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ABSTRACT

EVALUATING WIDER IMPACTS OF TRANSPORT USING AN INTEGRATED
URBAN CGE MODEL

Yilmaz, Ozhan
Ph.D., Department of Economics
Supervisor  : Prof. Dr. Ebru Voyvoda

August 2018, 163 pages

This study follows the literature that utilizes a more hybrid approach to grasp the
heterogeneity among different agents in an urban context. Such an integrated approach
can handle impacts of transport policies comprehensively, while simultaneously
capturing the behavioural heterogeneity of different agents. This is achieved by adding
model components capturing key theoretical elements of discrete choice theory into
an applied general equilibrium model. “Full integration”, where all blocks of models
run simultaneously to find an equilibrium, makes distinct this study from the similar

ones.

After testing the proposed model using a pseudo data set, and different household
categorisation settings and scenarios, I applied it to evaluate effects of London’s
planned Crossrail 2 project, which aims at connecting North and South London rail
systems. I used London Travel Demand Survey (LTDS) micro-data in the analysis.
Model results show that rental price would increase significantly in certain boroughs
(Waltham Forest, Merton, Barnet, Enfield and Kingston upon Thames) where the

project improves the public transport accessibility. The total increase in public

v



transport ridership by 32,280 leads to a 6 per cent increase the public transport use in
commuting. Model results show that number of households in boroughs, in which
public transport accessibility is improved due to the Crossrail 2 project, increases while

central boroughs lose a considerable number of households to these boroughs.

Leaving aside the innovation it offers, the key outcome of this study is the required
accumulation of knowledge and motivation for future studies in fully-integrated urban
CGE models. Findings of this research and newly introduced approaches and methods
can be used to develop a more comprehensive model employing all the capabilities of

CGE and urban transport modelling.

Keywords: Computable General Equilibrium, Applied General Equilibrium, Discrete
Choice Models, Full Integration, Crossrail 2 Project
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ULASIMIN GENIS ETKILERININ KENTSEL BIR CGE MODELI
KULLANILARAK DEGERLENDIRILMESI

Yilmaz, Ozhan
Doktora, Tktisat Bolimii

Tez Yoneticisi : Prof. Dr. Ebru Voyvoda

Agustos 2018, 163 sayfa

Bu calisma, ekonomik birimler arasindaki heterojenligi kent 6l¢eginde ele almak
amaciyla hibrit yaklasimi kullanan literatiirii takip etmektedir. Boyle bir yaklagim,
farkli birimler arasindaki davramigsal farkliliklar1 dikkate alarak ulasim politikalarinin
daha kapsaml1 bir sekilde incelenmesine olanak saglamaktadir. Bu, ayrik se¢im teorisi
temelli model bilesenlerinin hesaplanabilir genel denge modeline eklenmesiyle
saglanmaktadir. Biitiin model bloklarinin dengeyi bulmak amaciyla ayni anda calistig1
“Tam Entegrasyon” yapisi, bu calismayr literatiirdeki diger ¢aligmalardan

ayristirmaktadir.

Onerilen model, pseudo-veri, farkli hanehalk: kategorileri ve senaryolar kullanilarak
test edildikten sonra, Londra’da yapilmasi planlanan ve Kuzey ve Giiney demiryolu
aglarim1  Dbirlestirmeyi amaclayan Crossrail 2 projesini degerlendirmek icin
kullanilmistir. Analizler i¢in Londra Ulagim Talep Anketi mikro verileri kullanilmistir.
Model sonuglari, proje sonucunda toplu tagima erisilebilirligi artan bolgelerde

(Waltham Forest, Merton, Barnet, Enfield ve Kingston upon Thames) konut
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fiyatlarinda 6nemli Olciide artis oldugunu gostermektedir. Toplu tasima kullanim1 da
giinliik 32.280 artigla yiizde 6 oraninda artmaktadir. Model sonuglarina gore, Crossrail
2 projesi sonucunda toplu tasima erisilebilirligi artan bolgelerde hanehalki sayisi

artarken, kent merkezindeki bolgelerdeki hanehalk: sayis1 azalmaktadir.

Bu alanda getirmis oldugu yeniligin Otesinde, bu calismanin asil ¢iktis1 tam
entegrasyona dayali kentsel CGE modellerinin gelistirilmesine yonelik bilgi ve
motivasyonun gelisimine olan katkisidir. Bu ¢aligmadaki bulgular ile ilk kez 6nerilen
yaklasim ve metodlar, CGE modelleri ve kentsel ulasim modellerinin tim
yetkinliklerini  kullanan =~ daha  kapsamli  modellerin ~ olusturulmasinda

kullanilabilecektir.

Anahtar Kelimeler: Hesaplanabilir Genel Denge, Ayrik Secim Modelleri, Tam

Entegrasyon, Crossrail 2 Projesi
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CHAPTER 1

INTRODUCTION

Although it cannot be classified as a final good or service (with a few
exceptions like cruise travels) transport is a key driver of economic activity. Without
an adequate transport network (or infrastructure), one cannot mention proper
functioning of markets. Transport infrastructure provides transmission channels for
goods and services required by people and industries and lets industries to reach labour
force they need in their production processes. People commute to their works, go to
hospitals, schools and public institutions to get health, education and other public
services or travel to some shopping districts thanks to the accessibility provided by
transport networks of cities. Like most physical networks, transport networks are
exposed to severe efficiency problems led by ineffective mechanisms in prioritising
higher value trips (freight and service vehicles) or space efficient trips (public
transport, high occupant vehicles). In most cases without scarcity in capacity, excess
capacity tolerates these problems and we often do not notice this mechanism. So is the
case for transport networks. However, urbanisation, accompanied by the economic
development of cities, requires more than provided additional capacity to deal with the
increasing pressure on transport infrastructures. This pressure, in cities with barely
adequate level (or inadequate level) of capacity, often leads to capacity shortages. So,
traffic congestion problem becomes an example to the infrastructural capacity shortage
in cities. The transport system of a city, indeed, shall be deemed to be the Achilles’
heel, as transport is affected not only by increasing population but also increases in the
number of trips, origin and destination points creating urban traffic and land use

demand.

The issues of urban traffic congestion and its externalities have been among
the top priorities of major cities and, several projects have been performed or planned
to respond to the problem. How successful cities are in reducing traffic congestion

(and/or increasing public transport ridership) is heavily under debate, as traffic is not

1



getting better in these cities, according to some indices for traffic conditions. To give
an example, according to the TomTom Traffic Index: Measuring Congestion
Worldwide, regarding overall congestion level! among major cities, Mexico City
(Mexico) tops the list with a congestion level of 66 per cent, passing two Asian cities
Bangkok (Thailand) and Jakarta (Indonesia) with the levels of 61 percent and 58

percent, respectively.

Despite many mega infrastructure projects, increasing traffic congestion urges
the need to plan urban transport better. It is obvious that better planning requires better
tools, but we need better tools in what aspects? One can argue that assessment of
transport policies and projects are focused on a few specific questions trying to find
answers for costs and benefits of these. However, such questions would probably lead
us to work with aggregates (and averages) leaving every kind of disparities aside. To
give an example, how can we qualify a congestion pricing scheme or a traffic pollution
charging scheme as successful if the policy impedes access to the job market for low-
income people, particularly for women, living on outskirts of a city without an
adequate public transport infrastructure? In other words, are we sure about the possible
burdens of candidate policies lay on different groups of people, and individuals’
responses to reduce the effects of these burdens? Policymakers should evaluate
candidate policies, also asking questions such as: whether the proposed policy causes
a change in expenditure structure of low income people residing at a specific location
and the effect of this policy on working decisions of a specific group of people, or the
impact of unskilled immigrants on road traffic and the parts of the city that would
require investment in the future due to the sharp increase in population. That’s to say,
the problem laid demand complementary analyses that would raise the capability of
policymakers assessing transport policies in a more comprehensive and equitable way
considering impacts on different groups. Such analyses require going into details of
heterogeneity among people, and so, should make use of both micro and macro-level

data that are available to researchers.

As Graham (2007) discusses, standard cost and benefit appraisal methods do

not address economic impacts of transport policies and investments completely.

! Increase in overall travel time when compared to an uncongested situation.
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Microsimulation models can model households’ and firms’ behaviours using micro-
level data (Robilliard et al., 2001). However, these models are partial equilibrium
models and they only consider the household side of the economy (Peichl, 2008). On
the other hand, general equilibrium models are generally able to provide insights into
market mechanisms allocating resources on mutually interdependent markets. They
use a few numbers of (or only one) representative agents (Peichl, 2008). Therefore,
they are unable to grasp possible heterogeneity among agents and their behavioural
responses to policy changes. In order to internalise transport externalities and
distribution of impacts among different economic agents, integrating general
equilibrium models with microsimulation models is considered to be a promising

method with substantial potential to close this gap.

To this end, models integrating economic models and household choice models
based on discrete choice theory might be a promising field to evaluate wider economic
impacts of transport policies while considering heterogenous economic agents.
Computable General Equilibrium (CGE) models (or Applied General Equilibrium
models) provide a good mathematical framework that can accommodate different

types of models.

Employing CGE models in transport-related research questions (impact
assessment studies, in particular) has become more alluring recently. The literature is
still in its infancy, but the weaknesses of traditional cost-benefit assessment (CBA)
analyses in transport studies in internalisation of transport externalities and distribution
of impacts among economic agents are often referred to explain this trend (Robson
and Dixit, 2015). Considering the central role of transport activities throughout the
economy, these weaknesses become too important to be neglected, particularly for
mega public projects in transport relying on taxpayers’ money. Proposing a more
comprehensive approach with solid economic foundations, applied general
equilibrium models are often preferred to evaluate, not only direct impacts of projects
but also indirect impacts of them. Yet, these models turn out to be highly complex and

require a substantial amount of consistent data.

The models in the literature can be classified with respect to different attributes,

such as classification in terms of the geographical unit the models are applied: (i)

regional models and (ii) urban models (Robson and Dixit, 2015) and the portion of the
3



economy transport is assumed to influence: (i) production activities, where transport
is treated as an industry or a cost item resulting from transfers, (ii) discrete choice
decisions (location choice, in particular) of economic agents (particularly households).
The literature shows that these two different approaches in the classification of

transport CGE models have similarities with each other.

Regional CGE models, in which the focal area is trade in general, are often
used to assess impacts of transport policies and investment projects at regional scale.
They represent the interaction among different regions using multi-regional social
accounting matrices (SAMs). High level transport networks are the transport contexts
of these models. Therefore, strategic transport networks (for example, TEN-T

network) are often used in these models rather than urban transport networks.

The context of an urban CGE model is the urban area. This kind of models is
good to assess impacts of transport policies and investment projects on behavioural
change of economic agents (households or individual travellers, in particular).
Therefore, key parameters in urban transport modelling like location (residential,
working), transport mode and route choices of agents become an integral part of these
models. This integration is often established in a form of “loose integration” where
transport models provide transport figures (travel time and cost) to the CGE model as

inputs in an iterative procedure.

This study follows the literature that utilizes a more hybrid approach to grasp
the heterogeneity among different agents in an urban context. This approach is useful
to endogenize interactions among different markets in a single framework. Such an
integrated approach can handle impacts of transport policies comprehensively, while
simultaneously capturing the behavioural heterogeneity of different agents. This is
achieved by adding model components capturing key theoretical elements of discrete

choice theory into an applied general equilibrium model.

The primary goal of the Thesis is to develop a comprehensive modelling
framework to analyse impacts of urban transport policies on different groups of people.
A macroeconomic model of the urban-CGE tradition (based on the applied general
equilibrium modelling and extended in spatial dimension) is integrated with a

household choice model (based on discrete choice theory) and a travel model (based



on Wardropian equilibrium). The proposed integration procedure is the “full
integration” where three sub-models (economic, household choice and travel models)
run simultaneously. The model employs disaggregate level data at household scale.
The primary agents of the model are the individual households that are heterogeneous
in many respects including household skills, household preferences on residential

locations and transportation mode for commuting purpose.

It’s expected that the proposed framework would contribute to planning where
economic, social, demographic and land-use consequences of transport policies and
investment projects are duly assessed. This will help us to design transport policies
and plan investment projects alleviating negative externalities of current household
location choices and mobility patterns while considering impacts of these policies and

projects on heterogenous of people.

The primary objective of this research is developing and testing the feasibility
of a fully-integrated urban CGE model to assess wider impacts of transport policies
and projects. Secondary objectives can be listed as follows: (i) to identify data and
workload requirements for developing a fully-integrated urban CGE model, (ii) to
identify challenges and potential ways to overcome these challenges, and (iii) to

provide another option in transport (and land use) planning for decision makers.

The thesis provides several innovations at different levels. These can be

outlined in four main pillars as follows:

1) Comprehensiveness: Considering bidirectional interactions between
the pairs of the economy, land use and transport enable us to develop
an integrated model capable of illustrating impacts of different policies
on different markets and factor utilisation.

2) Integration: Transport model is transformed into a set of equations
using a new method. By this way, the model becomes a set of equations
for blocks of different sub-modules, which run simultaneously rather
than in iterations. This makes it a fully-integrated model ensuring
equilibrium values.

3) Heterogeneity level of economic agents: Disaggregate level of

economic agents is employed in the model. This will contribute to



understanding how different types of agents differ in their behavioural
responses (housing location choice, in particular).

4) Implementation: At the last but not the least, a real case (Crossrail 2
Project) in London is assessed using real data (household surveys). This
kind of implementation at this scale provides several implications about

the use of fully-integrated models for large networks.
The organisation of the Thesis is as follows.

This chapter provides a brief introduction to arising problems in urban transport
and needs to use comprehensive tools to tackle these problems. This conceptual
discussion is followed by a literature review providing key CGE studies in transport

appraisal, and as well as the Thesis organisation.

Chapter 2 is the modelling approach chapter. This explains model
specifications for households and firms. I elaborate the procedure for integrating three
models (economic model, household choice model and travel model) and data

requirements in this chapter.

Chapter 3 tests the proposed integrated model using a pseudo data set of a
representative urban unit with four districts. In the scenario analysis part of this
chapter, I evaluate a set of alternative transport policies (i.e. capacity increase in
private transport, public transport improvement, cordon pricing) and analyse the
impacts of such policies on a set of parameters including household locational

distribution, demand on consumption goods and housing, and housing prices.

Chapter 4 introduces the urban CGE model constructed to analyse wider
impacts of transport policies to be applied in Greater London Area (GLA). The

constructed model is used to analyse impacts of planned Crossrail 2 project.

The Conclusion chapter concludes the Thesis by providing concluding remarks

and recommendations for future studies.



CHAPTER 2

MODELLING APPROACH

2.1 Introduction

There are different CGE modelling approaches in transport appraisal.
Following the classification approach proposed by Robson and Dixit (2015), these
approaches can be classified into two broad classes: (i) Regional CGE Models and (ii)
Urban CGE Models. The focal area in regional models is trade activities taking place
on strategic transport networks while urban CGE models have close interaction with
urban transport modelling where movement of people on a congested network is the

primary concern.

2.1.1 Regional CGE Models

CGE modelling has a long history in regional science. These models are
employed for transport appraisals at a regional scale or even an international scale like
CGEurope (Brocker, 1998) and RHOMOLO (Mercenier et al., 2016). A typical
regional model aims at forecasting socio-economic and spatial impacts of big transport
projects having an impact on the accessibility of several regions like Trans-European

Network (TEN) projects for transport.

In this modelling approach, multi-regional social accounting matrices are
employed to represent each region and produce regional indicators (regional GDP,
regional employment, regional accessibility, etc.) to assess impacts at regional scale.
The aim of these models is to represent the interaction between regions, therefore,
urban transport networks are not considered but the strategic ones connecting regions.
For this reason, traffic congestion is avoided in analyses and travel cost is linked to

travel distance.

Brocker has contributed significantly to the literature on the application of CGE

models in transport appraisal. One of the most influential innovations of Brocker



(1998) model is the introduction of “transport agents”, carrying out transport activities
in an economy, along with usual economic agents: producers and households.
Transport then is related only to business activities rather than personal affairs. In
Brocker (2002), private passenger travels are considered along with business related
travels. Transport activities and associated costs are treated in a completely different
manner in Brocker et al. (2004). In this study, Samuelson’s (1954) well-known iceberg
transport cost model, which suggests a cost function that is a linear function of the
distance, is adopted. This approach is also inherited in Brocker et al. (2010), in which
geographical trade cost of a commodity is correlated with the transfer distance.
Influenced by Brocker (2002), Zhu et al. (2012) analyse wider economic impacts of
selected transport (building HS2 and dualling A11) and land use (releasing Green Belt)
policies for London and surrounding areas using a static CGE model for an open

economy with more industry and trade flavours rather than urban issues.

The European Commission’s (EC) RHOMOLO model is another example of
spatial CGE model used for regional studies. The model is a traditional CGE model
with a special focus on spatial interactions among 267 regions. These interactions
cover trade of goods and services, capital mobility, interregional investments and
knowledge spill-overs. Transport costs are only for trade activities with the iceberg
type and introduced to the model as an asymmetric trade cost matrix, which is derived
from EC TRANSTOOLS transport model. (Mercenier et al., 2016) RHOMOLO model
is mainly used for cohesion policy impact assessment purposes. As for shocks to the
model, it employs a variety of policies including investment support for transport
infrastructure, human capital and innovation. (Boeters et al., 2017) Oosterhaven and
Knaap (2003) uses a CGE model (RAEM) of Knaap and Oosterhaven (2000) to
evaluate impacts of six different rail connection alternatives for linking Groningen
City and Schiphol Airport along with the reference scenario. Authors revise this study
in Knaap and Oosterhaven (2011) with minor changes in welfare gains offered by the

alternative scenarios.

Unlike many regional models (like urban transport models, dialectically in this
term) Kim et al. (2004) proposes an integrated framework with a dynamic CGE model

accompanying with a transport model, which measures accessibility changes as



consequences of highway projects, to evaluate highway projects in terms of economic

growth and regional disparity in South Korea.

Household demand for transport services is investigated with a perspective of
energy issues in Berg (2007) where households and producers are subject to energy

and environmental taxation in the model framework.

Verikios and Zhang (2015) apply a comparative-static multi-region CGE
model (MMRF — Monash Multi-Region Forecasting) and a microsimulation model
together to quantify direct and indirect effects of structural changes in Australian urban
transport industries. They split Australia into eight regions and observe the effects of
these changes at the micro level (households). In this study, urban transport is taken as

a regulated industry.

2.1.2 Urban CGE Models

Unlike regional CGE models, which often focus on trade-related issues, urban
CGE models mostly are more on the impact on the behavioural side. Thus, discrete
choices that decision-makers face, such as the choice of residential or working
locations of households, are the main concerns of these models. Transport modelling
is another key part of urban models. Unlike regional models, in which simplified
transport networks might be enough to represent regional transport activities, traffic
congestion and its externalities necessitate considering different household decisions

like mode choice and route choice decisions in urban models.

There are several scholars producing significant contributions. Among these,
Alex Anas is to be cited as one of the earliest contributors in designing discrete choice
model applications in transport studies (Anas, 1982). He has developed the Regional
Economy, Land Use and Transportation Model (RELU-TRAN), a spatial CGE model
to evaluate the impacts of implemented transport (and land-use) policies on
metropolitan areas, in collaboration with 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)].

Horridge (1994) handles urban transport problem using a simpler but very

effective modelling approach benefiting from the core implications obtained from the



discrete choice theory. He introduces an urban CGE model to evaluate impacts of
certain scenarios to be applied in Melbourne, Australia. In this model, multinomial
logit (MNL) probability of selecting any housing and working locations pair is used to
determine the share of each pair of all pairs, thus paving the way to calculate market
shares. These aggregates are then inserted into a general equilibrium model,
influencing market dynamics in a way to take people’s decisions into account. This
aggregation approach is investigated by Magnani and Mercenier (2009) thoroughly.
To integrate partial equilibrium and CGE models, they propose to use exact
aggregation method where heterogeneous individuals are aggregated into a
representative agent. They show that, under certain conditions for the labour market,
aggregating discrete choice probabilities of a large set of statistically identical and
independent individuals gives the same aggregate labour supply function derived by

optimising a single agent with constant elasticity of transformation (CET) function.

Sato and Hino (2005) propose a CGE model to evaluate long-term land use,
regional economy and transport effects of the congestion charging scheme to be
applied in central Tokyo. In the proposed model, probabilities for location choices of
households and businesses are calculated using logit models. Proposed CGE model is

coupled with a general 4-step travel model to model travel preferences.

Rutherford and van Nieuwkoop (2011) suggest an urban transport CGE model
to evaluate impacts of high skilled labour inflow to Zurich on different markets in a

simple economy with economic agents of households and producers.

Truong and Hensher (2012) propose a method integrating discrete choice (DC)
models and continuous demand (CD) models in CGE framework to evaluate wider
economic impacts of a transport project in Sydney. Transport is considered as a service
sector or a cost item that should be borne by producers mostly in regional models,
while, in urban models, it is an important factor changing the accessibility of locations

so choices of decision makers.

Indeed, the most influential feature of transport doesn’t lurk in monetary terms,
neither being a sector nor a cost item, but in the accessibility that it provides to each
agent in an economy. Accessibility has a central role in people’s decision-making

mechanism. As far as the transport (urban transport in particular) is concerned, a
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representative agent in a classical CGE model cannot deal with accessibility, which

lies at the heart of our problem.

At this point, behavioural models based on discrete choice theory offer great
potential to grasp heterogeneity among agents. As discussed in Horridge (1994),
Magnani and Mercenier (2009) and Truong and Hensher (2012), establishing the link
between disaggregate discrete choice models and aggregate CGE models is key to

construct integrated models.

This study introduces a framework to represent and analyse heterogeneity in
different agents and to endogenize interactions among different markets in the single
mathematical framework. The integrated approach proposed, while simultaneously
capturing the behavioural heterogeneity of different agents, aims at handling impacts
of transport policies comprehensively. This interaction is achieved by adding model
components capturing key theoretical elements of discrete choice theory into a CGE
model. Besides this integration, a travel model based on Wardrop’s First Principle
(user equilibrium) is embedded into the mathematical framework. Such an integration
makes the proposed model perform three different tasks (economic, household choice
and transport modelling) in a single framework without sequential simulation runs

searching for a predetermined level of convergence.

This section is an introduction to the modelling approach that is proposed to
construct a model integrating an economic model with a household choice model and
a travel model. Section 2 introduces the adopted modelling approach and key
assumptions in constructing the model. Section 3 provides detailed information on
model specifications for economic agents. In this section, I explain theoretical
foundations of the integrated model. Section 4 discusses fundamental mathematical
equations framing problems of household location and mode choice, traffic
equilibrium and general equilibrium and provides a list of market clearing equations.
Section 5 concludes this Chapter by providing specific recommendations on future
studies based on this conceptual framework accompanying with limitations of this

study and general recommendations on some policy issues.
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2.2 Modelling Approach

This Section proposes, an urban CGE model with heterogeneous households
and firms?. Households are assumed to be the owners of dwellings and capital stock,
so households benefit from unearned income generated by renting these assets. Firms

carry out their production activities.

Transport enters in two ways into the model proposed. On one hand, transport
is part of households’ utility problem via the disutility of the time spent on journeys.
On the other hand, transport costs are considered in the budget constraints of
households. Travel activities, therefore, have negative impacts on household’s utility
level, particularly for people whose residential locations are far away from their
working locations. Using this modelling approach, one would ensure the formation of
a balance between housing and transport costs of each household. Otherwise, failing
to represent one of the two cost items would lead the model to generate unexpected
(and implausible) results. To give an example, without any transport cost, households
would choose inexpensive housing locations regardless of their working locations or
households would want to reside as close as possible to their working locations to

minimise transport effects on their utilities in case of incurring no housing cost.

Discrete Choice Model CGE Model
(Household Location Choice) (Macroeconomic Dynamics)

Travel Model
(Travel Cost and Duration Schemes)

GAMS

Figure 2.1 Integration approach of models

2 Government, landlords or any other decision makers are neglected in the model framework.
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A travel model, which provides travel times between the specified nodes in the
city, is embedded into the CGE model. By this approach, extra traffic created by the

relocation of people can be loaded into the congested network, and vice versa.

I assume that there is no change in population pool and existing households do
not change their working locations. This means that discrete choices of households are
residential locations and transport modes they will use for commuting. Producers are
assumed to be fixed at their operational locations as well. This makes the model a

residential location choice model in a CGE framework.

2.3 Model Specifications

The model has two different economic decision makers: (i) Households and (ii)
Firms. Households decide on their housing locations, transport mode and expenditures
on housing, goods and services. Firms are cost minimizers. They decide on the amount
of factors to production they will use for a certain level of output. Firms are assumed
to be immobile and not exposed to transport costs. The integrated framework is

composed of three sub-models running simultaneously:

1) Household Choice Model determines the probabilities of selecting specific
residential locations and transport modes for the travels between residential
locations and working locations. Discrete Choice Theory is used to calculate
these probabilities. Household utility functions that are used to calculate choice
probabilities include both utility components priced at markets and unpriced
ones. Consumption demand on housing, goods and services are priced at
respective markets. However, utility components neighbourhood’s
attractiveness and disutility of travel time are not priced at markets. Parameters
of these elements are calibrated using initial values.

2) Transport Model calculates the travel time and travel cost required for
journeys between relevant OD (origin-destination) pairs. Main input of this
sub-model is the number of households for each OD pair.

3) CGE Model is comparative-static. It calculates the impacts (market prices,
factor utilisation, output) of a policy shock (policy change, project, etc.) to

compare two future states models (without shock/with shock).

See Appendix A for the full list of parameters and variables of the model.
13



2.3.1 Network and Travel Model

The Household Choice Model uses the travel times of commutes and the CGE
Model uses associated costs for these travels exogenously. Households use these
parameters in their own decisions of consumption, housing location and travel mode
choices. It is important to model travel activities on a transport network, although
utilising observed data on travel costs and times in economic models is an option.
However, one should bear in mind that this option comes with a severe cost: neglecting
effects of people’s residential location choices on the transport network. Instead,
establishing a bidirectional link between the economic model and the travel model is
preferred. This link can be formed in two possible ways: an “easy” (but messy at the
same time) way with a “loose integration” of two models searching for a level of
convergence through solving both models iteratively® and a “hard” way with full
integration of two models, which requires modelling different models as sub-models
in a single mathematical framework. In this study, the latter way is used. Thus, a travel
model, which is based on Wardrop’s First Principle (1952), is formulated along with

the CGE model and household location choice model.

Explicitly emphasizing the need for a theoretical model of traffic, Wardrop
(1952) introduced road traffic equilibrium principles, which constitute foundations of
many travel models. In his seminal study, Wardrop elaborates on two alternative

criteria in determining route assignments:

(1) The journey times on all the routes actually used are equal, and less
than those which would be experienced by a single vehicle on any
unused route.

(2) The average journey time is a minimum (p.345)

The first criterion, Wardrop’s First Principle, proposes that traffic reaches an
equilibrium state where no driver can reduce travel time (be better off) by choosing
another route. This principle is often attributed to “user equilibrium (UE)” in the
literature. This criterion is explained by Wardrop (1952) as follows: “The first criterion

is quite a likely one in practice since it might be assumed that traffic will tend to settle

3 One should note that convergence is not always guaranteed in iterative solutions procedures.
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down into an equilibrium situation in which no driver can reduce his journey time by

choosing a new route.” (p.345)*

The second criterion (Wardrop’s Second Principle), indicates that a driver
behaves in cooperation with the others ensuring the most efficient utilisation of a
transport network. Drivers’ choices lead to the “system optimal (SO)”. In practice, this
condition is unlikely to be achieved without such an outside intervention like a tolling
system (Holden, 1989). The First Principle is formulated as in the following link-route
representation using travel time function of LeBlanc et al. (1975) where total travel
time along an arc is a function of free flow travel time and additional time required

due to increasing traffic density:

. # x )
min Z(x)=§J;Aa+Ba {gj dx 1)

s.t.

where A is the time required to traverse a link under no traffic condition, B is the traffic

congestion coefficient, x is traffic flow and Q is the link capacity.

(1) Sum of traffic flows on different paths for specific journeys from i to w

equals to travel demand from i to w:

> S = (S 20) )

path

where f'is traffic flow on a path and ¢ is travel demand for specific origin-destination

(OD) pairs.

(2) Sum of all traffic flows using a link equals to traffic flow on this link:

X, =D DD o AN 3)

i w path

where, Ai,f”pa,h is the link-path incidence parameter (1 if link a is in the path from i to

w, 0 o/w).

4In Holden (1989), this explanation is claimed to be another principle (Wardrop’s Third Principle) after
explaining key differences between Wardrop’s First Principle and the above statement.
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Although embedding household location choice model into the CGE
framework is straightforward using probabilities to calculate market shares of each
discrete choice (See Horridge, 1994; Truong and Hensher, 2012), embedding travel
model is hard and requires travel model to be converted into a set of simultaneous
equations as opposed to an optimization problem. For doing this, I propose a new
method, which ensures the unique optimal solution of the UE model, to do this

conversion as follows (See Appendix B for a brief explanation and proof):
(1) Equation (2)
(2) Equation (3)

(3) Travel time on a link is calculated using a convex non-decreasing function:

ta:Aa+Ba[;‘l} 4)

a

(4) The total travel time of a path from i to w equals to the sum of travel times
of all links belonging to this path (link-path incidence parameter A is

given):
t;:;th = Zta ’ A;vfpalh (5)

(5) If a path is used for travelling from i to w travel time of this path will be
equal to any path that is used for travelling from i to w (Wardrop’s First
Principle) where 7Z'(i, W) is the number of different paths used for a
journey:

" Ly
it = 2, = (o)~ (6)

path

In this setting, link-path incidence parameter A is treated as an exogeneous
parameter, which is calculated by solving TAP with changing transport conditions and

later verified using an algorithm. (See Appendix C for the verifying algorithm)

Although the above model provides travel time information varying with traffic
congestion level on each link, it doesn’t give information on the monetary cost of
travel. This requires defining an additional travel cost function for travel costs, mainly

based on fuel consumptions of vehicles. There are, in the transport literature, some
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empirical studies investigating the effect of congestion on fuel consumption. These
studies, in general, indicate that traffic congestion leads to increase in fuel
consumption of vehicles; however, traffic congestion’s effect on fuel consumption is
limited when compared to its effect on journey times (Treiber et al., 2007). This effect
is modelled for private transport mode using the following formula assuming fuel

consumption increases linearly between two reference points.

f
| ~f o Fam=r bioo (e r f
I(ivtfnz='1' - |:C + Tf tc_(c _C ):| ’ Diw ’ p (7)
iwm="'1" “100

where, C’ is the fuel consumption under no congestion condition, C° is the fuel

consumption under a reference congestion level, 7/ is the travel time under no

congestion, #, is the reference travel time under no congestion condition (hour/100

km), ¢, is the reference travel time under a reference congestion level (hour/100 km),

D, is the distance and p’ is the fuel cost per litre.

Other travel modes are assumed to be not exposed to negative effects of traffic
congestion. Therefore, one can list and utilize the travel times and costs for each of the

other mode (list) in pre-determined static travel matrices®.

