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Abstract

This research seeks to shed light on the relatipnisétween urban-form and travel
behaviour. There is a large body of literaturetbose factors that affect travel
behaviour at the disaggregate level of the indi@duThese studies have suggested
that numerous and varied factors can influenceetrdehaviour such as car
ownership, income, workplace location and familyusture. However, many
unanswered questions remain as to the causal meofshy which urban form and
travel behaviour relate. This thesis describeslyaga using a current and
retrospective recall dataset of households, inoly@ high proportion of households
who had recently moved home to explore possiblsalguaths in more detail. Data
were collected from six case study areas in GlasgoavEdinburgh, Scotland. A set
of regression equations were developed includirggdhderived from generalized
estimating equations to explore how urban form,cvemership and travel behaviour
relate. Cross sectional analyses based on thenturtome showed little in the way
of statistically significant associations betweeban forms and vehicle miles driven
after car ownership and other socio-demographidofacwere controlled for.
However, change in urban form was significantlyoassted with reported change in
miles driven in the expected directions for peopl® had recently moved home.
Cross sectional and longitudinal analyses of ufioam and car ownership showed
significant associations, especially so for tho$® \wad moved home. Population to
jobs ratio, ward population density and distancertman centre were all significant.
This analysis goes some way to supporting the yhéwat changing urban form
characteristics can influence travel behavioursiciwtunderpins various planning
policies in Scotland and elsewhere; albeit morensfly through car ownership
decisions than directly. Effects may however haperary with the relationship

between urban form and car ownership dissipatireg tine since relocating home.



With thanks to Neil.
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1. Introduction

High, and growing, demand for travel has lead toreasing interest into the
effectiveness of land use policy as a tool to mendmgs demand. Some of the
earliest research in this field, such as that byvian and Kenworthy (1989),
suggested that some aspects of this configuratwiat(has become known dsban
Form), including, for example population density, westeongly associated with
travel demand. Such associations have led pol@&lens to consider ways in which
settlements may be shaped in order to try to redudenit the growth in demand for
travel by car. However, many questions remain swaned as to whether or not
land use policy is an effective travel demand managnt (TDM) tool. Doubts
about the effectiveness of land use policy as a Ttb®l can be broadly divided into
guestions over whether or not policy can bring abchanges to the built form
required and questions over whether or not suchgdsato built form would create
the desired changes in travel behaviour. The fofukis thesis is on the second of

these two points.

This study aims to shed light on whether, and imatwway, urban form relates to car
use in the context of Scottish urban areas. It lshbe noted that this thesis does not
address the question of whether decreasing caswssensible policy. While many

argue that the benefits of increased mobility reldpem increasing car use outweigh
any negative consequences in terms of emissiomgjestion etcetera (Echenique,
2001), this thesis discusses only whether or ndtgodar urban forms can influence

travel behaviours, with the premise that minimisiag use is something many policy

makers wish to achieve.

Subsequent work has been carried out, notably mdiA&2005) and Cevero (2002)
in the United States and Naess (2005), Snelleh(2082) and Banister (1997, 2007)
in Europe and the UK, which also suggest that wariaspects of urban form do
appear to have some association with travel bebavidhere is however, still not a

substantial body of evidence that urban form infles travel behaviour, and lesser



still as to any relationship in the context of $aot. No such substantial body of
literature exists as many of the studies have besmssed on urban areas in the US
or continental Europe, with very few set in a Biitior Scottish context. Context
here refers to Scottish planning, public transporbvision, housing markets,

congestion, fuel pricing, socio-economics, lifestyl etcetera, which may be

important issues in the role urban form may havelaping travel behaviour.

Most studies have also not considered the roleaofogvnership and many studies
have been cross sectional in time; hence cannotousmate causality between
changes in urban form and travel behaviour. Ceesgional studies enable inter-
personal variation to be examined.ongitudinal studies allow intra-personal (i.e.
within the person) as well as inter-personal dé#feres Furthermore, sample
selection bias resulting from subjective definisoof case study areas or as a result
of self selection into study groups, calls into gfien the validity of much of the

literature.

In order to address these gaps in the literatudetametermine whether urban form
influences travel behaviour and if urban form iefhges car ownership in the context

of Scottish urban areas, the following objectivesdto be met:

To estimate the effect of urban form on travel hahar,

To estimate the effect of car ownership on traetlaviour,

To estimate the effect of a change in urban fornndividual and household
travel behaviour following residential relocation,

To estimate the effect of urban form on car owniersh

To estimate the effect of a change in urban forntamownership following

residential relocation.



The study will follow the process outlined belowarder to meet these objectives

and answer the questions set out in this thesis:

To measure urban form at different geographic scaseng measures widely
referred to in planning policy,

To measure travel behaviour for all cohabiting &dwlithin a household,

To gather socio-economic data relating to the hooise

To gather information on the previous residentiatation for those

households who had recently moved home,

To gather information on the previous socio-ecomsmurban form and

travel behaviour for those households who had téceroved home,

To use novel applications of statistical techniques investigate the

relationship between urban form and travel behaviou

By studying households who have relocated, chamgesidential urban form can be
captured. While the decision to change urban fa@made by the household as
opposed to be imposed on the household throughulaaning, studying organic
changes in urban form over time, would not havenbamcticable, given the long
time periods over which such changes occur. Thezefin terms of guidance to
policy makers, the results of this study relatehtav the residential urban form
selected by households, relates to their traveawiehlr, and how by constraining the
choice set of urban forms available to househqgbddicy might be able to shape

travel behaviour.

The remainder of this thesis is structured as Wadlo Firstly, Chapter 2, Literature
Review highlights why the research question isntérest including the implications
for policy and land use transport modelling. Thiew describes the existing
literature of studies into the relationships intbdtrections between urban form and
travel behaviour. There are a large number ofistuthto the area often using
similar study designs to address similar questiorene another. For this reason, the

key studies are critiqued in detail, while morentlmme hundred other cited studies



are described in a tabular form so as to make cosgpe easily between the
questions being asked in each study, the methogadad data used and their key
findings. The key research issues of self selectommpensation and time order
criterion are explained and explored with referetwéhe literature. Differences in
results from studies carried out in various paftfhe world are discussed along with
their implications for the UK and Scotland; simifafor urban-form car-ownership
specific studies. The literature review concludath a summary of literature,

highlighting the gaps in knowledge.

A hypothetical urban form-travel behaviour relasbip is then presented in Chapter
3, Research Hypotheses and Methods, describing tiwv hypotheses were
developed and how they fit within a wider traveheiour causal model, along with

a description and justification of methods choseah @f the data collection exercise.

A description of the data collected is presenteirapter 4, Descriptive Statistics
including response rates, variability of the datal @ consideration of correlation

within the data.

The statistical modelling of both the cross se@liatata and quasi-longitudinal data
is then described in Chapter 5, Analysis, includimg statistical form of the models
with reference made to benefits or otherwise ofrttoelelling regimes utilised in the
literature and available from other disciplinesheToutcomes of these analyses are
then discussed, including their limitations andrtirapact in terms of policy.

Finally, Chapter 6 Conclusions evaluates how thelystaddressed the unanswered
questions as to the role of urban form on travélabeur and car ownership (and
changes in both), in the context of Scottish uraeeas, what the nature of any such
relationships are and what impact this has for nidgatial planning policy in
Scotland, UK.



2. Literature Review

In this chapter a review is presented that highéigivhy the research question
addressed in this thesis is of interest, includimg implications for policy, with
particular reference to UK and Scottish planning apatial policy. The review then
describes the existing body of studies which haisrgned the association between
urban form and travel behaviour, divided into priitydJS based research, European
and finally UK work. Differences in results frortudies carried out in various parts

of the world are discussed along with their apilty to the UK.

Much of the research in this field has been integespecifically in the built form of
urban areas as opposed to a rural setting, hemecasth of the term “urban” form.
The term “urban” is used instead of “city” as atieare often defined by
administrative boundaries that may include a metoir both urban and rural locals.
The Office for National Statistics (2001) descrilibe objective factors such as

settlement size and subjective means by which uabaas are defined in the UK.

Issues relating to causality in the relationshigwleen urban form and travel
behaviour such as residential self-selection, coreg@igon and time-order are
explained and explored with reference to the litega Different methodological
and statistical techniques used in the literator@ddress these issues are discussed in
brief with a more detailed discussion in the foliogv chapters accordingly. The
measures of urban form used and data sources laleaglee noted in this review and
explored in more depth as part of section 3.3.2s@ution 3.3.3. The limitations of
existing work are then highlighted with referenae the unanswered research
question of whether urban form influences travdiaseour and car ownership in

Scottish urban areas.



2.1. Motivations for Study

It is important to consider the motivations andelik benefit of this study.

Motivations for the sustained interest of researci@o the link between urban form
and travel behaviour, from many parts of the wodrk increasingly diverse. For
example, some studies have focussed on urban faxakltbehaviour research as a
possible solution to urban air quality issues (Krahal, 2000) or from a point of

view of health (Badland and Schofield, 2005; Haetlal, 2002; Forsyth et al, 2008
& 2008a; Samimi et al, 2009) in order to investgathether or not measures of
urban form can improve health through encouragidkiwg and cycling or even

through psychological benefits of using differerddas of transport (Macintyre et al,
1998; 2001). The majority of studies have, howgvieeen motivated by

sustainability concerns such as reducing carborssams from transport and it is
these studies that are of most interest to thidystuBy better understanding the
determinants of travel behaviour, policy makers banbetter informed as to how
more sustainable behaviours can be encouragedgtintand use/urban form policies
in order to reduce energy consumption and greemhgas emissions from transport.
Energy consumption and hence carbon dioxide enmssioom transport have

increased almost continuously since the 1970s added Gaparatos et al (2008)
found results which suggest that transport haslesimgndedly been responsible for

the increase in overall energy consumption withm WK over the past 36 years.

2.1.1. Policy

One of the earliest aspects of urban form to beietiwas population density. Early
work, such as the much cited work of Newman andwethy (1989), revealed a
striking non-linear and negative association betwgepulation density and gasoline
consumption for a number of cities across the workbr some time, increasing
residential density and the mixture of differemdauses has been used as a policy

tool in order to control car use (Williams, 2004)owever, the precise nature of the



relationship between urban form and travel behavi@s obvious implications for

the design of appropriate policy interventions.

In order to give useful guidance to policy makdre tmeasurement of urban form,
must be readily calculable from available statsstiwhile at the same time, describe
variation in travel behaviours. For example, measwf the perception of the
compactness of urban form by residents in an amalme good at explaining their
travel behaviour but will not be particularly halpfto policy makers when

determining the form that development should takerder to bring about changes in

travel behaviour.

In Scotland, the National Planning Framework, wigores guidance for the spatial
development of Scotland up to the year 2025, statesection 134 that, “The
planning system can promote more environmentakyasnable patterns of transport
and settlement by focusing new development on pladech are well located in
relation to existing public transport infrastrueutJrban renewal can help to counter
out-migration from the cities and the trend towardsg-distance car-based
commuting. Development plans should identify kegakions where well-planned,
integrated development can benefit from and couteilbo the further development of

public transport services.” (National Planning Feavork for Scotland, 2004).

Also, Scottish Planning Policy (2010) which repldddPPG17 — Transport and
Planning (1999), gives guidance to local authagiiie Scotland on the content of
development plans, and is also a material condidaravhen determining planning
applications. It states that, “Land use plannimg contribute to achieving the
Government's broad policy objectives for integratatisport and land use planning
through:

reducing the need to travel by regulating the patté land uses in relation to
each other and to transport facilities;
enabling people to access local facilities oveala®tworks by short walking

or cycling trips, in turn contributing to sociakiasion;



supporting provision of high quality public transpaccess to development,
in order to persuade motorists that public transigomore attractive to them
than car use; and

supporting the management of motorised travel tblenit to undertake its
essential role effectively, but in all other reggeio contribute to sustainable

transport objectives. “

These two policy documents are clearly based onpiteenise that built form

influences travel behaviour.

In other parts of the United Kingdom, planning pas with the aim of promoting
more sustainable travel behaviours have been stendge for some time. PPG 13
(2001) which covered England, is equally premispdruthe ability of the planning
system to influence travel behaviour through shgpimilt form; has been applied for
a number of years and is by no means the firstsokind. However, empirical
research on the effectiveness of such planningigslito support a reduction car use
over the last decade is rare and there is a lagdogdirical evidence supporting the
notion that urban form can effect a change in trdehaviour, especially in the
context of the UK. Williams (1999) reviews the oaf research into urban form
and sustainability. The paper argues that, “..aigfothe policies may have benefits
in terms of sustainability, their effects may becemplex, and their potential to be
implemented so riddled with problems, that theywarkkely to produce the planned
outcomes” (Williams, 1999). The paper also retershe unpublished PhD thesis
results (Williams, 1997), which found that “...thréendon Boroughs which had
been intensified over a ten year period showedeauuations in car use. Travel
patterns were so complex, due to lifestyle shiftshsas cross-London commuting for
work, and increased journeys for leisure, that elationship could be found.” It
should be noted that this study looked at the &ffetintensification or densification
on travel behaviour rather than the effect of urbmam on travel behaviour per se.
However, this study is still one of very few cadieut in the UK where the effects
on travel behaviour of a change in urban form, ltesufrom policy implementation,

have been investigated.



Other studies have tended to focus on whether bsunch planning policies can be
fully implemented at all, against a backdrop of tables such as market forces,
which suggest that residents prefer rural or sudouresidential locations as opposed
to the compact urban form promoted by policy. Mtaexamples of such studies
include those by Stead and Hoppenbrouwer (200€hd&ry (1997), Hull (2007) and

Senior et al (2004).

Clearly there is a need for more research intoréfegtionships between urban form

and travel behaviour in order to inform policy mekacross the UK.

2.1.2. Land Use Transport Modelling

A second and related motivation for studies intoanr form and travel behaviour is
to give guidance to those working in the area ofllase — transport modelling. The
ability to estimate travel behaviour from the cgufiation of land use is fundamental
to transport planning techniques which are largaigdicated on the notion that
travel is a derived demand. Techniques haveratisg often explicitly use land-use
(locations of residential, retail, employment etcaj, and in some cases urban form
metrics (residential density, land use mix, stpgtern configuration, size of urban
area etcetera) to predict trip generation anddigtribution rates. These techniques
and software are based on assumptions that landnagesome urban form metrics
influence travel behaviour along with measuresogiseconomics and the transport
system. However, these technigues only work wellraaggregate level where the
variability between individuals or households ssbme extent, masked through the
use of averages. Also, such models often requirgsiderable calibration and
engineering judgement before they reflect actumdr patterns. Clearly research
into the effect of urban form on travel behaviosrcritical to transport planning

theory and techniques and is another motivatiothisrstudy



2.2.Travel as a Derived Demand

Transport is often referred to as a derived demahélt is to say, people only travel
because of a need to undertake activities thaspagally separate. If one accepts
this premise, then one must accept a relationstiywden the spatial arrangement of
where different activities can be undertaken aadgport; or more simply, between

urban form and travel behaviour.

It is worthwhile noting that the premise that tnamit is a derived demand is not
universally accepted. For example, Lyons et aD{20Mokhtarian and Salomon
(2001), Paez and Whalen (2010) and Ory and Mokdna{2008) suggest that some
residents have a positive utility towards somedtawhereas conventionally, travel
itself is usually considered a cost that is mingedis It is discussed by the authors
that the travel itself should, in some cases, msidered an activity as opposed to a

means by which a different activity can be caroet

Also studies such as McCormack et al (2001) sugthedttime savings associated
with shopping and other chores in neo-traditiongighbourhoods may simply be
more time in the travel budget for additional longéstance travel. The notion of
travel time budgets suggests maximum amounts ofeltrime that people are
prepared to undertake and that savings in trawet tindertaking one activity, such
as commuting to work, are reinvested in travel dtirer purposes, such as leisure,
calls into question policy aimed at reducing tratvelough spatial planning as
discussed in Banister (2007) and later in this wrafositive utilities towards travel
or travel time budgets questions the validity ad gremise in the hypothetical urban
form travel behaviour relationship presented hivat, transport is a derived demand.
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2.3.Research into the relationship between Urban Form rad Travel

Behaviour.

The continued interest in land use planning pdi@s a means to influence travel
behaviour has stimulated a high level of reseamnth the exact way in which urban
form and travel behaviour might interact. Since #arly work by Newman and
Kenworthy (1989), who studied 33 cities from acr&ssope, North America, Asia
and Australia, most studies have focussed on onmare urban areas within a
particular region or country, although there aseall number of more recent trans-
national studies such as Timmermans et al (2008)Sammuche (2010). Newman and
Kenworthy (1989) suggested a possible cause aedtetflationship between urban
sprawl and petroleum use for transport; in the @sscpopularising the term
“automobile dependence.” The study suggested hiealotver density cities found in
North America and Australia had higher levels afrgpleum consumption per capita
compared with denser European cities and high teisist Asian cities that had
progressively lower levels of petroleum consumptper capita. However, their
study was not longitudinal in nature and hence ¢owt prove that the density
caused different levels of petroleum consumptiod &ailed to control for many

characteristics of the national context.

Gordon and Richardson (1989) in their counterpsirggested that, when comparing
cities as different as Houston to Hong Kong, thenber of other factors influencing
behaviour such as public transport provision/sudsidcome, cultural differences,
levels of fuel and other car related taxation, @stign etcetera grow to a
considerable number. Also, sources of comparadiia lom different countries are
hard to come by; hence many subsequent studies tkaded to focus on one or

more urban areas within a particular country oraeg
This literature review is organised on the basisheflocation of the study - firstly,

North American based, then European and the retheofvorld and finally those

studies relating to the UK. Given that patternsudfan form, behaviour, levels of
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taxation, car ownership, lifestyles and planningstmints vary greatly between the
US, Europe and the UK, it is sensible for the é#tare relating to each to be
considered separately and then overall findingsftbe research to be discussed.
Given the large number of studies carried out i@ U into urban form-travel
behaviour relationship, it is not practicable tdigue each individual study; instead
the tables shown in Appendix A outline a large neamaf the most relevant studies
carried out in the US to this study, with Europ&ased research shown similarly in
Appendix B. A brief description of the study isosin along with key variables
collected and any notable results. Key findingd problems associated with these
studies are then discussed and those individuaiestuof particular interest are
explored in more detail in this chapter.

Periodically, reviews or summaries of previous agske into this field are produced
such as those by Steiner (1995), Crane (1999), dcauma Cervero (2001) and Handy
(2005), which were useful in helping to synthedise key findings and weaknesses

of the literature.

2.3.1. US Research

The majority of studies on urban form and travehdeour conducted in the US
have demonstrated that “neo-traditional” attributdshigher population density,
more mixed land uses and grid street pattern, asecéted with less distance
travelled by car, or fewer trips made by car (Cesand Kockelman, 1997; Cervero,
2002; Ewing et al, 2003; Khattak and Rodriguez,5)00

However, many problems or unanswered questionsegisgt and can be organised
into the following eight categories. Those studibat have made the most
significant contributions in overcoming these pesbt are then discussed in more
detail.

12



Problem 1- Cross Sectional Data

Cross sectional data in this instance refers ta dallected at a single point in time.
The majority of studies listed in Appendices A d@dall into this category unless
explicitly stated otherwise. An inherent weaknesghat it is difficult for these
studies to demonstrate the time order of urban faneh travel behaviour. Without
understanding how it is that urban form influentrasel behaviour, it is not possible
to give guidance on how it can be used as toolrderoto change behaviour. For
instance, if higher density were found to be asgedi with lower car miles travelled
in a city, using a cross sectional study, this dogsnean that increasing density will
necessarily lead to a reduction in car miles tladel It is possible that travel
behaviour and attitudes are entrenched and notlyesxtepting of change. If the
causal mechanism were understood it may be the tbasesignificant changes to
behaviours only occur during significant life chasguch as residential relocations,
changes in workplaces etc. Such issues can onlyulbe explored through a

longitudinal study.

Problem 2- Aggregate Analysis

A large number of the studies listed are basedhatyses of existing datasets such as
a census. Such analyses based on aggregate nseabw@cio-demographics and
travel behaviour include Kain and Fauth (1976),aBa#\ssociates (1993), Handy
(1993), Franc and Pivo (1994), Holtsclaw (1994)nv€m (1994b), Cervero and
Gorham (1995), Rutherford et al (1996), Messenger Bwing (1996) Morall and
Bolger (1996), Douglas and Evans (1997) Moudon €397), Pushkar et al (2000),
Ewing et al (2003). The use of aggregate datableafits; notably that the data
sources often used in such studies, are readiifadl@ However, aggregate studies
“mask” some of the variation between individuals hmuseholds in the study, a
knock on effect being that often only less robusdtistical analyses can be
undertaken on a smaller number of dependent vasalfecological fallacy).

