

Chil drenbés toy
Recreational device
Competitive sport

Urban transport

= =/ =42 4 I

Service vehicles

Cycling, which means using a bike in order to move from one point themnas
considered in this study for its use as an effective urban transport mode. When the
production of bicycles started, it was accepted as a tool for sport and leisure time
activity in the open air. Today, rather than just being a recreational tabhgis
considered as a contemporary urban transport mode for daily access to education,
health, or shopping. Although bicycle has been used for centuries, the spread of it
in urban areas is dated to the mid of"2Dentury. In the post war period with
limited economic conditions, the number of users of bicycle increased in Northern
and Central European cities. Today, Denmark, Netherlands, and Germany are the
countries in which cycling habit seems highest; and besides, in China, India,
Indonesia, Bangladbs Japan, USA, and Canada cycling has become widespread
in recent decades. In addition, in some cities of Turkey, there have also been
regulations which encourage the usage of cycling as an urban transport mode in

recentyeargKé | én- as.l an, 2012)

In the following section, firstly, cycling is introduced as a transport alternative
together with its infrastructural implementations in urban areas through planning.
Then, after an effective infrastructure and conscious is prodtloedystems of
bike-sharing can be an important urban transport policy to increase bike use in
cities, and this important point of the rise of bi#aring is introduced within the
study. Finally, examples from the experiences of foreign cities in differen
countries about effective and successful use of-$likging are stated. As a result,

lessons learned from these different cases are highlighted with a view to formulate
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an assessment framework together with some evaluation criteria, which can then

be aplied to analyze the experience in Turkish cities.

2.5.1. The Riseof Cycling, Its Benefits,and Planning-Infrastructural
Measures

In the 1950s and the 1960s, in most western European countries, growing
motorized transport levels, sprawled urban development, pwoicties of
administrations heavily focused on car use in urban areas; as a result, cycling
experienced a sudden decliffeucher & Buehler, 2018. In that period, many
European cities oriented their government policies towards expanding roadway
and provigon of car parking, and they left the needs of cyclists remained ignored
(HassKlau, 1993) The rise in the usage of car created environmental pollution,
traffic congestion, injuries and fatalities. Therefore, governments ¢basstrict

car use and apply some deterrent measures against car while providing public

transportation, walking, and cyclirf@ucher & Buehler, 2018.

Many countries in different parts of the world have officially adopted the
significance of cycling asn urban transport mode in relation with increasing
safety(European Conference of Ministers of Transport, 20D4iring the recent
years, governments have been considering some kinds of urban policies in order
to realize the ptential of cycling for the aim of developing the sustainability of
transport networks. In many cities of Europe, North America, and Australasia, the
programs and facilities about cycling have been extremely developed and
expanded. In recent two decadescountries such as Australia and United States
that can be named as car oriented ones, the usage of cycling spread significantly
with some cities experiencing a really cycling boom. Northern European countries
-particularly Netherlands and Denmahave ahistorical cycling culture and they

also have significantly advanced their existing cycling infrastructure and high
levels of usage of cycling. In addition, in some countries such as France and
Spain, cycling usage did not used to be popular as an uraasport mode,
however they have also increased their cycling in their major c{ffexher &
Buehler, 2012).
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For example, in Berlin, between 1975 and 2008, the number of daily bike trips
increased by 300%City of Berlin, 20D). According to national data, a
significant increase in cycling has been experienced since the policy shift from
motorized transport to cycling in 1970s. 1.3 km to 1.6 km in Denmark, from 0.6 to
1.0 in Germany, and from 1.7 to 2.5 in Netherlands (EemopCommission,
20052007; US. Department of Transportation, 2010). Consequently, it can be
said that cycling has gained much importance in recent decades, and it has a
significant modal share in total number of trips in different countries from

differentparts of the worlds as seen in Table 4.

Table 4. Cycling per person and per day (kilometers) and modal share
(number of trips)

_ Modal share as a
Cycling per person and
Country o percentage of number
day in kilometers (2000)

of trips
Netherlands 2.3 27
Denmark 2.6 18
Sweden 0.7 12.6
Germany 0.8 10
Belgium 0.9 10
Finland 0.7 7.4
Ireland 0.5 5.6
Austria 0.4 5
Italy 0.4 4
France 0.2 3
UK 0.2 2
Luxembourg 0.1 15
Greece 0.2 1
Portugal 0.1 1
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Table 4 (continued)

Spain 0.1 0.7
Norway

Switzerland 9
USA 0.7
Japan 14

Source: (European Commission, 2002; European Commission, 2000)

Bicycle use as an urban transport mode is highly related with travel distances in
the city. Gravg2003) states thathe most appropriate distance which bike users
find easy to travel is 8 kn; therefore, small and medium size cities where travel
distances are less than 8 km, and urban fabric dense, bicyadensenient urban
transport mode. Yet, many kind§factors exist for daily bicycle travel within the

city such as personal choices or individual health comditidccording to

Kéel é&n (@l3)Ithase factors can be differentiated. He mentions that besides
the size of the cityclimate conditions, topographical features, distribution of
urban land use, and focus points canebeouraging or disincentive for bicycle
use. Places with temperate climate, flat or smdolls make bike use more

convenent and a preferred mode.

Bicycle use in urban areas for the aim of individual transportation seems
inevitable for some countries due having bike culture for their daily urban
travel pattern. In other countries, usage of bike is encouraged as a way to combat

the negative consequences of-based transport systems.

Greenhouse gas emissions are produced because of one of the maes sbur
urban transportation and it contributes significantly to climate change. On the
other hand, cycling stands as a zenoission mode of transport which constitutes

a potential for lower emissions in the passenger transport $6etonad, Rissel, &
Bauman, 2012) Bike use does not constitute any environmental or noise
pollution, therefore cycling has become internationally popular as an
environmentally friendly urban transport mode. Usage of cycling in urban areas

instead 6 using cars could serve the decreasing consumption of energy and
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congestion in urban areas, and the rise of cycling could be an encouraging
alternative for decreasing greenhouse gases and other emigEiomgpean
Conference ofMinisters of Transport, 2004)In addition, when bike use is
compared to other modes of transport such as bus, air, and train in terms of
damaging the environment, it can be realized that cycling seems the most
appropriate mode as seen in Table 5. Imgeiof space consumption, energy
consumption, releasing harmful gases, and risk of accidents, cycling seems less
harmful to the environment, and the safest one compared to car, buses, air travel,

and railway transportation.

Table 5. Comparison of Environmental Impact of Transport Modes
Base=100 Private Car

Car | Bus | Bicycle | Air | Train
Space consumption 100 10 8 1 6
Primary energy consumption| 100 | 30 0 405 34
CO,| 100 29 0 420 30
Nitrogen oxides| 100 9 0 290 4
Hydrocarbons | 100 8 0 140 2
CO | 100 2 0 93 1
Total atmospheric pollution | 100 9 0 250 3
Risk of accidents| 100 9 2 12 3

Source(European Conference of Ministers of Transport, 2004)

Bicycles can also provide an opportunity to have the most directtoatmor
service when it is compared to motorized urban transport modes, and it is also a
compact machine which does not occupy urban space except for its own size.
Cycling also consumes low energy, and unlike motorized modes, it does not
produce any airmonoise pollution(Grava, 2003)In addition, if bike use becomes

a daily transport mode, it gives the opportunity to have regular exercise, bringing
significant health benefit&€uropean Conference bfinisters of Transport, 2004)
Urban environments supporting bicycle use and walking, and discouraging car

dependence can also achieve social interactions, community attachment, amenity,
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and livability (Todd & Doherty, 2009) Besides, cycling contributes to social
inclusion. Each people in a society cannot have a chance to own or have access to
a motor vehicle, and cycling gives chance for an affordable and convenient type

of personal movement in urban environmg@éarrad, Rissel, & Bauman, 2012)

While the benefits of cycling for daily urban travels are clear, realization of these
benefits is possible if the necessary bicycle planning and its infrastructural
measures are carried out in order tokenéhe urban environment convenient for

cyclists. Otherwise, bicycle using may make daily urban transportation life
difficult and unsafe for cyclists instead of playing a role as a facilitator for daily

movements.

In order to use bicycldéor urban transpaation, cycliss need sufficient route
infrastructure. European and American urban policies heavily focused on dealing
with this challenge.In some European countries like Germany, Sweden,
Denmark, and Netherlandthe users of bicyclesre needed to be srated from

fast and heavy traffic which depends on the significant principle of road safety.
This kind of a policyshould bring a systematic traffic calming together on streets

with different densities, andspread network of bicycle lan@surth, 2012)

Bicycle lanes define the entire infrastructure necessary for bike use. In the cities
that bicycle is accepted as one of the main urban transport mode, its plans are
properly prepared, and bicycle lanes constitute an exasoriein the city. In
addition, the design of physical components in urban space encourages bike use.
Bicycle lane network can be designed not only for urban scale, but also for

regional scal¢ Kel én- asl an, 2012)

When a bicyte network is designed for an urban area, many choices exist for how
the system can be structured. However, there are some kinds of features that are

considered as prerequisites for the construction of a bike network:

1 The smoothness of pavement surfaasto be as much as possipénd it
should not become slippery in rainy conditions, and loose materials should
not be used.
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1 The cycling network should provide safe and secure environniest
design of the system should eliminateashes between bicycles dan
bicycles and other vehicles, and criminal actions and vandalism should be
minimized.

1 Movement of cyclistdhas to be continuousith few stops on bike lane in
order to preserve the fluidity of motion and energy use necessary for the
movement.

1 Cyclists ca observe their environment together with taking the advantage

of visual quality and amenities for their comfort and (€stwva, 2003)

In urban areas, three different types of bike lanes exgtneral. These areixed
use roads the right of way is given to cyclists, motorized vehicles, and
pedestrians togethemads with bicycle laneroads which contain assigned lanes

to cyclists at roads and streedsid finally,separate cycling paththe right of way

is completelyassigned to cycliststhe intersections with motorized vehicles and
pedestrians are minimized K& |1 &€ n - a s llnaaorder ta2 Make kyclists
comfortable and safehése different types of bike lanesso have distinctive

traffic volumes and maximum vehicle speedsseen in Table 6.

Table 6. Standads Applied in the Cities that Cycling is Intensively Exist

Mixed use roads -Average daily traffic < 2000 vehicle
-Vehicle speed €0 km/h

Designated lanes estreet -Average daily traffic= 2006-8000vehicle
-Vehicle speed 50-58 km/h

Roads with proteted lanes -Average daily traffic= 8000:14000vehicle
-Vehicle speed 58-75km/h

Separate cycling paths -Average daily traffic- 14000 vehicle

-Vehicle speed 75km/h

Source(Grava, 2003)

1 Mixed use roadsBicycle has a ght of way and is considered as a vehicle

existing in urban traffic. Average number of vehicledleese roads can be
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2000 at most, andther vehicles can have the maximum speed of 50 km/h.
On these roads, there is no need to make spmcaigements fdricycles.

1 Roads with bicycle laneBicycle lanes on the roads are classified into two

groups.In the first one, bik lane is totally segregated finoroad traffic

and has its owipedestrian sidewalkegulation(Figure 5) In the second
one,two main typescan be seen as striped bike lanes, and barrier bike
lanes (Figure §. As the first group, if there is enough width on the
sidewalk, bike lane can be located in this spd¢e important point here

is leaving buffer spaces or lanes between pededir@le, motorized
vehiclebicycle. 2.4 meters width is enough for cyclists and in the streets
having low traffic volume this width can be decreased to 1 meter
( Kéel é&n - a.dnlthee secon®gbolip? skriped bike lane is constituted by
drawing a line on the floor, and a lane is formed which is segregated from
traffic and assigned only to the use of bicycle together with signs showing
bicycle symbols on this lane as seen in Figuf&rava, 2003)

Figure 5. Segregated Bike Lane from Road Traffic near to sidewalk in Paris

Sourcei(http://grid.platformpublicaffairs.com/safelakefront/?q=nodg/13
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1.80 to 2.40 m sidewalk

0.90 to 1.20 street tree, pole and utility. z;;( \‘

1.20 to 2.40 bike lane

Traffic lanes ... b b b b

Figure 6. One Direction Bicycle Lane in Urban Traffic

Source(Grava, 2003)

Figure 7. Striped Bike Lane in Memphis

Source: (http://streetsblog.net/2013/05/28 mphisto-add 15-miles-of-protected
bike-lanes/)
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On the other hand, barrier bike lane is constituted by usipbysical
barrier in order to avoid motorized vehicles enter the |dRgure §.
When special lanes are assigned for bicycles, regulations on junctions
have to be made. For examp@ce bike lanes are on the right side of the
road cyclists who prefer left turrmay have problems with opposite

directionof traffic and vehicles preferring right turn

Separate cycling path3hese kind of cycling routes are designed mostly
in recreational areas and for the aim of using bike as a leisure time
activity. Bike lane is wuctured totally independent fro existing road

infrastructure; in addition, this type can be used in new development areas,

butnot in high density urban areesKk € | én- asl an, 2012)
ez _J
§ '—q '
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-

Figure 8. Barrier Bike Lane in New York

Sourcethttp://www.raisethehammer gfarticle/L901/repaint_king_stet_with_pr
otected_bike lanes)

Bicycle parking is another infrastructural measure of cycling. There should be

enough parking points for bike users in the city particularly in railway or bus

stations, city centers, shoppingeas, or workplaces. It is especially important to
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have parking spaces for bicycles at public transport destinations to encourage
people to use both public transport and bike (Figure 9). Besides, common parking
lots can also be used for bicycles similathose for automobiles so that more

secure and protected bicycle parks can be pro\igigdre 10).