2.3.2 Households

Households are categorised according to their residential location (7), working
location (w), preferred commuting mode (m) and skill level® (g). The indices for
residential and working locations for households denote the regions in the boundaries
of the city to be studied. Households with no working location would have the index
value “0”, w=0. The commuting mode is divided into four categories: (i) non-
commuting, (ii) car, (iii) public transport and (iv) other transport modes (including

non-motorised transport). In the classification of households, 3 types of skill levels are

5 However, traffic congestion would affect bus routes without any dedicate lanes or bus priority
schemes. In these cases, travel times on arcs, which are produced by the travel model, can be used to
estimate travel times of buses floating along each route. This time, instead of using generated OD travel
time and cost schemes, travel time and cost values for relevant arcs should be aggregated in line with
predetermined bus routes.

¢ Varying indices can be used to categorise households. See Chapter 3 for the use of income levels
instead of household skills.
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defined for households. These skills are: (i) non-working (unemployed, retired), (ii)

non-qualified (low skilled) working and (iii) qualified (high skilled) working.

Utility

/\

Housing Consumption goods

Figure 2.2 CES household utility function

Households maximise their utilities in accordance with a constant-elasticity-
of-substitution (CES) utility function. The utility function is assumed to be composed
of two types of units: (i) housing and (ii) consumption goods (commodities), which

includes any other goods and services consumed by the consumers (Figure 2.2).

Considering household trips as consumption goods (or services) providing
households with some level of utility would be misleading as transport is not a final
product but an intermediary activity to attain such goals. However, residential location
choice (or employment location choice) of any individual would cause a certain level
of travel cost depending on distance, preferred travelling mode and congestion level
on the preferred route. Besides, households attain some utility choosing their housing
locations. This may come from the existing reputation of this neighbourhood or

accessibility to other facilities and activities.

We would rewrite the household utility including the elements of “utility of

neighbourhood” and “disutility of travelling” as follows’:

Yp
n
_ ! P h P _
inmg (d’ C) - |:Z aiwmgciwmg,l + aiwmgdiwmg :| + \Ili }/ iwmg Tiwm (8)
=1

where a is the share parameter, ¢ and d are consumptions of commodities and housing

spaces respectively, W is the utility of neighbourhood, y is disutility of travelling and 7

is travel time, while p =(0'—1) / o and o stands for the elasticity of substitution

between the housing and the consumption goods for any household. Note that costs

7 See Anas and Liu (2007) and Anas and Hiramatsu (2013) for constant utility effects of choices.
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and times associated with commuting are not exogenous parameters, but they are
calculated endogenously by the transport column of the model.
Transport has a monetary cost shrinking the household budget. Hence,

household budget constraint can be written as:
_Miwmg + n‘diwmg + Zplciwmg,l + K.iwm < 0 (9)
=1

where, M is the total household income, 7 is the unit rental rate for housing, p is the
price of commodities and « is travelling cost. Here, it should be noted that rental rates
are varying by locations while the price level for consumption goods is the same for

all locations.

As previously mentioned, households own the capital stock in the economy and
they lend this factor to the firms for production activities. In return, firms will pay
profit rate for the capital they use. Households also own dwellings, like capitals, to be
rented. However, it is to be noted that a dwelling that a household owns can be rented
to any household including the owner of that dwelling. Therefore, as the first step, we

can write the household budget as follows:

M, =W, +5eiﬁ,mg +Z@,ezmg (l) (10)

where, w is earned income of households and ¢ is the capital price, while e indicates

capital and housing endowments of households. It should be noted that the new index

(i') is introduced to address households’ dwelling (housing) possessions at location i

. The Lagrangian of the problem can be stated in the following form:

1/p
n n
— ! P h p _ _ _ _
L (d »C, ﬂ) - |:zaiwmgciwmg,l + aiwmgdiwmg :| + ‘yi ¥ swmg Eiwm + ﬂ*|:M iwmg ridiwmg zplciwmg,/ Kiwm:| (1 1 )
I=1 I=1

Uimg (d:¢)

where A is the Lagrange multiplier. Taking the derivatives of the Lagrangian with
respect to decision variables d and ¢, and the Lagrange multiplier A leads to the

following first-order conditions:

n (1=p)/p
h ! P h P p-1 _
(d) aiwmg |:Z aiwmgciwmg J + aiwmg diwmg :| diwmg - ﬂ'l/; - 0 (12)
=1
n (1=p)/p
! ! P h P p-1 —
(C) aiwmg |:Z aiwmg Ciwmg J + aiwmg diwmg j| Ciwmg 1 /Ipl - 0 VZ (1 3)
I=1
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(/1) Miwmg - ’;diw177g - Zplciwmg,l - I(iw>m = 0 (14)
=1

Z—U>0 and p, >0=A1>0. Likewise, g—g>0 and »>0=A1>0. Using
<

marginal rate of substitution between d and c:

o 1/(p-1)
ciwmg,l = (% %] d[wmg (1 5)

iwmg i

. -1 . .
Since p = 9= , Equation (15) can be re-written as follows:
o

iwmg pl

! o
. 7
_ iwmg 1
ciwmg,l _{ h ] diwmg (16)

I can write the associated demand function for dwellings in terms of relevant

prices as:

h (e
_ iwmg iwmg ~ Riwm
diwmg - n (17)
7 h 9 1o / % 1o
1
(aiwmg ) 7’; + Z (aiwmg ) pl
I=1
Hence, using the above equation, I can write the associated demand function

for consumption goods for each sector as in the following equation:

/ o
a, M, —K
_ iwmg iwmg iwm
cjwmg,l - [ p J ) . n ; - vl (1 8)
1 1-o 1-o
(aiwmg ) ’/; + Z(aiwmg ) pl

I=1

Hence, the corresponding indirect utility function becomes:

n . 1/(o-1)
I/iwmg (dﬁc) = (Miwmg _K-iwm )|:(atilfumg )G rilio. +Z(atlxiamg ) pll(o-:| (19)
k=1

Finally, total demand for housing at each location and consumption goods can

be written as in the following equations:

D=>>>4d,. Vi (20)
w m g
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C=X 23> Comes VI (21)

Now that we are interested in the impact of travel cost on household’s problem,
an initial approach would be to investigate the comparative statics of the model. The

impact of an increase in travel cost:

6d* jlzvm ’ [ < 9 1o h
S SO DR
o [CRERE ) p} <0 e3)
ox | p S = A
* \ Vo1
aél = —|:(a:vmg )G r o+ Z(ai’;)mg )U p,lc"} <0 (24)
K k=1

The main driver affecting total travel cost is the travel distance. In monocentric
cities, it is acknowledged that housing prices decrease as distance to city centre
increases®. This is also applicable to cities with different attraction centres. For
comparative statics analysis only, I assume that total travel cost is a linearly increasing

function of distance . :

w

Kiw = Ua)iw (25)

. . . . . dr
Housing prices decrease as distance to attraction zone increases, d_ <0. So,
w

the distance effect on the household utility:

o ;e . e
[ oSl o]

—n—[a”hw’"g jﬂ (M =12, ar 26)
() 7 B ) 7

8 See Brueckner (2011) for a further discussion on real estate prices and distance to the city centre.
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So, the negative impact of distance decrease is compensated by an increase in
housing utility to some extent. This explains the trade-off between housing

expenditures and travel costs.
2.3.3 Residential Location and Travel Mode Choices of Households

The probability of choosing a residential location and associated travel mode
for any household is calculated, first by redefining household utility function in
compliance with discrete choice theory. This requires adding an idiosyncratic

component associated with the agent heterogeneity:

p
n
_ k P h P _
inmg (d’ C) - |:Z aiwmgciwmg,k + aiwmgdiwmgi| + lPi 7iwmgTiwm + gz’wmg (27)
k=1

Vimg
Proposition: Residential location and travel mode choice probability can be calculated

using the following equation.

n Ip
I Yol h Yol _
v eXp |:Z aiwmg Ciwmg,l + aiwmg diwmg :| + ‘yi 7 iwmg Tiwm

iwmg =1

e
i,m)= =
( ’ ) zz 7 B Vp
1 Vel h P
jom' Zzexp |:zajvtfm'gcj1¢*m'g,1 +a/1¢fm'gdj»1'rl1'g:| + \}1] _}/jwm'grjwm'
i =

I

Pre (28)

Proof: See Appendix E and Appendix F.

Therefore, a household (with a certain working location and skill level) selects
certain residential location and transport mode for commuting among alternatives
based on associated probabilities of these alternatives. It is important to note that this
approach does not propose to select the alternative with the highest probability but

identifies “market shares” of alternatives, which I explain below in details.

For each type of household, Equation (28) then can be used to calculate the
total number of households choosing a specific residential location and the associated

commuting mode. Assume that the number of households with skill level g and

working at location w is exogenously given and N (W, g). Then, the number of

households for each location i using commuting mode m would be:
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Ni,m (W’g) = Pw,g (l’m) ’ N(W’g)

i/p
n
! P h P
eXp [|:zaiwmgciwmg,l + aiwmgdiwmg i| + l‘Pi - J/iwmgTiwm J (29)
I=1

- n 1/p N(W’g)
1 P h P _
Zzexp |:zajwm'gcjwm'g,l + ajwm'gdjwm'g :| + \Pj ijm'grjwm'
1=1

j o om'

So, the total number of households choosing to live at a specific location i,
which can be thought of as the aggregate demand for houses at a location, is:
]Vi :zz ]vi,m(w’g) Vi (30)
m w g
It is obvious that aggregating all household numbers obtained from the above
equation will be equal to the total number of households living in a study area (a city

in our case).

N=2.N, (31)

2.3.4 Firms

In its most general form where there is multi-industry structure, production
function of each industry is assumed to exhibit a constant-elasticity-of-substitution
(CES) form. To produce goods in the respective industries, producers use composite
labour, which exhibits a CES function of two categories: (i) non-qualified (or
unskilled) and (ii) qualified (or skilled), and capital. They also use intermediate goods
that are obtained as inputs from the other industries. The difference between the value
of the output and total values of the intermediate goods used in production is attributed
to the “value-added (VA)” of the industry. Following Cardenete et al. (2012) the
production function is defined in two levels, where well-known Leontief production

function is used in the upper level to produce the output y, :

yo=min| 2 e Yu | Yul g (32)
l v @ a, Ca

nl
where VA is the value-added, v is the quantity of value-added needed for the one-unit

production of output, y,, is the quantity of intermediate good k& needed for the one-

unit production of output y,and a,,is the input-output coefficient.
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CES production function is used in the lower level to bring together capital and

composite labour to produce the value added in each sector /:

(o= (e1) \(o-1)
VAlzvl-ylzgél[ﬁ,K, 7 +(1_ﬂ1)Lla ] (33)

where ¢ denotes the total factor productivity, £ denotes the CES production function

factor share coefficient for the capital, L denotes composite labour as the factor input,
K denotes capital as the factor input and o is the elasticity of substitution between

labour and capital.

Labour is assumed to be supplied from two groups, skilled and unskilled.

Composite labour is defined as a CES function of skilled and unskilled labourl|:

() (o1 )
L=| B'LS, * +(1-p")LU, < (34)

where B is the share of skilled labour for industry /, o is the elasticity of

substitution between skilled labour and unskilled labour, LS and LU denote demands
for skilled labour and unskilled labour respectively. Therefore, one can re-write

industrial value added in terms of labour types as follows:

o (o-1) (oD
(o-1) (1) (" 1) \(o"1)o
o L ot L ot
VA =v, -y, =¢| BK, ° +(1-B)| B'LS, = +(1-B")LU, (35)

The motivation of producers is to minimise their costs while producing some
level of goods. Therefore, the producers in an industry solve a cost minimisation
problem. It should be noted that, from here, indices denoting industry types are

dropped from equations for the sake of simplicity in notations.

Deriving the first-order conditions with respect to the production factors and
the Lagrange multiplier and using these equalities lead to following equations for

factor demands in production in terms of factor prices and skilled labour demand LS:

24



L

LU = LS[M] (36)
w, B

ol-o
L _0_) ;3

. e oM L\ (o—L—l)m
_ 7 Ws B L) 1= [ ws
] e F =S N T

Therefore, above equations and the definition of the value-added term can be

used to derive factor demand functions.

N (I
VA | L 1-p Ws
LS=—|(1-8)0 1 s
Al ﬂ)][ﬂ{{ Vi j [W] H

(1-0) o) (%)
1 ﬂL o w (o1 (1) (1-0) (o-1) -
”( Iz J [W_] (B°) 7 B (ws) "+ (1= ) 5
VA o . g Y ()]
Lu=="[(1-p)s]| (1-5") 1+(1_ﬂLJ (W—]
(1-0) O
=g (w7 e o sio-)
(22 [W_j ()7 B () + (- )5
I (1 g (o I
et 2] (2]
s Wu
- (1%) (40)
=Y (w e e @ slo)
T P

Hence, I can write the cost function in terms of factor prices and the value-
added as
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VA |-
CVA(é"WS’WU)Z_ _ o (41)
¢ (0'71) (0_71) (1—0)

where H = [(ﬂL )UL (WU )(GH) + (1 - p* )UL (WS )(GLI)} )
Price for value-added becomes:

1 [

[(1_’8)516 WSWUHOTL) + 5[ﬂWSWU ]G H(lf"L)

1
Dyy (57WS’WU):_ _ o (42)
¢ (0'71) (671) (l—a')

) (G )0 o

Using the above equation and the total cost of intermediate goods, we can write

the cost function of the total output (for each industry) as follows:

C' (8, wg.wy )= Py (8w, wy ) VA + D pyvy VI (43)
k=1

Using the “zero profit” condition, the definition of value-added in Equation

(33) and the definition of input-output coefficients, y,, = a,,,, we can write the cost
function as follows:
by = pI//A (57 W, Wy )V/yz + Zpkaklyl vi (44)
k=1

Then cancelling common terms in both sides of the equation leads to the output

price for an industry:

b, :pll/A (5,Wsawu)vl +zpkakl Vi (45)
=1
2.3.5 Equilibrium

The set of equations defining equilibrium of the CGE model can be grouped in
five blocks: (i) household decisions on residential locations (in other words, household
location choice model), (ii) household decisions on consumption demand, (iii) firms’
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decision on production, (iv) travel model and (v) market clearing conditions.
Understanding linkages among these blocks is critical to understand how the integrated
model behaves. This requires a brief explanation on variable/parameter exchange
among models. As shown in Figure 2.3, household location choice model needs
demand figures for consumption goods and housing from the economic model while
travel time values are taken from the travel model. The number of households residing
at specific locations is important, both for scaling goods consumption and forming OD

matrix, which is fundamental to the travel model.

Discrete Choice Model

d

iwmg

[

iwmg,l?

altin

Travel Model

Figure 2.3 Exchanging variable/parameters among models

2.3.5.1 Household decisions on residential location and commuting mode

1) The number of households residing at a specific location and using a specific
commuting mode is calculated by using the following equation. As there is no
change in household composition (owing to migration or natural population

changes), it is assumed that households do change their jobs and employment

locations are fixed. N(w,g) (number of households working in location w

with skill level g) remains unchanged, so it is treated as an exogeneous

parameter in the model.
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N,

o (wg)=

=1

R p
! P h P _
exXp |:Z Oll.wmgcl.wmg,l + aiwmgdjwmg j| + \Pi j/iwmgz—iwm

N(w.g)

- M 1/p
! P h P _
Z Z cxXp |:Z a.iwm'gcjwm'g,l + aj”’m'gdfw’m'g :| + le ]/jwm'grjwm'
j om' 1=1

Yi,m

2.3.5.2 Household decisions on consumption

1) Disposable income of a household:

K H .
M., =w, +6¢e,,. + Zrl,eiwmg (z )
i

iwmg iwmg

2) Household’s demand for consumption goods:

1

/ o
c _ iwmg Miwmg — Riwm v[
iwmg,l — p - n -
] h I-o ! I-o
(awmg) }/; +Z(aiwmg) pl
I=1

3) Total demand for consumption goods for each sector is calculated using

aggregate consumption of households:

=22 2.2 Niw(w.8) Cungy V1
m g

4) Any household decides on floor space of housing at a predefined location:

h o
d _ aiwmg M iwmg - K.iwm
iwmg n
I h ° 1o + z i % l-o
aiwmg }; aiwmg p 1

i
=1

2.3.5.3 Firms decisions on production

1) Price index for optimal value-added used for each sector:

[(1 _ﬂ1)5:|61 WSWUHI(

1 g,
I—O',L) l—a',L)

+5[ﬁ,wswu ]0’ H,(

1
pI[/A(é"WS’WU):_ _ i
) (o-1) (0-1) (1-07)

1, (B B (g, ) (1= ) 5




i and #,=| (81 (0) (1) () |
2) Goods prices for each sector obtained from the zero-profit condition for firms:
)2 :prl/A (5>WS’WU)VI+zpkakI Vi
k=1

3) Technical coefficient for capital in an industry:

ke 12 (o P
b= e P M ZANE }

Vi
4) Technical coefficient for skilled labour in an industry:

a_[l/

{1 » J (&Jw] E
) Wy
(1-0y)

()" B () + (1= )

Vi

5) Technical coefficient for unskilled labour in an industry:

ot

_ o L\ (ot =1) | |(1-e")
b£U=LU1=[(1 £)2] {(1—%)[1{—@ LJ [&j n
V4, ¢ -4 Ws

(1-a)) (1-0,)

_ L o (UIL*I) (a,L—l) - |
T Plarosirasre

Vi

6) Total industrial demand on skilled labour as a factor for production:

LS = ZLS, = Zbisv,y,

I=1 I=1
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7) Total industrial demand on unskilled labour as a factor for production:

LU = ZLUI = Zbéley,
=1 =1

8) Total industrial demand on capital as a factor for production:

K= ZK/ = belﬂ’/yl
=1 I=1

2.3.5.4 Travel model (for private transport)

1) Sum of traffic flows on different paths for specific journeys from i to w equals

2)

3)

4)

5)

6)

to travel demand from 7 to w:

Zf,;::zh =4, (f[::th 2 0)
path
Sum of all traffic flows using a link equals to traffic flow on this link:
xa = Z Z Z f[jz;h : Azt;nath
i w path

Travel time on a link:

4
ta:Aa+Ba[x”}
0,

Total travel time of a path from i to w:

w iw
tpath - Zta Aa,path
a

Wardrop’s First Principle:

tiw
iw _ path
tpath:l - Z . - Tiwm:'l'
path T (la W)

Total travel cost of a journey (private transport):

P

- T b

— f =1 100 c f S

Kiwm:‘l' _|:C + I}Vm c (C _C ):|Dzw P
Tim=1 Li0o
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2.3.5.5 Market clearing equations

1)

2)

3)

4)

5)

Total production for goods would be equal to the sum of final consumption by

households and consumption as intermediate goods in sectors’:
Vi =6 +zaklyl Vik
!

Total factor utilisation of labour cannot exceed initial household endowments:

LS< ZZZ i m ='S ') ) elévmg='S'
LUSY YD N, (w8 ="U") €

Total factor utilisation of capital cannot exceed initial household endowments:

K<Y 333N, (me)el,,
iw o om g

Total housing demand of households cannot exceed housing capacity at each

location:

Zzsz (W,2)" iy Z;ZZ i) i

w m

Number of households commuting between nodes i and w using private

transport equals to OD trip between these nodes:

z i,m="1' QM

2.4 Discussion

In the context of this study, in general, it was aimed to present a general

modelling framework focusing on household decisions. The proposed model brings

discrete choices of households (residential location and transport mode),

macroeconomic general equilibrium and road traffic equilibrium together. This

° Transport is treated as an industry in market clearing equations and its consumption is added to the
final output. Therefore, households expenditures on transport would be used for the activities of this

sector.
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integration allows us to make a more comprehensive assessment of transport policies.
Using this modelling framework, it would be possible to evaluate wider economic
impacts of policies while agent level information is not lost in aggregation. That’s to
say, proposed modelling framework serves the purpose of choosing more equitable

transport policies paying regard to disparities.

Data is extremely crucial. What types of data we need and how we should treat
gathered data are explained in this study. It is likely that one would easily criticise the
proposed model severely for its data-hungry nature. However, we should bear in mind
that census studies provide plenty of information about households. In case of census
data don’t include some of the required attributes; household surveys can be used to

impute these attributes into the census.
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CHAPTER 3

TESTING THE MODEL USING PSEUDO DATA

3.1 Introduction

Project appraisal is an important procedure to assess the feasibility of transport
projects. This makes it critical to select right projects given the budget constraint of
investments. However, recalling the discussion about the capability of appraisal
methods in the Introduction of the Thesis, standard cost and benefit appraisal methods
do not fully address economic impacts of transport investments (Graham, 2007).
Integrating micro-simulation models, which perform well in modelling behaviours of
economic agents using micro-level data, with general equilibrium models, on the other

hand, is a promising approach in transport appraisal.

One of the earlier examples of integrated models that were used in transport
project appraisal is Kim et al. (2004). The authors propose an integrated framework
with a dynamic computable general equilibrium (CGE) model coupled with a transport
model, which measures accessibility changes, to evaluate highway projects in terms of
economic growth and regional disparity in South Korea. In this study, among the grid-
type highway network with seven South-North highways and nine East-West
highways, four highways are selected to be assessed in terms of economic measures
(benefit-cost ratios and GDP, price and export multipliers) and distributional effects

(wage and population) using the proposed integrated model.

Knaap and Oosterhaven (2011) use a CGE model (RAEM) of Knaap and
Oosterhaven (2000) to evaluate impacts of six different rail connection alternatives for
linking Groningen City and Schiphol Airport along with the reference scenario. They
evaluate these infrastructure projects in terms of their regional employment effects and
national output, price and welfare effects. Scenario analyses of this study show that all

the projects would lead to varying levels of decrease in consumer price index, and
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eventually, increase in national output. The study shows that, among the alternatives,
magnetic levitation track with stops at all five intermediate stations between
Groningen City and Schiphol Airport (scenario MZM) would lead to a spatial shift of
8,100 jobs.

Anas and Hiramatsu (2012) use a spatial CGE model (RELU) detailed in Anas
and Liu (2007) to understand impacts of an increase in gasoline price on urban
economy. This model in the study is calibrated for the Chicago MSA, which is divided
into 5 rings covering 15 zones. They integrate this CGE model with a transport model
(TRAN) modelling households’ discrete choices on travel mode and route choice.
Using this framework, they simulate the gasoline price increase in the Chicago MSA
from a base value of 1.6 USD in 2000 to 2.45 USD in 2007 alongside with 2.7 per cent
decrease in technological fuel intensity (TFI) and changes in car acquisition costs.
RELU-TRAN framework is used to evaluate impacts of cordon tolling to be
implemented in the Chicago MSA in terms of travel, housing and labour markets, to
compare Pigouvian tolling of traffic congestion and gasoline tax policies in terms of
locations of jobs and residences and to evaluate the effects of planned public transport

investments in Paris (Anas, 2013a).

Hensher et al. (2012) integrate a transport and location choice modelling
system (TRESIS) with a spatial CGE model (SGEM) to evaluate impacts of North-
West Rail Link project in Sydney, Australia. TRESIS models household decisions on
residential location, housing type, working location, vehicle ownership and travel
mode. Origin-Destination (OD) matrix of trips is also estimated using TRESIS model.
In SGEM, each zone in a city is treated as an economy and trade (employment and
income flow) can take place among these zones. In this study, transport improvements
of North-West Rail Link project are used by TRESIS to decide on household housing
and working locations, and travel preferences. The output of the microsimulation
model, which clearly identifies the potential employment redistribution within Sydney
Metropolitan Area, is used in CGE model to model agglomeration and wider economic

benefit of the project.

Turning to the model I propose in this Thesis; equilibrium values are calculated
without any iteration looking for convergence owing to the integration procedure

where models are running simultaneously. In this Chapter, I test the proposed
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integrated model using a pseudo data set of a representative urban unit with four
districts. Households are differentiated according to their residential location, working
location, preferred commuting mode and social status. In the scenario analysis, |
evaluate a set of alternative transport policies (i.e. capacity increase in private
transport, public transport improvement, cordon pricing) and analyse the impacts of
such policies on a set of parameters including household locational distribution,

households’ demand on consumption goods and housing, and housing prices observed.

The organisation of this Chapter is as follows.

I study the model and the first set of scenario analyses in Section 3.2. In order
to capture the relevance of representing the heterogeneity of households, I introduce
the elements of heterogeneity (location categories, travel mode, socio/economic
groups) in sequence and discuss the results under a specific scenario (a new private
transport link between two districts of a city). Section 3.3 presents two other
simulations under the full heterogeneity set, namely introduction of a (substitute)
public transport system and a cordon pricing policy. All scenarios are carried out
utilizing a synthetic data for a city with four residential/working districts. Section 3.4

briefly discusses about findings.
3.2 Model Specifications and Scenario Analysis

Recalling modelling approach in Chapter 2, this study constructs an urban CGE
model with heterogeneous households and firms. It is a residential location choice

model in a general equilibrium framework.

Households earn income by renting production factors (capital and labour) to
the firms and housing units to other households. Firms carry out production activities
and distribute factor incomes. Households consume a composite good and housing.
The CGE model determines prices and quantities of these consumptions

simultaneously.

Transport is included in household utility problem as a unit causing negative

utility due to spent time on journeys'’. Transport expenditure is considered in budget

19 See Anas and Liu (2007) and Anas and Hiramatsu (2013) for constant utility effects of choices.
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constraints of households and contributes to the final output of the economy. The
transport model calculates private transport travel times (and travel costs) between the

specified nodes in the city. It considers the impact of congestion on travel times.

Recalling the discussion on fixed population pool in Chapter 2, households
decide on housing locations and associated transport modes for commuting. Producers
are assumed to be fixed at their operational locations as well. They are not exposed to

any transport cost.

3.2.1 Model Specifications

Households maximise their utilities in accordance with the following utility

function and household budget constraint:
O O B (O A T (1)
iwmg ,C)= aiwmgciwmg aiwmg iwmg }/ iwmgz-iwm

_Miwmg + ’;’diwmg + pciwmg + Kiwm < O (2)

Here, d is the consumption on housing (floor space), ¢ is the quantity of

consumed goods, p=(c-1)/c and o is the elasticity of substitution between the

housing and the consumption good, « stands for CES coefficients of household
utilities, y is the coefficient for travelling disutility varying by household type and ¢
is travel time. Consuming one type of consumption good and housing units would
increase household utility while travelling causes disutility. In household budget
constraint, M is household income, r is the rental rate of housing units, p is the price

of the consumption good and « is transport cost.

The one-sector of the model representing aggregate economic activity is
assumed to exhibit a constant-elasticity-of-substitution (CES) form using one type of
labour and capital. Producers solve the following cost minimisation problem for a level

of production output:

Min 6K + wL
sit. 3)

y=9(pK> +(1-p)1)”

36



where ¢ is the rental rate of the capital used for the production and w is the wage rate
paid to the employees. Therefore, factor demand functions can be interpreted in terms

of production output as in the following equations:

L= %[ﬂ“é"“ +(1=B) W }% (1-B) w (4)

(o3

K= i[ B8+ (1= ) W T g (5)

Using factor demand functions, the cost function of producers in terms of factor

prices can be written as in the following form:

1

C(5,w)=6K +wL = [ B8 +(1- B)° WH;]H, ©

AN

Thus, using the “zero profit” condition for producers, output price in terms of

factor prices becomes:

1

|:ﬁ0'51—0' +(1 _ﬁ)a Wl—o’j|1—o-
¢

p(8,w)= (7)

Transport costs (Kiwm) are added to total GDP of this one-sector economy.

Therefore, market clearing conditions for production and housing imply that:

Y= N (1.8)(Coume + i) (8)

i w m g
K=3 332 Nou(w.g) el )
i w m g
L=3 332N (wg) e (10)
i w o m g

I I CFI RIS 3935 3 YN (Y I (an

w o m g i w m g

where N is the number of household with relevant attributes and e stands for household

endowments for business capital, labour and housing in floor space.
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The probability of choosing a residential location and associated travel mode

for any household is calculated as follows:

1/p
P h P _
eXp ( ( aiwmg Ciwmg + aiwmg diwmg ) 7/ iwmg Tiwm )

eV,ﬂwmg
V iwm'g = 1/p
e e P h P _
ZZ Zzexp((ajwm'gcjwm'g +ajwm'gdjwm'g ijm'gz-jwm'
m

7 j om'

P (im)= (12)

w,g

For each type of household, Equation (12) can be used to calculate the total
number of households choosing a specific residential location and associated
commuting mode. Assume that the number of households with skill level g and
working at location w is exogenously given and N(w,g). Then, the number of

households for each location i using commuting mode m would be:

]Vi,m (W’g) = Rv,g (l’m) : N(W’g)

p
exp ((aiwm cl'ﬁ*m + ai}:vm diﬁzm ) - 7/ iwm, z-iwm ) 13
_ g g g g g ) N ( w, g) ( )

/p
P h P _
Zzexp((ajwm'gcjwm'g + ajwm'gdjwm'g) ijm'grjwm'

Jj m'

So, the total number of households choosing to live at a specific location i,

which can be thought of as the aggregate demand for houses at a location, is:

N-TYIN, (ng) Vi (14

It is obvious that aggregating all household numbers obtained from the above
equation will be equal to the total number of households living in a study area (a city

in this case).

N=YN, (15)

Travel model is a set of equations. It calculates private transport travel times
between nodes using a convex and non-decreasing travel time function with respect to
traffic flow. User equilibrium (UE) model based on Wardrop’s (1952) First Principle
where total travel time along an arc is a function of free flow travel time and additional

time required due to increasing traffic density.

(1) Sum of traffic flows on different paths for specific journeys from o to d

equals to travel demand from o to d:
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> =g, (1 20) (16)

where f7is traffic flow on path p from o to d and g, is travel demand from o

tod.

(2) Sum of all traffic flows using a link equals to traffic flow on this link:

x, =20 007 AL (17)
o d p

where, x, is traffic flow on the link @ and A?’, is link-path incidence parameter

(1 if link a belongs to path p from o to d, 0 otherwise)

(3) Travel time on a link is calculated using a convex non-decreasing function:

t”:Aa+B([;“} (18)

a

where, 7,(x) is travel time on the link a, A, is the time required to traverse link

a under no traffic condition, B, is traffic congestion coefficient for the link a

and Q, is the link capacity.

(4) The total travel time of a path from o to d equals to the sum of travel times

of all links belonging to this path:

=21, A, (19)

(5) If a path is used for travelling from o to d travel time of this path will be
equal to any path that is used for travelling from o to d (Wardrop’s First

Principle) where ﬂ(O,d )is the number of alternative paths used for

journeys from o to d:
tOd

b= o) (20)

P

39



3.2.2 Scenario I-1: Capacity Increase in Private Transportation (Model with

location categories only)

I design a synthetic city for the prototype model described briefly above. This
city has four different districts. One of these districts (District 4) is located among the
others, which makes it a kind of central business district (CBD) of the city. All the
districts are connected to each other via two-way roads passing through the 4™ district

(Figure 3.1).

Figure 3.1 Locations of districts within the city

The proposed model, in this Section, is studied using the above synthetic city
set-up and under the homogenous scenario of the increased capacity of a (private)
transport between districts 1 and 3. Here, I introduce the elements of heterogeneity
(attributes) of the households sequentially. First, households are differentiated only in
accordance with their residential locations (7) and working locations (w). In the next
step, preferred commuting mode (m) is added to these categories. Commuting mode
options represented in this study are public transport and private transport. In the third
step, another category for households (g) is introduced where households are
categorised according to factor types they own. The first group of households owns
the capital (business + housing) and the second group owns the labour. This makes the
first group “capital owners” and second group “workers”. It should be noted that there

is only one type of labour (single wage level) in the economy.