Analysis based on groups of households is limitetha eccentricities of behaviour
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are ignored and only “average” behaviours consitlené the effects of urban form
in terms of travel behaviours are to be fully ustieod then the analysis should be
carried out on the decision makers; individuals dodiseholds. Moreover, the
reliance on such aggregate sources of data maga tfan not limits the researcher
to a set of responses that were probably not degigvith an urban form travel
behaviour study in mind, omitting many variableattmay be of interest. Many
other, possibly significant, intermediary factougls as attitudes are unlikely to have
been captured in aggregate data sets; possiblynggad spurious results. While
analysis of repeated aggregate data sets may delped light on the time order of
events, without questioning of “agents”, it is ditflt to prove the time order or give
much guidance as to the causal mechanisms by wiribhn form and travel

behaviour may relate.

Problem 3 - Lack of Statistical Control Variables

As already discussed, some studies are based sascand other aggregate data sets
that were not necessarily designed for the studwiimd and hence do not include
other, possibly significant, variables that, if ¢i@d, may lead to spurious results.
This problem is not limited to aggregate or crosstienal studies per se. Various
study designs often omit variables that have beend to be significant predictors
of travel behaviour in other studies, such as ineoniihis can give rise also to the
problem of omitted variables bias, where a varidids a direct influence on the
dependent variable being tested in any regressiatysis but is not included in the
model and is also correlated with one of the indépat variables included in the
model, thus making it appear that the independanable included has a stronger or
different influence than it does in reality. Theads to spurious conclusions being
drawn. Examples cited in the lists of studies ipp@ndices A and B where this
could be an issue include San Diego AssociatioG@fernments (1993), Friedman
et al (1994), Kulkami et al (1995), Douglas and is/41997), Ross and Dunning
(1997), Buch and Hickman (1999) and Criterion Pé&srEngineers (2000), none of

which include measures of, or proxies for, incoméeir models.
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Problem 4 — Study Design

Many of the studies listed are comparative studods the behaviour of
neighbourhoods that are “matched” in terms of th@csdemographic make up but
differ in their urban form, or matched in terms lotations or connectivity but
differing in built forms. Such studies include @ero and Gorham (1995), Handy
(1995), Cervero and Radisch (1996), Handy (199&)udibn et al (1997), Kitamura
et al (1997) and Khattak and Rodriguez (2005). isltunlikely that any two
neighbourhoods can really be so alike that the mEnm variations in travel
behaviour can solely be attributed to the diffee=nmn urban form. By matching
these areas on a limited set of socio-demograpdni@lies and not including these
variables in any subsequent analysis, these studlemaking incorrect conclusions
regarding the role of urban form and socio-demdgipin the travel behaviour of
residents. The matching is not precise and théddmumber of variables used to
match neighbourhoods means that other significacibsdemographic variables may
have been ignored. Moreover, by using only neighibood wide measures of socio-
demographics, subsequent analysis will, in partabgregate in nature with the
associated problems already discussed. An alteenstudy design would be to have
case study areas that reflect a range of urbansf@nd socio-demographics and
travel behaviours and to explain differences betwtbese factors through regression

analyses.

Problem 5— Measures of urban form

A number of studies have relied on subjective memswf urban form. Most

commonly, urban forms have been assigned to eigh@ompact, or suburban
typology. Street network patterns have been caitsgb as loop, grid etcetera also
on personal inspection. Studies that categoribaruform in such a way include
Sasaki Associates (1993), San Diego AssociatioBafernments (1993), Friedman
et al (1994), Cervero and Gorham (1995), Handy %)9%ulkarni et al (1995),

Rutherford et al (1996), Cervero and Radisch (19B@ndy (1996), Moudon et al
(1997), Criterion Planners Engineers (2000) andttdkaand Rodriguez (2005). One
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problem arising from many of these and other sgiiethat they often define the
boundaries of study areas again on subjective atigpe based on the urban form of
these areas. Defining boundaries for the studyhenindependent variables being

investigated can lead to skewed or spurious results

Other studies have asked residents how they pedteaivban form, or proxies for
urban form, and used these to then explain thémawieur such as Forsyth et al
(2008) and Handy et al (1998). The use of thesgardent subjective variables may
not be useful in terms of giving guidance to polmogkers or modellers; moreover
they may reflect their preferences and attitudeaddition to the actual built form,
making it difficult to make any conclusions abol¢ trole of individual urban form

metrics.

Also, the vast majority of studies in the litera&wefer to residential urban form,
ignoring the urban form of employment, leisure amdail activities and there
remains no consensus as to the scale over whi@mnddom should be measured, be

it at the settlement level, neighbourhood, or stree

Problem 6 — Choice of measures of urban form

Some studies have reduced a larger number of nemsastiurban form into a smaller
number of key measures or attributes that deseniban form, often through factor
analyses, such as Replogle (1990), Srinivasan aneifa (1999) or Greenwald and
Boarnet (2001). While there are benefits for rédydarge numbers of urban form
metrics to a smaller number of combined measurethigmway, such as avoiding
problems of correlations amongst independent vesabthe results again are
unlikely to be useful to policy makers as they d¢ give any guidance as to what it
is about urban forms specifically that may influeriavel behaviours. The choice of

urban form measures is discussed in detail in@e&ti3.1.
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Problem 7 - Measurement of travel behaviour

The choice of travel behaviour measures variesiderably from study to study.

The majority of studies have focussed purely onedirdor one particular activity

such as work. Other studies have employed meastitessel for all purposes (Kain

and Fauth, 1976; Replogle, 1990; Parson BrinkerQafdde Douglas, 1993; Ewing
et al , 1994; Holtzclaw, 1994; Parson Brinkerhotfa@e Douglas, 1994; Kulkarni et
al, 1995; Rutherford et al, 1996; Schimek, 199Gakiura et al, 1997; Cervero and
Kockelman, 1997, Kockelman, 1997; Ross and Dunriif§y; Douglas et al , 1997,
Kastri et al , 1998; Frank et al, 2000). Otherdss have generalised travel or
converted travel into energy consumption or otherasares. Examples include
Holden and Norland (2005), Newman and Kenworthy8@9 Banister et al (1997)

and Perkins (2003). Issues surrounding the defmiand measurement of travel
behaviour are explored in more detail in secti¢h13. While concentrating on travel
for one particular activity may have most benefit understanding the causal
mechanisms by which urban form and travel behavielate, and may have served
the different aims of these studies well, the mssaolay not be of use to decision
makers seeking to reduce car use and the assoeat@@nmental impacts of car
use, as any benefits associated with urban fornteims of travel to work for

example, may be may be cancelled out by increasiavel for other purposes.

Problem 8- Study population

Some studies have focussed on a particular stupyl@on such as those who have
recently moved home (Cao et al, 2007; 2009; Haridgl,e2005; Naess, 2005) or
those living in supposedly sustainable developmgatgerion Planners Engineers,
2000; Khattak and Rodriguez, 2005). By focussimgtibese populations, it is
possible that any conclusions drawn on the widgufaiion may be spurious. For
example, if those people moving home were founaase fewer trips if they moved
to more dense neighbourhoods, it does not meaaytdhsit increasing density will

mean that the non-moving populations will reacthe same way. Alternatively,

17



studies focussing on those who live in supposedstasnable developments, may
produce spurious conclusions for the wider popaoitatf these residents were more
environmentally conscious and hence had chosenean that area for this reason.

This issue is explored in detail under section 2.5.

In summary of the problems listed here, it showdnbted that while the results of
some studies, as discussed, cannot be doubtedatbeay effect answering slightly
different questions to the first question being sidared in this thesis; does urban
form influence travel behaviour? It is also worthile noting that this study is
interested specifically if urban form influenceavel behaviour in the context of
Scotland, UK, whereas the studies mentioned sthdéae been based in a North

American context.

Given what has been said about the studies ligtedems clear that while there is a
growing body of evidence suggesting some assonidtietween urban form and
travel behaviour in the US context, there is nohshody evidence demonstrating
that urban form causes particular travel behaviourkis conclusion is echoed by
other reviews of literature. Crane (1999) conctuthat not very much can be said in
terms of advice to policy makers regarding the ok@rban design and land use

planning to reduce car traffic in new developmemteetrofitted neighbourhoods.

Similarly, Susan Handy’s review, which forms palrtaowider report, reviewing the
effects of the built environment on physical adtiviCommittee on Physical
Activity, Health, Transportation, and Land Use, 2P8urmises that there is sparse
evidence, from the few studies have been carrigg tbat a causal relationship

between the built environment and physical actiexists.

It is clear that the US literature supports thetesnent. While many studies show
some significant associations between urban forthteavel behaviour as listed in
Appendix A, a large number show no association.rddweer, those that do show an

association fail to demonstrate cause and effect.
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Three criteria are commonly considered necessatigtoonstrate cause and effect in
social sciences (Cook and Campbell, 1979). Indbwetext of this study, these
criteria can be described as:

1. A statistical association between urban form aaddir behaviour
2. The urban form preceded the travel behaviour
3. No un-measured third factors such as self selectising spurious results

It is clear that many of the eight problems lisméviously in this chapter relate
either directly or indirectly to the criteria nesasy to demonstrate cause and effect

between urban form and travel behaviour or betweban form and car ownership.

2.3.2. European Research

It is important to consider the notable work catrait in Europe and the UK, both in
terms of the overall picture of urban form travehbviour research but also because
any such relationships may vary based on the widgohal political, cultural and
economic context and also because urban formsspoan systems and travel
behaviours in the UK and Europe may differ substaht to those studied and cited
in the US. For example, some of the US empiricatlies cited have included
sidewalk provision as an important urban form ncetwhereas in European urban

areas, the provision of a pedestrian sidewalk otway is fairly ubiquitous.

This issue of national or regional context is desmd in Macario and Marques
(2008) who undertook a large study into whethertasnable urban mobility
measures developed in one European city can beedppl other European cities.
The study gave an assessment of risk to gauge it mobility measure could
be transferred to a different urban area to theesaffiect. The study found measures
such as multimodal interchanges, car sharing, oaling and road pricing were of
high risk, in that their outcome may be considegrabifferent when applied in the
context of different cities. The study highlighte need to consider the context of

each city when developing and applying measuresftaence travel behaviour
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including the urban form of the city, other tranggmolicies in place, political issues,
planning, regulation, technology, public funds, andture and lifestyles etcetera.
The building stock of most European cities is cdesably older than US cities
developed prior to mass car ownership. In part€wfope newer development
continues to be developed around public transpaatking and cycling such as the
finger plan for Copenhagen developed in 1947 wisichght to direct development

along five radial railway lines.

Much of the European research into urban form traedaviour relationships has
been carried out in the Netherlands where landoleseing has been used for a long
period of time with the expressed aim of reducirayel by car (Schwanen et al,
2004). As in the US however, Snellen (2000) poous “...this relationship has

hardly been validated empirically.” Also, the lapiof policy to produce compact

monocentric towns is questioned, given the comiguirend towards suburban
sprawl (Maat and Harts, 2001).

A comprehensive review of spatial planning and dtdvehaviour research in the
Netherlands can be found in the doctoral thesiSradllen (2002) and in a review
undertaken by van Wee (2002). van Wee (2002) ocdesl that, “..land use can
influence travel behaviour. This does not mean gwicy makers should choose
land-use alternatives having the lowest level ofusee. Possible future land use and
transport plans should be evaluated on the basis bfoad range of indicators,

including impacts on accessibility, congestion,dr@afety, environmental impacts,
residential preferences of households, prefereatéems, financial aspects and the
robustness of the land use transport system.” éjemds worthwhile bearing in

mind that in creating sustainable urban forms imgeof reducing the level of travel

by private car, or minimising carbon dioxide levélem transport, this may not

create the most sustainable travel behaviours leroterms such as safety and
equitable access to goods and services. Moredvsuch urban forms are to be
successful in producing more sustainable travedwielrs, it is clear that such urban

forms will also have to be economically sustainablthe long term.
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While urban forms, transport systems and lifestyhes/ vary considerably between
European and US cities, the issues faced by rdsmarare often the same. Naess
(2005) provides a good example of a recent, sththeoart study into urban form
travel behaviour interactions from a European pegtye, addressing issues such as
residential self selection, compensation, time oraeiterion etcetera using
multivariate regression analyses in much the sa@ae ag some of the more recent
US studies such as Handy et al (2005). Naes$JZ60nd that, “On average for all
our respondents, living in a dense area close wntlivn Copenhagen contributes to

less travel, a lower share of car driving and mops by bike or on foot.”

As is the case for the American based researchsures of urban form and scales
over which they are measured vary considerabljénBuropean literature and tend
to have a different focus to the American basedlistusuch as the inclusion of
polycentricity or regional function measures in mai the Dutch studies and no
mention of sidewalk provision reflecting the di#at urban typologies found in
Holland and USA. Again it is hard to see a patwrnesearch findings providing a
substantial body of evidence into the effect, ify,aof urban form on travel

behaviour.

Many of the issues being addressed in these Eumopedies, while considering
different urban forms are remarkably similar to gbdoeing explored in the more

recent American studies.

Again, while it could be said that there is a gmogvbody of evidence that European
urban forms are associated with particular traegldviours, the same cannot be said
for studies showing that urban form influences etdsehaviour. As with US based
research, cause and effect has been difficult tootstrate. Moreover, significant
relationships between urban forms and travel behavin the context of mainland
Europe may not be applicable to urban forms angltiaehaviours in the context of
the UK.
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2.3.3. United Kingdom Research

In terms of UK based research, very little disaggte empirical work has been
carried out similar to the studies reviewed sdofased primarily in North America or
mainland Europe. Much of the UK based work in fredd has tended to be
descriptive or based on aggregate data or comparstiidies with other parts of the
world (Banister, 1997). Also many studies, as age mentioned, focussed on
whether intensification policies can be implemen{&tiead and Hoppenbrouwer,
2004; Breheny, 1997; Hull, 2007; Senior et al, 2004Land Use Transport
Interaction (LUTI) modelling is increasingly beindgveloped and applied in the UK
and there are a small number of studies such avyh@ooper et al (2001, 2001a),
which have used outputs from travel demand modelgest various land use
scenarios, however the causal paths specifiedcim sudels are not entirely founded
on a substantial body of research (Adhvaryu, 201Gnd use transport interaction

modelling is discussed further in the following tseac 2.1.2.

Banister et al (1997) produced a relatively rarecei of urban form — travel
behaviour research based on five UK urban areas, gie area in the Netherlands,
looking at travel in terms of energy consumptioithe study drew on previous
household surveys and roadside interviews thatbiesh undertaken separately for
each of the six cities. These data along withdHosm the census were used to form
aggregate measures of transport energy consumfatiogach city, an average for
each household for each city and an average fdr pacson per city. Five urban
form metrics were developed for the cities: Dend@pen Space, Size, Compactness
and Population. Four economic measures developere iEmployment, Car
Ownership, Unemployment and Jobs/Population rat8even social metrics were
also calculated for each city: Socio-economic Grotjousing Tenure Type,
Household Size, Young, Elderly Household Compasiaod Housing Type. These
data were also compiled at a ward level within eaith Simple correlations were
tested amongst these variables at a ward levekd&oh city with mixed results
Density was correlated with energy use, althougbeddent on the specification of

the density metric, the amount of open space wpsfgiantly correlated in the cases
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of Oxford and Banbury; similarly with the size aban area in the cases of Leicester
and Banbury. Land use mix was found to be coedlatith energy use for transport
in some circumstances and employment status, camerwip and socio-

demographic group were the most important socidlemmonomic variables.

Cooper et al (2001) carried out an investigaticiw imks between urban form and
energy consumption for housing and transport irfad8el UK. Energy demand for
transport was calculated using survey responsesaangban travel model. Using
the urban transport and energy models, differentréuscenarios were assessed. In
this sense the investigation was not in itself usedemonstrate or shed light on any
relationships between urban form and travel behayibut tested the effects of
future scenarios based on a number of assumpsgonse of which are developed as
part of the study. The results of the study sugtied land use policies, in particular
densification can effect very significant reducgBom energy consumption from

transport.

While not in the UK, a recent study by Vega and mégs-Feighan (2008) carried
out in the Republic of Ireland where urban fornfestyles and travel behaviours are
thought to be similar to those in the UK, shouldcbasidered. In this study 187,684
valid journey to work records in the Dublin are&ea from the Irish census were
used to determine utility based mode choice mottgighe journey to work. It

should be noted that disaggregate census informatmilar to this is not released in
the UK, although alternative disaggregate survéyssample of the population exist
in the UK and Scotland in particular, such as thett&sh Household Survey and the
National Travel Survey. Employment subcentres vileea defined, partly based on
the travel behaviours from the census as thoseatiatct the largest number of
commuters from other districts. The model inclugedio-demographic variables,
car ownership, and employment density and resuligest that demand for car and
public transport varies according to the spatiastrdiution of employment.

However, the spatial distribution of employmentinisturn the result of lower car

travel costs, which motivated the development e¥ renployment sub-centres in the
first place (Vega and Reynolds-Feighan, 2008). Tise of travel behaviour
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measures to define the study areas and employmdrtestres complicates the
interpretation of any findings. The study’s corsituns are, in any case, unable to
shed light on whether employment density as a nmeasfwrban form influenced the
mode choice of those travelling to these employmsuabcentres, or if the
employment densities were influenced by the trarispstem and travel behaviours.
A further study by Vega and Reynolds-Feighan (200@duced a simultaneous
discrete choice model of residential location aratienchoice for the journey to work
using the same datasets. The results were thehntasemulate responses to various
spatial employment patterns and how sensitive tteseto car travel to work
attributes. The study found very low levels ofgdtal mode switching in suburban
areas due to changes in travel variables. Itiddl iowever that residential location
decisions were likely to be affected by transpodligees aimed at reducing
congestion and increasing driving costs particyléot those who were employed in

a suburban location.

Giuliano and Narayan (2003) carried out a compagasiudy of the travel patterns
and urban form between the US and Great Britainguségression analysis using the
national travel diary data sets; the 1995/97 Naiiohransport Survey in Great
Britain and US 1995 Nationwide Personal Travel 8yrvSettlement size was found
to be significantly associated with trip frequenayth those living in smaller

settlements having higher trip rates. Density Yeasd to be negatively related to
daily travel distance for both countries but thiatrenship was far more pronounced
in the US. Significant differences were found ime tbehaviour of the study
populations between the US and Great Britain dudeéounobserved characteristics
such as the prices and measures of transport supfgattitudinal characteristics or

consideration of the housing markets in the US@reht Britain were made.

Similar findings are presented for the Great Bnitpart of the study in Dargay and
Hanly (2003). A following study (Giuliano and Dang 2006) found comparable
results using a structural model of daily traveltigtance and of car ownership to
test the effects of urban form on these two measar®l how these relationships

differ between the US and Great Britain. This sresctional, disaggregate study
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included socio-demographic controls of age, emplaytnhousehold structure, and
household income. The urban form measures testee size of metropolitan area,
population density and housing type. The resuiggyest that residential density was
significantly negatively associated with distancavelled, although the effect was
smaller in Great Britain than in the US. The assamn with metropolitan size was

less clear with the largest urban areas in the @lBgbassociated with higher
distances travelled whereas the largest urbaniarda UK being associated (not
significantly) with lower distances travelled. terms of car ownership, higher
residential density was associated with lower canership as was living in a

row/terraced house and being closer to public parisalthough the effect is not as
pronounced in Great Britain as it is in the US.eThtercepts of the car ownership
and distance travelled models differed for betwéem US and GB suggesting

significant characteristics of each nation that hatlbeen observed.

The differing results between the US and GreataBriusing comparable analysis
and data emphasises the need for UK-based empstisdiles into urban form travel

behaviour relationships.

Stead (2001) presents the finding of cross sedti@mtession analyses carried out
on the National Travel Survey and two English lcathorities’ travel surveys (Kent

and Leicestershire) at the individual and Ward llevighe study concluded that only

Density measured at the Ward level had any comsisted discernable effect on

distance travelled and that car ownership deterdnmech of the variation.

Currently, the best evidence for the presence atdre of changes in urban form
causing changes in travel behaviour in the cordéRritain could be considered that
described by Aditjandra et al (2011). The papexcdbes the results of a Structural
Equations Model (SEM) developed to analyse the tiocglships between

neighbourhood design and travel behaviour in theeTand Weir area of North East
England. Current and retrospective recall surveyadwere gathered for 219
households in 10 neighbourhoods that were defiyestrieet pattern typology. The

study found that changes in socio-demographic cheniatics explained much of the
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changes in car ownership. Changes in urban forilneimce changes in travel
behaviour directly but also indirectly through chas in car ownership. Access to
shopping facilities and measures of transport gafetre especially important.

While this paper goes some way to help guide patiekers in Scotland it should be
born in mind that Scotland has a different urbaanmping system to the rest of the
UK and different urban forms. It is also questiolea whether measures of
accessibility should be included in the study orethler they are by definition, a

function of urban form and travel behaviours. Tisisue is considered further in
Chapter 3. The choice of SEM allows for more carpiausal paths to be “tested”
but has drawbacks in terms of what conclusionsbmmrawn. The outputs from

SEM should essentially be used to gauge the rel&xplanatory power of different

causal path specifications and do not in themseteedirm any one of the causal

paths within the model. A fuller explanation ofe® of the issues regarding SEM is
presented in Chapter 5. Selecting case study aeesesi on inspection of the urban
form of these areas can introduce bias to the ddtavever, despite these problems,
this study by Aditjandra et al (2001) represents ¢brrent state of knowledge with

regard to urban form travel behaviour relationshipghe UK.