Figure 9. Example of Bicycle Parking in New York

Sourcefhttp://commons.wikimedia.org/wiki/File:Union_Sq_bike parking_jeh.JP
G)

Figure 10. Multistorey Common Bicycle Parking Lot in Amsterdam

Sourcei(http://commons.wikimedia.org/wiki/File:Bicycle_parking_lot.jpg)
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When te planning side of a bicycle lane is considered, according to Grava
(2003) all these physical infrastructure regulations in a city have to follow a
preparation program that includes, firstly, arrangement of intensluea&on
programs for public, motorized vehicle drivers, and cyclists. These programs
mainly aim to convince people including residents of the area, workers, and
administrators about the benefits of bike use. Secondly, bike users should be
ensured to obeyraffic rules in order to provide safety for themselves and
pedestrians. To achieve this, it is important to prepare legal regulations to make
cyclists subjected to traffic fines if they violate traffic rules. Thirdly, it is
important to make physical rehétations on the points that high density of
motorized vehicle and bicycle traffic exist. Some of these are putting a phase on
traffic lights for cyclists, rehabilitation of sight and lighting, and providing secure
transition in tunnels, bridges, and @npasses. Another component of preparation
programs is locating signing boards, painting road signs, and arrangement of rest
areas. It is necessary to make physical regulations on roads, to create bicycle
parking and storage opportunities. Finally, becaofséack of convenient and
adequate facilities and infrastructure, which is caused by lack of necessary
demand for cycling, bicycle use cannot become widespread. Therefore, the

demand for bike use has to be formed at first.

Integration of bicycle with pulid transport is another significant issue to increase
the use of cycling in a broader network. The catchment area of rail stations and
bus stops increases when bike use is combined with public transport (Figure 10).
Giving cyclists the possibility to cartheir bicycles together with public transport
services enables them to make daily urban travel longer than it would be possible
with a bike alone. This kind of integration with public transport can also constitute
alternatives when cyclists deal with tgpaphy and unwanted gaps on the route,
bad climate conditions, and possible mechanical failures of WiRasher &
Buehler, 2013).
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Figure 11 Bicycle Carrying Opportunity for Metro Transit in Minneapolis

Source: (http://minnesota.cbslocal.com/2011/08/05/cyclinghe-citiesyouve
comea-long-way-baby)

In addition to all these infrastructural improvement and investmemse tis a

recent program that is adopted by many cities in the world with a view to extend
bicycle use in urban areas: bigkaring systems. In the literature, this program is
referred to with different namesesuch .
bicycle systemsoé, 6bicycle transité, 0 ¢
study, the system whhfribgodéreferred to a

2.6. AnInnovative Program to Improve Cycling: Bike-Sharing
Systems

Strategies for more sustainable transportation thelude new vehicle
technologies, clean fuels, transportation demand management, improvement of
public transport, walking and cycling, were implemented worldwide by many
policy makers due to concerns about climate change, unstable fuel prices, and
energy scurity (Shaheen & Lipman, Reducing Greenhouse Gas Emissions and
Fuel Consumption: Sustainable Approaches for Surface Transportation, 2007)
Bike-sharing systems, which are simple bike loan programs for daily urban travel
on different locations of the city, can also contribute to the effort of policy makers

for the solution of these concerns.

50


http://minnesota.cbslocal.com/2011/08/05/cycling-in-the-cities-youve-come-a-long-way-baby/
http://minnesota.cbslocal.com/2011/08/05/cycling-in-the-cities-youve-come-a-long-way-baby/

The essence of bik&haring is simple. Within the system, people use bicycles on
an asneeded basis for the aim of short term bicycleeasscBikesharing ensures a
sustainable and environmentally friendly mode of public transportation, and this
flexible short term bicycle usage program intends daily mobility for its users.
People access to public use bicycles at the bike stations witlif-aesgce
reservation, pickup, and drayf. These programs contain multiple bike station
locations in order to let cyclists pickup and return bicycles to different stations
located at different parts of the city. The main costs of the system are bicycle
purchase, maintenance costs, storage and parking fadiiiesheen, Cohen, &
Chung, 2009) Accor di n g (2004 théBrgam rcha@ctenistics of bike
sharing programs can be classifias below:
- They are innovative programs of rental or free bikes in urban areas,
- The system can be used for daily urban transport asvageise is
possible which becomes an important part of public transport network,
- Bike-sharing is different from traddnal leisure oriented bicycle rental
services, because this system gives chance to have fast and easy access,
- These systems vary according to their organizational structure, the
business models, and the technology applied which is moving towards
O0smakregs @ ii ncluding rental processes v
This programhas becomean alternative public transport mode among other
mobility alternativesWhen operation of bikeharing systems is compared with
other modes of transport such as wadkiprivate car, public transport, or taxi for
inner city travels, bikesharing seems one of the most convenient mode if trip

length and cost are considered as sedéfigure 12
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Figure 12. Bike-sharing Systems together with Gter Modes of Transport
Comparing Trip Length and Trip Cost
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Source (Curran, 2008)

Integration of bikesharing systems with other public transport modes and
provision of free or affordable bicycles within this system to theleemake the
automobile use for short trips decrease; therefore, it helps to reduce traffic
congestion and noise or air pollutifhin & Yang, 2011) By the year of 2011,
there are an estimated number of 135 {skaring prognas in aroundL60 cities

in the world including more than 236,000 bicycles on four different continents;
besides over 35 more bHelaring systems were being planned indiféerent
nations in 2011Shaheen, Guzman, & Zhang,12).

The system operation type of bikbaring is classified in two categories as
manual and automated systems. In manual-$lieging systems, bike taking and
returning are supervised by an appointed employee of staff, and this system does
not includeany information technology in order to keep track of the use of bikes
and monetary transactions. On the other hand, in automatedhazikaeg systems,
selfservice bike taking and returning is applied. Bicycles can be locked to
particular electronically adrolled racks or include electronically controlled lock

of their own (Transport Canada, 2009Manual and automated bHsharing

mechanisms are differentiated from each other in terms of different city sizes,
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loan duration, ath daily users per bike, capital cost and operatiat per bike as
seen in Table 7.

Table 7. Comparison of Manual and Automated Bikesharing Systems

Factor Manual Automated
City size Small to medium Medium to large
Loan duration Medium (>1 hour) Very short (<30 min)
Daily users per bike Low (<5) High (5-20)
Capital cost per bike Low High
Operating cost per bike Medium to high High to medium

Source(Transport Canada, 2009)

An automatedbike-sharirg system consists of differemomponents including
mechanical elements and infrastructusgstems, as described beldiidgley,
2011)

1 Bicycles: Shared bicycleshould not be difficult to use, aridey need to
give users the mportunity to choosdrom different sizes.The main
features of bicycles are being mechanically reliable, distinctive in
appearance, and robust to vandalism or theft.

1 Docking stations:According to the grouping of The Transport Canada

Bike Sharing Guidethree main types of docking stations exigte frst

one is fixedpermanent. Bycles are locked to appointed racks, which act
as stations, when they are not in (Bigure 10& Figure 11. The second

one is fixedportable.In this system, easy establisant and removal of
stations enable the distribution of station according to changing demand
andthe use of stations at temporary locations for special eyErgare

12). The third one is flexible system§his system does not necessitate
bicycles to bedcked to a designated rack or station, bicycle have a general
purpose locking device and they can be locked to any stationary object
when not in service. In this system, there is no need to have a network of

stations.
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1 System access and user reqistratiinfirst, cyclists need to unlock the

bike from docking statios) and this can be done by using two different
ways.Firstly, bicycles are checked out from the rack by using smart cards
or magnetic stripe cardlhe second technology is constituted with an
automated lock on the bicycle itself and wsestablish connection for the
entry code via mobile or pay phone.

1 System status information systenBike-sharing systems provid=urrent

information on web site®r the availability of bikes on stations; bessl
most of the systems shows bicycle lanmesked on the maps.

I Maintenance programsvaintenance and logisticef the systemsare

significant issues in largest bisharing programsvith the average bike
operation reaches 180,000 km per year.

1 Bicycle redstribution mechanismdn the system of biksharing, many

numbers of stations should be located conveniently in the citys@me
stations may become empty very loaded in terms of the number of
bicycles according to differentiating demand. To balatioe system,

bicycles should be carried from intense to emptier ones with a vehicle.

Figure 13. One of the Velibbés Fixed Station

Source: (http://www.tc.gc.ca/eng/programs/environmergp-casestudycs74e
bikesharing813.htn)
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Figure 14. Docking Station of 6éBicing6 in Ba

Source(https://commons.wikimedia.org/wiki/File:Estacio_bicing_bcn)jpg

Figure 15. A Bixi Station Module Being Installed for an Event in Toronto

Sourcefhttp://www.flickr.com/photos/yvonnebambrick/3001397180/sizes/o/in/ph
otostreamy
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After introducing the basic characteristics of bgtearing including its definition
and two main types of the system, of tb#dwing section presents the historical

development of this system.

2.6.1. History of Bike-sharing: Three Generations
Bike-sharing have been spread in cities around the world, such as Paris,
Barcelona, Salt Lake City, and Montreal (Table 7), after it was finsttpduced
in Amsterdam in the 1960s under the name White Bicycle Plan.

Table 8. Worldwide Bike-sharing Programs together with the Number of
Bicycles and Stations

Country Programs Bicycles Stations
Argentina 1 560 15
Australia 2 2600 200
Austria 3 1500 82
Belgium 1 2500 180
Brazil 2 452 43
Canada 1 6100 490
Chile 1 150 15
China 19 123,172 4422
Czech Republic 1 30 16
Denmark 3 2650 187
France 29 36,830 3141
Germany 5 13,330 811
Ireland 1 550 44
ltaly 19 3763 362
Japan 1 150 15
London 1 6000 400
Luxembourg 2 400 64
Mexico 1 1200 90
Monaco 1 10 2
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Table 8 (continued)

Norway 1 1660 154
Poland 1 155 13
Romania 1 300 3
Slovenia 1 300 31
Spain 25 14,048 1142
South Korea 2 2031 185
Sweden 2 1500 110
Switzerland 1 600 45
Taiwan 2 5000 61
United States 4 3122 313
United Kingdom 2 6091 420
TOTAL 136 236,754 13,056

Source(Shaheen, Guzman, & Zhang, 2012)

The history of bikesharing can be classified into three main grofrps the
1960s until presentwhich are free bike systems (White Bikes), edeposit

systems, and Informatiefechnology (IT) based systems as discussed below.

1 White Bikes (or Free Bikes): First Generation

The first generation of bikeharing systems is dated batk July 1965 in
Amsterdam called White Bikes. Within this system, bicycles were painted white
and made available for public use. A person finds a bicycle, rides it to the
destination, and leaves it for the following user. However, bicycles in the system
were thrown into canals or retained for private use in {DeMaio, 2009) In this

free bike program, the main component of the system was the bicycle; they were
painted one color, left randomly to any area of the city for ree, and they
remained unlocked. However, these bikes were generally damaged or stolen for
personal us€Shaheen, Guzman, & Zhang, 2012)

1 Coin-Deposit Systems: Second Generation

Some problems were faced in free bike systertiherefore the City Bike
Foundation of Copenhagen, Denmark, has started a newshwkieng service
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which developed the coideposit systems as the second generation of- bike
sharing. The characteristics of this second generation are:
- Distinguishable bigcles by using color or particular design,
- Designated docking stations where bikes are borrowed, returned, and locked,
- Leaving small deposits in order to unlock the bicy(3aheen, Guzman, &
Zhang, 2012)
The first lage scale second generation bgtearing program was started in 1995
in Copenhagen with the name of Bycyklen, or City Bikes. This system developed
bike-sharing features of the previous generation considerably which was
established for intense utilitarianeugn the city together with solid rubber tires
and wheels with advertising plat¢BeMaio, 2009) The program of Bcycklen
which led to the second generation is still famous due to operation with more than
2000 bikes and 110 witbike racks. After coirdeposit model of Copenhagen,
many European bike har i ng programs started such
Norway (1996) ; ACity Bikeso in Helsinki
Denmark (2005); and first coiteposit system in dith America which is
AYell ow Bi ke Projecto in Minneapolis an
of this generation, these new systems were more expensive to operate but much
more reliable than previous systems. These-deposit systems did not rast
the usage time for bicycle, so that bikes were usually used for a long time or they
were not returned at all, which meant bicycle théfisaheen, Guzman, & Zhang,
2012)

1 IT-Based Systems: Third Generation

Initially, first generation of biksharing-free bikes constituted significant urban
mobility option together with its drawbacks, which were theft and failures in
bicycle returns. Another generation biglearing programs developed the system
by realizing the use ofain-deposit locks. Then, third generation bi#earing
programs involving advanced technologies for bicycle reservations, information
tracking, pickup, and drepff became widely popular. An important number of
systems operates today as third generatitve. Main features of that generation

are:
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- Distinguishable bicycles by using special design, color, or advertisement,

- Docking stations

- The technology of kiosk or user interface to check bikes in or out,

- Advanced technology by using such as mobilenghanagnetic strip card, or
smartcard¢Shaheen, Guzman, & Zhang, 2012)

The future will be shaped towards a fourth generation that contains innovations
and significant developments such as solar powered and movable docking
stations, electric bikes which seems to be the most important one in terms of
attractiveness, and mobile phone real time availability applicatiphdgley,

2011)

The awareness for the effectiveness of {skaring programshas seriously
increased over years, and particularly in the last decade, the number of
implementation of these systems have spread all over the world noticeably (Figure
16). This increase is being experienced in many European countries, such as
France, Ganany, Italy, and Spain, and in recent years in China as seen in Figure
17.
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Figure 16. Growth in Bike-sharing Programs and Total Fleet between 2060
2010

Source(Midgley, 2011)

59



China France Germany == Ttaly Spain
120
100

80

.
“ /

—

Cities with Shared Bike System

o

2005 2006 2007 2008 2009 2010
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In recent decades, different bikbaring experiencefiave been applied in
differert cities of Europe, America, Asia, and Australiihese systems mainly
dependon the features of 3 bike-sharing generation including Information
Technology based systems and networks (Ta)le The following Table
summarizes different programoifn different parts of the world including their
start date and main characteristics.