In all these cases, I assume that the households maximise their utilities

consuming housing units (floor space) and one type of consumption good. This leads
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to having a one-sector economy in this city. Housing stock is assumed to be fixed.
Housing rents are shared equally among households for the first two scenarios, while
these rents are collected by capital owners in the third scenario. All transport costs the
households bear is added to GDP, travels are not considered in household utility
function as a utility increasing component like housing and consumption goods,
though. However, the effects of transport costs are two-fold. On one hand, it has a flat-
rate shrinking effect on a household budget in accordance with the pair of housing
location and working location. On the other hand, the disutility of travel, which is
associated with spent time for a travel, is considered in location choice decisions of

households.

As already mentioned above, in this scenario, households are categorised
according to their residential locations (1, 2, 3, 4) and working locations (1, 2, 3, 4).
Rents for capitals (business + housing) are shared among households equally. The
matrix showing the number of households for each locational pair constitutes OD
matrix of the city (Table 3.1). It is assumed that there are 20,000 households in total

and most households are prone to do within-district journeys.

Table 3.1 Number of households travelling between districts

TO
1 2 3 4
1 2,500 500 500 | 1,500
§ 2 500 | 2,500 500 | 1,500
% (3 500 500 | 2,500 | 1,500
4 500 500 500 | 3,500

Turning to journeys to be done by these households and related travel costs,
travel time required for within-district journeys are assumed to be fixed and travel time
required for other journeys are calculated using above OD matrix and certain transport
parameters'! associated with the travel model. Travel costs are assumed to be equal to

travel times.

11 4=8, B=0.15 and 0=1000
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Table 3.2 Travel times for journeys between districts

TO
1 2 3 4

1 2] 2462 2462 15.86

% 2 24.62 2| 2462 15.86

£ 13 2462 24.62 2 15.86

4 10.76 10.76 10.76 2

For calibration purposes, all households are assumed to consume an equal
amount of consumption goods. The quantity of consumption good for each household
is 50. Housing consumptions (rents paid to owners) in floor space are varying with
respect to household categories and calculated in a way to satisfy the following set of

equations:

d(i,w)+c(i,w)+tc(i,w)=k+l+h

h=3 n(i,w)-d(i,w) /Zi:zw:n(i,w) 21

1 w

where households use their budgets (k: capital rent, /: wage and 4: housing rent) for
their consumption needs (c: consumption good, d: housing and zc: transport cost) and
n(i,w) denotes the number of households with residential location i and working

location w. Housing consumptions of households are displayed in Table 3.3.

Table 3.3 Housing consumptions of households

TO
1 2 3 4
1 42.62 20 20 28.76
% 2 20 42.62 20 28.76
ﬁ 3 20 20 42.62 28.76
4 33.86 33.86 33.86 42.62

Households maximise their utility in accordance with the following utility

function:

wiw W iw

in (d’c) = (a CP + ahdp )l/p - yiwz-iw (22’)
The household budget constraint can be written as follows:
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-M, +rd, +pc, +k,<0 (23)

iw iw

where M is the total income of a household,  is the rental rate for housing, p is the
price for consumption good and x is travelling cost. As previously mentioned, earned
incomes (wages) and unearned incomes (rents for capitals and dwellings) constitute
the household budget. Therefore, household budget (M) can be written as in the

following equation:
M, =1+5ey+) re/ (z) (24)

where e* and e” are the endowments of capital and dwelling of a household
respectively. Using utility function and a budget constraint for households, demand

functions for the consumption good and housing units in terms of prices can be written

as follows:
¢, = (ﬁ} - Miw — K (25)
P ) (ap) 5 +(a,) P
h (e
diw = [ﬂ} - Miw ~ Kiw (26)
i) (e ) 7+ (a) P

Using MNL household location choice probabilities and exogenously given

number of households travelling to a district N (w), the number of households residing

at a specific location is calculated by using the following equation.

1/p
P h gp
exp |:(aiwciw + aiwdiw) - 7/iniw:|

w)=
) P h dp p
zexp (ajwcjw +ajw ‘/'w) _}/ijjw
J

N

; N (w) (27)

Integrating the above setting with the travel model, a capacity increasing
scenario is tested. In this scenario, a direct link between districts 1 and 3 is proposed.
It is assumed that technical properties of the new link would be identical with technical
properties (properties affecting travel time, i.e. capacity, length) of the existing ones.

(Figure 3.2)
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Figure 3.2 New link between district 1 and district 3

Results of the model indicate that interregional transport costs at equilibrium
point would become different than initial transport costs after implementation of the
new link. As shown in Table 3.4, at some routes, about 8 per cent deviation is observed.
To give an example, at the equilibrium point, travel time from District 2 to District 4
would be 7.97 per cent lower than initial expectation while travel time from District 1

to District 4 would be 7.13 per cent higher.

Table 3.4 Impact of a new link on travel times

Travel times (initial) Travel times (equilibrium)
TO TO
1 2 3 4 1 2 3 4
1 2| 21.16 | 10.01 | 12.40 2| 2223 | 1024 | 13.28
% 2 24.01 2| 24.01| 1586| 22.69 2| 22.69| 14.60
ﬁ 3 10.01 | 21.16 2| 1240| 10.24| 22.23 2| 13.28
4 10.15 | 10.76 | 10.15 2| 10.09| 1095| 10.09 2

This finding is important to understand the role of integrated models in the
evaluation of transport policies and investments, and to have more accurate
predictions. The main reason for having different travel time figures in two approaches
is that people change their locations in response to changing the accessibility of
districts. Without considering of this phenomenon, it is very unlikely to predict impacts
of this kind of projects accurately. Table 3.5 shows how household distribution would

change substantially. As expected, improvement in accessibility between District 1
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and District 3 increases the number of households travelling between these two
districts significantly while the number of households travelling within zones, which

benefit from the lowest transport costs at the initial setting, decreases.

Table 3.5 Impact of a new link on the household spatial distribution

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
2500 500 500 1500 | 1991.81 | 550.69 | 1123.70 | 1612.78
500 2500 500 1500 | 432.11 | 2414.62 | 432.11 | 1485.91
500 500 2500 1500 | 1123.70 | 550.69 | 1991.81 | 1612.78
500 500 500 3500 | 452.38 | 484.01 | 452.38 | 3288.52

FROM

Al W[N] —

This shift in people’s preferences to reside in districts 1 and 3 should have an
impact on dwelling prices. Results of the model indicate that relative prices of these
districts would become higher than the ones of the others. As shown in Table 3.6, the
highest erosion in housing prices would exist in District 4, which is the central district
of the city. This distinction can be attributed to a relative decrease in accessibility of

District 4 due to improvements in districts 1 and 3.

Table 3.6 Impact of a new link on housing prices

Initial Equilibrium
1 2 3 4 1 2 3 4
1.00| 1.00 1.00| 1.00| 097| 092| 097| 0.88

The model shows that price changes in housing would affect household
decisions on consuming housing units in floor space. Table 3.7 indicates that
households enjoy the relative price reduction in District 4, so the highest increase in
demand is witnessed at this district and District 2 is the follower. For districts 1 and 3,
where the accessibility is improved the most, slight changes in housing demand take
place in general due to relatively high housing prices. However, for households
travelling between these two districts, housing demand increases with a rate outpacing
any other rate of increase. That decreasing transport cost gives way to use the extra
budget for utility increasing consumptions can be deemed as the main reason behind
this distinction. It should also be noted that households travelling within districts 1 and

3 are the only groups having reduced housing demand among all groups of people.
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Considering consumption good demands of people, which is analysed below, I can say
that decrease in total output due to a decrease in transport costs would cause some
level of decrease in household income. For this reason, some groups of people, which
are already enjoying low transport costs, would be affected in a negative way. This
finding is important that not every group of people would be influenced in a positive
way by implemented policies or investments. Although, as in this case, an investment
improves accessibility in a city, there may be some groups of people already enjoying
poor accessibility. This should lead one to elaborate on impacts of interventions to
understand how their impacts differ in accordance with different groups and what kind
of additional instruments one should consider removing negative consequences

threatening individual rationality of different groups.

Table 3.7 Impact of new link on housing demand

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
42.62 | 20.00 | 20.00 | 28.76 | 4234 | 2035| 23.84| 29.36
20.00 | 42.62 | 20.00 | 28.76 | 21.02| 4424 | 21.02| 30.09
20.00 | 20.00 | 42.62 | 28.76 | 23.84| 20.35| 42.34| 29.36
33.86 | 33.86| 33.86| 42.62| 36.26| 3588 | 36.26 | 45.55

FROM

AW —

Turning to consumer preferences of households on consumption good, the
model provides interesting results as in previous analysis on housing demand. As
explained before, decrease in demand of households doing within-district journeys in
districts 1 and 3 can be explained by a reduction in total output of the economy. This
time, besides these groups of people, people doing within district journeys in District
2 and people travelling from District 4 to District 2 suffer from this fact although to a
lesser extent. However, as in demand change in housing, household groups doing
journeys between districts 1 and 3 enjoy the improvement in accessibility the most, as

expected.
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Table 3.8 Impact of a new link on consumption good demand

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
50.00 | 50.00 | 50.00 | 50.00 | 49.04| 50.23 | 58.83| 50.40
50.00 | 50.00 | 50.00 | 50.00| 50.33| 49.71| 5033 | 50.10
50.00 | 50.00 | 50.00 | 50.00 | 58.83| 50.23 | 49.04| 50.40
50.00 | 50.00 | 50.00 | 50.00| 50.26 | 49.74| 5026 | 50.16

FROM

W =

3.2.3 Scenario I-2: Model with Location Categories and Travel Modes

In this step, households’ preferences on their commuting modes are added to
the model structure. Therefore, households are categorised according to their
residential locations and working locations, and preferred commuting mode between
these locations. As in the first case, rents for business capitals and dwelling units are
shared among households equally. This time, 23,800 households (13,700 private
transport users and 10,100 public transport users) are assumed to reside in the city.
Numbers of households travelling between regions with respect to commuting modes

are listed in Table 3.9 and Table 3.10.

Table 3.9 Number of travelling households (private transport)

TO
1 2 3 4

1 1,000 600 500 1,000

CED 2 500 600 500 1,500

“BE 600 700 1,000 1,000

4 900 800 1,000 1,500

Table 3.10 Number of travelling households (public transport)

TO
1 2 3 4
1 1,000 300 400 1,500
% 2 600 1,000 700 1,000
% 3 300 400 500 1,000
4 400 300 200 500
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This time, there is a more complex travel time and cost structure when
compared to the first case. For private transport mode, travel times and travel costs are
assumed to be equal as in the first scenario, though. Travel time required for private
within-district journeys are assumed to be fixed with the value of 5. For this mode,
travel time required for other journeys are calculated as in the first scenario. However,
travel time for public transport journeys does not vary with congestion level but with
route lengths. Travel time for within-district journeys is assumed 10 while it is 15 for
adjacent districts and 30 for the others. Public transport cost for within-district
journeys is assumed 4 and 10 for all the other journeys regardless of route lengths.

Travel times and travel costs for each mode are provided in Tables 3.11 and 3.12.

Table 3.11 Travel times for private and public transport

Private Transport Public Transport
TO TO
1 2 3 4 1 2 3 4
1 51 21.83 21.32 10.92 10 30 30 15
% 2 24.26 5 24.26 13.86 30 10 30 15
% 3 22.60 | 23.12 5 12.20 30 30 10 15
4 1040 | 10.92 10.40 5 15 15 15 10
Table 3.12 Travel costs for private and public transport
Private Transport Public Transport
TO TO
1 2 3 4 1 2 3 4
1 51 21.83 21.32 10.92 4 10 10 10
CZD 2| 2426 5| 2426| 13.86 10 4 10 10
Eé 3 22.60 | 23.12 5 12.20 10 10 4 10
4 1040 | 10.92 10.40 5 10 10 10 4

As in the first scenario, all households are assumed to consume an equal
amount of consumption goods with the quantity of 50 units and housing consumptions
in floor space are assumed to be varying with respect to household categories. Housing
consumptions are calculated mathematically in a way to satisfy the following set of
equations, which is a modified version of equation set (21) with an additional

household category index m denoting commuting mode:
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d(i,w,m)+c(i,w,m)+tc(i,w,m)=k+l+h

h=ZZZn(i,w,m)-d(i,w,m)/zi:ZZn(i,w,m) (28)

i w o m woom

After solving above equation set, I would find households’ housing

consumptions in floor space as in the following table.

Table 3.13 Housing consumptions of households

Private Transport Public Transport
TO TO
1 2 3 4 1 2 3 4
39.26 2242 | 2294 3334 | 40.26 3426 | 34.26 | 34.26
20.00 39.26 | 20.00 3040 | 3426| 40.26| 34.26|34.26
21.66 21.14 | 39.26 32.06 | 34.26 3426 | 4026 | 34.26
33.86 33.34 | 33.86 39.26 | 34.26 3426 | 34.26 | 40.26

FROM

AW —

Household utility function, household budget constraint and household budget
equation are revised accordingly with household indices as in Equation (29), Equation

(30) and Equation (31):

inm (d’ C) = (aiwmclﬁfm + ai}v,vmdlﬁfm )Vp - }/inTin (29)
_Miwm + ’;'diwm + pciwm + Kiwm < O (3 0)
M, =l+5e£m +Zri,egm (1) (31)

Defining the above set of equations as a household utility maximisation
problem would lead to following demand functions for the consumption good and

housing units in terms of prices:

o
c. = aiwm M iwm Kiwm ( 3 2)
iwm s Ty 6 o
p (aiwm ) I’; + (aiwm ) p
I o
) — (aiwm ] M iwm___ K-[wm (3 3)
mm 7. h o 1o o l-o
! (aiwm ) ’: + (aiwm ) p

Using MNL household location and travel mode choice probabilities and

exogenously given number of households travelling to a specific region, N(w), the
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number of households residing at a specific location and using a specific travelling

mode is calculated by using the following equation.
],
eXp |:(aiwmci€vm + a[}\lvm diﬁvm ) " - 7/ iwm z-iwm :|

w) - - . 7
Z zexp (ajwm'cjwm' + ajwm' Jjwm' ) - J/jwm'Tjwm'

j om'

N N(w) (34)
Equations for the production side of the economy are not affected by the new
setting of household categories. Therefore, producers solve the same cost minimisation

problem for a level of production output defined in the first scenario.

In this scenario, a direct link between districts 1 and 3 is proposed as illustrated
previously in Figure (3.2). It should be noted that this link is used by only private cars

although its technical properties are the same as the existing links’ properties.

Results of the model indicate that interregional transport costs for private
transport mode at equilibrium point would become different than initial transport costs
after implementation of the new link. As illustrated in Table 3.14, travel time
difference between initial expectation level and equilibrium level becomes more than
4 per cent for some routes. At equilibrium point, travel times from District 3 to District
4 and District 2 would be 4.14 per cent and 3.34 per cent higher than initial
expectations respectively. There is a general travel time decrease for journeys from
District 2 when [ compare equilibrium levels with initial levels. To give an example,

travel time from District 2 to District 4 would be 2.54 per cent lower.

Table 3.14 Impact of a new link on travel times (private transport)

Travel times (initial) Travel times (equilibrium)
TO TO
1 2 3 4 1 2 3 4
1 51 19.90 8.01 8.98 5 20.33 8.05| 9.18
% 2| 2244 5 22.62 | 13.86| 22.01 5 22.12 | 13.51
Eé 3 8.02 | 20.17 5 9.25 8.08 20.78 51 9.64
4 858 | 10.92 8.76 5 8.51 11.15 8.61 5

Tables 3.15 and 3.16 show initial and equilibrium levels of household spatial
distribution in the city for each travel mode. As expected, building a direct link

between districts 1 and 3 improves accessibility levels of these districts. For private
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transport users, this improvement would lead to increase in the number of households
travelling between these two districts significantly. To be clearer, the number of
households travelling from District 1 to District 3 increases about 54 per cent and while

this figure for journeys in reverse direction is about 44 per cent.

Another impact is on private transport. Building a new link serving only to
private transport increases the attractiveness of private transport when compared to
public transport. As the most obvious consequence of this, the number of private
transport users increases from 13,700 to 14,084. This means that an obvious shift in

transport alternatives would happen because of this capacity increase.

Table 3.15 Impact of a new link on household distribution (private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1000 600 500 1000 | 933.67 | 621.40 | 774.09 | 1052.38
500 600 500 1500 | 500.95 590.18 | 496.60 | 1468.87
600 700 1000 1000 | 865.78 | 736.06 | 931.17 | 1079.85
900 800 1000 1500 | 855.49 | 781.67 | 927.57 | 1468.72

FROM
Al N —

As shown in Table 3.16, the number of public transport users for each location
pair decreases at varying levels. It should be noted that these decreases for journeys to

districts 1 and 3 are obviously higher than the others.

Table 3.16 Impact of a new link on household distribution (public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1000 300 400 1500 | 933.59 | 296.29 | 372.02 | 1475.48
600 1000 700 1000 | 557.93 | 983.73 | 648.03 | 979.10
300 400 500 1000 | 280.92 | 39598 | 465.50 | 985.97
400 300 200 500 | 371.68 | 294.70 | 185.01 489.63

FROM
Al w|o]—

It is obvious that shifts in people’ preferences in residential location and
travelling mode would have an impact on economic parameters. Results of the model
indicate that relative prices in districts 1 and 3 would become substantially higher than

the ones at the other regions as expected. The price increase for district 3 would be 8
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per cent while price decrease for District 4, which is CBD, would be as high as 4 per

cent. (Table 3.17)

Table 3.17 Impact of a new link on housing prices

Initial Equilibrium
1 2 3 4 1 2 3 4
1.00| 1.00| 1.00| 1.00| 1.04| 097| 1.08| 0.96

Table 3.18 and Table 3.19 show how housing demand of households using
private transport and public transport changes respectively. I notice a general demand
increase for districts 2 and 4 where relative housing prices decrease. Considering
together increases in price and number of resident households for districts 1 and 3
would easily explain slight decreases in housing demand for these regions. However,
for private transport users, it should be noted that housing demand of households
travelling between District 1 and District 3 increases significantly (Table 3.18).
Increase in private transport accessibility for people travelling between these districts
is the underlying reason for this. Since there is no improvement for public transport
users travelling between districts 1 and 3, I cannot mention about a distinctive increase
in housing demand for this group of people, but slight demand increases for people in

districts 2 and 4 and slight decreases for the rest.

Table 3.18 Impact of a new link on housing demand (private transport)

Initial Equilibrium
TO TO

39.26 | 2242 22.94 3334 3822 | 2237 | 2647]33.17
20.00 | 39.26 20.00 3040 | 21.15| 40.27 | 21.12|31.30
21.66 | 21.14 39.26 32.06 | 24.86| 2087 | 37.26 3145
33.86 | 33.34 33.86 39.26 | 3580 | 3438 | 35.75]40.61

FROM

AW N =
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Table 3.19 Impact of a new link on housing demand (public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
40.26 | 34.26 34.26 34.26 39.19 33.39 33.39 33.39
3426 | 40.26 34.26 34.26 35.13 41.29 35.13 35.13
3426 | 34.26 40.26 34.26 32.57 32.57 38.20 32.57
3426 | 34.26 34.26 40.26 35.43 35.43 3543 41.65

FROM

W =

The model shows that households’ consuming preferences on consumption
good would be affected as their preferences on housing. Since transport costs for
households using public transport for their commuting journeys do not change due to
the new link between districts 1 and 3, one can see the impact of housing price changes
on consumption decisions of households. To make it clearer, consumption good
demand of households residing in districts 1 and 3 slightly decreases while one of them
residing in other districts increases without any exception (Table 3.21). It should be
noted that these changes are moving along a narrow interval and the maximum change
becomes only 1.38 per cent. On the other hand, for private transport users, only two
groups of households (among 16 groups) demand less consumption goods when
compared to the setting before building the new link (Table 3.20). For these people,
consumption good demand decreases by 0.48 per cent and 1.26 per cent. In addition
to this, humble rates, as in public transport, give way to quite high ones. To give an
example, after implementing the new link, households travelling between districts 1
and 3 using their own private cars demand more consumption goods more by the rates
of 17.96 per cent and 19.40 per cent. This, obviously, can be linked to general
improvement in transport costs for private transport, particularly for the journeys

between districts 1 and 3.

Table 3.20 Impact of a new link on consumption good demand (private transport)

Initial Equilibrium
TO TO

50.00 | 50.00 | 50.00 50.00 | 49.76 | 5099 | 5898 | 50.85
50.00 | 50.00 | 50.00 50.00 | 52.13 50.56 | 52.05| 50.76
50.00 | 50.00 | 50.00 50.00 | 59.70 | 5133 | 4937 | 51.02
50.00 | 50.00 | 50.00 50.00 | 51.81 50.53 51.74 | 50.69

FROM

Al W[N] —
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Table 3.21 Impact of a new link on consumption good demand (public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
50.00 | 50.00 | 50.00 50.00 | 49.75| 49.81 | 49.81| 49.81
50.00 | 50.00 | 50.00 50.00 | 50.55| 50.56| 50.55| 50.55
50.00 | 50.00 | 50.00 50.00 | 49.45| 4945 | 4935| 4945
50.00 | 50.00 | 50.00 50.00 | 50.67 | 50.67 | 50.67| 50.69

FROM

Al W[N] —

Apart from the previous scenario, introducing a new group of people (public
transport users) has enabled me to understand the impact of the new link on different
groups and what type of equity problems to be faced. Without making any
improvement in public transport, even not making public transport available on the

new link, public transport users would become losers of the proposed “improvement”.

3.2.4 Scenario I-3: Model with Location Categories, Travel Modes and

Economic Groups

Next, I introduce a new attribute of heterogeneity to categorise households with
respect to their endowments. As briefly discussed before, the first group of households
(capital owners) owns the capital (business + housing) in the economy. Generated
income for rented capitals is shared among this group equally. The second group of
households (workers) owns the labour. There is only one type of labour that is

employed in production activities. This leads to a single wage level in the economy.

Now, households are categorised according to their residential locations and
working locations, preferred commuting mode between these locations and
abovementioned economic groups they are in. As in the second scenario, 23,800
households (13,090 private transport users + 10,710 public transport users) are residing
in the city. About 16 per cent of households (3,859 households) is assumed to be
capital owners. It should be noted here that capital owners are assumed to be more apt
to use their private vehicles for their commuting trips when compared to workers.
About 84 per cent of capital owners uses private transport, while this figure is roughly
half for workers. Numbers of households with different economic groups travelling

between districts with respect to commuting modes are listed in Tables 3.22 and 3.23.
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Table 3.22 Number of travelling households w.r.t. economic groups (private transport)

Capital owners Workers
TO TO
1 2 3 4 1 2 3 4
1 324 141 139 328 880 212 270 935
% 2 110 162 180 365 397 536 492 1,230
% 3 87 129 203 221 404 355 255 805
4 203 171 185 283 801 906 750 631

Table 3.23 Number of travelling households w.r.t. economic groups (public transport)

Capital owners Workers
TO TO
1 2 3 4 1 2 3 4
1 76 30 32 72 720 517 459 1,165
% 2 22 30 36 85 571 872 492 820
% 3 21 14 22 39 388 602 1,020 935
4 44 5 43 57 252 18 222 1,029

For this scenario, for private transport mode, travel times and travel costs are
assumed to be equal as in other scenarios. Travel time required for private within-
district journeys is fixed to 5 and travel time required for other journeys is calculated
using the travel model. As in the second scenario, travel time required for public
transport journeys do not change due to the congestion level but with route lengths.
Travel time and cost structures for this mode are adopted from the previous scenario

without any change.

It should also be noted that transport time and cost figures do not change with
the economic group of households. The categories effective in these figures are
households’ locations (both residential and working) and their preferences on

commuting mode.

Since there are distinctive income levels for each economic group of
households, I would introduce different consumption levels for these groups. Capital
owners consume more consumption goods than workers do. Consumption level for
capital owners is assumed to be 400 and it is assumed to be 40 for workers. As in

previous scenarios, housing consumptions in floor space are assumed to be varying
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with respect to household categories. Housing consumption for each household
category is calculated using the following set of equations with an additional
household category index g (1=capital owners, 2=workers) denoting the economic

group of households:

d(i,W,m,g :1)+C(i,W,m,g :1)+tc(i,w,m) =k+h

d(i,w,m,g:2)+c(i,w,m,g:2)+tc(i,w,m):l (35)
h =ZZZZn(i,W,m,g)~d(i,w,m,g)/zzz:n(i,w,m,g =1)

Solving this equation set mathematically would lead to households’ housing
consumptions in floor space as in the following tables. Please notice that capital
owners’ housing consumptions are higher than workers’ consumptions, nevertheless,

the difference is not as much as in consumption goods.

Table 3.24 Housing consumptions of households (private transport)

Capital owners Workers
TO TO
1 2 3 4 1 2 3 4
1 | 7236 56.82 56.36 66.84 32.99 17.45 16.99 | 27.46
% 2 | 50.07 72.36 50.00 60.48 10.69 32.99 10.63 | 21.10
|3 | 5655 56.94 72.36 66.96 17.17 17.57 32.99 | 27.58
4 | 66.95 67.35 66.88 72.36 27.58 27.97 27.51 | 32.99
Table 3.25 Housing consumptions of households (public transport)
Capital owners Workers
TO TO
1 2 3 4 1 2 3 4
1 | 7336 67.36 67.36 67.36 33.99 27.99 27.99 | 27.99
% 2 | 67.36 73.36 67.36 67.36 27.99 33.99 27.99 | 27.99
|3 | 6736 67.36 73.36 67.36 27.99 27.99 33.99 | 27.99
4 | 67.36 67.36 67.36 73.36 27.99 27.99 27.99 | 33.99

Household utility function, household budget constraint and household budget

equation are revised accordingly with household indices as follows:

Upe (€)= (@il + Tl @) = Vo T (36)

iwmg ~iwmg iwmg ~ iwmg
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iwmg + r;‘diwmg + pciwmg + Kiwm < 0 (37)
Miwmg = 5eilv<vmg + Z’: ei[;mg (l') (g = 1) (38)
Miwmg :l (g = 2) (39)

Solving household utility maximisation problem using the above setting would
lead to the following demand functions for consumption good and housing units in

terms of prices:

o
c _ aiwmg Miwmg - Kiw'm (40)
hwmg ™ D h 9 1-c 9 l-o
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I o
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d[wm = (4 1)
g 7 h 7 l-o 9 1o
! (aiwmg ) }’; + (aiwmg ) p

For any group of households, number of ones residing at a specific location and

using a specific travelling mode is:

Ip
P h P _
eXp |:( aiwmg Ciwmg + 6liwmg diwmg ) 7/ wmg Z-iwm j|

W. =
Sy R
exp ajwm'gcjwm'g ajwm'g Jwm'g }/jwm'grjwm'
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In this scenario, as in the first two scenarios, a direct link between districts 1

No ( N(w.g) (42)

and 3 is proposed as illustrated previously in Figure 3.2. This link is used by only

private cars and it is technically identical with the existing links.

When I compare the results of interregional transport times of private transport
for initial setting just after implementing the new link and equilibrium level, I find that
some results differ at high rates. To give an example, at the equilibrium level, travel
time from District 2 to District 4 would be 15.45, while it is initially expected to be
16.88 (Table 3.26). As already explained previously, this explains why people’s
movements around the city should be considered to have accurate predictions and

implement proper policies and projects.
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Table 3.26 Impact on private transport mode travel times

Travel times (initial) Travel times (equilibrium)
TO TO
1 2 3 4 1 2 3 4
1 5 19.04 8.00 9.02 5 19.32 8.07 9.14
% 2 | 25.66 5 25.88 16.88 24.04 5 24.18 15.45
ﬁ 3 8.01 18.79 5 8.78 8.10 19.18 5 9
4 8.78 10.01 9 5 8.59 10.18 8.73 5

Table 3.27, Table 3.28, Table 3.29 and Table 3.30 provide household spatial
distribution for each group. As for people’s movements in the city and their travel
mode preferences, it can be concluded that building a direct link carrying private
transport traffic between districts 1 and 3 increases private transport demand. The
number of households using private transport increases from 13,090 to 13,619 at a rate
of about 4 per cent. When I look at the details of this increase, as expected, increases
in the number of households (both capital owners and workers) travelling between
districts 1 and 3 are the main factors. For capital owners, the number of households
travelling from District 1 to District 3 increases by 46.14 per cent, while the number
of households travelling in opposite direction increases by 143.28 per cent (Table
3.27). For workers, the number of households travelling from District 1 to District 3
increases by 126.06 per cent, while the number of households travelling in opposite

direction increases by 67.95 per cent (Table 3.28).

Table 3.27 Impact on household spatial distribution (capital owners+private transport)

Initial Equilibrium
TO TO

1 324 141 139 328 | 260.87 | 143.97 | 203.14 | 326.25
2 110 162 180 365 | 107.64 | 157.87 | 172.12 | 359.06
3 87 129 203 221 | 211.65| 13793 | 183.17 | 237.75
4 203 171 185 283 | 17623 | 164.44 | 16490 | 276.18

FROM
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Table 3.28 Impact on household spatial distribution (workers + private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
880 212 270 935 | 805.40 | 230.35| 610.35| 95341
397 536 492 1,230 | 418.94 | 528.47 | 494.69 | 1212.90
404 355 255 805 | 678.53 | 381.41| 22578 | 84347
801 906 750 631 | 743.59 | 890.39 | 694.85| 623.29

FROM

W =

These changes due to improvement in private transport accessibility of districts
1 and 3 would lead to substantial changes in the number of residents for each district.
District 3 is the leading region attracting new households with an increase of 5.15 per
cent. As expected, the number of households in District 1 increases by 2.46 per cent

while those in districts 2 and 4 decrease by 2.54 per cent and 4.92 per cent respectively.

Table 3.29 Impact on household spatial distribution (capital owners + public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 76 30 32 72 61.18 29.58 28.31 71.73
% 2 22 30 36 85 17.48 29.24 31.41 83.53
% 3 21 14 22 39 17.35 14.16 19.83 39.84
4 44 5 43 57 34.59 4.81 37.12 55.66

Table 3.30 Impact on household spatial distribution (workers + public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4

720 517 459 1,165 | 65895 | 511.04 | 404.66 | 1,155.89
571 872 492 820 | 52091 | 859.85| 432.28 810.84
388 602 | 1,020 935 | 357.40 | 598.81 | 902.86| 933.53
252 18 222 1,029 | 229.29 17.69 | 194.54 | 1,016.66

FROM
AW —

Turning to economic impacts of shifts in people’ preferences in residential
location and travelling mode, results of the model show that relative prices in districts
1 and 3, particularly District 3, would become substantially higher than the ones at the

other locations as expected. District 3 is the region where prices increase the most with
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arate of about 9 per cent while price increase in District 1 is only 1 per cent. This result
is matching with increases in housing demand for these regions as explained above. It
should be noted that, in this scenario, price differences among districts becomes more
obvious when compared to the previous one. Besides significant price increase in
District 3, housing price for District 4 (CBD) decreases by 7 per cent. Please notice

that this figure was about 4 per cent in the previous scenario (Table 3.31).

