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FOREWORD

In my thesis, | have analyzed the effectiveness and profitability of Marmaray for
private car users. For this purpose | have generated aggregate utility models using
aggregate real supply observations. | hope that the generated models and results due
to these models would be helpful for further research about these kind of
investments.

I kindly thank to Prof. Tezcan, who always answered my questions and shares with
me resources and data and to Prof. Heinitz, who welcomed me to FH-Erfurt and
gives his time for me and my study during my visit. | hope, | will work with them
again in future.

January 2017 Mustafa Erkam OZATES
(Research Assistant)
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THE COMPETITIVENESS OF MIXED MODE COMMUTING
ALTERNATIVES FOR INTERCONTINENTAL TRIPS WITH A SPECIAL
FOCUS ON MARMARAY

SUMMARY

As a financially huge project, which is famous worldwide, MARMARAY, an
intercontinental mass rapid transit system in Istanbul, and its effectiveness for
travellers have been argued since the project began.

The basis problem in this thesis is the affinity of private car users to their private cars
and therefore their unconcernness to Marmaray, which might be in some cases a
more profitable solution to make intercontinental trips. Of course at that point the
definition of profit should be discussed, so it is done within this thesis.

The target traveller group of this research is the car owners. So the utility definition
is designated with respect to car owners. The aggregate supply data is collected
regarding to the intercontinental private car trips and Marmaray trips, for which
door-to-door transport ensured, with the same conditions as the private cars indeed.
With this point of view 2 aggregate utility models are generated using aggregate real
supply observations. Actually data is collected in order to create 3 models, however
after a statistical analysis of the data, it is found that 2 of them come from the same
population. This situation allows to create only one model for both of these samples
instead of two.

The main concern of the thesis was to show out the affinity of travellers to their
private cars because of any reason. So it has come true, the concluded models proves,
that the travellers are more utilitized from their intercontinental private car trips
because of any reason other than price and time.

It was a suprizing fact, that the results of the simulation of our model for a mixed
mode scenerio including Marmaray gives a similar value to the real shifting value of
private vehicle users to Marmaray for making intercontinental trips. Although the
main claim of the thesis is not a perfect modelling of user behaviour, this fact
promoted the the usefulness of the generated model withing this study. On the other
hand the technical approach created during the study can be called as the foundation
of this study.
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KITALARARASI YOLCULUKLAR iCiN COKLU TURLU
ALTERNATIiFLERIN REKABET EDEBILIiRLIGi: MARMARAY ORNEGI

OZET

Ulkemizde gergeklestirilen devasa finansal boyutlara sahip ve diinya capinda iinlii
olmus bir proje olan Marmaray’in yatirimsal verimliligi ve kullanicilar i¢in olan
karlilig1 tartisilagelmektedir. Bu kadar biiyiik bir finansman ile yapilan bu projenin
verimliliginin tartisilmasi dogal olmakla birlikte heniiz projenin sadece yaka geg¢isi
saglayan kii¢iik bir kisminin tamamlandig1 geri kalan Halkali’dan Gebze’ye uzanan
kisminin tamamlanmadigi gergegi gz oniinde bulundurularak su asamada projeyi
net bir sekilde degerlendirmenin miimkiin olmayacagini unutmamak gerekiyor. Bu
tezin asil amaci Marmaray'r puanlamak degildir, asil ama¢ bu biyik yatirimin
spesifik bir kullanicit grubu i¢in verimli olup olmadigi, kullanicilarin nasil tercih
egilimleri gosterdigi iist bashiklarinda toplanabilecek birgok alt amactan
olusmaktadir.

Marmaray’in olusturdugu sosyoekonomik etkilerin ¢ok genis bir ¢apda oldugunu
diisiinecek olursak bizim ele aldigimiz problemin olduk¢a spesifik bir problem ve
kismi bir bakis acis1 ile projeyi ele almak oldugunu itiraf etmemiz gerekiyor.
Bununla birlikte miihendislerin ulastirma yatirimlarina bakis agisin1 diistinecek
olursak onemli ve ilgi c¢ekici bir problem iizerine calisilmis bu tezde sadece
miihendislerin degil ayni1 zamanda sosyal bilimcelerin de ilgisini ¢ekecek bulgular
oldugunu sevinerek sdylemeliyim. Modelleme asamas1 ve teknik yaklasim ne kadar
miihendisler i¢in ilgi ¢gekiciyse, simiilasyon sonuglart miithendisler i¢in oldugu kadar
sosyal bilimciler i¢cin de ilgi ¢ekici. Bununla birlikte yine de bu tezi ulastirma
sistemlerine karsi kullanicilarin davraniglarint modellemek tizerine kurulmus teknik
bir ¢calisma olarak tanimlamak zorundayiz.

Bu tezde temel problem olarak 6zel ara¢ kullanicilarinin Marmaray’in 6zel arag
yolculugu ile ayn1 kosullar1 saglayarak daha karli bir yolculuk saglayabiliyor olmasi
olasiligina karsin 6zel ara¢ kullanicilarinin 6zel aragla yolculuga aliskin olmalarindan
dolay1r bu tercihi yapmiyor olmalart ele almmistir. Bu noktada tezin kurdugu
alternatif senaryoda kabul edilmis, Marmaray ile yapilan yolculuk sartlarinin 6zel
otomobil ile yapilan bir yolculuk ile konfor bazinda esit olmasi argiimanini
vurgulamak gerekir. Bu kabulle birlikte dogal olarak diger toplu tagima araglar
problem ¢o6ziim setlerinin igerisine dahil edilmemis, toplu tasima sistemlerinden
sadece Marmaray" i¢eren alternatif bir senaryo kurulmustur.
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Bu sekilde yolculuk sartlar1 olabildigince birbirine benzetilmis ve kurulan model ile
0zel ara¢ kullanicilarinin gekicilik olarak tanimladigimiz bircok sebepten dolay:
zaman ve fiyat parametrelerinin disinda aynmi yolculuk sartlarinda bile 6zel araglarini
kullanmayr tercih ediyor olmalart modellenmistir. Cekicilik kavraminin
matematiksel olarak modellenememesinin dogal bir durum olmasi bu tezin ¢ikti
hedefi olarak kullanicilarin gosterdigi bu egilimi modellemeyi yeterli gérmemizi
saglamistir, bu egilimin neden ve hangi sebeplere bagli olarak gergeklestigi ile ilgili
bir ¢alisma yapilmamis bununla birlikte bu sekilde bir ¢aligmanin biiyiik ulagtirma
yatirnmlar1 i¢in aslinda ne kadar faydali olacagi simiilasyon sonuglar1 ile
reddedilemez sekilde kanitlanmistir.

Yolculuk kosullarinin benzetilmesi i¢in ©6zel otomobille yolculugun en temel
istiinliigli olan kapidan kapiya ulasim olanagi Marmaray ile yapilan yolculuklarda
“park et - bin sistemi” ve taksi ile saglanacak varsayimi ile model olusturulmus ve bu
baglamda 6zel aracli ve Marmarayli kitalararasi yolculuklar i¢in kiimelenmis veri
toplanmistir. Yukarida da bahsedilen Marmaray'a ulasim ve Marmaray'dan hedefe
ulagim i¢in toplu tasima yerine taksi veya "park et - bin sisteminin" kullanilmasi
probleme uygun bir model olusturulmasi agisindan 6nem arz etmektedir. Ancak
problem tanimina uygun bir sistem modellemesi ile daha basarili ¢dziimlemeler elde
edilecegi gercegi gbz Oniinde bulundurularak bu sekilde bir modelleme yontemine
gidilmistir.

Modelleme yaklagiminin ve ¢6ziim yonteminin inovatif oldugu bu calismada
olusturulmus modelin eksiklikleri bulunmaktadir. Kiimelenmis veri kullaniyor
olmanin, arz ve talep verisini farkli yillarda toplamis olmanin modelin miikemmel
olmasini engelleyici bazi sebepler oldugunu sdyleyebiliriz.

Bununla birlikte spesifik bir kullanici grubunun bir ulagtirma sistemine karsi
davranigin1 inceleyebilmek icin kullanilabilecek alternatif kurgusal yolculuk
senaryosu yaklagimi bu tezin teknik olarak ulastirma ekonomisi temali analizlere
kattig1 en biiylik artilardan biridir. Spesifik bir kullanict grubunun alternatif olan bir
sisteme kars1t nasil davranacagmi gozlemleyebilmek ancak biiyiik titizlikle
yinelenerek yapilmis hane halki verisi ile miimkiindiir, fakat bu ¢aligmada kullanilan
yontem ile standart talep verisi ve online navigasyon sistemleri kullanilarak toplanan
kiimelenmis arz verisi ile bu davranisin simiilasyonu miimkiin olmaktadir. Ozellikle
Istanbul gibi devasa biiyiikliige sahip bir sehirdeki gok yiiksek sayidaki kullanict
sayilar1 goz onlinde bulundurulursa hane halki verisi toplamanin zorluklarindansa
bir¢ok calisma icin bu tezde kullanilan yaklasim cok daha verimli ve sonu¢ odakli
olacaktir.
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Kitalararast yolculuklar i¢in kiimelenmis arz verileri toplanirken olusan
kombinasyonlarin sayisinin fazlaligi sebebiyle arastirmanin hedef kitlesi
cogunlukla yerlesim yeri olan Asya yakasinda oturup Avrupa yakasinda
calisgan yolcular dikkate alinacak sekilde tek yone indirgenmis ve bu
baglamda iki yakada toplamda 31 yerlesim merkezi dikkate alinmistir.
Calismanin devam etmesi ile kiimelenmis veri ile calisiyor olmanin
dezavantajlart modellemenin basarisin1 hesaplarken goriilmiis ve bunun
iizerine se¢ilmis 31 yerlesim merkezinden ¢ok kuzeyde olanlar elenmistir.
Zaten Marmaray'in sundugu hizmetin kuzey-giiney dogrultusunda esit
dagilmamis olmasi ve sadece sehirin giineyinde bulunuyor olmasi kuzey
yerlesim merkezleri i¢in kurgusal yolculuk senaryolar1 iiretmenin anlamsiz
hatta bozucu bir durum olusturacagini asikar kilmaktadir.

Talep verisi olarak Istanbul Biiyiiksehir Belediyesi’nin yaymladig1 ulasim ana
plan1 raporunda belirtilen 6zel arag ve toplu tasima ile yolculuk talepleri
dikkate alinmistir. Calismamizda dikkate alinan yerlesim merkezleri ile
[BB'nin dikkate aldig1 yerlesim merkezleri bazen farklilik gdstermektedir. Bu
tip durumlarla karsilasildiginda talep verilerini birlestirme veya bdlme
yontemleri uygulanarak sec¢ilen c¢alisma alani i¢in uygun talep verileri
olusturulmustur. Bunu yaparken IBB'nin sagladigi asil ham verinin
giivenilirligi korunmustur.

Bu dogrultuda haftaigi aksam zirve saati, kisitlanmamis kullanici tercihlerinin
daha bagarili modellenebilecegi haftaici zirve disi saatler ve haftasonu saatleri
icin 3 farkl fayda modeli olusturulmasi planlanmistir. Bu baglamda toplanan
veriler lizerinde yapilan ¢alismalarda haftai¢i aksam zirve saatinde toplanan
veriler ile haftai¢i zirve dis1 saatlerde ve haftasonu saatlerinde toplanan
verilerin farkli toplumlardan geldikleri bununla birlikte zirve dis1 saatlerde
toplanan verilerin ayni toplumlardan geldikleri belirlenmistir. Bunun {izerine
zirve dis1 zamanlar icin tek bir model, zirve saat icin farkli bir model
olusturularak toplamda 2 farkli model tasarlanmustir.