Table 9. Different Bike-sharing Examples from Different Continents with
Specific Characteristics

City or
Continent Country (year Features of theProgram

of start)

-1 T baseBi K&Emaptogr
Rennes, Franc¢ up to three hours, replaced by program
(1998) ALE Velo STARO 1in

900 bicycles and 81 stations.

EUROPE
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Table 9 (continued)

Lyon, France

-3% generata  program na

operating with more than 4000 bicycles

(2005) ,
Lyon and Villeurbanne.
-The program including 120 bicycles and
stations, replaced with a fully automat
La Rochelle, [system i n 20009 c a

France (1974)

operating wih 350 bicycles and 50 statior

enabling full integration with publi

transportation network with smartcards.

EUROPE London, -Named fABarclays Cy
England (2010) 6000 bicycles at 400 stations.
_ -ivel i bd pr o gelya&mown 3h
Paris, France ) _ )
generation system with 20,600 bikes ¢
(2007) _
1451 stations at every 300 meters,
_ -i Kay b i sslarind prégeam includin
Kayseri, . . . ,
almost 25 stations with 300 bicycles, fi
Turkey (2009 | =
initiative in Turkey.
Konya, Turkey|-Ko ny a lich Bikekls har i ng
(2011) including 400 bicycles with 40 stations.
Washington | -Launched with 120 Bicycles and 10 statig
D.C,USA |named ASmartbikeo,
(2008) North America.
Arlington After t he end of
AMERICA _
County Bi keshareo program
Virginia- and 114 stations, as May 2012 being
Washington | largest bikesharing program in USA.
D.C. (2010)

61



Table 9 (continued)

Montreal, -ABlI X1 (TBal Xly)cd epr o g
Canada (2009) 5000 bicycles and 400 stations.
_ . -AiNi ce Ri dedo progr s
Minneapolis, . ' o .
service provider containing 700 bicycles g
USA (2010)

73 stations.

Toronto, USA

-Currently operating with 1000 bicycles a

80 stations, expansion of progranio the

AMERICA (2011) OttawaGatineau area operating with 1
bicycles and 10 stations.
-iEcoBici 0O program
Mexico City, | bicycles and 90 stations, built of 300 K
Mexico (2010) | bike lane network to encourage cycli
before AEcoBicio pr
-Beginnig of two bikesharing programs
Brazil (2008) ([ihUseBi keo in Sao P
Rio de Janerio.
Singapore | -The first bikesharing program in Asi
(1999) named ATownBi keo, 4
-Second program in Asia, $it pilot bike
Taito, Japan | sharing project in Japan employing 1
(2002) bicycles at 12 stations in which magne
ASIA striped cards are used preventing theft.
-A Nu b i j ssharing prdgram, operatin
Chongwan,

South Korea
(2008)

with 3500 bicycles at 160 stations, 1
chargirg users a fee for the first hour as

many other program.
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Table 9 (continued)

Kaohsiung | -First bikesharing program in Taiwa
City, Taiwan [nameditk@ 0 of fering
(2009) 50 stations

-The largest and mosamous bikesharing

system in Asi a, n g
ASIA first IT-based system in China, an import
Hangzhou, | factor to establish the system of high den
China (2008) | population, operating with 60,600 bicycl
at 2400 Dbike stat-i
Paris bikesharingsystem as the largest

the world.
-AiMel bour ne Bi ke S|
Melbourne, ) _ _
) 600 bicycles at 50 stations, obligatory usi
AUSTRALIA Australia
of helmet that decreased the success
(2010)

Mel bourneds system.

Source: Based on the information(Bhaheen, Guzman, & Zhang, 201@jether
with aut hor fosKoyamand Kaysdricdseso n s

The historical evolution of bikeharing systems iformed with three different
generations including different charactedstuntil today. Consequently, the main
guestion here is about what the fourth generation will be like together with what
kind of new innovations to improve the system. Howepeinr to 4" future bike
sharing generationt is important to introduce theehefits or positive social and

environmental impacts of the system, and main costs and challenges.

2.6.2. Benefits andEffects of the System
Bike-sharing systems have significant effects on increasing the numpeople
using bicycle increasing public transpbuse, decreasing greenhouse gases, and
improving public healthExistence of these systerman increase bike mode share
between 1.0 1.5 % in citiesthat bicycle use is lowyDeMaio, 2009) Besides,
according to Shaheen, Guzmaand Zhang (2012)glthough thereare limited
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researchegor the social and environmental benefits of bskaring it can be
mentioned that bikeharing has impacts on:

- Reduced automobile use

- Behavioral shifts toward increased bicycle use for daily fitgbi

- Growing perception of bicycle as a convenient urban transport mode
(Shaheen, Guzman, & Zhang, 2012)

Accor di ng 1(2007)bikelslianmg systempresenta range of potential
berefits as classifietbelow:

- Promotion of urban cycling and increasing its modal sltame be an
effective measurdor cycling as a normal daily transport modéke-
sharing systems can also play ol e i n i ntrodudn ng
cities.

- Being fast, convenientand flexible urban transport modencreases
mobility choices.

- It encouragesntermodality throughintegration of bikesharing programs
with public transport system.

- Bike-sharing systems are space efficient, and contribute sensitive use of
inner urban space. For instance, the area covered by one parkiing lot
serving 6 users/day on averagan be substituted by five bigharing
racks- serving 15 users/day on average

- Bike-sharing systems affect human health positively.

- The systems make sustable norpolluting mobility preferences increase
for inner urban transport.

- Because of mass users of bicycle on roads, traffic safety for cyclists
increases.

- Bike-sharing programs may become a part of loci#&yscape which
providesasense of local idert.

Besides, according to a research carried out by Tang, Pan and28iaéh the

reasons why cities are interested in such bicycle system are stated as

To facilitate green transportation, to encourage the use otlegyto
provide an alternative travel mode to alleviate traffic congestion, and to fill
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the service gap of plib transit or promote conveniemitansfer for the
transit system

Bike-sharing system stands as an alternatiean transport modend differet
cities from different parts of the worldspecially from Europeadopted these
bicycle sharing schemes in order to achieve some tavgdath serve mainly
sustainablaurbantransport considerations, increasing awareness of cycling, and
environmental weéibeing. Table 1@nentionsobjectives of bikesharing programs

of some countries from Europe, Canada, and USA

Table 10. Objectives of Bikesharing Programs in several Cities

Bike-sharing o
Objectives
System

A | ovep mterchange between different modes

transport, and promote sustainable travel.

A Create a new individu
5 | s _)citizensé habitual trave
arcelona (Spain _ . o

A | mpl ement, healthsndusingaservica Eull

i ntegrat ed publictramspdrtisystent. i t y
A Promote the bike as a

Almprove quality of life, reduce air and noise pollution.

Goteborg A Raise the status of <cy

(Sweden) A Promote using bicycles

A Ipl ereate a more sustainable transportation syste
the region by launching a public bicycle system 1
provides a new mobility option for short trips.

A Help achieve transport
Lyon (France) | including pollution emission reductions,dieced traffic
congestion, road and parking cost savings, consumel
savings, energy conservation, reduced crash
improved public health, and support for smart growth |

use development.
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Table 10(continued)

Montreal A Enc o ureof mbli¢ dicgclesuirstead of cars f
(Canada) short, innefcity trips.

A Act on air quality and
A I mprove mobility for a
_ A Render the city a more
Paris (France) o
live in.

A Encourage economic vi-t

A R ade regiamal solidarity.

_ A Provide as many transg
Washington, D.C.

reduce the level of congestion, especially downtown.
Source(Curran, 2008)

The primary effect of bikesharing systems seenpgovision of emission free
urban transportation. For example, accordingvVidib bike-sharing system in
Paris it is estimated that8,000 bikesharing tripsapproximately 20 min per trip,
meaningthat 312,000kilometersdaily travelare done andthis digance can be
covered by a car with producing7,720 kilograms of carbon dioxide (G
emissions per dayrhe same condition is valid for the users of BIXI service
provider as of August 2009an estimated 3,612,799 km distance is covered
through the systemof bike-sharing which translates into 909,038lograms of
CO, emissionssavings As a resultjt can beestimatedhatthe activity of bike
sharing owns the potential tmontributeto decreasing greenhouse gas emission
(Shaheen, Guzman, & Zhang, 2012)

Another most noticeable benefit of bikbaring is increasing the use otyale;
for exampl e, i n Lyon within prognambikeni t i al
use increased by 44%his program also reports that bioyalse replaced 7% of
travels made by private cars in Ly@gnB ¢ h r ma n.Bike-sl2Zabng gystems
enable new preferencder short trips, enhance mobility around the city, and
promote access to existing public transport serviédle city. A survey applied

in Paris to bikesharing program users showed tl88% of Velib users are

allowed to move around Paris more egsdnd54% of userdravelled more in
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Paris together with this prograthew York City Department of City Planning,

2009) Within a bikesharing system, users do not need to own, store, or maintain
the bicycle; therefore, it attracts new people for cycling and makes bitgirig

a part of their lives in new way&or example, in the fits year , 96 % of
users had not ridden in Lyon befdkoltzman, 2008)

Bike-sharing systems also help to improve the healtpeoiple;because it gives
chance to make regular daily exercisgé is adaptedo life as an than transport

mode It enables tdake part in cycling activity and simultaneously, users would
have made necessary physical activity that they need for the maintenance and
improvement ohumanhealth.

The potentiakocial, environmentagnd healttbendits of bike-sharing and public
awareness of it increased as a result of the growth and evolution of these systems
worldwide. Together vith this increasing awarenessycling has started to be
considered as an urban transport mode on public perceptionexXaonple,
according to a survey applied in 20@®% of the users of bikeharing program

of Paris think that Velib made it easier to travel in the city. Besatasyrding to
SmartBike,79% of the users of biksharing system in Washington D.@ported

that this system was faster or more convenient than other apGonsequently,

cities with successful bikesharing schemelsaveimprovedthe image of cycling

as an urban transport mofie daily travel(Shaheen, Guzman, & Zhg, 2012)

2.6.3. Costs and Challenges
Main costs of bikesharing system can be grouped into two categories as capital
costs and operating costs. Capital costs consist of firstly bicycle purchase, and
docking station and equipment construction. Then, licemspuecchase of the
backend system used to operate the equipment, member access cards (if
necessary)getting maintenance and distribution vehicles, and installatoone
after. For example, when capital cegper bicycleare compared among some
selected mrgrams, it is seen that it can range betw&8800 and$4500 per
bicycle in Montreal, New York, Washington D.C., Lyon, and P&is.the other
hand, operating costsontain staff, distribution, maintenance, office space,
insurance, storage facilities, wéleshosting and maintenance, electricity charges
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for docking stations, membership cards and warehouse/storagé/tesss similar
programs are compared in terms of operation cdtsis seen that it can range
between $200 and #700 per bicycle (New York City Department of City
Planning, 2009)

Bike-sharing systemalso have several challenges in establishment or operation
of programsBicycle theft and vandalism is one of the most important challenges
in the system, despite thase of custom components and personal user
identification technologies. Ithe Paris system, within the first two years of
operation, some 7800 bicycles were stolen and 11,600 bicycles were vandalized
beyond repairExisting technologies such as globaliporing systems (GPS) or
radio frequency identification tracking developments can have significant impact
on decreasing bicycléheft; howeverthis investment increases implementation
costs In addition, another importantonsideration for bikaharing isabout
insurance and liabilityFor instancemost bikesharing programs do not make
helmet use obligatory for the users that can conflith wisurance and liability
laws (Shaheen, Guzman, & Zhang, 201Phen, topographwnd climate seem to

be physical challenge$or cyclists. In hilly conditions, cycling might be
convenient for the cyclists of Tour éfeancehoweverit can be deterrerfor daily
users.Slopes between 4% and 8% constitute important challenge for cyatidg,
slopes above 8% seemlmost impossible taycle Besides,hot and humid
climatesfor most time in yearand ice anégnow in wintermake cycling difficult,
even impossible to ridé\fterwards, inexperienced cyclisteeate another concern
for the systemAccording to complaints of some of the motoriske users of
bike-sharng programs tend to be inexperienced riadene do not obey the traffic
rules. This problem can be overcome by training programs to the cyclists of bike
sharing(Midgley, 2011)

After introducing benefits and costballenges of the system, it is important to
mention the future of biksharing together with new technologies and other

improvements which may be called as the fourth future generation.
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2.6.4. The Future of Bike-sharing
Historically, bikesharing systems have experienced three main genetdtioss
expected that a standard biglearing scheme should have the prerequisite
components such as docking stations, information technology based software, or
automated locking. In addition to these improvements within the system, different
sorts of innovative additions to the operation or physical infrastructure of the
system will be realized in future that can be called as fourth generation ef bike
sharing.
Previous experiences in bikgharing have resulted in emergence of fourth-bike
sharing generation model which can also be called as derespdnsive or
multimodal systems. These systems already include the main characteristics of
third generation; in adddn, they are likely to comprise flexible and clean
docking stations, bike redistribution innovations, public transport or car sharing
integration of systems through smartcards, and technological improvements in the
system such as using solar power, GR$8king, touchscreen kiosks, or electric
bicycles. Therefore, basic components of fourth generation can be summarized as
bicycle, docking station, kiosk/user interface, bicycle redistribution system, and
integration with public transport with smartcaf8haheen, Guzman, & Zhang,
2012)
Firstly, distribution of bicycles should help biksbaring systems to be more
efficient and environmentally friendly, because the system in which the authority
moves bikes from areas of highpgly/low demand to areas of low supply/high
demand seems expensive, polluting, and time consuifided/laio, 2009) In
other words, assigning larger vehicles for bike transfer increases implementation
costs and seem not an emissiree solution. More efficient redistribution
methods will be applied such as automated technologies enabling demand
responsive bike relocation, and user based redistribution (cyclists perform the
relocation of bikes) by the method of demand based gricinvhich cyclists gain
price reduction or extra credit if they locate bikes at empty docking stations
(Shaheen, Guzman, & Zhang, 2012)
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Secondly,ease of installation of a bike station which is costly, takes time, and
neessitates the installation of special infrastructarendergroundand powering
stations with solar panelsome as improvemers of new generation. This new
easy installationfeature includes a technical platforoontaining the base of
station and wiresetessary folocking and pay statiorin addition, the powering

of stations by construction of infrastructure of electricity is expensive, takes time
and prevent®asy relocation of station because of cost. Therefore, locating solar
panels to the statiorsatisfy the need for ener@s seen on Figure 1®eMaio,
2009)