Table 3.31 Impact of a new link on housing prices

Initial Equilibrium
1 2 3 4 1 2 3 4
1.00| 1.00| 1.00| 100| 1.01| 09| 1.09| 0.93

Table 3.32, Table 3.33, Table 3.34 and Table 3.35 provide housing demand
information for each type of household. Model results indicate that, in line with
changes in the number of households and housing prices, a general consumption (in
floor space) increase is observed for districts 2 and 4, and, other regions have a reverse
situation. However, when I look at the whole picture closer, for private transport users,
housing consumption of this group increases in some cases. Because of decreasing
private transport cost (particularly between districts 1 and 3) some households increase
their housing consumption. To give an example, workers travelling from District 1 to
District 3 would increase their housing consumption by 22.12 per cent, which is the
highest increase rate in housing consumption. This rate is followed by the housing
consumption increase rate of workers travelling in the reverse direction with the value
of 15.54 per cent. This shows how improvements in accessibility and transport costs
would affect final consumption, albeit an increase in housing prices. Another
important result that should be mentioned here is that improvements in accessibility
and transport costs do not affect housing consumptions of capital owners as much as
workers’ consumptions. This can be linked to that these households would rather

consume consumption goods more when compared to housing.
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Table 3.32 Impact on housing demand (capital owners + private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 72.36 | 56.82 5636 | 66.84| 7190 | 56.62 | 57.60 | 66.61
% 2 50.07 | 7236 50.00 | 60.48 | 5138 | 73.78| 51.30|61.83
ﬁ 3 56.55 | 56.94 7236 | 66.96 | 5524 | 5426 | 68.69 | 63.77
4 66.95 | 67.35 66.88 | 7236 | 6995 | 70.07 | 69.87 | 75.34
Table 3.33 Impact on housing demand (workers + private transport)
Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 32.99 17.45 1699 | 2746 | 3281 | 17.74 20.74 | 27.89
% 2 10.69 3299 | 10.63 | 21.10| 11.64| 33.90 11.55| 22.15
ﬁ 3 17.17 17.57 | 3299 | 27.58| 19.84 | 16.96 3097 | 26.49
4 27.58 2797 | 27.51| 3299 | 29.83| 29.39 29.72 | 34.80
Table 3.34 Impact on housing demand (capital owners + public transport)
Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 7336 | 67.36 6736 | 67.36 72.90 66.94 66.94 | 66.94
g 2 6736 | 73.36 6736 | 67.36 68.67 74.81 68.67 | 68.67
ﬁ 3 6736 | 67.36 73.36 | 67.36 63.96 63.96 69.63 | 63.96
4 6736 | 67.36 6736 | 73.36 70.11 70.11 70.11 | 76.38
Table 3.35 Impact on housing demand (workers + public transport)
Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 3399 | 27.99 27.99 | 27.99 | 33.81 27.84 | 27.84 | 27.84
% 2 27.99 | 33.99 2799 | 2799 | 28.74| 3493 | 28.74|28.74
ﬁ 3 2799 | 27.99 3399 | 2799 | 2632 | 2632 | 31.90|26.32
4 2799 | 27.99 2799 | 3399 | 2948 | 29.48 | 29.48 | 35.86

The model shows that households’ preferences on consumption good would

also be affected. As building a new link carrying only private transport traffic leads to
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improvement in private transport costs, major improvements in household
consumptions are achieved for private transport users. To give an example, workers
travelling from District 1 to District 3 using their own private vehicles would consume
about 22.56 per cent more after the new link. This figure is about 20.64 per cent for
this group of households travelling in the reverse direction. It should also be noted that
a few numbers of groups using private transport would consume less consumption
goods. This means that, for this group of people, achieved improvements in transport

costs suppress well the increases in housing costs. (Table 3.36 and Table 3.37)

Table 3.36 Impact on consumption good demand (capital owners + private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
400 400 400 400 | 398.92 | 399.99 | 410.26 | 400.11
400 400 400 400 | 402.82 | 400.28 | 402.75 | 401.33
400 400 400 400 | 408.02 | 398.00 | 396.46 | 397.81
400 400 400 400 | 402.78 | 401.08 | 402.72 | 401.36

FROM

W=

Table 3.37 Impact on consumption good demand (workers + private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 40 40 40 40 39.94 40.80 49.02 | 40.76
% 2 40 40 40 40 42.73 40.34 42.68 | 41.20
ﬁ 3 40 40 40 40 48.26 40.32 39.22 | 40.11
4 40 40 40 40 41.70 40.51 41.65 | 40.67

Turning to public transport users, model results indicate that, in line with
changes in housing prices, a general consumption increase is observed for districts 2
and 4, and decrease for the others. Without any improvement in transport costs,
changing housing costs would lead to these changes in households’ consumption
preferences. However, the most striking result is that workers doing the within-district
journey in District 3 using public transport would consume 1.99 per cent less after the

new link. This figure is the lowest among all types of households.
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Table 3.38 Impact on consumption good demand (capital owners + public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 400 400 400 400 | 398.91 398.92 | 398.92 | 398.92
% 2 400 400 400 400 | 400.20 | 400.29 | 400.20 | 400.20
% 3 400 400 400 400 | 396.60 | 396.60 | 396.43 | 396.60
4 400 400 400 400 | 401.22 | 401.22 | 401.22 | 401.39

Table 3.39 Impact on consumption good demand (workers + public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 40 40 40 40 39.93 39.94 39.94 | 39.94
% 2 40 40 40 40 40.31 40.35 40.31 | 40.31
% 3 40 40 40 40 39.29 39.29 39.21 | 39.29
4 40 40 40 40 40.61 40.61 40.61 | 40.68

3.3 Scenario Analyses under Full Heterogeneity

In this Section, I provide the analyses of two different scenarios using the
setting defined in Section 3.2.4, under full heterogeneity of households. The first
scenario in this Section is introducing a new link between districts 1 and 3 as in Section
2. But, this time, this new link is used by only public transport vehicles. As the result
of this link, public transport travel time between these districts is assumed to decrease

from 30 to 20 units, while there is no change in public transport fee (Figure 3.3).

Figure 3.3 New public transport link between District 1 and District 3



The next scenario is introducing a fee for private transport users travelling to
the District 4 (central district). This policy is often named as “cordon pricing” in the
literature. Cordon pricing can be considered as a form of congestion charge (or
congestion pricing) scheme, which comes to the fore to solve congestion problem
although it was originally presented as a financing instrument for transport systems

improvements.

The main rationale beneath congestion charge is that traffic congestion is a kind
of market failure caused by “excessive demand” for a public good and implementing
a “corrective charge” is needed to internalise traffic congestion externalities (Santos
and Newbery, 2001). Although “French engineers” Jules Dupuit (1844) and Joseph
Minard (1850) have provided visionary studies in this field, transport-related
congestion and its pricing mechanisms have not been examined thoroughly before
Arthur C. Pigou (1920) where he prepares the ground for taxation according to
“marginal social cost” in road transport. In very early versions of Pigou’s “The
Economics of Welfare”, it is claimed that rightly chosen measures can be used to
increase the efficiency of transport. Pigou provides an illustration with two alternative
routes and states that shifting some carts from one route to another would be possible
by imposing differential taxation against a route. He claims, in this way, that
significant level of relief can be provided in the taxed route with a slight trouble in the
other route. This illustration is the milestone debate on congestion charging since
Pigou proposes pricing not for financing infrastructure but for increasing the efficiency
of “publicly owned roads” and the social welfare. Besides, Pigou criticizes the road
transport taxation mechanism in a way that motorists do not pay for the damage they
cause to the infrastructure.'”> However, in this scenario, I would not introduce a
marginal social cost pricing scheme, but a fixed toll charged to drivers travelling to the

central district.

3.3.1 Scenario II: Capacity and service improvement in public transport

In this scenario, rather than building a link carrying private transport traffic, a

new public transport route is introduced between districts 1 and 3. As mentioned

12 That alternative routes have different physical features is not explicitly stated in the book, but it is
required to provide such traffic changes in different routes.
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before, public transport fees do not change. A new public transport route leads to
improvement in public transport service delivery and reduces travel time between

these districts. (Tables 3.40 and 3.41)

The model results show that the public transport improvement in question
would lead to certain changes in private transport journeys. Namely, travel times (and
travel costs) for private transport journeys would decrease on most of the routes. This
improvement should be attributed to the shift in travel mode, which is discussed in
detail later in this part. It should be noted that, on certain routes, improvements in
private transport travel times would be more than 2 per cent while there are slight

increases in travel times on some routes.

Table 3.40 Travel times for journeys between districts for private and public transport

Private Transport Public Transport
TO TO
1 2 3 4 1 2 3 4
1 5| 20.54 21 10.52 10 30 20 15
% 2| 2729 5 27.36 16.88 30 10 30 15
ﬁ 3 20.81 | 20.42 5 10.40 20 30 10 15
4 10.41 10.01 10.48 5 15 15 15 10

Table 3.41 Travel costs for journeys between districts for private and public transport

Private Transport Public Transport
TO TO
1 2 3 4 1 2 3 4
1 5] 20.54 21 10.52 4 10 10 10
% 2| 2729 5 27.36 16.88 10 4 10 10
% 3 20.81 | 20.42 5 10.40 10 10 4 10
4 10.41 10.01 10.48 5 10 10 10 4

As mentioned above, the improvement in public transport would lead to a
change in people’s travel mode preferences favouring public transport. After the
improvement, the number of private transport users decrease from 13,090 to 12,926 at
a rate of about 1.25 per cent, which is lower than the one of the previous scenario
where a new link carrying private transport traffic is built between the same regions.

In order to understand how this is reflected in different groups of people, [ may have
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a look at people’s movements in the city. Below tables show generated distribution of
different groups of people with respect to their commuting locations, travel mode

preferences and economic groups they belong to.

Tables 3.42 and 3.43 indicate that, regardless of their economic group, drivers
travelling to District 1 and District 3 drop their private vehicles the most when
compared to others travelling to other districts. However, when I look at these figures
closer, I will see that number of drivers travelling from districts 1 and 3 to districts 2
and 4 increases. The main reason beneath this striking outcome should not be linked
to travel times as the intervention in public transport leads to very little or no
improvement in driving times on these routes, but to population increase in these
districts. The number of public transport users, for both economic groups, travelling
from districts 1 and 3 to districts 2 and 4 increases as well. As expected, the number
of public transport users travelling between districts 1 and 3 would increase at a
substantial rate. To give an example, the number of public transport users belonging
to the capital owners group and travelling from District 3 to District 1 would increase

by about 148 per cent.

Table 3.42 Impact on household distribution (capital owners + private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 324 141 139 328 | 310.85| 142.01 | 136.17 | 329.80
% 2 110 162 180 365 | 108.06 | 161.15| 174.56 | 363.16
ﬁ 3 87 129 203 221 85.80 | 130.47 | 196.28 | 222.87
4 203 171 185 283 | 194.68 | 16938 | 177.15| 281.19
Table 3.43 Impact on household distribution (workers + private transport)
Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 880 212 270 935 | 853.16 | 212.86 | 265.32 | 936.42
g 2 397 536 492 | 1,230 | 391.46 | 535.29 480.77 | 1,227.14
ﬁ 3 404 355 255 805 | 397.82 | 356.91 244.83 806.67
4 801 906 750 631 | 776.16 | 903.76 | 723.82 | 630.05
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Turning to the economic impacts of this intervention in public transport, results
of the model show that relative housing prices in districts 1 and 3 would increase while
prices in other regions would fall slightly. This result is in line with demand increase
in housing in districts 1 and 3 owing to the public transport accessibility improvement.
(Table 3.44) Recalling housing price changes in the previous scenario, changes for this
scenario appear to be modest. However, it should be noted that magnitude of
intervention plays a critical role in the magnitude of results. In this scenario, public
transport travel time is assumed to decrease from 30 to 20. It must be born in mind that
setting a different level of improvement would have caused different equilibrium
levels, obviously. In line with changing housing prices and locations of households,
housing demand for each household residing in districts 1 and 3 decreases and the one

for other regions increases without any exceptions.

Table 3.44 Impact of new public transport route on housing prices

Initial Equilibrium
1 2 3 4 1 2 3 4
1.00| 1.00| 1.00| 1.00| 1.02| 099| 1.03| 0098

The model shows that changes in housing prices would affect households’
consuming preferences on consumption good. As relative housing prices in districts 1
and 3 increase, household demand on consumption goods would decrease to
compensate for this increase. Accompanying with the results on housing demand, this
gives an important insight into people’s mobility behaviours. The model results
indicate that, after the improvement in public transport between districts 1 and 3, a
higher number of households would begin to live in these districts although they would
consume less on both dwellings and consumption goods. The main factor beneath this
motivation is the improvement in travel time, which is not represented in household
utility function in monetary terms. However, any changes in travel time conditions,
accompanied with or without changes in transport costs, would affect utility function

that is used in location choices of households. This should lead one to use a

benchmarking indicator taking into consideration travel time valuations of households

besides their consumptions on housing and other goods in order to compare different

policies.
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3.3.2 Scenario III: Introducing Cordon Pricing

In this scenario, rather than a capacity improving intervention, a toll for the
entrances to the central district is introduced. Please note that trips starting at the
central district is exempted from this duty and public transport fees remain unchanged.
After this intervention, drivers travelling to District 4 would have to pay 10 units toll

besides their transport costs. (Tables 3.45 and 3.46)

Table 3.45 Initial travel times for journeys for private and public transport

Private Transport Public Transport
TO TO
1 2 3 4 1 2 3 4
1 5 20.54 21 10.52 10 30 30 15
% 2] 27.29 5 27.36 16.88 30 10 30 15
3] 2081 20.42 5 10.40 30 30 10 15
4| 1041 10.01 10.48 5 15 15 15 10
Table 3.46 Initial travel costs for journeys for private and public transport
Private Transport Public Transport
TO TO
1 2 3 4 1 2 3 4
1 5 20.54 21 20.52 4 10 10 10
% 2] 27.29 5 27.36 26.88 10 4 10 10
3] 2081 20.42 5 20.40 10 10 4 10
41 1041 10.01 10.48 5 10 10 10 4

Results show that, for this setting, introducing a cordon pricing results in
unexpected (and backfiring) outcomes. Congestion charge schemes are often used to
restrict private vehicle usage, promote public transport and, eventually, relieve traffic
congestion. However, in this case, travel times to central district are increased after
introduction of cordon pricing (See figures in bold in Table 3.47). This increase can

be explained by increase in private car usage towards central district.
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Table 3.47 Impact of cordon pricing on private transport travel times

Travel times (initial) Travel times (equilibrium)
TO TO
1 2 3 4 1 2 3 4
1 5 20.54 21 10.52 51 20.56 20.98 | 10.55
% 2 | 27.29 5 27.36 16.88 | 27.30 5 27.35| 16.92
% 3 | 20.81 20.42 5 1040 | 20.79 | 20.43 51 10.42
4 10.41 10.01 10.48 5| 1037 | 10.01 10.43 5

The number of households travelling to the central district increases,
particularly for workers, although there is no substantial change in number of other
households. To give an example, number of workers using private transport and
travelling from District 2 to District 4 increases from 1,230 to about 1,263. This
increase is even greater than total increase in private transport users, which is about

27.

Table 3.48 Impact on household spatial distribution (capital owners+private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 324 141 139 328 | 323.48 | 140.41 | 138.71 | 328.86
% 2 110 162 180 365 | 108.47 | 161.57 | 177.98 | 365.81
% 3 87 129 203 221 86.85 | 128.58 | 203.06 | 221.53
4 203 171 185 283 | 205.10 | 172.52 | 186.96 | 282.87

Table 3.49 Impact on household spatial distribution (workers + private transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 880 212 270 935 | 882.87 | 210.42 | 269.67 | 942.10
% 2 397 536 492 1,230 | 384.91 | 536.30 | 477.39 | 1,262.77
% 3 404 355 255 805 | 403.19 | 352.97 | 256.05 | 811.05
4 801 906 750 631 | 805.32 | 908.41 | 755.53 | 625.75

Tables 3.50 and 3.51 show how number of public transport users evolves after
implementation of cordon pricing scheme around central district. As already

mentioned, an unexpected shift in travel mode favouring private transport takes place.
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Public transport loses about its 27 riders. It should be noted almost all these losses are
coming from the group of workers and ones travelling to the central district play a

critical role in this.

Table 3.50 Impact on household spatial distribution (capital owners + public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 76 30 32 72 75.89 2996 | 3198 | 71.33
% 2 22 30 36 85 21.90 2993 | 35.89 84
ﬁ 3 21 14 22 39 20.96 13.99 | 22.01 | 38.65
4 44 5 43 57 44.35 504 | 4341| 56.96

Table 3.51 Impact on household spatial distribution (workers + public transport)

Initial Equilibrium
TO TO
1 2 3 4 1 2 3 4
1 720 517 459 1,165 | 722.43 | 517.09 | 460.48 | 1,152.34
% 2 571 872 492 820 | 572.06 | 872.61 | 493.30 | 810.61
ﬁ 3 388 602 1,020 935 | 388.99 | 602.16 | 1,024.31 924.93
4 252 18 222 1,029 | 253.25 | 18.05 | 223.27 | 1,020.45

Looking all the household distribution tables above together, number of
households living and working in the central district decreases from 2,000 to 1,986.
Given working locations of households remain unchanged, after introduction of
cordon pricing, these households would move to the other regions. Relative increase
in housing prices in District 4 can explain this movement. Table 3.52 shows that
housing prices in District 4 would be higher than the others. This is an expected
consequence of cordon pricing as travelling to this region from other regions would be
more expensive. It is obvious that this relative price increase in transport would
increase demand in centrally located houses. This finding can be supported by other
studies in literature. Sato and Hino (2006) show that housing prices increase in and
near the charge area using a spatial CGE model for road pricing in Tokyo. In an ex-
post evaluation study, Tang (2016) shows that, using households’ land registry

transactions and census data, Western Extension Zone (WEZ) of congestion charge
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scheme in London increases in-cordon housing prices at a rate of 3.68 per cent when

compared to houses within 1 km away from the boundary.

Table 3.52 Impact of cordon pricing on housing prices

Initial Equilibrium
1 2 3 4 1 2 3 4
1.00| 1.00| 1.00| 1.00| 096| 096| 097| 1.00

Housing prices explain only a portion of households’ movements. To explain
remaining movements, particularly unexpected (and undesired) increase in private
transport trips to the central district, one should look at households’ behaviours closer.
This requires investigating parameters explaining household preferences and
heterogeneity among these households. Recalling household utility function in

Equation (36),

Ul.wmg(d,c)z(a c® o dr )l/p—yl.wmgriwm

iwmg ™~ iwmg iwmg "~ iwmg

travel time valuation differs in accordance with the household group. Initial household
distribution, so the initial setting, is critical to determine the levels of travel disutility

parameter y . At this point, I would go into details of movements of workers preferring

to use private transport for their journeys from District 2 to District 4. Model results
show that the number of this group of households increase unexpectedly although the
cost of private transport increases due to cordon pricing and public transport offers
shorter travel times for their journeys. This “subtler” consequence can be explained by

the difference between disutility parameters y for two travel modes. Travel disutility

parameter for private transport is about 0.0032 while this figure is about 0.0234 for
public transport making public transport on this route much more inferior to private
transport option. This leads households travelling on this route to shift from public
transport to private transport. Although the gap between parameter values for transport
modes in favour of private transport is because of the initial setting (i.e. unelaborate
distribution of households among districts, please note that for workers travelling on
this route number of private transport users is set to be greater than the one of public
transport users — See Tables 3.49 and 3.51), there may be structural problems, other

than public transport accessibility in terms of travel costs and times, leading
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commuters not to prefer public transport as a commuting mode. This analysis (albeit
using dataset based on a hypothetical basis) shows that transport policies may lead to

unexpected outcomes without scrutinising the main problem.

Turning to other macroeconomic impacts of cordon pricing, housing demand
of households travelling to the central district using their own private vehicles decrease
as they would have increased transport cost after cordon pricing. Almost all the other
household groups consume more on housing due to reductions in relative housing
prices. There are slight decreases for some groups of households residing in the central

district due to relatively high housing costs for this region.

It is interesting that economic group of households plays a distinct role in
households’ consumption good demands. Apart from households suffering from
cordon pricing, households belonging to capital owners group would consume less on
consumption goods while the other group of households consume more. This can be
attributed to decreasing housing prices as housing rents constitute capital owners’
income budget besides rents obtained for business capitals. For private transport users
travelling to the central district, due to increased transport costs, the consumption good

demand decreases substantially.

3.4 Discussion

I tested the proposed integrated model using a pseudo data set of a
representative urban unit with four districts in this Chapter. Households are
differentiated according to their residential location, working location, preferred
commuting mode and social status. In the scenario analysis, I evaluate a set of
alternative transport policies (i.e. capacity increase in private transport, public
transport improvement, cordon pricing) and analyse the impacts of such policies on a
set of parameters including household locational distribution, households’ demand on

consumption goods and housing, and housing prices observed.

I studied the model under three distinct scenarios, namely the capacity increase
of private transport, the capacity increase in public transport and cordon pricing. In
order to capture the relevance of representing the heterogeneity of households, |

introduced elements of heterogeneity (location categories, travel mode,
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socio/economic groups) in sequence and discussed the results under the first scenario
(anew private transport link between two districts of a city). The two other simulations
are studied under the full heterogeneity set, namely introduction of increased capacity
for public transport system and introduction of cordon pricing policy. All scenarios are

carried out utilizing a synthetic data for a city with four residential/working districts.

Results show that heterogeneity among people in terms of their preferences and
valuations is very critical in transport and land use policies. Without considering
demographic structures of cities and producing accurate parameters for their

preferences, toward policies would only lead to partial analyses.
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CHAPTER 4

EVALUATING EFFECTS OF CROSSRAIL 2 PROJECT

4.1 Introduction

This Chapter introduces the urban CGE model constructed to analyse wider
impacts of transport policies to be applied in Greater London Area (GLA) (Figure 4.1).
First, I present the main features of the model. Next, the problems of households and

firms are discussed in detail.

The model is in the urban-CGE tradition; based on the applied general
equilibrium modelling and extended in the spatial dimension. Spaces are the boroughs
in the GLA boundaries. I further extend the CGE model by adding sets of equations
calculating shares of location and mode choices, and travel time and cost of private car
journeys between residential and working locations. All the equations are solved

simultaneously in the model.

The primary agents of the model are the individual households. They are
differentiated in many respects including household income, household preferences on
residential locations and transportation mode for commuting purpose. Households in
the model are categorised with respect to their residential and working locations,
commuting modes and income groups'®. Households may change their residential
location and/or commute mode preferences as a response to any change in urban
conditions; working locations and income group of households are assumed to remain
unchanged. Households are assumed to be owners of the total physical capital and
housing stock in the economy, so they generate factor income by lending capital and

labour factors to the firms and rent income by lending houses to other households.

13 The detailed decomposition of the data w.r.t. the categorisation of the households is explained in
Section 4.2.1.
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Figure 4.1 Greater London Local Authorities (Boroughs)

On the production side, firms carry out production activities and distribute
factor incomes to the households. Firm locations are assumed to be fixed throughout

the model simulations.'*

The main model is composed of three submodules (Figure 4.2):

1) Macroeconomic Model represents the decision-making process of
households to choose the bundle of consumption goods and housing
providing the maximum utility and of firms to decide on a bundle of factors
with the minimum cost. Hence, the macroeconomic model computes the
equilibrium levels of main macroeconomic variables (demand/supply,
market prices, factor utilisation). The model takes households’
locational/spatial distribution as exogenous input from the output of the
Household Choice Model and travel cost input from the output of the
Transport Model.

4 Government, property owners or any other decision makers such as real estate developers are
neglected in the model.
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2) Household Choice Model calculates MNL probabilities of selecting
specific residential locations and transport modes for households. The
model takes household demands for aggregate consumption and housing as
exogenous inputs from the output of the Macroeconomic Model and each
household’s optimized travel time data as input from the Transport Model.

3) Transport Model calculates optimized travel time and travel cost required

for private car journeys between relevant OD (origin-destination) pairs'”.

It takes households’ locational/spatial distribution data from the Household
Choice Model.

Now(w.8)

Household Choice

Macroeconomic Model

Model
&

iwmg. [ " iwmg

wm

Transport Model

Figure 4.2 Model Overview

The primary data source for the model is London Travel Demand Survey
(LTDS) 2014, which provides micro-level information about households and the trips
they do in a day. Treatment of data and resulting datasets to be used in the model are

explained in detail in the following section.

This section is an introduction to the modelling framework for evaluating
impacts of transport policies to be applied in London. Section 4.2 provides detailed
information on data to be used in the model and the key attributes. It also provides a
spatial synopsis of some findings and implications at boroughs level that are important

to have some insight on potential impacts of different scenarios. Section 4.3 is the

15 Travel time and cost of public transport journeys are assumed to remain unchanged and provided to
the model as static tables.
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model specification section. It explains the network structure, the submodules in the
model and equilibrium conditions. Section 4.4 analyses the impacts of the Crossrail 2
project owing to resulting travel savings and provides results in changes in rental
prices, modal split, household spatial distribution and private transport travel times.

Section 4.5 discusses the main findings.

4.2 Data

4.2.1 Description and Treatment of Data

Primary and secondary data sources for the key attributes of “households table”

as well as the transport related variables are summarised in Table 4.1.'

Table 4.1 Key data attributes and sources

Household (residential location postcode) | London Travel Demand Survey (LTDS) 2014

Household (working location postcode) LTDS 2014

Household (travel mode) LTDS 2014

Household (income) LTDS 2014

Household type LTDS 2014 (income), Census 2011
(QS611EW)

Household commuting time (min) LTDS 2014, Google Maps (for correction)

Household commuting distance (km) LTDS 2014, Google Maps (for correction)

Household number LTDS 2014, Census 2011 KS101EW (for
boundaries)

House rental rates Valuation Office Agency (VOA) Private
Rental Market Statistics (2014)

Housing expenditures (rooms) Census 2011 (QS407EW)

Travel cost (private transport) Travel times, additional cost assumptions

(congestion charge, parking, etc.)

Travel cost (public transport) Transport for London (TfL) Oyster Card
Prices (2014)

16 See Appendix H for key statistical information for London.
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4.2.1.1 Key attributes of LTDS 2014

The major data source in this Thesis is the Transport for London (TfL) London
Travel Demand Survey (LTDS, 2014). In LTDS 2014, there are 3,436,927 households
(including ones travelling from out of London) with 8,190 different household

categories.

In order to construct a consistent and workable dataset for the application of
the numerical methodology, the data from sources described in Table 4.1 (and briefly

introduced in Appendix G) is further compiled through the following procedures.

4.2.1.2 Household locations

LTDS (2014) uses the first digits of the postcodes (for example EC2Y from
City of London borough) for locations. Postcodes are aggregated to 33 local authorities
(boroughs). In case of a postcode is shared by different local authorities (for example,
BRI is used by Bromley, Lambeth and Lewisham) households are distributed among
local authorities using special weights indicating shares of local authorities in the
postcode. In order to calculate these weights, first, full postcodes (for example EC2Y
8DR from City of London borough) are mapped with 2011 Output Areas (for example,
E00000001'") with the usual resident population using the Table KS101EW of the
Census 2011. Then, full postcodes are aggregated to the first digits to find the shares
of output areas in the aggregated postcodes. For the postcodes shared by different
boroughs, the total share of output areas from each borough represents the share of the

borough in each postcode.

4.2.1.3 Household (income) groups

Data on household income level is divided into 10 original categories in LTDS.
I have further aggregated these categories into household groups with respect to
income brackets (AB: high income, C: middle income, DE: low income). In the
aggregation procedure, social grade approximation percentages from Census 2011
(Table QS611EW) are used for estimating number of households in each group for

each borough.

17 To give an opinion on the size of 2011 Output Areas, EO0000001 has 194 usual residents according
to the Census 2011.
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Aggregating procedure to define income levels of household groups deserves
a few more sentences. As I explained above, LTDS data provides different income
categories for each 8,190-household category. Considering the main the determinants
of household income levels are working sector and the skills, income levels in the data
are aggregated with respect to the commuting destination and income group of
households. This means that households in a household income group with the same
commuting destination have the same income level, even if they have different
residential location or commuting mode. By this way, 99 income levels (33 working
locations * 3 household groups) are estimated. Then, the household table is fed by
these income levels. An important benefit of this assumption is the provided robustness
of data integrity after the shocks in simulations. Recalling model specifications in
Chapter 2, it’s assumed that working locations and household (income) groups remain
fixed, but residential locations and commuting mode may change. This means that
because the number of households with a specific working location and household
groups in the economy stays constant throughout the analyses, the total generated
income to be split among all the households will remain constant even after household
relocations. By doing this, there is no need to define additional parameters to ensure

data integrity in simulation analyses.

4.2.1.4 Household commuting

Households generate approximately 1,350,000 commuting trips (one-way)

every day. I make two important assumptions to identify household commuting trips:

1) I consider only commuting trips starting and ending in the Great London
Area (GLA) boundaries.

2) Each household generates only one commuting trip. I assume that this trip
is the longest one in the household data I observe, as the longest trip is the
critical one for household location choice problem owing to its magnitudes

of travel time and cost.

One important impact of the second assumption is the reduction of commuting
modes to motorised transport, as the longest trip of a household often requires using

private cars or public transport.
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There are four different categories for the preferred commuting mode in LTDS.
These categories are walking (0), private transport (1), public transport (2) and other
modes (3). Because of the above assumption, shares of walking (0) and other modes

(3) in all modes become relatively small'®

when compared to private transport and
public transport. Therefore, I merge these two modes with public transport (2). This
makes two broad commuting categories: (i) private transport and (ii) public transport.
These categories are used for commuting modes in the analyses throughout this
chapter. Travel attributes (commuting time, commuting distance) are revised

accordingly.

The aggregation procedure described above leads to 866,295 households of the
LTDS to be represented in 6,534 different categories defined with four indices.

4.2.1.5 Household expenditures

Households are assumed not to make any saving but to use all their budget for
housing, travelling and buying goods. Because there is no saving and the model is
static, [ assume that households consume a composite good expending the remaining

budget from housing and travelling.

Housing Expenditures: Valuation Office Agency’s Private Rental Market
Statistics (2014) is the primary source for calculating rental rate per household space
(rooms including kitchens, living rooms, utility rooms, bedrooms, studies and
conservatories) for each borough. LTDS (2014) doesn’t give information about total
housing expenditures and/or number of spaces that are used by households. For this
reason, Census 2011 QS407EW (Number of rooms) data, which gives average number
of rooms per household in each borough, is used to make estimations on household
spaces used by different household categories. Based on the average numbers and pre-

determined caps for each household income group'®, number of rooms are calculated.

18 Share of walking (0) is 11 per cent and share of other modes (3) is 0 per cent.

19 Housing expenditure cannot exceed 70 per cent of household income for low-income group (DE), 50
per cent for middle income (C) and 30 per cent for high income (AB).
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Travel Expenditures: Travel times in the model are calibrated using actual
travel times and distances using Google Maps data®®. Each journey is assumed to start

and end at points representing borough centres.

For private transport, fuel consumption per distance is assumed to increase due
to increasing level of traffic congestion. This effect is modelled using the following
linear interpolation equation, assuming fuel consumption increases linearly between
two reference points. Assuming households also travel in non-working days for other
purposes, any commuter makes 730 journeys in a year, twice a day and 365 days a
year. Reference constant values for fuel consumption and travel times are adopted
from Treiber et al. (2008). These values may be replaced by any others from other

empirical studies.

