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ABSTRACT

HIGH SPEED RAIL DEVELOPMENT IN TURKEY: GOVERNMENT
POLICY, INVESTMENTS AND USERS PERSPECTIVE

Dal ké-, G¢l -1 n

M.S., Department dEarth Sytem Science
Supervisor As s ocC. Prof . Dr . El a Babal el

Co-supervisorAssist. Pro .  Dr . Hediye T¢gydek Yam;:

SeptembeR014,142 pages

Sustainable development has become a major goal for development policies of
governments, local, national, and even su@tonal. The transport sector often
receives a major emphasis in these pdidiecause it is currently one of the least
sustainable sectors. It contributes significantly to the creation of greenhouse gas
emissions that cauggobal warming It is one of the major consumers of energy
sources as well as land. In order to attain ketreduction ingreenhouse gas
emissions and energy efficiency, it is crucial to restructure transport policies and
create a shift towards sustainable modes of transport. Due to its relatively lower
emission impact and energy consumption (per passengergcaus carried),
railways receive increasing emphasis that have resulted in extensive investment in

rail networks.



High speed railway (HSRhvestments are the one of the important components
of this transport strategy to reduce carbon intensive-tisignce travel because
when high speed train operates, it is expected that there will be a shift from road
and air to rail. As a result, high speed rail investments have increased significantly

in the world.

In Turkey too, there is increasing investment ighkspeed railways. Currently the
transport sector in Turkey is predominantly dependent on road in both passengers
and freight transport. Policies for over three decades have proposed the
development of railways to create a shift from road to rail, althaugstment in
railways still remained extremely limited so far. However, there is a recent trend
in rail policies and projects in Turkey that focus on the developmeanEBE. As

a result extensive investments have been made in high speed rail, andea olumb
lines have already begun operation. In addition there are many projects that are in
planning stage and about 20 years later there will be a very s#SRgetwork

in Turkey which facilitates intercity transportation. Increasing investment of high
speed train projects can bring many environmental, social and physical
externalities. However, they can be effective in reducing @@issions in the
transport sector. This is often the justification of investment in rail systems;
however, this desired impacan only occur if there is a shift to railways from
road and air transport since these are the main transport modes that cause fossil
fuel combustion. Because of this, it is crucial that railway investment results in a
shift from road and air to railansport. If this does not happen, benefits expected

from railway investments cannot be realized.

This thesis aims to analyze high speed rail investments in Turkey by focusing on
possible passenger shifts from road to rail transport. First, both poaitive
negative environmental impacts of high speed rail projects will be evaluated
taking into account expected change in airway and highway usage by passengers.
In order to project that passenger shift, a user survey has been carried out in order

to find how travel behavior of people change due to travel time and monetary cost

Vi



of different modes of transport. The survey was conducted in many cities that
have HSR projects for future. The analysis also highlights what kind of policies
should be implemented teencourage a modal shift from road to rail

transportation.

Keywords: Sustainability,Climate Change,Greenhouse Gas Emissions, Railway
Network,HSR, User PerspectivéModal Shift
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T! RKKYEGDE Y! KSEK HI ZLI DEMKRYOLU GELKKKI
POLKTKKALARIMLARATMER KULLANI CI BAKI Kk A¢I S

Dal ké-, G¢gl -1in
Y¢ k slLés&ns,Yer Sistem BilimleriB° | ¢ my¢,
Tez YO rDeot-i.c iDsri.: Ela Babal ek Sutclif

Ortak TezYX¥PdetbDoitsibr. Hediye T¢gydek )

Ey 12Q14,142 sayfa

S¢rdegre¢glebilir nkay&reenlma uWlewd &lt | evrei ul usl ar
kal keénma politikal arénén hedefi haline geln
kapsamaxkdaca sekt°rl erden biri ol arak wul ak
sék-a vurgul anmakt akdierre. € @lbnasgmmp elannsara sekt °r ¢,
gazl arénén en fazla kaynaklandéjé sekt°rl e
alan i htiyacée da -ok fazladéer. Hem sera ga:
verimlilijini saj |l amak i -1 n ul iavweem pol i ti
takémaceéel ejéen s¢grdereéelebilir ul akém modl ar
°nem arz etmektedir. Demiryoll arée emisyon
modl ar | a karkeél akt érel dej énda daha az -ev
ajl aremaen meslii ktoinusunda t¢m degnyada artan
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kapsamda, yé¢ksek hezlée tren yatér éml a

Bu

ajerl ekl é& karayolu ve havayolu ul akémeéen
kull anéménén ayteeuwélamaee mhbekltemtiesi si ni
ol uktur maktadeéer. D¢nyada héezl é tren yaté
hezl é trenl er i -1n artan bir yatérém o
T¢e¢rkiyedde ul akt er ma saekkétniarcée | héej mé nydoal cbu¢ yhe
karayoluna bajémlé durumdader . Son 30 ye
demiryol u gel i ki mini Ve karayolundan
hedefl emi kse de, demiryoluna yapeé& an yat
son yéllarda héezlé tren yatéerémlareée konu
hatl ar i Kl et meye a-él mekter. Ayr éca, p
bul unmaktadé vV e yakl akeéek 20 y €l i - eri
demiryolu apébekrl ehmembaedir. Hezl é& trenl
sekt®°r¢nde kar bon emi syonl ar énda azalte
bekl ent i genel de demiryoluna vyapélan ya
ol arak g°steril mekt edzirt.i f¥tet kyial nedra na nbceakkl
fosil vyakét kullanan karayolu ve havayol
halinde ger-eklekecektir. Ejer bu dejik
ger - ekl ekmesi m¢e¢mken dej il di rayolundaon t ez,
demiryoluna ol asége-iklere odakl anarak T,
et meyi ama-|l amaktader. Karayolu kull aném
i nsanl arén ul akémdaki davraneéxkl|l ar éne, f 8

unaur | aréné g°z °n¢gnde bulundurul arak héz

dur
haz
Ayr

t ek

umunda yolculuk aleékkanl ékl aréné naseé
érl anméktér ve hézlé tren projelerini
éca du amadlikm sonu-Ilaréna daganiakiak Kk:

vi k etmek i -in ne gibi politikalar uy:q

AnahtarK e |l i mel er : S¢r dbierj¢ilkeiDle Irlia j BEGE 286y 0o KKk & T @,
DemiryoluA ] ¥ ¢ k HekDenaryolu, K u | B aakhéekeMoed Dej i Ki mi
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CHAPTER 1

INTRODUCTION

There is an increasing emphasis on sustainable development all over the world.
Climate change, which is directly related with sustainable development, is the
biggest problem that the world faced in thst decadeand the impacts of climate

change is expected to increase in the near future.

The transport sector, which contributes significantly to the climate change
because of the fossil fuel combustion and ewereasing traffic levels and travel
distances, isme of the least sustainable sectors. Not only the contribution to the
climate change but also its consumption of land and energy, and hence depletion
of resourcesnakesthe transport sector critical if sustainable development goals
are to be attained. Mangountries have committed themselves to decrease the
amount of mammade greenhouse gas emissions (GHG) and energy consumption
in transport sector. This is only possible with the restructuring of transport

policies and creating a shift to sustainable trartismodes.

Road and air transportation are the major consumers of fossil fuels that lead to
climate change; and the dominance of these modes incl@akgsemissions in

the atmosphere and lead to the depletion of the ozone layer. Railway
transportation iseen as a sustainable alternative when compared to road and air
transportation because it uses electricity as its power supply. It should be noted
that the production of electricity also results in GHG emissions; however, if
railways are capable of carmg major bulk of freight and sufficient numbers of
passengers then the energy used and emissions created per unit of freight and per

passenger are much lower when compared to those for road and air transportation.

1



Therefore, railways receive increasing émagis all over the world for both freight
and passenger transportation. It is on the agenda of both national and
supranational policymakers to develop railways for not only -citgrbut also

international transportation to strengthen the world wide aailaetwork.

For passenger and freight transportatioigh speed railwayHSR) investments

are seen as an effective alternative for air and road transportation especially for
middle and long distance travels. Therefore, there is an increasing invekiment
HSR projects to create a shift from road to railway. As a result, HSR investments
have increased significantly in the world.

In Turkey too, there is an increasing investment for HSR projects. After the
1950s, railways have lost their priority in tsort investments in Turkey and
road oriented policies have been implemented since. Although national
development plans, which comprise investment priorities and policies for each
sector in the country, have been proposing for three decades the further
dewelopment and improvement of railways in the country as well as the

construction of HSR lines, investments remained extremely limited.

While the improvement, modernization and expansion of the conventional railway

lines still remain limited, there has loea recent interest in HSR lines. Afteeth

AnkaraEs ki kehi r HSR, which started to be const
service in 2009, AnkarKonya and Kony&es ki kehir | i nes began to
Eski-Kehanbul section was opened in July 2C¢C

there are numerous @hHSR projects that are in planning stage.

This study aims to analyze four of thgdanned HSRines by focusing on the
possibility of passenger journey shifts from road to railway transportation. The
shift is the most significant part of this studychese if the expected ridership is
not achieved for HSR projects, road oriented Hotgr transportation remains the

same and the amount of energy consumed and GHG emissions created by the

2



transport sector do not decrease. In addition, HSR investmentgoatly
investments. If ridership levels remain less than projected, this would cause loss
of money, loss of land and environmental damage. Furthermore, as mentioned
above, the electricity consumed by railway operations also causes GHG emissions
during its production. If the HSR lines are not likely to attract users, then the
electricity used by the HSR operation will be a waste; and this would indicate
both inefficiency in resource consumption and further environmental damage
through the GHG emissions cted during the production of this energy.
Therefore, in this study, currently planned Hiteswill be evaluated from the

user perspective.

I n the scope of the study, after a revi e

systems, two main research quassiare to be answered:

1. What are the perceptions of potential users with regards to HSR:
a. Are these planned railway systems likely to be used by inhabitants
that currently use road transport?
b. Under what conditions (price, time and other) are the usery likel
to prefer railway systems?
c. Is a passenger shift from road to railways likely to happen as a
result of these HSR investments?
2. In the light of answers to theabove questions, are HSR investments in
Turkey likely to change passenger transportation pattamts mode

choices and hence help mitigation®fG emission®

In order to have an understanding about past, current and future transport policies
and HSR investments in Turkey, institutional sector reports have been analyzed.
In addition, to have a bettenderstanding of whether a passenger transport shift

will occur from road to rail transport, a user questionnaire has been carried out

with people living in close proximity to the planned HSR lines. The questionnaire



was conducted in the context of fodapned HSR projects that are coded as Line
1, Line 2, Line 3 and Line 4:

Line 1:Sincan¢ a y €-K b & BHBER uineAnkaraKocaeli Section
Line 2:AntalyaKonya-AksarayN e v k-EdyserrHSR Line

Line 3:K &€ r kAkdaiayU | u KHSR Line

Line 4:ErzincanD i y a r-NMaadiHSR Line

In the next chapter, a brief review of the literature iss@néed with regards to
sustainable development and the role that the transport sector plays in this. After
that, current trends in passenger and freight transportation in the world are
examined and then the environmental impacts of current transport raceles
given. In order to provide a better understanding of global transportation policies
and HSR investments, international policy documents are briefly reviewed.

In the third chapter, the transport sector in Turkey is reviewed in terms of current
trendsand mode shares, environmental impacts of current transportation modes
and institutional framework for transport
and the current railway network are presented. In addition, recent plans and

investments in HSR are disssed briefly.

In the fourth chapter, the methodology of the study is presented. Firstly, aims of
the study and research questions are described. Then, the method of data
collection and design of the questionnaire are given. After that the method of

questionnaire evaluation is described.

Chapter 5 presents the evaluation of the questionnaire. Firstly, the results of the
overall questionnaire are given, and then all four projects are evaluated separately
by using descriptive statistical analysis. Sitice study aims at determining the
potential shift from road to railway transportaticdhe questions related with

current choices of mode and price sensitivity are compared.

4



In the conclusion chapter, the main findings of the study are described.
Recomnendations are made as to what kind of policies should be implemented to
encourage a modal shift from road to rail transportation. In addition, future

research that could be based on this thesis is discussed.






CHAPTER 2

SUSTAINABLE DEVELOPMENT, THE TRA NSPORT SECTOR, AND
THE INCREASING EMPHASIS ON RAILWAYS

2.1.Sustainable Development and the Transport Sector

ASustainabl eo i mpl i es forever, perpetuli
i nexhaustible system whereas eXgaesiorel op men
production and movement. ASustainability
together connote balancing economic and social forces against the environmental
imperatives of resource conservation and renewal for the world of tomorrow

( Doj r u, uskaidabity) is notSagainst the concept of growth; it supports

smart development and integrates the environment into all aspects of life and all

aspects of government. In 198#he Brundtland Report defined sustainable

devel opment as t mmeetsithd aeeds lofote npeesent withdug t
compromising the ability of f uMNowake gener
2012)In this definition, environmental awareness, irgenerational equity, and
socialjustice, as well as environmental awarenesseanphasized as key concepts

that are required for sustainable developm@ibtrowicz& uthbertson, 2012)

Therefore, sustainable development is a three dimensional concept that consists of

threepillars, which are environment, economy and society.



ENVIRONMENT || Bearable | SOCIAL

Sustainable
Viable Equitable

ECONOMIC

Figure 2.1.Pillars of Sustainable Development

The transport sector, which is one of the major consumers of land and energy, is
seen as an obstacle to achieve sustainable development because increasing
population and growing settlementsake transport more indispensablaidly
(Black,1995) Mobility and taffic levels are continuously increasing, and travel
distances are also increasifighis means that even though new technologies for
energyefficient vehicles are introduced, the massiyrewth in mobility offsets

any reductions in energy consumption and emissionthat can be attained by such
technologieqGolinska&Hajdul, 2012) Therefore, the transport sector is a major
policy area for governments that aim to attain the goal of sustainable
development.

According to the sustainable transport policy approtmain target should be

to provide secure, safe and environmentally friendly mobility. Therefore, it is
important to increase proportions of passenger and freight transportation by
ernvironmentally less damaging modes and to use existing transport infrastructure
efficiently. It takes long time to build appropriate transport infrastructure and it

has many environmental, social amcbnomicaspects. Therefore, it is important

8



to preserveexisting transport infrastructure and rehabilitate it to prolong its life

time(Royal Commission on Environmental Pollution (RCEP), 1995)

According to the European Union Council of Ministers of Transport, sustainable
transport system should meet the nesgfdadividuals, companies and society in a
safe way and it should be consistent with human and ecosystem health and
promote equity between generatiofdoldman & Gorham, 2006) It should be
affordable for all social groups and operate fairly and efficiertipreover,
transport network should offer choice of transport mode and support a competitive
economy, as well as balance regional development. Lastly, from an environmental
perspective it should limit emissions, waste, use of land and noise and encourage

renewable resource use.

There are many undesirable effects of transport that can be listed as; congestion,
oil dependence, accidents, emissions of GHG and of other pollutants, noise, and
land fragmentation caused by infrastructRCEP, 1995) Thus, sustinable
transport oriented policies should provide solutions to these undesirable effects. In
the sustainable development framewadte transport sector is reviewed in the
next chapters in terms of climate change, energy consumption and societal
challengs.

2.1.1. Transport Sector & Climate Change

Climate change is multi-facetedphenomenon and the most prominent issue of
the sustainable development agenda (Mega, 2005).Climate politics, which is an
issue of interest for scientists, policy makers and citizeage an importance in

the global agenda, and the cost, benefit and impacts of actions are considered in
relation to climate change in the policy making. The first attempt for global
climate change awareness and policymaking is the United Nations Framework
Convention on Climate Change (UNFCCC) whighs ratified by one hundred

and eighty nine nations in 1992 Rio Conference. Then, at the third Conference of



the signatories in Kyoto in 1997, the Kyoto Protocol, which led to industrialized
countries to make comitments to emission reduction and introduced new
flexible instruments including emission trading, joint implementation and the
clean development mechanism, marked an important milestone. It was ratified by
all European Union (EU) member states in 2008 &ussia joined in 2004.
Turkey also joined in 2009. Currently, there are 192 parties arsigBatories of

Kyoto Protocol.

The primary indicator of climate change is air surface temperature rise.
According to Intergovernmental Panel on Climate Chang€QMPit is probable

to see an increase of 1.4 to 5.8 degrees Celsius in temperature by 2100. Air
surface temperature increase has many undesirable consequences. One of the
major consequences is the sea level rise, which is expected to increase 9 to 88 cm
by 2100 (Mega, 2005). Sea level rise is caused by the melting ice in the Polar
Regions and ocean expansibacause of the increasingr, sea ansurface
temperature. Such environmental challenges are increasing and they are likely to
have significant impactsn Earth. Extreme weather events that the world has been
facing frequently in the past years are one of the evetené climate change
happening.

Greenhouse gas emissions (GHG), including carbon dioxide)(G@ethane

(CHy) nitrous oxide (MNO) and the tree main fluorinated gases,
hydrofluorocarbons (HFCs), perfluorocarbons (PFC) and sulphur hexafluoride
(SK) cause an increase in air temperatures (Mega, 2005). According to the IPCC
Report (2013)there are striking findings about the surface temperasegeevel

rise, glacier loss and GHG emissions. According to Reeort, the globally
average combined land and ocean surface temperature shows a warming of 0.85
AC over the period 1880 to 2012 and t
1993 and 2010.nl this report, it is firstly accepted that human activity is the
reason of Il ncreased GHG emi ssi ons.

concentrations of the GHG, carbon dioxide @;Onethane (Ck), and nitrous
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oxide (NO) have all increased since 1750 doehuman activity. In 2011 the
concentrations of these GHG were 391 ppm, 1803 ppb, and 324 ppb, and
exceeded thepiendustri al |l evel s by about 40 %,
According tothe ice core analysis ithe sameReport, CQ, CH; and NO
conentrations exceeded the records during the past 800,000 years.

