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Abstract: Application of sustainable transportation policies for
resolving the transportation problem of Istanbul that has a
population of 14.7 million in 2015 is of vital importance. This
study focuses on economical and social goals of sustainable
transportation by researching the relationship between urban
accessibility, affordability and the transportation system. The
purpose of this study is to investigate the combined role of
affordability and accessibility and to introduce an accessibility
measure to compare different transportation infrastructure
schemes in Istanbul. For this purpose, the accessibility has been
measured by means of a joint logit model. The main outcomes
have been shown on an accessibility map and an elasticity analysis
has been presented for different user groups. It has been
concluded that accessibility is much higher in the central areas
and decreases in the outskirts of the city. Results of the joint logit
function have indicated that the effects of gender, income and car
availabilities on mode choice are significant. The elasticity
analysis has shown that mode choice decisions of car users are not
sensitive to the transportation cost.

Kentsel Erisilebilirlik Ve Odenebilirlik: istanbul i¢in Bir Durum

incelemesi

Anahtar Kelimeler Qzet: 2015 yili itibariyla 14,7 milyon niifuslu Istanbul’'un ulagim

Kentsel
Erisilebilirlik,
Odemebilirlik,
Birlesik Logit
Model

problemlerinin ¢6ziimii i¢in siirdiiriilebilir ulasim politikalari
hayati dnem tasimaktadir. Bu c¢alisma, kentsel erisilebilirlik,
odenebilirlik ve ulastirma sistemi arasindaki iliskiyi arastirarak
stirdiriilebilir ulastirmanin ekonomik ve sosyal hedeflerine
odaklanmistir.  Bu g¢alismanin amaci, 06denebilirlik  ve
erisilebilirligin birlesik etkisinin incelenmesi ve istanbul icin farkli
ulastirma  yatirinmi  semalarinin  karsilastirilabilecegi  bir
erisilebilirlik 6l¢titiiniin sunulmasidir. Bu dogrultuda birlesik logit
model ile erisilebilirlik  hesaplar1  yapilmistir.  Ciktilar
gorsellestirilerek erisilebilirlik haritasi olusturulmus ve farklh
kullanic1 gruplar1 i¢cin esneklik analizi yapilmistir. Calismada,
erisilebilirligin kent merkezindeki bir ¢ekirdek alanlarda yiiksek
oldugu, dis kisimlarda azaldigini sonucuna varilmaktadir. Birlesik
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logit model

sonuglari

cinsiyet,

gelir, otomobil sahipliligi

degiskenlerinin tir se¢imi lizerinde 6énemli bir etkisinin oldugunu
vurgulamaktadir. Esneklik analizi, otomobil kullanicilarinin tiir

tercihi
goOstermistir.

kararlarinin ulasim maliyetine

duyarli olmadigim

*Sorumlu yazar: topuzsa@itu.edu.tr

1. Introduction

Transport and infrastructure
development enables economic and
social development but is often
detrimental to sustainable
development due to congestion,

accidents, air pollution as well as
greenhouse gas emissions [1]. Thus,
decisions and policies about transport
and transport related infrastructure
investments should be made with
great  precision, especially in
developing countries with tighter
budgets. There are several studies
focusing on how transportation
policies can be decided ethically and
equally [2]. However, there are no
specific or solid indicator to measure
how these investments can contribute
to promoting better access to
opportunities particularly for the most
vulnerable segments of the population

[3].

Evaluations of transport policy plans
are generally based on cost-benefit
analyses. Accessibility changes are
included in such analyses indirectly.
But accessibility is broader than is
assumed by this perspective and also
incorporates equity and related
distribution effects as well as social
exclusion [4]. This paper aims at
presenting a new approach
(perspective) to accessibility in
evaluation of urban transport
investments, focusing on sustainability
related social elements such as equity
and urban transportation affordability.
Accessibility refers to the ease of
reaching goods, services, activities and
destinations, which together are called
opportunities. There are different
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types of accessibility measures. In this
study, a utility based accessibility
measure is prefered because of its
higher capability of reflecting social
and economical effects. Even utility
based accessibility measures usually
uses transportation cost only as
variable instead of transportation
affordability [5-6]. This study is
targeting to use affordability as a
variable in accessibility calculations.