The role and significance of urban form on travehdviour has yet to be determined,
or indeed whether any apparent association betwdsm form and travel behaviour

can be interpreted as urban form having an inflaesrctravel behaviour at all. The
fundamental question of whether urban form infllesntravel behaviour in Scotland

has not been addressed. Mixed results from iniema studies are confusing in

their sometimes opposing conclusions and their iegplity to urban forms,

lifestyles, transport systems and behaviours iniKas dubious.

The descriptions of US, European and finally UKdzheesearch highlight a number
of shortcomings or problems which mean that caunseedfect between urban form
and travel behaviours has yet to be proven. Ctlyrdittle empirical evidence exists
that can usefully inform policy makers that chaggiarban form will result in

changes to travel behaviour in urban Scotland. Tdmainder of this review
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discusses the key issues of direction of relatigngie role of residential choice,
time order of changes urban form and travel behayithe role of car ownership,
dimensions of urban form and finally accessibilitgferring to key studies in the

literature that have sought to address these issues

2.4. Direction of Relationships

As discussed in the previous three sections, mérilieoproblems associated with
studies into urban form and travel behaviour aa they are unable to prove the
direction of any relationship and demonstrate d#yshetween changes in urban
form and changes in travel behaviour. It may k& thanges in travel behaviours,
perhaps driven by changes in transport technologmpted different types of urban
form to develop that better integrated with suchvet behaviours. Or at the
household level, it may be that changes in traeglabiour due to the purchase of a
car and work place relocation prompted a relocatma different urban form that
better facilitated this travel. If the directiof @ausality were from travel behaviour
to urban form then it would call into question tiiee of urban planning as a policy
tool to reduce travel by car. This section ex@dies issue in detail including those
few studies from all parts of the world that havied to account for this in the

research.

A number of studies and techniques have been desglthat assume causality in the
opposite and both directions and predict land-ubaftform changes resulting from
changes to the transport system (Echenique e980Q; Echenique, 1992; Simmonds,
1999; Feng et al, 2008; Pagliara and Papa, 20llddeed land use transport
interaction models inherently allow for urban fotoninfluence travel behaviour and
vice versa. Badoe and Miller (2000) argue thathsuderaction modelling is
required in order to reflect this more complex tway relationship but unless each
path of such a relationship is understood and iméat through empirical analysis the
results of the overall system or technique are tipesble. While some of the
individual relationships included in such models based on sensible theories and

principles such as Echenique’s use of a Lowry () @64l general equilibrium model
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to develop an activity location sub-model, empiricata supporting land use-
transport interaction modelling generally is lessac This relationship between
changes to the transport system and then changebao form and travel behaviour
has a long history and indeed has been used foy years to assess the impacts of
various transport schemes or plans. See Still @989) for a review of the methods
most often used in the UK by planners to assesspmt’'s impacts on land-use.
Such techniques and research however, supposa thainge in the transport system
will influence travel behaviour (trip rates, distions and mode and route choices)
and will also influence connectivity. Changes iavel behaviour and changes in
connectivity then, in turn, influence land valuand-use and urban-form, hence
travel behaviours are merely an intermediary stgpvhich the transport system

influences land use.

Studies such as Lefevre (2009) have used suchusedransport models to test the
“effects” of different spatial forms on energy cangtion and, in this case,
emissions. Empirical research into any such dirgtience is less well advanced,
although there are number of studies in the fiblt have tried to assess the urban
form or land-use impacts of transport as opposdtdgrevailing assumption in the
field, and implicit in existing policy, that landse and urban form affects transport.

From a historical point of view, there are trenlkattperhaps suggest that indeed the
stronger relationship might be from travel behavit land use. New transport
technologies such as the train and then the cdlexhaities to sprawl and arguably
caused cities to sprawl. It is certainly the ctied cities did not suburbanise in the
expectation that trains or cars would be invensadjt would seem intuitive that
change in the transport system and then travelvi@lmapreceded change in urban
form in this context. Conversely, it could be aduhat suburbanisation would not
have occurred if there had not been a desire veltra a different way or to reside in
different locations. It seems highly plausiblettti@ relationship is more complex
and acts in both directions and through a numbentefrvening factors. For an
exploration of this historical approach to the s@ort urban form debate and an

attempt to model such a relationship see Woudsmdaansen (2003). Such interest
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on how technologies can shape urban forms thraagieltbehaviours continues. For
example, Rhee (2009) discusses how telecommunicatechnology may
theoretically encourage centralisation or deceisafibns of cities.

This need to consider the direction of causatiothin relationship between urban
form and travel behaviour is not a new idea. R&teResults Digest (1995) states,
“While transit and urban form influence each otlsmultaneously, almost all
empirical investigations to date have focussed oy ane direction of the
relationship: either how transit investments affedian form and land use, or how
densities, walking environments, and other charesties of cities affect transit

demand and travel behaviour.”

It is clear that further research into any possielationships between urban form
and travel behaviour and the nature and directfosuoh relationships would be of
benefit to transport planning as well as informitig sustainability agenda and
policy makers, however many practical problems tekistrying to capture such

complex relationships as explored in the remaidéhnis review.

2.5.Self-Selection and Residential Choice

As discussed in sections 2.3.1 and 2.3.2, manheitoblems associated with the
studies referred to relate to spuriousness ofdhalts. If households are influenced
in their choice of residential location by traveéferences, and these preferences are
not subsequently controlled for in the analysishef effect of residential urban form
on travel behaviour, then any relationship could Speirious. The unmeasured
preference for urban form could cause correlatietwben urban form and travel
behaviour, or it may be that both preference atdmiform combined relate to the

travel behaviour, rather than urban form alone.
As has been previously mentioned, the role of esgidl location choice in any

interactions between urban form and travel behavgaccepted as being important

if one is to understand the nature and causal mérha by which urban form
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influences travel behaviour, if indeed it doeslat &his section explores this widely
discussed issue in detail with reference to somteinore recent studies that have
tried, successfully or otherwise, to account fas.th

While the studies previously referred to have beamied out by those working in
the urban form-travel behaviour field, residenttdation modelling has a history of
research in its own right, with diverse motivatiaush as predicting house prices or
housing market impacts of changes to the transpmtem (Pagliara and Preston,
2003). It is only more recently that those camgyout empirical research have begun
to investigate how this impacts on the urban forawvdl behaviour debate, although
it should be noted the theory of residential lamatmarkets and travel behaviour has
a long history; see Anas (1982) for a detailed ergtlon of economic theory

regarding the interactions between the two.

The majority of more recent urban form, travel hebtar studies have created
attitudinal or preference variables to describdgremces towards more car-oriented
neighbourhoods or otherwise; while some studies rettempted to incorporate a
residential location choice model into a travel debur model. By incorporating a
residential location choice element to the modglih urban-form travel-behaviour
interactions, researchers may be better able taweanwhether or not households
select areas to live that facilitate their existingvel behaviour/ preferred travel
behaviour (self selection). Similarly, includingrasidential choice element that
encompasses some measure of travel preference teaitk may help to shed light
on whether such urban forms are attainable in idjet lof prevailing residential

preferences, normally thought of as being towaeds tense, suburban living.

Some studies, such as that by Bagley and Mokhtd8802), have accounted for
travel preferences in their studies and found thase explain most of the apparent
relationship between urban form and travel behavidtor example, those who want

to travel in a “sustainable” way, move to locatiovisere they can most easily do so.
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Similarly, some studies, primarily focussed on areaNorth America, have looked
at the travel behaviour of residents in supposetlgtainable developments or
communities (Southworth 1997, Shay and Khattak p006f%en referred to as New
Urbanist Communities or Neo-Traditional Neighbowtie in the US. Such studies
suggest that residents in these communities tenidat® more sustainable travel
behaviours. However, subsequent research suggdbgd residents in some
supposedly sustainable developments, were moreroamventally conscious

individuals who may have already been travellingaimore sustainable way before
moving to the development and had only moved taatlea in order to facilitate their
existing behaviour and lifestyle, so in fact, than form had not had the desired
effect of reducing anyone’s travel but merely supipg existing travel or travel

preferences (Cervero and Duncan, 2002).

This issue of self-selection has understandabliy besated as something that needs
to be accounted for in recent studies of urban-foawel-behaviour interactions to
avoid spurious results (Handy et al, 2005). Litdtéention has been given in the
literature however, as to how householders’ trdataviour or travel preferences
have been formed. These travel preferences mayitady aspirational or they may
be based on previous life-experience. In otherdaora household’'s travel
preferences may have been shaped by the urbanrosmmich the householders have
previously lived or currently live. If this secoigpothesis were true, it would give
added weight to the argument that urban form imib@s travel behaviour. That is,
while current thinking is that travel preference shie accounted for to avoid
spurious results, it is possible that travel pefiee is an intervening variable by

which urban form influences travel behaviour.
It is important to recognise that other studiesehsivowed that travel preferences or

travel costs are less important considerations veedgcting where to live compared
to other neighbourhood and housing attributes (H20(1).
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Mokhtarian and Cao (2007) give a detailed overvié\possible strategies to address
the problem of self-selection in the design of gt The following categories are
adapted from Mokhtarian and Cao (2007).

Direct questioningthrough a personal interview to assess whethamnobrpeople
selected their residence based on predeterminedl tpaeferences. However, this
technique, the paper reports, suffers from biasteimms of the ability of the
respondent to remember what their attitudes wedecan also be costly to conduct
interviews on a large enough scale to develop &ldata source for multivariate

analysis.

Statistical controlof attitudes through an often extensive set afuainal questions

included in a self completion survey. This tecluidpas the benefits of being able to
gather a large enough dataset for multivariateyarsato be undertaken. However,
attitudes are not easy to measure through sucleysiand the time order of attitudes

and behaviour is not known.

Instrumental variables modelswhich is an econometric technique to, in effect,
account for attitudes/preferences in the built Barvinent variables used in the model
by adjusting the built environment measures untiéyt no longer have any

correlation with the error term. Some of the agstions that the technique is based
on however, can be hard to satisfy and great caeeato be taken of the sampling

variances in built environment variables.

Sample selection modelsvhich account for residential self selection bgdalling

travel behaviour of respondents, given their presicesidential location choice, into
discrete types of urban form such as suburban lweirur This method relies on a
simplification of the range of urban form typologiavailable to the respondent and

cannot explore the time order of behaviour andguesifces.

Joint discrete choice modelef travel behaviour and residential choice whére t

joint probability of any combination of discreteatvel behaviour and residential
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location choice is modelled. Examples of this amdilar techniques are discussed
later in this section. Time order can be explcréflected by the use of a nested
choice model where the residential location ch@goecedes the travel behaviour

choice but that is not to say the model can testhdr or not this assumption is true.

Structural equations modelare also types of joint models, have been usacloiael
the multi-directional (or iterative) associationstween attitudes, urban form and
travel behaviour and can be applied to cross-smtioor longitudinal
experimental/observational designs. Again thibnegue can specify a time order, it
cannot test to see if that assumed time ordewués tr Also the technique is not well
suited to multinomial endogenous variables sucmade choice, destination choice

or route choice.

Longitudinal designstest the effect of changing urban form on the sagpnts over

a specified time period. In the context of urban¥f travel-behaviour research this
normally refers to tests of those who have movedéhand what the influence of the
change in urban form on their travel behaviour besn. The focus on those who
have moved home however, makes it hard to generahy results to the wider

population. Longitudinal and quasi-longitudinakiims are discussed in more detail

in the following sub-chapter.

The approach taken to account for residential peafees may well influence the
results and indeed the approach used may ansghtlgldifferent questions in terms
of the roles of residential choice, urban form #madel behaviour. Mokhtarian and
Cao (2007) suggest that methods which explicitjude attitudes can perform well
in terms of non-spuriousness, while those that lirevaneasurements at multiple
points in time can excel in terms of the time ordeterion. However, longitudinal
studies have been less common due to their codirmetheeded to carry out such a

study.

It is useful to consider more recent studies thatehused one or more of these

approaches to reflect residential self selectiorstudies of urban form and travel
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behaviour relationships. Sermons and Seredich1(2@@tempt to jointly model
residential location choice, vehicle availabilitydatrip making using disaggregate
data from a household travel survey of residentan Francisco in 1990. The study
was cross sectional and used data on socio-ecoa@métattributes of the built form
to develop a residential location model and a eanewship model. Similar joint
modelling of interactions between infrastructureguéehold location and trip
generation were presented by Eliasson and Matt{2600). The cross sectional
nature of both studies supposes that residents msiging in their optimum location
for travel. It may be the case that people dolivet in their optimum locations.
Given that the decision on where to reside may hasen made many years
previously, residents are perhaps unlikely to b#eir optimum location in terms of
their travel preferences. It is highly plausiblkett it is only when the disparity
between the household’s travel (or other preferent®comes large enough to
outweigh the costs of moving home that a relocatiocurs. No attitudinal or travel
preference data appears to have been used, smaogions can be drawn regarding
how these might impact on residential self selecamd the associated issues of

spuriousness.

Similarly Salon (2008) presents the results of iatjehoice model of residential
location, car ownership and commute mode in NewkYorBased on utility
maximisation theory the study created a discret@cehmodel for the combined
choice of location, car ownership and mode chomiegia cross sectional dataset.
As with the study by Sermons and Seredich (200F),use of utility maximisation
models in this way could lead to ambiguous resultguestionable interpretations of
results as it assumes that households are locatettheir optimum residential
location, have their optimum car ownership leveid are choosing their optimum
modes of transport, which, as already suggestedikéty to be an incorrect

assumption.
Cervero and Duncan (2002) go one step further aveldp a nested logit model of

residential location choice and travel behaviolbeid for a rather limited set of

choices and measures of behaviour. Residentialitt choice is modelled as a
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binary response; within half a mile of a rail statior not within half a mile of a rail
station. Commute mode choice is expressed asamybahoice of rail or non-rail.
The data source used for the study was the 20002Bzgy Travel Survey (California,
USA). The San Francisco area was not includetierstudy as, in such cities where
public transport is fairly ubiquitous, residentiaklf selection based on travel
preferences becomes less relevant. The study sisgffeat outside of the San
Francisco area, around 40% of those living close tail station and commuting by
rail could be regarded as doing so due to selicBete The means by which the
influence of the transport system can be accoufdedvhen investigating urban
form, travel behaviour interactions are discussethore detail in chapters 4 and 5.
It considers that the provision of such enables¢haho wish to reside in such
locations to do so. It is notable that in a UK European cities, normally less
consideration of public transport services needsetgiven in deciding where to live
due to more extensive coverage. In this sense,pearocities might be considered
more akin to San Francisco where residential sd¢dcsion could be considered less
relevant as almost all areas have public transgmogssibility (Cervero and Duncan,
2002). However, Rouwendal and Meijer (2001) presies results of a logit/mixed
logit analysis of stated preference data regarbmgsing, jobs and commuting in the
Netherlands, a densely populated country relativedit served by public transport.
The study found that the housing being construcisdper policy in high density,
easily accessible areas close to large cities didnmatch residential preferences
which are towards detached housing. The studyesigd that such preferences
would mean that the most likely response to impmosets in accessibility of
employment centres would be that people would cotaradonger distance as many
live in denser areas due to a lack of lower deraigrnatives in their price range and
within a commutable distance. However, the previoesidential location of the
households seemed to influence these preferentiesheise who previously resided
in older, denser areas being more attracted to ribis high density and easily

accessible development.

Scheiner (2010) carried out a study of residentiimreas in and around the city of

Cologne. The study was cross sectional in natacke analysed the effect on trip
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distances (for three purposes) of built forms,tadts, lifestyles and location
preferences, along with the usual socio-demographators through structural
equations modelling of a hypothesised casual modéle findings suggested that
neither lifestyle nor location preference had sir@ssociations with trip distances
with the exception of leisure activities. Howeveay ownership was associated with
far longer distances travelled for shopping andules travel. Car ownership was
also higher in more suburban areas. The cros®sathature of the study makes it
difficult to draw too many conclusions about thk&ely role of car ownership,

residential location preference and distances lieve this study.

It is possible that any influence residential arahsport preferences have on travel
behaviour for any particular household is depenadenthe time the household has
lived at the address. Moving home may allow theisetiold to align their
location/environment with their travel preference¥hose who have not moved
house for some time, but whose work place, inconteather factors have changed,
may be living in areas and travelling in a way whidoes not best meet their
preferences and resources. Indeed it could badmes that these disparities, when
at a certain level, trigger a relocation. If thigoothesis were true, then a mismatch
between travel preferences and travel behaviour ageaglop over time. Schwanen
and Mokhtarian (2005) describe a study which staresxplore some of these issues.
The study introduces the notion of neighbourhoosksatiance, defined as, “the
mismatch between a commuter’s current neighbouritgpd and her preferences
regarding the physical attributes of the residém&ghbourhood.” The study was
carried out through a fourteen page questionnainé is 1998 to neighbourhoods in
the San Francisco Bay area. Personality, lifestyle attitude/preference dimensions
were developed through factor analysis of the dataighbourhood dissonance was
measured in terms of the respondents score omdastised pro-high density factor
contrasted against their actual neighbourhood typasured as a binary; urban or
suburban. One quarter of respondents were coesiderbe mismatched. The study
found that as residential dissonance increasedrtman dwellers, the probability of
commuting by private vehicle increases but “subarbanded urban residents will

not exhibit the same propensity of commuting byvate vehicle as true
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suburbanites.” This suggests that aspects of ufban still have a significant

association with travel behaviour after preferertage been accounted for.

Consideration of housing markets and resident@tion choice may also have other
benefits to researchers in the field. If certaibham forms, such as dense, compact
forms, are accepted as being related to more sasiai travel behaviours, this may
not mean that building ever increasingly dense ldgveents will necessarily lead to
ever increasingly sustainable travel. It is pdssthat only a certain proportion of
the population wishes to, or is willing to accdpting in high density areas such as
these. In areas where demand for housing is qgstg supply, such as the South
East of England, development of such housing il\ikko be fully occupied due to
the high demand for housing, or in a city such adi&ong, where the only option
for most may be to live in a high density area, m@wvelopments of this sort are also
likely to be fully occupied. In an area with lowssusing demand and a wide variety
urban forms available to residents, such as Glasgoth its high levels of vacant,
high density housing, construction of more high sitgnhousing will not lead to
more sustainable travel behaviours if the housiagket means that people in lower
density areas are not going to move to these dpwedats. See Filion et al (1999)
for a qualitative exploration of how residentialefarences may act as a barrier
against increasing urban compactness and anyirgsgtiange in travel behaviour.
On the question of the proportion of residents wiere amenable to move to more
compact urban forms, Krizek and Waddell (2002) asred the joint decisions of
travel behaviour, activity participation, vehiclevieership and residential location.
These four dimensions are then combined to casgdiuseholds into one of nine
lifestyle categories. Two lifestyle categories eged to behave in accordance with
the ethos of the New Urbanist movement while fiestyle categories showed a
positive attraction to highly accessible neighboads, although the authors note
this does not mean to say the respondents in tteegories travelled in a more
sustainable fashion. It appears, at least from W8 study that there is a section of
society who are willing to adopt lifestyles and khgiven the option of a particular
urban form, travel in a more sustainable way. Bguging the four measures of

travel behaviour, activity participation, vehiclevieership and residential location
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together in this way, it is not however possible explore the nature of the

interactions between them.

As already mentioned here, a growing number ofufbam travel behaviour studies
have attempted to control for residential self csd@®. Interestingly, some such
studies have concluded that self-selection appeanggate any influence of urban
form on travel behaviour while others have fourghgicant associations even after
self selection has been accounted for (Khattak Rodriguez, 2005). It is obvious
that there is no consensus on the role of resialesif selection in urban form travel
behaviour interactions. It is also clear that angh role is likely to be highly place
specific, depending on the levels of housing su@rlg demand in an area, public

transport coverage, and other barriers to residemiocations.

2.6. Longitudinal Research

The previous two sections discussed some of thernegues in urban form travel
behaviour research; the direction of any relatiggsbetween the two and the issues
surrounding residential self-selection. A possibtdution to addressing both of
these issues is the use of a longitudinal studyriefly discussed in the previous two
sections. It is worthwhile however exploring in maletail the ways in which such a

study design has been used to address these psoinigarevious studies.

Despite many studies demonstrating a statisticgithpificant association between
urban form and travel behaviour, this is not to 8t such evidence is proof that
urban form influences travel behaviour in itselaftdy, 2005). In order for this to be
proven the chronology of these various factors s¢edbe investigated. Which came
first the change in urban form or the change imer&dehaviour?