Transportation, which is one of the sources of GHG in the atmosphere, has been
increasingly contributing to the process especially since the 1990s. According to
the BJ Transport in Figures wbh is published by European Commission (2012)
transport is accounted for about 17% of total GHG emissions in 1990 and this
increased to 26.53 %f total GHG emissions in 20d8ee Figure 2).
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1000 | | :'f; riiﬂ I " I I ’i: [
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1990 2000 2005 2007 2008 2009
@Total GHG Emissions (mtoe CO2 5588.8 5085.8 5148.8 5071.3 2969.1 2614.5
equivalent)
HTransport GHG Emissions (mtoe CO2| 4, 1161.8 1259.6 1295.4 1278.4 12246
equivalent)
HTransport COfoin;;smns {million 937.4 1144.9 1244.2 1280.3 1263.8 1210.9

Year

Figure 2.2.Total Emissions and Transport Related Emissidrisb27 between
1990 and?009(EU Commission, 2012)

Table 2.1 shows GHG emission amount that is generated by different transport

modes between 1990 and 2009 in the EU countries. It is seen that there is an
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increasing trend in the share of GHG emissionavidtion and navigation sector.
Furthermore, the road sector appears as the major contributor to GHG emissions,
which is not surprising since it is the most commonly used mode, especially for

passenger transport.

Table 2.1.GHG Emissions from Transport bjode Shares foEU 27

1990| 2000( 2005| 2007| 2008| 2009

Total Aviation 8.7\ 11.7| 12.0] 12.5| 12.7| 12.3

Road Transportation | 75.1| 73.7| 72.0| 70.9| 70.6| 71.7

Railways 15/ 0.8/ 0.6/ 0.6/ 0.6/ 0.6

Total Navigation 13.5| 13.0| 14.6| 15.2| 15.3| 14.6

Other Transportation | 1.1 0.8/ 0.8/ 0.8] 0.8/ 0.8
Source: EU Commission, 2012

Climate change mitigation strategies basically aim to reduce transport carbon
footprint. However, transport decisions both for city and country level are related
to land use, energy and economy policdghe country. Therefore, there is a
complex relationship between land use, transport and climate change that needs to
have a multi sectoral consideration combining both transportation policy and land
use policy. Moreover, climate change oriented trartspolicy development
requires multilevel governance arrangements that cover city, regional, national
and global level. Developing countries face the challenge of both achieving
reduction in GHG emissions and meeting increased population demand in a

sust@nable way.
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2.1.2. Transport Sector & Energy Consumption

Energy has a crucial role to play for sustainable development in terms of socially
integrated, environmentally sound and economically flourishing future (Mega,
2005). Energy is a necessity to provide daierquality of living to citizens and it

should be sustainable, competitive and afford¢Bleseland2012) In the next
decades, climate change and sustainable development strategies have pushed
states to develop new technologies for energy efficiendyranewable energy
sources. The sectors of industry, housing and transport are the main consumption
areas of energy. Because of the yepon increase in the citiesnergy

consumption is rising every single day.

Transport is one of the fastest growingtees of energy consumption that is
affected by economic growth with the car ownership and new transport
investments. Therefore, sustainable transport approach aims to switch from the
use of private car usago public transport systemiBossil fuel stillhas a major
share in transport energy sources and, @@issions caused by fossil fuel
combustion causes climate changBor example, European Union has 5%
population of the world, but produces 14% of the global emissions (Mega, 2005).
Therefore, it is crual to improve energy efficiency in all energy consumer

sectors and encourage sustainable use of energy.

In the short term, it is not expected tlia¢ transport sector reduce its fossil fuel
dependence globally; however new technologies are being dedetogprovide

an alternative to the fossil fuel vehicles.According to Zegras (2007) a combination
of technological improvements and demand management will be required to

reduce transport energy consumption

In the EU White Paper, whiahaspublished in 201 by European Commission, it
I s st at edmissidnaftom fia@sport would remain one third higher than

their 1990 .Muyted rbegd w05 0tor ansport sector
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without compromising its efficiency and mobility, EU developedEleope 2020
Strategy and the new Energy Efficiency Plan 2011 thas tonoffer high quality
mobility services while using resources more efficiently (EU Commission, 2011).
According to the Europe 2020 Strategy, whicla (8)-year strategy proposed by
the European Commission on 3 March 2010, European Union countnesaha

binding target of having 10% share of renewable sources in transport.

According to the European Union statistical data about energy consumption of
different sectors, transport sector esponsible for 31.7%f the total energy
consumptiofseeFigure 2.3.This is a remarkable share that shows the importance
of the transport sector in energy policies and in the attainment of strategies for

energy efficiency.

2.2%

H Households and Services
Lt Industry

H Transport

' H Agriculture

Source: European Union Transpm Figures, 2012

Figure2.3. Final Energy Consumption by Sector (2010)

2.1.3. Transport Sector & Societal Challenges: Equity of Accessibility

Transport sector is seen as a show piece by national governments because

especially automobile and aviation industrage important production area of a
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strong economy that contributes significantly to employmé@iuliano&
Gillespie, 1997) However, in the last years, both societal changes and the
economic conditions have affected transport policy development. Growing
concern about the environmental unsustainability of trends in human activity and
transpord s adver se envhas aentated goaclnmentsnipwacdt

sustainable transport planning.

In the last decades, there has been an increase in the mobilitysahlotds and
individuals. The reasons of the rising of mobility of households and individuals
could be listed as individualization, living in subban residential areas,
economic and social changes in the society. These changes in the society structure
ard living styles bring major changes and increasing activities that are related to
leisure, tourism and mobility patterns. In order to meet the travel demand, both
shortdistance (intrecity) and longdistance (intecity) transport mode choices

are often mproved by national governments. However, increasing the mode
choices or trip numbers are not enough alone because transport policy is directly

related with the sociecoromic structure of the society.

Af ter AThe Leadership Confighesoe tdhmt Ciwy
organizedby fAThe Leadership ColCEROMdViarche Educ a
2011, a civil rights report AWhere We Ne
Transportation Equityo was publ i shed. I
transportations key to connecting the poor, seniors and those with disabilities to

jobs, schools, health care and other resources. Thus it is crucial to expand
opportunities of transport for all. There are millions of {mwome and working

class people, people with dhilities living in communities where quality
transportation options are unaffordable, unreliable, or nonexis@EEF, 2011)

Transportation policy has become one of the most pressing civil and human rights

issues at a time of unemployment and unprededemcome inequality. It is

important to consider the needs of lavweome people, people with disabilities,

seniors and poor rural communities to determine how best to rebuild and repair
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roads, bridges, railways and ports and where/how to prioritize tmeess in
transportation. So, policymakers should take into consideration the needs of all
communities. According to the report, which considers United States of America,
33% percent of lowncome African Americans, 22% percent of lawcome
Latinos, 12.% percent of lowincome Whites do not have access to automobiles,
however 80% percent of federal transportation funding is dedicated to
highwaygLCEF,2011) There are many reasons related to transport systems that
isolate lowincome people from jobs andban services such as the cost of car
ownership, underinvestment in public transportation and a paucity of pedestrian
and bicycleaccessible thoroughfar¢sCEF, 2011) Besides these reasons, many
people, and especially the disabled, have a lack of aczgmsblic transport and

do not have the option to drive a private car. Similarly, people in rural areas have

limited transportation options.

Transport infrastructure investments often result in economic and social
segregation in the citie§&enerally oveground transport projects like highways,
bicycle ways, light rail transit, etc. create spatial segregation in the affected areas
(Odeleye,2001) In these areas, it is inevitable to conserve existing settlement
areas, agricultural areas, natural conseowatareas, forests and pastures.
Especially public transport investments that create positive or negative
externalities for the people living in the impacted area, directly affect
communities. For the people having a property in the construction area,
expragoriation process is often practiced by the government authorities to initiate
construction of transport infrastructure. However, expropriation process does not
always work for the benefit of property owner because property is a general term;
for instanceit could be either a house used as shelter or agricultural field for
earning a living. Thus the economic valuation of a property and expropriation
process may not satisfy the property owner. In addition, positive externality could
be created by the new didbtransport investment as well. This is generally called
as the rent which implies additional economic value. For example, newly built rail

station in the vicinity of a property increases the value dfi8R which is the
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focus of the study has both pge and negative externalities in terms of
expropriation process and the soesjmatial impact. However, in the scope of the

study these impacts will not be analyzed in detalil.

In terms ofHSR investments, because of the high technical standards (ieidend

minimum 3500 m. radius), it is not possible to revise the design of line. For
example, it may damage agricultural land of inhabitants unintentyo#fo, in

order to operate BISR, stations are not designed close to each other. Therefore,

for many snall settlements, stations are not planned. These settlements that are

close to the line are affected from the project but they do not benefit from it
because of their distance to the systemo
HSR serves mostly tché inhabitants in cities in terms of accessibility to the
station(Salzberg, Bullock, Jin, &Fang, 2013)

In order to provide equitable transport opportunity to everyone, priority of the
governments should be to create economically affordable and physicall
accessible transportation options. Within the context of the study, the affordability
of HSR investments, which are planned in many cities, are partially analyzed by

the help of a survey that is given in the following chapters.

2.2. Current Trends in Passemer and Freight Transport in the World

2.2.1. Transport Systems and Their Modal Shares in Transportation

Accor di ng t o apolich shift fowardé ddelsidsjainable modes has
already started in most countries and it has taken part in riagonal policy
agendas. As sustainable transport policies are being increasingly adopted all over
the world, tle share of transport modes change for passenger and freight transport.
Highway transport has a major share in every country for both passenger and
freight transport; and traffic volumes show an increasing trend. However,
emission reduction strategies tlze implemented for climate change mitigation

require reducing the share of road transport and the amount of oil consumption. It
17



is not easy to reduce road transport usage in the short term, but it seems possible
to create a shift from road transport tdways and sea transport with the help of
applicable strategies on transport sector. In this chapter, major transport systems

and modes will be evaluated in terms of their usage shares.

Road Transportation

Most of the surface transport emissions aredpminantly created by road
transportation in developed and developing countries. Rapid increase in the
private car ownership that is expected to double to 2 billion by the middle of the
century is one of the causes(EAROI)Ncreasing
Road transport is responsible for about 17 % of the energy and overall CO
emissions and it is increasing every day. According to the International Energy
Agency, global car park could triple to 2 billion (Gainsborough, 2012). Therefore,
as sutainable development policies require, governments around the world are
working on developing policies about energy and energy related sectors such as
transport. Countries aim taeduce their fossil fuel dependency. For example, in
the fuel sector the Eaopean Union Renewable Energy Directive requires 10%
(energy basis) of road vehicle fuel from renewable sources by 2020, the USA
Energy Independence and Security Act 2007 requires 36 billion gallons of
renewable road transport fuels by 2022 and in Caliéortiie Low Carbon Fuel
Standard <calls for a reduction of 10% i n
transport fuels by 2020 (Gainsborough,2012). In addition, when the number of
cars per person for different countries is analyzed;2Ftountries have the
motorization rate of 477 cars per 1000 people while USA has 763 cars per 1000
people and Japan has 542 cars per 1000 people. China has the lowest imatorizat
rate among these countries with &&rs per 1000 people. Talki®2 shows the
passenger cars stqckotorization and commercial freight vehicle numbers for
EU-27, USA, Japan, China and Russia.
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Table 2.2Vehicle Stock of the Countries

EU-27 USA JAPAN CHINA RUSSIA

YEAR 2010 2009 2010 2010 2010
Passenger

Cars Stock| 238.8 234 69.2 40.3 326
(million)

Motorization

(cars/1000 477 763 542 30 228
person)

Commercial

Freight 3409 |1097  |6.22 13.69 5.41
Vehicles

(million)

Source:EU Commission, 2012

In the last 20 years trucking and freight movement has been one of the fastest
growing activities in mostountries. Economic growth coming from the gross
domestic product (GDP) has a significant effect on this mobility because import
and export issues require transporting goods from one place to another in both
short and long distances. For freight transpibis possible to increase efficiency
through better technologies such as advanced engines, light weighting, improved
aerodynamics, better tires that are expected to provide about 30 % to 40%
efficiency by 2030 (EU Commission, 2012).

However, in ordeto reduce the share of road transportation for both passenger
and freight, modal shift to rail is seen as an alternative option to save energy and
CO, emissions. For many countries that do not have sufficient infrastructure for
railway its share is extreriyelow when compared to highway transportation; and
therefore investments in rail and intermodal systems are required in order to create

a shift from road to rail (EU Commission, 2012).

In Turkey road transportation has a major share both for-aityyaransport and
intercity transport. According to the Ministry of Transport, Maritime Affairs and
CommunicationgMoT) Strategic Plan for 2032018 period (MoT, 2013), 90.5
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% of the intercity passenger transport and 87.4 % of the freight transport have
takenplace on roads. In recent years, there has been an increase in the number of
privately owned automobiles. There has been a rapid increase in the number of
motorized vehicles especially between 1990 and 2010. In 198yuimber of
private cars was 1,649,87however in 2@3 it increased t®,283,923. It means

that car ownership level has increased from 29 cars per 1000 people to 121 cars
per 1000 people (TUIK, 2013).

Railway Transportation

After its introduction in the 1®century, railway transportatidrecame popular in

the world for intercity transport. Rail technology also started to be adopted for
urban transport with the emergence of electric trams, and underground or elevated
urban rail systems. Although, "t @entury was more class stratified thtaday, all
classes used railway for their mobility. However, after the invention of the diesel
engine, which led to widespread use of buses as well asagscteprivate car
ownership, ailways partially lost its popularity and road traffic volume increase
(Cahill, 2010).

In the last decades, there has been a return to railway oriented transport
investments because of sumaional policies that focus on climate change and
sustainable developmdWiright & Fulton, 2007. Railway is seen as an
economic, emronmental and higlguality solution for reducing oil dependency in
freight and passenger transportation because of its energy consumption and
emission generation amounts. For instance, European Union has a target about
completing the European High Spedrdil network by 2050 and tripling the length

of the existing high speed rail network by 2030. Thus, majority of medium
distance passenger transport is expected to be providétSBy by 2050 (EU
Commission, 2012).
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In Turkey, after the 2000s sustainabler&lepment came into the national policy
agenda and integrating national rail network to THansopean Railway Network
was seen as a significant action to connect physically and economically into
Europe B a b aSutélite, 2007).Therefore, HSR investments became an
important area in the transport policy of Turkey in recent years. In the
forthcoming chapter, current railway network and the plarti8® investments

will be given in more detalil.

Air Transport ation

Air transportation is the fastest growing transportation system of the last decades
because of the increase in recreation and business trips and reductions in ticket
prices It is clear that air traffic will continue to grow in the future too. It is
expected that air passenger kilometers will increase by a factor of four between
2005 and 2050EA, 2009) Consequentlythe high rate growth in the aviation
sector will cause a significant increase in energy use ante@i3sions: both are
expected to beipled by 2050 (IEA, 2009).

Although aircraft manufacturers work on efficiency improvements, such as weight
reduction, aerodynamic improvements, and engine efficiency, more work is
needed to decelerate the growth in energy consumption ande@@sions.
Accordingto International Energy Agency(lEA, 2009)jodal shift and general
reduction in aviation travel growth could help to reduce the €fiissions. In this
respect, development of new alternatives such as high speed rail systems may help

contribute o the reduction in aviation traffic growth.

Sea Transportation

Sea transport has a place in shipping, which has grown very rapidly in recent
yearsTesf ay (2014) stated that AMariti me t

mode to move large quantites ofar go such as steel, Cruc
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.Especially growth in Asian manufacturing and exports to other countries
triggered the sea transport. According ttte International Energy Agency,
international wateborne shipping represents about 90 % ofshlpping energy
use(IEA, 2009) In the recent years, the average size of ships has been increasing,
making shipping more efficient per ton kilometer moved. When ship engines are
compared with aircrafts, they are more capable of using a wide range cdridels

it is expected that by 2050 30 % of ship fuel will be low GHG-fhie (IEA,

2009).

2.2.2. Comparison of Transport Modes With Respect to Their

Environmental Externalities

2.2.2.1. Energy Consumption

Transport sector is one of the most energy dependent sectors rikaimeovery

large portion of oil and oil products. Because of the high energy density and easy

handling characteristics, oil and oil products are quite effeetivenergy sources

for transportation. According to the International Energy Agef2609) more

than 60 % of the petroleum products that have been used in OECD countries were

used as transportation fuel. In this respect, the growth rate of transportation
systemsd6 energy consumption23iwhileanal yzed.
transport energy coomption growth rate is larger than the other transport
systems in OECD countries, road transporté

Non-OECD countries.

Energy consumption amounts show variety between different transport systems.
Figure2.4showsth&e ur opean Uni on transport sector6s
1990: total energy consumption of transport dramatically increased between 1990

and 201QRCEP,1995)
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Table 2.3 Growth Rates of Transport Energy Use 12806

OECD NON OECD
Year Period 90- |95 |00- |90- |90 |95 |00 |90
95 00 |06 06 95 00 06 06
International Aviation |44 |50 (1.2 (34 |-06 |1.7 |4.7 |21
Domestic Aviation -0.2 |25 |-03 |06 |-05 |49 |30 |25
Road 23 |21 |14 |19 |25 |29 |42 |33
Rail -0.1 |-03 |23 |07 |44 |29 |23 |03
International  Marine |y 1 153 |55 20 |46 |39 |54 |47
Bunkers
Domestic Navigation [0.8 |05 |-1.0 |00 |-26 |65 |40 |26
Transport Sector 21 |21 |12 |18 |11 |26 |43 |28
Source: RCEP, 1995
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38.49

43.44

47.28

43.80

H Domestic aviation

5.39

7.04

7.09

7.31

6.58

u Domestic Navigation

6.15

5.93

6.53

6.63

6.17

u Pipeline transport, etc,

187

217

2.75

2.98

2.57

Year

Source: RCEP,1995

Figure 2.4.Energy Consumption Ammts of Transport Modes in EU

As mentioned beforethe transport sector is responsible for a large portion of the
total energy consumption and road transport has a major share among different
modes. Also international aviation nearly doubled its energy consumption

between 1990 and 201W0/hen transport modes are compared, it is seen that water
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transport has the lowest primary energy consumgaittrough rail produces lower

emissions of some pollutants per ton kilometeCER, 1995).

In order to decrease G@missions, railway transportatiosn a good alternative
that creates a shift from oil usage to electricity. terms of environment,
electricity is considered more environmentally friendly when compared to energy
made from fossil fuels, although it is also important to consider whether the

electricity is produced from renewable or r@mewable sources.