Solar panels”

Pay station -
Bike dock
v

Figure 18. Montreal-BIXI Bike -sharing Station with a Technical Platform

Source: (http://www.thetransportpolitic.com/2009/04/23/botbseto-launching
first-ambitiousnorthramericarbike-sharein-montreal)

Thirdly, another future improvement ofkg-sharing isarranging flexible stations

instead of fixed ones in which cyclists can use mobile phone technology to see
where the hiycle is, and they can pick up and drop d¢ffe bicycle to street
furniture Wi t hi n t hi s syst e m,obilaphone tb@nlockshe s e n't
bicycle, and thermajor intersections arased for leaving itAfter locking the

bicycle, users inform the program about where it is locKkéerefore,as a result

of this method, bicycles within bikeharing system can be availtthroughout

entire city; kesides, the infrastructure for operation of the system can be

minimized(Shaheen, Guzman, & Zhang, 2012)
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Another area of advancement for fourth generat®the integration of bike
sharing sygm with other transportation modes through smartcards by which
different transportation modes can be used one after andflogrever, such
coordination between various modes of transport including-shkeingon a
single card might be difficult to operasad costly, it requires multiple agency
relationship(Shaheen, Guzman, & Zhang, 2012)

Finally, tracking of bikes comes as another improvement. Bicycle tracking
through global positioning system (GP&)ables improved datzollectionabout
favorite bicycle travelling route anthiculation of vehicle distance travellezhd
determining the places of stolen bicycl@&eMaio, 2009) Gathering data about
favorite bike route within the system allowslipy makers to define or change the
most appropriate location of a bike station; thus, the efficiency and success of

bike-sharing systems increase.

2.6.5. Business Models and Vendors
The efficiency of bikesharing systems within the context of urban transsort
highly related with provision and management ethods becauseefficient
business modslof the systemcan make the constructi@ndoperation costs and
usage fee minimize@dnd user friendliness of it increased.
Provision of bikesharing systems can beealized by local governments,
transportation agencies, advertising companiesprofit groups, and noeprofit
groups (DeMaio, 2009) The following table shows main providers of bike
sharing including example programs frothaaer the world (Table 11).

Table 11. Bike-sharing System Providers and Business Models

PROVIDER STANDARD PROGRAM
OPERATING MODEL EXAMPLE
Advertising company  Provide bikesharing -Smartbike (US)

services in exchange for -Cyclocity (France)
rights to advertise onty

street furniture and

billboards

71



Table 11(continued)

Public transportation

agencies

Provide bike-sharing
services under the
guidance of a public
authority to enhance
the public
transportation system

-Hangzhou Public
Bicycle (China)
-Call a Bike (Germany)

Local governments/

public authority

For-profit

Non-profit

Directly design and
operate a biksharing
program for the well
being of cities or local
government purchases
bike-sharing services the
are provided by others
Provide profitable bike
sharing services minima
government involvement
Provide bike-sharing
services under the
support of public

agences or councils

Source(Shaheen, Guzman, & Zhang, 2012)

-City Bikes (Denmdk)
-Nubija (South Korea)
-Youbike (Taiwan)
-Shanghai Public Bicycle
(China)

-Nextbike (Germany)

-BIXI (Canada)
-Hourbike (UK)
-Wuhan Public Bicycle
(China)

The basic sources of funding in contemporary {skaring schemes are the

partnerships betweeadvertisingcompanies (private sector) and municipalities.

This kind of collaboration can be constitutedn the way that advertising

companies supply bikeharing services in exchange for advertising rights of city

street furniture and billboardShaheen, Guzman, & Zhang, 20112)this method

of PublicPrivate partnership, a municipality generally organizes a competitive

call for tenderdor gaining the rights of advertising space in public reand the

participators of tendering gfja make offers to provide a bisharing scheme in
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interested aregTransport Canada, 2009s a result, different responsibilities
and costs are undertaken by municipality and advertising contpagstablish a
well operatingsystem as classified in Table 1 the bike-sharing program
examplesof Konya, Kayseri and Istanburom Turkey, thatkind of local
governmenadvertising companlgusiness modeatvasalsoused

Table 12. The Responsibilities and ©sts Undertaken by Municipality and
Advertisement Company in PublicPrivate Partnership Business Model for
Bike-sharing

PARTNER RESPONSIBILITIES

Roles:

1 provides space for advertising
1 determines the locations of bike stations
1 provides spaceof stations

Costs:

Municipality 1 construction costs for installation of stations (va
for only fixedpermanent systems)

1 may cover a portion of supply costs for syst
equipment such as bicycles, stations, and se
vehicles

f may cover a portion of operating costs

Roles:
1 provides bicycles, stations, and service vehicles
1 provides Information Technology (IT) infrastructu

for system control and for financial issues

Advertiser 1 operates the system: maintenance, repairs, big
redistribution

1 provides customer servicerttugh web site or ca
center

1 hires and trains all required staff

73



Table 12 (continued)

Costs:
1 equipment: bicycles, stations, service vehicles
_ infrastructure (may be shared with municipality)
Advertiser ) , .
1 operations: staff, maintenance supplies, regtaant
parts, replacement bicycles (may be shared

municipality)

Source(Transport Canada, 2009)

After introducing the definition, basic characteristics, history, benefits, costs and
challenges of bikasharing in generalinderstanding of the system is developed

through gooepractice examples from the world in the next section.

2.7. Bike-sharing Systems from Different Parts of the World: Paris
(France), Montreal (Canada), and Hangzhou (China)

In this section, the main charactits of best practices of bigharing systems
from different parts of the world will be stated. Turkish cities are newly
experiencing bikesharing system as an urban transport mode. Before analyzing
Turkish cases, it is important to determine what thet peactices in the world
have experienced, what the main characteristics of them are, and which
components have seemed indispensable to consider the system as efficient or
successful. In this regard, a general overviewelib in Paris,BIXI in Montreal,
and Public Bicyclein Hangzhou examples will be studied to infer outcomes for

Turkish cases.

2.7.1. Velib (ParissfFRANCE)
When the Mayor of Paris took office in 2001, a project naigghces Civilises
(Civilized Spaces) was made which consisted of overall grgesmmal livability
strategy. The Velib program was also based on this project. The objectives of this
project for Paris were mainly:

1 decreasing traffic congestion,

1 prioritizing public transport, pedestrians and cycling,

1 creation of a bicycle network,
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1 promotng policies and programs to increase the presence of bicycles on
the streets of Par{ennhold, 2007)

The Vel odbv smart bike system in Lyon be
system in Paris together with its successinance. Vel i b system,
Liberteo or (ddDechux, 2008)\eas ldunained in 2007 under the

| eadership of t hene a ithe ynéss extanaiwe osystem fort i s

maximum number of stations and bioyg| size of service area, number of
registered users, and volume of daily uses in the world. The operation of Velib has
been carried out by French advertising company JCDecaux with-yeeat0
contract in exchange for the right of use of 1600 advertisinigolitds in Paris
(Transport Canada, 2009Bike-sharing service of Velib in Paris consists of a
network of 1800 stations and more than 20000 bicycles (Figure 19). The system
remains open 24 hours a day and whole year. Besi&@semployees, who are
responsible for the maintenance of bicycles to be safe and roadworthy, are
working within the systen{Mairie de Paris, 2010)The cyclists can get a bike
online or at any of the bike stations by usingddrer debit card. Then, the hired
bicycle can be left at any other statigBennhold, 2007) In Figure 20, the
distribution of Velib bikesharing stations in the city is shown by red circles. It is
important to realize that ke stations are intensively located in particularly the
center of Paris.

Figure 19. An Example of Bike Stations in Velib Bikesharing System

Sourcefhttps://www.google.com/maps/@48.866093,2.341978,3a,56.8y,212.52h,7
3.61t/data=!3m4!1e1!3m2!1sZ2GhEuU9MCVNGTCjfvO7r5w!2e0
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Figure 20. The Map of Distribution of Bike Stations for Velib bike-sharing
System

Source(Nair, Miller-Ho o k s , Hampshire, & Bugil, 201
Velib is different from any other bikeharing program due to the fact that Velib

bike stations cover the entire city of Paris. This condition makes this system a
comprehensive part of Paris urban transpetivork. Velib started to operate in

2007 and emerged in two main stages which are 10000 bicycles in July 2007 and
10600 more in December 206&s the Velib bicycles seen in Figure ZLogether

with the second extension stage of the system, the Velibshi&keng program has

covered the entire city of PariMairie de Paris, 2010) The main establishment

aim of the programs was summarized by Bennf@d®7)as 6 The pr ogr am,
(for oAib®Icy,cl e, and dlibert®, 6 freedom),
efforts to reduce the number of cars in city centers and give people incentives to
choose moreeebr i endly modes of transport6. As

the constructiorof Velib bike-sharing system in Paris, a 70% increase in bicycle
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use and 5% decrease in car use and congestion were realized in {Beetriger
& Marie, 2008)

- PRGNS o,
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Figure 21. Bicycles of Velib Bikesharing System

Source(Nadal, 2007)

In Paris, Velib bike stations were established every few blocks in the entire city.
The approximate density of stations is 28 kska&tions/square mile (1 square mile

is equals to 259 heata) which increases around commercial or public transport
nodes(New York City Department of City Planning, 20089) other words, a bike
station exists in every 300 meters in central P@sdal, 200). In Figure 22

station density is seen in central part and more peripheral part of Paris.
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Figure 22. Station Density of Velib System in Two Different Parts of Paris
Source(Mairie de Paris, 2010)

In addition, pricing policy for Velib seems to be quite affordgBlgble 13) This
system is usedepending ora feebased pricing policyvhich enables the usage
of the bicycles for free for the fir®0 minutes(Shaheen, Gzman, & Zhang,
2012)

Table 13. Pricing Policy of Velib Bike-sharing Systemin Paris

TIME PERIOD INCREMENT TOTAL
First 30 minutes Free EURDO
Second 30 minutes EUR 1 EUR 1
Third 30 minutes (1- 1.5 hours) EUR 2 EUR 3
Every half hour increment afterwards EUR 4 EUR 7+

Source(Nadal, 2007)

According to the reports released for
bicycles of this system. To enable 78000 trips a day on average, which is a rather
intensive usage of the system, an efficient bicycle redistribution and maintenance

mechanism is necessafphaheen, Guzman, & Zhang, 2012herefore, the

service provider of VelibJCDecaux has a fleet team that uses 113@torized
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bicycles, 20 CNG (Compressed natural Gas) service vans and electric cars, and a
floating maintenance bard@®lairie de Paris, 2010)

Integration of bike stations with public transport has seemed crucial for the
efficiency of bikesharing system and mode integration. Paris metro system is
composed of 300 statiofisnainly concentrated in central part of the ciéynd 16
underground lines, which is one of the most frequently used system in the world.
In Paris, Velib progam enables passengers an opportunity to have intermodal
trips between train and bike stations by construction of stations of these two
systems near to each other. In addition, most of the stations of Velib were
positioned within the pedestrian catchmergaastarting from a station of public
transport network in which the distance is approximately 400 méiéas,
Miler-Hooks, Hampshire, & Bugil, 2013)
Velib system is one of the most significant componentEgpaces Civiliss
(Civilized Spaces) project of Parihat launched thegreening and livability
strategy for the city; and within the framework of this project starting from 2001,
amount and quality of bicycle and pede
million financial investment was used for the development of widening sidewalks
from 4 to 8 meters, the number of planted trees, and building bikeiMayl,

2007) Figure 20 shows the general layout of bicycle infrastructure in Pariee The

is a 371 km bicycle road network in Paris by 2088w York City Department of

City Planning, 2009)Policy makers in Paris revealed a Fd@ar Cycling Plan in

order to encourage and support Velib bgkaring. By 2010, théotal length of
bicycle lanes in the city was 439 km, and it was planned to be increased to 700 km
by 2014(Freemark, 2010)Iin Figure 23 below, the continuous purple line shows
existing bicycle lanes in 2010, and the daklones represent planned bicycle

infrastructure in Paris.
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Figure 23. The Map of Bicycle Road Infrastructure in Paris
Source(Freemark, 2010)
2.7.2. BIXI (Montreal /CANADA)

In Montrea] there was a rezl to deal with the harmful effects of automobile and
negative impacts on environment; therefore, policy makers investigated for viable
and concrete solutions in 200&s a result, bikesharing wasconsidered as an
important mode of urban transpavhich was focusedn the City of Montreal
Transport PlarfPlan de Transport)Stationnement de Montreal Company has got
the authority for managing the system which is also responsible to regulate
parking operations in the citPBSC Urlan Solutions, 2010)This public park
operator of Parigook the mainternace of system rather than giving it to an
advertiser firm, because Stationnemhale Montreal was thought to owthe
needed capital anduman resources for operating and managingke:-gharing
system(Transport Canada, 200®As a resultBIXI (Blcycle taXkthe word is the
combination ofbicycle andtaxi) bike-sharing system was constructed in 2009 as
the first fundamental initiative for public bicyetdaring in Montreal, Canada
(Imani, Eluru, EiGeneidy, Rabbat, & Haq, 2014)

Initially, Stationnement de Montreal projected to introduce 2400 bicycles and

then, additional 2600 more were inserted to the system by the summ@odf 2
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(New York City Department of City Planning, 2009s a result of this second
phase, there were 400 bike stations and 5000 bicycles within the system. Then, the
total number of bicycles and stations were raised to 4l1llossatand 5120
bicycles in total together with the additions that came from the cities of
Westmount and LongueuiPBSC Urban Solutions, 2010)t the beginning, first
phase contained the main core center of Montreal, and thedspbase extended

the system towards north, west and south as seen in Figure 24. The ultimate
distribution of stations in the city of Montreal is shown in Figure 25