Tezin temel kaygisi olan 6zel arag kullanicilarinin ayni kosullar ile ulasim
saglayabilecek daha karli segenekler yerine 6zel araglarin tercih etmeye olan
egilimlerini modelleme is1 basariyla gerceklestirilmis ve zaman ile maliyete
bagli olmayan herhangi bagka sebeplerden otiirii kitalararas: yolculuklarda
0zel otomobili tercih ediyor olduklari dogrulanmistir.  Neden bdyle
oldugunun sorgulanmasi davranis biliminin alanina giriyor olmakla birlikte
ulagtirma planlamalar1 yapilirken bu tip egilimlerin dikkate alinmasinin daha
basarili sonuclar doguracagina olan inancimi vurgulamak isterim.
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1. INTRODUCTION

Although there are huge numbers of mass transit alternatives including bus, metro
and other alternatives including tram, minibus etc. and ongoing investments, public
transport in Istanbul has always been a big problem for inhabitants of the city. The
system is generally crowded during peak hours and the reliability is low especially
for highway systems. The very first reason for that is the belated transportation
investments. Moreover, especially the urban railway systems in Istanbul have been
used under their capacities for years [1], which may likely be because of wrong

planning issues.

Among the public transport alternatives Marmaray is a very uptodate project, which
is built by the government.Currently the tube under Bosphorus is operated seperately
to carry passengers from one side of the city to the other with respective transfers to
Haciosman-Yenikapt and Aksaray-Havalimani-Kirazli metro lines at the European
Side and Kadikoy-Kartal metro at the Asian side. When the ongoing construction
works will be finished, it would be possible to score the entire project, while at this

stage,only the effectiveness of the Bosphorus crossing tube could be analyzed.

In its current operational structure, Marmaray is being used under its supply capacity
[2]. However, according to a recent declaration by then the minister of transport and
now the prime minister Binali Yildirim,the number of Bosphorus crossing trips

through the bridges decreased aroung 6% after Marmaray has began to operate [3].

The main goal of this thesis is to focus on the under capacity usage reasons of
Marmaray today, whereas the low frequency of headway of Marmaray should also be
counted. For this aim, the thesis has taken private car users as the target research
group and it was tried to determine a possible and profitable alternative to them.
Considering the affinity of private vehicle users to theirs cars [4], this alternative was

also tried to have a comfort level similar to car.



Moreover, this alternative is not a fictitious alternative, not a scenerio or a real plan
to be operated in the future. The alternative is a travel plan designed by using present
transportation modes and their characteristics. Via that approach, the under capacity

usage problem of Marmaray could be explained.

The demand information is gathered from the household survey of Istanbul
Metropolitan Municipility [5]. The supply data is established by collecting trip time
and distance information of all possible intercontinental trips between selected areas

in Istanbul for different days and time of days.

In the end, the goal of the thesis is successfully reached; two different choice models
for different times and days are generated to perfom analysis. Additionally, affinity

of people to their private cars is observed from the results of the models.



2. LITERATURE REVIEW

Istanbul is a metropolitan city, which has an always increasing travel demand. 11%
of private car trips within the city are intercontinental trips [6]. The intercontinental
trips mighteffect the road network of the city more higher than this percentage,
because only the main arterials are used for intercontinental trips and congestion in
themain arterials usuallyspill over to the other parts of the network. Under these
circumstances, projects to facilitate intercontinental trips are obviously needed for

Istanbul.

Since 2000’s Turkey started to invest in railways both for intercity and urban
transportation and initiated a privatization process to create a public private
partnership model for transportation investments [7].One of these projects is
Marmaray, its’ construction has began in year 2004. The main aim of Marmaray
project was to shift the traffic demand anyhow to public transport and the planning of
Marmaray was performend on this basis [8]. In the (Figure 2.1), a map of Marmaray

project is shown.
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Figure 2.1: Outline of Marmaray Project[9].



Diindar investigated and determined in 2004 that the attractiveness of various
Bosphorus crossing options, Marmaray was stated to be one of the best among the
respondents [10]. Furthermore,in a study about the transportation decisions of
travellers in Istanbul, that was performend before opening of Marmaray, it is found
that many of the travellers will get utilitized by shorter travel time by using
Marmaray but only those who use their private car at that time would utilitized by
cheaper travel costs, when Marmaray is opened for service, while the public

transport users would pay the same amount [11].

The Marmaray project is actually a huge mass rapid transit project, which has 19.6
kms of line at the European side, 43.4 km of line at the Asian side whereby 13.5 km
tunnel and 1.40 km of tube tunnel under Bosphorus. But only the Bosphorus crossing
part is famously known by people, because the rest of the project is not finished yet.
On the nonfinished parts of the line, a commuter rail system was used to operate,
which was then closed for Marmaray replacement, which is going to have 10 to 12

times bigger capacity than the old commuter system, when it is finished [12].

There are also special technical challenges for building Marmaray in terms of
engineering, one of which is, that Istanbul will most likely experience an earthquake
up to magnitude 7.5 during Marmaray’s lifetime. Another big challenge for

construction is the 7000 years old history of civilizations under the project area [13].

During the planning stages of the project, one of the discussions was the unnecessitiy
of Marmaray, because the growth of city continues in the north direction and the
Marmaray project is only beneficial for the south part of the city. Nevertheless the
main purpose of constructing Marmaray in south part is to keep the growth of the
city linear in east-west direction, so that the more green areas in north part can be

preserved[14].

Not only the Marmaray itself but also the paralel lines and other services, which
supply accessibilty to these lines are important. During the planning process of the
Marmaray system in Istanbul, the other services to ensure accessibility and paralel
lines were also concerned, so that a combined radial tangential system can be build at

last [15]. This system can be seen in (Figure 2.2).



As stated by Oktem in 2006 there is and will be a particular amount of shift from
highway to urban railway transportation [16]. Consequently, in this thesis the amount
of shift could happen is tried to be determined by a mathematical model.As a pre

information for this study, the average number of ridership information of Marmaray

Figure 2.2: Outline of Transport Lines in Istanbul[15].

is illustrated in the (Figure 2.3).
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Figure 2.3: Marmaray Average Daily Ridership[17].







3. RESEARCH FIELD AND CONSIDERATIONS

As mentioned before, the goal of this thesis is to analyze the competitiveness of
mixed mode commuting with Marmaray and for this purpose it is needed to calculate
and detect the profitable area of the city, from where the intercontinental travelers
would profit by using Marmaray instead of crossing the bridge by using their private
vehicles to arrive their destination. And afterwards disclosing the travelers preference
of their private car although Marmaray is more profitable. For a prosperous detection
of the profitable area of Marmaray, an alternative travel option, that have a comfort
level similar to the private vehicle was considered. In this option, the trip between
each origin and destination was assumed to be performed by using private vehicle at
the start, Marmaray for Bosphorus crossing and taxi at the end of the trip while the
private vehicle was parked at the park and ride lots next to the Marmaray stations.
With this method, the advantage of using car for door to door transportation will
remain. Furthermore, to keep the comfort level similar to the private vehicle, public
transportation modes, that could be used at any leg of the trip including metro is not

considered.

3.1 Choice Options

In this study, information about different trips are collected. Considered trips are in
the Europe-Asia direction (eastbound). The codes of the Marmaray stations are given
in Table 3.1.There are three Marmaray stations in European side and two Marmaray
stations in Asian side.(Figure 3.1) presents the structure of these trips. In (Figure3.1);
PT stands for Public transport, N stands for Non-Motorized transport, PV stands for

private vehicle transport, T stands for taxi and M stands for Marmaray.



Table 3.1: Marmaray Station Names and Codes.

Code Name

MRT1 Marmaray Kazligesme St.

MRT2 Marmaray Yenikapi St.

MRT3 Marmaray Sirkeci St.

MRT4 Uskiidar St.

MRT5 Marmaray Ayrilik¢esmesi St.
N PV e

European Part . Asian Part

__PTLPVN,T

~,

—

PT,N

./.

®

Figure 3.1: Choice Options Eastbound.

Required time and distance data for all of the trips in choice optionsneglecting public
transport are collected using online Yandex and Google Maps Navigator tools. This
means, any arrival solution to Marmaray via private car or taxi and any departure

from Marmaray to any zone as the final destination again via private car or taxi is

counted in.




3.2 Considered Zones

In this thesis, aggregate data are used and an aggregate choice model is generated to
analyze the preferences of travellers. Therefore the results will be presenting the
entire city comprehensively en masse, and if it is needed to setgeographical limits for

the zones, it can only be done at data collection step.

Initially, the study area was selected to cover various origins between Atatiirk
Airport on the west and Sabiha Gokgen Airport on the east side of the city. However,
even if the east and west boundries kept unchanged, a number of origins were
eliminated at the northern parts. This occurred mostly, because of the geopraphical
location of Marmaray, that is relatively close to 15 Temmuz Sechitler Bridge
compared to Fatih Sultan Mehmet (FSM) Bridge. Consequently, for the origins that
are close to the FSM bridge, using Marmaray would almost never be profitable since
private vehicle users coming from those parts would need to travel very long
distances towards Marmaray (south). As a result, Beykoz, Kavacik, Cekmekoy in the
Asian side and Sariyer, Kemerburgaz, Maslak, Levent, Bebek in the European side,

which were originally considered to be included in this study were removed.

The origins are selected as the busy district centers of Istanbul. 15 of the origins are
at the European side and 8 of them are at the Asian side.The legal district borders
vary from time to time in Istanbul. The origins and the zones represented by these
origins in this study is a resemblence of one of the earlier district maps of Istanbul.

The study area and zones are presented in (Figure 3.2).



Figure 3.2:Zone Map.

Above mentioned time and distance data are collected for the center points marked
with red cross in (Figure 3.2). The basis demand values in the form of number of
trips between zones are gathered from the household survey of IBB in 2006
[5],which than edited for our selected zones. The final demand OD matrix can be
found in Section 4.1.2. There will be further talk about the demand OD matrixand

explanation of editing process in Section 4.1.2.
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3.3 Considered Parameters

In order to make cost and utility calculations, some basic time and cost parameters

were determined. Whole parameters at a glance are listed below with explanations.

Park and Rail Transfer Time: The time in minutes, a passenger need to walk from

parked car to the Marmaray station. It is assumed as 5 minutes on average.

Park and Rail Price(Cpgr): The average price in TL, a passenger needs to pay to park
the car near the Marmaray stations. An average price of 6.66 TL/day is used. This
value is the whole day parking cost of the nearest park and ride station of IBB,
gathered from Parking Organization of Istanbul (ISPARK) website and taken the
average [18].

Value of Time (VoT): Although we don’t need a VoT for creating utility models, for
the initial calculation of optimum Marmaray station for generating a route, a VoT
was required. In Metropolitan Area Urban Transportation Master Plan (IUAP) the

VoT was given as 0.17 TL/minute for average [19].

Driving Cost(Cyyiving ): The cost per miles, which is calculated by using an average
car operating cost per km plus average car consumption cost per km summation [20].
It is calculated as 1.09 TL per km, with the formula as in equation 3.1. AvrCarCons
stands foraverage car consumption in this equation.The average car consumption is
assumed as 0.1 It/lkm and the fuel price is taken as 4.5 TL/It. The operating cost is
found by adding of 400 TL of maintentance cost, 1000 TL of tax and 5000 TL of
depreciation cost, each per 10000 km, which is assumed as the average maintenance
interval of a car. The equation for operating cost is as the equation 3.2. The equations
with numbersfor driving and operating costs are as the equations 3.3 and 3.4

respectively.

Cdriving = Coperating + (AUT'CCIT'COTlS * Cfuel) (31)
Coperating = Cmaintenance + Ctax + Cdepreciation (32)
Cariving = 0.64 + (0.1 % 4.5) = 1.09 (3.3)

400 1000 5000
o= = (0.64 4
Coperating 10000 + 10000 + 10000 0.6 (34)
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Bridge Crossing Fee(Cpriq4. ): The price in TL to cross the bridge, taken as 4.75 TL.