Towre Lo (e 2365
K. =|C/ w20 (ce _cf\|.p . p/. i
iw'l |: T‘-f tlcoo ( )i| w p 100 ( )

w'l'

where, C’is the fuel consumption under no traffic congestion condition (8.24 1/100

km), C¢is the fuel consumption under a reference congestion level that’s observed in

Treiber et al. (2008), T,{:,l, is the travel time under no congestion condition, t£0 is the

reference travel time under no congestion condition (0.963 hour/100 km), #,is the

reference travel time under a reference traffic congestion level (3.93 hour/100 km),

D, s the distance between borough i and borough w, and p’ is the fuel cost (average

price of petrol is assumed to be 1.25 pound/l in 2014).

Iincur flat rate additional costs to total annual private car transport costs, 1000
pounds for journeys to the outside of the congestion charging zone and 2000 pounds

for journeys to the inside.

For public transport users, annual travel cost is assumed to be equal to the
yearly price of travel card (Oyster Card). Travel zones for origin and destination pairs
and connections through central zones are considered when calculating travel card

prices.

20 Please note that travel times and distances are aggregated figures with respect to OD pairs.
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Composite Good Expenditures: Due to the no saving condition, household
expenditure for composite good is equal to the rest of the household income that is left

after expenditures on housing and commuting.

Table 4.2 presents the tables that are used in the model and their attributes
entering the model as inputs. Based on the data and data organisation and manipulation

procedures I explained above, I have created 5 different tables to be used in the model.

Table 4.2 Model Tables and Attributes

Household Table Rents Table Income Table
- Location: - Location - Location (working)
o Residential - Annual rental rate (room) - Household group
o Working - Annual income
- Household group

- Commuting mode
- Count (household number)
- Expenditure:

o Room number

o Composite good

Transport Table Origin-Destination (OD) Matrix
- Location: Private car users:
o Residential - Location:
o Working o Residential
- Distance (km) o Working
- Private car parameters: - Count (household number)

o Time (congested)

o Time (free flow)

o Annual transport cost
- Public transport parameters:

o Time

o Annual transport cost

4.2.2 A Spatial Synopsis of the Data

Aggregating data with respect to relevant indices (residential locations,
working locations, commuting modes, household groups) would lead to following key

numbers:

1) Number of households (commuting): 866,295
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a. Household type (AB): 249,187
b. Household type (C): 419,100
¢. Household type (DE): 198,008
2) Number of household categories: 6,534
3) The share of private transport users: 33 per cent

4) The share of public transport users: 67 per cent

Based on the above numbers and the following figures (Figures 4.3-4.10), I
may come up with some important findings and implications at boroughs level. These
are worthy of note to understand the context, so to have some insight on potential

impacts of different scenarios.

Figure 4.3 and Figure 4.4 imply central boroughs are attracting working
population while outer boroughs are attracting residents. This can be easily attributed
to the distribution of available jobs and housing for households in different boroughs.
This is the main factor generating unbalanced mobility between boroughs causing

daily peak traffics.

[J 205 - 19622

[ 19622 - 22518
[0 22518 - 30253
Hl 30253 - 32919
Wl 32919 - 42217

Figure 4.3 Number of Households (Commuting) w.r.t. Housing Locations
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[ 23915 - 26828
I 26828 - 35429
Wl 35429 - 125984

Figure 4.4 Number of Households (Commuting) w.r.t. Working Locations

Figure 4.5 displays the difference in the ratio of working population/residing
population in each borough. This ratio is the lowest in Lewisham (0.33) and the highest
in City of London (53.88). Other boroughs with the high rates are Westminster (6.10),
Camden (2.37), Kensington (1.99) and Tower Hamlets (1.91).

-0.58
-0.62
-0.69
-0.79
-1.06
-1.76
53.88

Figure 4.5 Working Population — Residing Population Ratios
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Housing prices in central boroughs are higher than the prices in outer boroughs.

Housing prices in West London are higher than the prices in East London. (Figure 4.6)

3361
[J 3361 - 3851
[ 3851 - 4456
I 4456 - 5290
Il 5290 - 9997

Figure 4.6 Rental Rates (Annual Rate per Room)

Figure 4.7, Figure 4.8 and Figure 4.9 reveal that share of high-income
households is substantially high in Centre-West boroughs of London, while the share
of low-income households is remarkable in North-East boroughs. The main cause of
this heterogeneity is the changing housing prices in boroughs. The similarity in
borough colourings in Figure 4.6 (rental rates) and Figure 4.7 (share of high-income

households) shows this fact.
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Figure 4.7 Share of High Income Households (AB)

Figure 4.8 Share of Medium Income Households (C)
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Figure 4.9 Share of Low-Income Households (DE)

Figure 4.10 and Figure 4.11 imply that the dominant transport mode for
commuting trips in London is public transport. Car utilisation rates are lower in central

boroughs when compared to the outer:

a. The highest car utilisation rates are in Havering (61 per cent), Bexley
(55 per cent), Barking and Dagenham (54 per cent), Kingston upon
Thames (52 per cent) and Croydon (45 per cent).

b. The lowest car utilisation rates are in Westminster (14 per cent), Tower
Hamlets (14 per cent), Lambeth (18 per cent), Camden (15 per cent)
and City of London (16 per cent).
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Figure 4.10 Share of Private Transport in Commuting

- 0.56
-0.62
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-0.86

Figure 4.11 Share of Public Transport Users

Above findings imply that private car utilisation is not an income issue but
public transport accessibility of boroughs. The share of public transport users is higher
in central boroughs where the share of high-income households is the highest. It should
also be noted that housing rates are higher in these boroughs as well. There is an

obvious tendency among households to live close to the central London. However,
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high prices owing to the limited housing capacity would force households to live in
outer boroughs, in which housing prices are lower, for the sake of bearing travel time

and cost.

4.3 Model Specifications

4.3.1 Network Structure

I have created a road network considering travel times and distances between

centre points of local authorities. Let L :{l, 2, ... 33} denotes the set of locations,
4= {1, 2., 170} denotes the set of links connecting population-weighted centroids

of local authorities and let P ={1, 2, 3} denote the alternative paths for journeys

(maximum number of alternative paths is three for this network, the number is to be
adjusted for another network). The general network structure of the geographical unit
analysed in this Thesis, London is presented in Figure 4.12. Each red dot in the figure
denotes the population-weighted centroids of each of the local authority (each
represented with 3-letters in the figure). The arcs between red dots are the direct links

connecting local authorities in London.

Figure 4.12 London road network
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4.3.2 Travel Model

The travel model is a set of equations that are explained in Chapter 2. It
calculates private transport travel time and travel costs for each journey between OD
pairs. Based on the road network generated, the travel model developed is of
Wardropian user equilibrium tradition. In accordance with the model, travel time is

calculated using the following set of equations:

(1) Sum of different OD journeys (from location i to location w) using a link (or

arc) within a path equals to the total number of vehicles using that link:

g(arc)= ZZ Z A(i,w, path,arc) f (i,w, path), Varc € A 2)
ieL weL pathe P

where g(arc)is traffic flow on a link, A(i,w, path,arc)is link-path incidence

parameter (1 if a link is in a path) and f'(i,w, path) is traffic flow on a path for

journeys.

(2) Travel time on a link is affected by traffic congestion and is assumed to exhibit

following convex increasing function:

v(arc) =c, (arc)+c, (arc)( glarc) J ,Varce A 3)

¢ (arc

where, v(arc)is travel time to traverse a link, ¢ (arc)is the time required to
traverse a link under the no-traffic condition, c,(arc)is the traffic congestion

coefficient and ¢, (arc)is the link capacity.

(3) Sum of car OD journeys using different paths equals to the total number of

households commuting between these OD pairs:

Z f@G,w, path) = ZN,1 (w,g), Vi,we L 4)

patheP geG

where, N, (W, g)is the number households residing at location i, commuting

to location w, with household category g and using their private cars for their

journeys.
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(4) The total travel time of a path (from location i to location w) equals to the sum

of travel times of all links belonging to this path:

T ( path) = Z A(i,w, path,arc)-v(arc),Vi,we L, Vpath € P %)
arceA

where 7, ( path) is the total travel private car time on a path used for journeys

from location i to location w.

(5) For cars (m=1), if a path is used for travelling from i to w travel time of this
path will be equal to any path that is used for travelling from i to w (Wardrop’s
First Principle):

Tiw'l' (path)

o path="1")=
TZWI (pa ) patheP ﬂ.(l>W)

,Viowe L (6)
where, 7 (i, W) is the number of different paths used for a journey from location

i to location w. This is maximum three for the defined London network.

So, the travel model solves for the unique optimal solution?! of the time
required for each journey using the specified equations above. This solution becomes

the input to the Macroeconomic Model and Household Choice Model.

4.3.3 Households

Households are categorised according to their residential location (7), working
location (w), preferred commuting mode (m) and household groups in terms of

household income (g). For this setting, let L denotes the set of locations (and nodes)
L= {1, 2, 33} including 33 administrative regions (boroughs) in London, M denote
the set of commuting modes M = {1, 2} including car (1) and other transport modes
(primarily public transport) (2), and G denotes the set of household groups
G= {AB, C,DE } including high-income households (AB), middle-income

households (C) and low-income households (DE).

21 See Appendix B for the uniqueness proof.
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Households maximise their utilities using a constant-elasticity-of-substitution
(CES) utility function. The CES utility function is composed of two types of units: (i)
housing and (ii) consumption good, which is a composite good representing any other

goods and services (excluding transport) consumed by the consumers (Figure 4.13).

Utility

T T

Housing Consumption good

Figure 4.13 CES household utility function

Here, transport cost isn’t considered to be part of consumption composite.
However, the value of transport services is added to the total production value of the
economy??. On the other hand, transport is assumed to cause a certain level of
“disutility of travelling” owing to the passing time in traffic as explained in Chapter 2.
Although transport activity causing disutility is not priced at any market, Household
Choice Model takes this effect into account when deciding on a household’s decision

23 There is no ‘utility of

residential location choice and commuting mode choice
neighbourhood’, which is introduced in the general model in Chapter 2, in the

household utility function in this setting.

Under the framework briefly summarized above, the representative

household’s utility function takes the form:

_ P h p VP
lvc{adlx {inmg (C, d) - I:aimngciwmg + aiwmgdiwmg :I 7/ iwmgTiwm}
s.t. the budget : — M

(7
F1img + PCimg + Koy 0, Vi,we L,Vme M, Vge G

iwmg iwm

where d is the consumption of housing (number of rooms), ¢ is the quantity of
consumed composite good, 7 is the coefficient for travelling disutility (varying by
household type), 7 is travel time, M is the total income of a household, r is the rental

rate for housing and p is the price for consumption good and « is travel cost. Note that

22 See later in firm specifications for the treatment of transport services in the economy.

23 See Anas and Liu (2007) and Anas and Hiramatsu (2013) for constant utility effects of choices.
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indices i, w, m and g stand for boroughs for residential and working locations,

commuting mode and household group, respectively.

The household budget is:

M

iwmg

=w,, +6e,, +Zr[,ef,g (i'), Viel,VmeM (8)

where e* and e” are the household endowments of capital and housing (represented

in terms of number of rooms) at a location i'€ L .

The Lagrangian of the problem of the household can be stated in the following
form:
L(d,c,2) :[a e +al df T/p ~ YiumgT,

iwmg = iwmg iwmg ™ iwmg iwm

+1 [M iwmg ridiwmg = PCiumg ~ Kivm ] )

Here, A is the Lagrange multiplier. Taking the derivatives of the Lagrangian
with respect to decision variables d and c, and the Lagrange multiplier A leads to the
following first-order conditions for the optimizing households, representing demand

for housing and composite good:

(d) ailxtvmg I:aiwmgcifvmg + ai?vmgdifvmg :I(l_p)/p di/vov_m]g - /1 I’; = 0 (10)
(C) aiwmg I:aiwmgciﬁ/mg + a:/vmg dzﬁ*mg j|(17p)/p cifv;nlg - /,i’p = 0 (1 1)

(/1) Miwmg - }/;'diwmg - pciwmg - Kiwm = 0 (12)

. -1 . :
Since p = 9" household demand for consumption becomes a function of
o

disposable income and prices. Therefore, associated demand functions can be stated

as in the following forms:

h o
Q; M,  —kK
d[wmg = [ — J ( — — (13)

o o
7. h 1-o 1-o
aiwmg ) }; + (aiwmg ) p

1

o
_ a[wmg Miwmg - Kiwm (14)
ciwmg N p h 9 l-o 9 -

(aiwmg ) ’; + (aiwmg ) p
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Recalling discussions on residential location and mode choices of households
in Chapter 1, MNL probability of choosing a residential location and associated travel

mode for any household is calculated. Assume that the number of households with
household group g and working location w is exogenously given and N (w, g) . Then,

the number of households for each location i using commuting mode m would be:
]v,',m (Wa g) = f)w’g (lam) : N(Wa g)

I/p
P h P
exp [(aiwm Chomg T Xismg L ) = Vivwmg Cinm }

- p
E : § P h P _
exp[(ajwm'gcjwm'g + ajwm'gdjwm'g ) j/jwm'grjwm'
JjeEL m'eM

(15)

N(w.g)
]

4.3.4 Firms

On the production side of the economy, the representative form is assumed to
operate under a production function that exhibits a constant-clasticity-of-substitution
(CES) form. The motivation of a producer is to minimise the cost for a certain amount

of production:
where 0 is the rental rate of the factor input capital K and w is the wage rate paid to
the employees for factor input labour L.

Deriving the first-order conditions for profit maximization leads to the

following factor demand equations:

L= g[ﬂ%"’ +(1-B) w‘a]laa (1= B) w (17)
K= g[ B8 +(1-B) W }‘0“ B (18)

With total cost function of the production firms expressed as:

1

C(5,w)=5K+wL=§[,B"5“’+(1— Y w e (19)
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4.3.5 Equilibrium conditions

The macroeconomic equilibrium of the model economy is defined by the

following set of conditions:

1) Total production is equal to the sum of households’ final consumption on
goods and total travel costs:

Y= 2 2 N (.8) Chone + 5/ P (20)

iel wel meM geG

2) Total factor utilisation cannot exceed initial household endowments:

LSZZZZM,m(W,g)-e‘ig (21)

ieL wel meM geG

KSZZZZM’m(W,g)-efg (22)

iel wel meM geG

3) There is no new construction activity and total housing demand of

households cannot exceed existing housing stock at each location:

Z z zsz (W’g)'di'wmg = ZZ Z ZNf,m (W’g)’eiﬁmg (i')’ Vi'e L (23)

wel meM geG ieL wel meM geG
4.4 Scenario Analysis: The Impact of an Improvement in Public Transport

In this Section, in order to be able to analyse the effects of public transportation
policies on people’s decisions on their residential locations, modal split and market
prices. I study the Crossrail 2 Project of London. I first provide a general overview of
the project in terms of planned routes and improvement in accessibility, and expected
outputs and outcomes. Next, I explain briefly how the resulting improvement may be
reflected in travel time savings for the journeys between boroughs. Then, I outline the
key assumptions in model construction and provide the numerical results of the

Crossrail 2 Project in boroughs.

4.4.1 Case Study: Crossrail 2 Project

Crossrail 2 is a new railway project in the North-South direction of London. It
will connect National Rail networks in Surrey and Hertfordshire with connections to

other rail systems (London Underground, London Overground, Crossrail 1, and other
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national and international rail services). The planned route is between Wimbledon in
the south and Tottenham Hale and New Southgate in the north. The new line will stop
at the following stations: (i) Wimbledon, (ii) Balham, (iii) Clapham Junction, (iv) King
Road Chelsea, (v) Victoria, (vi) Tottenham Court Road, (vii) Euston St. Pancras, (viii)
Angel, (ix) Dalston, (x) Tottenham Hale, (xi) Seven Sisters, (xii) Wood Green (or
Turnpike Lane and Alexandra Palace) and (xiii) New Southgate. (Figure 4.14)

The main benefit of the project is substantial travel time savings, particularly
for journeys on the North-South axis of London. It’s expected that the Project will help
people living in outskirts of London to reach the core of the city more conveniently.
Additional travel time savings are expected in well-connected neighbourhoods
(particularly central boroughs) owing to increase in the number of trains (capacity

increase).

Besides the significant decrease in journey times, the Project is expected to
support economic growth. Key outputs and outcomes of the project are expected to be
(1) enabling the development of 200,000 new homes, (ii) supporting 60,000 new jobs
across the UK supply chain, (iii) supporting 200,000 new jobs once completed, (iv)
increasing London’s rail capacity by 10 per cent, (v) at peak times, providing 30 trains
per hour to destinations across London, Hertfordshire and Surrey, (vi) bringing 800
stations across the UK within one interchange and (vii) providing additional capacity

for up to 270,000 more people to travel into London during peak periods.

The project is expected to be operational in the early 2030s with about 10 years
of building phase, which will start in early 2020s. The cost of the Crossrail 2 project
is estimated at 27 billion pounds in 2015 prices (Crossrail2, 2018Db).
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Crossrail 2 route (autumn 2015)
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Figure 4.14 Overview of Crossrail 2 Project (Crossrail 2, 2018a)

The estimations on total potential time savings owing to the Crossrail 2 Project
is shared with the public on the project website at
http://crossrail2.co.uk/discover/regional-national-benefits/. Figure 4.15 illustrates

these savings in total generalised minutes terms.
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Figure 4.15 Estimated Travel Time Savings of Crossrail 2 (Crossrail 2, 2018c)

However, the scenario analysis demands public transport travel improvement
data for each OD pair at borough level. This information is not available as public
information. After several attempts to contact the Crossrail 2 Project Team of the
Transport for London (TfL), I decided to use Crossrail 2 factsheets that are available
on the “consultations’ page of the TfL website?*. Using the figures related to travel

time savings, I generated a travel time-saving matrix. Please note that these values are

24 TfL (2015) https://consultations.tfl.gov.uk/crossrail2/october2015/#Crossrail 2 Factsheets
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not official travel time savings but estimations. Appendix I explains this estimation

procedure and provides the complete list of public transport travel time savings.

According to these estimations, the boroughs with the highest travel time
savings are: (i) Kingston upon Thames, (ii) Barnet, (iii) Enfield, (iv) Haringey and (v)
Merton.

4.4.2 Underlying Assumptions

The scenario (shock) is implementing Crossrail 2 Project, which is a public
transport project. As previously explained, the Project improves public transport
capacity by providing a new line on the North-South axis of London and increasing
the number of trains. The implementation of the shock takes the form of improvement
in public transport journey times and does not consider the expected transport
improvements from the other on-going public transport projects (Crossrail 1 Project®,

in particular).

That I evaluate the impacts of accessibility change is the key assumption of

this scenario analysis. I neglect the impacts of investment expenditures.

In addition to the model assumptions that are described in Section 4.3 for model
specifications, I also assume that housing stock stays constant due to the assumption
of no real estate development activity in the economy. So, existing housing stock is
split among households after the shock and any change in housing demand will be

reflected in a change in housing prices under certain conditions.

Public transport cost is also assumed to remain unchanged after the

implementation of the Crossrail 2 project.

4.4.3 Simulation Results

I present and discuss the results, especially paying attention to the reaction of

the following variables to the shock implemented: (i) change in housing rental prices,

25 Crossrail 1 (or Crossrail in more common terms) Project is a railway project connecting Reading and
Heathrow in the west with Shenfield and Abbey Wood in the east.
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(i1) change in modal split, (iii) change in household spatial distribution and (iv) change

in private transport travel time.

As expected, simulation results show that public transport improvement would
have a substantial impact on people’s relocation decisions. This leads to remarkable
changes in household spatial distribution favouring boroughs benefiting the most from
the capacity increase of the Crossrail 2. The resulting increase in demand for these

boroughs leads to relative price increases in the housing market.

Results imply that the Crossrail 2 project would change a substantial number
of people’s decisions to shift from private transport to public transport. This is an
important result and consistent with the expectations of the Project. Accordingly, the
modal shift from private transport to public transport would result in a certain level of
traffic congestion relief in some routes. However, the share of public transport drops
in some boroughs. The primary cause of this change is the relocation of private

transport users to the other boroughs where public transport improvement is limited.

Another major impact is observed in household spatial distribution. Model
results show that the number of households in central boroughs of London decreases
substantially owing to public transport accessibility improvement. This is an expected

result and explained in detail later in this section.

4.4.3.1 Rental prices

Model results show that the shock would lead to price increases in some areas.
These with the highest rates are: (i) City of London (11.59 per cent), (ii) Waltham
Forest (8.81 per cent), (iii) Barnet (8.76 per cent), (iv) Merton (7.36 per cent), (v)
Kingston upon Thames (7.26 per cent), (vi) Hounslow (6.63 per cent), (vii) Sutton
(4.56 per cent) and (viii) Enfield (3.11 per cent).

The remarkable change in City of London and Hounslow rental prices shows
that some of the observed impacts on the housing prices cannot be solely explained by
the changes in the transport accessibility owing to the public transport improvement.

It is the major cause triggering some kinds of household movements, though.

Starting with City of London, first, this borough is in the very centre of London

with a good public transport connectivity. So, it -like other central boroughs- benefits
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from any public transport improvement at this scale. Indeed, when we look at the
details, results show that housing demand increase is primarily caused by the
households using (already using or shifting) public transport. In City of London, the

share of private transport in modal split drops from 15.39 per cent to 12.71 per cent.

Second, as illustrated in Figure 4.16 (shades of red represent price decreases
while shades of green do increases), City of London is surrounded by boroughs
suffering from rental price decreases. This might be a signal for household movement
from these boroughs to City of London. When we go further into details, we see that
increase of the number of middle-income households is remarkably disproportionate
when compared to increases in numbers of different groups of households. Although
high-income households are the largest group (62 per cent before shock) in City of
London, increase in the number of this group is limited (two households) while the
number of middle income and low-income households increase by eleven and four,
respectively. The underlying cause of this outperformance might be the initial housing
price formation. Housing rents in City of London are lower when compared to
neighbouring central boroughs like Kensington and Chelsea, and Westminster. Annual
room rents in Kensington and Chelsea, and Westminster is 9,997 pounds and 8,910

pounds, respectively, while it is 7,620 pounds in City of London.

B -7.9% - -3.7%
B -3.7% - -1.5%
[ -1.5% - -0.9%
[1-0.9%-0.0%
[ 0.0% - 1.6%

B 1.6% - 6.9%

Bl 6.9% - 11.6%

Figure 4.16 Percentage Change in Housing Rental Prices
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Third, City of London, compared to the other boroughs, is very small in scale
(143 commuting households). Therefore any (seemingly insignificant change in total
but significant for the borough) change in the number of households has a substantial

impact on housing prices?’.

Turning to Hounslow, there is a different story. After implementing Crossrail
2 project, the number of households in Hounslow increases by 4.14 per cent, which is
lower than housing price increase (6.63 per cent). Household increase in Hounslow is
primarily caused by an increase in the high-income household group (AB). The share
of this group in household number increase is more than 88 per cent. This shows that
Hounslow succeeds to attract high-income households leaving Central London.
Another consequence of this relocation is the remarkable change in modal split
favouring private transport in Hounslow. The share of private transport increases from
37.57 per cent to 44.76 per cent. This is also fed by high-income private transport

users. The number of high-income private transport users increases by 62 per cent.

Leaving two above boroughs aside, accessibility improvement owing to
Crossrail 2 project leads to price increases in certain boroughs as expected. There are
significant price impacts in Merton, Barnet, Kingston upon Thames, Waltham Forest,
Sutton and Enfield, at which the Crossrail 2 project offers substantial accessibility

improvements.

As the number of households is fixed in analyses, and so boroughs are
competing to attract households from a pool with a fixed number of households, the
shock leads to decreases in the price of housing services in some boroughs. These
boroughs are: (i) Kensington and Chelsea (-7.88 per cent), (ii) Greenwich (-7.27 per
cent), (iii) Hillingdon (-6.97 per cent), (iv) Southwark (-6.52 per cent) and (v)
Westminster (-3.93 per cent). These boroughs are particularly in Central London.
These price changes may be attributed to the decay in relative advantage of central
boroughs in terms of public transport accessibility owing to the Crossrail 2 project.
Because of high housing prices, these boroughs would lose their household demands

in the housing to the other boroughs with lower prices coupled with improved public

26 In this case, total number of households in City of London increases by 17. Although this increase is
low, it makes a 12 per cent increase. In order to increase the accuracy, this borough may be merged with
another borough (e.g. Westminster) in analyses.
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transport accessibility. There is an exception in this list. It is Hillingdon, which is one
of the boroughs benefiting the least from the public transport improvement due to the

Crossrail 2 project. (Figure 4.16)

4.4.3.2 Modal split

As expected, the shock, which is an improvement in the public transport
system, increases the share of public transport use for commuting purposes. The share
of public transport increases remarkably from 67.27 per cent to 71.00 per cent in total
London, increasing the number of public transport users by 32,280. Boroughs with the
highest change in public transport use are: (i) Kingston upon Thames (23.51 per cent),
(i1) Haringey (23.47 per cent), (iii) Merton (22.77 per cent), (iv) Waltham Forest (22.36
per cent) and (v) Sutton (17.98 per cent). (Figure 4.17)
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Figure 4.17 Percentage Change in Public Transport Use

These results are well in line with the expectations on the Crossrail 2
improvements in public transport accessibility. Public transport use increases in
boroughs on the North-South axis where the Crossrail 2 provides public transport

improvement, while the share of private transport users increases in some boroughs in
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the East-West axis increases?’2%. There are two possible causes of this fact: (i) modal
shift from public transport to private transport owing to traffic congestion relief after
implementing the Crossrail 2 and (ii) location shift (not modal shift) of private
transport users to the other boroughs where public transport improvement is limited.
The impact of the latter would be greater than the first one. Recalling the Hounslow
case in the previous section, there was a substantial household increase in this borough
primarily owing to the movement of high-income households. When we go further
details in the data, it’s seen that this increase is caused by private transport users.
Therefore, after implementing the Crossrail 2 project, Hounslow becomes an attraction
area for high income (AB) and middle income (C) households using private transport

for commuting purpose. (Table 4.3)

Table 4.3 Household Distribution in Hounslow

Before Shock After Shock Change Rate
HH Group/Travel Mode | Private | Public | Private | Public | Private | Public
High income (AB) 2,309 | 5,403 3,744 | 5,080 | 62.15% | -5.98%
Middle income (C) 5,960 | 9,402 7,367 | 8,012 | 23.61% | -14.78%
Low income (DE) 3,137 | 4,149 3,041 | 4375| -3.06% 5.45%

- -50%
- -40%
- -30%
- -20%
--10%
- 0%

I 20% - 24%

Figure 4.18 Percentage Change in Private Transport Use

27 Please recall that the Crossrail 1 project is not considered, as previously mentioned.

28 Number of public transport users in Hounslow drops by 7.85 per cent.
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As expected, the number of private transport users drops in most boroughs.
Among few exceptions, Hounslow and Newham come to the fore. (Figure 4.18)
Recalling the mechanism having an impact on after-shock modal split formation in
Hounslow, there is a similar mechanism working in Newham, as well. Like Hounslow,
Newham becomes an attraction centre for private transport users (but with a smaller
scale compared to Hounslow) after implementing the Crossrail 2 project. (Table 4.4)
Recalling Figure 4.16 on housing rental price changes, Newham is one of the few
boroughs with limited public transport accessibility but enjoying considerable housing
price increase. Housing prices in Newham increase by 1.66 per cent after

implementing the Crossrail 2 project.

Table 4.4 Household Distribution in Newham

Before Shock After Shock Change Rate
HH Group/Travel Mode | Private | Public | Private | Public | Private | Public
High income (AB) 1,072 | 4,278 1,366 4,265 | 27.43% | -0.30%
Middle income (C) 4,919 | 10,769 5472 | 10,528 | 11.24% | -2.24%
Low income (DE) 3| 11,374 26 | 10,963 | 766.67% | -3.61%

Figure 4.19 displays change in share of public transport in modal split. To give
an example, the share of public transport (for commuting) in Hounslow drops by 7.19
per cent from 62.43 per cent to 55.24 per cent. Shares of public transport in Haringey
and Merton increase by 15.14 per cent and 15.05 per cent respectively. It’s seen that
share of public transport drops in all outer boroughs in South-East London (Croydon,

Bromley, Bexley and Havering).
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Figure 4.19 Change in Share of Public Transport

Another borough with a decreasing share of public transport in the modal split
is Ealing in West London. Table 4.5 displays that the numbers of high income and
middle-income private transport users increase while numbers of low-income private
transport users and public transport users from all groups decrease. This change is like
the change in the neighbouring borough of Hounslow that is explained above. The
exception is that number of low-income public transport users drops, as well. The net

household number change is negative (-181) in Ealing.

Table 4.5 Household Distribution in Ealing

Before Shock After Shock Change Rate
HH Group/Travel Mode | Private | Public | Private | Public | Private | Public
High income (AB) 4,742 | 5,362 4,765 5,328 0.49% | -0.63%
Middle income (C) 6,024 | 11,269 6,144 | 11,247 1.99% | -0.20%
Low income (DE) 2,519 | 6,037 2,386 5902 | -528% | -2.24%

4.4.3.3 Household spatial distribution

As the total number of (commuting) households is assumed to be fixed, the
results of the analysis should be discussed in the constraints of the assumption;

therefore, allows one to comment on the relocation of the existing households.
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Figure 4.20 Change in Household Spatial Distribution

The results show that Barnet and Waltham Forest are the two boroughs
attracting a significant number of households. Barnet attracts 1,949 additional
households (6.46 per cent increase in the number of households) and Waltham Forest
attracts 1,591 (5.94 per cent increase in the number of households) after implementing
the Crossrail 2 project. These results are expected, as these boroughs are among the

boroughs enjoying public transport accessibility improvement the most. (Figure 4.20)

Boroughs with the highest percentage increase in number of households are:
(i) City of London (11.72 per cent), (ii) Barnet (6.46 per cent), (iii) Waltham Forest
(5.94 per cent), (iv) Hounslow (4.14 per cent), (v) Kingston upon Thames (3.43 per
cent), (vi) Enfield (3.05 per cent) and (vii) Harrow (2.40 per cent). Among the

2

exceptional cases® in these boroughs, the mechanism behind household number

increases in City of London and Hounslow.

Turning to Harrow, which benefits very little from the public transport
improvement due to the Crossrail 2 project (Figure 4.16), housing prices in this
borough drops by 1.52 per cent. This can be attributed to the change in household

group composition in Harrow. This means that although the number of households

2 The term exceptional case refers to the case where public transport accessibility improvement is not
the direct cause of change.
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residing in this borough increases, household space demand drops due to now lower
residential demand of incoming households. The number of high income (AB)
households drops by 742 from 6,626 to 5,884 while numbers of middle income (C)
and low income (DE) households increase by 285 and 951, respectively. (Table 4.6)

Table 4.6 Household Distribution in Harrow

Before Shock After Shock Change Rate
HH Group/Travel Mode | Private | Public | Private | Public | Private | Public
High income (AB) 2,060 | 4,566 1,332 4,552 | -3534% | -0.31%
Middle income (C) 5,401 4,260 5,474 4,472 1.35% 4.98%
Low income (DE) 311 3,914 991 4,185 | 218.65% 6.92%

These results indicate that number of households in Central London decreases
substantially owing to public transport accessibility improvement. This is an expected

result.