2.2.2.2. Air quality (GHG emissions)

Combustion of fossil fuels in the form of petroleum products results in an increase
of carbon emissions in the atmosphere. Therefore, air quality is direlettgde

with the emissions from the transport sector. In the First Assessment Report of the
Urban Climate Change Research Network, it is stated that GHG emission amount
from transport shows variety between different modes and types of uses. Different
motorized transportation modesautomobile, transit or two wheeleis have
different carbon footprints which are measured in tons of emitted carbon per
passenger mile, or per toniles, respectively depending on whether people or
goods are transported (Rosenzwesplecki, Hammer, Mehrotra, 2011, p.147).
Therefore, mitigation policies vary depending on how passengers and freight are
transported. Table24 presents aviation transport g@missions variation
according to domestic, short haul and long haul flighttss @ata implies that long

haul flights produce fewer GGemissions because of large amounts of fuel are
consumed during takeff and landing. According to Tab5,air travel is not an
environmentally unfriendly mode in terms of g€@mission production gr
passenger kilometer (Beggs, 2012). However, the above information about the
emission impact of shettaul flights indicatesthat it is crucial to provide
relatively shorter journeys by surface transportation rather than aviation. As
mentioned before, anmg surface transportation modes, railways create the lowest

emissions per passengers carried.
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Table 2.4Co mp ar i s oeatLio ff Gadbdm BoxideRroduced per
Kilometer Travdled for Various Vehicle ¥pes

Vehicle Type Engine Size Miles per gallon | Grams of CGQO,

produced per km

Petrol car <14 35.5 183.1

1.42.0 30.1 216.2

>2.0 21.9 296.4

Diesel car <1.7 49.3 150.7

1.7-2.0 39.5 188.1

>2.0 28.2 263.5

Hybrid petrot Medium 51.5 126.2
Electric Car

Motorbike <0.125 89.2 72.9

0.1250.5 69.2 939

>0.5 50.6 128.6

Source: Beggs, 2012, Energy and Transor{/

Table 25Co mp ar i s o n-LioffGdbdm Bioxid&RRydaded per
PassengeKilometer Travelled for Various Aviationlights

Grams of CO,
Flight Type Example Flight Load Factor produced per
passenger km
. London to
Domestic Edinburgh 65.0 158.0
_Shortha_LuI London to Centra 65.0 130.4
international Europe
_I_ong-ha_ul London to New| 9.7 105.6
international York

Source: Beggs, 2012, Energy and Transport, p.77

Air pollution is not only &actor of climate change and ozone layer depletion, but

it also has negative impacts on health, environment and city structures. Transport
related pollutants may damage buildings; change the sensitiveness of the trees.
Critical levels for nitrogen oxidesnd ozone may have effects on receptsuch

as plants and ecosystems(Gilbert and Perl, 2010).

In addition low air quality leads to many health problems, such as mortality, non
allergic respiratory morbidity, allergic illness and symptoms (such as asthma),

25



cardiovascular morbidity, cancer, and male fertility (Gilbert and Perl, 2010).
Thus, in order to reduce emissions, improve air quality as well as the quality of
life, it is important to change transport policies towards sustainable modes. Both
inter-city and intracity transport alternatives should be developed to reduce
emissions, which have so far been mostly caused by road transport although air

transport and emissions it causes are also on the increase.

There has been a rapid increase in emissioffaikey parallel to the economic
growth. According to Environmental Situation Report (ESR) of Turkbich is
prepared by Ministry of Environment andrbanization (MEU)total GHG
emissions between 1990 and 2009 are shown in TABleAs it is seen in the
table, there has been an increase of 198 % in the total GHG emissions. In addition,
Table 2.7 shows thatCO, emissions per person increased from 2.56 to 4.16 tons
(162.8%) between 1990 and 2009 (MEU, 2011).

Table 2.6. GHG Emission Amounts Between 199009(mtoe, CQ equivalent)

Year 1990 1991| 1992| 1993| 1994 | 1995| 1996| 1997| 1998| 1999

Amount | 187.0| 190.1| 210.2| 221.6| 217.1| 237.5| 258.6| 271.8| 274.0| 274.7

YEAR 2000| 2001| 2002| 2003| 2004| 2005| 2006| 2007| 2008| 2009

Amount | 297.0| 278.1| 286.2| 302.7| 312.2| 329.9| 349.6| 379.9| 366.5| 369.6

Source: MEU, 2011

Table 2.7. CO, Emission Amounts Change Between 12909 (tone per person)

YEAR 1990 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009

CO, 256 351 [3.21 [3.30 (348 (359 [3.79 | 399 438 |4.18 | 4.16
Amount

Source: MEU, 201

According to the Climate Change National Action PIRIE(U, 2011)of Turkey,
transport related emissions in 2009 made up 17% of total GHG emissions. Road
transport which is the most popular mode of passenger and freight transport in
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Turkey is responsibléor 85 % of transport related emissions. In order to reduce
emissions in the transport sector, the government set some goals for the period of
20102020. According to these targets, railway usage share will be increased to
15% for freight transport (fror8% in 2009) and to 10% for passenger transport
(from 2% in 2009). Furthermore, road transport share will be reduced to 60% for
freight transport (from 80.63 % in 2009) and to 72% for passenger transport (from
89.59 % in 2009). In addition to these numdrteagets, to implement sustainable
transport planning approach in citidsgal revisions are proposed in the Action
Plan and encouragement of alternative fuel and clean car technologies are

stressed.

2.2.2.3. Noise andVibration

Noise and vibration are mostly seas insignificant impacts of transport sysse

by investors and governments even though transport is one of the main source of
noise in the community (lvanov, Samoylov, Tyurina, &Shachnev, 2000)
However, noise and vibration has negative impacts on peomleanimals and
these impacts are evaluated in the Environmental Impact Assessment (EIA)
reports that are prepared for the transportation infrastructure projects (applicable
for the countries that EIA procedure is legally compulsory). Noise and vibration
effects of transport systems may trigger social and ecological problems, such as
community health problems and psychological and behavioral problems for
animals living in the affected ecosyst¢RCEP, 1995)

Noise, particularly from road traffic and aiaft movement, is usually the source

of acoustic nuisance in urban and rural areiss bupposed that 75 % of the
acoustical pollution is produced by road transportation, 10 % is produced by
railway transportation and about 5 % is by aviation. About 16f %ie acoustical
pollution is produced by industrial plantduring construction works (lvanov,
Samoylov, Tyurina, &Shachnev, 2000)hese values are acceptable for average

sized cities and the ratios could vary in certain range
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In terms of the transp@tion sector, noise is created in both construction and
operation stage. It could be below or above the determined noise levels by
legislations. Since the 1960s, noise norms have been revised by most of the
countries in a limited way and new developmentsidise control measures have
been adopted to reduce transportation ngis@anov, Samoylov, Tyurina,
&Shachnev, 2000).

Noise level should be kept below 55 decibels in day time and 45 decibels in night

time according to World Health Organization (Gilband Perl, 2010). High level

of noise may cause health problems, such as sleep loss, disturbed sleep, high

blood pressure and cardiovascular disedE€%, 1996) According to the CE

Delft Study on Traffic Noise Reduction in Europ8ader & Schroter2007),

Afésome 210 million Europeans are regularly
exceeding 55 decibels and 35 million are e;
Furthermore, it is stated that around 50,000 people die prematurely because of
heart attacksand 200,000 people exposed to cardiovascular disease are linked to
traffic nois¢Boer & Schroterg007).

Although European legislation set limits for various types of vehicles aiming to
control noise pollution, growing air traffic is a remaining concesn golicy
makers. This is a valid situation for the other countries too because air traffic is
increasing all over the world as a result of the increase in business and tourism

trips in the last decades.

According to Elbers (2000), it is important to s®tise control measures to
provide environmental benefiiowever it creates extra cost for railway sector.
Therefore, optimization of noise control strategy is needsdone of the noise
control measures, acoustical barriers are most popular, cheap factvef

(lvanov, Samoylov, Tyurina, &Shachnev, 2000)
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2.2.2.4. Building materials (finite resources of critical materials like

rock mines)

Each transport system has different infrastructure and construction materials.
However, in general, stone and mineral miaesrequired for the construction of
infrastructure (EPA, 1996) These are natural materials and finite resources.
Mining activities that are required for construction have environmental impacts
and these impacts could be hazardous for the existing eewsgstd settlements.
Effects of the mining activities could be listed as degraded air quality because of
the dust created, decreasing surface and groundwater quality, noise created by
blasting, aesthetic degradation €kitula, 2006)In the construction age, the
closest mines that appropriate construction material are chosen in order to reduce
the cost of material transportation and construction. For example, sand and gravel
mines are opened close to highway or railway projects and then abandoned once
the project is completed. Mining activities are generally involved in the list of the

projects that are subjected to environmental impact assessment.

Buil ding material sdé i mpact on the envir«
because population was lesanmow and there were lower levels of development

(EPA, 1996) However, with the population increase, the necessity for
transportation infrastructure projects has grown and many mining activity has
increased. Thus, regulation of the cumulative environrh@n@act of mining is

harder than before for governments.

2.2.2.5. Nature Destruction and Land use impacts

Use of land for transport can be a factor that contributes to the environmental
stress. Transport infrastructure covers a large portion of the landdilegpem the
transport mode. For example, roads covei3@% of land in urban areas and
almost 10% in rural areas in OECD countries. In Europé@ion, road network

covers 93%rail network 4 % and airports less than 1 % of the total land area used
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for trarsport (OECD, 2006). Surface transport projects like highway and railway
may damage existing areas, such as natural preservation areas (national parks,
wild life preservation and development areas, environmental protection areas),
forests, agricultural areaand pastures. In terms of destruction, the way of
transition (above ground, underground, tunnel, viaduct, etc.) and the coverage area

that depends on the number of lanes are important f{&Brs,1996)

Although environmental and structural measunes @nsidered in the planning
stage of transport projects, in the construction and operation stage many
environmental impacts occur. The development of new transport infrastructure
requires compaction, soil sealing, cutting and filling operatidimus, exsting
ecosystem is damaged and habitat destruction o(E®¥&, 1996) Furthermore,
existing development plans should be taken into consideration in the planning
stage of new transportation infrastructure. There could be new property rights
given tothe cti zens and depending on the ©projec
methods may be implemented to the impacted area. This process may create
economic and social problems for the people living in that area. Local
governments have an important responsibilityhiis process managemeg@hen

& Yeh 2013)

2.3. Contemporary Transport Policy: The Increasing Role of Railways for

Environmentally Sustainable Transport

2.3.1. International Policy Documents: Shifting Transport to Railways

In this chapter, European Uniodnited Satesand Chinaare studied in terms of
their transport policies with the help of national policy documents. In this respect
European Commission White Paper, which was published in 2011, and United
States High Speed Rail Strategic Plan (Vision for High &ge&l in America),
which was published in 2009, are analyzed to provide a better understanding of

the contemporary transport policy in these two leading geographies, Europe and
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North America.Also, as a Asian countryChina is analyzedn terms of its

transportation policy and especially rapidly developing HSR network.

European Union

Maastricht Treaty, which was signed on 7 February 1992 by the members of
European Community, underlined the importance of transport and in particular of
the European netwkr Articles 75 to 81 of the treaty extended the competencies

of governments to create common regulations for international transport, market
access, transport safety, fiscal harmonization, transport pricing and state subsidies.
According to the frameworkset abl i shed by the guiding
European Union should promote the interconnection and interoperability of
national transport networks as well as the access to that network (Giorgi and
Pohoryles, 2001).

According b the European Commiss data,White Papers have been published
since 1985 in order to structure the transportation policy. In this study, the most
recentTransportWhite Paper, which was published in 2011, is analyzed. Climate
change related environmental policies have bemreldped in European Union
and these policies directly affect the transport setttds. stated in the Transport

White Paper that omrder to create a more sustainable and energy efficient

transport system, firstly it is important to break transport sy@tem dependence

oi | . AResource efficient Europeo that
new Energy Efficiency Plan of 2011 aim to establish a system enhancing
competitive and high quality service while using resources more efficiently.
According b theTransportWhite PaperEC,2 01 1) #Ain practi ce,
use less and cleaner energy, better exploit a modern infrastructure and reduce its
negative impact on the environment and key natural assets like water, land and
ecosyst ems de to Tedugesojl dependenay, railway is seen as one of
the modes that provides economic and efficient solution for freight transport. The

target is to reduce emissions by 60% and ten goals are get White Papé¢o
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achieve this. In these goals, railwags a major role to play. It is aimed to triple
the length of the existing high speed rail network by 2030 and complete the
European HigksSpeed Rail Network by 2050. After that, all core network airports
will be connected to the rail network and all ceeaports will be connected to the
rail freight to provide intermodal transport. As a result, in 2050 the majority of
mediumdistance passenger transport and freight transport will be provided by

railways.

United States

United States is one of the codes that introduce railway policy into their
transport agenda in the late 20th Century. Before that raiwergs not
emphasized in policy documents and they playi@or role in intercity passenger
travel. In United States, intercity passenger transgomaostly dependent on air
transport, however in recent years railways have come to the national policy

agenda and new railway investments have gained priority.

In United States, the transport system, which depends on highway and air
transportation, consaes 70 % of oil demand mostly provided from overseas
sources. Furthermore, it constitutes 28 % of the GHG emissions. In High Speed
Rail Strategic Plan which is prepared by US Department of Transpor{&dr),

it is emphasized that existing transportrastructure will be inefficient for the
future passenger and freight mobility demands and a new transport policy
approach, which gives importance to the contemporary economic, energy and
environmental challenges, is needed. Thus, some goals were detefanitieel

new transport policy approach:

e Ensure safe and efficient transportation choices

¢ Build a foundation for economic competitiveness

¢ Promote energy efficiency and environmental quality
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e Support interconnected livable communifl@sT, 2009)

Furthermae, it is stated that in order to create clean, eneffigient transport,
high speed passenger rail network will be provided efficiently for 100 to 600 mile
distance. $8 billion down payment is provided in the American Recovery and
Reinvestment Act (ARRAand a higkspeed rail grant program of $1 billion per

year (proposed in the fiscal year 2010 budget) was committed to start the process.

China

Before the 19806s r ai-titwaapsponaien mode o d o mi n
China. At this time transportednand and supply was at equilibrium however in

the beginning of 180 6 economic growth has increased the traffic voluiihso

& Chen, 2001) As transport demand increased, local and central governments

began to invest for highway development. Thus, th&® been an increase in

length ofnational highways and expressways.

In 1990s, intercity transportation policy whichhasstrengthenedoy road
investments has shifted to railways agamthe 1997 Ninth Fiv&'ear Plan it was
planned to strengthen theisting lines to reach higher speeds (160 km/h for
passenger trains) and to increase its capatlig. speed of existing commercial
train lines were increased six times from 1997 to 2007 (Xu & Gui, 2011).

After 2004, there has been an attempt to develSR ldnd mieto-long-term plan
was announced for the HSR investmehak@agi, 2011)By 2013, it has about
10,000 Kometers ofHSR network which is larger than the entire European Union
HSR network (Ollivier, Sondhi, & Zhou, 2014} is expected to have IMWO
kilometers of HSR that will connect 250 cities having about 700 million
population (Lou & Gui, 2011). Improving HSR network is important to reach

strategical targets in many industries such as tourism, logistics for China and it is
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believed that manyittes in west and central China revitalized by the impact that
is created by HSR network (Lou & Gui, 2011).

2.3.2. Investment in Railways in the World

As it was mentioned before, one of the leading investment on railway
development have been experienced in geroEuropean Commission approved
the first action plan about Trafiiropean Networks (TENSs) in 1990. TENs aim

at creating a set of road, rail, air and water transport network for promoting
growth and competitiveness across member states. The establisbimidmn
network i s seen as a requirement- of
European Transport Network was a component of the JEanspean Network
including the communication sector as well. The main aim of the Trans European
Transport Network isat create a modal shift from road to rail in order to provide
sustainable mobility. Thus it is important to encourage railway and increase the
share of it among other modes. Transforming &ésst connections, removing
bottlenecks and enhancing existingastructure are proposed in order to create a
modal shift for sustainable transport system. Trans European Transport Network
will connect 94 main European ports with rail and road links, and 38 key airports
with rail connections into major citieEC, 2013. According to European
Commission(2013) existing railway lines (about 15000 km) will be upgraded to
high speed and 35 cross border projects will be implemented. Furthermore,
connections between different modes of transport will be improved and this wil
contr i but ebjettives ontlimate Endnyes| t i's planned t
billion for the transport infrastructure in 2029020. Figure2.5 shows the existing

and plannediSR network in the European Union countries.
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Figure 2.5. HSR Network in European Union Countries

When passengetransport which is realized by railwag analyzedfor EU-27
countries it could be stated that there has been a decregsssenger kilometers

in 1995.However, letween 1995 and 2010 years, there has been an increase in the
passenger kilometers (see Fig@.€). In addition, the share of high speed rall
transport in total passenger kilometers in rail transport is analyzed (see Figure
2.7). Since 2000, every year the shar¢d&R has increased and in 2009, its ratio
has reached 25.7%.
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Figure 2.7 Share of High Speed Rail Transport in Total Passenger Kilometers in

Although United States fat to invest in railway network in the past, the
government has an attempt to develdR network for especially 100 to 600
miles distance intercity transportation. According to the High Speed Strategic
Plan of America new express higpeed corridor serees will be advanced,
regional highspeed corridor services will be developed. As it is seen in Figure
2.8, there is a HSR development whichiasbe implemented in stagés every 5

years.

European Commission, 2012

Rail Transport (%)
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SourceRetrieved fromhttp://www.ushsr.com/phasingplan.htort 24.08.2014.
Figure 2.8 PlannedHSR Networkin USA

In addition to EU and USA that have railway investments described above, there
are ongoing investments in Japan, China, Iran and Saudi Arabia. la, G
existingHSR network is 947 kilometers length and it is planned to increase it to
8311 kilometers with the railways that are in construction and planning phase.
Also Japan has remarkable investmenH&R construction. The existing railway
network B 2452 kilometers length and 590 kilometers of HSR is under
construction. In addition 583 kilometers of HSR is in planning phase. According
to International Energy Agency (2009) Saudi Arabia has no HSR network

however, 550 kilometers of HSR is in plannpitpse.