Marmaray and Public Transport Ticket Price(Ciqxe¢ ): The price in TL, equals 2.3
TL.

Marmaray Trip Duration: The duration with unit minute per station, taken from
Turkish State Railways (TCDD) as 3 minutes per station [27].

Marmaray Waiting Time: Taken as half of the headway of Marmaray. It is taken as 5

minutes.

Taxi Riding Cost(C,4; ): The price in TL, which is the sum of the initial cost for a
taxi trip, which are 3.2 TL and 2 TL/km respectively [21]. Of course finding a taxi is

considered to be ideally quick.

As stated, the VoT parameter is only used for the initial optimum route calculation of
Marmaray. The bridge cost and driving cost parameters are used for intercontinental
private car trips. All other parameters and still the driving cost parameter are used for
intercontinental Marmaray trips, where a traveler is considered to drive to the
parking lot close to Marmaray station, cross the Bosphorus via Marmaray and
continue by a taxi to the final destination. On the other hand, for the initial modelling
process, public transport travel data are calculated with respect to private car data.
For weekend and off-peak data, public transport travel time is calculated by
multiplying the travel time of the private car trip for the same OD pairwith 2. The
same approach is done for peak time with a proportion ofl.5. With this
assumption,public transport trip time will always be longer than the private car trip
time. Furthermore the public transport trip costs are calculated with respect to the
ticket cost and the number of transfers. Details of the generalized cost approach will

be explained in Section 4.2.
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4. METHOD AND MODELS

Since the main idea is to disclose the private car users’ affinity to their private cars, a
logit model would be useful, because it can represent the probability of a users
choice including its background of causes. This can be succeeded with a discrete
choice model, which allows the analysis of travellers’ choices according to numerous

socio-economic and travel characteristics [22].

Before talking about the model, the prework for that should be explained, which
includes supply and demand data collection and statistical analysis of the collected
data. In addition to that, to find out the mode changing points (in our case Marmaray
stations), a pre calculation based on generalized costs should be processed. This is a
kind of initial calculation of an iterative process in our case. This process will also be

explained below.

4.1 Data Collection

The supply data -explained in Section 4.1.1- collection is made manually and
similarly with an URL query to the google maps application. These queries andthe
detailed addresses of the origin and destination points can be found in Appendix A.

The origins and destinations for generating the model come up as following. Names
of the origin and destination points and the codes of them can be found in Table 4.1

below.
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Table 4.1: Districts, Stations and Codes.

Code Name

EURG6 Besiktas

EUR7 Eminoni

EURS8 Halaskargazi
EUR9 Emniyettepe
EUR10 Edirnekapi
EUR11 Kocamustafapasa
EUR12 Bestelsiz

EUR13 Gaziosmanpasa
EUR14 Sultangazi

EUR15 Bagcilar

EUR16 Bahgelievler
EUR17 Bakirkoy

EUR18 Atatlirk Havalimani
EUR19 Halkal

EUR20 Basaksehir

AS3 Cengelkoy

AS4 Uskiidar

AS5 Sogutliicesme Tren istasyonu
AS6 Atasehir

AS7 Umraniye

AS9 Maltepe

AS10 Pendik

AS11 Kurtkoy
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4.1.1. Supply data collection

The entire origins and destinations in Table 4.1are used to collect time and distance
data. This is the supply data part of the thesis, because the supply of the service for
an intercontinental trip can be represented with time and distance values. Any
effective parameter regarding cost and time can be added to the calculation after
collecting this data.

The data consist of 2114 single measurements, including 7 samples for every single
OD pair for trips via private car, 7 samples for every single pair from an origin to a
Marmaray station, 7 samples for every single pair from a Marmaray station to a
destination. All these samples have time and distance values in minute and miles.
The data are collected 3 times in a week at random days during off-peak hours at
14.30, 3 times in week at random daysduring peak hours at 18.00 and one time in a
Saturday at 14.30.

After collecting the data, average of all samples for different times for every single
pair is calculated. These average values are then used for the calculation of the
optimum route via Marmaray according to generalized costsandfor the generation of

the choice model.

The collected time (in minutes) and distance (in miles) data for peak hours, off-peak
hours and weekend can be found in Appendix D. As can be seen in these tables,
travel times naturally vary at different observation periods, whereas travel distances
also vary. This happens, because Yandex optimizes the route for every single route
calculation, so the distance between OD pairs get changed in order to find the

optimum route.
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4.1.2. Demand Matrix

The public transport users have of course considered Marmaray for their
intercontinental trips and it is clear, that they have profited from Marmaray, although
the success of Marmaray investment still get discussed [23]. But the main concern is
the private car users, who have considered Marmaray after it is built. With these
arguments it is a must for this thesis to consider the demand of the private car users

and find out their shift to Marmaray if it exists.

In this study, the OD matrix of demand values for private car and public transport
users for the year 2006 is used. During that time, there was no Marmaray at all. The
nonconsidered districts of the city are taken away from the matrix. And the demand
values for divided districts in our final zones map are found by dividing the demand
values of the initial districts. The divided districts are Fatih (divided into EUR7-10-
11), Kiigiikgekmece (divided into EUR18-19) and Tuzla (divided into AS10-11).
Additionally, Bagcilar and Esenler, Bayrampasa and Gaziosmanpasa, Giingéren and
Zeytinburnu, Sultanbeyli and Maltepe are unified into the zones EUR15, EUR13,
EUR12 and AS9 respectively.

This demand matrix is used to generate the model for travellers, who have choices of
public transport or private car. The concluded demand OD matrices for public
transport and private vehicle, which is used in further modelling and calculations can
be found in Table 4.2 and Table 4.3 respectively. The analysis will be based on this
model but with Marmaray considering trips’ data. This approach will be explained
under Section 4.4.
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Table 4.2: Public Transport Demand OD.

AS3 AS4 AS5 AS6 AS7 AS9 AS10 AS11
EUR6 315 315 498 498 642 642 563 233
EUR7 54 54 265 265 247 247 306 36
EUR8 315 315 498 498 642 642 563 233
EUR9 449 449 1527 1527 1993 1993 1932 279
EUR10 449 449 1.527 1.527 1.993 1.993 1932 279
EUR11 449 449 1527 1527 1993 1993 1932 279
EUR12 796 796 4297 4297 4901 4901 4.177 197
EUR13 1592 1592 4921 4921 7.035 7.035 9.385 1.274
EUR14 54 54 265 265 247 247 306 36
EUR15 125 125 762 762 1.004 1.004 593 109
EUR16 125 125 762 762 1.004 1.004 593 109
EUR17 159 159 476 476 586 586 843 117
EUR18 34 34 156 156 363 363 399 87
EUR19 34 34 156 156 363 363 399 87
EUR20 200 200 683 683 598 598 1.175 77
Table 4.3: Private Car Demand OD
AS3 AS4 AS5 AS6 AS7 AS9 AS10 AS11

EUR6 134 134 351 351 466 466 598 57
EUR7 57 57 212 212 248 248 158 1
EUR8 134 134 351 351 466 466 598 57
EUR9 214 214 672 672 1.296 1.296 1.116 117
EUR10 214 214 672 672 1.296 1.296 1.116 117
EUR11 214 214 672 672 1.296 1.296 1.116 117
EUR12 129 129 772 772 674 674 736 116
EUR13 916 916 2.159 2.159 4.612 4.612 3.515 263
EUR14 57 57 212 212 248 248 158 1
EUR15 56 56 342 342 500 500 566 74
EUR16 56 56 342 342 500 500 566 74
EUR17 64 64 237 237 345 345 589 79
EUR18 78 78 175 175 144 144 397 18
EUR19 78 78 175 175 144 144 397 18
EUR20 117 117 261 261 650 650 466 41
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4.2 Generalized Cost Calculation

Because the route of private car trips are gathered from Google Maps, there is no
need to make a comparison between different route alternatives and decide on the
best route between OD pairs. However, for Marmaray trips, it is needed to calculate
which station would be selected for each trip between each OD pair.In order to
determine the selected Marmaray stations, the generalized costs of reaching to
different stations are compared and the one with the lowest generalized cost is

assumed to be selected.

By using the car driving cost (Cyyiving ) ticket cost and value of time variables, the
total cost of every single trip is calculated, so that the optimum stations of Marmaray
are found to generate the cheapest route alternative. After determining the selected
Marmaray station the total travel cost and travel time for designated alternative to

private vehicle can be calculated.

The expressions for the generalized cost calculation of direct private vehicle trips,
public transport trips and private vehicle-Marmaray-taxi (mixed mode) trips are
given in the equations 4.1, 4.2 and 4.3 respectively. In these equations; TT stands for
total travel time, TC stands for total travel cost, TD stands for travel distance, Cyy.iying
stands for driving cost, C.,,; Stands for taxi driving cost, PV stands for private
vehicle, PT stands for public transport, MRT stands for Marmaray in the

equations.Cryansrer 1S the extra cost of transfers to be added to the Cyjciet -

TCpy =TT % VoT + TD * Cyriping 4.1)

TCPT =TT *VoT + Cticket + Ctransfer (42)

TCrixeam = (TTeomrr + TTurr + TTerommrr ) * VOT + Cricrer + Cpar +

TDtoMRT * Cdriving + Ctaxi * TDfromMRT (43)
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The optimum Marmaray stations to board at European side and alight at Asian side
for each OD pair are found using this approach, which can be found in the Table 4.4

and Table 4.5 respectively.

Table 4.4: MRT Boarding Stations.

Peak Off-Peak  Weekend
EUR6 MRT3 MRT2 MRT3
EUR7 MRT3 MRT3 MRT3
EUR8 MRT2 MRT2 MRT2
EUR9 MRT2 MRT2 MRT?2
EUR10 MRT2 MRT2 MRT2
EUR11 MRT1 MRT1 MRT1
EUR12 MRT1 MRT1 MRT1
EUR13 MRT2 MRT2 MRT2
EUR14 MRT2 MRT2 MRT2
EUR15 MRT2 MRT2 MRT2
EUR16 MRT1 MRT1 MRT1
EUR17 MRT1 MRT1 MRT1
EUR18 MRT1 MRT1 MRT1
EUR19 MRT1 MRT1 MRT2
EUR20 MRT2 MRT1 MRT2

Table 4.5: MRT Alighting Stations.

Peak  Off-Peak Weekend
AS3 MRT4 MRT4 MRT4
AS4 MRT4 MRT4 MRT4
AS5 MRT5 MRT5 MRT5
AS6 MRT5 MRT5 MRT5
AS7 MRT4 MRT4 MRT4
AS9 MRT5 MRT5 MRT5
AS10 MRT5 MRT5 MRT5
AS11 MRT5 MRT5 MRT5
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The generalized cost results for every mode and for every considered OD pair can be
found in Appendix B for peak hours, for off peak hours in week and for weekend
time respectively. According to these results, it is found, that for off-peak hours 22%
of the trips are cheaper with the private vehicle-marmaray-taxi alternative, whereas

for peak hours 33% of them are cheaper with the same alternative mixed mode.

4.3 Statistical Analysis of Collected Data

As stated before, the data were collected for three different time periods. Naturally,
the means of different times of day would be different from each other. Additionally
the main concern of this thesis is the time and cost differences between private
vehicle trips and Marmaray trips. Regarding this situation, a statistical analysis for
time differences between intercontinental private vehicle trips and Marmaray trips
for this three different groups is made. Since the collected row data is time but not
cost time data is considered in this section. The difference is calculated basically by
subtracting the total travel time of mixed mode alternative from the total travel time
of private vehicle mode.Basic statistical summary of these groups can be seen in
Table 4.6.

For an analysis of all three groups together, a oneway analysis of variance test is
made to find out, if all of these samples come from the same population. H,
hypothesis is defined as, that means of all groups are equal, which leads us to the
assumption, that all of the groups come from the same population, whereas

Hhypothesis is not all of them coming from the same population.