Figure 24. Two-phase development of BIXI System in MontreaM entioning
the Distribution of Bike Stations at Initial Phase

Source(New York City Department of City Planning, 2009)
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Figure 25. The Ultimate Distribution of Stations in the City of Montreal by
2014

Source(BIXI Montreal, 2013)

BIXI, which was projected to become the largest system in North America and
one of the largest in the worldvas planned to be integrate@do the existing
public transport network of Montreand to support the travel demands of
commuters in the city. Station site selection of BIXI program was done depending
on the criteria of positioning every 2800 meters around 15 squdm radius

from central MontrealNew York City Department of City Planning, 2009)
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Bike stations in BIXI program are flexible which means thlatosteach station
hasthe characteristic of being portable, and fixed stations on street pavement are
in few numbersThese stations do not need eliechetwork construction since
they are solar powered and wireless network is wseidh enablegapid and
inexpensive constructionpportunity for stations.Such a flexibility of stations
make bikesharing components, including bicycles and stationslye@snovable
between November and Apridluring winter period(Transport Canada, 2009

Figure 26, an example of BIXI station is shown together with the integration with

onstreet bicycle lane.

e

Figure 26. BIXI Station in Montreal together with Its Integration with on -
street Bicycle Lane

Sourcei(http://actsofminortreason.blogspot.com.tr/2010_07_01_archive.html)

BIXI bike-sharing system has different pricing regulations to BIXI members and
casualusers.Table 14 shows pricing policy for casual users which enables free
ride in the first 30 minutes, then the price increases for each 30 minktes.

members, an opportunity is given as riding bicycles free for 45 minutes.
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Table 14. Pricing Policy of BIXI Bike-sharing SystemApplied to Casual
Usersin Montreal

TIME PERIOD INCREMENT TOTAL
First 30 minutes Free $0
Second 30 minutes $1,75 $1,75
Third 30 minutes (1- 1.5 hours) $ 3,50 $5,25
Every half hour increment afterwards $7 $12,25 +

Source(BIXI Montreal, 2013)

An extensive dual bike lane network exists in Montreal providing access in
residential and commercial are@iéew York City Department of City Planning,
2009) In general, bikesharing systems are highly related with bicycle lane
network in the city since this infrastructure enables the efficient, rapid and safe
travels made by the public bicycles of this system. In Montreal, bicycle tracks and
roads castitute an efficient network that serve the flow of bicycle trips made in

the city of Montreal closely associated with BIXI bike stations (Figure 27).
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Figure 27. The Map of Bicycle Road Infrastructure in the City of Montreal

Souce(https://lwww.google.com/maps/@45.4706522,73.5721793,13z/data=!5m1
11e3
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In short, the main characteristics of BIXI system in Montreal can be summarized

as follows;

1 Itis easy to install and remove stations since they are flexible,

1 Kiosks at stations are solar powered featuring an environmeftialhgly
characteristic,

1 No excavation is needed to be done under favor of portable and self
sufficient energy supplied stati@hatforms,

1 The real time availability of bicycles at any station in Montreal can be
learned from any bike statiggBSC Urban Solutions, 2010)

2.7.3. Public Bicycle (HangzhouWCHINA)
In China, Hangzhou Public Bicycle system, whichsvi@tiated by the Hangzhou
Public Transport Corporation in 2008, is the most popular one in Asia with its
largest number of stations and bicycig$angzhou Public Bicycle, 2008)n
1970s, China was considered as a countrgy i ngdom of Bicycl e:
bicycle was a considerable vehicle for urban mobility among public. The reason
that bicycle use was widespread this much is low income for people, short travel
distances in cities, and adopting compact urban form; howegteady decrease
in bicycle use in China was observed in recent two decades for the reasons of
increased tendency on motorized transport, economic development, declining
cycling infrastructure and environment, and increased travel distances. In other
words, the prevailing urbanrdevelopment policy in China brought limitations on
bike use. Consequently, the Chinese Ministry of Housing and tRibaal
Development took an attitude towards with a view to combat traffic congestion
and associated environmental ertdities, and bikesharing was a tool to address
such problems as a governmental initiative. Therefore, Public Bikeshéeng
system was applied to Hangzhou on May 2008 by city government, and by the
beginning of 2011 there were 60600 bicycles and 24aions within the system
(Shaheen, Zhang, Martin, & Guzman, 2Q1Rigure 28 shows a general layout for

the distribution of bike stations in Hangzhou.
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Figure 28. General Layout for the Distribution of Bike Stations in Hangzhou
Source(Jiang, 2011)

Public Bicycl e syst ensharing systdmeln Mamgzhod, 6 s
the percentage of general bicycle trips among other modes is 43%, and bike
sharing system hassgnificant share for that. The target of policy makers is to

increase the number of bicycles to 175000 by 2020 to benefit the potential to

reduce greenhouse gas emissions in HangZl@lEl Local Governments for

Sustainability2011)

Provision of an efficient and free bisharing program was the principle aim of
Public Bicycle system in Hangzhou to meet the demands of local people and
tourists. In addition, this system has also played a supportive role to feed public
transpet network throughout the citHangzhou Urban Design Institute, 2008)

The main characteristics of Hangzhou Public Bicycle system can be summarized
asfollows:
i The initiation of progranwas supported by local government, andtate

owned corporation operates the system,
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1 One of the most important objectives of Public Bicycle is enabling the
integration of bikesharing with public transport,

1 Public transport integration of system through smartcard is realized which
means thathere is an opportunity to getdiscount for public transport
afterthe use obike-sharing,

The initial hour is free for the users,
Fixed docking stations are used in the sydfeigure 29,

Inexpensive and orgpeed bicycles are used in Public Bicycleorder to

minimize theft and vandalisn{Shaheen, Zhang, Martin, & Guzman,
2011)

e el " I

Figure 29. Fixed Bicycle Station in Public Bcycle System of Hangzhou with
Its Station Shelter

Source(http://www flickr.com/photos/jpasden/5969633717/in/photostream/)

Cyclists of Public Bicycle in Hangzhatde these bicycles for their initial or last 1
km trip with an average duration of 23 minutes; theref6f8o of trips do nb
exceed onedur in which bicycle rerm is free for initial first hour according to

the pricing policy ofthe system(Table 15) As a result, the system does not get
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too much revenue, and it is compensated by advertisements on bicycles. Thus,
bicycles are quite affordable to users in HangzttGULLEI Local Governments for
Sustainability, 2011)

Table 15. Pricing Policy of Public Bicycle System inHangzhou

TIME PERIOD INCREMENT TOTAL
First hour Free $0
Additional 1 hour (17 2 hours) $0,15 $0,15
Additional 1 hour (2 7 3 hours) $0,30 $0,45
Every 1 hour increment afterwards $0,45 $0,90 +

Source(Hangzhou Public Bicycle, 2008)

Public Bicycle system is being intensively used; therefore, policy makegrsnes

to such a demand by operating 35 stations 24 hours a day, and most of the other
stations serve between 6.00 a.m. and 21.30 p.m. which creates time for the
responsible staff to maintain and redistribute the sys(ei@ngzhou RBblic
Bicycle, 2008)

2.8.  Summary
In this chapter, first the concepts of sustainable transport and the need to develop
alternatives to the automobile were described, highlighting the unsustainable
growth trends that automobitgiented urban areas creaténeTlrole that public
transport, walking and cycling can play in creating more sustainable urban
transport systems were discussed, and the incregspaytance obicycle use as
an urban transport mode was presented. In addition to policies and projects of
developing and improving bike network and parking infrastructure -dhkeing
systems were described as a recent approach in promoting bike usage for urban
transport. The definition, history with three commonly accepted generations, main
costs and challgyes, the future anticipations, and business models ofshiteng
were explained. Then, a general overview of the successful and efficiently used
system examples from Paris, Montreal and Hangzhou were examined.
The analysis of the bikeharing concept anthe bestpracticecasesfrom three
different continents (BIXFMontreal/Canadafrom America, Velib-Paris/France

from Europe and Public BicycleHangzhou/China from Asia) provide a
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framework for the research to be carried out in this thesis. Thetditereeview

and analysis of cases from different parts of the world reveal several crucial
approaches, policies and criteria constituting indispensable issues to analyze bike
sharing. These can be classified as the planning background of systems, general
design elements of bicycles and bike stations, operational issues, supportive
policies performed by policy makers to encourage the system, and future
intentions to increase the efficiency of cycling through {skaring. In this
research, these elements siitute the framework for the analysis of selected
Turkish bikes har i ng cases from Kdmymnankiayser i
this comparison is determining planning, design and operational principles of
bike-sharing in Turkey.The following section, wlth presents the research
methodology, describes in further detail how this framework will be used for

analyzing Turkish cases -ahardsyJlams.k ey ds ex
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CHAPTER 3

3. METHODOLOGY

3.1. Context
In this research of bikeharings y st ems of O6Smand ©O6Kklkeidbke @
Konya, Kay s e- are t@abednvegtigated antd evhluated determining
the general circumstances of these systems depending on the inferences made
from literature review of bikshaing and bespractice cases fro different parts
of the world. The context of the study was shaped according to the general
framework that bike sharing has become a significant agenda and has significantly
increased in terms of new system construction in various parts the world.
Globally, as a result afinsustainable car oriented urban transport policies, people
face diverse problems like traffic congestion and air pollution as well as climate
change and health problems. To deal with these issues, public transport, walking,
and cycling have to be improdend made viable and attractive alternatives to the
car. In recent decades, cycling has become widespread in many cities in the world
-particularly in Europe as a normotorized transport alternative: new
infrastructural investments were made to fac#itand enable safe and efficient
use of bicycle. This trend has been further supported by bike sharing systems,
which aimed at making bike usage a common urban transport mode with a view to
reduce car dependency and hence alleviate transport and traffierpso

associated with the extensive use of the car.

3.2. Aim and Research Questions
In recent decades, bigharing is effectively used as a transport policy tool in
many countries, and this system has also received attention from local
governments in Turkey imecent years. In 2009, the first bikbkaring started
operation in Kayseri, and then Konya followed with another system. In 2013, one
of the newest systems was ismaringsysteamsd i n
have been in operation since and theme a number of other cities that have just
launched a bikshare system or planning one as ofidid4. However, there has

90



not yet beera comprehensivanalysis about this experience. There are no studies
that show what has been experienced in the planomgstruction and operation

of these systems in Turkey, what the mistakes or correct attitudes of policy
makers have been for their bikbaring systems, how much these systems are
advanced compared to the criteria inferred from the literature reviewedected
bestpractice cases around the world, and on what aspects these three cases and
other intending cities need to pay attention. Theretbeegaim of this researchis

to analyse and provide a better understanding of the-dhiee experience in
Turkey, particularly in the three cities that became pioneers for this system in

Turkey.

According to the investigation made in previous chaptlesresearch questions
of the study supported by some swutuestions, which serve fundamentally to

achieve and impve the aim of research, can be stated as follows:

1. What are the strengths, weaknesses and the areas that can be improved for
6Smart bikebo, 0 K ashabing syStenam Kbnya, Kaydeli ané 6 b i k
Kstanbul -fromsTprieyin thevlighbfythe criteria determined through

the analysis of literature and best practices from the world?

-- How was theplanning backgroundf these systems shaped in terms of

planning the systems, decistamking, bike station site selection,

planning aim, andibycle road infrastructure?

-- What is the general condition of the main components of these systems

in terms of system designincluding aspects such as station shelter,

sufficiency of bicycle numbers, locking mechanisms, noticeability of bike

stations, ad adopting # generation characteristics?

-- How are theoperational issuesf bike-sharing shaped in these cities

considering system continuity, mobile applications, smartcard integration,

registration, maintenance of systems, pricing policy, and helmating?
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-- Are there anysupportive complementary policiespplied for bike

sharing systems in terms of encouraging policies, the use of systems as a
sustainable nemotorized  transport  mode, and effective

announcement/advertisement of systems?

-- Are thae any intentions fofuture to develop the systems in terms of
system extensions, demands from people, and physical improvements of

systems?

2. How do policy makers of these systems evaluate the systems that they operate:

successful, deficient or develogP

3. What can be the indispensable criterdplanning, design and operational

principles as policy inputs for future implementations in Turkey?

3.3. Case Study Selection
In the analysis of biksharing in Turkey, three examples from three different

cities were selected and visited for the research. These cities are not randomly

determined; on the contrary, several criteria were considered for each city.

The bikesharing system in Kaysetd K a y-was sdbected because this system is

the first initiative ofthis kind in Turkey which started its operation in July 2009.
Therefore, the analysis of the Kayseri case reveals howshiwng system firstly

entered Turkey. Besides, it was found out from the preliminary researches that the
locations of bike stationsvithin this system were positioned to serve mainly
public transport which means that biklkaring is seen as an urban transport
alternative by policy makers in Kayseri. The main theme of the thesis research
was also oriented towards considering cyclingl dnke-sharing as an urban
transport mode. As a resul t, OKaybi so

included as a case study in the research.

The O6éSmart bi ked system i n Ko-shgriag, whi
initiative in Turkey in operation sinc®ctober 2011, was determined as the
second case study. Konya is a city that is renowned to have the most widespread

bicycle culture together in Turkey with its extensive bicycle road infrastructure
92



and bicycle use as a daily urban transport mode. Thetetowas inferred that
policy makers of the O6Smart bi-skaenmy syst ¢
system with this bicycle culture that already existed in the city. Thus, this city was

also selected as another case study.

