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ABSTRACT

EVALUATING THE EFFECTS OF A TRANSPORT INFRASTRUCTURE
IMPROVEMENT ON HETEROGENOUS HOUSEHOLD GROUPS USING AN
URBAN CGE MODEL

Topuz, Yunus Bulut
MS, Department of Economics
Supervisor: Prof. Dr. Ebru Voyvoda
October 2019, 86 pages

This study evaluates the economic effects of urban transportation policies on different
household groups utilizing a CGE model integrated with a discrete choice model and
a traffic model. The London Travel Demand Survey (2004) data is utilized basically
in this study and two alternative transport policies which are an improvement in public
transportation infrastructure and a price increase in the congestion charge are
examined. Households are heterogenized according to their living locations, working
places, income groups, transport modes and additionally some characteristics of
themselves such as having one or more school children or one or more retired persons.

Results show that the heterogenization of the households may give crucial insights to

v



the policy makers. Contrary to the general trends, some sub-groups may be affected
in different ways as a result of the policy actions.

Keywords: Computable General Equilibrium, Applied General Equilibrium, Discrete
Choice Models



0z

ULASIM ALTYAPISI iYILESTIRMELERININ KENTSEL BiR CGE MODELI
KULLANILARAK HETEROJEN HANEHALKI GRUPLARI UZERINDEKI
ETKILERININ DEGERLENDIRILMESI

Topuz, Yunus Bulut
Yiksek Lisans, Ekonomi Bolimi
Tez Yoneticisi: Prof. Dr. Ebru Voyvoda
Ekim 2019, 86 sayfa

Bu ¢alisma, bir ayrik se¢im modeli ve ulasim modeli ile entegre edilmis kentsel bir
CGE modeli kullanarak, ulasim politikalarinin farkli hanehalki gruplan tizerindeki
ekonomik etkilerini degerlendirmektedir. Bu ¢aligmada temel olarak London Travel
Demand Survey (2014) verisinden yararlanilmis ve muhtemel iki alternatif ulasim
politikasinin etkileri incelenmistir. Bu politikalardan ilki toplu ulagim altyapisinda
topyekiin bir iyilestirme, ikincisi ise kent merkezi yollarda uygulanan trafik yogunlugu
ucretinde bir artirnm olarak diisiiniilmiistir. Hanehalklar1 yerlesim bolgeleri, ¢calisma
bolgeleri, gelir gruplari, tercih ettikleri ulagim yontemleri ve evde okul ¢aocugu
bulunup bulunmamasi gibi ekstra bir 6zelliklerine heterojenize edilmistir. Sonuglar

hanehalklarini altgruplara ayristirarak yapilan incelemelerin politika yapicilara 6nemli
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Ongoriiler saglayabilecegini gostermektedir. Genel egilimlerin aksine, kimi hanehalki

gruplari politika eylemlerinin sonuglarindan farkli bi¢imde etkilenebilmektedir.

Anahtar Kelimeler: Hesaplanabilir Genel Denge, Uygulamali Genel Denge, Ayrik
Secim Modelleri
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CHAPTER 1

INTRODUCTION

One of the most important problems of the major cities in all over the world is the
traffic congestion. The TomTom Traffic Index provides information about congestion
levels in cities across 56 countries.! The index compares the travel times during peak
hours with those from non-congested periods. According to the 2018 list, Mumbai is
the most suffering city with a level of 65%. Bogota and Lima follow it with 63% and
58% of congestion levels respectively. The major cities from all the continents face
the congestion problem with levels more than 30%. The traffic congestion causes
health problems, waste of time and monetary losses. In addition, the reduced traffic
speeds lead to increases in fuel consumption, consequently worsening the air pollution

and global warming (Hopkins & McKay, 2018).

Local authorities must struggle against the traffic congestion and other traffic related
problems especially in the major cities all around the world. In this process, to predict
the possible outcomes of the concerned policy actions can help policy makers a lot.
The economic outcomes of the possible policy actions may be predicted by the help of
the Computable General Equilibrium (CGE) models.

! See https://www.tomtom.com/en_gb/traffic-index/about



https://www.tomtom.com/en_gb/traffic-index/about

A Computable General Equilibrium model describes an entire economy, taking into
account both macroeconomic constraints and the individual microeconomic
behaviours. CGE models are also convenient tools for modelling economic and

transportation interactions (Shahraki and Bachmann, 2018).

While regional CGE models generally address the trade-related issues, the urban CGE
models often focuses on the urban scale problems such as the transportation system of
the city. These models also include the discrete choices that the households face, like
residential or working location choices. Anas’s Regional Economy, Land Use and
Transportation model (RELU-TRAN) is an important example of such models which
evaluate the impacts of transport policies on the urban economy with contributions of
several scholars [Anas and Kim(1996), Anas and Xu (1999), Anas and Liu (2007),
Anas and Hiramatsu (2012), Anas (2013a), Anas (2013b), Anas and Hiramatsu
(2013)]. RELU-TRAN model is calibrated and used for the Chicago MSA and for the
Greater Los Angeles metropolitan area. There are other contributors to the literature,
such as Horridge (1994) with an urban CGE model calibrated and utilized for
Melbourne, Sato and Hino (2005) for Tokyo, Rutherford and VVan Nieuwkoop (2011)
for Zurich and, Truong and Hensher (2012) for Sydney.

Yilmaz (2018) develops a CGE model integrated with a Household Discrete Choice
Model and a Traffic Model to evaluate the effects of Crossrail 2 Project which is a
railway project in the North-South direction of London. The primary goal of his work

is to analyse impacts of urban transport policies on different household groups.

Here, in this thesis, | extend his model to enhance its explaining power and further
heterogenize the households to utilize the data more. By doing that, | intend to display
impacts of the policy actions on household groups in a more detailed way. | improve
the explaining power of the model making the choice mechanism of the households

more realistic.



The London Travel Demand Survey (2014) data is utilized basically in this study and
two alternative transport policies which are an improvement in public transportation
infrastructure and a price increase in the congestion charge are examined. Both policies
are considered as possible actions to fight against the traffic congestion problem of the
city. Households are further heterogenized according to some characteristics of
themselves such as having one or more school children or one or more retired persons.
Results show that the extension of the model provides a more detailed picture about

the behaviours of the household groups.

The organisation of the thesis is as follows:

Following the Introduction chapter, Chapter 2 describes the model explaining the
specifications for households and firms. The household choice model and the traffic
model which are utilized in an integrated framework with the computable general

equilibrium model are explained in this chapter.

Chapter 3 describes the data utilized in this study and briefly explains the calibration
procedure. Afterwards, the results of the simulations are evaluated in terms of their

effects on household groups.

Chapter 4 concludes the thesis and makes suggestions for future studies on the issue.



CHAPTER 2

MODEL

2.1 Introduction

This thesis intends to explore the role of heterogeneity in investigating the effects of
alternative transport policies in urban models. To this end, the model introduced and
utilized in this thesis extends Yilmaz (2018) to account for representation of different
household groups. With this purpose, the model utilized in this thesis modifies slightly
that of Yilmaz (2018).

Households maximize their utilities in a framework taking into account the
consumption of commodities and housing space, the commuting options and the
neighbourhoods’ attractiveness. Commuting can be by private or public transport and
the commuting times and costs are considered in the utility maximization process.
While in Yilmaz’s study the attractiveness level of a neighbourhood is same for each
household group, this study heterogenizes the attractiveness levels of the boroughs for
different household groups. The major contribution of this thesis to the framework
designed in Yilmaz (2018) is taking into account the fact that each household may be
attracted to a neighbourhood by different levels due to the different needs of different
groups of households. For instance, a household with a school pupil may be concerned
about the access to the school or if there is an old person in a household the existence



of a health centre may make one particular region more attractive. To include this
reality and to add an additional criterion to the residential place choice mechanism of
the households, the neighbourhood attractiveness term is also heterogenized for each
household category. Thus, the households are assumed to choose their living places
also considering their peculiar needs apart from the commuting conditions and

consumption opportunities.

Following Yilmaz (2018), the model is an integration of a discrete choice model, a
traffic model and a macroeconomic general equilibrium model. The discrete choice
model determines the choice behaviour of households among alternative living places
and transport modes. The traffic model determines the routes used by the private
transport users and calculates the commuting times between the boroughs. The
macroeconomic general equilibrium model complements the overall modelling
framework with the optimization problems of the economic agents, namely the
households and firms. Households maximize their utility deciding on how much to
spend on housing and commaodity consumption. Households also decide on where to
live and which transport mode to use for commuting. Firms minimize their costs
deciding on the amount of production factors. Firm locations are assumed to be fixed.

The economy has one type of commodity produced and consumed.

2.2 Households

The model defines each household with a quintet of indices. Here, i stands for the
living location, w stands for the working location, g for the social grade of the
household, t for the transport mode used for commuting and s for the additional
categorization of the households according to their some peculiar properties (having a
school pupil or retired person, size of the household etc.). The transport mode is

divided into two categories: (i) private and (ii) public transport modes. The social grade



is divided into three categories: (i) high income group, (ii) middle income group and
(iii) low income group. The households can change their living locations and transport

modes, but the other properties are assumed to remain fixed.

Households’ utility function is defined as the summation of three terms, each referring
to a different component of household preferences.? The first component of
representative household utility is a constant elasticity of substitution (CES) function
which includes housing space consumption and commodity consumption. The second
term is the disutility stemming from commuting time. The last component is the
neighbourhood attractiveness term which is heterogenized for each household

category as explained before.

The household’s problem is defined as follows:

1
_ p ho P /
max insgt(c' d) = (aiwsgtciwsgt + aiwsgtdiwsgt) P YTiw + LIJiwsgt (1)
s.t. ridiwsgt + pciwsgt + Kiw < Miwsgt (2)
with Miysar = welysae + 0eX, o+ Yurpell (i) (3)
iwsgt iwsgt iwsgt i' i’ Ciwsgt

where, ¢ and d are commodity consumption and housing space consumption
respectively. The CES shares of the commodity and the housing space are represented
by a and a”. While t;,, stands for the commuting time between boroughs i and w, y

is the coefficient of commuting time disutility. The neighbourhood attractiveness term

2 These types of urban CGE models generally use a utility function including the elements of “utility
of neighborhood” and “disutility of travelling” (Anas and Liu, 2007, and Anas and Hiramatsu, 2013,
cited in Yilmaz, 2018, p. 18).



is W;ysg¢, Which was indexed only with i in Yilmaz (2018).2 Here, Wiwsge stands for
the attractiveness level of borough i for the household working in borough w, having
the social grade g, belonging to the category s and using the transport mode t. M stands
for the income of household and it is composed of the wage income and rent from the
holdings of capital and housing endowments. While w is the real wage rate, & is the
capital price, r is the price of housing space and p is the price of the commodity which
is taken to be the numeraire of the model. Commuting also has a cost represented by
ki depending on the living and working locations. When the public transport is
preferred the commuting costs are taken from Transport for London (TfL) Oyster Card
Prices (2014). For the private transport, following Treiber (2008) the calculation of the

commuting cost is defined as follows:

2*365)
100

o f
= [CF + B2 8200 (¢ = )| D ( @

TiW 100
Here, €/ is the fuel consumption per distance when there is zero congestion on the
road, C¢ is the fuel consumption per distance for a reference congestion level, t;,, is

the commuting time between boroughs i and w, T{;, is the commuting time between

boroughs i and w when there is no congestion, t{oo is a reference travel time for passing

a 100 km distance when there is no congestion, t{,, is a reference travel time for
passing a 100 km distance when there is congestion on the road, D;,, is the distance
between boroughs i and w, and p/ is the price of the fuel. The fuel consumption per

distance increases due to increasing level of traffic congestion by this formulation.

3 Yilmaz’s study (2018) treats the attractiveness of a neighbourhood as the same for all types of
households. Therefore, the neighbourhood attractiveness parameter is indexed only by i (V).
However, this study approaches different households with different characteristics as being attracted
by neighbourhoods in different levels.



The first order conditions of the representative household’s maximization problem

provide one with the following conditions:

1-p

, p h p > p=1 _ 4 _
(alWSgtCiwsgt + aiwsgtdiwsgt) QiwsgtCiwsgt Ap =0 ()
= 1
, p h p > h p=1 _ 4. _
(alWSgtCiwsgt + aiwsgtdiwsgt aiwsgtdiwsgt Arl =0 (6)
Miwsgt - ridiwsgt — PCiwsgt — Kiw = 0 (7)

which allows one to determine the housing space demand, relative to commodity
consumption demand. Making use of the budget constraint, we can determine the

demand functions for commodity consumption and the housing consumption:

c _ (aiwsgt)(I Miywsgt—Kiw (8)
iwsgt — - h % q-
p Qiwsgt TP O+ Agysqr TiTT0

alhwsgt 7 Miwsgt—Kiw
(9)

diwsgt =( ) ) — n O 1_
Ti 0~'iwsgtap1 "+aiwsgt ril=o

2.2.1 Discrete choice model

The CES component of the utility maximization determines the choices of the
representative household on commodity consumption and housing demands. On the
other hand, a “Discrete Choice Model” is utilized to explain the households’ choice

behaviour among living places and transport modes.