Currentl vy, mor e t h &8R n&work % locafed in Bapan,wor | d 6
France, Spain, Germany and lItaly. According to European Commission, by 2020,
it is expected that existing length BISR network in the world will be tripled.

Table2.8 showsthe high speed rail lines, existing and planned by country.
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Table 2.8. High Speed Rail Lines Existing or Planned by Country (kilometers of

track)
In operation | Under _ Planned Total
construction

EUROPE
Belgium 137 72 0 209
France 1872 299 2616 4787
Germany 1285 378 670 2333
Italy 744 132 395 1271
The 0 120 0 120
Netherlands
Poland 0 0 712 712
Portugal 0 0 1006 1006
Russia 0 0 650 650
Spain 1599 2219 1702 5520
Sweden 0 0 750 750
Switzerland 35 72 0 107
United 113 0 0 113
Kingdom
TOTAL 5785 3292 8501 17578
ASIA
China 947 3289 4075 8311
Chinese Taipei | 345 0 0 345
India 0 0 495 495
Iran 0 0 475 475
Japan 2452 590 583 3625
Saudi Arabia |0 0 550 550

Source: IEA, 2009
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Table 2.8. (continuedHigh Speed Rail Lines Existing &anned by Country
(kilometers of track)

Korea 330 82 0 412
Turkey 0 745 1679 2424
TOTAL ASIA 4074 4706 7857 16637

OTHER COUNTRIES

Morocco 0 0 680 680
Argentina 0 0 315 315
Brazil 0 0 500 500
United States | 362 0 900 1262
TOTAL 362 0 2395 2757
TOTAL 10221 7998 18 753 36972
WORLD

Source: IEA, 2009

2.4. Summary & Concluding Remarks

There is a significant trend for railway development in the world and railways are
receiving more focus i n many aalyumtr yos
European Union countries, railways are increasingly being given a dominant role

to play in transport policies. In addition, there is an emphasisH8R

development in national policy documents. Parallel to these developments all over

the world, here is a tendency to develB§®Rs in Turkey too. In the next chapter,
Turkeyds current and future transport p o
national development plans and strategic policy documents, and railway projects

will be analyzed in deil.
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CHAPTER 3

THE TRANSPORT SECTOR IN TURKEY, CONTEMPORARY
POLICIES AND RECENT INVESTMENTS IN HIGH -SPEED RAILWAY

3.1. A Historical Overview to the Railway Development

In 1890, under the Ottoman Empire there was an attempt to develop railway lines

for agricultural, military, defense and economic reasons; emsequently
privileges were given by the Ottoman Empire to countries such as England,
France and Germany to develop railways in the country. Countries that undertook

the construction of railwayfad an opportunity to construct and operate the
railway system and if the profit vgaless than expected, the Ottoman Empire
woul d compensate this (Yéldeér éem, 2001) .
right of cutting trees for 20 km width in the construction area and mining research
permit.  According to General Directorate of State Raidys
Administratiordatabase, between 1856 and 1922, the lines listed below were

constructed.

¢ Rumelian Railways

¢ AnadoluBagdat Railway

e Kz niKasaba Railway and offset

e KzmAydén Rail way
e DamascudHama Railway and offset
e Yafa-Jerusalem Railway

e BursaMudanya Railway

e AnkaraYahki han Rai |l way
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Before the War of Independence, there was 4112 kilometensil@fays in

Turkey, which were mostly developed by other countries. There were 118

locomotives, 203 passenger and 1983 freight wagons in 1923. After the
estabishment of the Republic of Turkey, between 1923 and 1948, the government

gave priority to railway construction to increase the length of railways, provide

national security and increase social and economic growth. In 1924, government

policies aimed ahationalizingthe existing railways and constructing new lines.

The first decision was to complete the Ank&igas Railway and then to
construct the Samst®i vas Rai |l way (Yél deéer ém, 2001) . A
the tenders of SivaSrzurum and Malaty® et | n k ay ain 1R24ifdr ther y s

firsttime( Yé I d e r @udget tRadviadtiributed to the railway construction

was much more than the highway budget between 1923 and 1933thsinater

was a newly emerging transport technology and hence there was not much

highway i nvest ment . AfState Railways and Har bo
1927 and 13.98 % of the budget was allocédedailway development. Although

railway construction was important in this period, operation was not that

advanced. In 1934, the governmepurchased 172 new locomotives, 110

passenger and 2323 freight wagons (Yeéldeéerén

Between 1940 and 1950, railway construction decelerated because dfthe 2
World War. 3208 kilometers of the 3578 kilometer rail road was constructed
between 1923 andl 9 4 O . I n 1953, AiState Rail ways and
t r ans f or@epedal Directorate dfi State Railways Administratioan Af t er
the 2" World War, investments on railway development decelerated and between
1951 and 2002, 17 kilometers new railwegnstructed each year. The 1950s is
often considered as a turning point in transport policy in Turkey gimecarks the

start of a road oriented policy for the country, which is still prevalent today. This
was a period that witnessed technological adeam road and car industry; and

a USFederal Government aid that was received to invest in the development of
the road network resulted in a vigorous road programme for the next decades.

AWhil e it was necessary to devreddop the r ¢
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programmes created an extremely rbaged transport policy, arventually an

i nfrastructur e

Because of inadequate investment in railway development, quality and usage

declined and most of the railwagamainedn physically old standard&igure3.1
showsthe railway network development since the-ppublic era. It is indicated
in the Figure that,feer 2002, there is an increaserailway network development.

It is stated that 137 kilometers of HSR has constructed each year.
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SourceGeneral Directorat of State Railways Administratipg012

Figure 3.1Railway Development in Turkey

Transport policies are analyzed in the next sections to provide the recent and

contemporary transport policy agend. illustrated in these upcoming sections,

the dominane of road transport and its repercussions in termpetfoleum

consumption dependency on foreign resources, traffic safety and accidents have

always been highlighted as main concerns in the-¥a& Development Plans of
Turkey in the 1970s, 1980s and 908 too. These plans too advocated the
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improvement and development of railways in order to create a more balanced
usage of transport modes. The plans from the 2000s onwards, however, seem to
have an even stronger emphasis on railways because they alkedrésuan
increase in the funds allocated for railways. This may be due to the increasing
urgency of sustainability debates, environmental concerns, as well as the will to
integrate into the Trans European Rail Network. In addition, energy security has
become an important issue because of political and economic reasons in recent
years. The current state of the transport sector and a review of transport policies in

the country are provided below in the next sections.

3.2. General Overview of the Transport Seabr in Turkey

3.2.1. Transportation Trends and Share of Modes in Turkey

In Turkey, road transport has been the predominant mode of botfciiyti@and

inter-city transportation for the last 50 years. Modal split in intercity
transportation in Turkey is given iRigure 3.2 and Figure3.3. As the figures

show, there has been a sharp decrease in the share of railways in both passenger
and freight transportation after 3® Reasons of the decrease in railway share

will be covered in more detail in the forthcomingtsens of this study.
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Figure34and Figur8.5show how road and railway transportation shares have

changed in the last decades. For freight movement, road transport has increased its

share from 25% to 73.8% between 1950 and 2011. In the 1950k,waa y 6 s

share

in freight transport was quite high when compared with road transport because

road transport infrastructure was inadequate and services provided by motorized

road vehicles were few. In terms of passenger transportation, road and railway

trangortation shares were close to each other in 1950; howsnee then the

share of railways has begun to decrease and the gap between road and rail shares

has increased.
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Since the 1970s, railway developnt has been stressed in policy documents
(Five Year Development Plans) as vital for economic and social development of
Turkey. In addition, particularly since the 1990s there has been a particular
emphasis on the integrat rkdonTramsfEurdpdae count
Transportation network. With increasing emphasis on sustainable development in
the transport sector, which can be seen in policy documents in the late 1990s and
early 2000s, the shift in transport policy towards railway developmertieapeen

in the funds allocated to railway developménB a b-Sutcléfd 2007). This

trend continued throughout the 2000s as these funds increased from 75 Million
Turkish Liras in 2000 to 4.1 Billion Turkish Liras in 2012. This renewed interest

in railways appears to be partly motivated by the policiestegrate into EU and

partly stimulated with the increasing popularity of hggeed rail technology in

the world. As a result of the policies that aimed at introdu¢isiRs into the
current network and inclusion of private operators into the sector, yailwa
development has entered a new process. According tGeheral Directorate of

State Railways AdministratioBector Report (2012), 11.000 kilometers rail road

a7



has beenanewed; Ankar&onya and Ankar&E s k i K®RProjects have been

completed and began to operate.

3.2.2. Environmental Impacts of Current Transport Network

In Chapter 2, environmental impacts of various transportation modes gieesn

in general. In addition,dr key6s transportation mode
the previous section. It is seen that the current transportation system highly
depends on road transportation. Although, there is an effort for developing the
railway network by introducing neWSR lines, the infrastructure and its usage
are still limited to have any effect on the reduction of the share of road
transportation. Adding to this, airway transportation is increasing its popularity for
intercity transport. Especially, flexibility of the pa in air transportation and the
private compani esd® campaiAlofshesmiadkease ai r
the environmental impacts of transportation, which can be evaluated in terms of
energy consumption, greenhouse gas emissions, noise, wibtaiia coverage,

contribution to the soil and water pollution, etc.

Turkey has a high dependence (71.5%) on imports to meet energy demand for all
sectors. 90.3 % of the primary energy consumption consists of fossil fuels and the
total primary energy comsption of Turkey was 114,480 mtoe in 2011.
According to Figure3.6, the transport sector was responsible for 14 % of the

primary energy consumption in 2011.
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According to the Turkish Stae Rai | wayo6s Strategic Pl ar
responsible for 5 % of air pollution while road transportation is responsible for 85

%. According to the emission inventory of TurkéyaE, 2011), transportation is

responsible for the 17 % of the overall Gld@issionsand road transport, which

has the highesis responsible for the %85 of the £€€émissions originated from

the transport sector.

Currently, road is the major transportation mode and it consumes too much energy
while at the same time producingegnhouse gas emissions. Therefore, the
contribution to the air pollution is mor
air pollution is less than other motorized transportation modes because it
consumes electricity that does not directly produce eamissTherefore, the
contribution of road transportation to the climate change and air pollution is
relatively higher than other modes in Turkey. When the land coverage is analyzed,
a railway line, which is constructed as two lanes (about 13.7 m in width), i
equivalent to a highway with 6 lanes(about 30 m in width) in terms of caphrcity.

this regardtoo, railway has a comparative advantage to the road transportation
since it has a higher carrying capacity per area that it occupies.
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3.2.3. Transport policy-making in Turkey: Institutional Framework

and National Development Plans

Ministry of Transportestablished in 1949,is the main government agency for
developing transport policies in Turke§@eneral Directorate of State Railways
Administrationwhich is subjectedot Decree Law no: 233 on the State Economic
and State Owned Enterprises, is also under this Mirasttlys mainly responsible

for the construction, operation and renovation of railways (both conventional and
high-speed railways), and coordination and caapen between enterprises. The
supervision, coordination and relations of Turkish State Railways at the
government level are executed by the Ministry of Transport, Maritime and

Communication.

Tur keyos status as a candi dateds theountry of
countryos national policies. I n the access
economical and physical infrastructure to integrate in to the European Union.
Therefore, transportation has an important position in terms of physical
integration hat brings with it increasing economic activities, such as commerce

and tourism.

It is not intended to review all of the Development Plans of the country to present
the contemporary policy agenda of the country. In fact many development plans
emphasizedhe evesfincreasing road transport and the need to support railways
too. This emphasis increased with tH& Development Plan, prepared in 1995,
which was the first one to clearly stress the negative environmental consequences
of the transport sector (BaH -8ukcliffe, 2007). Then the"8Development Plan in

2001 became the first one to include the term sustainability for the transport
sector. Therefore, in order to analyze the recent and present policie¥, gfe 8

and 108" Development Plans are revied here. In addition 2011 Action Report

published by the Ministry of Transport, Maritime a@@mmunication, andhe
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Transport CongresReport prepared after the National Transport Congress of the

Ministry in 2009 areanalyzed in the scope of this study.

The 8" Development Plan (2002005) is the first development plan of the
countrythatt eat ured the concept of fisustainabi
sector and emphasized the importance of sustainable development of transport
infrastructure andactivities. In this plan, there are many suggestions about
minimizing the negative impact of transport on the environment and promoting
policies that will help to reduce greenhouse gas emissions. In order to provide a
sustainable transportation system, fiten proposed to develop a comprehensive
framework to evaluate externalities of transport investmemtsl to create a
multimodal integrated and interconnected transport infrastructure to establish a
continuous rail corridor across Europe and Middle Asia a b-Sutcléfd 2007).

In addition, the development plan has significantly altered the fund allocation
between transport modes: when compared with previous plan proposal¥ the 8
Development Plan proposed a higher share of funds to be allocatedvwarysa

Funds proposed for the railway investment increased tdiftmeof all transport

expenditures.

In the 9" Development Plan (2002013), the transportation sect@ceived the
biggest share of fundsin the public investments and increased itstshaveut
onethird of total expenditure. The importance of strengthening the network with
Trans European Transport Network, Caucasian Counih®ddle Asia and

Middle East was emphasized in the transportation policies.

In the 18" Development Plan (2012018), 34 % of the national budget was
allocated for transportation projects. In this plan period, developing transportation
infrastructure to connect production and consumption centers in the country and
overseas has been proposed as a significant ahtpmticy. In line with this,
projects that strengthened TraBgropean Transport Network, Caucasian

Countries and Middle Eastereproposed.
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When the Development Plans are analyzed in terms of the transport sector, it is
seen that there has been an imseein the share of funds allocated for the
transport sector and that the share of funds proposed for railways also increased.
This parallels the arguments presented in the policies of the Development Plans
since railways have received increasing emphasian instrument to make the
transport sector more sustainable. In addition, in three development plans, the

significance of the integration of all transport modes and networks is emphasized.

According to the 2011 Action Report of the Ministry of Transpbtaritime and
Communication toothe shift from road to rail for freight transportation is stated
as a strategic goal and in the repbrs emphasized that the role of private sector
in rail freight transportation should be increased to meet this peirgdso, as it
was stated in the development plans, it is emphasizegtbjacts strengthening
the integration to TrarBuropean Railway Network should be given priority and
developed urgently.

3.2.4. Review of Railway Policies andRailway InvestmentProposds in the

National Development Plans of Turkey

In the 8" Development Plan (2062005), railway infrastructure is proposed to be

developed with particular emphasis on international corridors. It is stated that
Turkey-Georgia (KarsTbilisi) Railway Project construction will begin. In

addition, the Bosporus Railway Tubgansition and Gebzelal kal € Subur ban
Railway Rehabilitation Project are stressed as crucial investments to be
completed.

In the 9" Development Plan (2062013), it is stated that 938 kilometasnew
railway lines will be constructed, 1000 kilometersilveay will be renewed and
freight transportation by railway will increase its share to1l2 %. However, when
General Directorate of State Railways Administrafionual Statistics(2013) is

analyzed, it is seen that, this aim has not been reached irR2RQ37geriod; in
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2012 the share of freight transportatiwasaround 4.1%. In addition, for the plan
period it was -Ankam®ivas, Ankaskfyorkksztnaintb uard Ankar
Konya HSR projects wouldbe constructed and that they woldéegin to operate

for passenger transportation. However, this goal has not &@ned in this

period either.

In the 18" Development Plan (2012018),a comprehensiidSR network was

planned with Ankaraastiee nt er of t h eAnkeexSivas Ankara Kst anb
Afyon-Kz mi r , -Kédnkar aan dE s Ks thaalyl thigh speed ail

corridors were proposed. It was planned to complete GElmz&k i Kk ehi r Rai | wa
orderto start operation in the Ankalfas t a n b ul howevey thisdeadle® 1 3 ;

could not be meand theline opened to service in 2014 Julyntil the end of the

plan period (2018), Ankar&&i vas (393 km) -Afgodkardhisdcar a ( P
(167 km) lines are planned to be completed to start operation. After the
completion of the planned railway network it is expected that the share of railway

will be 13 %in freight trangortation and7 % in passenger transportatiokg,

2011). This indicates an increase from the current levels, which are 4.1 % in

freight transportation and 1.6 % in passenger transportation.

In the National Transport CongreReport (2011), which is an tmome of a large
congress and study carried out with the participation of policymakers and experts
from ministries and thacademymany new transport investmemtoposals have
been made. It was suggested to bogev conventional railways (about 4700 km
length) with the standard of 100 km/h speed and it plasned to integrate
commercial harbors and railway stations to provide an efficient freight
transportation network. Another suggestion was to baildailway on to the
3“Bosphorus Bridge in Istanbuhat is under construction. TH&Bosphorus
Bridge project, which is planned by the General Directorate of Highways, will be
the third road bridge connection between Asian and European sides of Istanbul
and is planned as part of a wider motorway projEee railway component of the

project will be a part of the Sincana y €-K b & aHER Rrdject, which will be
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analyzed in detail in this study in the nettapters. The other projects can be
| i st ed -Basra Ralwag RrbjecTurkeylran Railway Poject, Arabian

African Railway Project antSR projects all across Turkey.

As a result of policies for more railway development, funds that were allocated for

railways increased in order to achieve the targets presented above. However, it

should be not that while funds were allocated in investment programmes, these

were not fully spent. The actual expenditure on railway development often stayed
behind the propsed funds that wer e aSufclifec at ed t o
(2007) stated that Anln fact, actual i nves
bel ow 40% of what was proposedo. Therefor e
policy documents were not implemedtfully. The following sections present the

current network of railways in Turkey and existing and planned-$pgied rail

lines

3.3. Development of the Railway Sector in Turkey

3.3.1. The Current Railway Network in Turkey

Turkey has 12,008 kilometers of railwanetvork including conventional and
HSRs. 2328 kilometers of the railway netwaskelectrified while 888 kilometers
of it is HSR (TCDD, 2012). In additionAccording to the Sector RepoffCDD,
2011), 91 % of the railway network is singdiee, 26.8 % is elddfied and 33.4 %
IS signalized.