By adding a longitudinal element to the study, iyrbe possible to satisfy the

second criteria listed in Handy (2005) as beingessary to prove cause and effect;
that urban form preceded travel behaviour.
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Some studies have tried to introduce such a lodigitl or quasi-longitudinal
element to their research by various means; some/aéh have already been
discussed. A relatively small number of studiegehattempted to measure organic
changes in urban form and how these relate to @saimgtravel behaviour. A good
example of such research is presented by Vandesmiss al (2003) who utilised
repeated cross sectional travel behaviour data fi@@7 and 2006 Quebec
Metropolitan Area travel surveys. The data comdia number of socio-economic
control factors, although importantly, and unfodtely, did not include measures of
income. Urban form was measured by computing #tevark distance to a central
axis of the city in 1977 and 2006 for residentoaddtions and work place locations as
well as a number of mode specific accessibility sneas. The study found that
commuting duration over the years had been inanghsinfluenced by the distance
of workers’ residences from their work place antieen both their home and work
place to the central axis. The decentralisatiobhath home and work places related
to increased journey time to work, although thieetf diminished over time as the
freeway system replaced the radial network. Thdirigs however, do not tell us
what aspects of urban form such as density, laedmig and so on, relate to these
changes in travel to work distances and journegs$im Moreover, although there is a
longitudinal element to the study, it is still rquissible to say whether the change in
urban form preceded travel behaviour or changeawet preferences preceded urban
form change. A similar study design was adoptedShy(2009) who utilised a
dynamic panel dataset collected over 20 years &dbysaé the associations between
vehicle miles travelled and measures of urban fior86 urban areas in the US. The
aggregate analysis found that road density andnudgatial size had positive
significant associations with travel demand wherngagulation density and urban
congestion had negative significant associatiornk twavel demand. Such aggregate
or disaggregate repeated cross sectional studeeprablematic in that changes in
urban form of a city normally occur over long peisoof time. Capturing urban form
metrics over such long periods can be difficultlsd the large number of other
determinants of travel behaviour (both observed @amabserved) are substantial in
number and vary greatly over such long time periods
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Recent work by Handy et al (2005) has sought tal dlght on this question of
chronology and understand the causal mechanisnvghimh urban form and travel
behaviour may interact. In order to account foretiorder and to have a measurable
change in residential urban form, the study groopsisted of a number of people
who had moved home from one neighbourhood to anaih@ also people who had
not moved home to act as a reference. The soocioeeaics, attitudes and
preferences were measured in addition to the resps’ current travel behaviour
and how they felt this behaviour had changed coetpdo one year ago. The
characteristics of the neighbourhoods (both curaentprevious) were also recorded.
The findings show no significant relationships fréhe cross sectional analysis of
urban form and travel behaviour but a significaglationship was found from the
longitudinal analysis with change in urban form @hdnge in travel behaviour, even
after socio-economics and preferences are accodioteduggesting that policies to
shape urban form may indeed be useful tools forpisgatravel behaviour,
notwithstanding the many issues with residentiahtmn choice already discussed.
This form of study design is referred to as a aurend retrospective recall survey.
Similar study designs can be found in use in othisciplines and have also been
used by Cervero and Day (2008) and Cao et al (2809)also focussed on movers
and non-movers in selected traditional or subunesidential locations. However,
Cao et al (2009) only describes the cross sectameallyses.

A truly longitudinal or cohort, observational studypresented by Krizek (2003) who
analysed data from the Central Puget Sounds pameé\s focussing on the 430
households who had relocated between two wavdseadnnual survey. Regression
analysis was used to explore the relationships émtvbase measures of urban form,
socio-economics, travel behaviour and other vagmblong with the change in these
variables over the short time period. The studyntbthat increased neighbourhood
accessibility was significantly associated with uegld vehicle miles travelled,
reduced personal miles travelled and reduced nurobdrips per tour, but an
increase in the number of tours. It is not cleamf the paper exactly how
households were defined and how those individualsirjg or leaving study

households were dealt with. The study gives addeidht to the notion that urban
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form may influence travel behaviour. Similarly dged European studies include
that carried out by Meurs and Haaijer (2001). Hwsvethe focus on the relatively
small part of the population that has recentlycated does not mean that the wider
population will necessarily react to a gradual mgamic change in urban form in the

same way.

2.7.Research into the relationship between urban formiad car ownership

Investigations into the interactions between udoam and travel behaviour have not
treated car ownership in any consistent way. Gnland some studies have treated
car ownership as an attribute of the householdndividual that needs to be
controlled for when investigating the role of urlfanm on behaviour; alternatively,
many studies have ignored the role of car ownerslompletely as previously
discussed in this review, while some have invastig the role of car ownership on
travel behaviour explicitly and other studies h&éeussed on interactions between
car ownership as the dependent variable and meastiteban form as explanatory
variables. It is this latter group of car ownepski urban form research that is

reviewed here and is of most relevance to thisshes

Studies into the interactions between urban fornd aar ownership are less
numerous and perhaps less well developed than 8todees that have focussed on
urban form travel behaviour research, which maymary not have included car
ownership as a socio-demographic control variabtshsas Boarnet and Sarmiento
(1998). Having said this, the interactions betwedman form and car ownership
have been the subject of academic research frémasttas far back as 1964 (Beesley
and Kain, 1964; 2000).

Many of the research issues and problems assoadigtiedirban form car ownership
research are understandably the same as thoseatsdowith urban form-travel
behaviour research. This thesis does not theredmeuss these issues at length
again but gives examples of how these issues rgatar ownership studies. It also

describes key studies into urban form and car osimgrelationships. Some studies
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have tried to investigate urban form car ownersimigractions through direct
comparisons between supposedly more sustainabésn ddoms and more suburban
or dispersed urban forms such as that present&hly and Khattak (2005). Their
study found significant differences in terms of camership between the two areas
after accounting for socio-economic and other laites as expected. However, by
focussing the study on areas which were deemed Bustainable developments, the
issue of self-selection becomes particularly prantn which does not appear to
have been addressed. Other studies have lookedrgttions in urban form
throughout a particular city or region rather tr@mparisons between supposedly
sustainable and unsustainable urban forms peAsecent and rare example of such
a disaggregate study is presented by Potoglou andrddglou (2008). One objective
of their study was to explore the relationship kestw urban form and car ownership
in the Canadian urban context, while controlling iousehold characteristics. This
was carried out by means of a multinomial logitlgsia of data collected through
the internet for the Hamilton area of Ontario, Glma The results suggest that type
of dwelling was statistically significant, with tee living in a single family home
(house) more likely to own a car than those livim@ny other type of dwelling. The
number of working adults and the number of perseits a driving licence were
positive and significantly related to car ownershiplousehold structure was also
found to be significant with couples, couples wdthildren and extended families or
unattached individuals having significantly higlear ownership levels than single
person households. As expected, income was pesitid significant. The measures
of land use mix used were negatively associatedh wdr ownership, also as
expected. Density was found to be closely cordlavith the mix variables and
hence not used. Distance to work was significaul @ositively associated with car

ownership also.

Similar results were found by Hess and Ong (20@Bp used an ordered logit model
to predict car ownership levels for various neigiiboods in the Portland, Oregon
area with land use mix being associated positivelyh no-car households. The
paper argues that by allowing more compact devedmpnthe latent demand for

such residential locations will be realised, thegucing car dependence. Chu (2002)
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also found land use mix to have the greatest affiectehicle ownership in a study of

3,397 households in the New York City area usingraered probit model.

However, as Bhat and Guo (2007) state, “[t]he ‘trc@usal impact of the built
environment on travel behaviour can be assessgdfahke spurious association due
to residential sorting based on demographics ahdratharacteristics is controlled
for.” This issue of self-selection appears to bam important consideration in urban
form car ownership research as has previously besrtioned in this thesis in terms
of travel behaviour generally and urban form. Bhad Guo (2007) go on to
describe a study where a joint residential locatiod car ownership model is fitted
to 2,954 respondents from the San Francisco Bay afee analysis was carried out
by developing a joint utility model of car ownenshand residential location (joint
mixed multinomial ordered logit) and found that Ib@invironment attributes affect
residential location choice and car ownership lkevelousehold demographics have
more influence on car ownership than built form sugas such as household density
and employment density. Interestingly, the resdits not support the notion of
residential sorting (self-selection) in car owngospropensity terms. The self-
selection appeared to be along socio/demograptes ind hence, individual models
of the influence of urban form on car ownership nieyvalid once these socio-

demographic affects have been accounted for.

Cao et al (2007) on the other hand carried outreatyais of 1682 (24% response
rate) self administered survey respondents frorhtaigighbourhoods in Northern
California. 688 of these respondents were recemtens. The data were analysed
both in cross section, using an ordinal probit nhodad longitudinally by using

static score model based on previous work by Fifk€B5). In addition to the

significant socio-economic variables, housing tenuas also found to be significant
with those renting having lower car ownership levidan owner-occupiers, even
after other socio-economics had been accounted fdProxies for outdoor

spaciousness were found to be positively associaiidcar ownership and proxies
for land use mix negatively associated with car ewship, although these

associations were marginal compared to socio-deapbigs. However, once
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attitudinal and residential preferences are acamlfor, outdoor spaciousness and
housing tenure were no longer significant. Thesglangitudinal analysis showed

change in outdoor spaciousness and land use rbi sognificant even after attitudes
were accounted for although, again, these assmegtvere marginal compared with

socio-demographics.

While the majority of the research in the field iasussed on car ownership levels
and how urban form may influence these, some suslieh as that by Cao et al
(2006) have focussed on the choice of vehicle e how attributes of the built
environment may affect this choice. In their stu@gpo et al (2006) used a nested
logit model to investigate type of vehicle choicenh a self completion survey sent
to 6,746 residences from eight neighbourhoods inthHéon California with a 25%
response rate. The results showed a statistisghjficant association between the
vehicle type and urban form, with suburban neighboods being associated with
higher sports utility vehicles, pick-up trucks anmdnivans and more traditional,
compact urban forms being associated with highefepences for normal passenger
cars. Socio-economic and attitudinal factors was® found to be significant and
the higher propensity for larger SUV, minivans gmck-up trucks in suburban areas
was, to an extent, the result of disproportion&eresentation of these social and

attitudinal groups in these areas.

Similarly Bhat et al (2009) created a nested mddalltiple discrete-continuous
extreme value and multinomial logit model) to asalyhouseholds’ decisions on the
number of cars to own, type of vehicles and mileaigthese vehicles. The study did
not consider households with no cars given its U8text. The data used were
gathered from the 2000 San Francisco Bay Area Tiduerey (8,107 households),
Census and other sources. Explanatory variablegedeincluded household
demographics, individual characteristics, vehicléritautes, fuel cost, built
environment characteristics (population densitypeyment density, urban - rural
setting, measures of land use and dwelling typkeviay density and highway
density). The model analysed the simultaneoussaecichoice of multiple vehicle

types/vintages and usage. Results suggest thateairkcrease in bike lane density
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would be associated with a small decrease in theemhip as well as usage of all
motorized vehicle types, a 25% increase in strétkibdensity would be associated
with an increase in the ownership of compact caidecrease in pickup trucks and a
decrease in the use of non-motorized modes of goahs While the study is
encouraging in that it suggests some measuresdahuorm may be associated with
(albeit marginal) changes in vehicle ownership ase, it does not answer the
question of whether urban form influences car oshigr and use as it does not
demonstrate the time order of these issues. Tlaelliy assumes a simultaneous
decision on car ownership and use based on a gneam form. That is the decision
of the urban form in which to reside is not consede While the association can
therefore be demonstrated, cause and effect beturdam form, car ownership and
use cannot. Also, it is worthwhile cautioning ttfa¢ analysis does not consider the
situation of no-car households given that 92% ofefican households owned at
least one car (Bhat et al, 2009). See also Faad)(@008) for similar results using

slightly different modelling frameworks.

Roorda et al (2009) introduce a joint modellingriework for activity participation
and household decision making with regards to Vehransactions, which includes
a limited number of urban form measures. The pg@pesents a means by which
individuals within a household lead to an overalusehold decision on whether to
buy or sell a particular car and the various factthrat might influence such a
decision. To be more precise, simulations were aaooording to a conceptual
framework developed regarding householders’ agtiyarticipation and activity
scheduling. Measures of “stress” defined by Mil[2005) are developed from the
simulations, which seek to measure the deviatiorthef current state from the
optimal state in terms of activity scheduling, desitial location and vehicle
ownership. These stress measures are then usedyinamic simulation model of
vehicle transactions and the results compared tpireral data taken from the
survey. A nested logit model is developed to re@mé vehicle transactions with
various explanatory variables such as income. mMeasures of stress are then
included in the model with the effect of improvitite overall model performance.

The main emphasis of the paper is regarding theldpment of the individuals-
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within-the-household’s joint decision regarding ity participation and vehicle
transactions which is not within the scope of th&lg presented in this thesis. The
study presented in this thesis does not presuppose such decision making
mechanism within the household as the analysisurslp explanatory in terms of
analysing those factors which might affect the cbaf how many vehicles to own
with a particular emphasis on those urban form icgetwhich may be related.
However, it is worthwhile noting some key findinfyem the empirical part of the
analysis that suggests that, in economic termseldicity of the utility compared
with car ownership were asymmetrical. That is,d&bwlds moving from no cars to
one or more cars gained less utility than washbggtouseholds moving from one or

more cars to no cars.

Similar results were found by Dargay (2001) usirgfadfrom the UK family
expenditure survey in terms of hysteresis betwaewome and car ownership,
whereby increasing income is associated with atgraacrease in car ownership
than the magnitude of the reduction in car ownersssociated with an equal
reduction in income. It is highly plausible thhetdifference in the elasticity of car
ownership levels with respect to income occur as itidividual or household
becomes accustomed to the car and adapts thestyldeor other circumstances
around the use of the car, such as changes inergsitl location, job location,
activity participation etcetera. As Dargay (200@s based on different households
who either increased or decreased their level oloeanership, it is not possible to
say whether the elasticity in one direction isetént from the other. For example, if
a household were to gain a car one day and th@oshsof it the next, their gain in
utility from having the car would be expected taigitheir loss in utility from losing

the car.

A recent longitudinal study in the Republic of &et, which may well be a more
comparable context than those already cited, isgmted in Nolan (2010), which
used disaggregate data from 1995 to 2001 to anadlysedeterminants of car
ownership. Household composition, lifecycle, ineand previous car ownership

were found to be significant predictors of car ovshg. Higher levels of elasticity
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between income and car ownership were found fosélooids who did not own or
have access to a car in the initial period. Theshpps suggests a degree of

hysteresis.

The links between car ownership and travel behavase widely accepted. See
Kitamura and Kostyniuk (1986) for a review of sueationships. It is likely that
the relationships between urban form, car ownerskegidential location choice and
travel behaviour are far more complicated than Bnmgme directional causes and
effects. A very small number of studies such a tiy Bagley and Mokhtarian
(2002) have tried to address this by utilising cinial equations analysis in their
investigations. Golob (1989) presents one of thet tises of structural equations
modelling in the transport research field to amalysmnel data from the Dutch
National Mobility Panel. By using structural eqgoas modelling it is possible to
test various causal models including feedbackstame lags in order to ascertain
which of the causal paths being tested is the nh&edy or better reflects the

observed data.

As can be seen by the review of literature intocgecar ownership - urban form
research, that there is not a substantial bodyidkeace regarding the relationship or
causal mechanism by which the two interact. Thlels appear to be some evidence
that land use mix might be the more important urbaoim metric though when
considering associations with car ownership. Hawethere are very few studies
that have accounted for self selection in theingiesr considered the time order,
both of which are necessary in order to say thHaamiform influences car ownership.
There is a distinct lack of such research focussgside of the North America and in

the UK in particular.

2.8.Dimensions of Urban Form

In this section the urban form metrics tested iavmus studies are discussed and
summarised. The data sources available in ordergasure these metrics are then
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explored. Those metrics selected for use in thidysare then presented in Chapter
3.

This review of metrics summarises the key measofresban form used in previous
studies into the influence of urban form on travehaviour, on other factors such as
community cohesion and also a substantial bodyakwhich is purely interested
in how to quantify and measure spatial form. Ténaaw also considers the limits of
information and time available to the study andgasgs those measures of urban
form that would be of interest and would also basfiele to gather in order to

investigate how urban form might relate to travehéviour.

When developing the measures of urban form theviatig need to be considered:

The metrics of interest in terms of Urban Form TBtaBehaviour/Car-
ownership research,

The scale at which these metrics are to be measured

The means of measuring them,

The limits of the data and resources available.

There has been a considerable amount of work daoé in the area of urban form
measurement and categorisation, which can be digwam in determining those
most suitable for this study. The literature, altbh extensive, is not in consensus as
to the best ways to measure urban form. This i8ypdue to differing motivations

of the individual studies in each patrticular field. studies of community cohesion
and urban form may be interested in different messwof urban form at different
scales to studies in urban form and travel behaviolhere are also considerable
differences in how to measure urban form withinfiell of how urban form affects

travel behaviour itself as previously reviewedhistthesis.
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2.8.1. Summary of Previously Used Urban Form Dimensions

A list of the most frequently used measures whietvenbeen used to test the
influence of urban form on travel behaviour andeotimeasures is shown in
Appendix D. An extensive review of each of theseasures is also presented in

Appendix C.

It is suggested that different measures of urbam foeed to be made at different
scales in order to accurately describe the buittan form of any study areas and
their setting. It is unclear whether, for example residential density of the abode,
street, neighbourhood or settlement have any etiectravel behaviour and, if so,
whether each has the same effect.

One other consideration as to which urban form icgetto use is the degree of
correlation between individual metrics. In anytistacal modelling of urban form

travel behaviour or urban form car ownership, treasures of urban form should be
independent of each other. The lack of indeperelefthe urban form metrics is a
recognised problem in urban form travel behavioesearch and can lead to
misleading conclusions being drawn about the rdleeach of the independent
variables being considered. Most of the urban foretrics noted in this review are
unlikely to be truly independent of each other.r Example, measures of residential
density may well be related to the size of the,cttye mix of land uses, the
proportion of flats to houses etcetera. While mstuglies have sought to overcome
this problem through developing composite measurésurban form or by

categorising urban form into typologies such aglitianal neighbourhoods or

suburban, or compact urban form by either subjecthspection of the area or
through statistical techniques, this reduces theaergial for simple policy

recommendations to be made in terms of densites] luse mixes or whether

development should be close to existing urban esntr
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2.9. Accessibility

The review presented so far focuses on studiestiat@| behaviour, their findings,
weaknesses and methods. The majority of the uidram— travel behaviour studies
already referred to in this literature review, istdd in Appendices A & B, consider
travel behaviour in terms of distance travelled griwvate car or other modes of
transport or the number of trips made for differaativities. The choice of travel
behaviour measure has implications on the inteapogt of results and their use or
meaning for policy makers and modellers. On thelejthe studies reviewed do not
discuss how these dimensions of travel relategmtterall sustainability of the travel
behaviour with notable exceptions such as Holdeh Idarland (2005). In many
studies it is perhaps implied that reducing car umsétself would be beneficial
although it should be recognised that often thesaiinthe study were different to
that of this study as already discussed. Sonmdliest however, have converted the
dimensions of travel into a measure of energy coion or emissions (Hankey
and Marshall, 2009).

Many studies, instead of investigating interactidmetween urban form and travel
behaviour or urban form and car ownership, haveeshgated how urban form
influences accessibility or connectivity. An evereafer body of work has been
concerned with the relationships between acceggitdhd travel behaviour (see
Levinson 1998 for an example). Geurs and van W\&f94) review different
accessibility measures and their usefulness inuatialy land-use and transport
changes. The paper states that, “the plausilafign accessibility measure not only
depends on how it is operationalised and measwiedlbo on the theoretical basis
and practical limitations of the transport and laisé models used.” This implies that
accessibility measures should be considered astepein the causal path between
urban form and travel behaviour. If accessibiligre to be used in this way then the
land use — accessibility relationship needs to learly researched as does the
accessibility - urban form relationship. Given themplexities, conceptually,
computationally and in terms of data requirememtany researchers such as those

cited previously in this thesis have continueddous their efforts on investigating
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the relationship between urban form and travel Wela without an intervening

accessibility measure.

Dill (2003) considered data from a travel diaryvay of employees in the San
Francisco Bay Area and found a negative correlaietween distance from the
workplace to a rail station and rail transit u§éde paper does note however that the
design or layout of the employment site often @éagignificantly longer walking
distances than the straight line distance usetieénanalysis. This simple example
illustrates some of the problems of mixing acceabsitand urban form metrics in
travel behaviour research. Measures of urban famoluding street pattern
configuration, density and land use mix are likéty be highly correlated with

measures of connectivity or accessibility.