Different from the standard consumption models in which the quantity of each good
consumed is taken to be a continuous variable, discrete choice models which are

generally based on Multinomial Logit (MNL) describes choices between two or more



discrete alternatives.* The decision makers maximize their utilities while deciding on
their choices. In these models, the utilities of the decision makers are assumed to have

a random component. Then, the utility function takes the following form (Train, 2009):
Uni = an' + Eni (l = 1,2,3, . ,]) (10)

Here, V,,; stands for the observed part of the utility by the researcher and ¢,,; represents
the unobserved and random component of the utility. The decision maker n, facing J

alternatives, chooses the alternative i, if the condition Uy,; > U,; Vj # i holds. Then,

the probability of choosing alternative i can be expressed as follows:
Pni = pT'Ob[Uni > Unj,V] * l] (11)

Here, we assume that the random component of the utility (g,;) has a Gumbel

distribution:
Eiwsgt ~ Gumbel (0, u) (12)

Then, it becomes possible to define the probability of choosing an alternative among
the others as described in Train (2009)°:

eVni

Z§=1 e'ni

F() = (13)

The representative household in our model makes two different discrete choices: (i)

living location and (ii) transport mode. Thus, the probability for living location and

4 See Lerman (1975), McFadden (1977)

5 The intermediate steps are explained in detail by Train (2009).



transport mode choices of the representative household working in borough w, having

social grade g and belonging to category s can be expressed as follows:

Pwsg(ir t) = Pwsg(i) ) Pwsg (tli) (14)
Where,
3 eViwsgt:'
. _ t,
R = 200 (15)
i Viwsgt
Pwsg (tli) = eV— (16)

Yoe iwsgt’

Afterwards, putting equations (15) and (16) into the equation (14), we get the

following expression:

V. . .
Zt’ e lwsgt’ eVstgt eVlWSgt

Pysg (i,t) = a7

X, erwsgt’ ' Y eViwsgt’ - PN, erwsgt’
The probability for residential location and transport mode choices of a household
working in location w, having a social grade g and belonging to the category s:

1

p h p /p
exP[(“iwsgtciwsgt+aiwsgtdiw5gt) _YTiw'i'Lpiwsgt]

Pwsg @t = (18)

o
ijf’ exP[(ajWSQt’ C]l')wsgt’+a;'lwsgt' d]ewsgt’) _VTjW+ijWSgt’]
The working location (w), the social grade (g) and the type of household (s) are
assumed fix. However, households choose their living location (i) and transport mode
(t) themselves. Using the probability of choosing the alternative i and t given above,
we can calculate the number of households live in borough i and using the transport

mode t (Nyyq (i, ).

10



Nwsg @, t) = Pwsg (i, t)Nwsg (19)

Y
p h P p
exp [(aiWSHtCiwsgt +aiwsgtdiwsgt) _yTiw'i'q"iwsgt]

Nwsg(i: t) = i ]Nwsg (20)

' p h p L
2j Xy exp (ajwsgt’cjwsgt’+ajwsgt’djwsgt’) yTJW+qJJ'WSQt’

2.2.3 Traffic model

The last module of the integrated framework employed in this thesis is used to
determine the travel times needs between the residential and working location of each
household. It is the traffic model that provides the other two modules with the travel
times. The module takes the travel demand between the boroughs (number of
households commuting between i and w) as its input and provides the travel times,
which then serve as inputs to the CGE model. The traffic model chosen to be employed
in this thesis is based on Wardrop’s First Principle (1952). That is in the equilibrium
state there is no driver who has an alternative route with a shorter travel time.
Accordingly, the equilibrium state can be determined minimizing the sum of the travel
times of all the links in the city. The model is formulated by Y1lmaz (2018) using travel

time function of Le Blanc et al. (1975) as follows:

minz(x) =Y ,t,(x)dx  where t,(x) =A,+ B, [%]4 (21)
s.t. (1) Zpathfi)iw = Ny (22)
)xq =i 2w Zp piw Af{"p (23)

Where, “a” stands for the links which are used by private transporters and “t,” is the

needed time to pass that link which is a function of the flow on that link, x,. While,

11



Q, stands for the capacity of the link, B, is the traffic congestion coefficient and 4, is

the time needed to pass the link a when there is no congestion on that link.

In equations 21-23 above, the first condition (equation 22) implies the equality
between the travel demand from borough i to borough w, N;,,, and the sum of the
traffic flows on all the alternative paths stemming from the travel demand from i to w,
where p stands for the paths and fpiW stands for the traffic flow on path p starting from
borough i and reaching borough w. In other words, the total travel demand from
borough i to borough w is distributed among the alternative paths starting from
borough i and ending in borough w. The second condition (equation 23) means that
the flow on a link is the summation of all the flows between boroughs which use that

link, where Af{"p is a binary variable which takes value 1 if the link a belongs to the

path p starting from i and ending in w.

When the travel demands between the boroughs are given exogenously, this model
determines the which routes are used for travelling between boroughs and how much
time is needed to travel across all the links in the city. However, integrating the traffic
model into the CGE model with the discrete choice model is not practical. Instead of
an optimization problem, a set of simultaneous equations is easier to solve. Thus, to
integrate the traffic model into the CGE model, the traffic model is modified by Yilmaz
(2018) as follows:

Ypatn fz" = Niw (24)

Xo = NiXw Zp f3 AL (25)
4

t,= A, +B, [Z—] (26)

tp” = Xataddy (27)

12



tity = Bpal (28)
If the paths minimizing the total travel time of the travellers are known and given to
the modified model, the same durations to pass the links can be calculated by this set
of equations. That means the A parameters are not endogenous anymore. Therefore, as
a solution strategy, first the total, integrated model is solved with the existing paths
between the boroughs, the travel demands between the boroughs are calculated, then
with the calculated travel demands the minimization problem is solved and the new
paths are determined. This process is repeated until the paths determined by the

minimization problem are same with the ones used in the total model.

2.3 Firms

There is only one commodity produced in the economy. It is consumed by the
households and also the transportation cost is defined in terms of the same one-good.
It is the firms that supply the only good demanded in this model economy. Firms
operate under a CET type production function. There are two production factors:
labour and capital. Both factors are owned and supplied by the households. The

representative firm’s problem can be formulated as the following:
min C(K, L) = 6K + wL (29)
st y=[BKP +(1—B)LP]e (30)

Following the first-order conditions, one can find the factor demand functions of the

representative firm:

L=y[B°87 + (1 - B)°w'°lr3(1 - B)°w™ (31)
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K = y[B78%7 + (1 — p)w'°Jo-1p75~° (32)

2.4 Market clearing conditions

The model is closed via several market clearing/equilibrium conditions. First, one has

to define the market clearing condition for the commodity supply/demand:

y = Zi Zw Zs Zg Zt Nwsg (i, t)(ciwsgt + Kiw) (33)

As mentioned before the cost of the transportation is treated as commodity

consumption.

The next condition defines the equality between the capital demand of firms and the
capital supply of the households:

K=2i2wXsXg 2t Nwsg(L, t)eilgvsgt (34)

The third condition equates the labour demand of firms to the labour supplied by the
households:

L= ZiZW Zs Zg Zt Nwsg(i: t)eil{/vsgt (35)

Finally, the last condition implies the equality between the total housing space
demanded and supplied in all the boroughs.

Zw Zs Zg Zt Nwsg(i’: t)di’wsgt = Zi ZW Zs Zg Zt eiI;/Ivsgt(il) vi' (36)
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CHAPTER 3

EVALUATING THE EFFECTS OF POLICY SHOCKS ON THE
HOUSEHOLD GROUPS

3.1 Introduction

The aim of this chapter is to analyse the effects of a policy change related with the
transportation infrastructure of the city on different household groups. To this aim, the
effects of two different policy actions which are considered as possible in London are
examined using the model stated in Chapter 2. These policy actions are an overall
improvement in public transport infrastructure and a price increase in usage of the
congestion charge zone. These two policy changes may be attributed to the widely
debated issues on transportation in the British public sphere. Improving public
transport is one of the primary policy goals for local authorities of London.® Price
policy of the congestion charge zone is still also a matter of debate among the public

since its beginning in 2005.” Therefore, in this study an improvement of public

¢ In the Mayor’s Transport Strategy document (2019) of the Greater London Authority, improving
public transport is mentioned strongly.

7 See https://www.theguardian.com/politics/2019/jan/05/london-ultra-low-emission-zone
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transport infrastructure and a possible price increase in the congestion charge are

simulated as two alternative policy actions.

First, the model is calibrated using the data of the initial equilibrium. Then, the
calibrated model is used to calculate the new equilibria after the policy actions. In
section 3.2, the data sources and the necessary assumptions made are given in detail.
Section 3.3 describes the calibration part. Then, section 3.4 explains the policy actions

in detail and describes the final equilibria after applying the mentioned policy actions.

3.2 Data

This study primarily uses the London Travel Demand Survey (LTDS) 2014 data.
LTDS is a household survey repeated every year since 2005. It covers the London
boroughs as well as the area outside Greater London. LTDS gives information about
the household characteristics such as income, housing tenure and vehicle ownership
as well as the personal information of the individuals including working status, use of
transport modes and details of driving licences and public transport tickets held. It also
captures data on all daily trips made by the residents in the household. Although
sometimes other data sources are needed, mostly LTDS data is used in this study. The
other data sources are Census 2011 for households’ social grades, Google Maps for
commuting times and distances, Valuation Office Agency (VOA) Private Rental
Market Statistics (2014) for house rental rates and Transport for London (TfL) Oyster
Card Prices (2014) for public transport costs.

LTDS data includes information about households, persons belonging to these
households and their daily trips. The number of residents in the households, the income
group of the households and their living places are taken from the household table of

LTDS. This table also gives an expansion number for the households included in the
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survey which tells how many households are represented by that particular household
that attended the survey. The data aggregation procedure is based on this expansion
number value. The person data table of LTDS is utilized to get the working status
information of the persons. Using this data, further heterogenization of the households
Is possible. For this study, the information of existence of a school pupil or a retired
person is used to categorize households into different sub-groups. In addition, | have

also used the number of residents to generate further heterogenization of households.

The trip table of LTDS provides the starting and ending boroughs, the transportation
modes and the purposes of all the trips made by the residents. Looking at the data given
in the trip table, the households which don’t have a resident who makes a trip for
commuting reason and commutes to a borough which is inside the Greater London
Area are excluded. Additionally, if there are more than one commuting person in the
household, the commuting trip which has the largest commuting duration is accepted

the commuting trip of this household.

To determine the social grades of the households Census 2011 data is utilized. It gives
the percentages of the households which belongs to high, middle and low income
groups in the boroughs. Using the income information of LTDS and the social grade
percentages from Census 2011 together, the households are aggregated to three social
groups which are namely the high, the middle and the low income groups. After the
aggregation procedure we get a household table in which the households are
categorized according to their living and working places, the existence of a school
pupil in the household, their social grade and transport mode. Their income and
expansion numbers are also given in the table. A small part of the table to illustrate the

data used is given in Appendix A.

In total, there are 1045074 commuting households in the city according to the data and
they are categorized in 13068 sub-groups. The index s represents whether the
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household has a school pupil or not. However, the index s is also used to divide the
households into sub-groups according to whether they have a retired person or whether
the resident number of households is two or less, or not. Additionally, a simulation is
made for each policy actions without dividing the households into sub-groups
according to their characteristics.

3.3 Calibration

Calibrated parameters are the CES shares of the utility function (a;s4: and ai’;vsgt)
and the neighbourhood attractiveness parameters (¥;,sq.). While these ones are
calibrated according to the data, some other parameters are taken as given. The
parameters assumed as given are the elasticity of substitution (o), the disutility
coefficient of the travel times (y) and the CES share of production function (8). The

reasonable values are assigned to them.

As can be seen in Appendix A, the incomes of each household are known. The number
of rooms per household in boroughs from Census 2011 are assumed as the housing
space consumption of the households. Thus, | assume that each household living in the
same borough consumes the same amount of housing space. The rental rates are taken
from the Valuation Office Agency (VOA) Private Rental Market Statistics (2014) as
mentioned before. Therefore, we have housing expenditures and transport costs of the
households. That means the remaining part is the expenditure for commodities. The
price of the only commodity in the economy is taken as one as a numeraire good. Then,
the CES shares of the utility function are calibrated with that information. The only

unknowns in the demand functions given below are the CES shares.
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Then, the neighbourhood attractiveness parameters are calibrated using the probability
function of choosing a living place and transport mode pair.

1

p o /p
exp[(aiwsgtciwsgt+aiwsgtdiwsgt) _VTiW+lPiwsgt]

NWSg(l’ t) = p N B 1/p
2j2rexp [(ajwsgrCnggr+ajwsgrdjwsgr) “YTjwt¥jwsgr

]Nwsg (39)
In the calibration procedure of the traffic model, a different method is applied.

Remember the travel time function:
t,=A,+B ["—]4 (40)
a — a a Qa

While, t, represents the needed time to pass link “a”, which is a function of the flow
on that link, x,, Q, stands for the capacity of the link, B, is the traffic congestion
coefficient and A, is the time needed to pass the link a when there is no congestion on
that link.