These all indicate the need for vigorous work to improve the conventional railway
systems if a high quality service levels is to be attained. Electrification and
signalization rates are quite low; and many policy documentich were
reviewed in the previous sectiorntsghlight the need for developing them and
increasing the rate of signalized and electrified lidégure 3.7 and Figure 3.8

shows the development of railway network in Turkey between 1923 and 2012.
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The above graphics show the stagnation in railway development in the 1950s and
1960s, which chaged in the 1970s with some 2000km of new lines being built.
Since then no significant expansion has been made in the railway network except
for the increase seen in 2009 and onwards in the first graph that includ¢SRhe
(HSR) lines. When the second gnapvhich excludes HSR, is observed, it is
clearly seen that the increase in the network is only due to the new HSR lines and
investment made to expand the conventional lines has remained insignificant for

decades.

AnkaraE s k i H8RhFAroject is the firsHSR line that has been operating in
Turkey since 13 March 2009. Its construction began in 2003 and was finished in 6
years. Secondly built high speed rail line is Ankidcmya, which has been
operating since 24 August 201The number of passengéransported bJHSRs
increased by 3 from 2011 to 2012, as would be expected: fsgbed railway

has been operating since 2009, and 2011 marks the opening of the second line,
AnkaraKonya. Unfortunately, when the total numbepalssengeartransported is
analyzed, it is seen that there has baelecreasédetween 201 and 2012 (see
Table3.1).

Table 3.1 Total Number of Passenger Transportation on Main Lines

Main Line 2009 2011 2012
Passenger

Transport (*1000)

Domestic 21,656 23,588 16,449
(Conventonal)

HSR 942 2.557 3.350
International 241 181 125
Total 22,839 26,326 19,924

Source:General Directorate of State Railways Administratidnnual Statistics
2005 2009 and 2002012
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3.3.2. HSR Projects: Current and Future HSR Investments

High speed rail is a type of railway transportation that allows 250 km/h or faster
transportation and uses an integrated system of specialized rolling stock and
dedicated tracks. It competes with road and air in medange distances.
Turkey has experreedits first HSR trip in 2009 by the launching of Ankara
Eskikehir I i n e-KonyA, fwhidh ris thie lsexcdnd liAepplereed @
service in 2011. Between March 2009 and December 2012,a total of
8,741,921passengers were transported and 31,320 #ipswade. The number of
passengers transported ieased by 35% in 2011 and by3X3,353,399 people)

from 2011 to 2012TCDD, 2012)

In this sectiorof the study both current and plannédiSR lines will be analyzed
in detail. First, operating charactéits of AnkaraE s ki Kk ehi r -Kanypd Ankar
High Speed Lines will be given. Then, foHISR projects that are in planning

stage will be presented detail.

3.3.2.1. Current HSR Lines and Their Impact on CO, Reduction in

the Corridors

Ankara-E s ki kKesh iatdSRu |

AnkaraK s t aHSR Brbject consists of two sections that are A k i Kk e hi r
and EskstkadBRBsuland it aims to connect Anka
a high demand transport corridor. Anké#&ias ki Kk ehi r sect ispeed i s t he
rail line to beconstructed and operated by the Turkish State Railways. It has been
operating since 13 March 2009. Teecond sectiohas been under construction

and it s-Gdbzelsdctioedpened to service in July 2014.

This project has also provided benefits te surrounding cities like Bursa and
K¢tahya because modal i ntegration has be

station. For the AnkarK ¢ t a hoyridor, HSRtconventional railway, for
57



AnkaraBursa corridorHSR+bus alternatives have been developed praject
catchment areabave been enlarged. In the Ankakag, t ahya corridor
passengers, in the AnkaBaursa corridor 146,087 passengers used these
combined transport alternatives in 20IZDD, 2012) According to Table3.3,

36% of the combined tripsear r eal i ze&Kiitrmahgakicka thei d or .

70,

60

tot al trips that are (geareqmbineddpsthatd produce

providet r ansportation to K¢gtahya and Bur sa.

Table 3.2 AnkaraE s k i kK e Rombineld Transportation Share

Combined | Total %
Es ki kKe, It iarGorriaor 66,634| 185,956 36
HSR+Bus @Ankara-Bursa) 146,087| 146,087 100
Eskikehir C 216,360 362,922 60

SourceGeneral Directorate of StaRailwaysAdministration2012

Assessment of C® Reduction in the Ankara-Es ki Kk e hi rAfteCthe r i dor
HSR

As it was emphasized in the previous chapteSR lines areseen as one of the
important component a0, reductionstrategy because ttieir potential impact
on the shift from carbon intensive road and air transtion to HSRIn order to
calculatethe reductionin carbon dioxide emissiona this corridor, modal split

data thabelongs tdbefore and after HSR is used.

Before the HSR was constructed, there was a conventional railway line in this

corridor; howeve private car and bus transportation have been ntagor

transport alternatives for the Ankakas t a n b u | j oeEskheyxsehir Ankadai
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approximately 23 km and travel time is about 3 hours by bus. After HSR began

to operate, travel time has decreased to 1.5 hours and hence when compared with
bus and ar transportation it provides significant time saving and a more
comfortable journey. According tdseneral Directorate of State Railways
AdministratiorAction Report (2012), currently, there are 10 trips per day
operating on bothlirections(in total 20 trps per day)andcarrying6000 to 7500
passengers daily. In addition, railway share has increased from 8% to 72% in the
AnkaraE s Kk i wi t h Buslsleare bggseni ng
dropped from 55% to 10% and private car decreased its share from 37 %bto 18

(see Table 3.3).

Kehir corridor

Table 3.3AnkaraEs ki kehir Li ne Modal Split Eval u:
Transportation

The Number | Before HSR | Share (%) After HSR Share (%)

of Passengel

(daily)

Bus 1,463,650 55 292,000 10

Conventional | 208,780 8 49,275 2

Railway

HSR 0 0 2,117,000 70

Private Car 1,000,000 37 547,500 18

TOTAL 2,672,480 100 3,005,775 100

Source: General Directorate of State Railways Administration,2012

As seen in Table 3,2,117,000 passengers were carried by HSR in 201t2ere
was noHSR ine in the corridor, these passengers would be carried by bus,
conventionalrailway line and private carThus for the no HSR linescenarioin
AnkaraEs ki Kk e hi r 2,1X7000r pasbengerare distributed to other

transportation modes accordingthe sharepresentedn Table 34.

59



In this calculation following assumptions are made
e Anintercitybus has aaverageoccupation rate of 46 paengers
e A conventional train sdtas an occupation rate of 310 passengers
e A private car has an occupation rat@gassengers in Turkdgr intercity
trips.
Based on these assumptions, number of trips that would have been generated by
2,117,000 passeers in case there was no HSR lieealculated by taking the

average occupation rateshafs;conventionatrain and private cafsee Table 3.4).

Table 34. Passengers Distribution according to Modal Split Data before fdiSR

AnkaraEs ki ke hi r Corridor

Transportation | Share | Number of | Average Number of

Mode (%) Passengers Occupation | Trip s(p/r)
() Rate (r)

Bus 55 1,164,350 46 25,312

Conventional |8 169,360 310 546

Railway

Private Car’ 37 783,290 2 391,645

TOTAL 100 2,117,000 - -

According to Table 3.5, if thererasno HSR line in Ankar&as ki kehi r corri do
therewould be 25,312 bus tripsesuling in 5,897,696 vehicle kilometers, 546

conventional railway tripgesulting in 136,500vehicle kilometers and 2696

privatecar tripsresulting in60,835,368 vehicle kilometers.

Table 3.5Total Vehicle Kilometerfor AnkaraE s ki Kk ehi r Corridor

Transportation Number of | Length of line | Total Vehicle
Mode Trip s(t) (kilometers-k) Kilometers (t*k)
Bus 25,312 233 5,897,696
Convertional 546 250 136,500
Railway

Private Car 391,645 233 91,253,285

'Average occupancy rate Ermvironmankak Aspedtaf inter-Cityhe report (o
Passenger Transport ©HECD,2009
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In order to calculate carbon emisssogenerated by trips in no HSR line scenario
carbon emission factor valu@eg COy/kilometer)areusedand multiplied by total
vehicle kilometergseeTable 3.6) The total amount of CQemissions in no HSR
line scenario is calculated a8,200 tons.

Table 36.Total COEmissiorsfor AnkaraE s ki kK e h i befor€ldSRr i dor

Transportation Total Vehicle Emission Total Emission
Mode Kilometers | Factor® (kg | Amount (kg CO,)
(km) COy/km)

Bus 5,897,696 0.13552 799,2558

Conventional 136,500 0.06715 9,166.0

Railway

Private Car 91,253,285 0.24234 22,114,321.C¢
Total - - 22,922,742.8

In order to compare pfSR and afteHSR emissions, it is needed to calculate
HSR emission amount that is produced in Ankara k i K e hi Emissianr r i dor .
factor for high speed rail transportatiesntaken a€.048 kg CQ/kilometer and
number ofpassengerper train set is accepted as 412in averdgklitionally,
AnkaraE s k i k e Hineis 218 ilBmetersn length. The totalamount ofCO,

emissions generated by the HBRalculated as 54 tons.

Table 3.7.Number of Trips made bgnkaraE s k i KHSRh i r

Number of Average Occupation Rate | The number of Trips
Passengers n (p/n)

(p)
2,117,000 412 5138

Table 38.Total CO.Emissiorsgenerated bgnkaraE s k i KSRh i r

Number of Length of Total Vehicle Emission Total
Trip s () line (km) Kilometers (t*k) Factor® Emissiors
(km) (kg CO,/km) | (kg COy)
5138 218 1,120,084 0.048 53,764.032

2http://www.carbonneutralcalculator.com/Carbon%200ffset%20Factors.pdf
$Tanakaet al. (2010), Thompson, Schipper, Kosinski &Deakin, 2010, Analysis of HigiSpeed
2AEI 60 01 OAT GEmission®ffom ZrdndpOriatfon i# the United States
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In order to assess the impact of HSR on emission redudtienesults obefore
and after HSR situationshould becompared In the cae that HSR does not
operate inAnkaraE s ki Kk e h i, 122,900 dangof @Oy emissionwould be
emitted due to use grivate cas, buesand conventionarains.However, after
HSR began to operate the same arridor, CQ emissionsare found to reduce to
54 tons of CO,, showing a sigificant reduction potential more or less equal
t022,80 tons

Ankara-Konya HSR

AnkaraKonya HSR is the second higipeed line of Turkey after Ankara
Eskikehir and it has been operating since .
to operate, bus and priwatar were the two major alternatives for this corridor too

and travel time by these modes is about 3 hours. Conventional railway also exists

in this corridor but it has low standards and travel time is more than 3 hours.

Currently, it takes about 2 hauto travel between Ankara and Konya HgR
According toGeneral Directorate of State Railways Administrafieator Report
(2012), there are 8 daily trips operating on both directions and totally 16 trips are
realized in one day. There is higpeed raih@y and conventional railway
integration in stations for this line and bus transfer will also be added to enlarge
the service area. It is planned to add bus connection in ordgrotade
transportation to Antalya, Manavgat, Alanya, Silitke, Mut, etc.

Ass=ssment of CQ Reduction in the Ankara-Konya Corridor After the HSR

After the AnkaraKonya HSR began to operate, there has been a decrease in the
shares of buses from 70% to 18%, and private car from 30% to 17% whereas the
railway share has increased &6 (see Table 3.9). In 2012,778,148 passengers

were carried by Ankar&onya line.
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Table 39.AnkaraKonya Line Modal Split Evaluation in Terms of Passenger

Transportation

The Number | Before HSR| After HSR
of Passengel Share (%) Share (%)
(daily)

Bus 70 18

HSR 0 65

Private Car 30 17

TOTAL 100 100

According to Table 30 and Table 3.11if there were not HSR line in Ankara
Konya corridor, there will be27,059bus trips that result witfd,062,399 vehicle

kilometers and 177,815 private car trips with 49,415 vehicle kilometers.

Table 310.Passengers Distribution according to Modal Split Data before HSR for
AnkaraKonya Corridor

Transportation | Share | The Number | Average The
Mode (%) of Passengers| Occupation | number
(p) Rate (r) of Trips
(p/r=t)
Bus 70 1,244,703.6 |46 27,0590
Conventional |0 0 310 0.0
Railway
Private Car” 30 533,444.4 2 266,722
TOTAL 100 1,778,148 - -

Table 311.Total Vehicle Kilometergor AnkaraKonya Corridor

Transportation The number of |  Kilometers of Total Vehicle
Mode Trips (p/r=t) line (k) Kilometers (t*k)

Bus 27,059 261 7,062,399
Private Car 266,722 261 69,614,442

‘Average

occupancy

Passenger Transport ©HECD,2009
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In order to calculate carbon emission reduction amount in this corridor, carbon

emission factor values are taken and multiplied by the total vehicle kilometers.

Table 312.Total CQ Emissions for Ankaré&onya Corridor before HSR

Transportation Total Vehicle Emission| Total Emission
Mode Kilometers Factor Amount
(L=t*k) (f) (CO; per km)
Bus 7,062,399 0.13552 957,096.312
Private Car 69,614,442 0.24234 16870363.874
Total - - 17,827,460.18¢

In order to compare pfdSR and afteHSR emission amounts, it is needed to
calculate HSR emission amount that is producedAmkaraKonya corridor.
Therefore HSR emission factor is taken @848 kg CQ per kilometer and
passenger per train set is accepted as 412 in avasageAnkarakonya corridor
CO; reduction assessment which is aho&dditionally, AnkaraKonya HSR line

is 213 kilometers of length.

Table 313. The Number of Tripsade byAnkaraKonyaHSR

The Number of Average Occupation The number of Trips
Passengers Rate (r) (p/r=t)
()
1,778,148 412 4316

Table 314.Total CQ Emissions generated by Ankaanya HSR

The Kilometers Total Vehicle Emission | Total Emission
number of of line (k) Kilometers Factor Amount kg
Trip (p/r=t) (t*k) 0) COy)

4316 213 919,308 0.048 44,126.784

As it is stated in Table 3.127,820 tons 0€0, emissionwould be emitted due to
use of private cars and busseghe case thatdSR does not operate in Rara
Konya corridor.However, after HSR began to operate in the same corridar, CO
emissions are found to reduce to44 ton€06% that shows significant decrease in
the CQemissiondVhen CQ emissions in the both conditions are compared, it is

seen that thre is dout17,776 tonsreduction in CQemissions.
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3.3.2.2. Future HSR Investments

Currently there are many projects that are in planning stages. These projects are
planned to integrate into each other in certain cities. Integration of different
projects will eypand the higkspeed rail network service area and create hubs that
focus on railway transportation. Feasibility and route studies are conducted in this
stage and 1/5000 plans are prepared to identify physical, social and environmental
impacts of the proms. Table3.15shows the list ofHSR projects that are in
planning stage. In this chapter, four of them will be analyzed in detail because in
the upcomingchaptersquestionnaire analysis will be given related to these
projects.

Table 3.15.List of HSRProjects in Planning’hase

NO PROJECT

1 AnkaraK z nHSRProject

2 Ha |l Kalp& KSRIPrejet

3 AnkaraSivasHSR Project

4 SivasErzincanrErzurumKarsHSR Project

5 E s k i -ArdalyaHSR Project

6 KonyaKaramanU | u k-MexsintdSR Project
7 B a n d &rz midSR Project

8 B a n d @8ursaldSRProject

9 Y er Ky aKaysdriHSRProject

10 Kér e¥ b aisamsurHSRProject

11 TrabzonErzincanHSR Line Project

12 ErzincanD i y a r-Naadi @SR Prgect

13 Sincant¢ a y é-K B & aBHBRRrdject

14 AntalyaKonyaAksarayN e v K-EdyserftHSR Project
15 Di y a r-khaark| &SR Projeat

16 Keér kAkdaiayU | u KHSR Praject

The analysis presented in the thesis is based orHf8Riprojects that are:
e Line 1: Sincan (Ankara a y é-K b & aH5R e
e Line 2: AntalyaKonya-AksarayN e v k-KdysermHSR Line
e Li ne 3:-AksamyUd eutkiérk | BISR(LKe | d e)
e Line 4: ErzincarDi y a r-Ndaadik @SR Line
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e EXISTING RAILWAY NETWORK
m— EX|STING HIGH SPEED RAILWAY NETWORK

m—— PLANNED HIGH SPEED RAILWAY LINES (lines that questionnaire was conducted)

Figure 3.9. Railway Network in Turkey Including Studied HSR Lines

Line 1: Sincan¢ a y & rKhsa ma HSR Wihe

Sincan¢ a y €-K b & aHiSR Wihe (Line 1) aims to create a new higpeed

railway |l ine between Ankara and Kstanbul wi
project has a route different than the Ankkra k i -iK 8 h aHiISR that was

mentioned in the previousection. The planned route begins in Sincan (Ankara)

as an expansion of the existiftpR infrastructure and passes through Mudurnu

(Bol u), Sakarya, Kocael i and finishes in K
was planned to have 3 sections. The firstisadincludes Ankardocaeli line;

the second section is Koca&list anb ul Anatolian Side conne:
section I s from Kstanbul Anatol i an Side
EuropearSidewith the link of the 3Bosphorus Bridge which is in cansction

phase. In the following chapters, the analysis will be made for Arkacaeli

Section of thidHHSRIine.

The geometrical characteristics of the project are rather different when compared
to other planned higlspeed railways because it aims taale 350 km/h speed that

will be the fastest railwayystemin Turkey. Because of its high physical
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standards that are required to reach such a high speed, it is not convenient for
freight transportation. Ankara and Kstan
highest levels of passenger trips. Thereforesitciiucial to provide efficient
transportation in this corridor. Air, road and rail transportation are the current
alternatives for Ankar& st an b ul transportation howev
conventional rail transportation has not been opeiageduse of # construction

of the AnkaraK s t a HSRudescribed in the previous section. Therefore,

currently air and road transportations are the attgrnatives.