After Kayseri and Konya, othebikes har i ng i nitiatives st
Samsun at the beginning of 2013; howeve
started at the same year appeared to have mgoeous plans to extend the

system at the time of case study selection. Althotlgdse plans to extend the

system were not materialized, and the systems remained as a line that operated
only at the coast al corridor between Ka
as a recreational tool than urban transport mode, it was nevestloglesied to

keep | stanbul as one the case studies.
would be important to observe the entrance of Sika&ring to a metropolitan city

of over 10 millionpopulations It was considered that analyzing the challerages

well as future development plans for the Istanbul case would be a valuable
contribution forthestdyy. As a result, the systems 1in
were selected asomparativeresearch case study areas from where main findings

of the analys are producedlhese three Turkish cases are compared in terms of

their planning background, system design, operational issues, supportive
complementary policies, and future plans. In the end, it is aimeahitdude some

basic planning, design and opé&atl principles of bikesharing in Turkey.

3.4. Method of Analysis
For field research, my visits to these three cities wereechout between 287
August 2013 for Konya, 290 August 2013 for Kayseri, andSeptember 2013
for Kstanbul . | n -sharidgedasest iro Konya, Kayseti ang at e
Kstanbul , I applied four ma i n-depthat a caQ
interviews, participant observation, collecting written documents, and collecting
visual documents:

1 In-depth interviews were carried out with policy makers of bikbaring

systems in each city. In Konya, a total of three interviews were made:
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with an engineer warking in Konya Metropolitan Municipality Directorate

of Road Making; the manager of Konya Metropolitan Municipality
Department of Urban Development; and the director of the private
company, which has the responsibility of operating the -bilaing

system In Kayseri, one interview was made with the Electrical and

El ectroni cs Engineer of O0Kayser.i Ul
responsible authority for bike har i ng syst em, and al s
interview was made with the responsible authority afyBle Unit of
KSPARK. Before going to these three
and all the interviewees were asked the same questions. In the research,

the interview questions were formed through the outcomes of the literature
review made for lde-sharing and the analysis of successful cases from
different parts of the worldin-depth interview questions and their
explanatory sub topicsare presented below.

1. What are your general opinions about urban transport?

-Automobile use.
-Use of publidransport.

-Use of bicycle.

2. What were your aims for the construction of system? How did the idea emerge?
Did the project intend to contribute to the image of the city? Did you also

consider any of the following objectives in launching this system:

-to help decrease car dependency?

-decreasing air pollution and environmental awareness?
-increasing bicycle use as an urban transport mode/alternative?
-considering the positive impacts on human health?

-increasing public transport use together withe tintegration of
bike-sharing to public transport?
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-decreasing the costs for road construction and other automobile
related infrastructure?
-providing urban transport for all people with an equal social

status?

3. Generally in Europe, there are plans itttegrate bikesharing systems with
public transport through smartcards (a common card system that enables transfer
between different modes). Is there any kind of an integration of youslhgkeng

system?

-If not, is there any plan for this?

-If the passenger wants to use bikbaring right after the use of
public transport, are there any transfer discounts? If not, have you
ever considered such a possibility?

-It can be said that in the cities that bikbaring is integrated with
other public transpdrmodes and free or discounted batearing
system exist, traffic congestion, noise and air pollution are reduced
by means of decreasing car use. Are there any impact analysis or

observations regarding this issue for this city?

4. Positioning bicycles aproper and accessible places in the city, and existence

of enough number of bicycles at stations seem to be significant for the success of
the system. Which criteria were taken into account for site selection of bicycles?
(closeness to central places, coermal areas, educaticmniversity areas,

wor king placesé?)

-Are there enough bicycles at stations? Are there any stations that
run out of bicycles; or stations where no bicycles are used? (These
guestions are to support the question whether the locatbtise
stations are correct or not)

-Is the total number of bicycles enough within the system?

-Have you got any demand coming from public for a new station

place or any station relocation from one place to another?
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-Has there been a station removed sirihe beginning of the
system?
-Has there been a station relocated since the beginning of the

systen?
5.1s there a maintenance program for the system?

6. Is there a public information program showing the existing situation of the

system?

-If yes; can itshow the remaining bicycles at any station?
-If yes; how is the information conveyed to public? (Through
mobile phone application or computer based software or both?)

7. Is there a mechanism for the redistribution of bicycles? (Redistribution from

overloaded stations to emptier ones)

8. Are there any campaigns, festivals or organizations for the advertisement of the

system; or is there a plan for such activities?

9. Are there problems of bicycle thefts or deteriorations for-Bik&ring systems

which aresignificant problems of these systems?

-Did it happen at the beginning of the system? If yes; is there any
decrease in this problem? Were there any specific efforts presented
to eliminate the problem?

10. What kind of a business model was applied in titysfor the construction of
bike-sharing system? What kinds of partnerships were established? Who were the

actors?

11. When the systems in Europe are investigated, it is seen that both wearing and
not wearing a helmet while cycling bring some problems. tvdbaut helmet

wearing requirements or regulations in your bitearing system?
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12. If bicycle use has increased as a result of the initiation of-&hleging, is

there any increase in the number of accidents in which cyclists take part in?

13. Sometimeshere may be some problems between cyclists and pedestrians. Is

there any increase in the number of accidents between pedestrians and cyclists?

-Did you receive any complaints from pedestrians about cyclists of
bike-sharing?

-Have pedestrians got used ¢gclists? Are there any conditions
such as walking on bicycle road or lane?

14. In some cities in the world, we can see that isikaring systems are
constructed without developing bicycle road network sufficiently in the city. On
the other hand, in Mego City, before the construction of bigkaring system in

the city, 300 km bicycle road network was made. Will any investments be made on
bicycle road making? Do you think that bicycle roads contribute to the success of
bike-sharing?

15. Are there any thaghts or projects for further developing the system, station
additions, increasing the number of bicycles? (Or GPS tracking for bicycles as is

the case in some cities in the world)

16. A guestionnaire study was carried out in the cities of Beijing, Shaagdi
Hangzhouanalyzingthe trip purposes in using the bikbaring system in each
city. Possible trip purposes are presented below. In this city, do you have any
information about the trip purposes bikbare users? Is there any research for it?

-To work

-To school

-To return home
-For shopping
-For entertainment
-Touristic trip
-Others..
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As a result of irdepth interviews which were applied to policy makers in
Konya, Kayser. and Kstanbul, a compar
bike-sharing cases from Turkey in order to make the analysis of the results
gathered from interviews. Intaew questions were reviewed to make them

easily comprehendible for this comparison analysis. Therefore, five main
themes were determined together with their sub questions or research issues.
The list below illustrates the components of the analysis, warietthen used

as analysis tables when presenting the findings of the field research.

Planning background

- Is the system based on a transport plan; or an urban plan or urban design
project (integration with any sort of plan)?

- Initiation of the project (Whaalunched the decision of bisharing?)

- Bike station site selection

- Planning and construction aim of the system

- Bicycle road infrastructure in relation with bilgharing that directly
effects the efficiency of the system

System Design

- Existence of statiorhglters

- Sufficiency of total number of bicycles within the system

- Locking mechanism

- Noticeability or visibility of stations

- Inclusion of any characteristics from fourth generation of {skering for
future

Operational issues

- System continuity in all seas®and bad weather conditions

- Mobile application for bikesharing systems

- Public transport integration of systems through smartcards
(intermodality)

- Ease of use of the system for locals and visitors in terms of user

registration process
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Maintenance of sysis and bicycle redistribution mechanisms
Pricing

Helmet wearing obligation

Supportive complementary policies

Future

Encouraging policies to increase the use of systems
Is the system constructed for supporting -nootorized transport as an
upper scale vision? Angolicy makers aware of the significance of it?

Advertising efforts for bikeharing

Is there a plan for system expansion to serve urban transport more?
Demand coming from citizens/users for station addition or new system
construction

Are there anyplanned physical improvements on the components of

systems?

Participant observation is another method of gathering information for
research areas. | individually participated by cycling throughout- bike
sharing service area of those cities during 2 dayséch city by using
bicycles of bikesharing systems. In Konya, | had registered the system
from the web site of service provider by using credit card before | went for
site analysis, and then, | started using {skaring in Konya beginning
from the bile station which was closest to my arrival point of railroad
terminal. In tweday analysis in Konya, | never get on any other motorized
vehicle for my inner city urban travel; the only modes for urban transport
for me were walking and cycling with bilghaing in this city. In Kayseri,

my bike-sharing experience started from the bike station in the city center
after a difficult system registration procedure. | almost never walked in the
city; almost all my movements in the city were realized by bicycles of
Kaybi ssoh abriikneg . | n-day Setd amalpsis period,il could w o
only use bicycles of biksharing in the first day after travelling to
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Kadék©°y coast al -sHanng statiooshstanvénd continub i k e
along the coastal corridor.

Collecting written documents is another research method that | have
used. | scanned all the available documents aboutdhiaeng in general

and specific to the ones in Konya,
web sites, articles, books, academic thesis, pi®gnd news.

Collecting visual documentds another part of data collection process. In

this stage, searching internet and taking photos in Konya, Kayseri and
Kstanbul constituted the main part
conceptual schemes wepeoduced in order to make the analysis of bike

sharing in Turkish cases more easily comprehendible.
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CHAPTER 4

4. ASSESSMENT OF BIKE-SHARING SYSTEMS IN KONYA,
KAYSERI AND KSTANBUL
This chapter presents a comparative study of the-dlikeng systems in Konya,
Kayseri and Kstanbul. First, the state
cities are described; and then, b#taring concept in particular to Turkey is
explained providing information on cities that are operating-bli@e systems as
well as those that are planning. The main focus of the chapter is the comparative

analysis of the three case studies from Turkey, Konya, Kayseri and Istanbul.

4.1. Cycling in Turkish Cities
Cycling in the city in order to reach to work, to honoe,to any place that is
desired to be travelled to is considered as a crucial element in urban transport
planning since it has many benefits such as decreasing automobile dependence for
individuals, being a green mode of urban transport, serving as ses\gipgary
solution for environmental, ecological or social sustainability concerns and
providing health benefits to its users. Thus, policy makers in many cities in the
world have constructed bicycle lanes or separated bicycle roads and launched
bike-sharirg programs as vital urban transport strategies to support cycling. In
Turkey, the condition seems different within the context of the use of bicycle in
the city as a transport mode. Bicycle has mostly been considered as a soft policy
in Turkey, an instrumd just to support recreational needs of peefdibe idea of
using bicycle as an urban transport mode was systematically-tewbgmized by
policy makers until the last decade.
In Turkey, cycling could not gain enough significance as an urban transpde m
however, despite the lack of supportive policies, some cities adopt bicycle use
more than the aver age -iadustrid citie§ &dana, Kz mi t
Gaziantep-advantageous cities with their climate conditions and flat topography
and otherurban and rural settlements in Aegean Redio¥ ¢ k s e-Ul &k ®e
Art, 2001) The city of Konya in Turkey has become the pioneer to make bicycle

use a kind of a travel preference in cities. The traditional cycling structure of
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citizens in Konya has created an inevitable demand for construction of bicycle
roads and regulations to enabieling as a safe mode of urban transport.

In Konya, convenient topography and climate conditions has enabled bicycle use
efficient between urba center and peripheralineyards and orchardsand
between residential and working areas. The meeting of people in Konya and
bicycle is dated to 1920s due to the convenience of a flagtaphy and lack of
other urban transport modes apart from horses and-toaea vehicles. Bicycles
played an important role of connecting urban center and periphery of the city in
those years. Today, as a result of the common use of bicycle among a@@sus

of people in Konya, a bicycle culture is present; so that, this city has come to the
forefront in Turkey with its considerable cycling experience as an urban transport
mode( Y¢ kseUl k®imeArt, 2001)

By the end of 2012, 196 km bicycle road was constructed in K@kigaya
Metropolitan Municipality, 2013)As seen in Figure 29, shared bicycle lanes and
separated bicycle roads exist at difietr parts of Konya. However, no bicycle lane

or road exist at the core city center, and people have been trying to deal with
intensive traffic, often at the expense of their safety while cycling. Policy makers
in the municipality have not taken any conersteps to designate some parts of

motorized vehicle roads to cyclisBigure 30).

Figure 30. Shared and Segregated Bicycle Roads from Konya

Source(Konya Metropolitan Municipality)
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Figure 31. Cycling in the Core Center of Konya without Separated Bicycle
Road as well as Cycling Safety

Source: (Personal Archive)

In Kayseri,there is also a cycling cultune the citydue to thelat topography and
grid urban layout enabling efficient link between tteahand more peripheral
locationsin the city According to DemirdireAnalysis of 'Kaybis' Bikesharing

System in Kayseri, 201385 km bicycle lane was creatédgether with the
positioning of bikesharing systenm themid of 2009.All these bicycle lanes are

sharedypes which arguxtaposed with vehicle traffic (Figure 31).
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Figure 32. Examples of Shared Bicycle Lanes in Kayseri

Source: (Personal Archive)

Bicycle lane network of Kayseri waseated according to the locations of the
stati ons o fshadng aygtem; shérefole; thissnetwork was designed
around the main core city center to enable the transfer of people to a tram station.
A considerable part of bicycle lanes in Kaysersveaeated by using the term of

i cycl e thavisusedvoathedtdeets that contain one of the vehicle lanes
shared with bicycles. In other words, one lane on the road, which is designed
depending on the width capacity needed for the vehicledrasf used both by
motorized vehicles and bicycles. Due to the lack of any type of separation from
motorized and often highpeed traffic, cycling safety is a major problem on such
streetqFigure 33.
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I n Kstanbul, coast al corridors in both

constitute a potential for recreational cycli®pme efforts have also been put to
penetrate bicycleoad infrastructure to inner parts of the any plans. However,

bicycle use as an urban transport mode has not efficiently been realized yet. As a
resul t, sKabi mgd styiskem in Kstanbul has
lines in terms b station positioning. Figure 34hows the examples of bicycle

|l anes in Kadék®°y coastal corridor and K
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ad|k6 coastal line

Figure 34. Examp |l e s o f bicycl e | anes i n Kad:
Kadéek°y Moda Street

Source: (Personal Archive)

In addition to the above cities, which form the focus of the analysis in this study,
there are few other cities that implement bike roads and lanes; however, such bike
networks are still very limited in coverage and such cities are limited in number.
Mobility needs are increasingly been met by motorized transport in Turkish cities,
and automobile usage is on the increase. Many local authorities consider road
programs that propose more road building, road widening,oviys or
underpasses in inner cities a solution to reduce traffic congestion, but in a
number of cities there is now an awareness that alternatives to the automobile
must be improved, and among these alternatives cycling may help encourage
more sustainable travel patterns and hence craateore sustainable urban
transport system. As described in the earlier chapters of this studyshaikiag
systems may have the potential to change travel patterns of people and to create a
bicycle culture for urban transport. The cities that launcheetddiare systems are
worth analyzing in this context since they may become models for other cities in
Turkey that search for strategies to reduce car dependency and encourage

sustainable mobility.