Instead of calibrating the parameters A,, B, and Q, according to the initial
equilibrium, the reasonable values are assigned to these parameters and the values of
the variables belonging to the traffic model are calculated. Then, the real durations for
the travels between the boroughs are taken from Google Maps and a calibration matrix
is created taking the difference between the calculated times and real values. This
calibration matrix is added on the calculated time values in the simulations. Thus, the

real travel times between the boroughs are utilized in the simulation procedure.
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3.4 Evaluating the effects of alternative transport policies

Here, | provide analyses of two alternative policy scenarios. The first scenario that |
study is an improvement in the overall public transport infrastructure, which, I assume,
Is represented via a twenty percent decrease in transportation times between all the
boroughs. The second scenario is doubling the price of usage of the roads belonging
to the congestion charge zone. Since the both being widely discussed issues in the

public sphere in London, these two policy actions are chosen to be studied.

A map of London which shows the boroughs as defined and utilized in this thesis is

given below.

Figure 3.1- London Boroughs

Before the examination of the policy actions, the initial equilibrium is described with
its some prominent aspects. Then, the effects of the considered policy actions are
evaluated separately.
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3.4.1 Defining initial equilibrium: An illustration of the data

It is crucial to have a look at the data (which also serve as the components of initial
equilibrium for the integrated modelling framework of the thesis) from several
perspectives. One important attribute of the spatial data utilized in this thesis is the

population density.

Figure 3.1 shows the number of households living in the boroughs. The figure clearly
illustrates that the central boroughs of Tower Hamlets, Southwark, Lambeth and
Wandsworth and the peripheral boroughs including Ealing, Brent, Barnet and Croydon
are the most crowded ones. On the other hand, Richmond upon Thames is the least

crowded borough according to the data used for this study.

Note that City of London is shown as having zero residents. It is highly a business
district; hence it is unsurprising that the borough hosts a small number of residents. In
addition, our data only includes the households which are commuting into the Greater
London Area. The City of London is a small area and the data representing the area is
not sufficient in the data source. However, due to the relative smallness of the region
this lack of data is not considered as an important problem in terms of the overall

analysis.

Figure 3.2— Number of resident households in boroughs
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Figure 3.3 shows the working/resident population ratio in the boroughs. The share is

high mostly in the central boroughs as expected in a typical metropolis.

[lo31-054
[ o0.54-057
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 068-113
W 1.13-588

Figure 3.3-Working/resident population ratio in boroughs

Figure 3.4 and Figure 3.5 show the share of utilization of public and private transport
in the boroughs respectively. As expected, in the central boroughs mostly the public

transport is preferred, but in the periphery private transport usage is more common.
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Figure 3.4— Share of households using public transport
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Figure 3.5 Share of households using private transport

Figure 3.6 and Figure 3.7 display the number and share of households with school
pupils in boroughs respectively. The highest number is seen in Enfield with a 27%
share. In addition, the households with school pupils in Enfield mostly belong to the
low-income group with a 48% share. The numbers and the share of income groups of
households with school pupils in each borough are given in Appendix B. As can be
seen in Appendix B, in the boroughs where the households with children mostly
agglomerate, the large part of these families belongs to middle-income group. On the
other hand, the lowest number seems in Merton. The shares vary between 9% and
27%. One can observe that there is a significant variation in the shares of households
with children going to school. Therefore, one might suppose that some boroughs attract
the households with school pupils more than the others. This may stem from the
differences in the accessibilities of schools in the boroughs or some other features of

the boroughs can make these places more advantageous for that type of households.
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Figure 3.6— Number of households with school pupils in boroughs
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Figure 3.7— Share of households with school pupils in boroughs
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Figure 3.8 and Figure 3.9 display the number and share of households with retired
persons in boroughs respectively. The highest number of households with retired
persons live in Ealing and the lowest amount is observed in Richmond upon Thames.
The shares vary between 20% and 1%. Besides, the households with retired persons
mostly belong to the middle-income level with a level of 52%. The numbers and the
share of income groups of households with retired persons in each borough are given
in Appendix C. Again, the variation among the boroughs may be considered as there
are differences in boroughs in terms of attracting the households with retired persons.
A reason may be the differences in the accessibilities of the health centres in the
boroughs or the lifestyle in some boroughs may be more appropriate for the old and

retired people.
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Figure 3.8— Number of households with retired individuals in boroughs
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Figure 3.9— Share of households with retired individuals in borough

Another criterion to distinguish households used in this thesis is the household size.
One can naturally argue that large households would have different preferences in their
residential location choice compared to households with smaller number of members.
Hence, the size of the families may create different concerns in choosing a residential
region. Figure 3.10 and Figure 3.11 show the number and share of households with
two or less residents respectively. Looking at shares it can easily be said that the
central regions are preferred more by the small numbered households. The shares vary
between the 64% and 34%. Thus, it can be considered that the boroughs’ attractions
change according to the size of households. Additionally, the households with retired
persons mostly belong to the middle-income level with a level of 47%. The numbers
and the share of income groups of households with two or less residents in each

borough are given in Appendix D.
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Figure 3.10— Number of households with two or less residents
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Figure 3.11— Share of households with two or less residents
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3.4.2 Evaluating the effect of an improvement in the overall public transport

infrastructure

This section presents the results of the simulation analysis which looks into an overall
improvement in public transport system in GLA. To this end, | study a reduction in
public transportation times between boroughs. The present commuting times with
public transportation are given in Appendix E. As a consequence of this policy action,
| assume that all the transportation times of public transport services between the
boroughs decrease by 20 per cent. These new public transport times are fed into the
model as a shock and the new equilibrium values are calculated. Here, the results are
presented for four different cases in which s index represents different criteria.
Remember that the households are divided into five categories with respect to their
living place, working place, social grade, transport mode and one more extra criterion
which provides extra information about the households. The last attribute (s) generates
three different categories which are, the existence of a school pupil in the household,
the existence of a retired person in the household and whether the number of residents
Is two or less, or not. These three cases are simulated separately. However, initially an
extra simulation is made without using index s, which means | do not divide
households into sub-groups according to their mentioned characteristics. The results
of these four simulations are given below. First, I provide the results for the case where
all households are treated equally with respect to the neighbourhood attractiveness
parameter (W, 4¢). Then, | compare these results with the cases where the location
attractiveness parameter is differentiated with respect to (i) households with school
pupils, (ii)households with retired persons and (iii)households with resident number

equals to or less than two.

When one considers the case with a homogenous attractiveness parameter for each
household, a 20 percent reduction in public transport times display the following

results w.r.t major variables (share of public transport, number of households in each
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borough, housing prices in each borough, number of sub-grouped households in each
borough) of the integrated modelling framework. As expected, the share of public

transport use increases in each simulation case, as shown in Figure 3.12.
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Figure 3.12— Percentage change in usage of public transport

The highest change occurs in Barking and Dagenham with a 22% increase. Moreover,
significant increases generally occur in the peripheral boroughs with 20% in Bexley,
19% in Hillingdon, 19% in Kingston upon Thames, 18% in Hounslow, 17% in
Croydon, 16% in Enfield. These results are somewhat expected because a
homogeneous decrease in the overall public transport times effects these regions more
due to their higher public transport time values. For instance, Barking and Dagenham
having one of the highest public transportation times before the improvement (56
minutes to City of London, 65 minutes to Camden, 61 minutes to Westminster, 86
minutes to Lambeth etc.®) experiences large amount of decreases in travelling times
with public services.

8 See the whole list in Appendix E.
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Figure 3.13— Changes in the number of resident households in boroughs
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Figure 3.14— Percentage changes in the number of resident households
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Figure 3.13 and Figure 3.14 illustrates the amount of changes and the percentage
changes in the number of resident households respectively. Here, we observe that, with
the improvement of public transport system, more households prefer to move to
peripheral boroughs thanks to higher decreases in public transport times in these

regions.

As a result of the increase in residential demand in the peripheral boroughs such as
Sutton, Croydon, Greenwich, Bexley, Barking and Dagenham and Harrow, and the
decrease in residential demand in the central boroughs such as Southwark, Tower
Hamlets, Camden, Westminster, Kensington and Chelsea and Hammersmith and
Fulham the housing prices are affected. Figure 3.15 shows the price increases and

decreases in the boroughs.
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Figure 3.15— Percentage change in the housing prices
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Additionally, to understand the effect of the mentioned policy action on the social
welfare, the total utility level of the households in the economy can be focused on.
As a result of the improvement in the public transport infrastructure the total utility

level of the households increases by 147% according to the simulation results.

3.4.2.1 Evaluating the effect of an improvement in the overall public transport

infrastructure: Households with school pupils

Here, | repeat the same analysis (of an improvement in public transport times) under
the differentiation of households into two categories of the last attribute as explained
in Section 3.4.2. In this case, the attractiveness parameter is allowed to change for
households with one or more school pupils. First the effect of this differentiation on
the whole solution is evaluated. Afterwards, the effects of the improvement in overall

public transport on the households with school pupils are examined.

Figure 3.16 shows the percentage change in public transport use in the boroughs. The
result is similar with the previous case. There is an increase in each borough, but the

peripheral ones are more prominent.

However, the increases are less than the simulation of homogeneous neighbourhood
attractiveness parameter. One reason for why we observe smaller changes in the share
of households moving to public transportation is that the neighbourhood attractiveness
parameters are calibrated for each household sub-groups separately and making an
extra categorization for households with school pupils decreases the mobility of
households among the alternative transport modes and living location choice pairs.
The households with school pupils tend to stay at their current position more, because
with the heterogenization of the neighbourhood attractiveness parameter we create an

additional motive for their current pair of living location and transport mode choices.
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Figure 3.16— Percentage change in usage of public transport

Figure 3.17 gives the changes in resident households in boroughs. The result is similar

with the previous analysis, again with slightly different values.
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Figure 3.17— Changes in the number of resident households
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To understand the reason creating that difference, the household mobility should be
examined in detail. As mentioned before the households are divided into five
categories and N, (i, t) stands for the number of households who live in borough i,
work in borough w, belong to social grade g, use the transport mode t, and s is the last
category which shows either having a school pupil or a retired individual or having
two or less residents. In the model, the households are allowed to choose their living
places and transport mode, but the other properties are assumed fixed. Thus, the
problem is to place the fixed number of households who work in w, have a social grade
g, and belong to category s to a living place i and transport mode t pair. Because, for
the initial equilibrium it is impossible to calibrate the parameters for a non-existent
category (i,w,s,g,t quintet), I assume that if a residential location and a transport mode
pair is not chosen by any household, this pair is not allowed to be chosen in the new
equilibria. This makes sense because if a pair of a living place and a transport mode is
not chosen by even one household, it is reasonable to suppose that no household will
consider placing itself in that combination when a new equilibrium arises in the

economy.

N,,s4 stands for the number of households belonging to category (w,s,g). Table 3.1
displays how a fixed number of households, for instance, belonging to category
(29,1,1) is distributed among alternative living place and transport mode categories in
the initial equilibrium. Note that these numbers are from the analysis with
homogeneous neighbourhood attractiveness parameter. Thus, s index can only take
value one. As can be seen in the table, mentioned fixed number of households are
distributed into four alternative categories. That means they are allowed to be
redistributed among the same alternatives when a disturbance applied to the initial

equilibrium. Initial and after shock values can be compared from the table.
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Table 3.1 — Distribution of the households belonging to category (29,1,1) at the initial equilibrium and
after the shock

Nfixed(29,1,1)
1782

N_init(28,29,1,1,1) | N_init(32,29,1,1,1) | N_init(20,29,1,1,2) | N_init(29,29,1,1,2)
459 728 209 386

N_final(28,29,1,1,1) | N_final(32,29,1,1,1) | N_final(20,29,1,1,2) | N_final(29,29,1,1,2)

405.2638 535.035 381.7648 459.9364

Next, Table 3.2 gives the same values for the heterogenized neighbourhood
attractiveness parameter case. The index s stands for having a school pupil now. If s is
two this means that there is a school pupil in the household. If it is one, no school pupil.
As the table shows, the category (29,1,1) is now divided into (29,1,1) and (29,2,1).
Our new fixed number sub-categories are distributed into their own possible choices
now. That means a household belonging to the category (29,2,1) cannot choose to live
in borough 28 or 32 anymore. It also can not choose the private transport as a
transportation mode. That changes the story. By doing this, | assume that if no
household with a school pupil, working in borough 29 and belonging to social grade 1
considers living in borough 28 or 32 in the initial case, there will be no household from
that category which consider living in borough 28 or 32 in a new equilibrium.

Therefore, when | make an extra categorization, | expect the total picture that my
model draws changes through the mechanism explained above. As a result, the
mobility of the households decreases but the model tells more about the household

behaviour.
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Table 3.2 — Distribution of the households belonging to category (29,1,1) and (29,2,1) at the initial

equilibrium and after the shock

Nfixed(29,1,1)

Nfixed(29,2,1)

1187 595
N_init(28,29,1,1,1) N_init(32,29,1,1,1) N_init(20,29,2,1,2) N_init(29,29,2,1,2)
459 728 209 386
N_final(28,29,1,1,1) N_final(32,29,1,1,1) N_final(20,29,2,1,2) N_final(29,29,2,1,2)
519.9179 667.0821 268.8989 326.1011

Figure 3.18 shows the changes in the number of households with school pupils. When
these values are compared with ones shown in Figure 3.17, it can be seen that in the
north-west regions there are decreases in the numbers of households with school pupils

contrarily to the general trend.
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Figure 3.18— Change in the number of households with school pupils in boroughs
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Additionally, the total increase in the utility level of all the households is 185%.
However, the share of the households with school pupils in that increase is only 12%.
The remaining 88% of the increase in the total utility level belongs to the households
which do not have school children. Therefore, we can interpret that the households
which have school children benefit less from the mentioned public transport

improvement less than the other parts of the society.