This point is illustrated by Handy (1992) when sketes, “For the purpose of testing
the relationship between spatial structure andetrpatterns, accessibility is a more
effective measure of spatial structure than eigimulation density or jobs/housing
ratios because it reflects both these characesisind because it is based on
assumptions about how individuals make travel dmass” While the statement

about accessibility being a more effective measfiispatial structure may be true in
terms of getting the best model fit from any engaitianalysis, using accessibility as
a proxy for urban form is also problematic. Firsthccessibility is a multi-faceted

notion, itself a product of many variables inclugliarban form measures. In order
therefore, to use accessibility as a proxy for arfam in any model, the numerous
non urban-form variables would also have to berak& account including, issues
as diverse as public transport subsidy, politicatl ecultural attitudes, socio-

demographics etcetera at both a wider and locaksade. Secondly, unless the
causal path between urban form and accessibiliglsis investigated and specified,
urban planners, policy makers and others will findifficult to set guidance on, or

implement, urban forms that are likely to create kinds of travel behaviours they
are seeking. It is perhaps unsurprising therefoet a considerable amount of
research into urban form and travel behaviour tlydas increasingly being carried

out as opposed to using accessibility as a proxyrioan form in this way.
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If accessibility and urban form metrics are botkluded in a simple regression
analysis, it becomes hard to ascertain what effemty, urban form has on travel
behaviour or car ownership. A path type model sashstructural equations
modelling or a hierarchical model may be able tpresent this more complex
relationship between urban form, accessibility aravel behaviour better. This
study will focus on measures of urban form, travehaviour and car ownership
rather than accessibility as a proxy for eithewvétabehaviour or urban form as
detailed in Chapter 3.

2.10. Summary of Literature

The extensive review of literature explored in ttigpter and in Appendices A and
B shows the breadth and depth of research intoetflaonship between urban form
and travel behaviour. While some studies have dono significant associations
between urban form and travel behaviour such asddwaied out by Boarnet and
Sarmiento (1998), it is clear from this review thhere is a weight of evidence
supporting the notion that a statistically sigrafit association between urban form
and travel behaviour does exist. However, ther@isonsensus as to those metrics
of urban form that are associated with particul&asures of travel behaviour and
indeed even if the associations are positive oatiag} As already reviewed, some
studies have found that, for example, the more chexed compact urban forms may
in fact be associated with more trips (Crane angp€au, 1998) although this does
not necessarily mean greater distance travelleat. oNly is there a lack of consensus
on the nature, direction and strength of these céasons but, often due to the
modelling frameworks used, it is not possible tp where on the scale of any urban
form metric, the biggest gains can be made in tesmshanging behaviour. For
example, Cervero (1997) comments that by simplytipkp trip rates against density,
the biggest drop off in trip rates occurs when gdirom low (4 to 5 dwellings per
acre) to moderate (12 to 15 dwellings per acrekiies; however such simple plots
of density and travel behaviour, as already dissdisse problematic in their lack of

statistical controls, nor do they demonstrate days@nce other factors such as
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income are accounted for, the nonlinearity of tlssoaiation may no longer be
apparent. This linearity or otherwise of any assamn between urban form and
travel behaviour is discussed in further detaChapter 5, Analysis.

Even though there may be a substantial numberuafies showing a significant
association between urban form and travel behayvtbare is no substantial body of
evidence that suggests that urban form influencagelt behaviour. There is no
consensus on whether urban form affects travel\beh@q vice versa or if a more
complex causal relationship or no relationshipliaéxsts. Moreover, many studies
have different objectives and methods and are base@rious national contexts,

making generalisation of findings difficult.

The multitude of urban form metrics used in studird the mixed results from these
studies gives little help or guidance to policy m@k when deciding what urban

forms they may wish to promote.

The statistical frameworks and research methodetogised to analyse any
relationships between urban form and travel behay@though recently advancing,

lags behind those techniques applicable and usether fields of research.

Given the large number of unobservable variablest tmay influence travel

behaviour it may not be sensible for decision mskar any particular country,

region or urban area to develop spatial plans aténuform policies based on
research findings from other countries, cities arlthn areas. It is obvious that such
research findings in the UK and Scotland in patéicare rare, if not non-existent.
Stead (2001) and Aditjandra eta al (2011) sugdmedtin England, population density
might have a limited direct effect on travel beloavi and in the latter case, an

additional effect through car ownership.
In this study it is considered that a measure efal travel should be made. That is,

the travel associated with all activities. Thishecause focussing on a limited

number of activities such as the journey to workyngave misleading advice to
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policy makers interested in minimising the impatcbwerall travel, emissions or car
use, bearing in mind the substitution issues ayreggtussed. In keeping with other
studies already mentioned, travel is considered witiew that the private car use is
the key measure of travel that is of most concerthbse decision makers involved
in urban planning. While it is noted that othemfie of transport such as flights may
be more energy intensive forms of travel and mayehhigher emissions per
passenger kilometre, this travel is not considexaunal day to day travel for work,
shopping, education, leisure etcetera that thidystsi interested in. The activities
associated with longer distance air trips and tloévations for them may be quite
different from more frequently undertaken actistiand as such should be given

separate consideration.

The remit of this study is to try to determine whats about different urban
typologies that influences travel behaviour or canership, if at all. As such, the
study will rely on disaggregate measures of urlmamf accepting the limitations of
these measures in terms of their lack of indeperwlemone and other. The final set

of urban form dimensions to be included in the gsed is presented in Chapter 5.
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3. Research Hypotheses and Methods

3.1. Development of Hypotheses

At this point, it is useful to introduce the contieggd urban form travel behaviour

causal mechanism as hypothesised by this studis thirough the development of

such a conceptual model that the final hypothesdsettested are developed. This
chapter will therefore describe the conceptual rhddeeloped as part of this study,
given the findings discussed in the literature aswlate the hypotheses to be
investigated as part of this research project.

It is interesting that the majority of studies ewed in this thesis do not explicitly
present the conceptual relationship that they eséng. Handy (2005) presents a
good exploration of conceptual models in urban foravel behaviour research and
suggests that researchers should consider a marprebensive conceptual model
accounting for bi-directional relationships betwetoices about residential location,
auto ownership, the built environment and travdiawsour. Echenique (1968) also
states that, “[i]jt is widely recognised that wittoa theoretical framework of
reference factual information does not have angveeice.” There are notable
exceptions of observational studies which have Isbug test a number of links
within a supposed causal path. Travisi et al (2@t6pose a causal mechanism by
which measures of urban sprawl in Italy were relate a mobility index
incorporating generalised costs of transport inclgeénvironmental costs. Analyses
of causal path networks give an indication of howllwhe network specified
represents the observed data. Theoretical causehanisms are presented in a
number of similar studies that utilise some fornswiictural equations modelling to
give an indication of the significance, effect adidection of each link (Scheider,
2010). Simulation studies, such as that presenyetelievre (2009), often specify
conceptual models but fail to provide empiricald@rice supporting the links within
the given model. That is, they use a set of asducaeisal links to construct a

conceptual model to test scenarios and analysdtsesometimes comparing the
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results with empirical data. Unless the model gty represents the observed data,

it is possible that the causal path network spetiiould be improved upon.

While discussing the issue of wider conceptual neded reviewing previous work,
Boarnet and Crane (2001) suggest that the bodgsefarch lacks a strong conceptual
framework in which to frame statistical results tormake the case for causality
outside the data. Such conceptual models are b#iead on existing theories such
as micro-economics/rational choice theory/utilityaximisation, sociological and

psychological theories or, more rarely, have begothesised by the researcher.

In keeping with these comments, this study intredue wider conceptual model and,
although it is beyond the scope of this resear@ratse to investigate and confirm
each link in such a wide conceptual model, it hedhape the hypotheses, study
design, data collection and aids the interpretatibresults, which may or may not
support links within the conceptual framework. Wig 3.1 outlines the conceptual
model of the relationships between urban form arael behaviour that are
hypothesised as part of this study. Definitiors giwen in the subsequent text. The
open titles included in the diagram are intention8bme of the links presented are
relevant at different levels of aggregation withmgoaffecting individuals, others
households and some whole systems. It should te=lribat the decision maker in
each of the links below may differ from individuatshouseholds. It is accepted that
even this large conceptual model does not captufactors that might influence any
term in the model such as those external fact@atsrtight influence socio-economic
and preferences which relate to the individual #ralr life history. These might
relate for example to the socio-economic statusnoindividual's parents, the school
that they attended and so on. However the conakptodel shown does give an
overview of how the factors most often considerethe literature are hypothesised

to interact.
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Travel Behaviour can be defined in a number of ways as discusged ila section
3.3.1 such as the number of trips, trip length, enclabice etc.

Accessibility is a measure of the ability of an individual oogp of individuals with a
given set of characteristics to undertake necessargesired activities that are
spatially and temporally separate.

Needs and Desiregelate to what activities the individual or houskehneeds or
wishes to carry out.

Attitudes and Lifestyles refers to the individual's or group of individualattitudes
towards transport and travel, the environment,deettial choice location etc. For
example, whether the individual has a preferenaeafccar dependent suburban
lifestyle or for a mixed use city centre lifestyiependent on walking and public
transport.

Socio-Economics/Demographicsin this instance includes household structure,
employment type and status, age, gender, inconeéeetc

Transport System is the impedance or deterrence to travelling betwany two
locations.

Connectivity is the impedance or deterrence associated witkltireg to any location
where a particular activity can be undertaken. [Eaample connectivity to
employment would be influenced by the transporttesys and the location of
employment activities.

Location of Activities relates to the spatial distribution of locatiotassified by the
activities which can be undertaken there; for eXartige location of supermarkets.
Opportunity relates to qualities of the locations i.e. theaation. For example, the
floor area of supermarkets, the number of jobslatation etc.

Urban Form, such as residential population density, land ose and size of
settlement, highlighted in the literature review lsing associated with travel
behaviour. The list of final urban form measureediin this study is developed

further in section 3.3.2.

The categories to the right hand side of the dragfaeeds and desires, socio-
demographics, household resources and attitudesfesiyles) can all be considered

attributes of individuals within the household. eT¢onceptual model shown suggests
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that these household attributes may influence thaeet behaviour of householders
directly and indirectly and may also have an impaetthe urban form that the

household resides in.

While the conceptual model may be complex, it iselved that, based on discussions
in the literature, the relationship may well bereriely complex. Indeed, conceptual
models produced by simulation studies also tergetcomplex as they try to predict
land use transport interactions (eg. Echenique ,188thkey and Marshall, 2009;

Adhvaryu, 2010)

Each of the arrows highlights a hypothesised Imthie conceptual model as follows:

1 — From the definitions given, it seems highly gille that the urban form of an
area (density, mix etc) affects the quality of lbmas such as the floor space of retalil
units. For example, less dense and less mixeds aresy relate to large format
supermarket shopping.

2 — The urban form of an area may have a direcu@nite on the transport system of
the area. Particular urban forms may physicallyst@in the transport system and the
construction of large highways for example.

3 — Similarly to Link Number 1, it seems highly p&ioie that measures of urban form
influence the location of activities, such as waikces, residences and places of
education for example.

4 — In this conceptual model, connectivity is defires the impedance of travelling to
a particular destination. As such it is definedlgady the transport system.

5 — Similarly to link 4 the connectivity is also figrdefined by the location of
activities.

6 - Accessibility is defined as the ability of ardimidual or group of individuals to
travel to and from the locations where they wisltaory out activities and, as such,
the opportunity or attraction of activities influmas accessibility.

7 — As with link 6, accessibility is also influencbkyg the connectivity or impedance of

travelling to these various activities.
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8 — It is hypothesised that household car ownershipghly influenced by the socio-
demographics of the household such as age, housstratture, employment status
and most importantly income.

9 — The needs and desires of the household, thia iactivities that the household has
to, or wishes to carry out, are, in this hypothesisnodel, related to the socio-
economics/demographics of the household as defined.

10 — The households’ attitudes or preferred lifestylere hypothesised to be
influenced by the socio-demographics of the houseBach as number of young
children in the household, age, income etcetera.

11 — Similarly to link 10 these attitudes and preddriifestyles towards residential
typology, travel behaviours etcetera are influenogdhe activities that the household
needs or wishes to undertake. That is, the needsdasires are hypothesised to
influence the attitudes and lifestyles of the hbade.

12 — Car ownership is expected to be highly influehdey the attitudes and
preferences of the household in terms of prefetrakl behaviours and residential
typologies.

13— Accessibility is partly defined in this hypotisesd model by car ownership

14 — Accessibility as a measure of the ability of theusehold to carry out the
activities it needs or wishes to undertake is etgquketo be, in part, the result of socio-
economics/demographics of the household; partigutiae income.

15 — Similarly to link 14, accessibility is expectéal be, in part, a function of the
needs and desires of the individual or household.

16 — Travel behaviour is hypothesised to be dependerdccessibility based on the
definitions given.

17 — Direct influences of urban form on car ownersiip of key interest to this study
and it hypothesised that urban form, in part, deiees levels of car ownership based
on the findings of the literature reviewed.

18 — It is hypothesised based on the findings ofliteeature reviewed in this thesis
that urban form will be influenced by attitudes difdstyles. This maybe more
immediately through the household choosing a resialelocation choice or over
longer periods with new developments reflectingaariborms that are in demand.

19— It is hypothesised that there is a direct infleeefrom attitudes and preferences to

travel behaviour as well as the indirect influenicelcated.
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20 — It is expected that over longer periods of timavel behaviours may influence
the location of activities with businesses and oHwivities locating and relocating to
areas which can be accessed by evolving travelvimita. For example, large
employers may relocate to out of town areas whaoh lze served by car, as car use
increases over time.

21— Similarly to link 20 it is hypothesised thattasvel behaviours evolve, transport
systems evolve also to meet demand. That is @regelr periods, travel behaviour
influences the transport system.

22 — As with link 20 and 21 it is hypothesised thaeolonger periods of time urban
forms will evolve to reflect changing travel behawis. For example more suburban

car orientated developments will be developed asigaincreases.

This conceptual model, while detailed, is far frexhaustive and other links may
exist or may have been hypothesised by others. cdheeptual model presented here
Is that which is hypothesised by this study bagethe literature. It is not intended to

be an exhaustive summary of all relationships rtelon other studies.

Links 20, 21, 22 and to a lesser degree link 18&apected to act over longer periods
of time, while the other links in the system canelspected to act more immediately.
Carrying out empirical investigations to supportclsua causal model would be
extremely difficult given the long time lags ovehih some paths are expected to act
and the large number of different variables beiagstdered. This would make data
collection very time consuming and difficult. Sabte analytical frameworks for such
a complex model would be difficult to specify andngoutationally difficult to
implement. Also, even if such data were availablel a suitable modelling
framework could be specified and used, the resn#tg only give a relative measure
of likelihood or fit compared to any other concegitmodel being tested. While some
notable exceptions exist (Vandermissen et al, 2008ydsma and Jensen, 2003) the
majority of the literature has not tried to modelamalyse such long term links and it
is not proposed to do so in this study. Such chang transport systems, urban forms
etcetera over time merely help to define the cheetefor any particular household in
terms of the options the household has when dexidimere to reside, what modes of

transport to use etcetera. It is those links toaistitute thesehoicesrather than the
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links that define thehoice setghat are to be investigated as part of this stuldys
however, important for a hypothesised conceptualehto be introduced in order to
specify the paths of interest, to help frame arsgusions on self selection or other
issues of spuriousness, and to give an indicatidrow any results are believed to fit
into an overall causal mechanism. Links 18, 20,a2l 22 have therefore been

excluded from the scope of this study.

It is suggested that urban form, car ownership tadel behaviour are of critical

importance in researching this or similar conceptoadels. Households can decide
in what kind of urban form they wish to reside, hmany cars to own and how they
intend on travelling. Households have much lesscehor direct influence on other
factors such as the transport system, their soemedjraphic status or the location of

activities and could be thought of as constraints.

The transport system, location of activities, opoity, needs and desires and
attitudes and lifestyles will be influenced by atlfectors not shown in the conceptual
causal model such as government regulation andlfalicy, life history etcetera

and, along with connectivity and accessibility, lcbbe considered intermediaries in
the relationship between urban form and travel i@ and socio-demographics
and travel behaviour. As discussed in sectionl3.there are many problems
associated with using accessibility as a proxy udsan form or travel behaviour.
These problems are more obvious when accessilslipresented as part of a wider
conceptual model. For the reasons previously gtateasures of urban form will be
tested in this study as opposed to proxies forrufoem. While including all the links

and stages in the conceptual model might be atteatt helping to shed light on the
causal mechanism by which urban form might infleetiavel behaviour, this is

problematic and, as already mentioned, the reste difficult to interpret.

Socio-economics/demographics in this model can desidered as given and not
influenced by other factors in the system. Trawahaviour in this simplified model

can be considered as a function of urban form,oearership and socio-economics.
Urban form on the other hand is slightly more diift as it cannot be considered to

be completely independent of socio-demographiashifpothesised link between the
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two referring to residential location choice. Aistipoint it is useful to clarify the unit
of consideration in the conceptual model. The suoit consideration in the wider
expanded conceptual model were purposely vagueome selationships reflected
changes at the macro level. For example changdbkeirtravel behaviour of the
general population might lead to changes in thaspart system and urban form,
whereas the changes in the behaviour of an indwiduhousehold are unlikely to do
so. Similarly, this hypothesised link between semtonomics to urban form via
residential preferences. Over a longer periodnog tthe collective preferences of the
population will shape urban forms. Again, theseglker term processes relating to the
general populations are outside the scope of thidys which is focussed on the
individual and household level and short to mediterm relationships. In this
instance the link between socio-demographics abdruform relates to the choice the
household has, of which urban form to reside a®sgq to defining the choice set of

urban forms available.

Both urban form and socio-economics/demographieshgpothesised to influence
travel behaviour directly through accessibility andirectly through car ownership
and accessibility. Key decisions in the desigrany investigation into the role of
urban form on travel behaviour and car ownershigteéeto how residential location
choice is dealt with and what modelling framewohkwsld be applied to, what is still,

a complex relationship incorporating the issuesnoé order and non-spuriousness.

Socio-economics/demographics help determine theeawmi$al location choice through
attitudes and preferences, which may also be infleé by many other issues,
including perhaps the previous experiences of thaséhold. For example, if
householders are used to walking cycling and uguigic transport they may be more

prepared to so in their new residence.

Regardless of whether households may choose teregsareas which best meet their
predetermined travel behaviours or preference$ getdction), by shaping the choice
set of where households can reside, it may be lpessiat urban form still influences
travel behaviour. That is, it could be considetieat by limiting the choice set of

urban forms to a particular type, it may be posstbl“force” households to reside in
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urban forms which influence their travel behavioumvestigating whether particular
urban forms cause more sustainable travel behaviswf key importance to decision
makers and planners, be that by limiting the chaiee available to households or
more directly. It is also important to considertthn previous studies such as
Scheiner (2010), self selection was not considestglant or found to be significant
in large cities with fairly ubiquitous public trgmart such as Glasgow or Edinburgh
where this study is focussed. It is thereforeffam clear whether controlling for
residential preferences would ignore a possibles@apath by which urban form
influences travel behaviour leading to an undemestie of the effect, if relevant at all.
It is possible that within Glasgow and Edinburglople may “self select” into new
developments that were specifically marketed asng€isustainable” or less
environmentally damaging. The focus of this stuadywever, is not on such
developments and people selecting where to livelasgow or Edinburgh might be
assumed to have a range of urban forms availaltleeto with good public transport
and personal transport connectivity. It is forsteeasons that in this study the link
between socio-demographics, or attitudes and mnedess to urban form (residential
location choice) is removed from the causal modéie simplified conceptual model

can therefore be refined to five paths as showkigare 3.2.

TravelBehaviour

Socio-
Economics/Dem ographics

/

UrbanForm CarCwnership

\-_//»

Figure 3.2 Conceptual Model

The model however, is still problematic in termsfitfing any analytical framework
with travel behaviour being both directly influedcdy urban form and socio-
economics/demographics and indirectly through eamesship. The interest of this
study is in the effects of urban form. Therefotlee study will focus on the
hypothesised links from urban form and car owng@rdbi travel behaviour while
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controlling for socio-economics/demographics anel lihk from urban form to car
ownership while controlling for socio-demographids. seeking to explain the travel
behaviour in such a way, this study could be carsd as having a rational choice

conceptual framework.

3.1.1. Summary of Research Hypotheses

Through the careful consideration of a conceptuati@h outlined in this chapter, it
has been possible to form the hypotheses to bgsathln this study that urban form
influences travel behaviour and that urban formugrices car ownership in the

context of Scottish urban areas.
The hypotheses to be tested are as follows:

H1: Urban Form and Car Ownership have direct effeat Travel Behaviour

H2: Urban Form has direct effects on Car Ownership
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3.2.Research Methods

Given what has been said in the previous review diadussion of hypotheses, the
following questions need to be considered and addckin the design of this study in

order to address the hypotheses.

What are the effects of urban form on travel betarA
What are the effects of changes in urban form avetrbehaviour?
What is the effect of urban form on car ownership?

What are the effects of changes in urban form avetrbehaviour?

The study must be designed in such a way that tpesstions can be answered. The
development of a method to address these poirdessribed in this chapter. The

ways in which urban form and travel behaviour hiagen defined in other studies and
a description of the urban form and travel behavioeasures to be addressed in this
study are then presented. Reference is made tamtimis means by which such data
has been collected in other studies in order tormfthe data collection described in

the following chapters.