The most useful way to test the population similarity of sample groups in a binarian
way is the oneway analysis of variance (ANOVA) test [24]. The F value results of
ANOVA Test shows us the similarity of the population. F value is defined in the
equation 4.4.

__Varia bility between groups

(4.4)

- Variability within groups
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According to the ANOVA calculation, the calculated F value is found as greater than
the critical F value, because of which it can be concluded, that not the samples of all
of the groups come from the same population with 5% significance level. The details
of ANOVA test can be seen in Table 4.7. In this table, df stands for degree of
freedom, SS stands for sum of squares and MS stands for mean squares, whereas SS,
MS and F value for statistic is calculated by the equations 4.5, 4.6 and 4.7
respectively for between groups variation and the equations 4.8 and 4.9 is used for
within groups calculation of SS and MS values. In these equations; n stands for total
number of observations,x stands for mean of all n observations, nj stands for size of
sample from population j, Xj stands for mean of sample from population j, sz stands
for variance of sample from population j, whereas j has got values from 1 to k, which
IS the number of samples.

SSpy = Tmj * (%, — %)° (4.5)
MSpy = 2 (4.6)
F= ﬁi”gh (4.7)
SSuwen = X(nj — 1)s? (4.8)
MS,yep, = =2k (4.9)

After finding out, that not all of them come from the same population, it is time to
find out, if any of them come from the same population.A t-test for two sample
groups with unequal variances is commonly used for this purpose [24], so it is done.
It is a matter of chance to select the first two pair for using t-test and the off-peak and
weekend groups were initially selected. The defined H, in this computation is again,
that the samples of two different groups come from the same population. After
making a two tailed t-test, since we are looking for if means of the populations of the
groups are the same or not, it is found with 5% significance level, that it is not to be
stated, that the means of these groups are different from each other, because the t
statistic value is less than the t critical value. The results of the t-test can be seen in

Table 4.8 on the following page.
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As an additional explanation of considering differences of time data, the Equation
4.10 shows the time difference calculation, where TTp, stands for travel time of

privat vehicle and TT,,ixeqmode Stands for travel time of mixed mode.
TTdifference = TTPV - TTmixedmode (410)

Table 4.6:Statistical Summary of TimeDifferences for 3 Time Zones.

Groups Count Sum Average Variance
TTyifference @ Off-peak 120 -778.15 -6.48 126.63
TTgifference @ peak 120 3971.04 33.09 201.08
TTgifference @ Weekend 120 -829.73 -6.91 187.94

Table 4.7: Results of the ANOVA Test.

Source of Variation SS df MS F P-value F crit

Between Groups 126680.15 2 63340.08 368.51 1.53E-87 3.02
Within Groups 61362.35 357 171.88
Total 188042.51 359

Table 4.8: Results of the t-Test.

TTdifference @Off-peak TTdifference @Weekend

Mean -6.48 -6.91
Variance 126.63 187.94
Observations 120 120
Hypothesized Mean Difference 0

df 229
t Stat 0.27
P(T<=t) one-tail 0.40
t Critical one-tail 1.65
P(T<=t) two-tail 0.79
t Critical two-tail 1.97

As conclusion, we can say, that according to these tests, the samples from off-peak
observations and weekend observationscome from the same
population.Consequently, that the sample from the peak hour observationsat
weekdays come from another population, since according to the ANOVA test, it was
found, that not all of the groups are from the same population.
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4.4 Utility Model

As mentioned before, the concluded approach of modelling is to model the choice
behaviour of the travellers between their private cars and the alternative, which is the

public transport in our case (for intercontinental trips).

This model is constructed using collected supply data and demand data from 2006.
This is a real choice model for private car and public transport. Then the alternative
mode for private car trip is used instead of the public transport mode to find out the
behaviour of travellers against the alternative mode. This approach is explained in
Section 4.5. briefly.

The alternative mode is the mixed mode trip, which is begining with private car until
reaching Marmaray station and get finished with a taxi after getting off from
Marmaray. So the calculated cost for this mode is the sum of private car travel cost
until Marmaray, P&R cost (including the Marmaray ticket) and the taxi cost to reach
the destination from Marmaray station. The time for this trip is the summation of

duration of all these modes and transfer times.

As stated before, an aggregate utility logit model is constructed. Normally a logit
model get constructed by using the perceived values of trip attributes of individuals.
However in this study, although the method is kept as the same, the individiuals are
artificially generated using the values in demand matrix for each OD pair and the
observed aggregate supply data. This means, that the average of the collected data for
each OD pair is expanded so many times as this OD pair is demanded by real people,
whose value can be found in our demand matrix. This approach ensures, that every
OD pair is represented so much as it is demanded by real people.The number of

expanding (added rows) for every single OD pair can be found in Appendix C.

According to conclusion of the statistical analysis, the off-peak in week and weekend
trips can be modelled as a unified model, since the samples of them come from the
same population, whereas another model for peakhour should construced apartly.
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As stated in Section 3.2., we have very varying distance of trips between different
zones, which are sometimes very close to each other and sometimes very far away
from each other. Like a normalizing process in statistics, we have considered the unit
variables instead of direct time and cost. So in final we have had as variables; time
per miles and cost per miles but also miles itself to represent the effect of the farness
of the zones to eachother.

In final after expanding process, which is explained before, we have 8800 ID’s for
peak hours in weekdays to create peak model and 17599 ID’s for off-peak model,

which is generated for weekend and off-peak hours in weekdays.

4.4.1. Calculating the best fit model

After the explained approach and considerations, the calculation process will be

explained in this section regarding these explanations.

The model used in this study is a binary logit model. The method of logit model is
based on representing every possible choice for every single trip between OD pairs,
with respect to their observed demands by travellers, regarding the observed modal
shares. This method is commonly used for transportation demand analysis and
modelling of traveller behaviour. A binary choice model is needed because we model
the choice of the traveller between private car and the alternative.The utility
equations of our model is as in Equations 4.10 and 4.11, where the PV is presenting
the private vehicle and PT is presenting public transport (the alternative mode). UT
and UC are unit time and unit cost values respectively, whereas ML stands for kms

of distance. Unit values are simply found by dividing the time or cost value by miles.

UPT) =ag+ar *UT +ac xUC (4.11)

UPV)=ar*UT +ac *UC + ay;, » ML (4.12)
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ay, ar,ac and a,,, are the generic coefficients, which are have the same value in
both of the utility functions. The reason for using generic coefficients is the
aggregate data, which we have used to generate the model and which represents the
behaviour of the all travellers in a joint way. The probability of travellers to make a
choice for every id is calculated according to the Equations 4.12 and 4.13 for PT and

PV respectively.

eU(PT)

P(PT) = omgueny, (413)
QUPY)

P(PV) = <o (4.14)

For the maximum likelihood calculation to find the best fit model to our data the
following Equation 4.14 is used, where the natural logarithm of the selected mode’s
probability is considered for the total log likelihood summation. The probability of
the mode is shown as P,,,4. (B), Whereas §,,,5. become 1 if this mode is selected
and O otherwise. This is the most preferred method for maximum likelihood
calculation [25].

LL(B) =XIn Smode (Pmode (B)) (4-15)

4.4.2. Analyzing the model

For analyzing the model, different approaches are made, one of which is the t-tests of
the calculated best fit coefficients and constants, which can be found in the Table 4.9

below.

To analyze the total model the -2LL test is made according to an evaluation, which is
similar to the evaluation by Hensher et al. [26], which shows us the evolution of our
model according to a base model, which is in our case a market share model

consisting of a single constant parameter.
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The market share model is shown as LL(M), whereas our model is shown as
LL(B).The formula of the -2LL test is in Equation 4.15 below, in which if -2LL get

smaller, the model likelihood would be better.

—2LL = =2+ [LL(M) = LL(B)]  (4.16)

Regarding the same base model, a p? analysis is also made to test the goodness of fit
of the model, which can also be seen in the table below. The formula for the p? test
is as in equation 4.16, in which if p? converges to 1, the goodness of fit would be

perfect, which is only theoretically possible.

2 _ 1 _ LLGB)

The t-tests and the tests of the models can be seen for the both peak and off-peak
models in Table 4.9.

Table 4.9: Values of Logit Models.

Peak Model Off-peak Model
Variable Coefficient t-test Coefficient t-test
Private Vehicle
Unit Time -0.014 -1.366 -0.034 -3.625
Unit Cost -2.357 -1.160 -3.354 -1.967
Miles 0.034 5.798 0.032 7.044
Alternative Mode
Constant -2.8731 -0.791 -4.546 -1.493
Unit Time -0.014 -1.366 -0.034 -3.625
Unit Cost -2.357 -1.160 -3.354 -1.967
Number of Observations 8801 11816
LL(B) -5548.993 -7467.430
LL(M) -5597.329 -7526.124
-2LL 96.672 117.388
p"2 0.009 0.008

On the other hand the correlation matrix of the variables of the models is also
considered for analyzing the models, these matrices for both models can be seen
below in Table 4.10 and Table 4.11.
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Table 4.10: Correlation Matrix for Peak Model.

1T TC uT ucC ML
T 1
TC -0382 1
Ut 0372 -0572 1
UC -0.749 0.793 -0414 1
ML 0.407 0.372 -0.622 -0.136 1

Table 4.11: Correlation Matrix for Off-peak Model.

1T TC uT uC ML
T 1
TC -0533 1
UT 0.611 -0626 1
UC -0.828 0.790 -0.565 1
ML 0.293 0.373 -0.483 -0.138 1

According to the correlation matrix of the both time cost and their unit variables of
the models, it is easy to see, that using units instead of the variables theirselves make
us avoid from the disruptive effect of the correlated variables on the model. Indeed, it
was not possible to create a meaningful model with meaningful coeffiecients for the

variables while using time and cost variables directly, as experienced in our work.

The correlation values of the unit variables with respect to each other are acceptable
to create a model. We have correlation values between 0.35 and 0.41 for most of the
variables except the correlation between unit time and miles variables, which is about
0.62, but still it is accepted to be able to be used for modelling. So the created models

are based on the unit cost, unit time and the ML variables.

According to Table 4.9, all of the coefficients except the one for distance (ML) have
a negative sign. In other words, as expected, travel time and cost contributes to a
disutility for the travellers, while distance of the trip causes a positive effect for
selecting private car instead of the public transport. As can be seen from the t-tests of
the coefficients, the t-value of ML variable is far beyond the 5% siginificance level
for the test, which leads us the think, that the effect of distance longness of the trip
does certainly exist. Whereas the t-value of the unit cost variables has got a 10%
significance level and the same of the unit time is even smaller, which means that the

fitness of the variables are in descending order miles-unit cost-unit time.
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The biggest value of the coefficients is the the value of the unit cost coefficient,
which means, that the unit cost of the trip has got the biggest effect on the travellers
choice. When we look at the time coefficient, it is seen, that it has got the smallest
effect for peak model and almost the same effect as the miles for off-peak model,

which are still far behind cost coefficient in both of the models.

Obviously, using an alternative of the private car has always a negative constant
value and it has the biggest value among the list, so the travellers have got an affinity
to use their private cars in all cases, but only sometimes because of the other realistic
parameters like time and cost, make them use an alternative. Additionally the amount
of car ownership in Istanbul is quite low, there are about 137 car per 1000 people in
Istanbul in year 2009 [19], if this amount would be more, than obviously we would
have a bigger negative coefficient for using the alternative mode, since people would
have chance to use their private car. As an example for this case can be given the
peakhour traffic and the increasing operating cost of the car because of congestion.
For all that, it is to be considered, that the significance of the constant value is 10%

according to the t-test.

The models are not very successful, as can be seen from the goodnes of fit and the
2LL tests, but still it can lead us to make the assumption, that the travellers have got
a negative stand point to the alternatives of the private car.This stand of the travellers
is our main concern, when talking about the mixed mode using including Marmaray

as an alternative to the private car for intercontinental trips.