3.4.2.2 Evaluating the effect of an improvement in the overall public transport

infrastructure: Households with retired persons

Here, the same analysis is repeated under the differentiation of households according
to the presence of a retired person in households. The index s stands for whether a
retired person belongs to the household or not. If there is no retired person in the

household the index s takes the value 1, otherwise, the index s takes the value 2.

The results of the simulation are given below. Then, the effects of the improvement in

overall public transport on the households with retired persons are evaluated.

Figure 3.19 displays percentage change in the usage of public transport in boroughs.
Similarly, an increase is observed in all boroughs, but with slightly less values than

the homogenous neighbourhood attractiveness case.
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Figure 3.19- Percentage change in usage of public transport

Figure 3.20 and Figure 3.21 show the changes in the number of all households and the
changes in the number of households with retired persons respectively. As can be seen
in the figures, there are counter movements of the households with retired persons
against the general trend. For instance, there is an overall increase in Barking and
Dagenham with 1590 new households living in the city. However, the change in the
number of households with retired persons is negative with a value of 368 in that
borough. This means that the rival boroughs of Barking and Dagenham are more

attractive to the retired people.

38



[ 429 - -954
[1-9s4-0
I 0-595
I 595 - 1560
I 1560 - 2823

Figure 3.20— Changes in the number of resident households in boroughs
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Figure 3.21- Change in the number of households with retired persons

Additionally, the total increase in the utility level of all the households is 168%
according to the results of this simulation. The share of the households with retired

persons in that increase is only 6%. On the other hand, the remaining 94% of the
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increase in the total utility level belongs to the households which do not have retired

persons.

As mentioned before, the households with retired persons mostly belong to the
middle and low income groups and like in the school children case, we see that the
households belonging to the lower income groups benefit from the public transport

improvement less than the higher income groups.

3.4.2.3 Evaluating the effect of an improvement in the overall public transport

infrastructure: Households with two or less residents

Finally, the same analysis is repeated under the differentiation of households according
to their sizes. The index s stands for whether the number of residents in the household
is equal to or less than two or not. If the number is more than two the index s takes the

value 2, otherwise, the index s takes the value 1.

The results of the simulation are given below. Then, the effects of the improvement in
overall public transport on the households with resident number equal to or less than

two are examined.

As can be seen in Figure 3.22, the increases in the percentages of public transport use
are a little bit different than the homogeneous neighbourhood attractiveness case. The
maximum change is 20% while that is 22% in the homogeneous neighbourhood

attractiveness case.
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Figure 3.22— Percentage change in usage of public transport

As seen in Figure 3.23 and Figure 3.24 the general trends and the movement of the
households with two or less residents are frequently in the same direction. However,
there are also counter movements in this case. While the population increases in
Hillington, Richmond upon Thames and Croydon there are decreases in the number of

big households in these boroughs.
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Figure 3.23— Changes in the number of resident households in boroughs
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Figure 3.24— Change in the number of households with two or less residents

Finally, the total increase in the utility level of all the households is 150% according
to the results of the simulation. The share of the households with two or less
residents in that increase is 48%. Therefore, we can say that they benefit a lot from
the public transport improvement because almost half of the utility increase in the

overall economy belongs to this group.

3.4.3 Evaluating the effect of doubling the price of usage of the roads belonging

to the congestion charge zone

London has a congestion charge zone in the centre of the city.® The zone is displayed
in the figure below. Some parts of the City of London, Westminster, Lambeth, and

% See Transport for London website, retrieved from https://tfl. gov.uk/modes/driving/congestion-
charge/congestion-charge-zone
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Southwark are in the charge zone. In this section the effect of doubling the price of
usage of the roads belonging to the congestion charge zone is examined. The results

are given below for the same simulation cases with the previous policy action.

(Congestion Charging zone]

uana
r

aariwar

ijs

[rin——

Figure 3.25— Congestion charge zone®

First, the results for the case where the neighbourhood attractiveness parameter is
homogeneous among each type of households are given. Afterwards, | compare the
results with the cases where the parameter is differentiated with respect to households
with school pupils, with retired persons and with two or less residents.

Doubling the congestion charges has less influence upon the economy than the overall
improvement in the public transport infrastructure which is examined before. This is
quite normal because a little part of the households, who live in the congestion charge

zone or pass through it for their daily trips, are subjected to mentioned price increase.

19 The map of congestion charge zone. Retrieved from https://www.citymetric.com/transport/london-
congestion-charge-has-been-huge-success-it-s-time-change-it-3751

43


https://www.citymetric.com/transport/london-congestion-charge-has-been-huge-success-it-s-time-change-it-3751
https://www.citymetric.com/transport/london-congestion-charge-has-been-huge-success-it-s-time-change-it-3751

Others are only indirectly affected. Therefore, there are very little changes observed

mostly in the central regions.

As can be seen in Figure 3.26, the highest change in the public transport usage is in
Southwark with a 11% increase. It is followed by the boroughs which are either in the
congestion charge zone or very close to it. Also, the south-east region of the city seems
to be affected by the policy change with about a 4% increase in public transport. On

the other side in the remaining parts of the city there are only negligible changes.
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Figure 3.26— Percentage change in usage of public transport

The household mobility seems rather limited. As displayed in Figure 3.27, Southwark
is the region which loses the highest number of households with a decrease of 919.
The highest increases are in Newham and Kensington and Chelsea which are central
boroughs but not in the congestion charge zone. Farther regions like Hillingdon or
Barking and Dagenham also seem to encounter with a population increase. However,
note that these household movements are very lower than the case with an overall

public transport improvement, which is quite normal as explained above. The housing
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price changes are also negligible as can be seen form Figure 3.28. Additionally, the

total increase in the utility level of all the households is 27%.
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Figure 3.27— Changes in the number of resident households in boroughs
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Figure 3.28— Percentage change in the housing prices in the boroughs
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3.4.3.1 Evaluating the effect of doubling the congestion charge: Households with

school pupils

Here, the same analysis is repeated under the differentiation of households according

to the presence of one or more school pupils in households.

The results are very similar. Public transport usage increases mostly in the central

boroughs. The highest rise is observed again in Southwark with a value of 17%.
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Figure 3.29- Percentage change in usage of public transport
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Figure 3.30— Changes in the number of resident households in boroughs

The total household movements are also similar as displayed in Figure 3.30. Figure
3.31 displays the movements of households with school pupils. There are counter
movements against the total trend. For instance, Bromley and Croydon’s total

populations decrease but there are increases in the number of families having a school
pupil.

[ -537--41
-41-0
B o0-89
I 89- 122
. 122 -320

Figure 3.31- Change in the number of households with school pupils in boroughs
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Finally, the total increase in the utility level of all the households is 32% according to
the results of this simulation. Again, the share of the households with school pupils
in that increase is small with a value of 14%, which is similar with the public

transport improvement simulation.

3.4.3.2 Evaluating the effect of doubling the congestion charge: Households with

retired persons

Here, the same analysis is repeated under the differentiation of households according
to the presence of a retired person in households. The general trends do not seem to
change significantly. Again, there is an increase in the public transport usage and a
decrease in the number of households in central boroughs which belong to the

congestion charge zone as expected.
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Figure 3.32— Percentage change in usage of public transport
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Figure 3.33— Changes in the number of resident households in boroughs

The movements of the household with retired persons can be seen Figure 3.34. The
most prominent result is the rise in Lambeth. Although the total change in the number
of households is negative in Lambeth, it seems that the borough’s attractiveness is high

for the retired people.

Figure 3.34— Change in the number of households with retired persons in boroughs
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Additionally, the total increase in the utility level of all the households is 30%
according to the results of this simulation. The share of the households with retired

persons in that increase is 6%.

3.4.3.3 Evaluating the effect of doubling the congestion charge: Households with

two or less residents

Finally, the same analysis is repeated under the differentiation of households according
to their sizes. The index s stands for whether the number of residents in the household
is equal to or less than two, or not. If the number is more than two the index s takes
the value 2, otherwise, the index s takes the value 1. The general trends are very
similar. The public transport usage increases in central boroughs and the change is

negative in the number of households in these regions.
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Figure 3.35— Percentage change in usage of public transport
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Figure 3.36— Changes in the number of resident households in boroughs

As can be seen in Figure 3.37, the movements of the households with two or less

residents are compatible with the general trends.

Figure 3.37— Change in the number of households with two or less resident in
boroughs
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Finally, the total increase in the utility level of all the households is 25% according to
the results of this simulation. The share of the households with two or less residents
in that increase is 54%, which is similar with the public transport improvement

simulation.

3.4.4 Conclusion

Thanks to the heterogenization of the neighbourhood attractiveness parameter with
respect to all the household categories, | add a new dimension to the decision-making
process of the households. Without a heterogenized neighbourhood attractiveness
according to all the household categories, the effect of this parameter is very limited
on choice behaviour among discrete alternatives. The parameter which is indexed only
by the neighbourhood numbers (¥;) cannot make a determinant impact on the discrete
choice mechanism. The impact of the mentioned modification can be seen in the

simulation results.

Further heterogenization of the households make them more attracted to their initial
positions. Therefore, their movements are more limited in comparison with the
homogeneous neighbourhood attractiveness cases. The total trends are similar,
however it is observed that the households are less mobile among the alternative
discrete choices when their attractiveness levels to the neighbourhoods are calibrated
in a differentiated manner. This differentiation of the results is more apparent in the
improvement of the public transport case. On the other hand, in the price doubling
simulation the effects of the further heterogenization of the neighbourhood
attractiveness parameter with respect to the household characteristics are seem
insignificant, because the shock applied to the model in this case is weaker in

comparison with the public transport improvement.
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Additionally, the further heterogenization of the households and the neighbourhood
attractiveness parameters accordingly enables us to see the reactions of the sub-groups
of households to the policy shocks separately. Some counter-movements of the sub-
groups occur against the general trends as can be observed in the previous sections.
Thus, | have a more detailed picture about the household behaviours.

Policy makers may deduce a set of interpretations looking at these results. For instance,
in the initial equilibrium the households with school pupils mostly live in the
peripheral regions. One can consider that these regions are more attractive for this type
of households thanks to the qualities specific to their peculiar needs. After the public
transport improvement shock, it is observed that a general tendency to these regions
occurs due to the sharp decreases in travel times. As a consequence, the housing prices
increase in peripheral regions. Although, a movement of households to the peripheral
regions seems as a positive phenomenon in terms of a possible decrease in the traffic
congestion levels in the central regions, this may be a negative situation for the
households with school pupils who already live in the periphery. It is known that they
generally belong to the low and middle income groups, hence increases in the housing
prices resulting from the housing space demand rises in the peripheral regions may
affect them negatively. Accordingly, a counter movement of the households with
school pupils occurs outwards in peripheral regions in spite of the general trend. As a
result, it can be considered that the model utilized in this thesis can help the policy
makers to foresee the negative impacts of such a policy action on some specific

household groups.
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CHAPTER 4

CONCLUSION

Urban CGE models can provide useful insights to the policy makers as being
convenient tools for modelling economic and transportation interactions. Urban CGE
models may be functional in the decision-making processes in various fields such as
city and regional planning, designing large infrastructural projects and determining

local government strategies.

In this Thesis, an urban CGE model integrated with a traffic and a household choice
model is utilized to assess the potential negative and positive effects of two alternative
transport policy actions in London. The model is taken from Yilmaz’s study (2018)
and extended to capture a more detailed picture about the effects of the policy actions

on different household groups.

After a brief introduction about the thesis and a review on the existing literature on the
field in Chapter 1, the Chapter 2 describes the model utilized in this thesis. The
specifications for households and firms are given in this chapter and additionally, the
discrete choice model and the traffic model utilized in an integrated framework with

the CGE model are explained in detail.
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In Chapter 3, the data utilized in this study is explained in detail. Then, the calibration
procedure is described. Afterwards, the evaluation of the policy actions is carried out
and their impacts on the different household groups are examined. As a result, it is
interpreted that the model utilized in this work gives useful insights about the possible
effects of mentioned policy actions on specific household groups.

This study reveals that the heterogenization of the neighbourhood attractiveness
parameter and further heterogenization of the households provides useful information
about the possible effects of policy actions such as an overall improvement in public
transportation infrastructure and a price increase in the congestion charge zone on
specific household groups. For instance, the negative effects of an improvement in
transport infrastructure are revealed thanks to the mentioned modification of the
model. Additionally, by such an extension of the model it is evaluated that the results
of the simulation become more realistic, because the fact that different regions attract

different household groups in changing levels is included to the simulations.

Due to the lack of necessary data, the home ownership information of the households
could not be involved in this study. However, if it could be involved, the household

behaviour can be depicted in a more realistic manner.