Within this scope, Istanbul is chosen as
the case city because of that it is a
megacity trying to cope with income
inequalities, irrepressible transport
related problems and extensive
transport infrastructure investments.
On the contrary to global research
arena, accessibility studies are limited
in Turkey [7-11].

The next section of the paper gives a
brief information about the study area.
Section 3, describes accessibility and
transportation  affordability, and
explains data and method used in the
analysis. Concluding section discusses
the results and further studies that
have to be done.

2. About Istanbul

Istanbul is a unique megacity with
over 14 million inhabitants spread
both Asian and European sides of the
Bosphorus. North of the city is mostly
rural and forest areas. According to
Istanbul Transportation Master Plan
Household Study [12] data, population
densities are higher on the southern of
the city (Figure 1). On the other hand,
distribution of working people seems
more widespread (Figure 2).



S. Topuz Kiremitgi, H. Gergek / Urban Accessibility and Affordability: A Case Study for Istanbul

Legend
Population Density
0,000000 - 7360,000000
[ 7360,000001 - 18000,000000
I 18000,000001 - 32300,000000
I 32300,000001 - 51300,000000)
51300,000001 - 86900,000000)

x
“@'

1:400.000

Figure 1. Population density in Istanbul (2007)

Districts with highest number of
working people are close to the

districts with highest number of
employment, which are generally
industrial areas (Figure 3).

Distribution of household income does
not present a distinctive geographical
pattern (Figure 4). It is often possible
to spot a high income zone surrounded
by low income zones and vice versa.

Legend
Working People
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Figure 2. Number of working people in Istanbul (2007)
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Figure 3. Number of employment in Istanbul (2007)

Car ownership distribution (Figure 5)
of the city has shown similar
characteristics with income
distribution, i.e., zones with highest
car ownership values are the zones of
higher income groups.

Despite its relatively large area and
massive  population, the public
transport system is mostly road-based
and not sufficient to meet the travel
demand. As shown in Figure 6 and
Figure 7, transportation network of
the city is road dominated.

Legend
Household Income
381 -916
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1:600.000

Figure 4. Household income distribution (2007)
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Figure 5. Car ownership distribution (2007)

Railway system is inadequate and
although city is divided by the
Bosphorus, the share of sea transport
is dramatically low. Three highway
bridges crossing the Bosphorus Strait
carry road traffic between Asian and
European sides of the city. Relatively
higher number of job places are
located in the European side (73 % of
jobs and 65 % of inhabitants) and this

creates a high travel demand in the
east-west direction in the morning and
opposite direction in the evening peak
hours. The bottlenecks created by the
two bridges and unbalanced travel
demand causes long queues and
traffic congestion not only in morning
and evening peaks but almost all day
long.

Arterials

Road Networl

Zones

1:600.000

Figure 6. Road network of Istanbul (2007)
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Figure 7. Public transportation network of Istanbul (2007)

3. Methodology

Transportation affordability means
that user financial costs of transport
are not excessive, particularly for basic
access. According to Litman [13], it
means that people can purchase access
to basic goods and activities (medical
care, basic shopping, education, work
and socializing), which typically means
that low- and medium-income
households spend less than 20% of
their budgets on transport and less
than 45% on transport and housing
combined. The terms, sustainability
and affordability require improving
transportation modes like public
transport, cycling and walking.
Affordability is also important for
transport related social exclusion and
transport equity, especially for low
income groups. There are significant
number of studies about relations
between accessibility, affordability
and equity [14-18].
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On the other hand, accessibility is a
term often used by transportation
experts from both academic and
practical backgrounds. It has many
definitions in literature such as: the
potential of opportunity for
interaction [19], overall benefits
provided by a given transport system
[20] and, the ease of reaching goods,
services, activities and destinations,
which together are called
opportunities [21]. For an overview of
the literature on accessibility see, for
example, Handy and Niemeier [22] or
Paez et al. [23]. According to Geurs and
Van Wee [24] accessibility measures
can be categorized according to their
components which are land-use,
transport and individual elements.
Besides its several advantages, an
utility based approach is used in this
study especially for its capability of
representing  all  these  three
components [25].
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Choise models are frequently used in
accessibility studies [26]. There are
several utility based accessibility
measures available in the literature
like multinomial logit, joint logit [27-
29] and nested logit models [30]. In
order to estimate both destination and
mode choices of travellers, joint logit
models and nested logit models are
applicable. Nested logit has a
sequential tree structure but joint logit
model estimates destination and mode
choices together. A joint logit model
has been preferred in this study due to
its relatively simpler structure.