42. Bike.sharing in Turkey: Kony a, Kayser.
Studies
In Turkey, bikesharing systems have been recognized by policy makers in local

governments in recent years in order to respond to different sorts of demands of
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local people or tourists. After the first initiative in Kayseri, a kind of a -bike

sharingboom has been experienced since 2009 in Turkey. Free construction of

system by means of agreement with private advertisement firms and intense

interest of public enable the rise of biglearing in Turkish cities. The table below

shows all bikesharing progams in Turkey under operation together with their

station and bicycle numbers (as of July 2014) (Table 16).

Table 16. Bike-Sharing Systems in Turkeyas of July 2014

Program Number of  Number
CITY Start Date _ )

Name Station of Bicycle
Konya Smart Bike  October 2011 40 500
Kayseri Kaybis July 2009 25 300
Kstanbul
(Kadek®°y Ksbil May2013 10 100
Kartal)
Kstanbul o

At the beginning
(Florya- Ksbil 5 100
of 2014

Yeki |l k°y
Kzmir (c .

Bisim January 2014 29 311
center)
Kzmir .

Karbis January 2013 7 65
(Karkeya
Samsun Sambis June 2013 6 106

A Ak €1 Openningin
Muij | a o 4 40

Bisik | et near future

. At the beginning
Antalya Antbis 6 40
of 2014
Eski kehi Esbis March 2014 10 120
_ AAkel

Kocaeli - 2014 15 120

Bi si k
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Table 16 (continued)

_ AAkeé _
Giresun o Under project - 100
Bi si k
AAKkEé _
Yalova : : Mid 2013 10 120
Bi si k

The first bikesharing initiative was realized in Kayseri in July 2009 named
'Kaybis' to support mainly the tram line by transferring people from inner parts of

the urban area to the tram stations. Therefore, in site selection of bike stations,

enable the integration between these two modes was considered as a crucial issue.
Later on, the second bilgharing system construction was experienced in October

2011 in Konya, in which a considerable bicycle culture exists in Turkey. Konya
‘Smart Bile' system was initiated to make short or middle distance travels in the

city easier and healthier as well as to support recreational cycling demands of

| ocal people and tourists. I n addition
consi der eKkdrtalKkerehttokal cpastal corridor as a potential for cycling

by public bicycles taken from bike stations on different parts of the corridor;
therefore, O0Ksbi ked system was realized
characteristics of these three cases inolydhitiation date, operator and service

provider, the area covered by bike stations in the city, city population, and total

number of stations and bicycles.

Table 17. Main Characteristics of Bike-sharing Systems in Konya, Kayseri
and Kstanbul

Program name Smart Bike Kaybis Ksbi ke
City Konya Kayseri Kstanb
Service Provider Next Bike Clear Channel -
Kayser.
Operator Wall AG KSPARK
A. k.
Start date October 2011 July 2009 May 2013
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Table 17 (continued)

Around city center _
Coastal Corridor

Almost entire focusing on
Program coverag . bet ween
urban macroform  service area of
_ and Kartal
tram line
City population 2 079 225 1295 355 14 160 467
Number of
. 40 25 10
stations
Number of
_ 500 300 100
bicycles

These threecases from different cities in Turkey will be analyzed in detail by
means of the questions directed to poli
Under the following heading, i ssues abo
presented including thelamning, design, operation, policy implementations and

future plans

4.3. Comparative Analysis of Three Bikesharing Cases
In this bikesharing research, the field analysis was designed considering the
issues revealed from the literature review and success&mhm@es from other
parts of the world. Following the information from the literature review and
lessons learnt from beptactice cases, the analysis was conducted to focus on the
planning background, system design, operational issues, supportive
complemetary policies, and future plans of these b#t@re systems. The
analysis is presented below under theselmadglings.

4.3.1. Planning Background
Any kind of changes made in urban space should depend on a plan, so that the
future of activities can be predictabjgpblems or deficiencies can be determined
easily; and as a result, maximum benefit can be gained from the activity or
changes in urban space through planning. For example, if a Light Rail System

construction is not planned in integration with the netwafrihe public transport
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system as a whole within the context of an urban plan or a general transportation
plan, the use and efficiency of system may decrease in time; moreover, instead of
contributing to the general public interest by facilitating urbacessibility, it
might have damaging impact on urban transport. Therefore, any transport project
must be considered in integration with the whole transport network; but it must
also be considered in coordination with urban development plans and urban
desiqn projects. Transport is an outcome of urban Jasel and urban
development patterns, but it can also affect and determine urban development and
has a major effect of urban space and public space. Any transport project,
therefore, must be planned and daedj in coordination with urban plans,
projects as well as wider transport plans and projects, and must be introduced in a
policy package of coherent and complementary urban and transport plans, projects
and programs.
A similar condition is valid for bikesharing systems. It is ideal that bikgaring
is considered as a part of urban development and urban plans so that it can
contribute to the attainment of the objectives of such wider plans. The case of
Paris Velib is a good example: it was described inpBdra2 that the system was
launched as one of the components of a comprehensive urban improvement plan,
called Cilivised Spaces, and hence contributed significantly to the realization of
this planés objectives.
In addition to its level of integration talan and transport plans, the analysis also
investigated the initiation of the project, bike station site selection considerations,
and construction processes of bat®aring systems. These analyses are presented
below.

71 Is the system based on a transpolam; or any sort of plan?
Depending on any kind of plan for a bikbaring system means that the system
would be a part of a general vision or a kind of sustainable transport policy or any
kind of planning document.
KONYA
When the basis kéd KbanrgeystenSisniavedtigat&diin

terms of planning background, it can be seen that no phrases aboshdie
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system exist in any planning documents of the city. In 2001, Konya Metropolitan
Area Urban and Periphery Transport Master Plan wademand it included a
section that mentions a Bicycle Plan for Konya in order to constitute a basis for
bicycle policies in urban transport, regulate and improve bicycle use in the city. In
the 2000s, bikesharing concept has started to become popularnasiriaan
transport mode in the globe; therefore, in the years that Konya Metropolitan Area
Urban and Periphery Transport Master Plan was applied, there was not any future
projection in the minds of policy makers of local government about constructing a
bike-sharing system in Konya. Besides, in Master Plan and Development Plan of
Konya, no indicators can be seen about
such as locations of bik&haring stations. Additionally, in upper scale spatial and
strategic plansof KonyaKaraman 1/100000 scale Environment Plane(v r e
D¢ z e ni  Kéhyaavieteopolitan Municipality Strategic Plan (20R@11) and
Konya Special Provincial Administration Strategic Plan (280@4) nothing can

be seen about bikeharing as an upper seatrategy as a transport policy as well

as bicycle use as an urban transport mode.

KAYSERK

0 Kay b i -sharingbsiyskem of Kayseri has also not been an outcome of any
spatial plan or urban transport policy of a planning document. In Kayseri Master
Plan @ Development plan, Yozg&ivasKayseri Environment Plan, Kayseri
Special Provincial Administration Strategic Plan (2@014) and Kayseri
Metropolitan Municipality Strategic Plan (20@D11) introduction of a bike
sharing system did not feature before ttonstruction of the system in 2009.
Similarly, no statements exist in Kayseri Metropolitan Municipality Transport

Master Pl an either; however, there 1is

transport modes i n Kayser i dfferembpultlid me an

transport modes with each other including a tram line passing through the city in
eastwest direction. In this respect, the tram was in the plans and while bike

sharing did not emerge from a planning document, it can be claimed that it wa
planned in a way to support the tram system because bike stationrpogitias

done for almost completely the achievement of increasing catchment area of tram
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line through integration of bike stations with tram stations. Demirdirek and
G¢ndojdu (2011) stated that this bicycl
public transprt line of the city and this was compatible with the objectives
mentioned in Kayseri Transport Master Plan.
KSTANBUL
I n Kst an b ulsharing Kystém vkag ot cbnisttuded as a result of any
planning or policy document such as a Transport Masten, Ftrategic Plan,
Environment Plan, Master Plan or Development Plan. This system is just an
outcome of a tendering between Kstanbul
firm about city furniture and advertisement which means that private firm
construts bikesharing system to the city for free as a requirement of tendering
condition.
Analysis of plans and policy documents within the context of-bilaing cases
from Turkey shows that &édSmart Bi ked, 0
directly integated with a general vision, strategy or policy for urban development
or urban transport. They stand just as single projects or investments of local
governments.

7 Initiation of the project (Who launched the decision of bigharing?)
Taking the decision of ike-sharing for the sustainability of urban transport is
directly integrated with previous issue of being integrated with a plan. If any plan
or urban strategy document does not lead the proposition osbéddng, so it
needs to be initiated by personetfforts of policy makers or private sector
suggestion to | ocal government s. Konya,
characteristics in terms of initiation of the biglearing.

KONYA

I n O0Smart Bi ke system of Ko mmorites in per s o
Konya Metropolitan Municipality resulted in the initiation of the project.
Koyuncu (2013) who is the manager in Konya Metropolitan Municipality

Department of Urban Developmeekplains that;
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The system irKonya is constructed within the content of tender of urban
furniture; in other words, responsible people in municipality saw foreign
successful examples of bisharing systems and as a result, they demand
the system for the city in tender

Similarly, respnsible person of bicycle roads in Konya, Cey{2013) who is
working in Konya Metropolitan Municipality Directorate of Road Making,

expressed that

Metropolitan Mayor of Konya attaches much importance to bike use and
making bike use widespread in the city, and all these bicycle lanes and
infrastructure are products of the vision of the Mayor. | think he has

wanted t hi s sténbtontze canstriBiedkire Konya. y

KAYSERK
O0Kaybisd system of Kayser.i had similar
Kayseri, the initiation process of bigharing has been experienced without the
content of any upper scale strategy as in Konya. The Metropolitan Municipality
made a dal with Clear Channel advertisement firm in order to design and
regulate urban furniture and advertisement issues in Kayseri urban center. Within
this process, this private firm suggested this system for Kayseri urban center, and
municipality put a provigin to the agreement with the firm for the construction of
25 bike stations and 300 bikes in the Kayseri urban area. Therefore, in 2009, bike
sharing system in Kayseri 'Kaybis' was established. According to Demirdirek
(2003 who is the Electrical and El ectroni
firm the intiation process was as follows;
The initial suggestion came from Clear Channel, which is a global firm
carrying out advertisement issues, for our municipality. It eltablished
the bikesharing system and had performed advertisement issues in the
urban area of Barcelona. Kayseri has also been working under an
agreement with Clear Channel in advertisement issues. This firm made a
suggestion to the municipality throughpresentation of bikeharing, and

this system was established to Kayseri for free in exchange for advertising
rights given to this private firm.

KSTANBUL
In the process of bike har i ng sy s t-lesnb,i pemson#l ®fforaisnob u |
policy makers were effective in the establishment of the system. Similar to the

other cases from Turkey, bleehar i ng system in Kstanbul
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transportmaster plan or urban development plan. The initiation idea of the system
emerged thanks to previousiGe r a | Direct oKaya(2013pwho KSP AR
is the responsible personBfi cycl e Unit of KSPARK, stat

Theidea of bikes har i ng i n Kstanbul emerged U
Directorate of KSPARK who saw this
Net her |l ands. Then, he intended to ¢

historical center around Sultanahmet for tasriogether with the help of
responsible people from Kayseri, but the system failed and they could not
deal with it. Later on, they again came last year, and discussed whether we
shall construct the system again or not. Then, authorities chose a place
(Kade k Kartal recreational coastal corridor) that was vkelbwn, easy

to establish, involving bicycle culture and bicycle road donstruction.
Thesystem started its operation after this process.

Three bikesharing cases from Turkey show that these syst@o not depend on

any sort of upper scale sustainable urban transport strategy. While there is an
understanding in the world that bikbaring systems can reduce car dependency
and car traffic, support nemotorized transport and be used as a healthgrurb
transport mode, 'Smart Bike', 'Kaybis' and 'Isbike’ systems were not launched with
such general visions shared explicitly by decisioakers. Of course actors and
decisionmakers may be aware of such potentials of the system; however, their
introduction was not accompanied with such wider urban strategies explicitly
announced. . The systems were not launched as an outcome of comprehensive

urban or transport studigsersonakfforts were effective in their establishment.

M Bike station site selection

Whatwe can understand from planning of a b#ring system on urban space is

bike station site selection. As in planning of other modes of urban transport such
as buses, Light Rail or Heavy Rail systems, location of bicycle sharing stations
seems crucial fopeople to reach a bike in an easiest manner. Therefore, the
guestion of why the locations of stations have that much significance in planning

gains importance.