To enhance the explanatory capacity of this work, as a further study, the access to the
public services can be added directly to the utility function of the representative
household instead of trying to see their effects in the neighbourhood attractiveness
parameter. By this way, a more advanced model can be obtained, and the policy
makers can have comprehensive insights about the policies related with the public

services.
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APPENDICES

A. A SAMPLE OF THE HOUSEHOLD TABLE

School | Social Transport Expansion
Home Work Pupil Grade Mode Income | Number
Barking  and
Dagenham Camden 1 C 1 45327 651
Barking  and
Dagenham Hackney 1 AB 1 81404 622
Barking  and
Dagenham Hackney 1 AB 2 81404 1192
Barking  and
Dagenham Newham 1 C 1 28361 1894
Barking  and
Dagenham Newham 1 C 2 28361 1295
Barking  and
Dagenham Newham 1 AB 1 74984 464
Barking  and | Tower
Dagenham Hamlets 2 DE 2 17371 1357
Barking  and | Tower
Dagenham Hamlets 1 C 1 39182 702
Barking  and | Tower
Dagenham Hamlets 1 C 2 39182 784
Barking  and
Dagenham Westminster | 1 Cc 2 41644 1294
Barking  and
Dagenham Westminster | 1 AB 2 91874 1041
Barking  and | Barking and
Dagenham Dagenham 2 DE 1 12500 749
Barking  and | Barking and
Dagenham Dagenham 1 DE 2 23964 427
Barking  and | Barking and
Dagenham Dagenham 1 Cc 1 43796 668
Barking  and | Barking and
Dagenham Dagenham 1 AB 1 95442 2173
Barking  and | Barking and
Dagenham Dagenham 2 AB 1 125000 | 693
Barking  and
Dagenham Brent 1 C 1 32023 721
Barking  and
Dagenham Havering 1 DE 2 15566 594
Barking  and
Dagenham Havering 1 C 1 45144 1745
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B. INCOME SHARES OF HOUSEHOLDS WITH SCHOOL PUPILS

Borough Count | Highincome | Middle income | Low income
Enfield 9497 0.19 0.33 0.48
Brent 8078 0.17 0.59 0.24
Hillingdon 6650 0.06 0.59 0.36
Croydon 6449 0.38 0.42 0.2
Haringey 6136 0.13 0.62 0.24
Newham 6133 0.16 0.3 0.55
Wandsworth 5972 0.4 0.55 0.05
Harrow 5472 0.51 0.42 0.07
Redbridge 5456 0.32 0.39 0.29
Barnet 5348 0.08 0.82 0.1
Islington 5187 0.04 0.37 0.58
Ealing 5062 0.19 0.74 0.07
Lewisham 4743 0.18 0.45 0.37
Barking and Dagenham 4681 0.26 0 0.74
Tower Hamlets 4496 0 0 1
Hammersmith and Fulham | 4218 0.19 0.27 0.54
Bexley 4122 0.17 0.45 0.38
Hackney 3986 0.13 0.87 0
Lambeth 3438 0.09 0.58 0.33
Bromley 3317 0.43 0.57 0
Westminster 3307 0 0.56 0.44
Waltham Forest 2961 0 0.55 0.45
Richmond upon Thames 2956 0.12 0.71 0.17
Southwark 2940 0 0.16 0.84
Greenwich 2897 0 0.53 0.47
Camden 2758 0 0.11 0.89
Kensington and Chelsea 2752 0.28 0.72 0
Kingston upon Thames 2180 0.23 0.63 0.14
Hounslow 2128 0.35 0.65 0
Havering 1904 0.22 0.42 0.36
Sutton 1897 0 1 0
Merton 1632 0.24 0.53 0.23
City of London 0 0 0 0
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C. INCOME SHARES OF HOUSEHOLDS WITH RETIRED PERSONS

Borough Count | Highincome | Middleincome | Low income
Ealing 5875 0.27 0.56 0.17
Brent 5411 0.15 0.77 0.08
Wandsworth 4546 0.29 0.43 0.28
Barking and Dagenham 4433 0.65 0.35 0
Westminster 4293 0 0.43 0.57
Barnet 3934 0.14 0.38 0.48
Kingston upon Thames 3822 0.56 0.44 0
Hounslow 3493 0.28 0.59 0.13
Lambeth 3468 0 0.37 0.63
Merton 3396 0.08 0.92 0
Bexley 2946 0.24 0.76 0
Waltham Forest 2846 0.14 0.52 0.34
Greenwich 2806 0.2 0.35 0.45
Redbridge 2760 0.39 0.35 0.26
Southwark 2607 0 0.15 0.85
Islington 2465 0 1 0
Enfield 2033 0.61 0.39 0
Camden 1984 0 0.82 0.18
Kensington and Chelsea 1843 0.21 0.79 0
Hackney 1788 0.28 0.22 0.5
Sutton 1757 0.56 0.2 0.24
Newham 1649 0.31 0.36 0.33
Bromley 1590 0 0.62 0.38
Croydon 1373 0.69 0.31 0
Harrow 1345 0.28 0.72 0
Hillingdon 1318 041 0.59 0
Haringey 1130 0.38 0.62 0
Hammersmith and Fulham | 1042 0.37 0.63 0
Havering 991 0 0.73 0.27
Lewisham 835 0.47 0.53 0
Tower Hamlets 450 0 0 1
Richmond upon Thames 261 0 1 0
City of London 0 0 0 0
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D. INCOME SHARES OF HOUSEHOLDS WITH TWO OR LESS

RESIDENTS
Borough Count | Highincome | Middleincome | Low income
Brent 25038 | 0.25 0.5 0.25
Barnet 24842 | 0.23 0.61 0.16
Redbridge 23127 | 0.39 04 0.21
Croydon 23073 | 0.49 0.35 0.17
Hillingdon 22206 | 0.29 0.58 0.13
Ealing 21496 0.34 0.51 0.15
Lambeth 21117 0.25 0.53 0.22
Enfield 20493 | 0.36 0.39 0.25
Newham 19734 0.13 0.42 0.45
Hounslow 18583 0.51 0.43 0.06
Wandsworth 18582 0.4 0.39 0.2
Lewisham 17105 | 0.26 0.38 0.36
Waltham Forest 17034 0.35 0.48 0.17
Bromley 16752 0.41 0.44 0.15
Merton 16006 0.21 0.64 0.15
Barking and Dagenham 15309 0.38 0.31 0.31
Tower Hamlets 14881 0.2 0.4 0.4
Hackney 14838 0.12 0.55 0.33
Havering 14443 0.18 0.49 0.33
Harrow 14369 0.43 0.43 0.14
Southwark 14279 0.22 0.56 0.22
Bexley 14104 0.2 0.59 0.2
Haringey 13945 0.25 0.54 0.2
Islington 13158 0.4 0.37 0.23
Sutton 12979 | 0.46 0.43 0.1
Greenwich 12801 0.15 0.66 0.19
Camden 11589 0.12 0.4 0.48
Kingston upon Thames 9960 0.14 0.56 0.3
Richmond upon Thames 9787 0.2 0.53 0.27
Westminster 9164 0.3 0.39 0.3
Hammersmith and Fulham | 8009 0.29 0.51 0.2
Kensington and Chelsea 6411 0.52 0.41 0.07
City of London 0 0 0 0
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E. PUBLIC TRANSPORT TIMES

1] 2| 3| 4| 5| 6| 7| 8| 9]10] 11
Camden 1] 10| 29| 37| 35| 43| 22| 43| 35| 47| 40| 29
City of London 2| 33| 10| 32| 38| 35| 43| 38| 44| 31| 30| 15
Hackney 3| 37| 31| 10| 67| 53| 40| 67| 51| 55| 47| 40
Hammersmith & Fulham 4| 39| 39| 59| 10| 63| 47| 23| 45| 61| 51| 41
Haringey 5| 38| 38| 49| 65| 10| 30| 64| 52| 77| 65| 43
Islington 6| 36| 39| 36| 55| 31| 10| 44| 44| 57| 60| 34
Kensington & Chelsea 71 33| 34| 67| 21| 60| 44| 10| 31| 45| 43| 29
Lambeth 8| 37| 35| 49| 50| 55| 44| 51| 10| 68 | 53 | 38
Lewisham 9| 45| 31| 52| 63| 66| 65| 66| 72| 10| 46 | 41
Newham 10| 38| 31| 48| 46| 68| 54| 50| 53| 50| 10| 27
Southwark 11| 28| 16| 35| 48| 45| 39| 45| 31| 27| 33| 10
Tower Hamlets 12| 39| 24| 43| 54| 59| 48| 55| 56| 30| 16 | 29
Wandsworth 13| 49| 44| 63| 22| 63| 52| 40| 39| 57| 60| 49
Westminster 14| 18| 20| 38| 32| 42| 32| 28| 29| 45| 35| 24
Barking & Dagenham 15| 65| 56| 64| 82 | 76| 71| 81| 8 | 86 | 51 | 56
Barnet 16| 41| 45| 64| 62| 32| 46| 56| 54| 78| 62| 46
Bexley 17| 75| 56| 82 | 87| 95| 83 | 87| 93| 40| 66| 58
Brent 18| 17| 50| 52| 49| 58| 59| 40| 54| 65| 56| 45
Bromley 19| 48| 48| 64| 55| 71| 57| 48| 39| 42| 65| 48
Croydon 20| 55| 55| 61| 52| 76| 61| 66| 65| 43| 57 | 49
Ealing 21| 43| 42| 64| 42| 67| 55| 32| 56| 73| 58 | 49
Enfield 22| 63| 52| 44| 78| 35| 42| 77| 66 | 80 | 85 | 57
Greenwich 23| 65| 50| 72| 91| 92| 76| 86| 80 | 38| 39 | 59
Harrow 24 | 27| 56| 69| 57| 78| 62| 53| 69 | 79| 67 | 53
Havering 25 | 46| 32| 38| 67| 55| 44| 63| 64| 58| 33| 45
Hillingdon 26 | 49| 71| 91| 69| 92| 76| 62 | 88| 89 | 87 | 73
Hounslow 27| 50| 71| 8| 29| 90| 70| 53| 41| 58| 97 | 45
Kingston upon Thames 28| 72| 75| 82 | 53| 75| 68| 53| 52| 66 | 80 | 65
Merton 29| 52| 36| 63| 42| 64| 57| 55| 33| 59| 54| 30
Redbridge 30 | 50| 35| 50| 69 | 71| 52| 59| 60 | 58 | 34 | 37
Richmond uponThames | 31 | 54 | 59 | 88 | 47| 75| 60 | 34| 40| 55| 55| 46
Sutton 32| 54| 58| 72| 48| 76| 67| 48| 55| 60 | 73| 46
Waltham Forest 33| 40| 34| 26| 52| 34| 20| 53| 44| 59| 58 | 34
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12| 13] 14| 15| 16| 17| 18| 19| 20| 21| 22
Camden 1| 42| 39| 18] 64| 48| 78| 19| 46| 52| 40| 59
City of London 2| 22| 41| 21| 48| 56| 57| 50| 49| 50| 45| 50
Hackney 3| 40| 72| 39| 61| 65| 84| 53| 70| 70 | 66 | 47
Hammersmith & Fulham 4| 54| 24| 35| 82| 78| 8| 61| 54| 50| 44| 74
Haringey 5| 61| 67| 40| 80| 29| 97| 54| 73| 73| 72| 36
Islington 6| 49| 65| 30| 72| 41| 84| 52| 65| 68| 45| 52
Kensington & Chelsea 7| 57| 42| 30| 8| 61| 73| 32| 44| 51| 28| 74
Lambeth 8| 52| 36| 28| 8 | 65| 8| 54| 38| 66| 48 | 67
Lewisham 9| 28| 67| 44| 70| 77| 40| 74| 41| 43| 67| 76
Newham 10| 18| 45| 34| 39| 75| 66| 56| 57| 44| 61| 74
Southwark 11 | 31| 56| 22| 59| 56| 53| 49| 51| 42| 59 | 57
Tower Hamlets 12| 10| 52| 35| 54| 73| 64| 63| 76| 52| 62| 71
Wandsworth 13| 59| 10| 54| 8| 74| 91| 64| 58| 43| 58| 78
Westminster 14 | 38| 38| 10| 57| 61| 75| 39| 40| 50| 34| 57
Barking & Dagenham 15| 63| 79| 61| 20| 105| 95| 95| 95| 96 | 86 | 95
Barnet 16 | 65| 63| 52| 90| 20| 97| 60| 67| 79| 67| 40
Bexley 17| 62| 89| 71| 94| 106 | 20| 103 | 64| 79| 96 | 99
Brent 18| 58| 57| 40| 90| 58| 92| 10| 80 | 54| 35| 70
Bromley 19| 80| 52| 47| 94| 75| 66| 69| 20| 50| 67| 79
Croydon 20| 60| 58| 49| 84| 87| 95| 57| 56| 20| 89| 89
Ealing 20| 60| 47| 33| 83| 77| 100| 29| 75| 64| 10| 81
Enfield 22| 83| 76| 54| 83| 54| 111 | 80| 76| 86 | 83| 20
Greenwich 23| 39| 8 | 60| 73| 101 | 51| 87| 66| 74| 90 | 104
Harrow 24 | 66| 67| 41| 91| 61| 108 | 29| 83| 77| 57| 93
Havering 25| 37| 68| 43| 30| 8 | 93| 63| 89| 74| 66 | 67
Hillingdon 26 | 86| 8 | 61 | 115 | 91 | 119 | 68| 95| 96 | 60 | 99
Hounslow 27| 59| 40| 57 | 115 | 91| 89| 49| 80| 44 | 35 | 100
Kingston upon Thames 28 | 82 | 45| 50| 110 | 8 | 93| 57| 62| 52| 54| 88
Merton 29| 54| 28| 39| 78| 73| 83| 71| 63| 40| 67| 74
Redbridge 30| 39| 70| 44| 65| 77| 84| 69| 70| 73| 65| 82
Richmond uponThames | 31 | 56 | 19 | 46 | 99| 87 | 82| 48| 51| 42| 55| 96
Sutton 32| 70| 41| 49| 99| 8 | 98| 53| 62| 26| 64| 90
Waltham Forest 33| 56| 53| 31| 45| 48| 88| 53| 55| 60 | 46 | 45
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23| 24| 25| 26| 27| 28| 29| 30| 31| 32| 33
Camden 1| 56| 34| 63| 48| 50| 56| 39| 46| 47| 76| 36
City of London 2| 46| 52| 41| 68| 68| 51| 36| 33| 43| 47| 34
Hackney 3| 68| 70| 49| 97| 85| 72| 61| 42| 61| 87| 26
Hammersmith & Fulham | 4| 77 | 70| 77| 66| 48| 41| 40| 64| 32| 47| 52
Haringey 5|0 90| 79| 71| 88| 93| 73| 55| 55| 69| 78| 30
Islington 6| 70| 68| 66| 75| 72| 73| 56| 56| 59| 72| 26
Kensington & Chelsea 7| 67| 49| 63| 70| 53| 58| 54| 61| 40| 52| 58
Lambeth 8| 79| 67| 74| 85| 62| 54| 28| 60| 42| 39| 43
Lewisham 9| 34| 87| 67| 87| 92| 74| 52| 56| 67| 71| 66
Newham 10| 33| 58| 35| 8| 75| 70| 41| 31| 46| 73| 58
Southwark 11| 56| 56| 52| 71| 65| 51| 29| 42| 41| 52| 40
Tower Hamlets 12| 35| 66| 49| 84| 83| 62| 48| 40| 53| 71| 49
Wandsworth 13| 76| 72| 51| 92| 41| 33| 29| 71| 19| 41| 51
Westminster 14| 49| 45| 54| 57| 62| 51| 33| 42| 40| 44| 31
Barking & Dagenham 15| 64| 99| 28 | 115|120 94| 8 | 60| 79| 101 | 50
Barnet 16| 8 | 68| 80| 77| 84| 81| 67| 71| 65| 83| 47
Bexley 17 | 47 | 120 | 91 | 120 | 111 | 103 | 83 | 86 | 100 | 110 | 87
Brent 18| 81| 28| 74| 73| 48| 62| 62| 73| 44| 72| ®1
Bromley 19| 57| 81| 87| 92| 8| 73| 57| 73| 53| 66| 55
Croydon 20| 80 | 74| 79|105| 65| 48| 38| 75| 41| 26| 63
Ealing 21| 80 | 52| 79| 55| 30| 60| 70| 69| 47| 73| 55
Enfield 22100 | 78| 79| 113|107 | 90| 78| 74| 85| 98| 37
Greenwich 23| 20| 92| 71| 109 | 105| 87| 8 | 63| 8 | 91| 82
Harrow 24| 89| 20| 83| 43| 59| 76| 75| 84| 57| 83| 69
Havering 25| 53| 81| 25| 92| 99| 82| 63| 34| 77| 90| 45
Hillingdon 26 | 110 | 43| 100 | 25| 80 | 102 | 95| 97| 81 | 116 | 80
Hounslow 27| 81| 66| 106 | 76| 20| 64| 42| 93| 41| 49| 75
Kingston upon Thames 28| 93| 73| 108| 59| 66| 25| 38| 8 | 28| 45| 66
Merton 29| 75| 85| 71| 90| 65| 40| 10| 62| 40| 45| 53
Redbridge 30| 55| 87| 55| 94| 99| 90| 59| 20| 69| 8| 36
Richmond uponThames | 31 | 93 | 62| 82| 62| 38| 38| 43| 81| 10| 54| 65
Sutton 32| 99| 76| 89 |109| 62| 39| 36| 8 | 48| 20| 63
Waltham Forest 33| 65| 61| 52| 77| 87| 63| 50| 30| 54| 66| 10
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F. TURKISH SUMMARY / TURKCE OZET