Air transportation is the fastest transport mode howevdange metropolitan

cities | anHd Ankakas arravinmgbtaithe airport takes time. Also, airport

traffic has increased in recent years and airport capacities become inadequate in
some cities |ike Kstanbul. Thus, departu
due to delays. Urban trarmpation and waiting times may decrease the attraction

of air transport especially for shatistance travels. For example, it takes 3 to 3.5
hours to go from Ankar a cdnterto &ty derstenike.u | by a
considering airport accessnes as well); 5 to 6 hours by bus; and 4 to 5 hours by

private car. Thus, there is not much time saving provided by air transpoftation

this corridor. Sincait a y €-K B & aHSR linkaims to reduce travel time to 2

to 2.5 hours. In some cities, radw stations are located in city centers or there can

be public transportation service to the station. It creates an advantag&Ror
transportation.

Line 2: Antalya-Konya-Aksaray-N e v k &dysen Railway Project

AntalyaKonyaAksarayN e v k-KdyseirHSR Line(Line 2) is another line that

is in planning stage. It aims to connect the Mediterranean Region with the Middle
Anatolian Regionandtoenhanceo ur i sm potential. Antal ya
leading tourism centers in Turkey and road transgothe single alternative to

connect these citiekine 2which is planned to operate with a speed of 250 km/h
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speedwill reducethetravel time. In Konya Station, it is planned to integrate into
the AnkaraKonyaHSR

Li ne 3: -Aks@ray#Je lu ik RakwayProject

Keér kAkdaiayU | u k BSRI Lane (Line 3) is another link of the planned

rail way net wor k. This project i's planned i
Konya and Ni fjoddes the Gainranspartatibnymode in this region

ad between Keér kehir amoddcénkectonTlzeshotebster e i s nc
road goes through Ortak®°y and it takes abolt
this, the project is designed to create a link between different regions and Central

Anatolia. As mentioned in the previous section, there are kB projects that

are currently in constructiopJanning or operation stagehus, in order to create

an integrated railway network it is necessary to build connecter railroads. It is

planned to integiteK é r kAkdatiayU | u kHSR Lirze tqQ

e AnkaraSivasHSR Line( by t heY &rék°y hCannector Rail wa

o Kér éddmmsunéiSR Line ( by t h e-Sungwelu KCBmector
Railway)

e KonyaMersinHSR Line(IntegrationoJ| uk ékl a St ati on)

The above links will radt in the connection oBamsun Harboand Mersin
Harba, hence a line in the nordouth direction. Furthermore, there will HSR
connection to many <cities such as Ankar a,

¢cor um, and Samsun.
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Line 4: Erzincan-Diyarbak & -Mardin Railway Project

ErzincanD i y a r-Ndaadik éRailway Project (Line 4) is planned in the
boundaries of five cities; Erzincan, Tu
small scale, this project aims to connect East Anatolian Cities and South East
Anatolian Cities. However, when all the projects that are in planning stage are

anal yzed, Diyarbakér wild/l be a-sgeedanspor't
rail transportation both to Anatolian cities and the Black Sea Region will be
provided. In fourof the five cities that the project is planned, there are airports.

Air travel is also a considerable alternative in this region because of geographical
reasons. It takes a long time to reaemtralAnatolian and western cities by road

transportation fronthis region.

3.4. Summary & Discussion

The analysis of past and current policies, as well as passenger and freight
transport trends point to the dominance of road transportation in Turkey.
Currently the share of private car and bus usage in passenger itraisspo
extremely high, which is a result of road oriented transport policashave been
implemented since the %6s. For decades, national transport policies of the
country proposed to reduce the dominance of roads and develop railways. In
recent yearghe focus on railways became stronger and particularly supportive of
HSR development, which may be seen as a trend that is parallel to the

development of this technology in the world.

It is seen that in the lines that already started to operatesjegia rail systems

attract users from roads and increase their modal shares for that particular
corridor.Before AnkaraEs ki kehir HSR began to operate
the major transport mode although there was a conventional railway network
betweenAn kar a and Eski kehir. It could be st

the cities that attracts and produces daily tourism and work trips because of the
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distance between them is 3 hour drive. After Ankara k i Kk e hi r HSR began
operate, there has beenign#icant increase in the railway share and modal share

of railway increased to 70% in this corrid@imilarly, after Ankara&Konya HSR

began to operate, modal share of railway increased to 65%. It is not expected to

see similar demand and modal shargaase in railway in every corridor that

HSR is planned however. In longer distances air transport may be preferred. In

addition, for certain corridors and certain users, road transport, i.e. car usage and

bus transport, may continue to be chosen. Wherrémsportation shares of the

whole country are considered, it is seen that in spite of the efforts of HSR
development, the modal shares of road and air systems are on the increase at the

national level.

There are manyHSR investments being planned and stvacted in Turkey;

however, it is uncertaito what extenthey will be preferred and used by the
passenger s. |t depends on both travel dem
perception about HSR usage. Itako relaed with the income level, cost and

travel time. The factors that affect mode choice will be detailed in further
chapters. It is therefore i mporHSRnt to kno:
lines that are being planned. In which conditions peopleH®&is an important

issue to analyze dzause if the expected usage is not realized, then benefits

expected frorHSR projects, such as environmental benefitmnot be achieved.

In the following chapters, the potential usage of newly plarti8&s will be

analyzed with a view to provide a bettenderstanding of possible shiftand

factors that may foster or hinder such shiftsm road to railway transportation.
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CHAPTER 4

METHODOLOGY

4.1.Context and Aim of the Study

The transport sector is responsible for 26.53% of greenh@ssengissions in the
world (EC, 2012). While in most other sectors, such as industry, energy
production, and residential uses, reductions could be achieved in greenhouse gas
emissions through energgfficient technologiesthis does not seem to be the case

in the transport sector. Mobility, i.e. number of trips made and the average
distance of trips are continuously increasing. Furthermore these trips are
increasingly taking place in energytensive and polluting modes, i.e. road and

air transport. Therefer in the context of sustainable development policies, the
transport sector has become an important area that should be interfered and
restructured by governments. In this respect, many countries have committed
themselves to reduce fossil fuel combustiord ancrease the share of more
sustainable modes in transportation. Railways are generally considered to be a
more environmentally friendly mode, and hence it has become a universal policy
to shift transport torailways fromroad and air transport, which earcarbon
dependent modes. Due to its relatively lower emission impact and energy
consumption, railways receive increasing emphasis that has resulted in extensive
investment in rail network$dSR (HSR), as the fastest mode of railway systems,
has receivedarticular emphasis in the recent decades. HSR is seen as an effective
alternative for both passenger and freight transport in order to reduce carbon
intensive longdistance travel. It is expected that wi¢8Rs are introduced, there

will be a shift from rad and air to rail.
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Turkey has also invested HSR systems in the recent years, and has extensive
plans to expand its HSR network. Considering the extremelybased transport
system of the country, HSR investments are introduced with a view to secrea
intercity transport alternatives and create shift from roads to railways. These
systems are expected to decrease the dependency on road transport and provide an
alternative for air transportation in lomstance travel. Therefore, the research,

on which this thesis is based, aims to analyze tsigeed railway investments in
Turkey and whether they can help fulfill these expectations. The main idea behind
this analysis is to emphasize that there cannot be any positive impact of planned
investments withouwusage targets are not reached.

Therefore, in this study, the aim is to evaluate currently planned HSR projects in
Turkey from the user perspectiieour of the planned HSR projects are analyzed

by focusing on the possibility of passenger journey shifisx road to railway
transportation. The shift is the most significant part of this study because if the
expected ridership is not achieved for HSR projects, road oriented intercity
transportation remains the same and the amount of energy consumed and GHG
emissions created by the transport sector do not decrease. In addition, HSR
investments are costly investments. If ridership levels remain less than projected,
this would cause loss of money, loss of land and environmental damage.
Furthermore, although itvays are considered environmentally friendly as they
use electricity for power source, the electricity consumed by railway operations
also causes GHG emissions during its production. As a result, if the HSR lines are
not likely to attract users, then th&ctricity used by the HSR operation will be a
waste; and this would indicate both inefficiency in resource consumption and
further environmental damage through the GHG emissions created during the

production of this energy.
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4.1. Research Questions

The studyis expected to contribute to our understanding of the newly planned
HSR investments from the user perspective and it is expected to reveal a set of
objectives for the policies aboltSR operations. The analysis which will be
explained in the following clmers aims at revealing the perceptions, preferences,
and travel behaviour and choices of potential HSR users. Currently, because there
is an only 11 years (including planning stage) of experience for HSR in Turkey,
there are no comprehensive studies HBR investments except for the state

documents and statistics.

Following the main aim of the study described above, research questions to be

answered are as follows:

1. What are the perceptions of potential users with regards to HSR:
a. Are the planned railwagystems likely to be used by inhabitants
that currently use road transport?
b. Under what conditions (price, time and other) are the users likely
to prefer railway systems?
c. Is a passenger shift from road to railways likely to happen as a
result of these HSRivestments?
2. In the light of the answers to the above questions, are HSR investments in
Turkey likely to change passenger transportation patterns and mode

choices and hence help mitigation of climate change?

In the scope of the study, institutional secteports have been analyzed to
understand the transportation sector BISR investments in Turkey. In addition,

in order to provide a better understanding of whether a passenger transport shift
will occur from road and air transport to rail transport,saruquestionnaire has
been carried out with people living in close proximity to the investments. Detailed

information about the method of analysis will be given in the next section.
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4.2. Method of Analysis

4.2.1. Method of Data Collection

Information about theHSR investments in Turkey was obtained through the
environmental impact assessment process of the projects which were carried out
by me within the body of MGS Project, Consulting, Engineering Company
between 2012 and 2014. In this process, | had the opportoniy involved in

both route planning studies and environmental impact assessment processes. In
both the institutional meetings held at the Ministry of Transport, Maritime Affairs
and Communications and the public consultation meetings carried outditi¢ise

that the investments are planned in, information about the investments have been
gathered. Dates of the public consultation meetings are given in the following

section in Tabl& 1.

Additionally, in April 2014 there has been a consultation meetiity experts
from the Turkish State Railways in order to understand the latest progress in HSR
investments. In addition, technical reports and maps were obtained from the

Ministry in order to have detailed information about the investments.

4.2.2. Selection of Caes and Research Area

In order to identify the possible shift from road and air transportation to rail, a
sample group was selected among the cities whicHHS&& project in planning

stage. During the environmental impact assessment process, which wastednd

by the Ministry of Environment and Urbanization, public participation meetings
were organized in each city whereH&R investment was being planned. These
meetings provided an opportunity to carry out a questionnaire with the potential
users of theHSR In the scope of the public participation procedure of these 4
projects, announcements were made with the help of written and visual media
tools such as newspapers and internet. Then, during the meeting, questionnaires

were distributed to the participsnwho attended the meeting¥.ojects that are
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included in this study and the cities that the survey was conducted are listed in the

table below.

Table 4.1HSRLinesthat the Questionnaire was Implemerited

Cities that the Dpajﬁigf
Number HSR Line guestionnaire was S
conducted Part|C|pat|on
Meetings
Line1:Si ncan -¢a
Ks t aHER Lrle
1 Ankara, Sakarya 19/02/2013
(questionnaire was Bolu, Kocaeli 200022013
conducted for Ankara
Kocaeli Section of the line
Line 2:Antalya-Konya Antalya, Konya, 20/11/2012
2 AksarayN e v k-Bdyserr | Aksar ay, 21/11/2012
HSR Line Kayseri 22/11/2012
3 Line 3:K € r kAkdaliay Kerkehir 27/11/2012
Ul u kHSR Lire Konya, 28/11/2012
Line 4: Erzincan Erzincan, Tunceli 07/052013
4 Di y a r-NbaedkHSR El azej, 08/052013
Line Mardin 09052013

4.2.3. Questionnaire Design

The questionnaire, which was designed to understand the potdStil s e r s 6
travel behaviour and preferences, is given as Appendikh&. questions were
designed to reveal how people perceive the -Bgged railway anddw their
travel behaviors are likely to change with respect to their attitude to travel time
savings and monetary costs associated with different modes of transport. In the
scope of the questionnaire, the following information was tried to be obtained:
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1. Cument transport behaviors in terms of travel time, cost, reliability,
punctuality and comfort

2. Mode choices according to different transport purposes
Experience of usinglSR previously

4. Willingness to pay foHSR

In order to gather information about the itsp that are given above, the

qguestionnaire was designed in two sections:personal and-dmmTiographic

characteristics and intercity travel evaluation. The first section includes questions

t hat gat her i nformation abouhd stcke potenti
economical characteristics. These include the city that the person lives in,

occupation, age, gender and monthly income |ése# Figurel.l).

City . Gender
[ Female
Occupation 0O Male
Age : Monthlyincome level:
500-1000 TL
[0 1000-2000TL
[0 2000TL+

Figure 4.1 SocioDemographic Qustions {1Section ofthe Questionnaire)

In the second section ofdhlguestionnaire 5 questions were asked. The questions

are given as Figuré.2.
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1. Could you please indicate which of the following criteria are important for you in intercity
transportation by marking the degree of importance?
Very Relatively Not Very Not Important at
Important Important Important all
Travel Time
Cost
Safety
Punctuality
Comfort
Environmental
Sensitivity
2. Can you please indicate the modes that you use for intercity transportation according to
purpose/type?
Work Tourism/Recreation Other
a. Private Car a. Private Car a. Private Car
b. Bus b. Bus b. Bus
c. Railway c. Railway c. Railway
d. Airway d. Airway d. Airway
3. Did you ever travel by high speed railway Eskisehir-Ankara and Ankara-Konya) which have
been currently operating?
a. Yes
b. No
4, If a high speed railway system begin to operate in the city that you are living in, would you
use it for intercity transportation? (provided that it goes to your destination)
a. Yes
b. No
5. Under which of the following pricing conditions would you prefer using high speed

railways?

Prefer Not Sure Not Prefer

If high speed railway price is more than bus, do you
prefer high speed railway instead of bus?

If high speed railway price is equal to bus , do you
prefer high speed railway instead of bus?

If high speed railway price is less than bus , do you
prefer high speed railway instead of bus?

Figure 4.2 Intercity Transportation Related Question¥' Gction of

Questionnaire)
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In the survey study, a sample size of 212 participants among people livingan clos

proximity to theHSRinvestments reached.

4.2.4. Assessment of the Questionnaire Responses

In order to evaluate questionnaire responses, each question and answer in both
t wo sections are coded to ease the eval ue
answer wax oded with <code 1 gi vencode@Qtot he answe

ifMal eo.

Questionnaire results were analyzed using SPSS. Descriptive analysis; frequency
and crosgabs are used to analyze questionnaire outcomes. It was aimed to
generate analysis of frequées and percentages of responses and finding the

relationships between different responses.

In the scope of the study, perceptions of potential users about theH8Bw

investments and the likelihood of changing transportation patterns and mode

choices twardHSRs ar e eval uated. I n the foll owing
results will be given by implementing descriptive analysis. Especially, in order to

determine possible modal shifts, the questions related with current mode of

choices and price sensitiyi will be compared with socidemographic

characteristics.
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CHAPTER 5

ANALYSIS OF HSR INVESTMENTS IN TURKEY FROM THE
PERSPECTIVE OF POTENTIAL USERS: QUESTIONNAIRE RESULTS

As described in the previous chapters, a questionnaire was designed fiapote
HSRusers and conducted to 212 people, who live in the cities in close proximity
to the planned HSR investments. This chapter is dedicated to the analysis of the
survey results, and it is divided into three main sections. Firstly, participant profile
and their general travel behavior characteristics will be presented. Secondly, an
overall evaluation of the responses of the participants from all four HSR project
areas will be made. Finally, evaluation for each HSR project will be made
separately. In #h latter section, only those projesgecific issues will be given in

detail.

5.1Participant Profile and General Travel Behavior

5.1.1. Participant Profile

The questionnaire was conducted with 166 male and 46 female respondents, a
total of 212 people, where maiiyr of the participants were male (78%).As
described in Chapter 4, respondents were grouped according to their monthly

income levels as:
e Avery | owo for -L00FL i nterval of 500TL

e il owdo for t he -2000fLeandval of 1000TL
e fimi ddl eo f oresmooertharh2000TLI nc o m
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Assuming a currency rate of 2.1304 USD/TL (Central Bank of the Republic of
Turkey,18/07/2014), these intervals correspond approximately to:

[ ]
1]

very | owo i neddlde | evel of 236%
e il owd income |-848%dnd of about 4718$%

mi d ddomedevel as more than about 943%.

[ ]
=)}

According to this classification, 52 (24.5%) of the respondents are in very low
income group whereas 40 (18.9%) are in low income group, and the remaining
majority 120 (56.6%) are in the middle income gr¢sge Tablé.1).

The distribution of the participants by the HSR lines alasost equal, except for
the Line 3 for which there were only 26 people interviewed. As it was explained
in detail in Chapter 4, one of the main limitations of this survey study is
dependencen the public participation meetings where peapégeinvited to be
informed about the HSR project. In the meetilog Line 3, the number of

participation was very losee Table 5.1)

Questionnaires were conducted in 16 cities. Two meetings for KonyAlsaray

were organized because they were the cities that two different HSR projects (Line

2 and Line 3) were planned. Alse environmental impact assessment procedure

requires, for each different project, it is obligatory to organize independent public

participant meetings. Theweas a higher e pr esent ati on from t he ci
Konya, Ankara and Bolu in the survey sample. Itadefs on the number of

attendees irthe public participation meetings. In addition, for Konyawis

expectedo be highebecause of the reason explairdxbve

In terms of previous HSR experience, 36 respondents had prior HSR experience,
while 176 (83%) did not. In the cities that the questionnaire was conducted, only
Ankara and Konya have existing HSR lines. Thereforethese areas it is
expected to reach people who had previous HSR expe(ssed able 5.1).
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Table 5.1SocioDemographic Profile of Respondents

Number | %
Total no. of participants 212]100.00
By Gender
Male 166| 78.3
Female 46 21.7
By Income Level
(500TL-1000TL)Very Low 52 24.5
(1000TL-2000TL)Low 40| 18.9
(>2000TL)Middle 120| 56.6
By HSR Line
Line 1 57| 26.7
Line 2 64 30.1
Line 3 26| 12.6
Line 4 65 30.6
By City
Ankara 22 10.4
Bolu 21| 10.0
Sakaryal 10 4.7
Kocaeli 8 3.8
Antalya 19 9.0
Konya 24 11.3
Aksaray 8 3.8
Nev K 11 51
Kayseri 3 1.4
Keér K 14 6.6
Ni j 7 3.3
Erzincan 1 0.5
Tunceli 9 4.2
El a 31| 146
Di yar 15 7.0
Mardin 9 4.2
By HSR Experience
Previous experienc 36 17.0
NoO experience 176| 83.0
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5.1.2. Personal Priorities for Travel Characteristics amongthe Respondents

As this thesis aims to evaluate potential shifts to rail from road transport, mode
choice behavior is an important part of the evaluation of the potential users. A
better understanding of the factors behind mode choice resquraving
information about socidemographic characteristics of the traveler, their trip
purpose, as well as travel time and costs because the expected shift from road
transportation to railway is directly related with travel behavior of the passenger
(Corpuz, 2007).Therefore, to understand the effect of rspeeific
characteristics on intercity travel behavior of peoplagstions regarding the

following issues were asked:

travel time,

e COSt,

o safety,

e punctuality,

e comfort and

e environmental sensitity

The respondents were requested to rank these abpeltgree ofimportance:

1. ivery importanto,

2. Arel atively importanto,
3. Ainot much i mportantodo and
4. Ainot i mportant at all o.

Analysis of the results (see Figusdl) showed that for each one of thespects,

the majority of the respondents (with at least 55.2% for the cost of the mode)

chose the option of Avery i mportanto, but
those who find it very important is higher than for others. Safety of the
transportation mde is the most important concern for83.5% of the respondents.