4.5 Evaluation of Mixed-Mode Alternative for Private Vehicle

Evaluating the private car vs alternative mode model for private car vs Marmaray
including mixed modefor a door to door trip with quite same comfort as a private car
trip is our mission for final analysis of Marmaray alternative. As stated before the
alternative mode is designated with a beginning by a private car until the optimum
Marmaray station and than ending with a taxi trip to the final destination after the
optimum Marmaray station. The cost and time values are collected and calculated for
this scenerio as well, which is explained before. The evaluation process can easily be

understood by the following flowchart in (Figure 4.1).
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Figure 4.1 :Evaluation Process.

The sum of the probability of the modes are the probability of the travellers to use
these modes. In our case, the output of this probability summation gives us the
proportion of the travellers, which would use our designated alternative mode instead
of Marmaray. Therefore, the amount of the private car users, which would use our
alternativemixed-mode scenerio via Marmaray is calculated using these models at
last. The two outputs for this proportion between private car users and the travellers,
who give over using the bridges and choose to make the trip via Marmaray, is

explained in the following paragraph.

The proportion of the Marmaray scenerio using travellers instead of using bridges is
about 5.6% for peak hours and 3.2% for off-peakhours according to the results.
Basically, it means, that this percent of the travellers quit using bridges to make an
intercontinental trips, whereas the rest insist on their private vehicles in the case, that

they have the chance to use the alternative mixed-mode.
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As can be seen from the results, even with a high cost of taxi in addition to parking
fee, ticket costs and again the car operating cost until reaching Marmaray there are
some travellers, who will use Marmaray instead of crossing the bridge with a

catastrophic congestion especially during peak hours.

The percentages of the shifts also reveal, that the shift of off peak travellers to the
Marmaray alternative is less than the peak travellers. This situation is not hard to
explain with the arguments of non mandatory trips of off-peak hours and the less

traffic congestion on the bridges during off-peak hours.
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5. CONCLUSION

The huge investments on transportation in Istanbul will supply without doubt
advantages for citizens. The point of view of the thesis includes both the demanders
and the investors’ sides. From the travellers’ side, Marmaray is a very efficient
project for public transport users, but that is an already concluded idea of previous
researchs on Marmaray, which are mentioned in literature review section[10]. With
the modelling of the mode choice behaviour of the intercontinental travellers in
Istanbul, different facts about them are and can further be stated by this thesis, which
are already explained in Model Analysis section. Even though the generated model
was not a perfect fit one, the facts, that the off-peak hour travellers have a higher
affinity to the private car and the main argument for making a modal choice is the

cost argument, can obviously be stated doubtless.

Technically, a new method for evaluating an alternative scenerio is used in this
thesis, which is modelling between a defined and an alternative undefined mode. In
our case, the modelling is done for private car as the defined mode and for an
alternative mode. The alternative mode was public transport for intercontinental
trips. After modelling is finished, the alternative mode is basically switched with the
mixed mode including Marmaray, which in our case specifically designated for
private car owners. This approach of choosing behaviour analysis of travellers can be
used rather before making new investments, so basically it can serve as a preliminary

evaluation tool, that supports the planning studies.

The results of the evaluation for mixed mode alternative follows some of the
implications, which are made from the model itself, such as the higher affinity of off-
peak hour travellers to their private cars. One of the interesting facts of the
simulation results is, that although there are money consuming steps for the mixed
mode alternative like taxi and parking lot, there are still people, who will shift from

using the bridge to the Marmaray mixed mode, which is obviously because of
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dramatically increasing travel times and predictibly because of the feel of being
limited and dependency in congested traffic.

As stated in Section 4, that explains methodology widely, as a preprocess for
modelling, generalized costs of private car and alternative modes are
calculated.These costs are not only used for finding out the optimum route via
Marmaray, but also used to compare the deterministic results of the generalized costs
calculation with the results of our logit model simulation. The conclusion of this
comparison is also quiteinteresting. For off-peak hour 22% of the considered trips are
cheaper with the mixed mode alternative via Marmaray, but according to the results
of the simulation only 3.2% of the travellers shift from bridges to this alternative
scenerio. The situation is similar for peak hour travellers with only a shift of 5.6% to
the alternative mode, although 33% of the considered trips are cheaper with the

alternative mode.

This instance shows the effect of the uncalculatable arguments. There may be given
many examples for these kind of arguments, such as privacy concerns of people,
feelings of using a vehicle or in general cultural habits. In this thesis, it is only
proved that they exist.However which ones are present and how much they are could
not be determined. These kind of arguments may also be taken into account, while
the investments are being planned, since it is clear, that this society with these

cultural habits will use this investment.

Nevertheless, there is a shift from the bridges to Marmaray. And the result of the
simulation of our model is consistent with the real fact, that the amount cars crossing
the bridge are decreased after Marmaray is built, which is announced by then the
minister of transport and now prime minister Binali Yildirim [3]. Indeed the
proportion of this shift (6%), which is announced by the ministerium is quite close to
our simulation results. It is to be hoped that more successful and more
comprehensive models will be created before making new investments to ensure
better planning. For this purpose policy support of government is needed. And it is
also to be hoped that the Marmaray project will have an increasing efficieny both on

travellers’ and the government sides.
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APPENDIX A

The further explanation about the use of google map application can be found in link
below:

https://developers.google.com/maps/documentation/distance-
matrix/intro#DistanceMatrixResponses

Because of the quota limitations of one time queries in the application, the entire
query can be made in 5 times and so all of the time and distance values from any
starting point to any destination point via private car and using Marmaray
alternatives can be gathered from the query in json form.

Below are the 5 query urls:

https://maps.googleapis.com/maps/api/distancematrix/json?units=imperial &origins=s
ar%C4%Blyer,istanbul|lkemerburgaz,istanbul|maslak,istanbul|bebek,istanbul|levent,i

stanbul|be%C5%9Fikta%C5%9F,istanbul|emin%C3%B6n%C3%BC,istanbul|halaska
rgazi,istanbullemniyettepe,istanbul|mihrimah+sultan+camii,istanbul|koca+mustaf

a+pasa,istanbul|lbe%C5%39Ftelsiz,istanbul|gaziosmanpa%C5%9Fa, istanbul|sultanga
zi,istanbul|ba%C4%9Fc%C4%B1lar,istanbul|pah%C3%AT7elievler,istanbul|bak%C4

%B1rk%C3%B6y,istanbuljatat%eC3%BCrk+havaliman%C4%B1,istanbullhalkal%C4
%B1,istanbul|ba%C5%9Fak%C5%9Fehir,istanbul &destinations=beykoz,istanbul|ka

vac%C4%B 1k, istanbul|%C3%A 7engelk%C3%B6y,istanbul|[Uskiidar+iskelesi,istanb

uljs%C3%B6%C4%9F%C3%BCtl1%C3%BC%C3%A7e%C5%9Fme+tren+istasyonu
Jistanbul&departure_time=now&units=metric&language=tr TR&key=AlzaSyAIXH

zZVXdLRU_wINWOV67wPUYQNFdxUiaA

https://maps.googleapis.com/maps/api/distancematrix/json?units=imperial &origins=s
artyer,istanbul|lkemerburgaz,istanbul|maslak,istanbul|bebek,istanbul|levent,istanb
ul|besiktas,istanbul|emindnu,istanbul|halaskargazi,istanbullemniyettepe,istanbul

|mihrimah+sultan+camii,istanbul|koca+mustafa+pasa,istanbul|bestelsiz,istanb

ul|gaziosmanpasa,istanbul|sultangazi,istanbul|bagcilar,istanbul|bahgelievler,ista
nbul|bakirkdy,istanbul|ataturk+havalimani,istanbul|halkali,istanbul|bagsaksehir,ist
anbul&destinations=atasehir,istanbul|Umraniye,istanbul|cekmekdy,istanbul|malte

pe,istanbul|pendik,istanbul

&departure_time=now&units=metric&language=tr TR&key=AlzaSyAIXHzVXdLR
U wINWOV67wPUYQNFdxUiaA

https://maps.googleapis.com/maps/api/distancematrix/json?units=imperial &origins=s
artyer,istanbul|lkemerburgaz,istanbul|maslak,istanbul|bebek,istanbul|levent,istanb
ul|besiktas,istanbul|eminonu,istanbul|halaskargazi,istanbul|emniyettepe,istanbul
|[mihrimah+sultan+camii,istanbullkoca+mustafa+pasa,istanbul|bestelsiz,istanb
ul|gaziosmanpasa,istanbul|sultangazi,istanbul|bagcilar,istanbul|bahgelievler,ista
nbul|bakirkdy,istanbul|atatirk+havalimani,istanbul|halkali,istanbul|bagsaksehir,ist
anbul&destinations=kurtkdy,istanbul&departure_time=now&units=metric&languag
e=tr_TR&key=AlzaSyAIXHzVXdLRU_wINWOV67wPUYQNFdxUiaA
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https://maps.googleapis.com/maps/api/distancematrix/json?units=imperial&origins=s
artyer,istanbul|lkemerburgaz,istanbul|maslak,istanbul|bebek,istanbul|levent,istanb
ul|besiktas,istanbul|emindnu,istanbul|halaskargazi,istanbul|emniyettepe,istanbul
|[mihrimah+sultan+camii,istanbul|lkoca+mustafa+pasa,istanbul|bestelsiz,istanbul
|gaziosmanpasa,istanbul|sultangazi,istanbul|bagcilar,istanbul|bahgelievler,istan
bul|bakirkdy,istanbul|atatirk+havalimani,istanbul|halkali,istanbul|basaksehir,ista
nbul&destinations=Marmaray+Kazlicesme|Marmaray+Yenikapi|Marmaray+Sirke
ci&departure_time=now&units=metric&language=tr_ TR&key=AlzaSyAlIXHzVXd
LRU_wWINWOV67wPUYQNFdxUiaA

https://maps.googleapis.com/maps/api/distancematrix/json?units=imperial&origins=
Uskiidar-+iskelesi,istanbul|ayrilikgesme, istanbul &destinations=beykoz,istanbul|kavac
%C4%B1Kk,istanbul|%C3%A7engelk%C3%B6y,istanbul|%C3%BCsk%C3%BCdar,i
stanbul|s%C3%B6%C4%9F%C3%BCtI%C3%BC%C3%A7e%C5%9Fme+tren+ista
syonu,istanbul|atasehir,istanbul|iUmraniye,istanbul|cekmekdy,istanbul|maltepe,ist
anbul|pendik,istanbul|kurtkdy,istanbul
&departure_time=now&units=metric&language=tr_ TR&key=AlzaSyAIXHzVXdLR
U_wINWOV67wPUYQNFdxUiaA

The full adresses of the destinations and origins and Marmaray stations are below:

Table A.1: Destination Adresses.

"Beykoz, Giimiissuyu, 34820 Beykoz/Istanbul, Tiirkiye",

"Kavacik, 34810 Beykoz/jstanbul, Tiirkiye",
"Cengelkdy, 34680 Uskiidar/Istanbul, Tiirkiye",
"Mimarsinan, Uskiidar Iskelesi, Hac1t Hesna Hatun Cami Sk (Cami Sk.) No:9, 34664
Uskiidar/Istanbul, Tiirkiye",

"Hasanpasa, Sogiitliigesme, 34722 Kadikdy/Istanbul, Tiirkiye"
"Atasehir, Kiigiikbakkalkdy, 34750 Atasehir/Istanbul, Tiirkiye",
"Umraniye/Istanbul, Tiirkiye",
"Cekmekdy/Istanbul, Tiirkiye",
"Maltepe/Istanbul, Tiirkiye",

"Pendik, Kaynarca, 34890 Pendik/Istanbul, Tiirkiye"
"Kurtkdy, 34912 Pendik/Istanbul, Tiirkiye"
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Table A.2:Origin Adresses.