GIRIS

Trafik sikigiklig1 diinyanin her yerinde biiyiik kentlerde yasanan 6nemli sorunlardan
bir tanesidir. TomTom trafik indeksi 56 iilkedeki sehirlerde goriilen sikisiklik
seviyeleri hakkinda bilgi vermekterdir. Indeks trafigin en sikisik oldugu saatlerdeki
seyahat stireleriyle trafik yogunlugu gozlenmeyen saatlerdeki stireleri
karsilagtirmaktadir. 2018 verilerine gore, Mumbai %65°lik trafik sikisikligi seviyesi
ile bu sorundan en ¢ok muzdarip olan kent olarak goriilmektedir. Biitlin kitalardan
biiyiik sehirler %30’dan yliksek seviylerle trafik sikigikligi problemi yasamaktadir.
Trafik sikisikligi saglik problemlerine, zaman ve kaynak israfina yol agmakta, diisiik
trafik hizlan yakit tiikketimini artirmakta ve iklim degisikligi iizerinde olumsuz etkiye

yol agmaktadir (Hopkins and McKay, 2018).

Yerel otoriteler bu sorunlarla miicadele etmek icin politikalar gelistirmek
durumundadir ve bu siirecte olas1 projelerin muhtemel etkilerini 5ngérmek son derece
faydali olacaktir. Olas1 politika eylemlerinin ekonomik etkileri Hesaplanabilir Genel

Denge (HDG) modelleri kullanilarak tahmin edilebilmektedir.

Hesaplanabilir Genel Denge modelleri makroekonomik kisitlar1 ve bireysel
mikroekonomik davraniglar1 hesaba katarak biitiin bir ekonomiyi tarif etmektedir.
Ayrica bu modeller ekonomi ve ulagim etkilesimini incelemek agisindan elverisli

araglardir (Shahraki and Bachmann, 2018).

Bolgesel Genel Denge modelleri ¢ogunluka ticaretle ilgili sorunlar1 incelemek igin

kullanilirkan, kent 6lgegindeki sorunlari incelemek igin kent 6l¢ekli Hesaplanabilir
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Genel Denge modellerinden faydalanilmaktadir. Kent 6lgekli Genel Denge modelleri
ekonomik aktorlerin yerlesim bolgesi veya calisma bolgesi secimi gibi ayrik se¢im
problemlerini de igermektedirler. Anas’in Bolgesel Ekonomi, Arazi Kullanimi ve
Ulasim modeli (RELU-TRAN) ulasim politikalarinin kent ekonomisi iizerindeki
etkilerini inceleyen modellere 6nemli bir Ornek teskil etmektedir [Anas and
Kim(1996), Anas and Xu (1999), Anas and Liu (2007), Anas and Hiramatsu (2012),
Anas (2013a), Anas (2013b), Anas and Hiramatsu (2013)]. RELU-TRAN modeli
Chicago Los Angeles i¢in kalibre edilmistir ve kullanilmaktadir. Melbourne’e
uygulanmis Horridge (1994) modeli, Tokyo’ya uygulanan Sato ve Hino (2005)
modeli, Zurih’e uygulanan Rutherford ve Van Nieuwkoop (2011) modeli ve Sydney’e
uygulanan Turong ve Hensher (2012) modelleri literatiire katki yapan diger modellere

ornek olarak sayilabilir.

Yilmaz (2018) Londra’nin kuzey-giiney hattinda hayata gecirilecek olan Crossrail 2
tren yolu projesinin etkilerini incelemek i¢cin Hanehalki Ayrik Se¢im modeli ve Ulasim
modeli ile entegre calisan bir Hesaplamali Genel Denge modeli gelistirmistir.
Yilmaz’in (2018) c¢alismanin temel amaci kentsel ulasim politikalarinin farkl

hanehalki gruplar tizerindeki etkilerini analiz etmektir.

Bu tez kapsaminda, Yilmaz’in (2018) modeli agiklayict giiclinlin artirilmasi ve
hanehalklarinin daha detayli alt gruplara ayrilmasi hedeflenerek gelistirilmistir.
Hanehalklarinin yerlesim bolgesi se¢im mekanizmasinin daha gercekei bir hale

getirilmesi amaglanmistir.

Bu calismada temel olarak London Travel Demand Survey (2014) verisinden
yararlanilmig ve iki alternatif muhtemel ulasim politikasinin etkileri incelenmistir. Bu
politikalardan ilki toplu ulasim altyapisinda topyekiin bir iyilestirme, ikincisi ise
Londra kent merkezindeki kimi yollar i¢in uygulanan trafik yogunlugu ticretinde bir
artirim olarak diisiiniilmiistiir. Iki politika da trafik yogunlugu ile miicadele etmek igin

hayata gecirilebilecek olast politikalar olarak degerlendirilmektedir. Hanehalklar
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hanede okul ¢ocugu bulunup bulunmamasi, evde yasl birey bulunup bulunmamasi
gibi veriler kullanilarak daha da ayristirilmistir. Analiz sonuglar1 Yilmaz’in (2018)
modelinin gelistirilmesi ile elde edilen modelin hanehalki gruplarinin davranislari

acisindan daha detayl bir tablo ortaya ¢ikardigini géstermektedir.

MODEL

Bu calismada kullanilan model cergevesinde hanehalklar1 faydalarini maksimize
etmek amaci ile oturma alani ve mal tiiketim miktarlarina ve hangi ilgeyi yerlesim
bolgesi olarak sececeklerine karar vermektedirler. Ise gidis doniis zaman ve maliyeti
de karar alma siireglerini etkileyen etmenlerdir. Ise gidis doniis toplu ulasimla veya
0zel aragla saglanabilmektedir. Yilmaz’in (2018) modelinde il¢elerin cazibe seviyeleri
biitiin hanehalk: gruplarina ayn1 gériinmekteyken, bu calismada ilgili terim biitiin alt
gruplar i¢in heterojenize edilmistir. Bu c¢alismanin esas katkisi ilgelerin cazibe
seviyelerinin hanehalklar1 icin degiskenlik gosterebilecegi olgusunun modele dahil
edilmis olmasidir. Ornegin, biinyesinde okul gocugu bulunduran bir hane igin okula
erisim kolaylig1 bir bdlgeyi digerlerine gore daha cekici hale getirebilir. Ilgelerin
cazibe seviyelerinin hanehalki alt gruplari i¢in heterojenize edilmesi sayesinde
bahsedilen durum hanelerin yerlesim bolgesi secimi mekanizmalarina dahil edilmis

olmaktadir.

Yilmaz’in (2018) ¢alismasinda oldugu gibi bu ¢alismada kullanilan model de bir ayrik
secim modeli, ulasim modeli ve genel denge modelinin entegre edilmesi ile elde
edilmistir. Ayrik se¢im modeli hanehalklarinin yerlesim bolgeleri ve ulasim
yontemleri arasindan yapacaklar1 se¢imleri belirlemekte, ulasim modeli ise 6zel arag

kullanicis1 hanelerin ise gidis gelis i¢in kullanacagi rotalar1 ve ise gidis gelis siirelerini
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hesaplamaktadir. Genel denge modeli, hanehalklar1 ve firmalarin optimizasyon

problemlerini dahil ederek modeli tamamlamaktadir.

Hanehalklarinin optimizasyon problemi asagidaki denklemlerle tanimlanmaktadir:

1
_ p h p /
max insgt(cr d) - (aiwsgtciwsgt + aiwsgtdiwsgt) P YTiw + lIJiwsgt (1)
s.t. ridiwsgt + pciwsgt + Kiw < Miwsgt (2)
with Miysar = welysoe + 0eX, o+ Yurypell (i) (3)
iwsgt iwsgt iwsgt Ui Siwsgt

Hanehalki fayda fonksiyonu (Ujysg:(c, d)), li¢ bilesenin toplamindan olusmaktadur.

p
iwsgt

Ik bilesen mal tiiketimi (cﬁ,vs g¢) Ve oturma alam tiketimi (d ) degiskenlerini
icermektedir. a;y,sq¢ V€ aﬁ,vsgt parametreleri baslangic dengesi verileri kullanilarak
kalibre edilmistir. Ikinci bilesen ise gidis gelis siiresinden (t;,,) Kaynakli negative
faydayr temsil etmektedir. Uciincii bilesen ise ilce cazibe seviyesini (Piwsgt)
gostermektedir. Hanehalklar1 bes index kullanilarak alt gruplara ayrilmistir. Burada, i
yerlesim bolgesini, w ¢alisilan bolgeyi, g gelir grubunu, t ulasim yontemini, s ise
hanede okul ¢ocugu bulunup bulunmamasi gibi ekstra bir 6zelligi ifade etmektedir.
Hanehalki geliri (M;y54.), maas geliri (w), sermaye kira geliri (§) ve konut kira
gelirlerinden (r;) olugsmaktadir. Ozel aragla yapilan seyahatin maliyeti (k;,,) asagidaki
gibi hesaplanmaktadir (Treiber, 2008):

f Tiwt{OO c f f
Kiw = [C +Tth_(C — )| Diwp (

2*365)
iw 100

100

(4)

Burada, D;,, bolgeler arasindaki mesafeyi, p/ ise yakit iicretini temsil etmektedir.