In order to address the objectives of this study &ntest the hypotheses, the study
must have a temporal element. If changes in ufban and travel behaviour are to
be analysed, it is necessary for some kind of sthdyugh time to be undertaken.
The various means by which this can be addressdbeirmethod of research are
discussed at length in the literature review. Ehemge from analyses of how travel
behaviours have changed in a particular geograbhrea over a number of years,
studies into the travel behaviours of a particidahort over time, repeated cross

sectional studies or current and retrospectivellrstadies.

There have been no truly experimental designedegwahereby a number of existing
areas have had their built form changed by theysawthors and the travel behaviours
emanating from such urban forms measured. Thiduis to the obvious costs,

timescales, ethics and other practical consideratioequired for such an
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experimentally designed study. In keeping with mhagority of studies cited in this
thesis, this study was observational in natureat$, travel behaviours and urban
forms, not altered as part of this study were ol order to research relationships
between the two.

The literature review highlighted the weaknesseso@ated with studies of
aggregated groups of people or households. The angicism of aggregate studies
Is that by masking some of the variation betweeatividuals or households, less
robust statistical analyses can only be undertak8ources of data for aggregate
studies tend to be censuses or other data souotlested not for the purposes of
investigating urban form and travel behaviour iatéions; hence they often have a
limited number of variables useful to researcherthe field, leading to criticisms of
possible spuriousness in any associations founds séch this study will be

disaggregate in nature based on data collecteddividuals and households.

Trying to measure organic changes in urban fortime consuming as such changes
are only likely to be significant over longer tinperiods. Controlling for other
variables over such time periods is also problesreiis the retention of any cohort.
Repeated cross sectional studies showing chandeshiawviour over long periods of
time with respect to organic changes in the bunltimnment suffer from many of the
same problems and also, by not having a cohort bichmepeated measures are
made, it is not possible to control for the unobedr variables affecting travel
behaviour specific to the individual or househotddiscussed in Yee and Niemeier
(1996); the assumption that the unobserved atgthuif the household remain

constant over time is questioned by Hess and RiXiOj.

It was therefore decided that the observationalystwould be in the form of a current
and retrospective recall survey of households wdnehrecently moved home in line
with that undertaken by Cervero and Day (2008) ldaddy et al (2005).

This type of data collection is often referred t® laeing quasi-longitudinal. A
longitudinal study is defined as “...one which is é&&sipon repeated measurements

of the same individuals over time.” (Wall and Walins, 1970), whereas a
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retrospective recall tries to gather the same médion from the cohort using only

one round of the survey. Wall and Williams (19f®int out that retrospective

studies may arguably fulfil the same role as a itoiignal study and be cheaper to
carry out but warn that human memory is falliblad a&events which subsequently
prove to be critical in their effects may appeariaf at the time and hence be easily
forgotten. People may unconsciously fabricatexaggerate something to explain the
present state of affairs. However, retrospectagalt may be suitable when events are

recent and have little emotional significance.

It is therefore important to keep any questionsedsketrospectively as factual as
possible rather than asking for motivations betetiaviours or choices; a problem
often overlooked in studies using retrospectiveewealed preference data to develop
residential location, urban form and travel beharioesearch. Similarly, the

timescales over which the data is to be recalledishbe kept to a minimum.

Such a current and recall study can be considenedi-@xperimental. In this case
with the pre-test data collected through the reaatl the post-test from the current

reporting.

Given what has been said about the slow pace atwhiban forms change, the study
considered those households who had relocated éetivee recalled date and the
current date and how their change in residentizdtion related to a change in travel
behaviour or car ownership. The recalled datafeaa specific point in time, three

years prior to the date the questionnaire was vedeby the respondent. Data on
households who did not relocate were also colleatedrder to carry out cross

sectional analyses at the two points in time andatage if the general population of
interest had shown a change in travel behaviouhe freatment could then be
considered as a change in residential location éxtwhe two waves (recalled and
current). Whether or not the household is subgedte the treatment cannot be
determined by the study author; neither can thmfof this treatment (the change in
urban forms experiences by the household). Houdslself select their treatment.

It should be noted that by having households sg#cs into non-equivalent groups,

could raise questions over internal validity. nNeguivalent group problems occur if
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the two groups, “treated and non-treated” wereaitt flifferent in some way before
the study started and that that difference waseeithdifference in the dependent
variable or a difference in a significant varialplet described by the data collected
(Trochim, 2010). In the case of this study thauldomean they differed at the time
of recall in some significant way which is not déised by the data collected through
the survey or alternatively that either movers aatifferent car ownership level at the
recall time or travel behaviour compared to the-nmavers. If this were the case,
then having higher or lower car ownerships for tleated group compared to the
untreated in the current period of time could make conclusions unsound. It
should be noted that the point of the study is tooanalyse different levels of car
ownership for movers or non-movers but to compae movers differ from non

movers in terms of increases or decreases in caemsvip. No problems of internal
validity threat of selection that can be associatgth non-equivalent groups are

expected, despite the self selection into one@two groups for the reasons stated.

Logically there could be associated questions @assible regression towards the
mean. If all of the movers started (at the recaith a very low car ownership it

might be expected that they will have increasedogarership by the current. These
issues are returned to in more detail in the amalgsntained in Chapter 5, but it
should be noted that non-equivalent group desigagassibly the most commonly

used sampling methods in social research (Troc2dh0).
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3.3. Description of Research Procedures

Section 3.3 describes the dimensions of travel \aeba and urban form to be
collected and tested as part of this study. Thecgen of case study areas along with
a description of each case study area is thenmese The household questionnaire
and its development are then discussed followeda lgiscussion of sample size
considerations, sampling method and finally theadabllection undertaken is

described.

3.3.1. Selected Travel Behaviour Dimensions.

As discussed in the literature review, many studiesve used measures of
connectivity or accessibility as proxies for measuof either urban form or travel
behaviour. This study will utilise measures of maletravel behaviour with a

particular emphasis on car use. Distance driveodnyer household for all purposes

will be collected and analysed as part of this wtud

The survey therefore required questions on annisthrice driven for the cars
available to the household and also an activityydiallecting data for the respondent
over a number of days. The survey and activityydeae discussed further in section
3.3.6 and are shown in Appendix F. The surveg akked how, compared to three
years previous, their car use had changed, exptessa five-point likert scale from a

lot less to a lot more.

It is also worthwhile noting that there are differevays of measuring car ownership.
The most commonly used dimension of analysis inlitieeature is the number of

vehicles owned, then some measure of the type luithkeesuch as make or model or
fuel type (Bhat et al, 2009). In this study themtner of cars available to the
household currently and previously will be recordéuhg with the type of vehicle. It

is believed that the number of cars available te ttousehold, currently and
previously, is something that the respondent wallable to easily recall addressing

the potential difficulty with retrospective recalirveys.
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3.3.2. Urban Form Data Sources

This study is based in Scotland. For cities intoal there are a number of different
sources of data that could be useful in developitigin form metrics that may be of
use to this study. For example, various layersntdrmation from the Ordnance
Survey (2008) are available. This gives the larabf all addresses as points, shows
an indication of land uses and also gives the mgldootprints, edges of footways,

roads etcetera.

Aggregate information on built form is also aval&abrom the census at various
geographies for all of the study areas indicatingusations, housing types etcetera.
Data can also be collected by means of a visuakeguas well as collecting some built
form measures by means of a postal survey. Alddtdiscussion of the data sources

available to this study is presented in Appendix E.

3.3.3. Selected Urban Form Dimensions

While it would be advantageous to test as many d#was of urban form as possible,
there are many constraints, such as the level taf @aailable for the study areas and
the time/budget constraints of the project. Thectisn aims to show those
dimensions that are considered useful in termsheir tpossible ability to relate to
travel behaviour or car ownership, based on prevresearch, while being practicable
to derive in terms of the constraints of the progaad available sources of data, and

being of use to planners and decision makers.

It should be noted that measures of the same dioreas different scales may not be
independent of each other, thus the same dimemseasured at different scales will
not be entered into any model at the same times iShdiscussed in more detail in
Chapter 5.
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The dimensions of urban form used were not onlytf@ current address of the
respondents, but also for their previous residemhdeation in the cases where the
respondent had recently moved house, which fornthan constraint as to the

dimensions of urban form suitable.

Density

Residential population density is the most freglyaimded dimension of urban form in
the literature and has been found to be signiflgaam$¢sociated with various travel
behaviour in some of these studies as describethenliterature review. It is
hypothesised that, based on the findings of theralitire discussed, that density
influences car ownership and travel behaviour mumber of ways as presented in the
causal path diagram represented in Figure 3.1.siBeis hypothesised to affect the
transport system. Higher density areas are belidgebe easier served by public
transport than more sparsely populated areas. ediglensity areas are also
hypothesised to suffer from more road traffic catgs. Density is hypothesised to
affect the location of activities although thisailso related to land use mix. Higher
residential densities could make other activitiesenviable. Measures of density will
therefore be made at two different geographiess@e@utput Area and Census Area
Statistic Ward level. Ward refers to a Census Atzistic Ward for Scotland. This
is a geography based around electoral wards bue mpdrom a number of output
areas with a total residential population of apprately 7,000. Output Area refers to
the smallest census geography available, with ideespopulation of approximately
100 people. Residential population densities waained from the UK census
undertaken in 2001.

Land Use Mix

The ways of defining land use and mix vary grefithyn study to study as can be seen
in the detailed descriptions in Appendices C and@ten the area of land designated
for two groups of different uses are compared witlch other or with measures of
population in the area (Song, 2002). Others usanbas of jobs and populations
within an area (Ewing, 2003; Cevero, 2002; ZhaoQ®0Peng, 1997). The
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categorisation of land to any particular use alagoes greatly. Hess et al (2001)
reviews measures and categories of land-use-mik isthe literature, and suggests
that land uses should be categorised into complEnegroups such as retail and
services. It seems likely that the mixture of hemdustry to agriculture in an area is
unlikely to have a substantial direct impact orvétebehaviour, whereas the balance
between the population (or proxies for it) and nueas of land uses to which
residents are likely to travel to regularly (emptmnt in particular) is believed to
have a larger effect. As such, land use mix is tyg®sed to affect travel behaviour
and car ownership. Increased land use mix shdwdthe definitions set out in
Chapter 3, be strongly associated with the locatiactivities. It is also likely that
more mixed patterns of land use will relate to thgportunity that the activity
locations offer, with more mixed land use relatiioghigher retail floor space and
office units compared to residential land use fgareple. It was decided that
measures of the mix between residential land usdseanployment land uses were
most important in the analysis of urban form travehaviour relationships based on
the findings of similar studies cited in Appendicgsand B, as employment could
encompass a range of non residential land usegraptbyment related travel makes
up a large proportion of all travel in the UK. Rhbis reason, the proportion of jobs to
resident population will be used as a proxy for itig between these two land uses.
This study is focussed on travel behaviours of feedpence it is felt that the balance
between trip generating and trip attracting landsuwill relate to travel behaviours.
Land uses that are not likely to be trip generaborattractors such as agricultural land
are unlikely to relate to travel behaviours of desit of a particular area. Given the
problems discussed in the literature review ofrdef suitable land use mix metrics
which contain more than two categories of land tise,ratio of jobs to population
was felt to be a good proxy for the mixture of tgenerating land uses (residential)
and trip attracting land uses (office, retail, lges education etcetera). This measure
will be taken from census obtained in 2001 agaiaraOutput Area and CAS Ward
level. While it is accepted that such a proxy l&rd use mix may not be the most
applicable for policy makers, it is not easy fasmaall (or single) measure of land use
mix directly to be developed that reflects the haéabetween employment land uses
and residential land uses. Also, data on landitsed are less readily available and

considerably more onerous, expensive and time coimguto collate compared to
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using data from the census in this way. Census idadlso fairly standard across the
whole of the UK and while the case study areakimstudy are all based in Scotland,
urban form metrics including any measures of mixeh# be collected for the
previous residential locations of those who haveemdy moved house. It was
expected that a proportion of those who have mawetie Glasgow and Edinburgh
will have done so from the other parts of the UKand use categorisations are not
standard across the UK which is another reasonaghgus data used as a proxy for

land use mix is preferable in this instance to @adand use mix measures.

Housing Type

As mentioned in Appendix C, housing type has ntérobeen tested in the literature,
possibly because information has not been gatreredhousehold level. Data were
collected on housing type through a household sueag part of this study. The
housing typology the respondent currently and jnesly lived in was collected as
opposed to measures of the proportions of diffehenising types in these areas. The
questions used to gather this information are dised later in section 3.8.8. It is
possible that the type of housing relates to trdefaviours through a number of
mechanisms such as a lack of cycle storage anpacking facilities in tenements or
flats causing lower levels of car and bike owngrsand use and greater use of

walking and public transport.

Distance to Urban Centre

The Euclidean distance from the residential locatmthe centre of the nearest urban
area was collected. The nearest urban centrehforcase study areas was either
Glasgow City Centre or Edinburgh City Centre; hoarg\the nearest urban area for
previous residential locations was defined as beingettlement with more than
10,000 inhabitants as set out by the Scottish Brexi(2004). Distance to urban
centre could relate to travel behaviours througbvigion of public transport which
tends to be greater closer to urban centres, shaigiances to employment and other

land uses or increased congestion deterring car use
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Urban / Rural Classification

Similarly it could be hypothesised that it is nayothe distance to the urban centre
that helps determine travel behaviours but alsesibe of the settlement in which the
household is located. The Scottish executive iflasghe degree of urbanisation of
all areas of Scotland (Scottish Executive, 200@ata was therefore gathered on the
classification of the current and previous resigdérbcations of respondents. Given
that the study areas are all within large urbamsa@ Scotland the previous urban
rural classification is of most interest in the dindinal analysis of change in urban
form and change in travel-behaviour/car-ownershighile the data set applies only
to Scotland, the previous residential locationhaise respondents who had recently
moved from other parts of the UK were assignedn® of the urban/rural categories
using the definitions set out by the Scottish Exigeu(2004). This is because the
urban/rural classification system used in England Wales (Statistics, 2004) differs
to the Scottish categorisation. Scottish Executiviean Rural Classification is made

up of the following eight categories.

Large Urban Areas - Settlements of over 125,00pleeo

Other Urban Areas - Settlements of 10,000 to 1Zb#bple.

Accessible Small Towns - Settlements of betweel®@®8nd 10,000 people
and within 30 minutes drive of a settlement of 00,0r more.

Remote Small Towns - Settlements of between 3,0@018,000 people and
with a drive time of between 30 and 60 minutes setlement of 10,000 or
more.

Very Remote Small Towns - Settlements of betwe®0@and 10,000 people
and with a drive time of over 60 minutes to a setgnt of 10,000 or more.
Accessible Rural - Settlements of less than 3,0806ple and within 30
minutes drive of a settlement of 10,000 or more.

Remote Rural - Settlements of less than 3,000 peapdl with a drive time of
between 30 and 60 minutes to a settlement of 10a@ore.

Very Remote Rural - Settlements of less than 3 &fple and with a drive

time of over 60 minutes to a settlement of 10,00More.
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The size of settlement for those respondents whlonfiaved from England or Wales

to the case study area was recorded from Commsi@itid Local Government (2001).

Distance from home to place of work was also ctéiédor the respondents and their
spouse/partner, along with the availability of pagkat the place of work. Drive

times were determined using Google Route Plan@g&ner urban form measures such
as access to a private garden were also colleotefither analysis not presented in
this thesis. See Jenks and Jones (2010) for detaifmw some of this additional data

was used.

It was believed that these urban form dimensionsewiee most useful in describing
the aspects of the built environment most likelyaffect travel behaviour or car
ownership based on the literature. They are aatively simple in terms of their
definition and are based on readily available daiarces and as such simple for
planners and policy makers to implement. The dseadily available data sources
such as the census or easily computed metricsagutite distance to the nearest urban
centre was essential given that the previous resaldocations of those who have
recently moved home were unknown and as such nmesasalying on less readily

available local data sources or site surveys wet@racticable.
The data that were required in order to addressdabdearch aims and objectives are

summarised on the following pages with the soumieslata as discussed in this

chapter and elaborated upon in Appendix E.

76



Urban Form
Current
Housing Type,
Residential Population Density (persons per hetare
Jobs to Population Ratio (jobs divided by residdngopulation),
Distance to Urban Centre,
Distance from home to place of work for respondent,
Distance from home to place of work for respondepértner/spouse,
Previous (or change since recalled date)
Housing Type
Residential Population Density (persons per hegtare
Jobs to Population Ratio (jobs divided by residdngopulation),
Distance to Urban Centre,

Distance from home to place of work for respondent.

Travel Behaviour/Car Ownership

Current
Vehicles available to household,
Annual mileage of vehicles available to household,
Date vehicle acquired,
Age, make and model of vehicles available to hoolskh
Mode of journey to work.
Previous (or change since recalled date)
Change in car use,
Change in car ownership,
Previous distance to work,

Previous mode of journey to work
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Socio-Demographic/Other
Current
Household Income,
Age of respondent,
Household structure,

Gender or respondent.

Previous (or change since recalled date)
Change in income,

Change in household structure,

Changes between previous and current are expréssadrent minus previous for
scale variables. For those who had changed honod docation an analysis could be
made of how changes in these metrics are relatediysubsequent reported change
in travel behaviour. Section 3.3.8 describes thesbkhold survey questions used to
gather such information and Chapter 4 providestaildd description of all variables
for which data were collected. Figures 4.2 andshBw all variables collected and
used in the analysis presented in this thesis dmtuthe units of measurement for

scale variables and the groups used for categaécalbles.

3.3.4. Selection of Case Study Areas

The case study areas were selected as part ofex v@slearch project undertaken by
the CityForm consortium (City Form, 2009). Seek3eand Jones (2010) for details

of the overall programme of research.

As was highlighted in the literature review, manydses have been carried out on
case study areas such as neighbourhoods thatesnsdlves defined by the researcher
based on their urban form. The definition of catedy boundaries based on the
explanatory variables being tested is statisticajlyestionable and could lead to
skewed urban form measures. Defining study boueslarsing urban form metrics
may overstate differences in urban forms and exaggesdge effects. Arbitrary
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boundaries not defined specifically by urban forratmes are preferable such as a

grid system or use of electoral or census bounslarie

The study areas were selected to be of a similpulption size but represent a range
of different urban forms within each case studyhea than representing a single
urban form typology each. It was felt that Glasgamd Edinburgh would provide
interesting case studies due to the number ofrdifiteurban and suburban typologies
from different time periods reflecting the rangeuoban typologies that are present in
the UK today. For a review of urban and suburlypolbgies in Glasgow, Edinburgh
and other UK cities see Frey et al (2005).

The case study areas selected for this study iadlah inner urban area, suburban
area and intermediate area from both Glasgow amtbkdh. Each case study area
included at least 2000 households, a mixture al lases, various housing types, and

nearby public transport (Jenks and Jones, 2010).

3.3.5. Description of Case Study Areas

The following descriptions give an overview of theilt forms, socio-demographics
and other characteristics of the case study areldsw the socio-demographics
etcetera of the areas compares to the nationahgeeiis not discussed in this chapter.
This issue is discussed in more detail when consigléhe responses to the survey in
Chapter 4 but it should be noted that this studgxplanatory, to help understand
whether and in what way urban form influences tréebaviour; it is not a simulation
study. Therefore, a range of urban forms and trbgkaviours need to be collected,
not necessarily reflecting the exact proportiongnfb in the wider population. If
inferences about the impact of changing the urbam in a particular area were to be
made from the results of this study, weightings Midwave to be applied to the data to

reflect that area. The six case study areas wefialag/s:
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Glasgow Central — Anderson area of Glasgow

Figure 3.3 Photograph of Glasgow Central Case Study (Jenks and Jones, 2010).

Figure 3.4 Detailed Map of Area (Jenks and Jo

The area as shown in Figure 3.4 lies to the ndrtheRiver Clyde including areas to
the centre and southeast of the city centre. Téa appears large geographically due
to the boundaries of some of the output areasarcémtre of Glasgow which contain
large numbers of commercial properties but litHsidential population.
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The area contains various built forms with highenglty newer flats being located
closer to the city centre and along the River Clyalder refurbished tenement areas
in the gentrified Merchant City area of the citydat980s and later family terraced
and semi-detached housing to the east of the sttely The study area is served by
various public transport routes including the Gtaggsubway system, mainline
railway stations and terminals and bus serviceswasld be expected in the city

centre.
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Glasgow Intermediate — Pollokshields

Figure 3.5 Photograph of Glasgow Intermediate C3tsely Area (Jenks and Jones,
2010).

Figure 3.6 Detailed Map of Area (Jenks and Jon@sQR

The area as shown in Figure 3.6 lies to the SoftitheoGlasgow City Centre. The
area is made up of a number of large detachedsyillaany of which have
subsequently been converted into flats to the westudy area. To the east of the
study area, the majority of buildings are tenenmsgte buildings many of which
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include commercial uses on the ground floor witte¢hlevels of housing above. The

area is culturally diverse and has a high poputadiensity.