"Sariyer, Sartyer/istanbul, Tiirkiye",

"Kemerburgaz, Mithatpasa, 34075 Eyiip/Istanbul, Tiirkiye",
"Maslak, Sisli/Istanbul, Tiirkiye",
"Bebek, 34342 Besiktas/Istanbul, Tiirkiye",
"Esentepe, Levent, 34394 Sisli/Istanbul, Tiirkiye",
"Besiktas/Istanbul, Tiirkiye",

"Emindnii, Riistem Pasa, 34116 Fatih/Istanbul, Tiirkiye",
"Halaskargazi, 34371 Sisli/istanbul, Tiirkiye",
"Emniyettepe, 34060 Eyiip/Istanbul, Tiirkiye",

"Karagiimriik Mh.,Mihrimah Sultan Cami, 34091 Fatih/istanbul, Tiirkiye",
"Koca Mustafa Pasa, 34098 Fatih/Istanbul, Tiirkiye",
"Bestelsiz, 34020 Zeytinburnu/istanbul, Tiirkiye",
"Gaziosmanpasa/istanbul, Tiirkiye",
"Sultangazi/Istanbul, Tiirkiye",

"Bagcilar/Istanbul, Tiirkiye",
"Bahgelievler/Istanbul, Tiirkiye",

"Bakirkdy/Istanbul, Tiirkiye",

"Yesilkoy, Atatiirk Havalimani (IST), 34149 Bakirkdy/istanbul, Tiirkiye",
"Istasyon, Halkali, 34303 Kiiciikgekmece/Istanbul, Tiirkiye",
"Basaksehir, Basak, 34480 Basaksehir/Istanbul, Tiirkiye"

Table A.3:Marmaray Stations' Adresses.

"Mimarsinan, Uskiidar iskelesi, Hac1 Hesna Hatun Cami Sk (Cami Sk.) No:9, 34664
Uskiidar/Istanbul, Tiirkiye",

"Acibadem, Ayrilikgesme, 34718 Kadikdy/Istanbul, Tiirkiye"

Table A.4:Marmaray Stations' Adresses.

"Kazlicesme, Kazligesme Istasyonu, ZakirbasiSk., 34020 Zeytinburnu/Istanbul,
Tiirkiye",

"Aksaray Mahallesi, Yenikap:1 Marmaray, Langa Bostanlar1 Sokak, Fatih/istanbul,
Tiirkiye",
"Hoca Pasa, Sirkeci Marmaray, Vezir Cami Ck. No:4, 34110 Fatih/Istanbul,
Tiirkiye"
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APPENDIX B

Table B.1: Generalized Costs of PV for Peak Hours.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9

EUR10 66.9 746 39.1 344 373 459 429 557
EUR11 702 770 418 389 403 48.2 46.8 585
EUR12 73.7 834 46.7 40.2 434 526 49.6 624
EUR13 729 833 416 389 43.7 50.7 505 628
EUR14 89.8 904 521 539 56.7 651 58.8 724
EUR15 83.8 955 557 50.8 53.8 629 655 718
EUR16 80.6 87.8 54.0 49.1 515 595 60.4 68.6
EUR17 80.1 90.7 53.1 46.8 50.3 58.2 60.5 68.7
EUR18 845 957 584 5277 555 634 645 72.7
EUR19 915 103.7 638 57.3 615 69.2 700 781
EUR20 889 971 615 544 578 728 709 771
EUR6 578 673 26.6 255 269 39.1 30.7 46.3
EUR7 609 69.1 342 287 320 40.2 40.0 48.7
EUR8 646 684 299 279 300 412 341 49.0
EUR9 746 780 352 388 41.1 50.8 449 58.0

Table B.2: Generalized Costs of PT for Peak Hours.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9

EUR1I0 375 359 255 239 248 293 275 340
EUR11 378 381 280 269 259 303 29.6 344
EUR12 402 388 291 273 26.1 314 30.7 36.4
EUR13 395 36.1 260 264 251 30.7 29.3 36.0
EUR14 418 383 30.2 348 340 353 334 393
EUR15 429 401 30.7 303 304 347 341 400
EUR16 412 408 302 296 29.1 33.6 327 383
EUR17 412 401 305 29.2 290 334 326 384
EUR18 421 416 317 30.3 30.0 345 338 394
EUR19 421 417 328 33.0 329 371 359 405
EUR20 43.0 405 312 326 323 37.2 358 405
EUR6 317 303 194 200 19.1 23.0 208 28.6
EUR7 33.6 345 242 224 221 26.7 241 305
EUR8 348 328 223 234 223 273 250 318
EUR9 365 327 226 278 274 29.2 26.7 33.7
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Table B.3: Generalized Costs of Mixed Mode for Peak Hours.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9
EUR10 75.7 803 388 28.6 315 448 471 523
EUR11 703 748 334 232 261 394 417 46.8
EUR12 68.7 733 318 216 245 378 401 453
EUR13 88.6 93.1 51.7 415 444 57.7 60.0 651
EUR14 103.2 107.7 66.3 56.1 58.9 723 746 79.7
EUR15 99.0 1036 62.2 52.0 548 68.1 704 756
EUR16 952 99.7 583 481 51.0 643 66.6 71.7
EUR17 80.6 851 43.7 335 36.4 49.7 520 571
EUR18 98.1 1026 61.2 51.0 539 67.2 69.5 74.7
EUR19 1079 1125 71.1 60.9 63.7 77.0 79.4 845
EUR20 1044 1089 67.5 57.3 60.2 735 758 809
EUR6 793 838 424 322 351 484 50.7 558
EUR7 700 745 331 229 258 39.1 414 465
EUR8 820 86.5 451 349 378 511 534 585
EUR9 889 934 520 41.8 44.7 58.0 60.3 65.5

Table B.4: Generalized Costs of PV for Off-Peak Hours.

AS10 ASI11 AS3 AS4 AS5 AS6 AS7 AS9
EUR10 58.6 658 357 28.6 31.7 384 353 4838
EUR11 659 745 450 36.6 403 476 445 5538
EUR12 654 714 425 347 37.8 446 414 542
EUR13 68.1 742 37.1 36.1 405 473 43.8 570
EUR14 789 849 490 482 514 593 554 68.1
EUR15 76.8 832 519 499 495 56.8 54.8 65.7
EUR16 74.0 813 510 444 469 535 503 630
EUR17 699 77.6 484 412 437 503 47.2 599
EUR18 76.8 83.6 545 474 521 56.4 53.2 66.5
EUR19 84.0 921 59.7 545 576 643 603 741
EUR20 80.7 871 521 501 531 60.0 54.5 69.6
EUR6 503 583 235 200 231 31.0 26.2 403
EUR7 559 626 308 254 298 370 322 453
EUR8 53.0 59.7 287 214 244 311 282 413
EUR9 60.1 671 336 27.7 327 400 36.2 48.4
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Table B.5: Generalized Costs of PT for Off-Peak Hours.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9
EUR10 284 305 20.7 178 176 204 196 253
EUR11 331 36.8 248 226 214 242 234 296
EUR12 31.7 338 241 21.0 20.7 235 22.7 282
EUR13 317 340 213 21.0 20.7 235 223 284
EUR14 359 38.0 255 25.0 248 27.7 265 324
EUR15 352 374 256 247 246 281 264 3138
EUR16 358 375 289 27.0 256 282 272 326
EUR17 333 351 259 239 223 251 242 299
EUR18 37.3 382 294 277 259 28.7 276 342
EUR19 39.0 412 293 28.0 27.7 306 29.2 356
EUR20 345 369 246 237 235 272 256 313
EUR6 251 270 162 144 142 169 156 217
EUR7 29.1 312 220 185 184 211 203 25.7
EUR8 279 300 210 173 17.0 19.8 191 245
EUR9 286 30.7 19.7 177 176 20.1 191 253

Table B.6: Generalized Costs of Mixed Mode for Off-Peak Hours.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9
EUR10 648 73.6 40.2 27.8 30.7 421 435 496
EUR11 599 68.7 353 228 258 37.2 38.6 44.7
EUR12 60.1 69.0 356 231 26.1 374 38.8 449
EUR13 81.8 90.6 57.2 447 47.7 59.0 60.5 66.5
EUR14 99.7 1085 751 62.6 656 769 784 84.4
EUR15 90.0 988 654 529 559 67.2 68.7 7438
EUR16 87.7 965 63.1 50.7 53.6 650 66.4 725
EUR17 734 822 488 36.3 39.3 50.6 521 581
EUR18 88.8 97.7 643 518 548 66.1 675 73.6
EUR19 1025 1113 779 655 684 79.8 812 873
EUR20 1016 1105 77.1 64.6 67.6 789 80.3 86.4
EUR6 73.7 825 491 36.7 39.6 510 524 585
EUR7 598 687 353 228 258 37.1 38.6 44.6
EUR8 723 811 477 352 382 495 510 57.0
EUR9 796 884 55.0 425 455 56.8 58.3 64.3
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Table B.7: Generalized Costs of PV for Weekend.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9
EUR10 584 655 414 274 320 395 36.7 49.3
EUR11 679 753 511 37.2 415 49.2 46.5 589
EUR12 65.1 723 48.1 342 387 46.4 435 56.0
EUR13 694 725 383 351 39.4 482 40.7 60.3
EUR14 805 839 49.6 475 516 594 520 714
EUR15 806 84.2 499 453 49.6 59.6 52.0 71.6
EUR16 89.4 926 585 47.1 513 68.2 60.7 80.4
EUR17 714 78.9 53.0 40.8 453 52.7 50.0 62.4
EUR18 76.6 959 615 46.1 506 58.0 63.8 67.6
EUR19 885 920 575 528 57.1 674 599 79.4
EUR20 82.6 86.3 51.8 47.3 516 61.7 542 73.8
EUR6 475 548 313 16.8 21.1 288 26.1 384
EUR7 554 628 39.1 246 29.1 36.6 339 463
EUR8 51.0 582 327 202 247 322 295 419
EUR9 570 70.8 36.1 259 30.8 38.3 385 479

Table B.8: Generalized Costs of PT for Weekend.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9
EUR10 28.6 29.7 228 16.9 18.0 20.7 19.8 254
EUR11 329 343 272 215 223 251 242 29.7
EUR12 335 350 278 221 23.0 25.7 248 304
EUR13 295 29.2 211 204 213 21.7 19.2 26.3
EUR14 343 341 26.0 256 266 26.7 242 31.2
EUR15 328 326 247 244 252 252 227 29.7
EUR16 37.7 374 29.7 26.1 27.2 295 27.1 346
EUR17 36.7 384 312 254 26.3 29.0 28.1 33.6
EUR18 37.7 375 29.7 26.6 276 30.1 27.8 34.6
EUR19 373 37.1 29.2 286 295 29.7 273 34.2
EUR20 33.6 333 254 251 260 259 235 305
EUR6 246 259 204 13.1 141 169 16.0 21.3
EUR7 299 314 255 182 19.2 220 21.1 26.7
EUR8 281 29.2 229 164 174 20.2 19.3 249
EUR9 271 275 19.1 16.3 16.7 195 174 24.0

42



Table B.9: Generalized Costs of Mixed Mode for Weekend.

AS10 AS11 AS3 AS4 AS5 AS6 AS7 AS9
EUR1I0 672 76.0 459 31.0 33.8 438 476 5238
EUR11 59.8 68.7 38.6 23.7 264 36.5 403 454
EUR12 60.8 69.7 39.6 247 274 375 413 464
EUR13 86.1 95.0 649 50.0 52.7 628 66.6 71.7
EUR14 995 1083 783 633 66.1 76.1 800 851
EUR15 924 1012 711 56.2 589 69.0 728 78.0
EUR16 96.8 1057 756 60.7 634 735 773 824
EUR17 75.6 845 544 394 422 523 56.1 612
EUR18 90.0 988 68.7 53.8 56,5 66.6 704 756
EUR19 1050 1138 83.8 68.8 716 816 855 90.6
EUR20 959 104.7 747 59.7 625 725 764 815
EUR6 724 813 512 36.2 39.0 49.1 529 58.0
EUR7 588 67.7 37.6 227 254 355 393 444
EUR8 716 805 504 354 382 482 521 57.2
EUR9 776 865 564 415 442 543 58.1 63.3
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APPENDIX C

Table C.1: Number of Expanding.