Hanehalklarinin yerlesim bdlgesi ve ulagim yontemi se¢imleri “Ayrik Se¢cim Modeli”

kullanilarak belirlenmektedir. Ayrik se¢im modelleri mallarin tiiketim miktarlarinin
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stirekli kabul edildigi standart tiiketim modellerinden farkli olarak, iki veya daha fazla
ayrik alternative arasinda yapilacak se¢imleri tarif etmektedir. Karar alicinin se¢im
yaparken faydasini maksimize ettigi kabul edilir ve fayda fonksiyonuna gézlemci
tarafindan gozlemlenemeyen etkenleri temsil etmesi amaciyla bir rasgele bilesen dahil

edilir (Train, 2009):

Uni = Vi + &ni (i=123...)) ®)

Rasgele degiskenin (g,;) Gumbel dagilimina sahip oldugu varsayimi ile biitiin
alternatifler arasindan bir alternatifin secilme olasiligi asagidaki formiille

hesaplanabilir (Train,2009):

eVni

F() = (6)

e

Boylece, wilgesinde galisan, g gelir grubuna ve s kategorisine ait olan bir hanehalkinin
bir yerlesim bolgesi ve ulasim metodu ¢iftini segme olasiligi asagidaki gibi
hesaplanabilir:
1
fo _yTiw+‘Piwsgt]

T (7)
h P ]

XX exp[(ajwsgt/ Cjwsgt’+ajW$9t’ djwsgt’) yT]W+q,jwsgt’

p h P
exp [(aiWSgtCiwsgt+aiwsgtdiwsgt)

Pwsg it =

Ulasim modeli Wardrop’un birinci ilkesine (1952) dayanarak tasarlanmistir.
Wardrop’un birinci ilkesi trafikte denge durumunda higbir strlcl i¢in halihazirda
kullandigindan daha az zaman alacak alternative bir rota bulunmadigini ifade eder.
Model, Yilmaz (2018) tarafindan Le Blanc’in (1975) seyahat siiresi formulasyonu

kullanilarak asagidaki denklemlerle ifade edilmistir:

minz(x) =Y,t,(x)dx  where t,(x) =A,+ B, [Z—Zr (8)
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s.t. (1) Zpathf;oiw = Ny )
(2)xq = X Xw Xp f3* ALY (10)

Burada, “a” iki il¢e arasindaki baglant1 yolunu ifade etmektedir. Bir baglant1 yolunu
gecmek icin harcanan zaman t,, yol tizerindeki trafik akist miktar1 x, ile ifade
edilmistir. Q, yolun kapasitesini, B, trafik sikisiklig1 katsayisini, A, ise yol Gizerinde
herhangi bir trafik yogunlugu yokken yolu gecmek icin gereken zamami ifade
etmektedir. Trafikte denge hali biitiin yollar {izerinde gegirilen siirelerin toplami
minimize edilerek elde edilir. Denklem 9, iki il¢e arasindaki seyahat talebinin (N;,,)
bu bolgeler arasindaki alternative rotalar iizerindeki akis miktarlarinin ( fp""") toplamina
esit oldugunu ifade eder. Denklem 10 bir yol {izerindeki toplam akisin, farkli bolgeler
arasinda seyahat etmek i¢in bu yolu kullanan siiriiciilerin olusturdugu akiglarin
toplamina esitligini ifade etmektedir. A‘;l"f’p, iil¢esinden w ilgesine p rotasini kullanarak

seyahat edenler a yolunu kullaniyor ise 1 degerini alan ikili bir degiskendir.

Bolgeler arasindaki seyahat talebi miktarlar1 egzojen olarak verildiginde yukarida
verilen ulasgim modeli, bu seyahatler icin kullanilacak rotalar1 ve trafikte denge
durumunda biitiin yollarin seyahat siirelerini hesaplamaktadir. Fakat, bir optimizasyon
problemini ¢6zen bu ulasim modelini mevcut haliyle CGE modeline entegre ederek
kullanmak pratik bir yontem olmamaktadir. Bir denklem setini simiiltane olarak
¢ozmek, bir optimizasyon problemini ¢ézmekten daha kolaydir. Bu yiizden CGE

modeli ile entegre kullanilacak ulasim modeli modifiye asagidaki gibi modeifiye

edImistir:
Zpathfpiw = Niw (11)
Xa = ZiZw Zp piw Al;lv,vp (12)
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ta = Aa + By [2]' (13)

th = ¥t AL (14)
X tiw
p=1 = 2p nfw (15)

Eger bitin yolculuklar icin toplam seyahat suresini minimize rotalar biliniyorsa ve
modifiye edilmis modele girdi olarak verilirse yollarin seyahat siireleri bu denklem
seti ¢cozllerek hesaplanabilmektedir. Bu Ag’,"p parametrelerinin artik endojen olmamasi
anlamma gelmektedir. Bu durumda baslangi¢ ekonomik dengesine bir sok
uygulandiginda, bir ¢6ziim prosediirii stratejisi olarak, ilk dnce baslangic durumundaki
rotalar verili kabul edilerel entegre edilmis model ¢oziilmekte ve ilgeler arasindaki
yeni seyahat talebi miktarlar1 belirlenmektedir. Sonrasinda bu seyahat talebi miktarlar
kullanilarak ulasim optimizasyon problemi ¢oziiliir ve yeni rotalar elde edilir. Bu slire¢
optimizasyon problemi sonucu elde edilen rotalar degismez hale gelene kadar iteratif

bir bicimde ¢dzilmektedir.

Modellenen kent ekonomisinde yalnizca bir adet malin iiretildigi varsayilmaktadir.
Uretim firmalar tarafindan iki {iretim faktdrii kullanilarak yapilmaktadir. Bunlar emek
(L) ve sermayedir (K). Temsili firmanin optimizasyon problemi asagida verildigi

gibidir:
min C(K,L) = 6K + wL (16)
st y=[BKP +(1—B)LP]/e (17)

Burada, C(K,L) firmanin iretim maliyetini, y lretim miktarini temsil etmektedir.

Firmalar belli bir miktar mal1 iiretirken maliyetlerini minimize etmektedirler.

Model asagida verilen piyasa dengesi denklemleri ile kapanmaktadir:
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y = Zi Zw Zs Zg Zt Nwsg (i: t)(ciwsgt + Kiw) (18)

K=%YwXs Zg Xt Nwsg(ir t)eil\(msgt (19)
L= ZiZw Zs Zg Zt Nwsg(i» t)eil{A/sgt (20)
ZW Zs Zg Zt Nwsg(i,’ t)di’wsgt = ZiZW ZsZg Zt eiI;/Ivsgt(i,) Vi, (21)

Burada dikkat edilmesi gereken bir husus ulagim maliyetinin ekonomide tiretilen tek
tip mal cinsinden kabul edildigi varsayimidir. Ayrica, el-’,i,sgt, eistgt ve eﬁ,sgt(i’)

hanelerin sahip oldugu emek, sermaye ve oturma alan1 miktarlarini temsil etmektedir.

SIMULASYON SONUCLARININ DEGERLENDIRILMESI

Bir onceki bolimde verilen model London Travel Demand Survey (LTDS) 2014,
Census 2011, Google Maps, Valuation Office Agency (VOA) Private Rental Market
Statistics (2014) ve Transport for London (TfL) Oyster Card Prices (2014) verileri
kullanilarak kalibre edilmis ve ardindan politika soklari uygulanarak olast politika

eylemlerinin ekonomik etkileri simiile edilmistir.

Kalibre edilen parametreler, hanelerin fayda fonksiyonlarinin mal ve oturma alan
tiiketimi terimlerini igeren bilesendeki a;,,sq¢ V€ aif‘l,vsgt parametreleri ve ilge cazibe
seviyelerini temsil eden W;,,; parametreleridir. Bunlar eldeki baslangic dengesi
verileri kullanilarak kalibre edilirken, modelde varolan diger parametre degerleri verili
kabul edilmistir. Verili kabul edilen parametreler ikame esnekligi parametresi (o),

seyahat siirelerinden kaynaklanan olumsuz fayda katsayi parametresi (y), ve temsili
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firmanin tretim fonsiyonunda yer alan £ parametresidir. Bunlara makul degerler

atanmistir.

Ulasim modeli parametrelerinin kalibrasyonunda ise farkli bir yol izlenmistir. A,, B,
ve @, parametrelirini kalibre etmek yerine bunlara makul degerler atanmis ve
modeldeki degiskenlerin degerleri hesaplanmistir. Sonrasinda, ilgeler arasindaki
gercek seyahat siireleri Google Maps’ten alinmis ve gercek sirelerle hesaplanan
stirelerin farkint gosteren bir kalibrasyon matrisi hazirlanmistir. Simiilasyonlar
yapilirken hesaplanan entegre model i¢cinde hesaplanan seyahat stireleri bu matristeki
degerler iizerlerine eklenerek kullanilmigtir. Boylece simiilasyon sirecinde, ilgeler

aras1 yolarin gercek seyahat siirelerinden faydalanilmis olmaktadir.

Bu boliimde oncelikle baslangi¢ denge durumu gorseller araciligr ile tarif edilmis,
ardindan trafik altyapisinin tamaminda yapilacak ve biitiin ilgeler arasindaki toplu
ulagim siirelerini %20 azaltacak bir iyilestirmenin farkli hanehalki gruplari tizerindeki

etkileri Londra haritasi iizerinde gorsellestirilerek verilmistir.

Sekil 1 Londra’nin ilgelerinde ikamet eden hanehalki sayilarini vermektedir. Merkez
ilceler cogunlukla daha kalabalik goriinmektedir, fakat cevre ilgelerde de niifus

yogunlugu goriilebilmektedir.

City of London il¢esinde yerlesik hanehalki sayist sifir gériinmektedir. Bu hem ilgili
ilceyle ilgili hanehalki verisi yetersizliginden hem de data isleme siirecinde kimi
kriterleri ~ karsilamayan  hanelerin  hesaplamaya  dahil  edilmemesinden
kaynaklanmaktadir. Tlge yerlesimci hane sayisi agisindan son derece kiigiik

oldugundan bu durumun bir sorun teskil etmeyecegi degerlendirilmistir.
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[J0-9635
1 9635 - 19269

0 19269 - 28904
I 28904 - 38538
M 38538 - 48173

Sekil 1 — Ilgelerde yerlesik hanehalki sayisi

Sekil 2, ilgelerdeki calisan/yerlesik niifus oranin1 géstermektedir. Beklendigi gibi kent

merkezindeki il¢elerde bu oranin yiliksek oldugu goriilmektedir.

I

[Jo3t-054
Jos4-057
B 057-0.68
W 068-113
W 113-588

Sekil 2 — Calisan/yerlesik niifus orani

Sekil 3’te ilgelerdeki toplu tasima kullanicilarinin orani verilmektedir. Goriildiigi gibi

merkez ilgelerde ise gidis gelis amagh seyahatlerde toplu tasima kullaniminin 6zel arag

kullanimina orani son derece yiiksektir. Cevre ilgelerde ise Ozel arag kullaniminin

tercih edildigi goriilmektedir.
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Sekil 3 — Toplu tagima tercih edenlerin oranlari

Ayrica alt hanehalki gruplandirmasima ornek olarak, biinyesinde okul g¢ocugu

bulunduran hanelerin sayilari1 ve oranlart Sekil 4 ve 5’te goriilmektedir.

Sekil 4 — Okul ¢cocugu bulunduran hanelerin sayisi
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[]0.00-0.00
[ 0.09-0.11
0.11-0.14
B 0.14-0.18
I 0.18-0.27

Sekil 5 — Okul ¢ocugu bulunduran hanelerin orani

Mevcut basglangi¢ dengesine politika soku olarak toplu ulagim altyapisinda toplu bir
iyilestirmeyi temsilen biitiin ilgeler arasindaki toplu ulagim seyahat siirelerinde
%?20’1ik bir azalma uygulanmistir. Simiilasyon ilk olarak hanehalklarni yerlesim
bolgesi, ¢alisilan ilge, ulasim yontemi ve gelir gruplarma gore kategorize ederek
yapilmistir. Ardindan hanehalkar1 evde okul ¢ocugu bulunup bulunmamasina gore
daha da ayristirilarak simiilasyon tekrarlanimstir. Bu iki simiilasyonun sonuglari
karsilagtirilarak hanehalklart ve ilge cazibe seviyelerinin heterojenize edilmesinin
sonuclara nasil etkilerde bulundugu arastirilmistir. Sonuglar hanehalklarini
ayristirmanin ve ilge cazibe seviyelerinin bu ayrigtirllmis hanehalki gruplar igin
heterojenize edilmesinin hanehalki davraniglarinda 6ncesinde goriilemeyen detaylarin

ortaya ciktigini gdstermektedir.