3.1. Data

Home-based work trips data from the
household travel surveys that were
carried out in 2006 for Istanbul
Transportation Master Plan Study [12]
have been provided by the
Transportation Planning Department
of Istanbul Metropolitan Municipality.
The data contains information of
approximately 20,000 home-based
work trips from 451 traffic analysis
zones of Istanbul. In this study, private
car and public transport trips of about
8,000 individuals have been used.

3.2.Joint Logit Model

Suppose that a multidimensional
choice set Cn for individual n, whose
elements are defined as mode and
destinations. Let us define Udm as the
total utility of the element of Cn
consisting of mode m and destination
d. It is assumed that some elements Cn
share common observed elements as a
consequence of their sharing the same
mode or destination. By extension of
the partition of the total utility into
systematic and random components, it
can be written as,

Udm = Vd +Vm+Vdm+£dm

1)
v(d,m)€eCy
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where,

Vg is the systematic component of
utility common to all elements of C,
using destination d, Vi is the
systematic component of utility
common to all elements of C, using
mode m, Vam is the remaining
systematic component of utility
specific to the combination (d,m) and
€4m is the random utility component.

Our model has the following variables
for alternative i€Cj :

xi is the travel time for
mode/destination combination i, x;; is
the out-of-pocket cost for mode
mode/destination  combination i
divided by monthly household income
(affordability term of the model), xizis
the employment ratio at the
destination included in alternative i, xis
is a a gender-specific constant defined
as 1 if the gender is male and 0 for
otherwise, xis is car availability defined
as 1 if the household owns one auto
and 0 for otherwise, xj is car
availability defined as 1 if the
household owns more than one auto
and 0 for otherwise, x;; is the mode
specific constant.

Here, the first two variables x;; and x;;
would be part of V4m because they vary
across both the mode and destination.
Variable x;; would be part of Vy
because its value do not vary across
elements of C, using d; any mode and
destination combinations having the
same destination have the same values
of x;3. Finally xi4, Xis and xis vary only
across modes. Two dummy variables
(xis and xi) are used to represent
households having zero, one and more
than one cars.

Thus,

(2)

Vam=P1 xi1#+[52 Xiz
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Va=P3 xi3 3)

Vim=L4 Xia+ 35 Xis+Pe Xic+f7 (4)
The distribution of the e4m’s across the
alternatives and across the population
defines the choice probabilities.
Multinomial logit model has been used
for the joint choice of destination and
modes, assuming these disturbances
are independent and identically
gumbel distributed (with the scale
parameter p normalized to 1) as
follows:

eVm+Va+tVam

P,(d,m) =

(5)

Z(m ayec eVm+Vd+Vdm
), n

Equation above is called the joint logit
model. Let ;i denote (d,m)
destination/mode choice combination,
natural logarithm of equation (5)’s
denominator is used as accessibility
measure for individual n.

— Vm+Va+Vam
A, =1In e
i€c,

3.2.Aggregate Accessibility Measure
For spatial accessibility analysis, it is

(6)

necessary to produce some
accessibility-affordability = measures
aggregated on zonal basis. The

aggregate accessibility measure of a
zone z can be calculated by applying
the joint disaggregate measure of
individuals to each group (category) in
that zone and expanding these
accessibilities to the entire population
of zone z.

In order to do this, population in each
zone z is divided into K nearly
homogenous subgroups with sizes N1,
N2,..,Nk. The number of groups may
be calculated by equation (7).

K = Ny.N,.N;
K =2x3x3 =18 (k = 1, Ny)

()
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where,

K is the number of groups, Ng is the
number of gender groups (male,
female) which is equal to 2 (g=1, Ng),
N¢ is the number of car-ownership
groups (no car available, 1 car
available, more than 1 can available
per household) which is equal to 3
(c=1, N¢), and N; is the number of
household income groups (0-1000
TL/month, low, 1000-3000 TL/month,
middle, > 3000 TL/month, high) which
is equal to 3 (i=1, Nj).

Equations (2), (3) and (4) can be
written as equations (8), (9) and (10)
by using variables X,;; (average travel
time from zone z for mode/destination
choice i) and X, (average out-of-
pocket travel cost / household income
group j).