Origin Dest. Exp. Origin Dest. Exp. Origin Dest. Exp.
EUR6 AS3 76 EUR10 AS9 17 EUR11 AS9 17
EUR7 AS3 215 EUR16 AS5 44 EUR12 AS9 21
EUR8 AS3 246 EUR17 AS5 31 EUR13 AS9 7
EUR9 AS3 13 EUR18 AS5 31 EUR14 AS9 7
EUR10 AS3 38 EUR19 AS5 37 EUR15 AS9 10
EUR11 AS3 38 EUR20 AS5 28 EUR16 AS9 20
EUR12 AS3 24 EUR6 AS6 100 EUR17 AS9 15
EUR13 AS3 8 EUR7 AS6 245 EUR18 AS9 15
EUR14 AS3 8 EUR8 AS6 352 EUR19 AS9 17
EUR15 AS3 34 EUR9 AS6 12 EUR20 AS9 5
EUR16 AS3 42 EUR10 AS6 50 EUR6 AS10 20
EUR17 AS3 16 EUR11 AS6 50 EUR7 AS10 49
EUR18 AS3 16 EUR12 AS6 29 EUR8 AS10 67
EUR19 AS3 28 EUR13 AS6 18 EUR9 AS10 3
EUR20 AS3 15 EUR14 AS6 18 EUR10 AS10 11
EUR6 AS4 76 EUR15 AS6 30 EUR11 AS10 11
EUR7 AS4 215 EUR16 AS6 44 EUR12 AS10 17
EUR8 AS4 246 EUR17 AS6 31 EUR13 AS10 8
EUR9 AS4 13 EUR18 AS6 31 EUR14 AS10 8
EUR10 AS4 38 EUR19 AS6 37 EUR15 AS10 11
EUR11 AS4 38 EUR20 AS6 28 EUR16 AS10 8
EUR12 AS4 24 EUR6 AS7 97 EUR17 AS10 7
EUR13 AS4 8 EUR7 AS7 209 EUR18 AS10 7
EUR14 AS4 8 EUR8 AS7 469 EUR19 AS10 28
EUR15 AS4 34 EUR9 AS7 15 EUR20 AS10 1
EUR16 AS4 42 EUR10 AS7 30 EUR6 AS11 38
EUR17 AS4 16 EUR11 AS7 30 EUR7 AS11 7
EUR18 AS4 16 EUR12 AS7 42 EUR8 ASl11 15
EUR19 AS4 28 EUR13 AS7 20 EUR9 AS11 2
EUR20 AS4 15 EUR14 AS7 20 EUR10 AS11 7
EUR6 AS5 100 EUR15 AS7 59 EUR11 AS11 7
EUR7 AS5 245 EUR16 AS7 44 EUR12 AS11 15
EUR8 AS5 352 EUR17 AS7 19 EUR13 AS11 3
EUR9 AS5 12 EUR18 AS7 19 EUR14 AS11 3
EUR10 AS5 50 EUR19 AS7 37 EUR15 AS11 3
EUR11 AS5 50 EUR20 AS7 8 EUR16 AS11 7
EUR12 AS5 29 EUR6 AS9 48 EUR17 AS11 5
EUR13 AS5 18 EUR7 AS9 155 EUR18 AS11 5
EUR14 AS5 18 EUR8 AS9 186 EUR19 AS11 8
EUR15 AS5 30 EUR9 AS9 13 EUR20 AS11 2
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APPENDIX D

Table D.1: Travel Time Between O-D Pairs by Private Vehicle during Peak Hours (min).

AS3 AS4 AS5 AS6 AS7 AS9 AS10 AS11
EURG6 55.44 57.63 54.27 68.71 60.58 89.61 96.98 91.61
EURY 73.13 66.31 65.19 82.47 72.74 96.71 104.19 107.52
EURS 66.09 70.12 66.01 84.63 76.21 101.55 108.57 101.04
EUR9 67.39 86.70 85.10 91.91 82.54 108.81 11497 100.52
EUR10  77.96 72.03 75.30 92.08 85.46 109.68 11856  112.73
EUR11  87.38 83.32 79.62 96.06 93.51 111.42  119.74  120.93
EUR12  91.59 84.95 80.39 100.12 97.43 118.92 12854 123.44
EUR13  79.95 81.33 76.58 97.62 92.23 117.29 126.16  113.30
EUR14  91.29 108.67  105.48 110.29 103.12 12536 130.47 117.11
EUR15 9743 95.88 96.17 11251 110.02 13222 13890 128.12
EUR16  95.54 93.53 91.69 108.26  104.85 125.87 13257 130.79
EUR17  96.73 91.89 91.18 107.42 104.75 126.41 13258 128.18
EUR18 101.27 96.14 94.77 11152 109.00 130.01 13561 133.86
EUR19 101.07 10165 10143 116.92 11271 12991 131.29 129.89
EUR20  99.47 104.73 103.36 121.76 116.43 13391 139.08 129.62

Table D.2: Travel Distance Between O-D Pairs by PrivateVehicle during Peak Hours (km).

AS3 AS4 AS5 AS6 AS7 AS9 AS10 AS11
EURG 13.15 11.79 13.68 22.53 16.14 25.63 35.08 44.62
EUR7 17.26 13.31 16.57 21.24 22.69 26.76 36.69 43.65
EURS 14.43 11.95 14.59 21.77 16.69 26.18 39.37 44.09
EUR9 19.15 19.26 21.67 29.44 25.53 33.31 47.58 52.98
EUR10  20.97 17.59 19.79 24.94 23.22 31.05 39.85 47.95
EUR11  21.93 19.95 21.83 26.39 25.53 33.31 42.75 48.80
EUR12  25.74 20.80 24.57 29.77 27.47 35.67 44.46 54.22
EUR13 2290 20.27 25.42 28.37 29.07 36.32 44.13 55.78
EUR14  30.73 29.56 32.66 39.58 34.96 43.76 58.94 61.74
EUR15  33.03 28.75 31.49 37.17 39.95 4211 52.08 64.57
EUR16  31.75 27.56 30.14 34.75 36.15 40.23 50.20 57.12
EUR17  30.73 25.79 29.12 33.68 36.20 40.23 49.67 60.13
EUR18  34.87 30.46 33.26 37.81 39.26 43.28 53.26 63.88
EUR19  39.85 33.84 37.70 42.27 43.72 48.27 60.39 71.81
EUR20  38.02 30.68 33.95 44.73 43.88 46.71 56.69 65.81
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Table D.3: Travel Time Between O-D Pairs by Private Vehicle during Off-Peak Hours (min).

AS3 AS4 AS5 AS6 AS7 AS9 AS10 AS11
EURG 32.62 27.34 26.89 34.47 30.84 47.93 54.19 59.61
EURY 48.85 38.94 38.62 46.29 43.96 59.01 65.42 71.36
EURS 45.91 35.70 34.86 42.63 40.54 55.85 62.09 67.94
EUR9 42.41 36.68 36.49 43.42 40.62 58.03 63.91 69.81
EUR10  45.04 36.89 36.44 44.23 42.06 57.96 63.44 69.36
EUR11  56.51 50.53 46.98 54.87 52.54 70.14 76.68 86.84
EUR12  54.59 45.89 45.03 52.89 50.70 66.15 72.76 78.52
EUR13  46.76 45.90 45.09 53.07 49.54 66.63 72.60 79.17
EUR14 5544 54.02 53.48 61.47 58.02 74.78 81.11 87.03
EUR15  58.73 56.30 55.97 65.82 61.09 76.33 82.44 88.73
EUR16  68.04 62.61 58.71 66.06 63.43 78.38 84.12 88.91
EUR17  59.59 53.97 49.69 57.29 54.79 70.87 77.18 82.32
EUR18  69.56 64.59 59.66 67.45 64.40 82.96 88.44 90.82
EUR19  65.99 62.22 61.39 69.58 65.82 83.70 89.96 96.08
EUR20  55.91 53.48 52.93 63.33 58.77 74.82 80.61 87.28

Table D.4: Travel Distance Between O-D Pairs by Private Vehicle during Off-Peak Hours

(km).

AS3 _ AS4  AS5 _ AS6  AS7T __ ASO  ASI0  ASll
EUR6 1411  11.70 1464 2071 1685  27.03 3519 4167
EUR7 1807 1475 1887 2425 2016 2981 3850  43.65
EURS 1662  11.63 1453 1042 1706  26.60 3636 4151
EURO 2177  17.26  21.88 2747 2446 3282 4259  48.06
EURI0 2322 1802 2103 2586 2338 3315 4130  46.93
EUR11 2993 2317 2714 3261  30.14  37.65 4581  52.02
EUR12 2795 2220 2521 3014 2756  36.80 4602 5057
EURI3 2425 2349  27.67 3261 2998  39.26 4848  53.05
EUR14 3374 3331 3632 4220 3921 4816 5701 6162
EURI5 3593 3448 3416 3921 3818 4570 5487  59.74
EUR16 3352 2832 3133 3615 3368 4291 5202  57.97
EURL7 3250 26.82 2081 3464 3218 4130 4944 5567
EURI8 3652  30.78 3593 3862 3615 4533 5395  50.74
EUR19 4183 3770  40.66 4549 4248 5218 6029  66.73
EUR20 3652 3508 37.97 4259 3829 4956 5878  63.60
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Table D.5: Travel Time Between O-D Pairs by Private Vehicle during Weekend (min).

AS3 AS4 AS5 AS6 AS7 AS9 AS10 AS11
EURG 44.28 23.78 26.70 34.57 31.90 46.83 52.70 56.35
EURY 58.53 38.08 40.93 48.85 46.32 61.97 67.70 71.73
EURS 51.40 33.00 35.82 43.75 41.12 56.83 62.57 65.67
EUR9 40.68 32.67 33.92 41.60 35.82 54.22 59.93 60.93
EUR1I0  51.02 34.40 37.55 45.12 42.53 58.17 63.93 67.15
EUR11  63.32 47.22 49.67 57.50 55.00 70.40 75.92 80.05
EUR12  65.07 49.07 51.57 59.18 56.65 72.22 77.72 81.85
EUR13  46.25 44.15 46.65 47.97 41.00 60.68 66.45 65.58
EUR14  56.72 55.63 58.38 58.67 51.72 71.25 76.73 76.10
EUR15  56.40 55.38 57.63 57.65 50.80 70.23 75.72 75.28
EUR16  70.23 60.27 63.23 69.83 63.13 84.10 89.42 88.62
EURL17  74.57 58.27 60.80 68.25 65.73 81.12 86.73 91.38
EUR18  70.23 61.73 64.30 71.38 64.85 84.03 89.38 88.90
EUR19  65.67 64.07 66.63 66.97 60.37 79.63 85.28 84.52
EUR20  58.20 57.48 59.90 59.75 52.97 72.47 77.98 77.25

Table D.6: Travel Distance Between O-D Pairs by Private Vehicle during Weekend (km).