A station is a transfer point that enables people to move from one place to another
within thecity. In order to maximize the service efficiency of a station, it should

be easily accessible, located at crowded attraction points, and take place in
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optimum distance with other stations of the same mode-8ikeing is one of the
modes that should kbearefully planned in terms of station distribution to achieve
maximum benefit from definite number of station. The decision of where the
bikes will be in the city is differ from each other in the Turkish kskaring cases

of Konya, Ka y s eithin theacontent & dotation bfubikeharing/
station, integration with other public transport destinations, the effects of
university integration and movements which are enabled thanks to this system are
also significant issues, and they will be mentioaedording to research results

for three different cases.
KONYA

Konya bikesharing case revealed that 40 stations of the system were distributed
to different parts of urban area by using trial and error method. This method in
planning of bikesharing meanshat site selection of stations is made by one
authorized responsible person or a group of people, later unused stations are
shifted after some time to the places that they can serve more to the people as an
urban transport destination. It can be seeirigure 35 that bike stations were
mostly distributed around main urban center, and there are also extensions
towards each direction from center. In Konya, the manager in Metropolitan
Municipality Department of Urban Development, Koyun@013) who is also

the responsi ble person of Konya 6éSmart
of locations of stations, and expresses this process as:

The stations were needed to be distributed evenly to the city. Public
buildings universities, dormitories, bus terminal, areas around hospitals
and existing bicycle lane routes were primarily preferred for the stations;
besides, it was considered important to locate as many stations as possible
to the places where visual angle ofycsurveillance cameras cover the
station point of bikesharing in terms of security. | never think about side
streets, I preferred the points whi
Trial and error method was effective in site selection of stations. $6me

the stations were not used, and we shifted those to better places in terms of
utilization. In addition, political reasons were also effective in site
selection. In Karatay district of Konya, it can be easily estimated that
bicycles could be mistreatedhereas we put stations there in order not to
face any reaction from distriatunicipality and local people
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In summarybike stationof 6 Smart Bi ked system wer e

with some location criteria which are:

-Routes of existing bicycle lanes

-Attraction points

-Transport nodes

-The places facilitating movementsmardscenteror opposite directio

As previouslyseen in Figure 36ome of the stations were located on bicycle lane
routesin Konya. The support of bike lanes to bi#earing certainly increases the
efficiency of system and the number ofes asseen in especially European
examples of ike-sharing.l n Kony a, bi ke | anes exi st
Ankara, Karamanlspartaand Antalya, on peripheral expressway of the city, and

on some parts of wesmin side roads of the cityTherefore, those lanes help users

of bike-sharing for their travel arourmt towards the city centein Figure 37 an

example of bike lane and bHgharing integration ishown.
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Figure 36. One of the Bicycle Lane and Bikesharing Station integration in
Konya O0Smart Bi ked System

Source: (Personal &hive)

Another important emphasis for site selection is attraction points which are
university, main city center, commercial activities, Mevlana Museum,
municipality, industrial area, Meram recreational area, and hospital. For instance,
there is one statin at the entrance of Konya Sel -
Organized Industrial Zone, and one station near the shopping mall which is next

to the bus terminal. This kind of a relationship between-bilaing stations and

those attraction points cortsties a positive impact for the use of the system as an

urban transport mode, which increases service area of the system and accessibility

of different land uses within the city.

Bus terminal and conventional rail station of Konya are also destinations of
significant transport modes. At the be
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Bi ke 6, -shamrg stationkwas located for each of these transport modes of
the city. Today, bus terminal bike station is still working on Northern urban
development corrior. This transport node also includes a tram station; therefore,
these three stations constitute significant multi modal characteristics whose
components are bus terminal, tram station and-$ileging station. However, as
seen in Figure 37bike stationn front of conventional rail statiohshowed with

gray color wasimplementedht the beginning, but it has been removed after some
time. Besides,it is important to mention tharam and other public transport
stations play the role of being urban transpamwde within the city; however
limited effort was made to use those nodes together withdhikeing stations in

Konya urban center.

Figure 37. Conventional Rail Station of Konya and Its Nonworking Bike
Station

Sourcei(http:/www.nextbike.com.tr/tr/konya/locations/)

The final analysis for site selection of bike stations is about movements within the
city. There are several mamctivity centersin Konya which were taken into
consideration while selection. These are mainlydedial areas, Organized
Industrial Zone, university, city center and Meram recreational area. Generally, it
is obvious from the locations of bike stations in the city that university students
use bicycles between center, their homes and their campus;usamseuse the
system between city center and their homes; industry employees use between their

homes and Organized Industrial Zone; and finally people sometimes prefer to
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perform their movement from their home to Meram recreational areas with bike

sharing As seen in Figure 38, the main activity centers of Konya urban center are
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Figure 38. Urban Movements in Konya between Different Land Uses with
Bike-sharing

In Kayseri, site selection of a total number of 25 bike stations was done through a
partially trial and error method as in Konya. Some of the unused stations were
shifted to better places on which bike usejfrency had been estimated as higher.

However, the reason why the method is called as not a complete but partial trial

120



and error is that policy makers had a vision for gaining maximum benefit from
bike-sharing in terms of urban transport. Kayseri kskarng case study shows

an important example of strategic visionary thinking for bike stations.

A feasibility study was realized before site selection for bike stations in Kayseri
(Demirdirek, 2013) Bike stations were not digtuted to the whole city; they
were focused on mainly the city center and the university (Figure 39). A tram line
exists which serves the city along eastst direction in urban area. Bisbaring
system was constituted as an urban transport instrumenhwas planned to
increase the service area tfam line by creating nortBouth extensions.
According to the research carried out
Kayseri Bicycle System was established to contribute to the urban transport
network. It was planned by considering the targets in p@msnaster plan to feed
main public transport line. Passenger attraction points in the city was taken into
consideration in site selection of stations, and the main aim of this system is
enabling short and middle distance trips to be realized througbléiaythin the

cty( Demirdirek & .G¢gndojdu, 2011)
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I n

0 K a y-shariagdsystem, khe initial aim was cieatof a network together

with public transport alternatives which are tram line and-bitaring rather than

using these two systems separate from each other. In time, after nine months of

establishment of systean April 2010, the stations of Erciyesniversity were

located in its campus area, and those were the stations which had been removed

from Organized Industrial Zone of Kayseri. Demirdirék013) who is the

E I

ectrical and Electronics Engineer

process as follows:

It is not possible to penetrate urban rail system of Kayseri into the inner

parts of the city; it can only follow a route on a main singlee.lin
Therefore, what we should do was carrying passerigars inner city to
rail line which was the initial aim of establishment of bgtering.
However, later on, this aim has evolvguhrticularly after the arrangement
of University stations. Currentlythe stations in university have become

the most frequently used ones within the system; additionally, together

with the university effect on biksharing, a sudden change occurred in the
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data of user ages. A significant proportion of youths and a sigmifica
increase in the number of female use
put two stations to Organized I ndus
between that industrial area and city center is too much, and we only have

25 bike stations. We have no charioeput any station on that kind of a

distance. If we sprawl this system towards remote parts of the city, we
should support the distance with additional stations. Consequently, since

we could not provide bike station service between Organized Industrial
Zone and <city center, idaoKwokbandswe st at
removed them

In Figure 40, the exact locations of bike stations are shown including tram line
integration and bike lanes. It can be seen that all the stations were distributed in
main urbancentral area and the university. As a result of the analysis of Kayseri
0 Kay b i-sharingbsyster, it is important to mention that several criteria can

be concluded for site selection of bike stations. These are;
-Carrying passengers to tram statiomsrf northern and southern parts of the city
-Attraction points (university, city center, Organized Industrial Zone)

-Bicycle lane integration
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Figure 40. Distribution of Kayseri Bike-sharing Stations Including Existing
Bike Routes and Connections with Tram Line

Source: (Person&rawing)

The principal aim of O6éKaybisd was to s
city. Bike stations in northern and southern part of tram line play the role of
transferring people to significadestinations. Such an integrated public transport
network enables the movements along both reotith and eastest directions.

Figure 41 shows which bike station is in relationship with which tram station
specifically. Integration of bikeharing to pubit transport is a previously planned

strategy before the construction of the system, and today it can be thought as a

successful example for other initiatives in Turkey.

124



.
s
.....
&

O Bike-sharing Station l@

uyuvensm( '
........... 1
@ Tram Station \ > /
) -
> Connection between tram
"% .nd bike stations

Figure 41. Urban Movements in Kayseri city center with Bke-sharing
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According to Demi (2@l1) wieek theanmost freGuemtly ws¢dd u
stations are considered, it can be see
mission of connecting rail system to inner urban areas succes3fudlypassenger

flow from In°n¢ bike station, which i s
Hunat bike station, which is also integrated with a tram station, makes those
stations most frequently used ones. In addition, a questionnaire carriéor out
6Kaybi sd st at eslsaring isars in Kag@séti usefthis bystémeto reach

rail system stations

Attraction points also seemed to be significant for site selection of bike stations.
Most of the stations were located at central part of urbea af Kayseri, which

are on Sivas Roagbspecially integrated with tram station as seen on Figure42
green areas and easily accessible points on northern and southern parts of the tram
line (Figure 43). Additionally, university and Organized Industrialn€o

integration of bikesharing stations were other issues that policy makers had paid
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attention. 'Kaybis' system of Kayseri was established on July 2009, at the
beginning it was thought that Organized Industrial Zone of Kayseri had been an

important workiry area and this western part of

the city should had been connected with main city center and residential areas. It
was predicted that O0Kaybisd bike shari:i
from city center to the main industrial working area of thyg; dherefore, two

bike stations were put there. However, about 15 km distance exists between
central bike stations and the ones in Organized Industrial Zone. Therefore, those
stations could not be used as expected before the establishment, and they did no
work. This resulted in the removal and relocation of them on April 2010 to
Kayseri Erciyes University. The main aim to transfer stations to university was

carrying students from one place to another within the university and to city

center.

Figure42. Tram Station | nteshariag i on of O6Kayhb
Source: (Person@rchive)
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Figure43. I ntegration O6Kaybisdé Station with
Source: (Persond@lrchive)

The final criteriafor site selection of bikeharing stations can be concluded as the

effort of bicycle lane intgration. As previously mentioned in Figu4Q each bike

sharing station located in city ier exists also on a bike lane, because bike lanes

were constitutedccor ding to the | ocations. and s
Together with this policy, it was aimed to connect bike stations through bicycle

lanes to support a safe bikbaring transport.

In Kayseri,t hi s 0 Kay il $& chamgednt nean futire completely
including all of the bicycles and bike stations in terms of both the location of
station, station design, number of station, operating mechanism and bicycle
design In other words, a local system is about to be innovated, and the
componentsof it will be produced by using only domestic resources.
Consequentlythe number of stations will be increased, and new locations for new
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stations will be assignedo new places.According to the statements of
Demirdirek (2013) who is the Electrical and EI
Ul ak é&m A bike.statiorf siter selection for the newly innovated Kayseri

bike-sharing system will be made considering two main criteria which are:

-Tram line & bike station relationshighe locations of bike stations should serve
cyclist transferring to tram stations (existing tram line and extension projects will

be considered)

-Demands coming from peopleewly built stations should be located near to the
areas from which bike station damds were received (universities, public

institutions, dormitories, public spaces etc.)
KSTANBUL

Istanbul is the most populous city in Turkey, which brings along very high levels

of mobility and major problems of traffic congestion. In the last decade, bicycle

use has been encouraged by policy makers of the city by creating bicycle lanes,
bicycle parks and biksharing system. This system in Istanbul, which is between
Kadéek°y and Kart al coast al l i ne for ap
since May 2013 with 10 stations and 100 bicycles. In Istanbul, site selection of

bi ke st astbiioknes6 fsoyrstéelm was preferred to
points of this coastal corridor; therefore, this decision made the system be used
just for recreational aim. In Figure 27, a general layout about where the system is
decided to be constructed kst anb ul can be seen toget
macroform and main highway connectiofsya (2013) who is the responsible
person of Bicycle Unit of KSPARK, exp

follows:

Main componats of this system are bicycles and stations, and also site
selection of those stations is crucial for the future of the system. Our initial
criterion was putting them on attraction points. However, the distance
between stations is 1km or 1.2km which ie tong; atually, it should be

500600 meters at most. The conditions at that time necessitated such a

|l ong distance for our systemé. . After
similar system in Kstanbul hi storica
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twasimprtant that the stations of this
on a place that people coul Kartglet usSE
coastal corridor was selected, because cycling culture exists for local
people, and there is a previously constrdctaicycle lane on that

corridore. Such kind of a wide bicyc
el se in Kstanbul. Then, we | ooked f
come together on that coastal line. For example, Dalyan Green Area,

whichisthe secondd¢ta on i n Kadék?®y, iI's the enct

this green attraction area is a place that people frequently come and enjoy
their time. Then, one of the further stations is located near to a big
supermarket in the district of Maltepe. However, agais iimportant to
emphasize that the distance is too long between those 10 stations, and the
numberof stations should be increased.

Historical Peninsula Black Sea

Urban Macroform
Roads
1~ — 71 Areaof Bike-sharing Stations

Edirne
Siliv rg

Marmara Sea

Ankara

Figure 44. The Area of Bikes har i ng i n Ks t-ldand) Qoastab n Ka d
Corridor

Source: (Persai Drawing)

The stati ons-sharing siistsemkas b iwdre distiibyted along the
coast al recreati on aQaddebostargpacmwith anbicycle r o m
lane and ending with the sea bus pier of Kartal. As seen in Figure 45, bikesstatio
were distributed evenly in terms of the distance between them. A randomly site
selection attitude was not applied in the process; on the contrary, some criteria

were paid attention for exact points of stations which can be inferred as:

-Existing cyclingculture on coastal line
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-Attraction points and estimated movements

Figure 45. Di stri but i omshaonfy Stétiens matubinglExisBng k e
Bike Routes

Source: (Person@rawing)

The location of the bike har i ng system in Kadék®y coa
i n Kstanbul where the | ocal sLodalpeople al r e a
have been using coastal recreational area with their bicycles as a leisure time and
sport activity. As seen in Figure 46, there is a kind of a combination of green area,

bike lane, walking lane, and the sea side. Therefore, this situatomedeas a
potenti al to policy makers ofsharn 1IPARKO
other words, the people living near to this coastal line were estimated to tend to

use those public bicycles effectively, and as an initial criterion, this area was

selected for establishment of bisgations.
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