Vzij = P1-Xzi1 + Po- Xz (8)
Va = B3 %3 9)
Vmgc = PaXis + Bsxis + (10)

BexictB7 = Vi

Therefore, utility of zone z for category
k becomes,

Upi = Vg + Vzkj + Vink (11)
Accessibility measure of zone z for
category k is defined by,

Ay = In Y, eVzki (12)
Then, the aggregated accessibility
measure for zone z is defined by the
formula given below, where Wy is the
number of working people in zone z
belong to category k.

AZ = Zk Wzk'Azk (13)

AZ = Zk Wzk' In Zi eUZki (14)
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4. Results

4.1. Results of the Joint Logit Model
The estimated coefficients and t-
statistics of the joint logit model for
mode and destination choices are
given in Table 1.

Table 1. Estimation results of Joint Logit

Model
Variable Coefficient t-stats

B -0.04504802 -37.402*
B, -5.26844073 -20.415*
B3 4.53209045 16.245*
Ba 0.95696531 13.712*
Bs 2.40162860 42.050*
Be 2.80048098 29.593*
5, -3.32058474 -40.286*
*Significant at 95% confidence level

According to t-statistics, the variables
are significant and the pseudo-R? (p?)
value, which is 0.21, for the model also
suggests a moderate model on the
basis of overall goodness-of-fit.

4.2. Results of the Spatial Analysis

After the calculation of aggregated
accessibilities, the results have been
visualized by the ArcMap and shown
in Figure 8. From the figure, it is
possible to distinguish three rings with

different degrees of accessibility in the
central area of Istanbul.

The core area (measured via ArcGIS®
according to accessibility colour
contours) consists of an ellipse with
Ri= 5.8 km and R;= 7.9 km radius
covering the Historical Peninsula,
Fatih, Beyoglu and parts of the
Bakirkdy, Besiktas, Uskiidar and
Kadikdy districts. This core area is
surrounded with a relatively narrow
second ring with an average width of 3
km covering parts of Bakirkdy,
Bahgelievler, Besiktas, Giingoren,
Bagcilar, Esenler, Gaziosmanpasa,
Eyiip, Bayrampasa, Kagithane,
Kadikéy,  Uskiidar,  Sisli  and
Zeytinburnu. The third ring has a
width of approximately 4.8 km and
covers the districts of Umraniye,
Kartal, Sultanbeyli, Maltepe,
Kiiciikcekmece and some parts of
Sariyer and Beykoz. The triangle
outside these three rings covers the
zones with relatively less populated
areas with less job densities. The outer
zones in the rest of the map are
generally rural areas whit low degree
of accessibility.

Legend N
[ 5.668061 - 6.729961 \\@‘
[ ] 6.729962 - 7.670041 s
[ 7670042 - 8560896 1:1,250,000
I 8560697 - 9.300000
I 9:300001 - 9.880214
I 9880215 - 10.260852
I 10260853 - 10.638111

Figure 8. Accessibility map of Istanbul
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4.3. Elasticities

A disaggregate elasticity represents
the responsiveness of an individual’s
choice probability to a change in the
value of the selected attribute [31].

Let E)l:in(l) be the elasticity of the
probability of an individual choosing
alternative i with respect to a change
in some attribute x; which is an
independent variable in the model.

Epn(i) — aPL(1) Xj

X ox P

AnP, (i .

oo = 1 - By ()i (15)
Likewise, the disaggregate cross

elasticity of the probability of an
individual choosing alternative i that is
selected with respect to a change in
alternative j is,

~9InP,(i)
P _ n _ Ny
Xj - 6]HX]' - Pn(])X]Bk (16)
In order to calculate elasticities,

individuals have been categorized into
18 groups according to their gender
(male, female), household income level
(low, middle, and high), and car
availability of the household (no car
available, one car available, and more
than one car available). An origin-
destination zone pair is selected and
changes in utilities have been
calculated for each of 18 categories
and for 2 cases: In Case 1, private car
users costs have been increased by 10
% and 15 %. In Case 2, public
transportation travel times have been
reduced by 10 %. Elasticities for Case
1 and 2 are shown in Table 2.