Secondly, travel time is the aspect found very important by 77.4 % while comfort
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is also considered very important by 70.3%. Punctuality is seen as very important
by 66.5%. Lastly 62.7% of theespondents stated that it is very important that a

transport mode is environmentally sensitive.
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Travel Time Cost Safety Punctuality Comfort EDY ro:'-nr‘r1‘ental
Sensitivity
[Very Important 77,4 55,2 83,5 66,5 70,3 62,7
LIRelatively Important 20,8 38,2 15,6 30,2 27,4 30,7
 Not Much Important 1,9 ‘ 6,1 05 33 24 6,6
M Not Important 0,0 0,5 0,5 0,0 0,0 0,0
Travel Characteristics

Figure 5.1 Percentage of Personal Priorities for Travel Characteristics

The same analyses were also performed for respondents from each HSR project,

for which the results are presented below:

Analysis of Respondents from Line 1Sincan¢ ay é FKlisam n b u | HSR Li ne

According to the questionnaire results, as in overall analysis covering all four
projectsd questionnaires, safety i s a ma
too. 82.5% of the respondents stated that safety is a very impoln&acteristic

for intercity trips. Respectively, travel time, comfort, environmental sensitivity,
punctuality and lastly the aspect of cost follow up the concern of safety.
Compared to other aspects, only 56.1% of the respondents found cost as a very

important aspect in their intercity trips (see Fightd).
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Travel Characteristics

Figure 5.2Percentage of Personal Priorities for Travel Characteridtics 1)

Analysis of Respondents from Line2 Antalya-Konya-Aksaray-Ne v ke hi r
Kayseri HSR Line

In the analysis performed for Line 2, safety is the major concern similar to the
overall evaluation. However, the share of
being environmentally sensitive is very iorfant (53.1%) is relatively low when

compared with the overall analysis results. Consequently the share of those who
said that a modeds being environmentally

is higher when compared with overall results (see Figide
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Figure 5.3Percentage of Personal Priorities for Travel Characteristics (Line 2)

Analysis of Respondents fronLine3: Ké rAaksamy-Ubl uk ékl a HSR Li nce

For Line 3, the most striking result is that the share of those who state that a
transport modeds being environmentally ¢
evaluation and the other projects. 50% of the respondeats d t hat a modedod
environmentally sensitive was Avery i mpo
share was 62.7% (see Figrd).
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Figure 5.4 Percentage of Personal Priorities for Travel Characteristics (Line 3)
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Analysis of Respondents fromLine4 Erzincan-Di vy a r dMardiné HSR

Line

When the responses that are given to tfegdestion are analyzed, there are
similar results in comparison to the overall analysis(see Figg)eVhile safety
is found very important by 84.6% of respondents, aivelgtlower ratio (61.5%)

of the respondents stated that cost is very important.
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| & Not Much Important 15 31 0,0 46 1,5 1,5
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Travel Characteristics

Figure 5.5Percentage of Personal Priorities for Travel Characteristics (Line 4)

5.1.3. Variation of Travel Characteristics based on Income Level

Whil e fisaf et the moastsmpartanafactordby maverrdspondents

when compared to ficost o, the significance
may also be related to the income level of the population. For a maolepih

analysis, the variaotsoo par amet e mpactamdien @
levels of income is evaluated by using the overall data (see Fa@g)réAs can be

expected from the participant profile (with majority of them in the midhiga
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income level), the relatively higher income level pleofound the cost parameter

Anot 1 mportanto.

In order to understand the relationship between income and travel time, variation

of Atravel timed parameter according to
amount of monthly income that the respamdeget increases, the importance of

travel time for intercity trips increases. As it is seen in the Fi§ure52% of the
respondents who stated that travel ti me

level whereas 17% of them in low income and 31%eim in very low income.

100 100

90

80

70 62 62

60 _ -

=0 -' | ®EVery Low

40

30

Percentage of Response

I @Midde
20

10 8] —i .
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Figure 5.6 Variation of Importance of CostspectamongDifferentincome
Levels
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Figure 5.7 Variation of Importance of Travel Time Aspect among Different
Income Levels
When the relationship between income level of resposdard their responses to
the importance of environmental sensitivity is analyzed, it is seen that nobody
clai med that environment al sensitivity
stated that middle income level people are more sensitive to transgaog
environmentally not damaging (see Fig&8). This might be due to education

and awareness level.
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Figure 5.8 Variation of Importance of Environmental Sensitivity Aspect among
Different Income Levels
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5.1.4. Mode Choice Characteristics of the Respondest

Respondents were also asked to state their mode dooitieeir intercity trips.
Three different trip purpose categories wgiken:

e work/business,

e tourism and

e other (which is further detailed by the respondent).

Other category is answered by almadit the respondents; some gave further
explanation for other trip purposes such as visiting relatives/friends. Although
visiting a friend could be accepted as
reveal ed that peopl e umeanngwherethédygotaua i s mo

place for sightseeing and vacation.

For each category, respondents were asked to choose only one mode from the
options of:

e private car

e bus
e railway
e airway

At this point, it is important to look at the availability of thesede® in the

studied cities. Intercity buses and private cars are available modes in all the cities.

There are 10 airports in the 16 cities included in the case study areas. Considering

the proximity to an existing airport (up to 2 hour drive), 14 citieslccde

assumed to have airway option too. The 28 respondents from the remaining 2
cities (Bolu and Nijde) may not have air
in the sample, they are not studied separately. In terms of railway option of
respondents, 1tities have an existing railway infrastructure while 2 of them

(Ankara and Konya) have currently operating HSR lines. The 71 respondents

could be assumed not to have railway option. It should be noted that, as it was
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mentioned in previous chapters thesaivery limited railway network in Turkey.
The existence of railway network in the city does not mean that it could be an
alternative for travelers because current railway network is not sufficient to meet

the demand in terms of providing opportunity éach all desired destinations.

For the intercity work/business trips, the majority (41.5%) of people preferred

intercity bus transportation, and 28.8% of people use private car. It is clear that
road transportation is the most dominant transportaticiersys intercity tripsfor

work purpose. Airways also have an important share (20.8%) in intercity trips

forwork/businesgpurpose.

As for tourism trips, the usage of intercity buses and private cars are equal with
38.7% shares. Usage of airways for teoritrips (13.7%) is less than that for
work/business trips (20,8%). As it is seen, private car share is more than that in
work/businesspurpose trips, possibly because those kinds of trips are planned
according to the business type and working conditiéims. the tourism trips,
people are free to choose their trip modes by themselves and it seen that (see
Figure5.9) tourism tripsaremostly performed by road transportation (private car

and bus).

Railway transportation has a share of 9%for both touristwveork trips, which is

very low compared to other available modes. As it is mentioned in previous
chapters, railway has a share of 3% for passenger transport in Turkey which has
been declining since the 1950s. Furthermore, current railway netsvak well
maintained, frequent, fast and comfortableough, so all these result in people
choosing to use other transport modes. Thus, it could be stated that the low share
of railway for the study area is an expected result. Accorttintpe figure, bus

and pivate car shares for the trips that are not included in work or tourism
categories are relatively high comedrto railway and air transpofsee Figure

5.9).
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According to Figure5.10which shows the modal share of respondents, bus
transportation has a remarkable share among other modes. In contrast to the
overall evaluation, air transportation has a share of only 3.5% fipatiurposes,

which is not a remarkable share among other modes. Especially in metropolitan
cities | ike Ankara and Kstanbul, accessi
the periphery of cities takes time and it has an extra cost for passengers. For
exampl e, bet ween Ankar a a n-dehidestimg byb u | tra
air and it increases to 4 or 4.5 hewhen accessing the airports and waiting at the

airports are included.

In this particular region, the share of those who stated thatube private cars

for their intekcity travel is slightly higher than those found in the overall analysis.

This is particularly the case for work/business trips. Share of railway usage is low

when compared to road transport usage. Currently there is @tingx
conventional rail way between Ankara and

operated for 2 years because of the construction of Arkara aHBSB, wHich is
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the extension of the current AnkaEas Kk i

Kehir

Es k i -ks@artbulHMSR is completed, for which h e

opened recently in July 201t#he share of railway may be expected to increase.
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As Figure5.11 shows, mode choice of the respondents living in these cities shows

similar characteristics witthe overall evaluation. While, bus is the most preferred

mode in work/business trips, private ¢ers a remarkable share in tourism trips.

Share of work/business trips made by airways is lower in this region when

compared with the overall sample.
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Analysis of Respondents from Line3Ké r k -dksaray-U |

ukecxkl

a HSR Li

In the region that the questionnaires were conducted, there are conventional

railway lines that currently operate. Therefore, the share of railway usage is
relatively high when compared with the overall analysis andvakiation results

of other projects (seeFiglrd2). However, despite the existing airports in the

regi on,

ai

rway

usage

however, 23.1% of the people travel by air.
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Analysis of Respondentsfrom Line 4: Erzincan-Di y a r dMardiné HSR

Line

In the region that the railway line is planned, trip purpose has a significant role in
mode choice. When Figutel3 is analyzed, it is seen that airway is the dominant

mode for work/business and tourism trips white/@te car is prevalent for other
trips. One of the reasons for airwayos
geographic location of the cities. Unlike in Middle Anatolian Region, it takes long

time to travel to many cities of Turkey by road transpamafrom the East and
Southeast side of the country. For example; if it is assumed that Ankara and
Kstanbul ar e maj or busi ness centers,
transportation. In contrast to the overall evaluation, railway has a considerable
shae in this project area because of the existing conventional lines operating in

this region.
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5.20verall Evaluation of HSR Potential Usage

In the questionnaire, the respondents were agkether they have ever travelled

by the HSR systems;E s k i -Ankdrg AnkaraKonya a n d Konya

which are currently operating\ccording to the results, the majority of people

(83%) have not used tHdSR as a mode in their intercity trigseeTable 5.2).

Amongst the places where the guestionnaireseveonductedonly Ankara and

Konya have an optioto useHSR for intercity transport mode. Therefore, it could

be said that the outcome of tlgigestion is not surprising.

The respondents were also askbeé following questionfi | f HSBR system

begins b operate in the city that you are living in, wouldyou use it for

intercity transportation?

( Pr 099.1%loé d

the respondents willing to useHSR if there is that option in their cities (see

Table5.2).
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Table 5.2.Potential Usage of HSR

Total Number %
participant

| 212 100.00

Potential HRS Usage

Previous Experience No Previous Total
(N=36) Experience
Number % (N=176)
Number % Number %
Yes 35 16.7 175 83.3 210| 100.0
No 1 50.0 1 50.0 2| 100.0

The above question showed that the respondents have a positive perception for
high speed rail system and almost all of them would use this system if there was a
connection in close proximity to where they live, provided that theesysffers
access to their desired destination. Because of this result, no comparisons are
necessary with other information, such as those who use air transport for example.
It is clear that almost all respondents would generally be willing to use highl spe

rail systems.

This is a general statement however; and it may change according to the pricing
policy for high speed rail systems. It is necesshgreforeto understand travel
patterns and its variation according to economic factors in order to $ofetare

travel decisions and mode choice of traveldfsr decision makers pricing
decision of the new transport alternative is one of the most important parts of the
operation process and it is a crucial factor to create a shift from other modes.
Therebre, as another question the respondents were asked under which pricing
condition they were most likely to ustSR systemsThis wasasked to determine

the price impact on the usagel$R The question was divided into three parts

in terms of price level The levels were set so that people can compareH&i

price and bus price. Therefore, all HSR price levels are relative to bus ticket price.

I n addition, i n the graphical representatio

96



According to the results dhe questionnaires, 53.8% of the people said that they
would prefer HSR even if its ticket price is more than bus ticket prices while
17.9% of them stated that they would not prefer it under those conditions. About
28% were not sure. This means thatd8Rs are more expensive than buses, then
almost half of the respondents may not consider using this system.

In the case of HSR ticket prices and bus ticket prices being equal to each other,

86.8% of the people saibatthey wouldpreferHSR If railway ticket price is less

than that of the bus, 99% of the people stated that they woeldr railway(see

Figure5.14). Although, in the first question, which wabout the importance of

di fferent travel par ameters, t he par ame
i mportant o0 af the respdndents5 Beplids%o this question shows that

cost parameter has an impact on mode choice.
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Figure 5.14.Preferabilityof HSRfor Different Price Levels (Rr/Psus)

According to the results, cost may be a significaatameter which affects the
mode choice in travel; however, it is important to see its relation with different
income levels as well as the past experiences of people regarding their usage of a
HSR system in the past. In order to understand the influencéfefent income

levels on the stated preference of modes with regards to their relative costs, a

number of cross tabulation analyses were
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and Apr i ci nClearlyg, cnconhe factorinflieerdces mode choice and as

is mentioned above, cost of the new alternative will affect the decision about it. If
the price which is set foHSR is more than the bus price, 23.1% of the
respondents who have very low income claimed that they will not prefer it. In
addition, 22.5% bthe low income and 14.2% of middle income respondents said
that they would not prefer it. The finding shows that if high speed rail tickets are
more expensive than bus tickets, then almost one fourth of the lower income users
may not prefer this. Whemase who stated that they were not sure are added to

this, the ratio increases (see FighrEb).
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Figure 5.15.Preferability of HSR for Different Income and Price Levels
(Pusr/Paus)

According to Figures.16, only a small percentage of respondents daad they

would not prefeHSRIf its price is equal to the bus price. The analysis shows that
there is not much difference in this result when a comparison is made between
different levels of income groups. Bus is one of the conventional transportation
modes that serve almost every city and town. Therefore, for those who do not
have a private car, it is already an intercity transportation mode alternative that
has the least cost among other alternatives. Therefore, the result, which is shown

in the figure is expected because, if prices are equal, people tend to think that
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railway will be a good choice in terms of travel time concérthe HSR ticket
price is less than the bus ticket price, it is seen that almost 100% of the

respondentsvould prefer HSR.

As mentioned before, it was considered important to look at the impact of
previousHSR experience on the cestlated preferencesiSRis considered as a

new alternative for Turkey and currently it operates just in few cities. Therefore,
the number of peple who had an opportunity to experience is still low throughout
Turkey. However, according to the outcome that was created with cross
tabulation, there is not much difference between the people who have experienced
HSRin the past and those who have egperienced it beforésee Figures.16).

The results are very close to each other and it appears that regardless of whether
or not they usediSRs before, about half of the respondents would prefer using
railways evenif it is more expensive than buses, wdas the remaining half is

either not sure or not keen on using it in such a pricing condition.
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Figure 5.16lmpact of the Previous HSR Experience on Potential HSR Usgage,
Prsr/Paus

As it was mentioned before, road transport is the dominant secp@assenger
transport in Turkey and therefore any higfeed railway investment must help

attract users from road transport to railways. In other words, the study aims to
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analyze the potential shifts from rordnsport toHSR, and hence road transport
uses 6 poi nt o f the prizing ofRISRtiseseem as sigrificant to
evaluate. In which pricing condition the shift could be successfully achieved is a
main question that is tried to be answered in the scope of this study. Therefore, the
cross tabuladbn analysis is made between road transport users for different

purposes and pricing conditions.

In the questionnaire, there were private car and bus as alternativesatbr
transportation. People who currently use road transport for work, tourism and
other purposes are analyzed to determine whether or not they will change their
travel behavior toward$iSRs and under what pricing conditions this is more
likely to happenTable5.3and Figures.17show the percentages of road transport
usersHSR preferene for different price levels. About halff the bus users said

that they wouldoreferHSRs if its ticket price was higher than the bus, indicating
that the other half is reluctant to ud&Rs if its price is higher than bus tickets.
The shares of those wlase reluctant are slightly more in the case of private car

users.