The study area is served by various public trarisprtes including the Glasgow
subway system to the north of the study area, inamhilway stations around the
edge of the study area and bus services. The ityapir this public transport
provision is radial in nature linking the area ttasgow city centre. The area is also
bordered by the M77 motorway to the West.
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Glasgow Outer — Darnley

Figure 3.7 Photograph of Glasgow Outer Case Studg Alenks and Jones, 2010).

Figure 3.8 Detailed Map of Area (Jenks and Jon@sQR

The area as shown in Figure 3.8 lies to the Sou@lasgow. The area is bounded by
the M77 motorway to the east and the railway lme icentral Glasgow to the North.
In addition to the rail services into central Glasg bus services are operated
throughout the study area, predominantly also tas@w City Centre. The area
while suburban in location, includes various urlfi@ms such as newer detached and
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semi detached family housing, mid to late twentiedntury, high density, deck
accessed flats and tenements. The area to thedMbs study area is in the process
of being demolished. The area includes large btwwen shopping centres including
a large supermarket and other large format shase ¢b the M77 motorway.
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Edinburgh Central - Dalry

Figure 3.9 Photograph of Edinburgh Central Casdysfuea (Jenks and Jones, 2010)

Figure 3.10 Detailed Map of Area (Jenks and Ja2@E)).

The area shown in Figure 3.10 borders Edinburghaghtre and lies immediately to

the south west of the main shopping and leisuréreai the city. The study area has

good public transport connectivity to the city genvia local bus services and rail

services. The area is also well connected to qtheis of Scotland via Edinburgh

Haymarket rail station. The area is also closeht major financial employment

centres of Edinburgh such as the Exchange. Tleismade up of a mixture of built
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forms with older tenements, colonies (terraced Bsuwith each floor having an

entrance into the street at one side of the bigldimy) and more modern apartments.
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Edinburgh Intermediate — Restalrig

Figure 3.11 Photograph of Edinburgh IntermediateeCatudy Area (Jenks and Jones,
2010)

Figure 3.12 Detailed Map of Area (Jenks and Ja2@E)).

The Intermediate study area of Edinburgh lies ® Mortheast of Edinburgh City

Centre as shown in Figure 3.12. The study arbssexted by the East West mainline
railway. Largely post-war housing with approximgtiealf being flats and half made

up of semi-detached and detached housing (Jenk3cmas, 2010).
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Edinburgh Outer — Corstorphine

Figure 3.13 Photograph of Edinburgh Central Casel\sArea (Jenks and Jones,
2010)

Figure 3.14 Detailed Map of Area (Jenks and Jaz2@E)).

Study area shown in Figure 3.14 lies to the We&dhburgh. Compact and largely

residential in nature with a large proportion otadded and semi-detached houses
with private gardens. A major arterial road rurest2West through the study area
along which buses into and out of Edinburgh Citytoe and other destinations run

(Jenks and Jones, 2010).
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3.3.6. Household Questionnaire

A postal survey was carried out in the six casdysaureas in order to gain information

on current and previous behaviour, urban form aeibseconomics/demographics.

The survey was a mail-out mail-back self complesarvey. A copy of the survey is

included in Appendix F.

Households were asked questions about their cuarehprevious residential location,
socio-economics, car ownership and travel behavaowongst other questions. This
was to enable analyses to be carried out on eattteddur questions listed at the start
of this chapter and answer the overall researcrstoues of whether urban form

influences travel behaviour and car ownership eui«.

The survey was designed in accordance with goodtipeaguidance (Ampt and
Stopher, 2006). A precursor letter was be senttoueach of these addresses
explaining that they would shortly receive the diogsaire, informing them of what
they needed to do, as well as giving them somedraakd to the research and means
by which to contact the research team should thisk their addresses to be removed

from the study.

As an incentive to encourage a greater responsgft 4ouchers for Marks and
Spencer (department store) to the value of £50 wieeed as a prize draw for those
who completed the survey. The four winning resmotsl were randomly selected
from the cleaned list of respondent addresses.

The survey asked a householder to complete a quesire about themselves, their
household and their partner/spouse if also livihghe address. A copy of the
guestionnaire, precursor and follow-up letters iatuded in Appendices F and G
respectively. A four-day activity diary was alswluded in order to carry out further

analysis not described in this thesis. In ordertfe respondent to complete the
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activity diary, a map and list of locations was oalscluded tailored to either

Edinburgh or Glasgow as necessary.

The survey asked the respondent how they felt thegrof the car had changed since
the end of 2002. This date was chosen to coinwittethe property sales data, which

showed all properties that had been sold sincerikdeof 2002. The survey also asked
whether or not the respondent had moved house gircend of 2002, and if so, what
their previous address was and what type of bugldiey occupied at that address in
order to capture those people who had moved butemhe property sale had taken
place, such as those people living in rented accodation. From this response, it
was possible to determine if the respondent hadeshtdme and if so where from. It

was then possible to compare the urban form ottimeent and previous address and
any change in travel behaviour over the same perfdvdull list of questions can be

seen in the copy of the questionnaire includedppéhdix F.

The names of householders were not available fraherethe property sales or
Ordnance Survey data set, so the survey was aédréssThe Householder”. The
surveys and letters had a unique code includededitlg, which allowed the response
to be linked back to an address. To ensure andpytio separate databases were
developed and stored separately, one which incltliednique reference number and
survey response data and one which included tlguameference number along with
the address and post code. Urban form data ctvdd be added to the survey
response database by using the address databaseoksip table. In order to comply
with data protection requirements, an assurancegivas to the respondent that the
data would only be used for the purposes of rekearould not be given to any third
parties not involved in the research and data wouly be published in aggregate
form to ensure anonymity. The survey design wasrgithe approval of the ethics

committee of Strathclyde University.

Prior to the data collection exercise, a number ddferent versions of the
guestionnaire and activity diary were developedaclEversion was a variation in
length, format, type of activity diary and formaidiestioning. Various versions of the

questionnaires were tested amongst small groupsd¥iduals involved in the
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research project to determine the time requiredoimplete the survey, whether the
questions were easily intelligible, if there wergyarrors in the survey and to give
some small indication of the range of responsesnoMerrors were discovered and
amended. The activity diary proved to be the nuifficult aspect of the survey in

terms of intelligibility and also required a considble amount of time to complete.
The activity diary asked the respondent to recasdoh her activities and associated
travel for a specified four day period to includettba weekday and weekend. The
dates for the survey to be sent out were carekdlgcted to avoid school or other
holiday periods so that the travel could be consideisual travel behaviour. The mix
of weekday and weekend travel was designed to ermbér analyses not reported in
this thesis to be undertaken. A decision was takerkeep the more personal
questions on income and household structure towhedend of the questionnaire. It
was felt that these questions might dissuade sauopl@ from responding. However,

having already completed the majority of the survefore reaching these questions it
was hoped that the respondents would continue gpl=ie the survey. At the very

end of the survey was the activity diary. Thisingethe most onerous part of the
survey was felt most likely to dissuade people fr@sponding, so was kept to the

end of the survey for the same reason.

The overall method of data collection (mail out,ilneack self completion survey
with precursor letters) was tested through an erarbund of data collection carried
out by the City Form consortium in the case studbas, partial results of which are
presented in Jenks and Jones (2010). Those hddseflaoo had been targeted in this
earlier round of data collection were excluded frira list of addresses used in the
data collection exercise presented in this thesifis was done to maximise the
response rate as it was felt that having two sakistaquestionnaires in a fairly short
space of time might lead to a certain degree aofjdat This earlier data collection
exercise helped to inform the data collection prtet here in term of likely response
rates and the logistical problems associated wvatihymg out a large scale mail out,

mail back survey of this kind.

A draft version of the survey was trialled on a tamne of undergraduate and
postgraduate students in the Department of Civijikgering at Strathclyde. This
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helped fine tune the questionnaire and also praoviddarger trial data set to be
developed in order to gauge the range of respomseéshe time taken to input the
data into a database. A balance had to be stretekelen how long and onerous it was
complete the survey and the richness of the dataegal. An approximate
completion time, determined through the pilot, @frhinutes for the final version of

the survey was considered acceptable.

3.3.7. Sample Size Considerations

Without knowledge of the range of responses, tloairacy of the measures of travel
behaviour and other socio-demographics, and ddtaiewledge of the specification

of any analytical model, it was not possible toedetine the size of sample required.

It is worthwhile recalling that the study was desd to be explanatory in nature and
not to represent the travel behaviours of the peoplGlasgow and Edinburgh. If it

were, then there would have been further sampke cinsiderations. If the sample
size were not great enough it could lead to thd hypotheses being wrongly

accepted, depending on the level of statisticafidence used.

Power analysis is a useful tool in helping to deiee the minimum sample size
required to test a hypothesis to a particular degrfestatistical confidence. Along
with the degree of statistical confidence, the powfea statistical test depends on the
size of the effect of the independent variable ¢peasted. In the case of this study, it
would refer to the expected magnitude of the efééadensity and other urban forms
on car ownership and vehicle miles driven. Since ipriori knowledge exists of the
effects of each independent variable, power aralgiuld be difficult to utilise in

this instance.

Tabachnick and Fidell (2007) suggest that as g thke sample size should be 104
plus the number of independent variables to beided in any regression analysis.
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Garson (2010) suggests another popular rule of bhisrthat there must be at least 20
times as many cases as independent variables osjnfy stepwise regression, the

sample size should be 40 times the number of it variables.

While the precise number of independent variables wot known nor had the
method of entering the variables into any regressmdel been determined at this
stage, these two rules of thumb would suggest pleasize in order of between 114
and 400. With an estimated response rate fromasistudies of 18%, approximately
2,200 households would need to be included in timeey to achieve the largest of

these sample sizes.

3.3.8. Sampling Method

As previously mentioned six case study areas waleeted. Within each case study
area it was necessary to have a number of resptndd had and who had not

moved home in the preceding three year period.

Property sales data were obtained from the RegistfeBcotland for all property sales
over a preceding three-year period (late 2002 tby €06) in the six case study
areas. All addresses highlighted as having belehisohe previous three year period
were selected for possible inclusion in the datkection exercise. Addresses which
appeared commercial in nature were removed, as iweoenplete addresses which
usually appeared to refer to land being sold or residential properties that had not
yet been allocated a full address leaving 172tesgial addresses where a sale had
taken place. Addresses which had previously beatacted by the study team were
also removed. Given that approximately doublerthmber of sales had taken place
in the Glasgow central case study area comparadyt@f the other study areas, only
half of the available addresses where a sale Haghtplace were selected for the

study.
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The final number of addresses selected where ahsale¢aken place in each of the

case study areas was:

Edinburgh Dalry, 351 addresses

Edinburgh Restalrig, 212 addresses
Edinburgh Corstorphine, 182 addresses
Glasgow Central, 363 addresses
Glasgow Pollokshields, 372 addresses
Glasgow Darnley, 208 addresses

To this database, further addresses were added thenMastermap Address Point
Layer from the Ordnance Survey (2008) after thaddresses contained within the
database of movers, those addresses which appe@aredercial in nature and those
addresses previously targeted by the study teanbbad removed. Approximately
double the number of non-sales addresses compatbe sales addresses was added
to each case study area. A total of 2,495 adsessee selected and had survey
questionnaires posted to them, of which one thiedenaddresses where no sale had
taken place and two thirds were addresses wheaéeehad taken place in each case

study area as follows:

Edinburgh Dalry 522 (Sales = 351 Non Sales = 171)
Edinburgh Restalrig 346 (Sales = 212 Non Sal&34)
Edinburgh Corstorphine 264 (Sales = 182 Non Sake®)=
Glasgow Central 518 (Sales = 372 Non Sales = 146)
Glasgow Pollokshields 514 (Sales = 372 Non Salké2}
Glasgow Darnley 332 (Sales = 208 Non Sales = 124)
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3.3.9. Data Collection

Precursor letters were sent out to each of the52atfiiresses explaining that they
would shortly receive the survey, informing themwdfat they needed to do, as well
as giving them some background to the researchreeahs by which to contact the
research team should they wish their addressesetoelmoved from the study
(Appendix G). A number of these initial lettersrevgeturned address unknown or
unavailable, and 12 people asked for their addsesd&e removed from the survey
mailing list. On the 12 June 2006, the surveys were mailed out to alleizofsiresses
that had not otherwise asked to be removed fromntlading list or where the
precursor letter had been returned address unkndwa.travel diary requested that a
householder complete the diary from Thursday tHe dfSJune to Sunday the 1 &f
June 2006. The mail out date of.une was designed to allow up to three days for
the surveys to arrive at the households, with ragpected to arrive the following day

sent by first class post.

On the 28 of June a reminder letter was sent to those asesethat had not
otherwise responded and a number of replacemeneysimwere also mailed out on
request. The reminder letter asked the respondent to complet travel diary from

Thursday & July to Sunday '@ of July. Details of the response rates can baddn

section 4.1.

The survey was coded up manually using SPSS datamonde. The activity diary
was coded up by students of Strathclyde Universismg a form created in SPSS
data entry mode. The form used to code the agtilv@ry and also the field set-up for
the survey data entry allowed for some basic chexhse carried out while entering
the data. For example, the alpha numeric formaiostcodes was specified to ensure
the post code being entered was of the correctdgriimes of activities could be
checked and a small number of logic checks coulth&de such as checking whether
the respondent stated they had previously movecchmmmot and whether or not they

then entered a previous residential address.
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In addition to these checks, a certain amount afiuvabchecking and completion of
the data was required. The most common of thesemehecking the post codes for
work place addresses and manually entering thesalyfthe address had been given
without a post code and also entering the age efvéhicles if only the registration

letter had been given.

Urban form data were collected from the Office @tiinal Statistics along with data
on socio-demographics from the census availableugiut area and ward level as
previously described. Urban Rural classificatiovere obtained from the Scottish
Executive for current residential locations or poe locations in Scotland and
determined using the method set out in Scottishcikee (2004) for previous

residential locations in the rest of the UK. Na@\pous urban form metrics were
collected for residences outside of the UK due tlack of easily accessible and

comparable data sources.

3.4. Summary of Research Hypotheses and Methods.

Six case study areas were selected, three in Glaggd three in Edinburgh to reflect
a range of different urban forms found Scottiskesit Within each case study area,
residential addresses were selected includingfarigportion where a sale had taken
place in the previous three year period. By siglgctuch addresses in the case study
areas, data could then be collected that wouldlertab hypotheses of this study to
be tested that Urban Form and Car Ownership haeetdffects on Travel Behaviour
and that Urban Form has direct effects on Car Osimer The hypotheses were
developed from a wider causal path model develgmed result of the review of
findings in the literature. A mail out mail backrgey was designed to capture travel
behaviours, car ownership levels and socio-demdagapat the current time and
recalled from three years previously. Dimensiohsrban form were specified based
on the availability of data, findings from the tis#ure and use to urban planners.
Dimensions of travel behaviour and change in trabathaviour were specified in

order to capture household travel by car for allj@y purposes.
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4. Descriptive Statistics

In this chapter the results of the data collectéoa presented and discussed. The
response to the household survey is also showsholtild be borne in mind that the
point of the study is not to describe the poputatd Scotland or the case study areas
but to understand motivations behind behaviourseoént movers and non movers
with regards to their travel behaviours and car @whip levels. If it were to describe
the populations of the case study area or Scotldnash greater consideration would
need to be made of the representativeness of theeyssample and weightings
applied accordingly. The sample should be consttlexs representative of movers
and home movers in the 6 case study neighbourhaagls The implications for any
conclusions drawn from this study are then disalis3éde chapter then presents basic
descriptive statistics regarding the urban fornavet behaviour and other data
collected for the responding households. Somenpirery cross-tabulations are then
presented and discussed which help to identifyipleseelationships between the data
collected which is then tested in the multivarigtatistical analyses presented in
Chapter 5.
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4.1. Survey Response Data

A total of 281 completed surveys were receivedaspnting a response rate of 12%
after the 211 addresses where at least one ofetierd was returned as address
unknown were deducted from the total. Table 4.Ekrleaf shows the sample
population, the number of addresses where the guoveother mail outs were
returned address unknown and the number of resptsdeeach of the 6 case study
areas. Those addresses for which one of the mtsl-was returned “address

unknown” were removed from the database for thieviehg mail-out.
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Glasgow
518 39 34 20 49 10.1
Central
Glasgow
. 514 57 52 49 71 15.4
Intermediate
Glasgow
332 1 0 0 25 7.5
Outer
Edinburgh
264 24 6 13 46 17.8
Central
Edinburgh
_ 522 59 53 45 50 11.2
Intermediate
Edinburgh
346 0 0 0 40 11.6
Outer
SUM 2496 180 145 127 281 12.0

Table 4.1 Survey Response Data

The response rate varied from 7.5% in the GlasgateiCrase study area to 17.8% in
the Edinburgh inner case study area. While theradsons for the differences in
response rates is not know, it is possible thatldne response from the Glasgow

Outer area could be due to the higher levels canelbousing found in the area.
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Given the burden involved in completing the sureey activity diary the response
rate is within the range achieved in similar stadsach as the 11% response achieved
by Kitamura et al (1997) or 12.6% by Xing et al 12) although admittedly towards
the bottom of the range. The 280 responses is begsstill within the same order of
magnitude as the 900 households that Cervero apd2088) based their current and
retrospective recall study on, and greater than 8Berespondents used for a
longitudinal travel study by Kenyon (2009). It st be noted that the various “rules
of thumb” previously discussed that are used t@ ligltermine appropriate sample
sizes for regression analyses of this kind suggpsiple sizes of between 114 and 400
as a minimum. However, that the sample size idlentaan 400 does not necessarily
mean that there is a lack of data as previouslgudsed. High unit and item non-
response rates can be associated with two problemsesentativeness and statistical
power. The problem arises if there is an undeglyimason for the lack of response
which correlates with the answers that would beigisFor example, the low response
rate in this example might not be an issue if treeson for the non-response were that
the respondents were too busy to respond as thiklvypoobably not be related to how
the respondent’s travel behaviour and car ownerahgpinfluenced by built form.
Similarly, if fewer working age people respondednpared to retired people, this
would not cause a problem as this data is colleictede survey and hence accounted
for. However, if the respondents did not wishéepond because they felt that there
travel behaviours were excessive, given that theeyehmany alternatives, the non-
response would introduce bias into the data catecto account for the item non-
response it is possible that an explanatory modeieldped through regression
analyses, could be used to predict the outputhfertem that was not responded to if
a subsequent simulation of the total populationewquired, although this is not
within the scope of this study. It should be nateat the questions in the survey were
written to be as factual as possible and not eraptiv try to reduce the possibility of
item non-response due to unobserved factors. irtadl sesponse rate does however
present the problem of larger standard errors & rdgression modelling, which
makes it more difficult for explanatory variables be found to be significantly
different from zero. Statistical methods are diégct in Chapter 5 which are suited to
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dealing with relatively small datasets of this kiwdh a 10% level of significance set

as a threshold to reflect this smaller sample size.

While it is obvious that the characteristics of tkepondents differ in some respects
from those of the general population of Scotlarelghrpose of this research is not to
try to simulate or explain the behaviour or car evehip of the population of
Scotland. The purpose of this study is to inveségelationships between measures
of urban form and travel behaviour or car ownershifhe context of Scotland, with a
focus on people who have moved home, which is desbloit important difference.
This aim is to understand the determinants of Vehidles driven and car ownership
and changes in both as a response to urban relncafis such, it is important that a
range of urban forms, travel behaviours and contactors are gathered. For
example, it is important to have a good numberespondents living in a detached
house if any analysis is to be undertaken of hewmdiin a detached house relates to
vehicle miles driven, regardless of whether or adtigh proportion of residents of
urban Scotland live in a detached house. Theséhare modelled as described in
Chapter 5 to ascertain whether there is a stalitisignificant association between
such measures, not in order to describe the ovémltlaviour of the Scottish

population.