Table 2. Elasticities for Case 1 and for Case 2

Base Case Case 1 Case 2

oy L " £
S S £ =7
8 g S S £ Pa Ppr Pa Ppr E Pa Ppr E
8 S RS 2

[}
1 Male Low 0 0.01 | 099 | 0.01 | 099 | -2.87 | 0.01 | 0.99 | 2.23
2 Male Low 1 0.13 | 0.87 | 0.08 | 0.92 -2.67 | 0.10 | 0.90 | 1.97
3 Male Low 1+ 0.18 | 0.82 | 0.11 | 0.89 | -2.57 | 0.15| 0.85 | 1.85
4 Male Middle 0 0.09 | 091 | 0.08 | 0.92 -0.81 0.08 | 0.92 | 2.05
5 Male Middle 1 0.53 | 0.47 | 0.49 | 0.51 -0.45 0.47 | 0.53 | 1.06
6 Male Middle 1+ 0.63 | 0.37 | 0.59 | 0.41 -0.36 | 0.57 | 0.43 | 0.84
7 Male High 0 0.13 | 0.87 | 0.12 | 0.88 | -0.40 0.10 | 0.90 | 1.97
8 Male High 1 0.61 | 0.39 | 0.60 | 040 | -0.18 | 0.56 | 0.44 | 0.87
9 Male High 1+ 0.70 | 0.30 | 0.69 | 0.31 -0.14 | 0.65 | 0.35 | 0.67
10 | Female Low 0 0.01 | 099 | 0.00 | 1.00 | -2.88 | 0.00 | 1.00 | 2.24
11 | Female Low 1 0.05 | 095 | 0.03 | 097 | -2.80 0.04 | 096 | 2.14
12 | Female Low 1+ 0.08 | 0.92 | 0.05 | 0.95 -2.76 | 0.06 | 0.94 | 2.08
13 | Female | Middle 0 0.04 | 096 | 0.03 | 097 | -0.85 0.03 | 097 | 2.17
14 | Female | Middle 1 0.30 | 0.70 | 0.27 | 0.73 -0.64 | 0.26 | 0.74 | 1.57
15 | Female | Middle 1+ 039 | 0.61 | 0.36 | 0.64 | -0.57 | 0.34 | 0.66 | 1.37
16 | Female High 0 0.05 | 0.95 | 0.05 | 0.95 -0.43 0.04 | 096 | 2.14
17 | Female High 1 038 | 0.62 | 0.36 | 0.64 | -0.29 | 0.33 | 0.67 | 1.40
18 | Female High 1+ 048 | 0.52 | 0.46 | 0.54 | -0.25 0.42 | 0.58 | 1.18
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In Base Case (no change in auto travel
cost and in public transport travel
time), categories 5, 6, 8 and 9 choose
private car. People in these categories
are male, in middle or high income
groups, and own one or more than one
car. In Case 1, private car users costs
have been increased by 10 %. In this
case, none of the -categories has
changed their mode choices. In Case 2,
private car users costs have been
increased by 15 %. In this case, only
the car users in Category 5 have
shifted from private car to public
transportation. As it can be seen from
the elasticities of Category 5, 6, 8 and
9, private car users are inelastic to
travel cost increase (Case 1). Effect of
travel time changes on mode choice is
higher (even elastic for Category 5)
than the effect of the travel cost.

5. Conclusions

The role of sustainable transport
policies for a better quality of life in
cities is undeniable. Policies such as
improving  public  transportation,
promoting walking and cycling,
managing travel demand not only
reduce the share of private cars, traffic
congestion and air pollution, but also
increase accessibility and create more
liveable cities.

The main outcomes of this study can
be summarised as follows:

eEffects of gender, income and car
availabilities on mode choice are
significant.

*A small portion of people, which are
male, belong to middle or high income
groups and own one or more private
cars choose to travel by car on their
home-based-work trips. It is difficult
to change their mode choices by only
reducing public transportation travel
time or increasing costs of private car.
Improving  public transportation
network, creating more convenient
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and comfortable mobility alternatives
may be a better option.

eDespite the fact that most people
prefer public transport system for
home-based work trips, public
transport network, particularly rail
transit system, is still far from being
sufficient to meet the increasing
demand in Istanbul.

eAccessibility is much higher in the
central areas and decreases in the
outskirts of the city.

In order to assess the effects of
different major transportation projects
on accessibility, further studies are
planned by using the model proposed
in this paper.
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