AS3 AS4 AS5 AS6 AS7 AS9 AS10 AS11
EURG 19.31 9.33 12.87 18.66 16.57 25.42 32.82 38.94
EURY7 24.14 14.16 17.86 23.49 21.40 30.25 37.65 43.76
EURS 19.47 10.94 14.64 20.27 18.18 27.03 34.43 40.55
EUR9 24.30 16.25 20.60 26.23 27.35 32.98 40.39 52.94
EUR10 2751 17.38 21.08 26.71 24.62 33.63 41.03 46.98
EUR11  34.43 24.30 27.84 33.63 31.54 40.39 47.79 53.90
EUR12  31.38 21.24 24.94 30.73 28.48 37.49 44.89 50.84
EUR13 2542 22.85 26.39 34.27 28.48 43.28 50.68 53.74
EUR14  34.11 32.34 35.72 42.80 37.17 51.81 59.21 62.43
EUR15  34.43 30.41 33.95 43.12 37.33 52.13 59.53 62.91
EUR16  40.06 31.21 34.59 49.07 43.28 57.92 65.33 68.38
EURL17  34.27 25.74 29.44 35.08 32.98 41.83 49.24 55.35
EUR18  42.80 30.09 33.79 39.42 45.86 46.18 53.58 71.44
EUR19  39.90 35.88 39.42 48.75 42.96 57.76 65.16 68.54
EUR20  35.88 31.86 35.40 44.73 38.94 53.74 60.98 64.52
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Table D.7: Travel Time Between Origins or Destinations and Marmaray Stations by Private
Vehicle during Peak Hours (min).

MRT1 MRT2 MRT3 MRT4 MRT5
EURG 33.09 22.06 24.42 - -
EURY 24.08 13.49 15.04 - -
EURS 35.98 25.21 32.28 - -
EUR9 24.29 23.66 31.81 - -
EUR10 13.41 15.51 25.89 - -
EUR11 9.05 11.99 24.17 - -
EUR12 7.22 20.49 30.79 - -
EUR13 29.06 28.61 36.54 - -
EUR14 34.43 32.97 47.34 - -
EUR15 34.86 32.76 47.13 - -
EUR16 26.57 29.80 43.95 - -
EUR17 15.89 23.47 33.15 - -
EUR18 27.38 33.23 43.72 - -
EUR19 32.26 34.67 48.73 - -
EUR20 32.73 3141 45.77 - -
AS3 - = - 20.33 33.25
AS4 - - - 1.78 17.18
AS5 - - - 19.56 5.93
AS6 - - - 35.35 24.32
AS7 - - - 29.92 27.21
AS9 - - - 51.87 39.33
AS10 - - - 55.68 45.68
AS11 - - - 55.63 50.07
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Table D.8: Travel Distance Between Origins or Destinations and Marmaray Stations by
PrivateVehicle during Peak Hours (km).

MRT1 MRT?2 MRT3 MRT4 MRTS
EURG6 13.35 7.67 6.11 - -
EURY 8.85 3.54 2.25 - -
EURS 13.08 7.13 7.29 - -
EUR9 12.12 10.73 10.78 - -
EUR10 5.68 4.83 6.76 - -
EUR11 241 2.78 5.95 - -
EUR12 1.79 7.19 9.81 - -
EUR13 9.93 10.14 11.38 - -
EUR14 17.49 17.06 21.45 - -
EUR15 15.98 15.01 18.46 - -
EUR16 13.35 16.30 18.23 - -
EUR17 6.97 11.26 14.05 - -
EUR18 14.75 18.46 21.24 - -
EUR19 19.26 22.48 24.73 - -
EUR20 17.97 17.81 20.92 - -
AS3 - - - 7.08 15.08
AS4 - - - 0.60 8.85
AS5 - - - 8.25 2.11
AS6 . - - 15.93 11.47
AS7 = - - 13.19 13.40
AS9 - - - 20.16 15.98
AS10 - - - 35.45 28.27
AS11 - - - 39.63 34.59
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Table D.9: Travel Time Between Origins or Destinations and Marmaray Stations by Private
Vehicle during Off-Peak Hours (min).

MRT1 MRT2 MRT3 MRT4 MRT5
EURG 33.15 21.30 32.56 - -
EURY 19.66 10.96 13.54 - -
EURS 3151 2141 31.46 - -
EUR9 24.25 22.62 33.83 - -
EUR10 13.26 13.57 28.08 - -
EUR11 1.72 11.49 27.71 - -
EUR12 7.57 19.72 33.61 - -
EUR13 27.61 27.98 41.88 - -
EUR14 34.86 37.69 51.16 - -
EUR15 31.93 35.59 48.38 - -
EUR16 26.09 29.76 46.38 - -
EUR17 15.03 22.15 35.89 - -
EUR18 23.32 30.26 44.96 - -
EUR19 32.31 35.90 52.72 - -
EUR20 31.75 37.15 48.44 - -
AS3 - = - 26.71 34.38
AS4 - - - 3.51 17.13
AS5 - - - 17.69 7.87
AS6 - - - 27.86 19.79
AS7 - - - 24.38 20.66
AS9 - - - 35.21 27.22
AS10 - - - 42.16 33.49
AS11 - - - 51.92 42.48
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Table D.10: Travel Distance Between Origins or Destinations and Marmaray Stations by
Private Vehicle during Off-Peak Hours (km).

MRT1 MRT?2 MRT3 MRT4 MRTS
EURG6 16.14 7.88 9.33 - -
EURY 9.98 4.10 1.88 - -
EURS 12.28 7.16 7.40 - -
EUR9 11.86 10.70 11.58 - -
EUR10 5.91 4.10 7.29 - -
EUR11 1.88 2.65 6.28 - -
EUR12 2.01 7.32 10.62 - -
EUR13 13.15 11.34 15.45 - -
EUR14 19.52 19.47 23.44 - -
EUR15 16.30 14.80 19.10 - -
EUR16 14.21 17.30 18.94 - -
EUR17 8.00 10.78 14.53 - -
EUR18 15.01 17.22 21.13 - -
EUR19 21.08 21.80 25.90 - -
EUR20 20.71 21.08 25.10 - -
AS3 - - - 9.01 20.64
AS4 - - - 1.17 6.65
AS5 - - - 8.42 2.75
AS6 . - - 15.61 11.31
AS7 = - - 12.39 1421
AS9 - - - 21.03 17.06
AS10 - - - 29.17 25.42
AS11 - - - 35.77 32.66
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Table D.11: Travel Time Between Origins or Destinations and Marmaray Stations by Private
Vehicle during Weekend (min).

MRT1 MRT2 MRT3 MRT4 MRT5
EURG 32.92 20.70 29.18 - -
EURY 23.17 14.48 9.85 - -
EURS 29.82 17.62 28.87 - -
EUR9 23.57 19.07 30.32 - -
EUR10 14.80 14.28 31.92 - -
EUR11 7.85 10.95 29.60 - -
EUR12 8.07 20.45 39.63 - -
EUR13 30.92 29.20 42.38 - -
EUR14 35.55 33.90 51.07 - -
EUR15 31.55 29.85 47.02 - -
EUR16 28.55 35.35 51.55 - -
EUR17 15.50 21.87 41.05 - -
EUR18 26.00 32.15 51.28 - -
EUR19 32.25 37.85 55.15 - -
EUR20 33.33 31.68 48.83 - -
AS3 - = - 34.78 38.52
AS4 - - - 5.62 14.60
AS5 - - - 16.68 8.52
AS6 - - - 27.00 20.33
AS7 - - - 24.27 19.40
AS9 - - - 36.13 27.77
AS10 - - - 42.32 34.02
AS11 - - - 49.13 41.05
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Table D.12: Travel Distance Between Origins or Destinations and Marmaray Stations by
Private Vehicle during Weekend (km).

MRT1 MRT?2 MRT3 MRT4 MRTS
EURG6 13.35 8.21 6.76 - -
EURY 10.30 4.34 1.61 - -
EURS 12.07 7.08 7.40 - -
EUR9 11.75 9.98 10.30 - -
EUR10 6.11 5.15 8.21 - -
EUR11 1.77 2.57 6.11 - -
EUR12 2.25 6.76 10.30 - -
EUR13 14.32 13.35 17.54 - -
EUR14 20.43 19.63 22.53 - -
EUR15 17.38 16.41 19.47 - -
EUR16 18.50 21.40 20.27 - -
EUR17 9.01 11.91 15.45 - -
EUR18 15.29 18.34 21.72 - -
EUR19 22.53 22.04 25.10 - -
EUR20 18.99 18.02 20.92 - -
AS3 - - - 10.94 21.56
AS4 - - - 1.77 451
AS5 - - - 7.40 3.38
AS6 . - - 16.25 10.78
AS7 = - - 14.16 15.45
AS9 - - - 21.88 17.86
AS10 - - - 29.28 25.26
AS11 - - - 36.36 34.27
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Mustafa Erkam Ozates

+905374500061
ozates@tau.edu.tr

Curriculum Vitae

\Tests Taken: \

High School Entrance Exam of Turkey (LGS): top 1% among 800,000 students
University Entrance Exam of Turkey (OSS): in top 1% among 1,600,000 students

Abitur (German “Reifepriifung”, Durchschnittsnote: 3.9)
YDS (80 Points)
ALES (84 Points)

\Schools Attended:

High School: Istanbul Erkek Lisesi (2004—2009)

License: Istanbul Technical University, Control Engineering, Faculty

ofElectrical and Electronics Engineering (2009-2014)

Master: Istanbul Technical University, Railway Systems Engineering,
GraduateSchool of Science, Engineering and Technology (2014-Present)

\International Experiences:

Concern and Location Date
Eannover fo improve language SKills 2005
anchester to Improve language SKills 7006

New Y Ork to improve language sKIlls and 1or  [ZUUo

OUrIStic visitation
Copenhagen, Participant at European Union 2008

ontest Tor Young scientist

Boston to improve language skills and for 2013
ouristic visitation

Zurich for university visitation 2014
Erfurt/Germany for thesis study 2016

\Woking Experiences:

Help Computerl, Technician, 2004-summer

Istanbul Hgst -, Webmaster, 2007-summer

Divit R&D *, Intern, 2011-summer 4
Mercedes-Benz Turk A.S. R&D Center, PEP Intern , 2012-2014

Ford-Otosan, R&D Center, Product Development Engineer5, 2014-2014
Turkish-German University, Research Assistant, Engineering Faculty, 2014-Present

5w N e

Located in Basaksehir/Istanbul/Turkey

http://www.istanbulhost.com/

http://www.divit.com.tr/(Worked as student Intern in an image-processing project.)

Worked as intern in the R&D department of Mercedes Benz Turkey in two different groups.
Achieved a control system design project, which is founded by me and supported by my

team.
Working on hardware, software development of a control module and its communication in the truck.
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| Language Skills:

German (fluent)
English (fluent)
Turkish (mother)

|Interests:

R&D
Project-Management
Railway Investments
Neuroscience
Mathematics
Cognitive-Science
Control Theory

Skills:

Control Theory

Feedback Control Systems
Transportation Economics

C

C++

MATLAB

Simulink

SciLAB

Artificial Intelligence Algorithms
Social Skills

|H0nors and Awards:

Title Issuer Date
'Young Researcher of the Year Tubitak 2008
1st Place in Project Contest for Young Scientist Tubitak 2008
Represented Turkey in an International Project Contest FUCYS 2008
Elected participant to an Entrepreneurship and Innovation Tubitak 2013
Education for Students

Project Founder at R&D Center of Mercedes-Benz Turkey Merc-Benz Turk. 013
Finalist at a Contest of Tubitak for License Graduation Projects Tubitak 2014
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Summary:

Interest, knowledge and experience about scientific projects and management of
them merged with social skills and a hard mathematics and scientific
background from a German high school and a technical university. Special
talent to learn about railway investments and management.

References:
Name Title Contact Relation
Ali Fuat Ergeng Assistant Professor |+905326581898 Project Supervisor
ITU ali.ergenc@itu.edu.tr [and Lecturer
Hakan Temeltas Professor ITU hakan.temeltas@itu.e [Lecturer
du.tr
Hans Werner
Miiller Retiree Gymnasium [muepot@gmx.net Supervisor
Poteloin Teacher

Istanbul Erkek
Lisesi
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