4.4.3.4 Private transport travel time

As the consequence of the modal shift to public transport that I have mentioned
before, private car use decreases by 32,208. This leads to relief in traffic in some
boroughs. However, as I explained before, the number of private transport users
increases in some boroughs. Therefore, travel time for private transport increases on

some routes.

The most substantial travel time savings are in the journeys starting from
Havering -the outermost borough in East London. The route with the highest private
car travelling time-saving is Havering — Greenwich with 13.76 minutes (41.48 per
cent). Following list shows the private car routes enjoying the highest travel time
savings in absolute terms: (i) Havering — Greenwich (13.76 minutes), (ii) Havering —
Southwark (13.75 minutes), (iii) Sutton — Hounslow (7.89 minutes) and (iv) Havering
— Newham (5.19 minutes). When I aggregate®” travel time savings on boroughs where
the journey starts, the highest travel time saving is achieved for travels originated from

Havering. (Figure 4.21) Boroughs with the highest private transport travel time savings

30 In aggregation procedure, private transport travel time for a journey originating from a borough is
considered. Number of journeys is not considered in aggregation.
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are: (i) Havering (26.76 minutes), (ii) Sutton (9.02 minutes), (iii) Merton (1.34
minutes), (iv) Croydon (0.85 minutes) and (v) Bromley (0.57 minutes).

[]-7.04--6.74
[1-6.74--3.78
-3.78 - -0.72
BN -0.72-9.02
Il 9.02-26.76

Figure 4.21 Private Transport Travel Time Savings by the Origin of Journey

Figure 4.21 implies that private transport journeys starting from the boroughs
on the East-West axis deteriorate in terms of travel time. When investigated in detail,
journeys starting from East London to the boroughs Hounslow and Ealing come to the
fore in generating such results.?! This is primarily caused by travel time increases on
the roads passing through Central London. Travel times deteriorate the most for the
following private transport routes: (i) Redbridge — Ealing (Hounslow): 0.83 minutes
(0.84 minutes), (i) Hackney — Ealing (Hounslow): 0.82 minutes (0.83 minutes), (iii)
Havering — Ealing (Hounslow): 0.77 minutes (0.78 minutes), (iv) Barking and
Dagenham — Ealing (Hounslow): 0.75 minutes (0.75 minutes), (v) Newham — Ealing
(Hounslow): 0.74 minutes (0.75 minutes) and (vi) Tower Hamlets — Ealing

(Hounslow): 0.73 minutes (0.74 minutes).
4.5 Discussion

In this chapter, I have used a customised model for London to evaluate the

Crossrail 2 project. The primary agents of this model are the commuting households.

31 Hounslow is connected to eastern boroughs through Ealing.
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For this reason, only “disutility of travelling” parameter is added to the CES utility

function of households, while “utility of neighbourhood” is excluded.

Impacts of the Crossrail 2 project are evaluated in four different impact areas:
(i) rental prices, (ii) modal split, (iii) household distribution and (iv) private car travel

time.

Model results show that rental price would increase significantly in certain
boroughs (Waltham Forest, Merton, Barnet, Enfield and Kingston upon Thames)
where the project improves the public transport accessibility. Also, in these boroughs,
public transport use increases substantially. Public transport ridership increases by
about 24 per cent in Kingston upon Thames, while total ridership increases by 32,280.
This overall increase in public transport ridership leads to a remarkable change in the

share of public transport from 67 per cent to 71 per cent.

Model results show that number of households in boroughs, in which public
transport accessibility is improved due to the Project, increases while central boroughs

lose a considerable number of households to these boroughs.

Conditions of private car travels are also improved in some boroughs. Due to
the modal shift to public transport, travel times along many routes decrease. The route
with the highest private car travelling time-saving is Havering — Greenwich with 13.76
minutes (41.48 per cent). However, relocation of private transport users has negative
impacts on private transport travel time in some boroughs. Particularly, travel times
for private transport journeys starting from the boroughs on the East-West axis
deteriorate. This implies that moving away of households from Central London creates

extra traffic (both inflow and transit) in the centre.

The London model is open to enhancement in many ways. First, exclusion of
“utility of neighbourhood” may have a substantial impact on the mode accuracy. Also
related, is to include the household choice decisions of the non-commuting. This would
improve the findings, especially the ones in the housing market. The scale of boroughs
is another important point. Analyses show that results for small boroughs are diverging
from the others. Using spatial areas where the total population is evenly distributed

might be a good option to improve the model accuracy.
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Data is at the core of this study. Any improvement in data quality has a positive
impact on model accuracy. [ had to use aggregate level information to estimate housing
unit uses of different groups of households. This is a very critical input data lacking in
LTDS. Adding a question on housing unit (number of rooms in this case) use of

households to the LTDS is one of the key recommendations of this study.

The last but not the least, including the government in the model as another
decision maker will be an important step for improvement, owing to the government’s
role in Crossrail 2 investment. By this way, a variety of public finance policies can be

analysed as different scenarios, particularly in terms of their impacts on households.
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CHAPTER 5

CONCLUSION

Policy questions regarding urban economics often deal with the interaction
between transport and land use. Accessibility is in the centre of this interaction.
Transport policies and projects having impact on the accessibility of places lead to
substantial changes in the land use demand and, eventually, in the whole urban
economy. Using integrated models that represent such complex interactions between
transport, land use and economy has become an attractive field both in transport

literature and policy design.

In this Thesis, I have developed a fully-integrated urban CGE model where
three blocks of models (economic, household choice and transport) run
simultaneously. Integration of the household choice model with the CGE model is
achieved by aggregating exact choices of households, where MNL probabilities are
used to calculate “market shares” of these choices. On the other hand, I have proposed
a new method for embedding the transport (or travel) model into the CGE model. This
method transforms “traffic assignment problem” (TAP) into a set of equations while
ensuring a unique optimal solution. This set of equations then is utilized as a block
representing the choice on travel routes of private transport users in the integrated

model.

Chapter 1 provides a brief introduction to arising needs in use of
comprehensive modelling tools in urban economics and a literature review of CGE

applications in transport studies.

In Chapter 2, model specifications for households and firms, integration
procedure of the sub models (economic model, household choice model and travel

model) and data requirements have been explained in detail.

In Chapter 3, the proposed model has been utilized to study three distinct

scenarios (the capacity increase of private transport, the capacity increase in public
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transport and cordon pricing) with a synthetic data set for a city with four
residential/working districts. Results suggest that heterogeneity among people w.r.t.
preferences and valuations (travel time, in particular) is critical in evaluating the
effects of transport and land use policies. This means, considering demographic
structures of cities and producing accurate parameters for the preferences are crucial

for implementing effective policies and good value for money projects.

Chapter 4 provides an application of the proposed model to a real-urban data
set. The project chosen to be evaluated in this Chapter is London’s Crossrail 2 project
that is projected to start in early 2020s and to end in early 2030s. The results of the
application show that housing rents would increase significantly in certain boroughs
where the project improves the public transport accessibility. For example, price
increases in Waltham Forest and Barnet are 8.9 per cent and 8.8 per cent, respectively.
The shock (public transport improvement owing to Crossrail 2) also leads to decreases
in the housing prices in some boroughs (central boroughs, in particular) as boroughs
are competing to attract households from a pool with a fixed number of households.

Price decrease in Kensington and Chelsea for instance, is -7.9 per cent.

As expected, implementing the Crossrail 2 project increases the share of public
transport use for commuting purposes. The share of public transport increases from
67.3 per cent to 71.0 per cent in London, increasing the number of public transport
users by about 32.3 thousand. The highest increases are in the boroughs enjoying the
public transport accessibility improvement the most. For example, public transport

ridership increases in Kingston upon Thames by 23.6 per cent.

Results show that some boroughs can attract a significant number of
households due to the Crossrail 2 project. For example, Barnet attracts around two
thousand additional households (6.5per cent increase in the number of households) and
Waltham Forest attracts 1.6 thousand (6 per cent increase in the number of

households). The highest population losses are in Central London.

This Thesis is the first study that builds up and employs ‘full integration’ in
transport CGE literature. However, the significant contribution of this Thesis also lies
in its implementation of a real case using a household survey data. This requires heavy

data analysis and critical assumptions at different phases of the consistent database
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construction. The value of aggregate level of information is not totally ignored,
however these should be used only in case of collecting disaggregate level of

information is not feasible.

The model proposed is open to improvement in certain directions: First, the
public sector should be included in the model to test sound public policies in scenario
analyses. Governments’ unique role in public investments, social transfers and land
use decisions should be modelled to design hybrid policies that are equitable and
protecting individuals’ rights, particularly excluded groups of people. This is also
important to transport projects with a public finance perspective. A second
development axis is towards the inclusion of households’ discrete choices on working
decisions (e.g. working or not working; working place). An accurate model
investigating these decisions would represent job market better; therefore, the
performance of the integrated model would be improved significantly. The proposed
model is comparative static, so it compares two different equilibrium states
(Before/After Shock). Transforming this model into a dynamic CGE model would be

a promising study.

Because of the special infrastructure and space needs of industries, relocation
of a firm is not as easy as one of the households. This makes it hard to model their
location choice decisions. For this reason, sticking to the assumption of that location

of industries are fixed might still be a good approach in the future studies.

114



REFERENCES

Anas, A. (1982). Residential Location Markets and Urban Transportation, Academic
Press, London.

Anas, A. (2013a). A Summary of the Applications to Date of RELU-TRAN, a
Microeconomic Urban Computable General Equilibrium Model. Environment
and Planning B: Planning and Design 2013, 40, 959 — 970.

Anas, A. (2013b). Congestion and Metropolitan Development, Conference Paper,
Twelfth Annual International Conference “Economy and Geography”, The
Leontief Center, St. Petersburg, Russia, February 14-16, 2013.

Anas, A., & Kim, 1. (1996). General Equilibrium Models of Polycentric Urban Land
Use with Endogenous Congestion and Job Agglomeration. Journal of Urban
Economics, 40, 232-256.

Anas, A., & Xu, R. (1999). Congestion, Land Use, and Job Dispersion: A General
Equilibrium Model. Journal of Urban Economics, 45, 451-473.

Anas, A. & Liu, Y. (2007). A Regional Economy, Land Use, and Transportation Model
(RELU-TRAN): Formulation, Algorithm Design, and Testing. Journal of
Regional Science, 47 (3), 415-455.

Anas, A. & Hiramatsu, T. (2012). The Effect of the Price of Gasoline on the Urban
Economy: From Route Choice to General Equilibrium. Transportation
Research Part A, 46, 855-873.

Anas, A. & Hiramatsu, T. (2013). The Economics of Cordon Tolling: General
Equilibrium and Welfare Analysis. Economics of Transportation, 2, 18-37.

Berg, C. (2007). Household Transport Demand in a CGE-framework. Environmental
& Resource Economics, 37, 573-597.

Boeters, S., Hordijk, L., Korzhenevych, A., Przeor, M., Swales, K. Vandyck, T.,
Varga, A., Varga, J. and Wolski, M. (2017). Review of the RHOMOLO
Model. [Online]
Available from:
https://ec.europa.eu/jrc/sites/jresh/files/review of the rhomolo model fina
l.pdf. Last accessed, 10th June 2018.

Brocker, J. (1998). Operational Spatial Computable General Equilibrium Modelling.
The Annals of Regional Science, 32, 367-387.

Brocker, J. (2002). Passenger Flows in CGE Models for Transport Project Evaluation.
Conference Paper, ERSA Congress 2002, Dortmund, August 2002.
115



Brocker, J., Meyer, R., Schneekloth, N., Schiirmann, C., Spiekermann, K. & Wegener,
M. (2004). Modelling the Socio-economic and Spatial Impacts of EU Transport
Policy. IASON (Integrated Appraisal of Spatial economic and Network effects
of transport investments and policies) Deliverable 6. Funded by 5th Framework
RTD  Programme. Kiel/Dortmund: Christian-Albrechts-Universitét
Kiel/Institut fiir Raumplanung, Universitidt Dortmund.

Brocker, J., Korzhenevych, A. & Schiirmann, C. (2010). Assessing spatial equity and
efficiency impacts of transport infrastructure projects. Transportation
Research Part B, 44, 795-811.

Brueckner, J.K. (2011). Lectures on Urban Economics. Cambridge, Massachusetts,
The MIT Press.

Cardenete, M. A., Guerra, A.l. & Sancho, F. (2012) Applied General Equilibrium. An
Introduction. Heidelberg, Springer.

Crossrail 2. (2018a) Route map. [ONLINE] Available at:
http://crossrail2.co.uk/route/route-map/. [Accessed 28 September 2017].

Crossrail 2. (2018b) Crossrail 2 in numbers. [ONLINE] Available at:
http://crossrail2.co.uk/discover/in-numbers/. [ Accessed 28 September 2017].

Crossrail 2. (2018c) Regional and national benefits. [ONLINE] Available at:
http://crossrail2.co.uk/discover/regional-national-benefits/. [Accessed 26 May
2018].

Dupuit, J. (1844). De la Mesure de 1’Utilité des Travaux Publics, Annales des Ponts et
Chaussées, s. 11, 2" semester, pp. 332-375; English translation by R. H.
Barback, On the Measurement of the Utility of Public Works, International
Economic Papers, 2(1952), 83-110.

Elbers, C., Lanjouw, J. O. & Lanjouw, P. (2003) Micro-Level Estimation of Poverty
and Inequality. Econometrica, 71 (1), 355-364.

Graham, D.J. (2007). Agglomeration, Productivity and Transport Investment, Journal
of Transport Economics and Policy, 41(3), 317-343.

Great Britain, Office for National Statistics, 2011 Census, London.

Great Britain, Valuation Office Agency (VOA), Private Rental Market Statistics
(2014), London.

Hensher, D.A., Truong, T.P., Mulley, C. & Ellison, R. (2012). Assessing the wider
economy impacts of transport infrastructure investment with an illustrative
application to the North-West Rail Link project in Sydney, Australia. Journal
of Transport Geography, 24, 292-305.

116



Holden, D. J. (1989). Wardrop’s Third Principle: Urban Traffic Congestion and Traffic
Policy. Journal of Transport Economics and Policy, 23 (3), 239-262.

Horridge, M. (1994). A Computable General Equilibrium Model of Urban Transport
Demands. Journal of Policy Modeling, 16 (4), 427-457.

Kim, E., Hewings, G. & Hong, C. (2004). An Application of an Integrated Transport
Network—Multiregional CGE model: a Framework for the Economic Analysis
of Highway Projects. Economic Systems Research, 16 (3), 235-258.

Knaap, T. & Oosterhaven, J. (2000). The Welfare Effects of New Infrastructure: An
Economic Geography Approach to Evaluating a New Dutch Railway Link,
Conference Paper, North American RSAI Meetings, Chicago.

Knaap, T. & Oosterhaven, J. (2011). Measuring the Welfare Effects of Infrastructure:
A Simple Spatial Equilibrium Evaluation of Dutch Railway Proposals.
Research in Transportation Economics, 31, 19-28.

LeBlanc, L. J., Morlok, E. K. & Pierskalla, W. P. (1975). An Efficient Approach to
Solving the Road Network Equilibrium Traffic Assignment Problem.
Transportation Research, 9, 5, 309-318.

Lerman, S. R. (1975). A Disaggregate Behavioural Model of Urban Mobility
Decisions, PhD Thesis, Massachusetts Institute of Technology (MIT).

Magnani, R. & Mercenier, J. (2009). On Linking Microsimulation and Computable
General Equilibrium Models Using Exact Aggregation of Heterogeneous
Discrete-Choice Making Agents. Economic Modelling, 26, 560-570.

McFadden, D. (1977). Modelling the Choice of Residential Location, Discussion Paper
No. 477, Cowles Foundation for Research in Economics, Yale University.

Mercenier, J., Alvarez-Martinez, M., Brandsma, A., Di Comite, F., Diukanova, O.,
Kancs, d’A., Lecca, P., Lopez-Cobo, M., Monfort, Ph., Persyn, D., Rillaers,
A., Thissen M., and Torfs, W. (2016). RHOMOLO-v2 Model Description: A
spatial computable general equilibrium model for EU regions and sectors,
JRC Technical reports JRC100011, European Commission, DG Joint
Research Centre.

Minard, J. (1850). Notions élémentaires d’économie politique appliquée aux travaux
publics, Annales des Ponts et Chaussés: Mémoires et Documents, 2" series, 1-
125.

Oosterhaven, J. & Knaap, T. (2003). Spatial Economic Impacts of Transport
Infrastructure Investments. In: Pearman, A., Mackie, P. & Nellthorp, J. (Eds.),
Transport Projects, Programmes and Policies: Evaluation Needs and
Capabilities, Ashgate, Aldershot, 2003.

Patriksson, M. (1994). The Traffic Assignment Problem-models and Methods, Utrecht,
VSP.

117



Peichl, A. (2008). The Benefits of Linking CGE and Microsimulation Models:
Evidence from a Flat Tax Analysis, IZA DP No.3715.

Pigou, A.C. (1920). The Economics of Welfare. 1st ed. London: MACMILLAN AND
CO., LIMITED.

Robiliard, A-S., Bourguignon, F. & Robinson, S. (2001). Crisis and Income
Distribution. A Micro-Macro Model for Indonesia, Technical report,
International Food Policy Research Institute, Washington, D.C.

Robson, E. & Dixit, V. (2015). A Review of Computable General Equilibrium
Modelling for Transport Appraisal, Conference Paper, Conference of
Australian Institutes of Transport Research 2015. University of Melbourne,
12—-13 February 2015.

Rutherford, T. F. & Van Nieuwkoop, R. (2011). An Integrated Transport Network -
Computable General Equilibrium Models for Zurich. Swiss Transport
Research Conference. Zurich: Center for Energy Policy and Economic,
Department of Management, Technology and Economics, ETH.

Samuelson, P. A. (1954). The Transfer Problem and Transport Costs, II: Analysis of
Effects of Trade Impediments. The Economic Journal, Vol. 64, No. 254, 264—
289.

Santos, G. & Newbery, D. (2001). Urban congestion charging: theory, practice and
environmental consequences. CESifo Working Paper No. 568. Munich,
Germany.

Sato, T. & Hino, S. (2005). A Spatial CGE Analysis of Road Pricing in the Tokyo
Metropolitan Area. Journal of the Eastern Asia Society for Transportation
Studies, 6, 608 — 623.

Tang, C.K. (2016). Traffic Externalities and Housing Prices: Evidence from the
London Congestion Charge. SERC Discussion Paper No. 205. London,
United Kingdom.

TOMTOM, Traffic Index: Measuring Congestion Worldwide. [Online]
Available from: https://www.tomtom.com/en gb/trafficindex/#/.  Last
accessed, 10th June 2018.

Train, K. E. (2002). Discrete Choice Methods with Simulation, Unpublished Version
Before First Edition.

Train, K. E. (2009). Discrete Choice Methods with Simulation, Second Edition.
Cambridge Books, Cambridge University Press. 3.

Transport for London (TfL), London Travel Demand Survey (LTDS) 2014, London.

118



Transport for London (TfL) (2015) Crossrail 2 factsheets and leaflets. [ONLINE]
Available at: https://consultations.tfl.gov.uk/crossrail2/october2015/#Crossrail
2 Factsheets. [Accessed 28 September 2017].

Transport for London (TfL) (2018) Fares & payments. [ONLINE] Available at:
https://tfl.gov.uk/fares-and-payments/. [Accessed 28 September 2017].

Treiber, M., Kesting, A. & Thieman, C. (2008) How Much Does Traffic Congestion
Increase Fuel Consumption and Emissions? Applying Fuel Consumption
Model to NGSIM Trajectory Data. Tramnsportation Research Board 87th
Annual Meeting, Washington DC, United States, January 2008.

Truong, T. P., & Hensher, D. A. (2012). Linking Discrete Choice to Continuous
Demand within the Framework of a Computable General Equilibrium Model.
Transportation Research Part B, 46, 1177-1201.

Verikios, G. & Zhang, X-G. (2015). Reform of Australian Urban Transport: A CGE-
Microsimulation Analysis of the Effects on Income Distribution. Economic
Modelling, 44, 7-17.

Wardrop, J. G. (1952). Some Theoretical Aspects of Road Traffic Research. Road
Paper No.36. Proceedings of the Institution of Civil Engineers, 325-362.

Wegener, M. & Bokemann, D. (1998). The SASI Model: Model Structure. SASI
Deliverable DS. Berichte aus dem Institut fiir Raumplanung 40. Dortmund:
Institut fiir Raumplanung, Universitdt Dortmund.

Zhu, J., Jin, Y. & Echenique, M. (2012). Application of a New Spatial Computable
General Equilibrium Model for Assessing Strategic Transport and Land Use
Development Options in London and Surrounding Regions, Conference
Paper, ERSA Congress 2012, Bratislava, August 2012.

119



APPENDICES

APPENDIX A: MATHEMATICAL STATEMENT FOR THE MODEL

SETS
i,weR Residential and working locations
meT Commute mode (0: no commute, 1: car, 2: public transport, 3: other
modes)
geG Skill used in production (0: non-working, 1: low skill, 2: high skill)
leC Commodities (consumption goods and services)
PARAMETERS
o' Share parameter for a commodity
wmg
a’ Share parameter for housing
iwmg
¥ Neighbourhood utility
V. Negative utility of commuting
wmg

K
iwmg

g (1)
N(w.g)

VA4,

Household capital possession

Household housing possession at a specific location

Number of households with specific working locations and skill levels
Value-added of industry /

Quantity of value-added needed for one-unit production of output ),
Input-output coefficient

Total factor productivity

CES production function factor coefficient

Share of skilled labour for industry /
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AN ) Link-path incidence parameter
a,path
A Time required to traverse link under no traffic congestion
a
B Traffic congestion coefficient for link
a
Q Link capacity
a
c’ Fuel consumption under no congestion
Ce Fuel consumption under a reference congestion level
7/ Travel time under no congestion
wm
t{; . Reference travel time under no congestion (h/100 km)
£, Reference travel time under a reference congestion level (h/100 km)
D. Distance between i and w
w
pf Fuel cost
VARIABLES
Come Household consumption on a commodity
iwmg,
d. Household consumption on housing (floor-space, rooms) at location i
iwmg
C Total demand for consumption goods
D, Total demand for housing
Tom Commute time
Kim Commute cost
g Total household income (earned income + unearned income)
r Rental rate per housing unit (floor-space, rooms)
)2 Commodity price
w, Labour price (=earned income)
o Capital price
P, (i,m)  Household location and transport mode choice probability
N., (w, g) Number of households selecting specific housing location and
transport mode
Y, Output of industry /
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Traffic flow on link a

Travel time on link a

Travel demand from i to w

Traffic flow on a path from i to w

Number of paths used for journeys from i to w
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APPENDIX B: OPTIMAL USER EQUILIBRIUM SOLUTION

Wardrop (1952) introduced road traffic equilibrium principles, which
constitute foundations of many travel models. Wardrop’s First Principle proposes that
traffic reaches an equilibrium state where no driver can reduce travel time (be better
off) by choosing another route. This principle is often attributed to “user equilibrium
(UE)” in the literature: “The journey times on all the routes actually used are equal,
and less than those which would be experienced by a single vehicle on any unused

route.”

User equilibrium model (or traffic assignment problem - TAP) is formulated

as in the following link-route representation:

(1) Objective function minimising total travel times on links using a convex and

non-decreasing travel time function:
min z(x):ZJta (x)dx (B.1)
a 9

S.t.

(2) Balancing travel demand:

> =a. (f;=20) (B.2)

(3) Traffic flow on a link:

x, = sz:z f A (B.3)
o P

where,

x, = traffic flow on link a
t,(x)=travel time on link a (convex non-decreasing function)
q,, = travel demand from o to d

f ;d = traffic flow on path p from o to d
Od . . . . .
Ay, =binary variable (1 if link a belongs to path p from o to d, 0 otherwise)
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Assuming travel time function is strictly increasing with a fixed demand for
each origin-destination pair, we know that there exists an optimal user equilibrium

flow and it is unique. (See Patriksson, 1994)

Solving traffic assignment problem does not only give us travel times between

nodes but also which links are used for these journeys. Therefore, we obtain values for

binary variable & 5‘; by solving the problem defined above. That means that if assume
that link-path incidence parameter values (5;’”;) are given, travel times for each

journey can be solved by using the following equation steps:

(1) Balancing travel demand (A.2.2):
21 =a, (£720)
p

(2) Traffic flow on a link (A.2.3):

x, =220 A
o d p

(3) Travel time definition:

t=A, +Ba[;"} (B.4)

(4) Travel time of a path from o to d:
0= A (B.5)

(5) Wardrop’s First Principle:
el =13l p'(fy>0) (B.6)

If we show that the above equation set provides a unique solution that is the
same with the optimal solution of the user equilibrium problem, we can embed this

equation set into the CGE framework as travel modelling block.

If people travelling from node A to node E use two different paths: (i) |4E| and
(ii) |AD|+|DE| . 1t is to be noted that link |4E| is used only for journeys between node

A and node E while link |A4D| and link |DE| are used for other journeys.
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Figure B.1 Small Road Network

In accordance with Wardrop’s First Principle, the following equation should

be held:
tAD(a+x)+tDE (b+x)=tAE (qAE _x) (B7)

where x is the number of people using links |4D| and |DE| in order to go from node A

to node E. Rewriting above equation in functional form,

tip(a+x)+tps (b+x) =2, (g, —x)=0 (B.8)
&%)

Since travel time function is a convex and strictly increasing function,

()

- :t'AD(a+x)+t'DE(b+x)+t'AE(qAE—x)>0 (B.9)

This shows that g (x) is also strictly increasing. And for x=0,

g(o):tAD(a)+tDE(b)_tAE(qAE)<0 (BIO)

Therefore, for a unique value of x>0, g(x) =0 will be held. This concludes

our proof.
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APPENDIX C: VERIFYING ALGORITHM

To find equilibrium solution, it is needed to verify that the matrix for link-path

incidence parameters (A) is the matrix at the equilibrium condition. Following

algorithm is used to do this verification:

Step 0:
Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:

Form the transport network after the shock (project or policy change)
Run Traffic Assignment Problem (UE)

Form the matrix for link-path incidence parameters (A,)

Run full model using A,

Form the OD matrix

Run Traffic Assignment Problem (UE) using OD matrix

Form the matrix for link-path incidence parameters (A,)

If A,=A, STOP, Else SET A,=A, AND GOTO Step 3

126



APPENDIX D: ROY’S IDENTITY

k=1

o \% o £\ l-o Ve
! J" (aiwmg) rox (aiwmg) Py

n
h o l-o ! o l-o
(aiwmg) "; +Z(aiwmg) pl
=1

n o-

1 o1 o)
— ! i - h o -1/
A’pl = Q; ¢ + aiwmgdiwmg Ciwmg,l

iwmg ~iwmg |
1=1

n

i i V(o)
o [EN A

k=1

QED. This proves the Roy’s Identity.
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APPENDIX E: MULTINOMIAL LOGIT (MNL) PROBABILITY FOR
HOUSEHOLD CHOICE

In the context of urban studies, where people choose to live and how they
decide on this choice are important questions attracting widespread attention from
different disciplines. This makes the prediction of households’ future residential
locations a critical part of urban economic models. Although people’s choices on their
residential locations are based on different economic theories, after the seminal
academic studies of Lerman (1975) and McFadden (1977), disaggregate behavioural
models based on the theory of consumer choice in microeconomics have stepped
forward. This has led to a paradigm shift in residential location choice models,
favouring discrete choice models where the conceptual basis relies on the observation
that individuals make their choices among the given alternatives and the outcome

variables are discrete (Train, 2009:3).

Discrete choice models assume that decision makers (individuals, households,
private companies, government etc.) decide on their choices maximising their utilities.
As a point that distinguishes discrete choice models from the alternatives, utilities of
decision makers in these models are represented employing random (unobserved)
components besides the deterministic (observed) ones. This allows discrete choice
models to represent heterogeneity among different agents. Hence, any decision maker

n chooses among J alternatives using the following utility function:

U,=V,+e, (i=0,1,2..,J) (E.1)

ni ni

where 7,, denotes the “representative utility” observed by a researcher and ¢, is the
random component of the utility that cannot be included in V,, (Train, 2002:19).

Hence, the condition U

ni

>U, (i#j) would lead decision maker n to choose

alternative i among the other alternatives. Due to the random component of the utility,

the probability of choosing alternative i can be written as follows:
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ni

, :prob[Um. >U,, Vj;ti]
= prob[Vm. +e&, >V, +e,,Vj# i] (E.2)

= prob| e, —&, <V, —V,.Vj=i]

nj

njo

It should be noted that the above definition of choice probability denotes the
cumulative distribution of the random variable €,; —¢,;. Because of the assumption that

decision makers make their decisions on different alternatives considering their
relative attractiveness, choice probability depending on the difference in utility makes

sense (Train, 2002:25).

In general, choosing discrete choice models, specifying observed part of utility
—representative utility- linear in parameters is a common approach as in the following
transport mode choice example from Train (2002). In this example, observed parts of
utilities for each mode (car and bus) are specified according to mode specific and

socio-demographic attributes:

V.=aTl, + M, +6°Y +k’

(E.3)
V,=aT, + M, +60.Y +k,

where T and M are time and monetary costs of using the relevant mode, respectively,
Y denotes the income of the decision maker, (93 and Hbo are the relevant parameters
capturing the effect of any change in income level on utility levels of relevant transport
modes, and kco and kl? denote “alternative specific constants” for each transport mode.

As mentioned above, considering difference in utilities makes sense for a decision
maker (or a researcher) in choosing among alternatives. Hence, we can define new

parameters associated to the utility of taking the bus compared to taking the car:

6,=6, -0 and k, =k, —k_. This leads to the following utilities for each transport
mode:

V.=al, + M,

(E4)
V,=al,+ pM,+6Y +k,

Considering differences in random variables for each alternative, we define a

new random variable &, =&, —¢&,for a decision maker n. We assume that each
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random component of the utility has a Gumbel distribution, which is a special case of

generalized extreme value (GEV) distribution.
¢, ~ Gumbel (77, 1) (E.5)
The cumulative distribution function would be:
F(z,)=exp(—e ™) (E.6)

Since the difference of two Gumbel-distributed random variables

(5” =&, —gm.) is logistically distributed, we can define the cumulative distribution

function of the random variable &, as in the following equation:

1
£, )= (E.7)
&) 1+exp(uln,—n-¢,])

Turning to the choice probability of an alternative, we can write the probability

of choosing alternative 1 among J alternatives as follows:

P,(1)= prob|V, +¢&, > JI:I%aXJ(Vn/ +5n_,-) (E.8)
U

where U™ =V"+&" and all disturbance terms are Gumbel distributed with 7 =0.