Sekil 6, uygulanan politika eylemi neticesinde toplu tasim kullanimindaki ytizde

degisimleri gostermektedir. Beklenildigi gibi toplu tasim kullanimi her ilgede artis
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gostermistir. Uygulanan yiizde degisim yiiksek seyahat siirelerine sahip bdlgeler icin
daha fazla siire kazanimi anlamina geldiginden, yiiksek seyahat siirelerine sahip ¢evre
ilgelerde toplu tasim kullanim artist merkez ilgelere gore gozle goriiliir bigimde

fazladir.

Sekil 6 — Toplu tagim kullaniminda yiizde degisim

Uygulanan politika neticesinde ¢evre ilgelerin 6nceki durumlarina gore daha avantajl
hale gelmesi bu ilgelere dogru bir niifus hareketine sebep olmustur. Sekil 7’de de
goriildiigii gibi cogunlukla merkez ilgelerde negatif, cevre ilgelerde ise pozitif nifus
degisimi gozlenmektedir. Bu durumun bir sonucu olarak konut fiyatlari cevre ilgelerde
artmig, merkezde azalmistir. Sekil 8’de konut fiyatlarindaki ylizde degisimler
gorulmektedir.
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[]-3943 - -1380
[ -1380 - -411
B an-o
Bo-814

I 514 - 1581
W 1581 - 2425

Sekil 7 — Yerlesik hanehalk: sayilarindaki degisim

[]-0.14 --0.03
[ -0.03 - 0.00
[ 0.00 - 0.01

B 0.01-0.05
I 0.05-0.11

Sekil 8 — Konut fiyatlarinda yiizde degisim
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Sonrasinda hanehalklar1 hanede okul ¢ocugu bulunup bulunmamasina gére daha da
heterojenize edilerek simiilasyon tekrar edilmistir. Sekil 9 ve 10 sirasiyla il¢elerdeki

toplam hanehalki sayis1 degisimini ve il¢elerdeki okul ¢cocuklu hanehalki sayilarindaki

degisimi vermektedir.

] -4107 - -953
[1-953-0
EHo0-824
I 524 - 1502
I 1502 - 2581

Sekil 9 - Yerlesik hanehalki sayilarindaki degisim

[1-825--262
[1-262-0
Eo-67
67 - 332
. 332- 1375

Sekil 10 — Okul ¢ocugu bulunduran hanelerin sayisindaki degisim
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Sekil 9’da goriildiigii gibi daha 6nceki simulasyon sonucuna benzer bigimde burada
da merkez il¢elerden g¢evre ilgelere dogru bir niifus hareketi goriilmektedir. Toplu
tagima siirelerinde meydana gelen %20 azalma gevre ilgeler i¢in daha ylksek seyahat
stiresi azalmalarina tekabiil etmektedir. Bu ylizden bu bolgeler baslangic
durumunlarina gore goreli olarak daha avantajli hale gelmislerdir. Fakat ilgelerdeki
hanehalki1 sayis1 degisimi bir 6nceki simiilasyon sonuglarina yakin olsa da degerler tam
olarak ayni degildir. Bu durum asagidaki tablolarla agiklanacak mekanizmadan

kaynaklanmaktadir.

Table 1 — (29,1,1) kategorisine ait hanehalklarinin baslangi¢ denge drumuunda ve sok uygulandiktan

sonraki dagilimlart

Nfixed(29,1,1)
1782

N_init(28,29,1,1,1) | N_init(32,29,1,1,1) | N_init(20,29,1,1,2) | N_init(29,29,1,1,2)
459 728 209 386

N_final(28,29,1,1,1) | N_final(32,29,1,1,1) | N_final(20,29,1,1,2) | N_final(29,29,1,1,2)
405.2638 535.035 381.7648 459.9364

Table 2 — (29,1,1) ve (29,2,1) kategorisine ait hanehalklarinin baslangi¢ denge drumuunda ve

sok uygulandiktan sonraki dagilimlart

Nfixed(29,1,1) Nfixed(29,2,1)
1187 595
N_init(28,29,1,1,1) | N_init(32,29,1,1,1) | N_init(20,29,2,1,2) | N_init(29,29,2,1,2)
459 728 209 386
N_final(28,29,1,1,1) | N_final(32,29,1,1,1) | N_final(20,29,2,1,2) | N_final(29,29,2,1,2)
519.9179 667.0821 268.8989 326.1011
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Tablo 1°de ilge 29°da calisan ve yiiksek gelir grubuna ait hanelerin, evlerinde okul
¢ocugu bulunup bulunmadgina gore kategorize edilmedikleri durumda hangi yasama
bolgesi (i) ve ulasim modu (t) seceneklerine dagildiklar1 goriilmektedir. Burada 6nemli
bir kabul yapilmis, hanehalki1 gruplarinin baslangi¢c dengesinde hig tercih etmedikleri
ayrik secim giftlerini, ok uygulandiktan sonra da tercih etmeyecekleri varsayilmistir.
Tablo 1’de ilge 29°da ¢alisan ve yiiksek gelir grubuna ait hanelerin yalnizca dort farkli
yerlesim bolgesi ve ulasim modu ¢iftini tercih ettikleri ve bu segeneklere dagildiklari
goriilmektedir. Uygulanan soktan sonra da mevcut dort ayrik se¢im ¢ifti alternatifine
yeni kosullar altinda yeniden dagilmislardir. Tablo 2, ilge 29°da calisan ve yiiksek gelir
grubuna ait hanelerin bir de hanede okul ¢ocugu bulunup bulunmamasma gore
ayristirlarak yapilan simiilasyona ait degerleri vermektedir. Ilk durumda 1782 hane
sayisina sahip ilge 29°da ¢alisan ve yiiksek gelir grubuna ait hanelerin ikinci durumda
1187 hane gocuksuz ve 595 hane cocuklu olmak Uzere iki alt gruba ayrildigi
gorulmektedir. Bu iki alt grup da kendi iglerinde ikiser yerlesim bolgesi ve ulasim
mode ayrik se¢im ciftlerine dagilmistir. Yukarida yapilan kabul burada ¢ocuklu
ailelerin sok uygulandiktan sonra yine bu iki ayrik se¢im alternatifine dagilacaklar
anlamina gelmektedir. Cocuksuz haneler i¢inde ayn1 durum gegerlidir. Gortildiigii gibi
ilk durumda sok uygulandiktan sonra 1782 hanenin tamami dort farkli ayrik se¢im ¢ifti
arasinda tercih yaparken, yapilan ayristirma neticesinde 1187 hanelik ilk grup iki
secenege, 595 haneli ikinci grup da yine iki segenege kisitlanmis durumdadir. Burada
ornegin cocuklu ailelerin baslangic durumunda hi¢ tercih etmedikleri ayrik se¢im
ciftlerini olusacak yeni denge durumunda da tercih etmeyecekleri varsayilmaktadir.
Ciinkii ilk durumda yaptiklari tercihlerin tiikketim olanaklar ve ise gidis dontis siire ve
maliyetleri disinda, yerlestikleri bolgenin bu hanelerin bagka ihtiyaglarina hitap eden
ozgiin birtakim 6zelliklerinden de kaynaklandig diisiiniilmiistiir. Ornegin baslangig
durumunda ilge 29°da ¢alisan ve yiiksek gelir grubuna ait olan hi¢ bir okul ¢cocuklu
aile ilge 28’1 yerlesmeyi tercih etmedigine gore evlerinde okul cocugu bulunmasindan
kaynakl1 ihtiyaglarini ilge 28’in karsilamadig1 ve bu ylizden yeni durumda da bu ilgeye

yerlesmeyecekleri diistiniilmektedir. Gortildiigii gibi haneleri alt gruplara ayristirmak
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onlarin se¢eneklerini daraltmaktadir. Bu durum haneleri bir alt gruba daha ayirarak
yapilan simiilasyon sonuglarinin bu kategorizasyon yapilmadan gerceklestirilen

simiilasyon sonuglarindan farkli olmasina yol agmaktadir.

Sekil 10’da goriilen okul ¢cocuklu hanelerin hareketleri de ¢evre ilgeleri dogru hareket
etme genel egilimiyle ¢ogunlukla uyumludur. Burada dikkat edilmesi gereken nokta
kimi ilgelerde toplam degisime bakildiginda hanehalki sayisinda bir artis goriilmesine
ragmen, okul cocuklu hanelerin sayisinda bir azalma gozlenmesidir. Bu durum
baslangi¢ durumunda okul ¢ocuguna sahip aileler i¢in cazip olan kimi ilgelerin toplu
tagima sisteminde yapilan iyilestirme sonucunda biitiin hanehalk1 gruplar1 i¢in daha
avantajli hale gelmesi sonucu bdlgedeki konut talebi ve fiyat1 artisindan
kaynaklanmaktadir. Baslangicta seyahat siireleri ve maliyetlerinin yiiksekligi
sebebiyle genel olarak hanehalklar1 agsindan dezavantajli goriilen bir ilge, belki de
okul sayisinin fazlaligindan 6tiirii okul cocuklu aileler i¢in cazip olabilmektedir.
Ilgenin bu &zelliginin avantajindan faydalanan hanehalklari, toplu ulasim altyapisi
iyilestirmesi sonucu biitiin hanelerin ortak kriterleri agisindan da (seyahat siireleri)
eskisine gore daha avantajli hale gelen bu ilcede yasanacak talep ve konut fiyati
artisindan olumsuz etkilenmekte ve belki de ilgeyi terk etmektedir. Sonug olarak alt
gruplarda genel egilimlerin aksine davranislar goriilebilmekte, bu da politika
yapicilarin bu alt gruplarin 6zgiin ihtiyaglarini da hesaba katarak politika gelistirmeleri
gerekebilecegini ortaya koymaktadir. Baslangigta bir alt gruba, o grubun 6zgin
thtiyaclarini karsiladigi i¢in cazip gelen bir ilgenin biitiin gruplar i¢in avantajli hale
gelmesi bolgedeki yasam1 daha maliyetli hale getirerek s6z konusu alt grubun bolgeyi
terk etmesine sebep olabilir. Bu durumda 6rnegin okul ¢ocuklu aileler icin okula

erisimin biitiin il¢elerde artirilmasi gibi politika 6nlemleri diisiiniilebilir.
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SONUGC

Bu tezde kent ol¢eginde c¢alisan entegre bir Hesaplamali Genel Denge modeli
kullanilarak, toplu tagima altyapisinda yapilacak bir iyilestirmenin hanehalk: gruplari
tizerindeki ekonomi etkileri incelenmistir. Yilmaz’in (2018) modeli gelistirilerek
aciklayici giiciiniin artirilmasi ve hanehalklar1 davraniglar ile ilgili daha detayli bir

tablo elde edilmesi amaglanmustir.

Elde edilen sonuglar, ilge cazibe seviyelerinin tiim hanehalki gruplarina gore
heterojenize edilmesi ve hanehalklarinin alt gruplara ayristirilmasinin s6z konusu
politika eylemlerinin olas1 etkileri hakkinda daha detayli bir tablo edilebilecegini
gostermektedir. Dahasi, yapilan gelistirme sonucunda kimi hanehalki gruplarinda
genel egilimlerin aksine etkilerin ortaya ¢iktig1 gézlemlenmis, politika yapicilarin
politika gelistirirken bu olguyu da hesaba katabilecekleri belirtilmistir. Baglangigta
kendi 0Ozgiin ihtiyaglarindan 6tiiri, hanehalklarinin  buyik kesimlerine cazip
goriinmeyen bir bolgede toplanan kimi haneler icin, kentte yapilan bir altyap:
lyilestirmesi sonucu bu bdlgenin her gruba hitap edecek sekilde gelisme kaydetmesi
bolgeye olan talebi artirip konut fiyatlarimi yiikselterek olumsuz sonuglar
dogurabilmektedir. Oncesinde &zgiin kimi avantajlarindan &tiirii yalnizca kendilerine
cazip goriinen bolgenin faydasini yasayan oOzellikle diisiik gelirli kimi gruplar,
cogunlugun faydasi anlamina gelen bir gelismeden zarar gorebilmektedir. Bu durumda
politika yapicilar bu gruplarin durumlarin1 da hesaba katarak ek politikalar

gelistirmeyi diistinebilir.

Bu c¢alismada veri yetersizliginden oOtiiri hanelerin evsahipligi bilgisinden
faydalanilamamistir. Eger bu verilere de sahip olunsayd: hanehalki davranislari,
Kiracilar ve evsahipleri agisindan farkli egilimlere sahip olunabilecegi ger¢eginden

Oturd daha gercekei bir bicimde resmedilebilirdi.
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Mevcut modelin, hanehalkarinin fayda fonksiyonuna kimi kamu hizmetlerine erigimin
(okul, hastane vb.) dahil edilmesiyle, yerlesim bolgesi se¢im mekanizmasinin daha
gercekei hale getirilerek gelistirilebilecegi degerlendirilmektedir. BOylece daha
geliskin bir model elde edilebilir ve politika yapicilar hanelerin s6z konusu kamu

hizmetlerine erisim ihtiyaglari hakkinda daha isabetli dngdrilere sahip olabilir.
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