The majority of private car and bus users (more than 80%) state that they would
preferusingHSR if HSR ticket price and bus price are equal to each other. Private
car users are slightly one supportive of high speed rail systems in this pricing
scenario, indicating that if the prices are equal, a private car user would rather
make a trip wittHSRs than with intercity busesin the case thahe price of HSR

is less than bus ticket pricas,is seen that almost all private car and bus users
state that they would prefefSRs over buses (sé&able5.3 and Figuré.17).
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Table5.3Per cent age of

R tl8RdPrefereracenfar pitferent

Price Levels
Not prefer Not sure Prefer TOTAL
F)>Pbus
Work Private Car 21.3 29.5 49.2 100.0
Bus 20.5 28.4 51.1 100.0
Tourism| Private Car 19.5 354 45.1 100.0
Bus 22.0 24.4 53.7 100.0
Other Private Car 21.1 31.6 47.4 100.0
Bus 19.8 30.2 50.0 100.0
P=Pyus
Work Private Car 1.6 9.8 88.5 100.0
Bus 3.4 12.5 84.1 100.0
Tourism | Private Car 4.9 7.3 87.8 100.0
Bus 2.4 13.4 84.1 100.0
Other Private Car 2.6 9.2 88.2 100.0
Bus 2.3 11.6 86.0 100.0
I:><Pbus
Work Private Car 0.0 0.0 100.0 100.0
Bus 1.1 0.0 98.9 100.0
Tourism| Private Car 0.0 1.2 98.8 100.0
Bus 1.2 0.0 98.8 100.0
Other Private Car 0.0 0.0 100.0 100.0
Bus 1.2 1.1 97.7 100.0

101

User 6s



100 -
PHSR>Pbus M Not prefer
90 T
Not sure
80
@ Prefer

70

60 -

Percentage of Response

Percentage of Response

Percentage of Response

Private Car Bus Private Car Bus Private Car Bus

Work Tourism Other
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5.3Project Based Evaluation of PotentiaHSR Usage

In this section, questionnaire resultghich were conducted for four different
railway projects, will be given separately. However, the results that give similar
inference with the overall analysis are excludethis section. Instead, onlydke
projectspecific findings that significantly differ from the overall analysis are
highlighted here

5.3.1. Potential HSR Usage for Line 1

Sincan¢t ay é-Khaanbul Rai |l way Pr ojisgannedvmi ch i s
the boundaries of five cities; Ankar a, E
cities are located in Middle Anatolian Region and Marmara Region.
Questionnaires were conductnt AnkaraKocaeli Section of the project and to

57 people in Ankara, Bolu, Sakarya and Kocd&@he of the interesting outcomes

in this analysis is that the share of people who traveleH®¥s in the past is

lower than the expected share. This projeeaancludes Ankara, which has two

different HSR line connections that are currently operated. However, only 8.8%

percent of the respondents have had a trip experience bydé8R abld.4).

Table 5.4 Percentage of Potential HSR Usage and Previous HPBriexce for

Line 1
Total Number %
participant
| 57 100.00
Potential HRS Usage
Previous Experience No Previous Total
(N=36) Experience
Number % (N=176)
Number % Number %
Yes 5 8.8 52 91.2 57 100.0
No 0 0 0 0 0 0.0
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According to Figure5.18 that shows preferability of Line 1 for different price
levels, when the results are compared with the overall analysis, it is seen that the
sensitivity to the price of HRS being more than the poickuses is higher in this
project area. If the ticket price of HSR is more than bus ticket prices, 29.8% of the
respondents will not prefer HSR as an intercity transportation mode; and 24.6%
are not sure, indicating they would be reluctant to HS&s in this pricing
scenario. In dter words, less than 50% of the respondents in this region would
consider usindHSRs if their tickets are more expensive than buses. In the case
that HSR ticket price is equal to the bus ticket price, still there are 21% who are
not sure about using HSRyt77% would prefer it over buses. If the price of HSR

ticket is less than that of buses, all of thepondents would prefer HSR.

In contrast to the overall analysis, when the price of HSR is more than the bus
price, the share of those who do not prefseing the HSR system is much more

for this region. For all income levels, more than 20% of the respondents said that
they would not prefer HSR in the condition of its price being more than bus price.
This rate reaches 38.5% for those with the lowesbrites showing that price
policies will be importanto attract this income grouseeFigure 5.19). In the
scenario where the price of HSR is equal to bus ticket prices, the results are very
similar to the overall analysis. All of the respondents statadhkes would prefer

HSR as intercity transportation mode when the price of iéss than bus ticket

prices regardless of income levels.
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It is interesting that people, who have HSR experience before, are not willing to
pay more as people who have not experienced HSR before. In the results of
overall analysis, there wamt much difference iterms of this question between
the people who have experience®R in the past and those who did not. As
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mentioned before, in the region that Line 1 is planned, price sensitivity is higher

when compared with the overall samfdee Figuré.20).
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Figure 5.20lmpact of the Previous HSR Experience on Line 1 UsaBgsi>Psus

In order to assess whether there will be a shift from road to railway, people who
prefer private car and bus in their intercity trips are analyzed according to their
answer to the gstion of price levels. It is found that for people who currently use
road transportation in their intercity trips pricing policy is important. When it is
compared with the overall analysis, the share of people who do not prefer railway

in the condition tht the price of HSR is more than bus is relatively high.

In addition, it is seen that when HSR ticket price is higher than bus ticket price,
45.8% of private car users would use HSR for work/business trips, but they are
less likely to use it for tourisrand other trips. Apart from work trips, private car
users are not as willing as bus users to choose HRS in the case of its tickets being
more expensive than bus tickets. Under the condition of HSR ticket price is equal
to bus ticket price, the preferencdios increase to 70% for both private car and
bus users (see Tallb and Figurés.21). In addition, if the ticket price of HSR is
determined as less than bus ticket price, all of the road transportation users are

willing to use HSR.
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Table5.5Percentag of Road Transport Userds
Price Levels
Not prefer Not sure Prefer TOTAL

P>Pyus |

Work Private Car 29.2 25.0 45.8 100.0
Bus 32.1 250 429 100.0

Tourism| Private Car 29.2 33.3 375 100.0
Bus 33.3 16.7  50.0 100.0

Other Private Car 34.8 34.8 30.4 100.0
Bus 32.0 24.0  44.0 100.0

P=Pyus

Work Private Car 4.2 16.7 79.2 100.0
Bus 0.0 28.6 714 100.0

Tourism| Private Car 4.2 16.7 79.2 100.0
Bus 0.0 26.7  73.3 100.0

Other Private Car 4.3 21.7 73.9 100.0
Bus 0.0 240 76.0 100.0

I:><Pbus

Work Private Car 0.0 0.0 100.0 100.0
Bus 0.0 0.0 100.0 100.0

Tourism| Private Car 0.0 0.0 100.0 100.0
Bus 0.0 0.0 100.0 100.0

Other Private Car 0.0 0.0 100.0 100.0
Bus 0.0 0.0 100.0 100.0
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5.3.2. Potential HSR Usage for Line2

AntalyaKonya-AksarayN e v k-Kdyserr Railway Project which is called as

Line 2 is planned in the boundaries of five cities, Antalya, Konya, Aksaray
Nevkehir and Kayseri, | ocat ed I n t he
Regions. In this region, the questionnaire was conducted to 64 people living in
these cities.

Unlike Line 1, the share of people who traveled by HSR before is higher when
comparedwith the overall analysis results. It appears that Ankamaya HSR
which has been operating since AuguiL? has an impact on this shgsee
Table5.6).

Table 5.6 Percentage of Potential HSR Usage and Previous HSR Experience for

Line 2
Total participant  Number %
| 64 100.0
Potential HRS Usage
Previous Experience No Previous Total
(N=36) Experience
Number % (N=176)
Number % Number %
Yes 16 25.4 47 74.6 63| 100.0
No 1 100 0 0 1| 100.0

When the gestionnaires conducted in the scope of Line 2 are evaluated within the
context of pricing policy, there is not much difference between overall evaluations

for all four projects. Approximately similar results are seen in this project: as the

ticket price d HSR system decreases in comparison to bus ticket prices, the usage
of this systemncreases (see Figube22 and Figuré.23).

In contrast to the overall analysis when bus and HSR prices are equal the share of

those who stated that they would prefer using HSR is more in this region. Unlike

109



in previous analysis, the impact of previous HSR experience in travel behavior is
more effetive in this project area. According to Figube24, 64.7% of people

who traveled by HSR before, are willing to pay more than the bus price for HSR.
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Table5.7, which shows the responses of road transport users to the question about

ticket price levels, reveals silar results with the overall analysis. For Line 2,

different from the overall analysis, the share of those who stiaattheywould

Anot pr ef er ds puce ismmgre éx@ERsivel tian bus ticket prices is

higher. In the overall analysis there wady a small portion of people (196%)

who sai

d

t hey

wo ul

d

Anot prefero.

Under

bus ticket price, more than 90% of the respondents claimed that they will prefer

HSR The resit for the case of HSR price beimgssthan the bus price is similar

to theoverall evaluation (see Tabier and Figuré.25).
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Table5.7Per cent age of Road Transport
Price Levels

Not prefer Not sure Prefer TOTAL

P>Pbus
Work Private Car 5.6 38.9 55.6 100.0
Bus 16.1 323 516 100.0
Tourism | Private Car 10.0 53.3 36.7 100.0
Bus 18.2 273 545 100.0
Other Private Car 9.1 455 45.5 100.0
Bus 11.1 40.7  48.1 100.0

I:):F)bus
Work Private Car 0.0 0.0 100.0 100.0
Bus 9.7 0.0 903 100.0
Tourism | Private Car 6.7 3.3 90.0 100.0
Bus 9.1 0.0 909 100.0
Other Private Car 4.5 0.0 95.5 100.0
Bus 3.7 3.7 926 100.0

I:)<Pbus
Work Private Car 0.0 0.0 100.0 100.0
Bus 0.0 0.0 100.0 100.0
Tourism | Private Car 0.0 3.0 96.7 100.0
Bus 0.0 0.0 100.0 100.0
Other Private Car 0.0 0.0 100.0 100.0
Bus 0.0 3.7 963 100.0
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5.3.3. Potential HSR Usage for Line3

In the scope of this railway project, theesgtionnaire was conducted to 26 people

in 4 cities: Kerkehir, Aksaray, Konya and |
of the respondents are analyzed, it is seen that the share is less than the overall

evaluation because in this region, there are no HBE&s lin close proximity.

Therefore, according to TabteB,it is seen that only 2 of the 26 people had a trip

by HSR before.

Table 5.8 Percentage of Potential HSR Usage and Previous HSR Experience for

Line 3
Total participant  Number %
| 26 100.0
Potential HRS Usage
Previous Experience No Previous Total
(N=36) Experience
Number % (N=176)
Number % Number %
Yes 2 7.7 24 92.3 26| 100.0
No 0 0 0 0 0 0

In terms of the preference of HSR when its price is more thanidket price, the

share of those who Apreferd using HSR i s mc
Nevertheless, for lower income groups 37.5% of the respondents stated that they

would not use the system under this pricing condition. It shows similalt veigh

theoverall evaluation (see Figute?6). Particular to Line 3, all of the people who

have very lowincomeare willing to use HSR when its price is equal to bus ticket

price. However, when the other income groups are analyzed, it is seen that ther

are people who are not sure about their HSR usage in that pricing scenario.

Furthermore, in the case that the price of HSR ticket is lesstlhiedrus ticket
price, 7.1% of the people in middle income group staked they wouldnot

prefer HSR. It ignteresting that people who have middle income are not willing
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to pay for HSR ashe lower level income groups. This question was about the
comparison of the two modes, bus and HSR; howeverreékidt indicates that
7.1% of thehigher income group wouldot use HSR in any pricing scenario,
possibly because they would always prefer using their private cars or air transport
(see Figurd.27).
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When the past HSR experience and willingness to pay for HSR is evaluated; the
result is similar to the overall evaluation. 64.7% of the respondents who traveled
by HSR in the past stated that they would @réiSR even if its price is more
than bus ticket price. Also 44.7%of the respondents who have not experienced
HSR before stated that they would prefer HSR in the same pricing scenario
(Figure5.28).
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Figure 5.28Impact of the Previous HSR Experience ane.3 Usage if Rsg>Paus

As seen in Figur®.29, willingness to pay more for HSR for middle income class
is less than other income groug3ne of the reasons for this situation could be
private car ownershipiVhen the possible shift from road to raileigaluated, it is
seen that at least 40% of private car users are not willing to pay for HSR if its
price is more than bus ticket price. Although it was mentioned before that this
may also be because this income group would not consider using this méde at a
preferring their private cars instead at all pricing conditions, this does not seem to
be the case as seen in the other figures beknece of HSR would have a
significant impact on modal shift because if the price of HSR is equal to bus ticket
price, all of the people who use private carsourism and other trips are willing
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to use HSR. Only for work trips, 11.1% of car users are not sure whether they
would prefer HSR. It is interesting that when the price of HSR is less than bus
price, although evg private car users claimed that they would prefer HSR, a
small portion of bus users said they are not sure abloetherthey would switch

to railways(seeTable5.9and Figures.29).

Table59Per cent age of Ro adPrdferemce $operenit User 0 s

Price Levels
Not prefer Not sure Prefer TOTAL
I:>>Pbus
Work Private Car 33.3 22.2 44 .4 100.0
Bus 11.1 222  66.7 100.0
Tourism| Private Car 22.2 11.1 66.7 100.0
Bus 16.7 33.3  50.0 100.0
Other Private Car 22.2 11.1 66.7 100.0
Bus 15.4 30.8 53.8 100.0
I:>=Pbus
Work Private Car 0.0 11.1 88.9 100.0
Bus 0.0 11.1  88.9 100.0
Tourism| Private Car 0.0 0.0 100.0 100.0
Bus 0.0 16.7  83.3 100.0
Other Private Car 0.0 0.0 100.0 100.0
Bus 0.0 154  84.6 100.0
I:><F)bus
Work Private Car 0.0 0.0 100.0 100.0
Bus 0.0 11.1 889 100.0
Tourism| Private Car 0.0 0.0 100.0 100.0
Bus 0.0 8.3 91.7 100.0
Other Private Car 0.0 0.0 100.0 100.0
Bus 0,0 7.7 92.3 100.0
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5.3.4. Potential HSR Usage for Line4

ErzincanD i y a r-Ndaadik &ailway Project which is called as Line 4 passes
through the boundaries of five <cities:
Mardin. These cities are located in the East Anatolian Region and South East
Anatolian Region. Inhte scope of this project, tlggiestionnairevas conducted to

65 people living in close proximity to the area that the railway investment is
planned.

The share of people who traveled by HSR previously is close to the share in
overall evaluation, howevet is interesting that it is relatively high when it is
considered that there are not adA$R lines currently operating in this region.
According to the results of the questionnaire, as in the previous analysis the share
of those willing to use HSR underetitondition that it goes to desired destinations

is very high: 98.5%seeTable5.10).

Table 5.10Percentage of Potential HSR Usage and Previous HSR Experience for

Line 4
Total Number %
participant
| 65 100.0
Potential HRS Usage
Previous Experience No Previous Total
(N=36) Experience
Number % (N=176)
Number % Number %
Yes 12 18.8 52 81.2 64| 100.0
No 0 0 1 100.0 1 100.0

When the share of preferences according to different pricing levels is analyzed, it
isseet hat the share of those who would #dApr
in the overall analysigsee Figures.30). In contrast to the overall analysis, the
shares of the respondemnt#ho are in very low income level are willing to use
HSR evenf the price is more than bus ticket prices. In contrast to the evaluation
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above, the share of those who would prefer using HSR in the case that HSR ticket

price is equal to bus ticket prices98.5%for those having middle income. The

shar e

of

t hoser ovhws iwogu | IS R pirre ft hi s

pri

those with avery low monthly income. According to the analysis, if the price of

HSR is less than bus ticket price, all of the responddatsied that they will use

HSR (see Figuré.31).

Percentage of Response

100

90
80
70
60
50
40
30
20
10

89,2

61,5

15,4

i

| ]

r

92

P>Pbus

P=Pbus

HSR Ticket Price Level

P<Pbus

i Not Prefer
|_INot Sure
[ Prefer

Figure 5.30Preferability of Line 4 for Different Price Levels{$&/Psus)

100
90
80
70
K] 60
E 50
) 40
30
20
0 - - ! 2=
Pl:lec::er EI,\LIJ?L Prefer P:Jecl"ter Sh:c:e Prefer P?Iec:er S":'JC;L Prefer
P>Pbus P=Pbus P<Pbus

M Very Low 0,0 28,6 71,4 0,0 21,4 78,6 0,0 0,0 100,0

LiLow 20,0 20,0 60,0 0,0 20,0 80,0 0,0 0,0 100,0

EMiddle 19,6 21,7 58,7 2,2 4,3 93,5 0,0 0,0 100,0

Figure 5.31Preferability of Line 4 for Different Income and Price Levels
(Phsr>Paus)

120

C

ng



One of the interesting points in this project area is that the share of people who

sai d

higher for the respondents who have not experienced HSR before. Generally it is
expected that if the characteristics of the transportation mode, such as cost, travel
time, and comfort are considerednvenient based on a past travel experience,

then the past experience could be effective for willingness to pay for it. For such a

region where air transport has an important share despite its higher price

theyemwouH8RApfr ef he

compared

t o

bus, t he

HSR price

S

mo

rsehfagred0 oHS R hafstee rwheo

travel experience would be expected to be higher than desr$-iguré.32).
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Figure 5.32Impact of the Previous HSR Experience on Line 4 UsaggsitiPsus

When the responses of road transportation users are analyzetatheof those

road users who would prefer HSR for their work/business trips even if the HSR is

more expensive than bus tickets are considerably similar to the overall analysis;
however, this rate is much higher for tourism and other trips. As for thmgri
scenario, in which the price of HSR tickets are equal to bus ticket prices, the share

of those who would prefer HSR is slightly higher in this region when compared to

the overall analysis. This is the case for all trip purposes, and this may be due to
the remote location of this region in comparison to other project areas that are
more centrally located in the country.According to the findings of the study, if the
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price of HSR is determined as less than bus ticket price, all of the respondents are

willing to use HSR regardless of trip purpose {&aade5.11 and Figuré.33).

Table5.111Per cent age of Road Transport
Price Levels

Not prefer Not sure Prefer TOTAL

I:)>F)bus
Work Private Car 20.0 30.0 50.0 100.0
Bus 15.0 30.0 55.0 100.0
Tourism| Private Car 21.1 21.1 57.9 100.0
Bus 11.1 278  61.1 100.0
Other Private Car 0.0 9.1 90.9 100.0
Bus 4.8 48 905 100.0

I:):Pbus
Work Private Car 0.0 10.0 90.0 100.0
Bus 0.0 10.0  90.0 100.0
Tourism| Private Car 53 53 895 100.0
Bus 0.0 56 94.4 100.0
Other Private Car 0.0 91 90.9 100.0
Bus 4.8 48 905 100.0

I:)<Pbus
Work Private Car 0.0 0.0 100.0 100.0
Bus 0.0 0.0 100.0 100.0
Tourism | Private Car 0.0 0.0 100.0 100.0
Bus 0.0 0.0 100.0 1000
Other Private Car 0.0 0.0 100.0 100.0
Bus 0.0 0.0 100.0 100.0
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Figure 5.33Preference Percentage of Road Transport (Bus & Private Car) Users
for Different HSR Price Levels
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