Therefore, in accordance with Gumbel distribution properties, distributions for each

utility function become:
U, ~ Gumbel(V,, 1)

J
U -~ Gumbel[lane”V’” 7

J (E.9)
H =

Hence, the probability of choosing alternative 1 among J alternatives becomes

a binary choice model:

P,(1)= prob|U,-U" 20] (E.10)

n

And by the definition of the logistic distribution:
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p(1)= L (E.11)

.. « 1 v
From the definition V" =—1In Zew”’ , we can conclude that:
Ho =

eﬂan
b, (1) - J =7 (E.12)
eﬂan + Zeﬂynj eﬂV,,/

j=2

J=1

Scale parameter ¢ scales the coefficients reflecting unobserved utility

variance. In fact, this is not estimated separately but with the other coefficients.
Therefore, the probability of choosing alternative 1 among other alternatives can be
written in this well-known form:
ean
P (1)=— (E.13)
v,
S

J=1
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APPENDIX F: HOUSEHOLD LOCATION AND TRANSPORT MODE
CHOICE PROBABILITY

The probability for residential location and transport mode choices of a
household with attributes of working location and skill level pairs (W,g ) can be written

as in the following form:

P, (im)=P,(i)-P,,(m|i) (F.1)

w,g w,g

The probability of choosing location 7 as the residential location is:

Z thwm'g
=5
Jjom

B (F.2)

The probability of choosing mode m as the preferred transport mode for a

household residing at location i is:

P,, (m | i) = T (E.3)
~

This leads to:

Vium'
Ze ’ o o
N B

Pw,g (l’m) - Zzel/jwm ’ ZeViwg - Zze!{,‘mvg (F.4)

j m' m' j m'

Finally, we can write probability of choosing residential location 7 and transport

mode m as follows:

I=1

n Ve
1 P h P
eXp |:Z aiwmg ciwmg,l + aiwmg diwmg :| + lPi - 7/ iwmg z-iwm
(F.5)

Lt g (i’m) =

w,g - B 1/p
! P h el _
Zzexp |:Zajwm'gcjwm'g,/ + ajwm'gdjwm'g :| + \Ilj ijm'grjwm'
j m' =1
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APPENDIX G: LONDON TRAVEL DEMAND SURVEY (LTDS) DATA

LTDS 2014 microdata is used in this study. Two main tables from this database

1s used:

1) Household
2) Trip

Household table provides more than 50 household attributes including home
address, household income, number of vehicles, etc. Trip table provides specific
information about trips like trip origin and destination, purpose of trips, distance of
trips and duration of trips. Trip table also has a specific Household ID attribute that
enables us to merge two tables. Using these two LTDS tables and provided weights
for household categories, I take the following attributes to create a household table we

need in our analyses:

- A unique household number for each household

- Origin postcode representing residential location (for example, NW1)

- Destination postcode representing working location (for example, NW1)
- Household income level

- Preferred commuting mode

- Commute time (min)

- Commute distance (km)

- Weight

Taking the table with these attributes as the primary data source and using
secondary data sources explained in Table 3.1, I create another household table, which

is the main data of the model. This table has the following attributes:

Household Table:

- Location Information:
o Residential (at borough level)
o Working (at borough level)

- Household group (AB, C, DE)
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- Commuting mode (private transport (car), public transport including NMT)
- Count (household number)
- Expenditure:

o Room number (number of spaces)

o Composite good (quantity)
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APPENDIX H: GREATER LONDON AREA POPULATION STATISTICS

Inner/ Population | Census
Code Borough Outer Estimate | population
(2014) (2011)

E09000001 | City of London Inner 6,872 7,400
E09000002 | Barking and Dagenham Outer 198,683 185,900
E09000003 | Barnet Outer 375,030 356,400
E09000004 | Bexley Outer 240,093 232,000
E09000005 | Brent Outer 321,601 311,200
E09000006 | Bromley Outer 321,834 309,400
E09000007 | Camden Inner 234,845 220,300
E09000008 | Croydon Outer 376,040 363,400
E09000009 | Ealing Outer 342,469 338,400
E09000010 | Enfield Outer 324,650 312,500
E09000011 | Greenwich Outer 268,678 254,600
E09000012 | Hackney Inner 263,546 246,300
E09000013 | Hammersmith and Fulham | Inner 178,710 182,500
E09000014 | Haringey Inner 268,439 254,900
E09000015 | Harrow Outer 246,575 239,100
E09000016 | Havering Outer 246,328 237,200
E09000017 | Hillingdon Outer 293,325 273,900
E09000018 | Hounslow Outer 265,975 254,000
E09000019 | Islington Inner 221,383 206,100
E09000020 | Kensington and Chelsea Inner 156,591 158,700
E09000021 | Kingston upon Thames Outer 169,991 160,100
E09000022 | Lambeth Inner 318,543 303,100
E09000023 | Lewisham Inner 292,520 275,900
E09000024 | Merton Outer 204,198 199,700
E09000025 | Newham Inner 325,774 308,000
E09000026 | Redbridge Outer 293,181 279,000
E09000027 | Richmond upon Thames Outer 193,585 187,000
E09000028 | Southwark Inner 303,182 288,300
E09000029 | Sutton Outer 198,526 190,100
E09000030 | Tower Hamlets Inner 284,688 254,100
E09000031 | Waltham Forest Outer 268,675 258,200
E09000032 | Wandsworth Inner 312,735 307,000
E09000033 | Westminster Inner 233,292 219,400
E13000001 | Inner London 3,401,119 | 3,231,900
E13000002 | Outer London 5,149,436 | 4,942,100
E12000007 | London 8,550,555 | 8,173,900
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APPENDIX I: PUBLIC TRANSPORT TRAVEL TIME SAVINGS AFTER
CROSSRAIL 2

Crossrail 2 factsheets provide some estimated figures in travel time savings for

some of the routes connecting some areas including Angel, Clapham Junction,

Dalston, Kings Road Chelsea, Raynes Park, Tottenham Court Road and Wimbledon.

First, these figures are used to estimate travel times savings on the main route of the

Crossrail 2. Second, for each OD pair, used segments of the Crossrail 2 for public

transport journeys are identified. Third, due to increase in the number of trains passing

through the city centre, a travel time saving of 2-minutes is added to central boroughs.

Finally, resulting travel time saving for each pair is calculated as displayed in below

tables.
TO
1| 2| 3| 4| 5| 6| 7| 8| 9|10 11|12 |13 |14 |15|16 | 17
1| 0 O Of 2| 2| 2| 2 2] 2| 0| 2| 4] 2|12 2| 2| 2
21 0 O 2| O 41017 17|10 5| 41017 5| O| O| O
3] 0 2 O 2| Of 2| 2 2| 212 2| 4| 2(12| 2| 2| 2
4 20 0 2 0 2 O 2| 2| Of12| 2| 2| 2|12 O| 2| O
51 21 4 0| 2|1 0 2| 2| 0| 2|12 0| 4| 2|12 2| 2| 2
6 210 2| O 2| O 2| 2] 2|10 2| 2| 2|10| 2| 2| 2
Tl 2117 2| 2 2| 2] 0 2| 2|12 2| 4| 2|12| 2| 2| 2
% 8| 217 2| 2| 0| 2| 2| 0] 2|12 2| 4| 2|12| 2| 2| 2
E 9| 2110 2| O 2| 2| 2| 2| 0|12 2| 4| 2|12 0| 0| O
10 O S (12 (12 (12101212 |12| O| 4| 5|12| 2|14 | 7|14
11| 2 4| 2 2| 0 2| 2 2| 2| 4] 0] 2| 214 2| 0| O
12| 4 (10| 4| 2| 4| 2| 4| 4| 4| 5| 2| 0| 4] 5| 4| 0| 4
13| 2 (17| 2| 2| 2| 2| 2 2| 212 2| 4| 0|12 2| 2| 2
14 (12 S5 (12 (12 (1210 (12 (1212 | 2|14 | 5]12| 0|14 | 0| 14
15 O 2| 0 2| 2| 2| 2| 0|14 2| 4| 2|14 0| 2| O
16| 2| O 2| 2| 2| 2| 2 2] 0 7] 0] O] 2| O| 2| O] 2
17| 2 0| 2| O] 2| 2| 2| 2| O0|14] O] 4| 2|14| 0| 2| O
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APPENDIX J: ANNUAL RENTAL RATES (POUNDS/ROOM) (2014)

Barking and Dagenham 2,764 | Hounslow 4,258
Barnet 4,383 | Islington 5,890
Bexley 2,781 | Kensington and Chelsea 9,997
Brent 4,474 | Kingston upon Thames 4,056
Bromley 3,477 | Lambeth 4,790
Camden 6,535 | Lewisham 3,730
City of London 7,620 | Merton 4,339
Croydon 3,198 | Newham 3,620
Ealing 4,429 | Redbridge 3,162
Enfield 3,524 | Richmond upon Thames 5,385
Greenwich 3,881 | Southwark 4,854
Hackney 5,148 | Sutton 3,301
Hammersmith and Fulham 5,850 | Tower Hamlets 5,003
Haringey 4,451 | Waltham Forest 3,399
Harrow 3,605 | Wandsworth 5,018
Havering 2,772 | Westminster 8,910
Hillingdon 3,336

Source: Valuation Office Agency (VOA), Private Rental Market Statistics (2014)
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APPENDIX L: TURKISH SUMMARY / TURKCE OZET

GIRIS

Ulasim, birkag istisna disinda (6rnegin, kruvaziyer yolculuk), her ne kadar
nihai bir {rlin olarak degerlendirilmese de ekonomik aktivitelerin hayata
gecirilmesinde dnemli bir yere sahiptir. Ulagim aginin (altyapisinin) yetersiz oldugu
durumlarda ekonominin etkin bir sekilde ¢alismasit miimkiin olmamaktadir. Ulagim
altyapis1 bir yandan insanlarin ve endiistrilerin ihtiya¢ duydugu mal ve hizmetlere
erisim kanallarin1 saglarken bir yandan da endiistrilerin iiretim siireclerinde ihtiyac
duydugu insan kaynagina erisimi miimkiin kilmaktadir. Sehirlerin ulasim altyapilari
sayesinde saglanan erigilebilirlikle, insanlar iglerine ve basta saglik ve egitim olmak
tizere birgok kamu hizmetinden faydalanmak tizere okul, hastane ve diger kamu kurum
ve kuruluglarina gidebilmekte ve aligveris yapmak {izere aligveris merkezlerini ziyaret
edebilmektedir. Boylece ulagim sektorii, ekonominin arz ve talep yonlerinin kritik

sektori olarak belirlenmektedir.

Diger bircok fiziksel agda oldugu gibi, ulasim aglarinda da ciddi verimlilik
problemleri bulunmaktadir. Bu problemler, kapasite kisitinin olmadigi bir¢ok
durumda farkina varilmadan tolere edilmektedir. Bu durum ulagim aglar igin de
gecerlidir. Ancak, giderek, kentlesme ve beraberindeki ekonomik gelismeler
sehirlerde arz edilenden daha fazla kapasite ihtiyact dogurmakta ve bu durum da
ulagim altyapis1 lizerindeki baskiyr artirmaktadir. Bu baski zar zor yeten (ya da
yetersiz) ulasim altyapisiyla birlestiginde sehirlerde kapasite eksikligine neden
olmaktadir. Trafik sikisikligi problemi, sehirlerdeki altyapi kapasite eksikligine bir
ornektir. Bircok biiyiik altyapi projesine ragmen artan trafik sikisikligi kent ici

ulagimin daha iyi planlanmasi konusundaki temel ihtiyaci vurgulamaktadir.

Geleneksel fayda ve maliyet analizi yontemlerine dayali giinlimiiz ulasim
degerlendirme yaklasiminda, ulasim politikalar1 ve 1ilgili projeler agirlikli olarak

toplulastirilmig bilgiler kullanilarak degerlendirilmektedir. Bu baglamda, “bu ulagim
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politikasin1 uygulamanin maliyeti nedir?”, “bu ulasim politikasinin uygulanmasi
sonrasinda ne kadarlik maliyet tasarrufu saglayabiliriz?” ve “bu politika maliyet
tasarrufu yaninda topluma baska hangi faydalar1 saglayabilir?” gibi sorular 6n plana
cikmaktadir. Her ne kadar bu toplulastirilmig veriye dayali yontemleri kullanmak ve
farkli sorulara cevap aramak uygulamada biiyiik kolaylik saglasa da, toplulastirilmis
degerler iizerinde calismak toplumda karsilasilabilecek her tiirlii farkliligi bir kenara
atmakta ve bireysel diizeydeki bilgi, toplulastirma sirasinda kaybolmaktadir. Bunun
yerine, politika gelistiricilerin, politikalar1 degerlendirirken bu politikalarin hane
halklar1 iizerinde istenmeyen sonuglar1 olup olmadigin1 dikkate alan dogru sorulari
sormalar1 gerekmektedir: “Onerilen politika bir bolgede oturan diisiik gelirli insanlarin
saglik (ya da egitim) harcamalarimi etkileyecek mi?”, “Bu politika belirli bir grup
insanin ¢aligma kararini etkileyecek mi? Bu insanlar bu politikanin uygulanmasindan
sonra ¢aligsmaktan vaz mi1 gececek?” Bu durum, veriyi daha yogun kullanan modellerin
ortaya ¢ikmasina neden olmaktadir ve bu egilim giiniimiiz kosullarinda artan veri

hacmiyle birlikte artarak devam edecektir.

Tez, ulasim politikalarinin uzun vadeli etkilerinin sosyal, ekonomik ve cografi
farkliliklar1 dikkate alacak sekilde degerlendirilmesi amaciyla yenilikgi bir modelleme
yaklagimi gelistirmeyi amaglamaktadir. Boyle bir yaklasima neden ihtiya¢ duyuyoruz?
Hesaplanabilir genel denge modelleri karsilikli olarak bagimli piyasalar arasindaki
iliskileri ortaya koyabilen modellerdir. Ancak, bu modeller, sinirli sayida (cogu zaman
yalnizca bir) temsili bireyler igermekte ve boylece, farkli bireyler arasindaki
heterojenligi ve bu bireylerin politikalar sonucu olusan davranigsal degisimleri
kavrayamamaktadir (Peichl, 2008). Buna karsilik, mikro simiilasyon modelleri, insan
ve firmalarm davramiglarint mikro diizey veri kullanarak modelleyebilmektedir.
(Robilliard vd., 2001) Ancak, bu modeller de kismi denge modelleridir ve yalnizca
ekonominin hane halki tarafin1 kapsamaktadir (Peichl, 2008). Bu Tezde, farkli
diizeydeki bu modeller entegre edilmektedir. Bu baglamda, geleneksel hesaplanabilir
genel denge modelinin gelistirilmesi ile ekonomik birimler farkli 6zellikleri yansitacak
sekilde ayristirilmaktadir. Hane halklarinin farkli ozelliklerine gore kurgulanan
ekonomik model, ayrik se¢im teorisine dayali konut yeri ve ulagim modu se¢cim modeli
ile entegre edilmektedir. Bu entegrasyon, mevcut literatiirde sikca rastlanilan iki farkli
model arasinda yakinsama arayan iteratif simiilasyonlar seklinde degil, ayni

matematiksel ¢ergeve i¢inde “tam entegrasyon” formunda yapilmaktadir. Ekonomik
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model ve hane halki konut yeri se¢im modelinin yani sira, Wardrop’un birinci
prensibine? dayali bir ulasim modeli de bu cerceve icerisinde kurgulanmistir. Ulasim
modeli, bu Tezde Onerilen yeni bir yontemle denklem seti haline getirilmis ve bu
sayede CGE modeli igine entegre edilmistir. Sonug olarak, ii¢ farkli modelden olusan

entegre bir model ortaya konulmustur.

Model, temel olarak, hane halklarina iligkin niifus sayim ve istatistikleri, biit¢e
ve yasam kosulu aragtirmalari ve ulasima iliskin hane halklarinin ulagim tercihleri ve

yollarin trafik yogunluk bilgilerini kullanacak sekilde tasarlanmistir.

Calisgma sonucunda ortaya konulan 0&zglin model, insanlarin kentsel
bolgelerdeki hareketlerini etkileyen her tiirlii miidahalenin (politika degisikligi, altyap1
ve toplu tasima projeleri) uzun vadeli etkilerini farkli gruplar icin ortaya koymaktadir.
Bu modelin hayata gecirilmesiyle, ulasim alaninda ortaya konulacak politikalarin ve
bu politikalarla ilgili altyap1 projelerinin toplumun farkli kesimlerine etkileri acikc¢a
ortaya konulabilmektedir. Boylece, ulasimin 6zellikle toplumun farkli kesimleri
(6rnegin  diglanmis ya da dislanma potansiyeli yiiksek) {tizerindeki etkileri
anlagilabilecek ve daha kapsayici ulagim politikalarmin olusturulmasi Oniindeki
degerlendirme enstriimani eksikligi giderilebilecektir. Bu agidan bakildiginda,
onerilen model, “siirdiiriilebilir ulagim” ger¢evesinde kritik 6neme sahip olan
“alternatif ulagim politikalarinin™ tespitinde ve uygulamasinda etkin bir karar destek

araci olarak kullanilabilecektir.

Ortaya konulan model, dort bolgeli kiiciik bir kent i¢in yapay veriler ve farkli
politikalar kullanilarak test edilmistir. Daha sonra, LTDS 2014 verileri kullanilarak,
Londra’da yapimi planlanan Crossrail 2 projesinin etki analizi yapilmistir. Buna iliskin

sonuglar, bu Ozetin Senaryo Analizi boliimiinde verilmektedir.

Bu aragtirmanin en énemli 6zgilin degeri, insan davranislarini dikkate alan ve
mikro diizeyde toplulastirilmamis veri kullanan hane halki konut yeri ve ulasim modu
se¢im modellerini bir hesaplanabilir genel denge modeli i¢inde birlestirmesidir. Daha
onceden belirtildigi iizere, bu birlestirme islemi tam entegrasyon prensibi ile

gerceklestirilecektir. Bu sayede, gereksiz sayida iterasyon islemleri yerine, her iki

32 Wardrop 'un birinci prensibi: Kisilerin gogunlukla, kendisine en diigiik maliyeti sunan; daha net bir
ifade ile, seyahat siiresi, maliyet, giivenilirlik ve giivenlik gibi hizmet diizeyi bilesenlerinin meydana
getirdigi en diigiik yararsizlig1 sunan tiirii segmesi.
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model ayn1 problem igerisinde bir defada ¢oziimlektedir. Arastirmanin bir diger 6zgiin
yani ise, bolgeler aras1 ulagim siirelerini ve maliyetlerini trafik sikisiklig1 etkilerini
dikkate alarak hesaplayan bir trafik modelinin Onerilen entegre model yapisi icine
dahil edilmesidir. Literatiirdeki ¢aligmalara bakildiginda, bahsedilen {i¢ farkli modelin
birlikte entegre edildigi bir calisma bulunmamaktadir. Bu nedenle, bu ¢alisma, ulasim
politikalarinin degerlendirilmesi amaciyla son derece kompakt yapida bir model

gercevesi sunmaktadir.

Bu ¢alismanin bir diger 6zgiin yan1 ise hane halki diizeyinde veri kullanilarak
makroekonomik analizler yapilmasidir. Bu agidan bakildiginda, basta niifus sayimmi
gibi hane diizeyinde yapilan bir¢ok arastirmanin makroekonomik modeller iginde
haneler arasindaki ayrimi gozetecek sekilde kullanilmasi yoniinde 6nemli bir 6rnek
olusturmaktadir. Béylece, ekonomik birimler diizeyinde elimizde var olan bir¢ok ayirt
edici 6nemli bilginin ekonomik modeller iginde kullanilmasi ve toplumun her kesimini
(6zellikle dezavantajli gruplar1) gozeten daha dogru politikalar gelistirilmesi

saglanacaktir.

Calisma sonucunda ortaya konulan entegre model sistemi, ulasim
politikalarmin uzun vadeli ekonomik, sosyal ve cografi etkilerini ortaya koymasi
acisindan onemli bir 6rnektir. Bu model sistemi kullanilarak, ulagimla ilgili birgok

farkl politikanin etki analizinin yapilmasi miimkiin olacaktir.

LITERATUR TARAMASI

Son yillarda, hesaplanabilir genel denge modellerinin ulagim alaninda,
ozellikle ulagim politikalariin etki analizinde kullanimi artmaktadir (Chicago kordon
ticretlendirmesi (cordon tolling) analizi i¢in Anas ve Hiramatsu (2013), Paris toplu
tasima analizleri i¢in Anas (2013a), Tokyo trafik sikisikligi iicretlendirme sistemleri
analizi i¢in Sato ve Hino (2005)). Geleneksel fayda ve maliyet analizlerine (CBA —
cost-benefit assessment) dayali modellerin ulasimdan kaynakli digsalliklarin
icsellestirilmesi ve etkilerin ekonomik birimler arasinda dagitimi konularinda yetersiz
kalmasi, bu egilimi daha iyi agiklamaktadir (Robson ve Dixit, 2015). Ulasimin
ekonomi igerisindeki merkezi rolii diisiiniildiiginde, bu zayifliklarin gormezden
gelinmesi miimkiin olmamaktadir. Bundan dolayi, ulasim alanindaki politika ve

projelerin dogrudan etkilerinin yani sira dolayl etkilerinin de degerlendirilmesi imkan1
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saglayan daha kapsayici bir ekonomik analiz araci olan hesaplanabilir genel denge

modellerinin 6nemi giderek artmaktadir.

Ulagim alaninda kullanilan hesaplanabilir genel denge modellerine

bakildiginda, bu modellerin iki ana baslikta kullanilabildigi goriilmektedir:

1) Bolge olgeginde modeller: Daha ¢ok iiretim faaliyetlerine odaklanilan ve

ulagimin bir sektor olarak ele alindigi modeller

2) Kent 6l¢eginde modeller: Ekonomik karar vericilerin (6zellikle hane halklar)

ayrik se¢im kararlarinin ele alindig1 modeller

Bolge-Olceginde modeller:

Brocker ulagim alaninda hesaplanabilir genel denge modellerinin kullanimi
konusunda onemli katkilar sunmustur. Bu katkilarin basinda, Brocker’in (1998)
modelinde, geleneksel ekonomik birimler (hane halklar ve firmalar) yani sira ulasim
aktivitelerinden sorumlu ayr1 “ulagim birimlerinin” tanimlanmasi gelmektedir. Bu
modelde, ulagimin, hane halklarinin hareketliligiyle ilgili degil yalnizca firmalarin
faaliyetleriyle ilgili bir konu oldugu varsayilmistir. Bununla birlikte, bir baska
modelinde Brocker (2002), hane halklarinin yolculuklarin1 da modele dahil etmistir.
Bu modellerden farkli olarak, Brocker vd. (2004), ulasim aktiviteleri ve bu aktivitelere
bagli maliyetleri tamamen farkli bir yaklasimla ele almis, ulasim maliyetlerini
Samuelson’in (1954) buz dagi modeline dayandirmigtir. Bu modelde, ulagim
maliyetleri mesafenin dogrusal bir fonksiyonu olarak tanimlanmaktadir. Bu
yaklagimin, Brocker vd.’nin (2010) modelinde de benimsendigi goriilmektedir.
Brocker’in (2002) modelinden etkilenen Zhu vd. (2012) bazi ulasim (HS2 yapimi ve
All yolunun genisletilmesi) ve arazi kullanim (yesil kusagin esnetilmesi)
politikalarinin genis ekonomik etkilerini analiz etmek {izere statik bir hesaplanabilir

genel denge modeli kullanmistir.

Oosterhaven ve Knaap (2003), Groningen sehri ve Schiphol Havalimam
arasindaki 6 farkli demiryolu baglantisin1i test etmek amaciyla, Knaap ve
Oosterhaven’in (2000) RAEM hesaplanabilir genel denge modelini kullanmstir.
Yazarlar bu calismay1 birkag kiiclik degisiklikle Knaap ve Oosterhaven’in (2011)

calismasinda tekrar etmigtir.

145



Bircok bolgesel modelden farkli olarak, Kim vd. (2004), ulasimi erisilebilirlige
etkisini dikkate almis ve Giiney Kore’deki otoyol projelerinin ekonomik biiyiime ve
bolgesel farkliliklar perspektifinden degerlendirilmesi amaciyla, dinamik bir
hesaplanabilir genel modelini bolgelerdeki erisilebilirlik degisimlerini 6lgen bir ulagim

modeliyle entegre etmistir.

Hane halklarinin ulagima hizmetlerine talebi, Berg’in (2007) tarafindan, hane
halklarinin ve firmalarin enerji ve ¢evre vergilerini 6demekle yiikiimlii olduklari enerji

perspektifli bir modelde ele alinmigtir.

Verikios ve Zhang (2015), Avustralya’da hayata gecirilen kent i¢i ulagim
reformunun dogrudan ve dolayli etkilerinin degerlendirilmesi amaciyla, hesaplanabilir
genel denge modeliyle birlikte bir mikro simiilasyon modelini kullanmis ve kent ici
ulasim reformunun hane halklar iizerine etkileri farkli gruplar i¢in hesaplanmistir. Bu

caligmada, kent i¢i ulagim ayrn bir ekonomik sektdr olarak yer almistir.

Kent-0lceginde modeller:

Firma aktiviteleri ve ticaret konularina odaklanan bolgesel modellerden farkli
olarak, kent oOlcegindeki modeller daha ¢ok hane halklarmin ulagimla ilgili
davraniglarina odaklanmaktadir. Bu baglamda, hane halklarinin karsilastiklar1 konut
yeri veya is yeri gibi ayrik secimler, bu modellerin temel odak noktalari durumundadir.
Bu alanda arastirma yapanlar arasinda, ayrik se¢im modellerinin ulagim alaninda
uygulanmasi konusunda ilk 6rnekleri sunan Alex Anas 6n plana ¢ikmaktadir. Anas
(1982), basta ulagim olmak iizere birgok kentsel konularin analizinde, hesaplanabilir
genel modeli ve ayr se¢cim modelini birlikte kullanmistir. Ayrica, Alex Anas, farkl
donemlerde beraber c¢aligtiklart bir dizi arastirmaciyla birlikte, metropol alanlarda
uygulanan politikalarinin etkilerini degerlendiren bir bolgesel hesaplanabilir genel
denge modeli olan RELU-TRAN (Regional Economy, Land Use and Transportation
Model) modelini gelistirmistir. [Anas ve Kim (1996), Anas ve Xu (1999), Anas ve Liu
(2007), Anas ve Hiramatsu (2012), Anas (2013a), Anas (2013b), Anas ve Hiramatsu
(2013)].

Horridge (1994) kent i¢i ulasim problemini, ayrik se¢im teorisinin temel
ciktilarindan faydalanarak, oldukca basit ama etkili bir yontem kullanarak ele almistir.
Bu baglamda, Avustralya’nin Melbourne sehrinde uygulanan ¢esitli senaryolarin
etkilerini analiz etmek iizere kent Slgeginde bir hesaplanabilir genel denge modeli
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onerilmistir. Bumodel ¢ercevesinde, konut yeri ve is yeri ¢ift segimlerinin multinomial
logit (MNL) olasiliklari, her bir se¢im c¢iftinin pazar paylarin1 hesaplamak igin
kullanilmaktadir. Béylece, bu toplulastirilmis degerler, hane halklarinin davraniglarini
yansitacak sekilde, hesaplanabilir genel denge modeli igerisinde bir parametre olarak
kullanilmaktadir. Bu toplulastirma prosediirii Magnani ve Mercenier (2009) tarafindan
da irdelenmistir. Ayrik secim teorisine dayali kismi denge modelleri ile hesaplanabilir
genel modellerinin entegre edilmesi amaciyla, heterojen 6zellikte bireylerin temsili
ekonomik birim igerisinde toplulastirildign “tam toplulagtirma” (exact aggregation)
yontemi Onerilmistir. Bir is giicli piyasasi i¢in yapilan 6rnek calismada, bazi 6zel
kosullarin saglanmasi1 durumunda, istatistiksel olarak benzer ve bagimsiz bireylerden
olusan biiyiik bir veri setine iliskin ayrik se¢im olasiliklarinin toplulagtirilmasinin
“sabit dontigim esnekligi” (CET — Constant Elasticity of Transformation)
fonksiyonuna sahip tek bir ekonomik birimin optimizasyonu sonucu elde edilen toplu

igglicii arz fonksiyonuna esit oldugu gosterilmistir.

Sato ve Hino (2005), Tokyo’da uygulanmasi planlanan trafik sikigiklig:
ticretlendirme sisteminin arazi kullanimi, bolgesel iktisat ve ulasim tizerine olan uzun
vadeli etkilerinin degerlendirilmesi amaciyla hesaplanabilir genel denge modeli
kullanmistir. Bu modelde, hane halklarinin ve firmalarin yer se¢im olasiliklar1 logit
modelleri kullanilarak hesaplanmaktadir. Onerilen hesaplanabilir genel denge modeli,
yolculuk tercihlerinin modellenmesi amaciyla, genel bir 4-adiml1 yolculuk modeli ile

entegre edilmistir.

Rutherford ve van Nieuwkoop (2011), isvigre’nin Ziirih sehrine dogru olacak
yiiksek profilli iggiiciiniin etkilerini degerlendirmek amaciyla kent i¢i ulagimi
kapsayan bir hesaplanabilir genel denge modeli 6nermistir. Bu modelde, basit bir
ekonomi modellenmis ve ekonomik birim olarak hane halklar1 ve {iretici firmalar yer

almistir.

Truong ve Hensher (2012), Avustralya’nin Sydney sehrinde yapilacak bir
ulagim projesinin uzun vadeli ekonomik etkilerini degerlendirmek {izere, ayrik se¢im
teorisine dayali modeller ile “kesintisiz talep” (continuos demand) modellerinin
hesaplanabilir genel denge modeli ¢ergevesinde entegre edildigi bir ydntem

Oonermistir.
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Yukarida bahsedilen ¢aligmalar, ulasgimin hesaplanabilir genel denge modeli
cercevesinde ¢ok farkli yaklagimlarla ele alindigimi gostermesi agisindan 6nemlidir.
Ulasim, bolgesel modellerde bir hizmet sektorii ya da ireticiler ig¢in katlanilmasi
gereken bir maliyet olarak ele alinirken, kentsel modellerde kentlerdeki erisilebilirligi
ve dolayisiyla insanlarin mekan secimlerini etkileyen ¢ok dnemli bir faktor olarak ele
alinmaktadir. Hakikaten de, ulagimin en biiyiik etkisi bir sektdr olarak ya da bir maliyet
olarak parasal konularda degil ekonomik birimlere saglanan erisilebilirlikte
yatmaktadir. Erisilebilirlik, mekansal analizler diisliniildiigiine, insanlarin karar verme
stireclerinde merkezi bir rol tistlenmektedir. Bu noktada, sorulmasi gereken bir soru:
“Kimin ya da hangi bdlgenin erisilebilirligini dikkate almaliy1z?”” Bu kritik bizleri bir
noktaya gotiirecektir: insanlar arasindaki farkliliklar. Ulagim, 6zellikle kent i¢i ulasim,
disiiniildigiinde, klasik hesaplanabilir genel denge modellerinde yer alan temsili
ekonomik birimler erisilebilirlik konusunun yeterince irdelenmesi konusunda, dogal
olarak, yetersiz kalacaktir. Iste bu noktada, ayrik secim teorisine dayali davranigsal
modeller, hane halklar1 arasindaki heterojenligi kapsama konusunda onemli bir
potansiyel barindirmaktadir. Ancak, farkli diizeyde modellerin entegrasyonu ise,

modelcilerin agmasi gereken énemli bir problem olarak ortada durmaktadir.

MODELLEME YAKLASIMI

Ulasim iktisadi ve sosyal faaliyetlerin hayata gegirilmesinde énemli bir yere
sahiptir. Yeterli ulasim altyapis1 olmayan boélgelerin diger bolgelere gore daha az
gelisme potansiyeline sahip olmasi konusunda genig bir zaman dilimine yayilmig
oldukca fazla sayida arastirma bulunmaktadir. Bu baglamda, ug¢ bir 6rnek olarak,
Adam Smith, {inlii Milletlerin Zenginligi kitabinda, tasimacilik maliyetleri konusuna
da deginmis ve denize kiyist olan bolgelerin daha hizli gelistigini ifade etmistir.
Hakikaten de, yeterli ulagim altyapisi olmayan iilkelerde (ya da bolgelerde) iyi isleyen
piyasalardan s6z etmek miimkiin degildir. Ulagim altyapisi bir yandan insanlar ve
endiistriler tarafindan talep edilen mal ve hizmetlerin iletimi i¢in gerekli iletim
kanallari1 saglarken bir yandan da endiistrilerin iiretim faaliyetlerinde ihtiyag

duydugu insan kaynagina erigimi saglamaktadir.

Ulagim altyapilar arasinda kent i¢i ulagim altyapis1 etki ettigi alan cesitliligi

ve insan sayist bakimindan 6zel bir konuma sahiptir. Dogal bir siire¢ olan sehirlesme
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ve kent ekonomilerindeki gelismeler sonucu ortaya c¢ikan talep kapasite artislariyla
¢ogu zaman karsilanamamakta ve kent i¢i ulagim altyapisi iizerindeki baski
artmaktadir. Bu durum beraberinde “trafik sikisikligi” problemini getirmektedir.
Iktisadi acidan trafik sikisikligr iki agidan dnemlidir. Oncelikle, insanlarin (gesitli
nedenlerle) 1srarla ayni saatlerde trafige cikmalari ve diger insanlar {iizerinde
yarattiklar1 sosyal maliyet ciddi bir piyasa basarisizligt anlamina gelmektedir
(Krugman, 2013). Bunun yan1 sira, trafik sikisikligi sonucu artan ulasim siireleri ve
maliyetler bolgelerin  “erisilebilirligini” ve arazi kullanimin1 biiyiik oOlgiide
etkilemektedir. Bu da insanlarin ve firmalarin yer se¢imlerinde kritik 6neme sahiptir.
Bundan dolayi, kent i¢i ulagim politikalarinin iktisadi olarak dikkatlice irdelenmesi

gerekmektedir.

Incelenen ulasim politikasinin, bir yandan ekonominin geneline etkisini
gbzlemlemeyi saglayan makroekonomik araglara ihtiya¢ duyulurken bir yandan da
farkli gruplarin politika davranis degisikliklerini tahmin edebilecek ve insanlar
arasindaki farkliligi dikkate alacak mikro simiilasyon araclarina ihtiya¢ vardir.
McFadden (1977) tarafindan “ayrik se¢im teorisi (discrete choice theory)” iizerine
yapilan caligsmalar, farkli grup insanlarin belirli sartlar altinda yaptiklar segimlerin
modellenmesi konusunda bir doniim noktas1 olmustur. Bu modelleme araci sayesinde,
bireylerin istihdam piyasasina dahil olup olmama karari, yapacaklar1 yolculuklar i¢in
hangi ulagim araglarini segecekleri, nerede oturacaklari, nerede calisacaklar1 gibi
bircok “ayrik karar” rahatlikla modellenebilir hale gelmistir. Bu baglamda, ayrik se¢im
modellerinde, karar vericilerin alternatifler arasinda yaptiklart degerlendirme sonucu
verdikleri kararin sonucu ayrik bir degerdir. Ancak, daha 6nce de belirtildigi {izere,
ulasim politikalarinin genis etkilerini ortaya koymak i¢cin makroekonomik modellerle
ayrik se¢im teorisine dayali mikro diizey modellerin entegre edilmesine ihtiyag
bulunmaktadir. Bu hibrit yap1 karar vericiler arasindaki heterojenligi (mikro) ve farkli
piyasalar arasindaki iliskileri (makro) birlikte ele almaktadir. Farkli diizeylere sahip
bu modellerin entegre edilmesi ise, basli bagina asilmasi gereken gii¢ bir problem
olarak ortaya ¢ikmaktadir. Bu problemin asilmasinda kritik 6neme sahip konu,
modellerin hangi degiskenleri digsal (exogenous) olarak kabul edip disaridan almasi
hangi degiskenleri ise igsel (endogenous) olarak kabul edip model i¢inde ¢dzmesidir.

Farkli modeller arasinda girdi-¢ikt1 iligkisine dayali bir degisken aligverisi yapisi
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olusturulabilirse, bu modellerin entegre edilebilmesi miimkiin olabilmektedir

(Horridge, 1994).

Farkli modellerin entegrasyonu konusunda mevcut literatiire bakildiginda,
temel olarak, iki farkli yaklagimin oldugu goriilmektedir. Bu yaklagimlardan ilki,
modeller arasinda degisken aligverisi yapisi olusturulduktan sonra, modellerin
sirastyla caligtirllmast ve bu iteratif igslemlerin model sonuglarinda anlamli bir
degisiklik olmayincaya kadar devam ettirilmesine dayanmaktadir. Bir diger yaklagim
ise, farkli modellerin ayn1 matematiksel ¢er¢eve igerisine modellenmesi ve modeller
aras1 parametre transferinin bu cergceve icerisinde yapilmasina dayali “tam

entegrasyon” yaklasimidir.

Bu tez kapsaminda, kent i¢i ulasim politikalarinin etrafli bir sekilde
incelenmesi amaciyla hibrit yapida bir model kurulmustur. Bu hibrit yap1 karar
vericiler arasindaki heterojenligi (mikro) ve farkli piyasalar arasindaki iliskileri
(makro) birlikte ele almaktadir. Bu baglamda, ulasim politikalar1 sonucu bireylerin
davraniglarindaki degisiklikleri modellemek amaciyla ayrik secim teorisine dayali bir
“hane halki konut yeri se¢imi modeli” gelistirilmis ve bu model bir hesaplanabilir
genel denge modeliyle entegre edilmistir. Ayrica, ayni matematiksel c¢erceve
igerisinde, bolgelerarasi ulasim maliyeti ve silire matrislerini olusturan bir trafik
modeli, Wardrop’un birinci prensibine dayali olarak “Trafik Atama Problemi (TAP -
Traffic Assignment Problem)” formatinda modellenmistir. Daha sonra, TAP, tez
kapsaminda Onerilen yeni bir yontemle denklem seti haline getirilmis ve diger iki
modelle entegre edilebilir hale gelmistir. Bu ii¢ farkli model, GAMS (General
Algebraic Modeling Solver) modelleme aract kullanilarak ayni problem iginde
modellenmistir. Sekil 1°de goriildigii tizere, hesaplanabilir genel denge modeli, hane
halki konut yeri se¢im modeli ve trafik modeli ayn1 matematiksel ¢erceve iginde

entegre edilmektedir.
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Ayrik Se¢cim Modeli Hesaplanabilir Genel
(Hane halki Konut Yeri Denge Modeli
Secim Modeli) (Makroekonomik Model)

Ulasim (Trafik) Modeli
(Ulasim Maliyeti ve Siiresi)

GAMS

Sekil 1 Entegrasyon Yaklagimi

Modeldeki temel aktorlerden olan hane halklar1 4 farkli indekse gore
gruplanmaktadir: (i) konut yeri (i) (ii) is yeri lokasyonu (w) (iii) ulagim araci tercihi
(m) ve (iv) beceri seviyesi (g). Bir sehirdeki tiim hane halklar1 bu indeksler kullanilarak
gruplandirilmaktadir. Modelde hane halklarimin barmma ihtiyaclart diger tiiketim
araclarindan ayn tutulmaktadir. Bu baglamda, hane halklar1 barinma ve diger tiikketim
malzemelerini ve sabit ikame esnekligi (CES - constant elasticity of substitution) fayda
fonksiyonunu kullanarak fayda elde etmektedir. Ayni1 zamanda, oturulan bolgeye baglh
bir pozitif fayda ve ev-ig arasindaki yolculuklar i¢in harcanan siireden dolayr bir
negatif fayda hane halklarin fayda fonksiyonu i¢ine girmektedir. Hane halklarinin,
ekonomideki sermaye ve konut stokunun da sahibi oldugu kabul edilmektedir. Bundan
dolay1, hane halklarinin, sahip olunan sermayeyi firmalara ve konutlar1 da diger hane

halklaria kiralayarak {icret dis1 gelir elde ettikleri varsayilmaktadir.

Istihdam piyasasina, her bir haneden en fazla bir is giicii arz edilmektedir. Bu
durumda, bazi haneler, isgiicline katilmis ve bazi haneler de (emekli, issiz vb.) ise
katilmamis olmaktadir. Arz edilen is giicii iki gesittir: (i) nitelikli is giicii ve (ii)
niteliksiz ig giicii. Bu farkli tip is giicleri ekonomik faaliyetlerin her birine farkli oranda
katki saglamakta ve her bir is giicii tiirii i¢in ekonomide farkli bir fiyat seviyesi
belirlenmekte oldugu kabul edilmektedir. Bu sayede, haneler arasindaki gelir
farkliliklar1 incelenebilecek ve ulasim politikalarmin farkli gelir seviyesine sahip

gruplar tizerindeki etkileri acik¢a ortaya konabilecektir.
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Olusturulan modelde hane halklariin yalnizca konut yeri ve ulagim araci
tercihleri modellenmekte olup, calisan insanlarin is yerlerinin sabit kaldigi kabul
edilmektedir. Ulagim araci olarak, 6zel arag, toplu tasima (sikisikliktan etkilenmeyen
— metro, BRT, tahsisli otobiis yollarinda seyreden araglar), toplu tasima (sikisikliktan
etkilenen — otobiis, dolmusg vs.) ve motorsuz ulagim (bisiklet, yiiriimek) alternatifleri
kullanilmaktadir. Tahsisli otobiis yollarinda ilerlemeyen otobiisler icin ayr1 durak

yerlerinin oldugu ve bu sayede trafik akisimi etkilemedikleri varsayilmaktadir.

Model Bilesenleri:

1 - Ayrik secim teorisine dayali hane halki konut yeri secim modeli (ayn1 zamanda
ulagim modu se¢im modeli) her bir hane halk: i¢in bolge segimlerine iligkin bir dizi
olasilik seti olusturmaktadir. Ayrik se¢im teorisine gore (diger modelleme
yontemlerinde de oldugu gibi) karar vericilerin faydalarini maksimize edecek sekilde
karar verdikleri kabul edilmektedir. Ancak, bu teoride, karar vericilerin fayda
fonksiyonunun gdzlemlenebilir bileseni yaninda bir de gézlemlenemeyen ve karar
vericiler arasinda heterojenligi saglayan stokastik bir bilesenden olustugu kabul edilir.
Boylece, her hangi bir karar verici n, J farkli alternatif arasindan asagidaki fayda

fonksiyonunu kullanarak karar verir:

U,=V,+e, (i=0,12..,J) (1)

ni ni

Burada, p_ arastirmacit tarafindan gozlemlenen “temsili fayday1”

ni

(representative utility) ifade ederken, ¢, ise bu fayda tarafindan igerilemeyen
stokastik bileseni ifade etmektedir (Train, 2002:19). Boylece, U,>U, (i;t j)

durumunda, karar verici n, farkli alternatifler arasindan i alternatifini segecektir. Bu
durumda, karar vericinin i alternatifini se¢gme olasiliginin, bir dizi matematiksel
islemden sonra asagidaki multinomial logit (MNL) olasiliklar1 formunda hesaplanmasi

mumkin olmaktadir:

2

P, = prob[Um. >U

w2

Vj#i]=

Hane halklarinin barinma ve diger tiiketim {iriinlerinin kullanimindan elde

ettikleri faydanin yani sira, konut yeri olarak sectikleri bolgeden bir fayda elde ettikleri

152



ve ev-is arasi yolculuklar i¢in harcanan zamandan dolay1 da negatif fayda olustugu

kabul edilirse kullanilan fayda fonksiyonu asagidaki sekilde ifade edilebilir.

p
n
_ k P h P
inm o (d’ C) - Z aiwm 'Ciwm N + aiwm ’diwm o + LI’i - 7iwm ’Tiwm + giwm o (3)
g 8 4 8 8 4 8
k=1

V;

iwmg

Yukaridaki denklemde i oturum bdlgesi, w calisma bolgesi, m ulasim modu ve
g hane halki heterojenlik endeksini (6rnegin egitim seviyesi) temsil etmektedir. Buna
gore, hane halklarimin d biiyiikligiinde bir konut ve ¢ miktarinda tiiketim iiriinleri
harcamasi1 yaptiklar1 kabul edilmektedir. Burada k& parametresi sektorleri temsil
ederken n de ekonomideki sektor sayisini vermektedir. Bu tiiketim sonucunda CES

fayda fonksiyonu formunda fayda sagladigi goriilmektedir. Ayni1 zamanda, belirli bir

bolgede oturmanin ¥, biyikliginde fayda sagladizi ve ev-is arasi yapilan

yolculuklarm da  7,,,0lceginde negatif fayda olusturdugu kabul edilmektedir.

Denklemde a paylagim parametresidir. Konut ve tiikketim harcamalar1 arasindaki ikame

parametresi ¢ ve p arasindaki iliski p = (o-1)/ o olarak ifade edilebilir.

Yukaridaki fayda fonksiyonu ve MNL olasilik formiili kullanilarak, herhangi
bir hane halkinin belirli bir i bolgesini konut yeri olarak ve belirli bir m ulasim modunu
da ev-ig arasi yolculuklarda tercih edilen ulasim modu olarak se¢mesi olasiligi su

sekilde hesaplanabilir:

n I/p
! P h P _
exp |:zaiwmgciwmg,l + aiwmgdiwmg :| + lPi yiwmg Tiwm
=1

,, Vp
! P h P
2.2.xp {Zac +a,,»wm-gd_,«wm~g} ) = T

P, (i,m) = “)

Jj m' =1

Denklemde (i,w,m) ile endeksli T, i yerlesim bolgesinden w ¢alisma golgesine
m ulagtm modunun kullanilmasi durumundaki seyahat siiresini temsil etmektedir.
Buradaki olasilik degerleri ve veri setinden digsal olarak gozlemlenen hane halklar
sayilar1 kullanilarak, her bir yerlesim bolgesi (7) ve ulasim modu (m) giftlerinin paylari

asagidaki basit formiil kullanilarak hesaplanabilmektedir. Bu formiil, bir bakima,
alternatiflerin “pazar paylarin” hesaplamaktadir. Buna gore, N, ,, (W,g ) w bolgesinde

calisan ve g heterojenlik seviyesine sahip olanlar arasindan i bdlgesinde oturup m
ulasim modunu kullananlarin sayisini verecektir:
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N, (w.g)=P, (i,m)-N(w.g)

p
n
1 P P
eXp [|:Z aiwmgciwmg ! lwmg dlwmg i| + ‘Pi - 7/iwmg z-iwm J (5)
p N(W’g)
P
zzexp |:zajwm g jMiﬂ gl jMiﬂ gdjum gi| + ‘Pj - 7/j»t’)n'gz-jwvm'

j m'

Ayrik secim teorisine dayali hane halki konut yeri se¢im modiiliiniin temel
ciktis1 olan N,-,m(W,g )degiskeni, entegre yaklagiminin ikinci modiiliinii olusturan
hesaplanabilir genel denge ve ulasim modiillerine girdi olarak kullanilmaktadir.

2- Entegre modelleme yaklasiminin ikinci modiilii, hesaplanabilir genel denge
modelidir. Hesaplanabilir genel denge modelinin, hane halklari ve firmalar tarafindan

olustugu kabul edilmektedir. Bu modelde hane halklarinin asagidaki Lagrange esitligi

ile faydalarin1 maksimize ettigi varsayilmaktadir:

pg
d ¢, ﬂ’ |:za cmmé, k + ahdt,:;‘g:| 7/& iwm + ﬂ’|: 1 mmé, Zpk twm‘g kT Iwm:| (6)

Yukaridaki denklemde w hane halki gelirini, » konut kira bedelini, p tiiketim

iiriinlerinin komposit fiyatin1 ve «,, de ulastm moduna gore bolgeler aras1 ulagim

maliyetini ifade etmektedir.

Yukarida temsil edilen maksimizasyon probleminin birincil derece kosullart:

1-p, /pg
(d) {Za" ,ﬁgmg . +a:d£gmg} dli;g —Ar=0 )
15, /P;,
(C) |: f l"fmé k + afdligmé:| lwm& k _ﬂ’pk - 0 Vk (8)
(l) l zwmg Zpk mmgk twm = 0 (9)

olmak iizere hane halki secimlerini (¢ ve d degiskenleri) belirlemede kullanilir.
Boylelikle herhangi bir i yerlesim bolgesindeki toplam sektorel tiiketim talebi ve

toplam konut talebi belirlenebilmektedir:

D, = ZZZ%W Vi (10)

w m
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Co=2 D> Comer VK (11)

w o m g

Hane halki karar degiskenleri ayrik secim teorisine dayali hane halki konut

yeri secim modiiliiniin girdileri olarak (5) No.lu denklemde kullanilmaktadir.

Model kapsaminda, firmalar ise asagidaki katma deger fonksiyonunu ve iiretim
faktorlerini (sermaye ve is giicli) kullanarak veri iiretim miktar1 i¢in maliyetlerini

minimize etmektedir:

o

(o-1) (o=1) \(o-1)
VAzzvz'y/:¢1 ﬂ/K/ 7 +(1_181)ng (12)

Burada, her bir / sektorii i¢in, ¢ toplam faktor verimliligini, B CES iiretim

fonksiyonu faktor paylasim katsayisi, L kompozit is giicii faktoriini, K sermaye
faktoriinii ve o de faktorler arasi ikame esnekligini ifade etmektedir. Is giiciiniin iki
farkli grup tarafindan saglandigi kabul edilmektedir: (i) nitelikli (egitim seviyesine
gore) is giicli ve (ii) niteliksiz i giicli. Boylece, LS nitelikli, LU da niteliksiz isgiiciinii
temsil etmek iizere, her bir sektor icin kompozit is giicii talebi asagidaki formda ifade

edilmektedir:

(o) (o) Yo
L=| prLs, o +(1-p")LU, (13)

Ekonomide toplam kompozit isgiicii talep/arz denge kosulu {icretlerin

belirleyicisi olarak hane halki gelirlerine etki edecektir.

3- Ulasim modeli, Wardrop 'un birinci prensipi olarak bilinen ve yol agimi kullanan
bireylerin “bireysel denge” noktalarim1 bulan yaklasim esas alinarak GAMS
platformunda gelistirilmektedir. Bu model, insanlarin bolgeler arasinda en kisa siirede
yolculuk yapmalarin1 imkan veren segimleri yapmalarini saglayan ve insanlarin
secimleri olugan trafik yogunlugunu dikkate alan bir yapida modellenmektedir. Trafik
yogunlugu, yolculuk siirelerini uzatan bir unsur olarak ele alinmaktadir. Bu baglamda,
LeBlanc vd. (1975) tarafindan Onerilen, toplam ulagim siiresinin yolun uzunluguna
bagli sabit bir yolculuk siiresi ile yolun yogunluguna bagl olarak degisen yolculuk

stiresi bilesenlerinin fonksiyonu olarak tanimlandig esitlik kabul edilmektedir:
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t(a):A(a)+B(a)[g((Z))} Vae A (14)

Burada ¢ (a) yol aginda bulunan a yolunu gegmek igin gerekli siire, A (a ) yolun

uzunluguna bagli sabit yolculuk siiresi, B (a ) yogunluk katsayisi, ¢ (a) yoldaki anlik

yogunluk ve Q(a) yolun kapasitesini ifade etmektedir.

Farkli modellerin ayni ¢ati1 altinda entegrasyonu, modeller arasinda bazi

parametrik degerlerin paylasimiyla miimkiin olmaktadir. Sekil 2’de Tez kapsaminda
kurgulanan entegrasyona iliskin durum sematik olarak verilmistir. Burada, N, , (w,g )
w bolgesinde calisan ve g beceri seviyesine sahip olanlar arasindan i bolgesinde oturup

m ulagim modunu kullananlarin sayisini, ¢, hane halklarmin her bir sektore iliskin

tiketim miktar1, d

mmg hane halklarmin konut harcamalari, 7, ulasim modlarina

bagh olarak bolgeler arasinda ulagim stireleri ve X, ulasim modlarina bagl ulagim

maliyetlerini ifade etmektedir.

Hesaplanabilir Genel

Ayrik Secim Modeli

Denge Modeli

Sekil 2 Modeller Arasinda Paylasilan Parametrik Degerler

Yukaridaki sekilde goriildiigii iizere, Ayrik Secim Modeli, temel olarak, belirli

bir bolgede ¢aligsan ve belirli bir beceri seviyesine sahip insanlarin konut yeri ve ulagim
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modu tercihlerine gore dagilimlarin1 hesaplamakta ve bu toplam degerleri
hesaplanabilir genel denge modeli ve ulasim modeli ile paylagmaktadir. Ulagim
modeli, bu degerleri OD matris olarak kullanmakta ve ulasim tercihlerine gore
insanlar1, ulagim agindaki baglantilara atamaktadir. Bu atama islemi ulagim agidaki
yogunlugu ve dolayistyla bolgeler arasi ulagim siirelerini ve maliyetlerini ortaya
cikarmaktadir. Bu degerler, ayrik secimi modeli ve hesaplanabilir genel denge modeli
icerisinde girdi olarak kullanilmaktadir. Hesaplanabilir genel modeli, ise ayrik se¢im
modeli ve ulasim modelinden aldig1 parametreleri de kullanarak ekonomideki genel

fiyat diizeyleri ile hanelere gore harcama profillerini olusturmaktadir.

SENARYO ANALIZi

Bu Tezde, 6nerilen modeli farkli senaryolarda test etmek icin Sekil 3’te goriilen

dort farkli bolgeden olusan bir kent i¢in yapay veri seti olusturulmustur.

Sekil 3 Dort Bolgeli Kent Modeli

Daha sonra, bu veri seti kullanilarak, asagidaki senaryolarin analizi yapilmistir:

1) Ozel ulasimin kapasitesinin artirilmasi: 1. Bolge ve 3. Bélge arasinda &zel

araglara tahsisli yeni bir yol yapilmasi

2) Toplu tasima kapasitesinin artirilmasi: 1. Bolge ve 3. Bolge arasinda toplu

tagima araglarina tahsisli yeni bir yol yapilmasi

3) Kent merkezine (4. Bolge) girisin ticretli hale getirilmesi
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Yapilan analizler sonucunda, hanehalklar1 arasindaki heterojenlik (tercihler,
fiyatlandirmalar, vb.) seviyesinin Onemli etkenler oldugu ortaya c¢ikmistir.
Hanehalklari, ayn1 degisiklige farkli sekilde tepki verebilmektedir. Bu nedenle,
kentlerin ve kentlerde yasayan hane halklarinin ayirt edici 6zelliklerini irdelemek ve
bunlara iligskin parametreleri dogru bir sekilde tahmin etmek ¢ok 6nemlidir. Bunlar
yerine getirilmeden yapilacak analizler, dogru politikalarin gelistirilmesinde yetersiz

kalacaktir.

Bir bagka analiz, Londra’da yapilmasi planlanan Crossrail 2 projesi sonrasinda
elde edilecek toplu tasima erisilebilirligindeki iyilesmenin olas1 etkileri igin
yapilmistir. Bu analiz i¢in, Londra’da yer alan 33 ilgeden olusan Sekil 4’teki ulasim
agl olusturulmustur. Bu ulasim aginda, ilgelerin merkezlerinden gegen yollarla

birbirlerine baglandigi kabul edilmistir.

Sekil 4 Londra Ulagim Ag1

Crossrail 2 projesi sonucunda elde edilecek erisilebilirlik artiginin dort farkli
alandaki etkileri incelenmistir. Bu alanlar: (i) konut fiyatlarindaki degisim, (ii) ulasim
modal dagilimdaki degisim, (iii) hanehalklarinin konumsal dagilimindaki degisim ve
(iv) ozel arag ulagim siiresindeki degisim.
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B -7.9% - -3.7%
B -3.7% - -1.5%
[ -1.5% - -0.9%
[ -0.9% - 0.0%
[ 0.0% - 1.6%

Bl 1.6% - 6.9%

I 6.9% - 11.6%

Sekil 5 Konut Fiyatlarindaki Degisim

Sekil 5’te goriildiigii lizere, Crossrail 2 projesi sonucunda ulasilacak denge
noktasinda, proje sonucunda erisilebilirligi en fazla artan kuzey ve giiney bati
Londra’da yer alan ilgelerdeki konut fiyatlari 6nemli Olgiide artarken, kent
merkezindeki konut fiyatlann goreceli olarak diismektedir. Bu fiyat degisimi,

Londra’nin dis ¢geperlerine dogru bir talep artis1 olacagina isaret etmektedir.

B -7.19% - -5.00%
[ -5.00% - 0.00%
[ 0.00% - 5.00%
[ 5.00% - 10.00%
[ 10.00% - 15.00%
I 15.00% - 15.14%

Sekil 6 Toplu Tagimanin Paymdaki Degisim
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Bir bagka etki alan1 olan modal dagilima bakildiginda, toplu tagimanin payinin
ciddi oranda arttig1 goriilmektedir. Kent genelinde yiizde 67 olan toplu tasima payz,
proje hayata gegirildikten sonra yiizde 71’e ¢ikmaktadir. Bu artista en biiylik pay
sahiplerinin, yine toplu tasima erisilebilirliginde en fazla artis saglanan bolgeler

oldugu goriilmektedir.

Hanehalklarinin konumsal dagilimindaki degisime bakildiginda, en fazla niifus
kaybinin kent merkezinde, en fazla niifus artisinin da Crossrail 2 projesi sonucunda
erigilebilirligi en fazla artacak olan kuzey ve giliney bat1 Londra’daki ilgelerde olacag:

anlasilmaktadir. (Sekil 7)

B -7.35% - -2.19%
[ -2.19% - -0.27%
[1-0.27% - 0.92%
[ 0.92% - 2.15%

B 2.15% - 11.72%

Sekil 7 Hanehalki Konumsal Dagilim Degisimi

Crossrail 2 projesi sonucunda daha fazla sayida kisi toplu tasima kullanacak ve
bu sayede de Ozel araglarla yapilan yolculuklarda da belirli 6l¢iide iyilesme
saglanabilecegi beklenmektedir. Sekil 8 boyle bir etkinin kisith da olsa
gerceklesecegini gostermektedir. Burada en fazla etkinin uzun yolculuklarin yapildig:

Havering ilgesinden yapilan yolculuklarda olacag: goriilmektedir.
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[]-7.04--6.74
[]-6.74--3.78
-3.78 - -0.72
B -0.72 - 9.02
Il 9.02-26.76

Sekil 8 Baslangi¢ Noktasina Gore Ozel Arag Yolculuk Siirelerindeki Degisim
SONUC

Bu Tezde, kent 6l¢eginde ¢alisan tam entegre bir CGE modeli kurgulanmistir.
Bu entegre modelde, ii¢ farklt model (ekonomik model, hanehalki secim modeli ve
ulasim modeli) es anli olarak c¢alisabilmektedir. Bu sayede, farkli iterasyonlara gerek

duymadan, denge noktasinda olusan degerler hesaplanabilmektedir.

Ayrica, bu Tezde, trafik atama probleminin denklem setine doniistiiriilmesini
saglayan yeni bir yontem ortaya konulmug ve entegrasyon siirecinde uygulanmaistir.
Onerilen bu yeni yontem sayesinde, trafik atama problemi entegre model yapisi i¢inde

diger modellerle birlestirilebilmistir.

Tez kapsaminda yapilan analizler sonucunda, hanehalklar1 arasindaki
heterojenligin model sonuglart iizerinde 6nemli etkileri oldugu goriilmiistiir. Bu
durum, politika ya da biyiikk Olcekli proje gelistirirken, kentlerin demografik

yapilarimin ¢ok iyi irdelenmesi gerektigine isaret etmektedir.

Bunun yani sira, Londra’da yapilmasi planlanan Crossrail 2 projesi i¢in yapilan
analizler sonucunda, toplu tasima erisilebilirligi iizerinde onemli etkileri olacak bu
projenin, basta konut fiyatlari olmak {izere bir ¢ok alana 6nemli etkileri olacagi
goriilmiistiir. Ornegin, sonuglar, Waltham Forest ve Barnet ilgelerindeki konut
fiyatlarinin sirastyla yilizde 8,9 ve ylizde 8,8 artacaginmi gostermektedir.
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Projenin bir bagka etkisi, toplu tagima kullanimi {izerine etkisidir. Sonuglara
gore, Londra’da ev-is arasi yolculuklar i¢in ylizde 67 olan toplu tagimanin payi ylizde
71’¢ ¢ikacaktir. Bunda en biiyiik pay, dogal olarak, Crossrail 2 projesi sonucunda toplu
tasima erisilebilirliginin en fazla arttig1 bolgelerde olmaktadir. Ornegin, Kingston

upon Thames ilgesindeki toplu tagima payi yiizde 23,6 oraninda artmaktadir.

Bu Tez, ulasim alaninda yapilan CGE modelleri arasinda ‘tam entegrasyon’
yonteminin kullanildigi ilk ¢aligmadir. Bunun yani sira, bu ¢alismanin literatiire
yaptig1 bir diger katki, kurgulanan modelin ger¢ek veriler kullanilarak yapilmasi
planlanan bir proje i¢in uygulanmasidir. Bu, 6nemli Olciide veri seti olusturma
calismalar1 gerektiren uzun bir siirectir. Ciinkii hanehalki anketlerinde yer alan ayirt
edici ozelliklerin dikkatli bir sekilde analiz edilmesi ve bunlarin model igerisinde

temsil edilmesi, 6zenli ve uzun siiren bir calismay1 gerektirmektedir.

Onerilen model, bir ¢cok anlamda gelistirilebilecektir. Oncelikli olarak, kamu
kesiminin model igerisine dahil edilmesinin 6nemli bir gelisme ekseni oldugu
diistiniilmektedir. Boylece, kamu politikalarinin kamu maliyesi de dikkate alinarak

daha dogru analiz edilmesi miimkiin olacaktir.

Bir diger gelisme ekseni ise, insanlarin ¢aligsma iizerine verecekleri kararlarin
modellenmesidir. Bu baglamda, insanlarin ¢alisip ¢alismama karari, ¢aligma karari
alirlarsa nerede calisacaklari gibi bir ¢ok ayrik se¢imin modellenmesi, model
sonuglarinda dnemli 6l¢iide iyilesme saglayacagi gibi farkli analizlerin yapilmasina da

imkan saglayacaktir.

Model statik yapili bir modeldir. Modelin dinamik hale getirilmesi de 6nemli
bir gelisme eksenidir. Bu sayede, zamana uygulanacak politikalarin zamana bagl

etkileri daha net bir sekilde ortaya konulabilecektir.

Altyap1 ve alan ihtiyaclar1 gibi bir ¢ok sebepten 6tiirii, firmalarin yer degistirme
karar1 almas1 hanehalklarinin yer degistirme kararlarina gére daha zordur. Bu agidan
bakildiginda, firmalarin yer se¢im kararlarinin modellenmesi oldukga zordur. Bundan
dolayi, bundan sonraki caligmalarda, firmalarin yer degistirmeyecegi varsayimina

bagl kalinmasi tavsiye edilmektedir.
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