The following two tables (4.2 and 4.3) present dpfige statistics on variables

collected in the household survey or, where shatade been imputed from other
data sources as described. This gives an indicafidhe range, spread, frequencies
and counts for those variables relevant to thidystdata collected for other analyses

not presented here are omitted.
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Variable Name (question) Response Categories Count %
Current Accommodation Detached 29 10.7%
Q- A1) Semi-detached 35 | 12.9%
Terraced 21 7.7%
In a tenement 94 34.7%
In a purpose built block of flats 70 25.8%
Part of a converted or shared house 15 5.5%
In a commercial building 7 2.6%
Previous accommodation Detached house 44 16.9%
(Q. A8) Semi-detached house 34 13.0%
Terraced house 30 11.5%
Flat, maisonette or apartment 153 58.6%
Previous Urban Rural Class | Large Urban Areas Pop> 125,000 212 | 84.8%
(QA8) Other Urban Areas Pop 10,000 to 125,000 19 7.6%
Accessible Small Town Pop 3,000 to 10,000 4 1.6%
Remote Small Town Pop 3,000 to 10,000 0 .0%
Accessible Rural 6 2.4%
Remote Rural 3 1.2%
Greater London 6 2.4%
Movers Non-movers 95 | 35.6%
Q. A8) Movers 172 | 64.4%
Current Car Ownership None 67 24.9%
Q. C1) One 145 | 53.9%
Two 51 19.0%
Three or more 6 2.2%
Previous car ownership None 69 25.9%
Q. C3) One 132 | 49.6%
Two 54 20.3%
Three or more 11 4.1%
Gender Male 109 | 40.7%
Q. F1) Female 159 | 59.3%
Current Employment Status | Employed, full time 150 56.4%
(Q. D1) Employed, part time 31 11.7%
Self employed/freelance 12 4.5%
Unemployed/seeking work 9 3.4%
Retired a7 17.7%
Looking after family/home 4 1.5%
Full time student at college or university 5 1.9%
Long term sick or disabled 7 2.6%
Other 1 0.4%
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Variable Name (question) Response Categories Count %
Previous Employment Employed, full ime 146 | 55.9%
(S(gatg;) Employed, part time 27 10.3%
' Self employed/freelance 13 5.0%
Unemployed/seeking work 6 2.3%
Retired 34 13.0%
Looking after family/home 7 2.7%
Full time student at college or university 24 9.2%
Long term sick or disabled 4 1.5%
Household Composition Married/ cohabiting couple with children <16 47 17.7%
(Q. F4) Married/ cohabiting couple with children >16 13 4.9%
Lone parent with children <16 8 3.0%
Lone parent with children >16 6 2.3%
Two or more adults living together unrelated 14 5.3%
Other 3 1.1%
Household Income Nil 6 2.4%
Q. F7) Up to £10,399 23| 9.4%
£10,400 to £15,599 23 9.4%
£15,600 to £20,799 25 10.2%
£20,800 to £25,999 21 8.6%
£26,000 to £31,199 22 9.0%
£31,200 to £51,999 68 27.8%
£52,000 or more 57 23.3%
Age of Respondent 16 — 24 21 7.8%
Q- F2) 25 - 34 75 | 28.0%
35-44 61 22.8%
45 - 54 45 16.8%
55 -64 29 10.8%
65 + 37 13.8%
Current Car Ownership None 67 24.9%
Q. C1) 1 145 53.9%
2 51 19.0%
3 or more 6 2.2%
Previous Car Ownership None 69 25.9%
Q. C3) 1 132 | 49.6%
2 54 | 20.3%
3 or more 11 4.1%
Change in Distance Driven A lot less 66 25.4%
Q. C10) A little less 34 13.1%
About the same 100 38.5%
A little more 25 9.6%
A lot more 35 13.5%

Table 4.2 Frequency Table of Categorical Data

All variables shown in Table 4.2 are taken diredilgm the survey except the

Previous Urban Rural Classification (shaded grey)ich was computed from any
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previous address stated in the survey and the URhamal classifications already
described in Section 3.3.3. The questions in threey to which the variable relate
are shown in parentheses. A copy of the questimmnaed can be seen in Appendix
F. For most categorical variables there is a gaode of responses, which is required
in order to carry out analyses that uncover therdghants or a change in distance
driven and car ownership; however, there are saaegories of responses to which
there are few responses. Only 7 respondents egpbving in part of a commercial
building, 6 respondents reported paying part rent part mortgage, 3 respondents
lived rent free and 6 respondents had access ¢e thr more cars. In terms of the
current employment status there were few people wported being unemployed,
looking after family, being a full time student,ibg long term sick or disabled or
“other”. In terms of household composition, fevependents reported being a lone
parent with children either less than or greatemtii6 years of age and only 3
respondents described their household composisciotaer”. Previous urban rural
classifications were primarily large urban aread ather urban areas. Having few
respondents to each of the categories mentionedesnakdifficult to determine
associations between these variables and vehides rdriven and car ownership.
Solutions to such problems include re-categorisingables or exclusion of some

instances from the analysis.

Similarly, not only is there little variability inthe response to a small number of
questions, it can be seen that the number of pemsdponding to each question
differs. The issue of missing data is importafmtere were only 83 respondents for
whom a full set of data as described in Tablesa#@ 4.3 was available due to non-
response to one or more question in the survey dBEscriptive statistics included in
Appendix H, give more detail as to those questiess frequently answered. It is
important to consider whether there were underlyiregsons behind groups of
questions not being answered that might affect sulysequent analysis. In this
instance, there appears to have been a certaihdefagigue in answering questions,
with those included later in the survey having Hslig lower response rates. Also,
questions which required some degree of recalhformation perhaps not directly to
hand, such as post codes of former workplaces, agpear to have slightly lower

response rates. It was therefore felt that themewo underlying reasons why groups
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of answers would not be given that might relatéhwtravel behaviour or urban form
of the respondent. In this case, the missing dataomitted. These issues are

discussed in more detail in Chapter 5, Analysis.
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Variable Mean Maximum Median | Minimum Star.‘df?“d Count
Deviation

Current Output Area density (N0. | 14 g5 | go184 | 61.37 257 10467 | 281

of resident per hectare)

Previous Output Area density (N0 | o500 | go184 | 64.86 01 11011 | 281

of residents per hectare)

cliaingie dn Ul aiEe DErsly 3.81 772.9 000 | -705.7 | 129.86 | 250

(current minus previous)

Gl HEME BIEREG) (e, @ 48.43 | 14347 | 4062 | 1696 | 2587 | 281

residents per hectare)

PIEVIOE LTS S EMENS7 (e, € 4836 | 14347 | 40.62 06 31.96 | 281

residents per hectare)

Change in Ward density (Current | , 550, | 12860 000 | 9753 | 29.09 | 250

minus previous)

Distance to current centre (m) 3133 8742 2591 0 2258 281

Distance to previous centre (m) 3865 110115 2859 0 7341 281

ClHEmze [ CIEEmES 1 EEne 712,65 | 8729 0.00 | -107275 | 7304 | 250

(current minus previous)

Current jobs:pop ratio 1.1044 11.8729 .3065 .1553 2.3435 281

Previous jobs:pop ratio .6542 11.8729 .3065 .1049 1.3489 281

CIENGS [ 123570873 D (Gl | R 11.74 000 | -11.65 233 | 250

minus previous)

Network distance from current

?kdrg;ess el el pees 8.17 170.59 2.90 .00 16.90 | 281

(QD3)

Network distance from previous

?Ifn‘f'l')ress B S WA LS 11.17 170.59 4.02 .00 2180 | 281

(Q D10)

Change in dist to work (current ) i

minus previous): (Q D3, D10) 2.46 92.22 0.00 79.66 16.46 209

How many people normally live at

this address? 2 16 2 1 1 281

(QF5)

Total household distance driven

(miles per anum) 9043 150000 6000 0 16179 281

(QC2)

Table 4.3 Frequency Table of Continuous & CountaDat

106




Table 4.3 describes the spread of continuous andtatata collected either directly
from the survey or computed from the response @cstirvey and other data sources.
Those variables shaded grey have been computedti®survey response and other
data sources. The urban form variables were cagdpusing the unique survey 1D
that was printed on each questionnaire. The sulegnabled the postcode of the
respondent’s current address to be linked to thparse. Using the postcode, census
data for the respondent was then computed. Outpesr and Ward density were
taken from the census Output Area or Ward in whinghpost code of the residential
address was situated, similarly for the previousidential location. Jobs to
population ratios were taken from the census datthe ward in which the residential
location was situated and was calculated as thebaurof jobs divided by the
residential population. Network distance fromrent address to current work place
was computed from the post code of both locations @oogle Maps, similarly for
previous residential locations and work places disthnces to current and previous
urban centres. Total annual distance driven Hey household is calculated by
summing the self reported annual mileage of allicteb owned by the household
from the survey. For each of the variables thera large range as required for the
analysis. It is important to present this inforimatas no conclusions can be sensibly
drawn about circumstances outside of these ranfeda@. For example, the
maximum distance to current urban centre includdtie dataset is 8,742m. It would
therefore not be sensible to draw any conclusidrmtathe likely effect of residing
more than 8,742m from an urban centre. Outliess @nsidered in Chapter 5,

Analysis.

Appendix H contains more detailed descriptive sta of the responses to each
individual question from the household survey hosvewt is useful to consider the
two variables being described by this study in naetil; car ownership, household
distance driven, and change in both.
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Figure 4.1 Distribution of Total Household Distarizeven (miles per annum)

Figure 4.1 shows the distribution of annual distadadven at the household level and
includes households who owned no cars and hence dtero miles. Of those
households that owned or had access to a car tiahkdistance driven followed a
positively skewed bell shape with a long tail te fhositive end of the range. While
the shape of the distribution is similar for movemsd non-movers, the annual
household distance driven for those who had redocaithin the previous three years
(movers) was higher than those who had not reldogten-movers). The median for
the movers was 7,000 miles per anum (mean of 8@ per anum) compared to a
median of 5,000 miles per anum for non-movers (nea$431). The inter-quartile
range for movers was higher than that of non moy&2s000 compared to 10,000
miles per anum). However, these differences wergelg due to the higher car
ownership levels of the movers subsample. Consiglemly those households who

owned or had access to a car and hence reportedistapce driven, the median for
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the movers was 9,000 miles per anum (mean of 13y8lES per anum) compared to a
median of 10,000 miles per anum for non-movers (mef13,974). The inter-

quartile range for both movers and non movers 9&s per anum.

100

75=

Count

A lot less About the same A lot more
A little less A little more

Figure 4.2 Distribution of reported change in disedriven by the respondent.

The reported change in distance driven relatefigéadéspondent only and not to the
household. The question that the respondent arsweas, “Compared to the end of
2002, how much do you use a car as the driver ssgrager at the moment? (Exclude
taxis)”. The phrasing of the question raises isagto how the respondent may have
comprehended the question. The intention was ito igformation on how distance
driven had changed over time, but it is possiblat tthe respondent could have
interpreted the question to mean how frequently tieve. Also, the ability of the
respondent to recall or judge how their distandeedr had changed is likely to be
imperfect. The current distance driven asks faruah mileage to be specified for all

cars owned or available to the household, whidkligo be relatively easy to recall or
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judge, however the ability of the respondent taliethese figures or judge a change
in distance driven is less reliable. It shouldréfiere be borne in mind that the
subsequent longitudinal analyses presented in €hpelate to the perceived change
in car use for the respondent.

As can be seen from Figure 4.2 there is no straaiteqm of distribution of the
reported change in distance driven. A large nundferespondents reported no
change in the distance driven and more respondeptsted a reduction in distance
driven than an increase. A higher proportion af-nwovers reported to have reduced
their car use either a little or a less (43%) thravers (35%). Conversely, fewer non-
movers reported an increase in car use, eithettla ¢r a lot, (14%) compared to
movers (29%). The most common response for batihnmavers and movers was that
their car use had remained about the same (43%8&¥despectively).

1507

Count

None One Two Three or more

Figure 4.3 Distribution of Household Car Ownership.

As can be seen in Figure 4.3 the current houseataldwnership followed a Poisson
shaped distribution with the most common level af ewnership being one car per

household (54%). The mean household car ownemshg slightly lower for non-
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movers (1.96) compared to movers (2.02) as a highsgrortion of non-movers had

no cars available to them (28%) compared to mo{a%o).

200.071

150.07

Count

100.07

50.07

Figure 4.4 Distribution of Change in Car Ownership.

The distribution of change in household car owniersihowed that the majority of

household (73%) had the same number of cars alaitabthem as they had three
years previously (Figure 4.4). A similar numbed kether increased or decreased
their car ownership level over the same time peride&n households had reduced
their car ownership by two and one household hagketifiewer cars than three years
previously. A difference emerges between moverd aon movers. Although

movers had a slightly higher level of car ownerghign non movers, on average they
had reduced their car ownership level by 0.11 cahgreas non movers on average
had increased their car ownership by 0.02 cars. aBdtovers had reduced their level

of car ownership, compared to 8% of non-movers.
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4.2.Correlation Matrices

The descriptive statistics presented in the presvsection and in Appendix H do not
give any indications of possible associations betweny variables. Accordingly this
section examines correlations between responsssn@ key urban form and travel
behavioural variables in order to gauge which exgiary factors might best describe
travel behaviours, car ownership levels and chamgdsoth. It also helps to give
some indication of the best geographies over whittan form might be defined in

the subsequent analysis.

Tables 4.4 to 4.7 following, give an indication tbe associations between various
pairs of variables. Through producing such coti@hamatrices it is possible to
highlight likely associations that can be testedodhh the subsequent analyses
presented in Chapter 5. It should be noted thatRkarson Correlation statistic
assumes a linear relationship between two nornaidiyibuted variables, which may
not be the case for each pair of variables predentethe two variables are not
normally distributed, the Pearson Correlation statiis likely to exaggerate any
correlation. The correlations are described inr feables to firstly demonstrate
correlations between pairs of urban form variabkes;ondly to show correlations
between pairs of socio-demographic variables, hitd show correlations between
dependent variables and lastly to show correlatioetsveen key variables from all
three groups. It should be noted that all cori@tst shown are pairwise correlations
(with pairwise removal of missing data) and as sdohnot control for any other
variables; thus any correlations may be spuriousndeed associations may exist
between pairs of variables if other variables avatlled for. The matrices are
presented to give an indication of the correlaton to help inform the subsequent

analysis only.
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Current accom Pearson Correlation - - *x w
type _ . 1 -.072 .158 251 -.563 244
Sig. (2-tailed) 266 | .009 | .000 | .000 | .000
N 271 243 271 271 271 271
Distance to work Pearson Correlation 072 1 057 | -080 | -024 | -080
Sig. (2-tailed) 266 376 | 214 | 711 | 212
N 243 243 243 243 243 243
dOeur:rS)il:;area Pearson Correlation 158" | -057 1 470" | -308" | -079
Sig. (2-tailed) 009 | .376 000 | .000 | .189
N 271 243 281 281 281 281
Ward density Pearson Correlation 251" | -0s0 | 470" 1 _383" | 200"
Sig. (2-tailed) 000 | .214 | .000 .000 | .001
N 271 243 281 281 281 281
Dist t b P C lati " - - -
conte o rban Fearson Horreiion -563" | -.024 |-308" | -.383 1 |-387
Sig. (2-tailed) .000 | 711 | .000 | .000 .000
N 271 243 281 281 281 281
.r];)t?os:populatlon Pearson Correlation oar” | -080 | -079 | -200" | - 387" 1
Sig. (2-tailed) 000 | 212 | .189 | .001 | .000
N 271 243 281 281 281 281

**_Correlation is significant at the 0.01 level (2-tailed).

Table 4.4 Correlation Matrix for Current Urban Fovariables.

Table 4.4 is useful in the detection of colineadtyongst explanatory urban form
variables at residents’ current addresses. Distancwork is included here for
completeness although is not, as such, a directsumeaof urban form. Those
correlations significant at the 1% level are highted by means of a double asterisk.
There were no correlations significant at the 5%eli¢hat were not also significant at
the 1% level. As can be seen on in Table 4.4gtiweia high degree of correlation
between each pair of urban form variables exceptrfioan form variables paired with
distance to work. The only other pairing of urbfomm variables that are not
correlated are the jobs to population ratio angbwiuarea density. The high degree of
correlation is not unexpected given the discussioarban form measures presented

in section 2.5.
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Current Pearson 1| -053| .495"| -037| -.088| -555"| -.372"
employment Correlation
status Sig. (2-tailed) 396| .000| .55 .160| .000| .000
N 266 263 263 262 259 242 251
Gender Pearson -.053 1| -o098| .083| .010| -0s55| 112
Correlation
Sig. (2-tailed) .396 .110| .178| .873| .394 .075
N 263 268 268 266 264 245 255
Age Pearson 495" -.008 1| -132°| -002] -244"| -.240"
Correlation
Sig. (2-tailed) .000| .110 .031| .972| .000 .000
N 263 268 268 266 264 245 255
Household Pearson -037| .083| -132" 1| 536" .100| -031
structure Correlation
Sig. (2-tailed) 555| .178| .031 .000| .118 .628
N 262 266 266 266 262 244 253
N°in household Pearson 038 ool -002| 536~ 1 143 -069
Correlation ) ’ ) ) ’ ’
Sig. (2-tailed) .160 .873 .972 .000 .027 275
N 259 264 264 262 264 241 252
Household Pearson 555" | -055| -244"| 100| .143° 1| 318"
Income Correlation
Sig. (2-tailed) 000 .394| .000| .118| .027 .000
N 242 245 245 244 241 245 241
Change in Pearson -372°|  112| -240°| -o031| -o069| 318" 1
household Correlation
Income Sig. (2-tailed) 000| .075| .000| .628| .275| .000
N 251 255 255 253 252 241 255

**_Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).

Table 4.5 Correlation Matrix for Current Socio-Degnaphics.

Table 4.5 shows that there was correlation betvgsene of the socio-demographic
variables. Gender of the respondent was not ectelwith any other socio-
demographic variable. Current employment statud hacorrelation of large
magnitude with age, household income and chand®irsehold income. Age was
negatively associated with household structure,sbébald income and change in

household income. Household structure was higblyetated with the number of
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people within the household by definition. The itn@m of people within the
household was correlated with household incomethacdurrent reported household

income was correlated with change in income as@gpe

[oX
2 = c
| | | N
2 5| 9 2
s 3| g
_ - 5 8 5 £
Variable Statistic 3 ° B o
k) S o 2
o = k=] @©
gl & g s
=] o <] c
o ~ 2] 5]
< n 3 e,
< 3 T 5
£ 3 T 2
5 g ° )
O o [ o
Current household car ownership Pearson Correlation 1| 644" .405"| 186"
Sig. (2-tailed) .000| .000| .003
N 269 266 269 258
Previous household car ownership Pearson Correlation 644" 1| 308" -.082
Sig. (2-tailed) 000 000 .193
N 266 266 266 256
Total household distance driven Pearson Correlation 405" | 308" 1 107
Sig. (2-tailed) .000| .000 .084
N 269 266 281 260
Reported change in car use Pearson Correlation 186" | -.082 107 1
Sig. (2-tailed) .003| .193| .084
N 258 256 260 260

**_Correlation is significant at the 0.01 level (2-tailed).

Table 4.6 Correlation Matrix for Travel Behaviour@ar Ownership.

As can be seen in Table 4.6, a large number ofdhewnership and travel behaviour
measures were correlated. Current and previousehald car ownership and total
distance driven by the household are all positivetyrelated to one another as
expected. However, the reported change in camesesured from one being “a lot
less” to five being “a lot more” is only correlatasith current household car

ownership as expected, with households having laehitgvel of car ownership more

likely to have reported an increase in driving. isTis perhaps expected as the first
three variables relate to the household, whereasgghin car use is related to the

respondent only.
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Current Pearson Correlation 1| 405l 2057 2157 | 2497 | 109" | 494! - 248"
Household Car i -tai
_ Sig. (2-tailed) 000| .001| .000| .000| .001| .000| .000
Ownership N
269 269 269 269 269 269 243 268
Total Pearson Correlation 405" 1| -oa7 012! -os0l -o03zal 2671 -04s
household i -tai
Sig. (2-tailed) 000 48| 45| 402| 574 .000| 463
distance driven N
269 281 281 281 281 281 245 271
Current Pearson Correlation 205" | 087 1| -387| -079| -200"| -018| 244~
jobs:pop ratio i -tai
J pop Sig. (2-talled) .001 .148 .000 .189 .001 .784 | .000
N 269 281 281 281 281 281 245 271
Distance to Pearson Correlation o15% | o012l -387" 11 308" | 383" | -o045] - 563"
current urban i -tai
Sig. (2-tailed) 000| .845| 000 000| .000| .483| .000
centre N
269 281 281 281 281 281 245 271
Current Output Pearson Correlation 249" | -os0l -o79] -308" 1| 470" | -2027 | 158"
Area densit i -tai
y Sig. (2-tailed) .000 402 .189 .000 .000 .001| .009
N 269 281 281 281 281 281 245 271
Current Ward Pearson Correlation 109" | -034] -200%| -383"| 470" 1| o113 2517
densit i -tai
y Sig. (2-tailed) 001| .574| .001| .000| 000 078|000
N 269 281 281 281 281 281 245 271
Household Pearson Correlation a04” | 267 | -o018] -o0as| 2027l -113 1| 093
income i -tai
Sig. (2-talled) .000 .000 784 | .483 .001 .078 .145
N 243 245 245 245 245 245 245 245
Current Pearson Correlation —oag” | -o0as| 2447 563" | 1s87| 2517 -.093 1
accommodation gj _tai
Sig. (2-tailed) 000| .463| .000| .000| .009| .000| .145
type N
268 271 271 271 271 271 245 271

**_Correlation is significant at the 0.01 level (2-tailed).

Table 4.7 Correlation Matrix of Key Variables.

Table 4.7 shows the correlation of the urban foemables that have most frequently
been shown to be important in the literature wih ewnership and distance driven,
for the current household location. As can be seefiable 4.7, household car
ownership is correlated with distance driven, hbos# income and all urban form

variables presented in the expected directionsuskloold distance driven however
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only appears correlated to household car ownesiphousehold income. No urban
form variables appear correlated to household miist@riven. This may indicate that
urban form influences distance driven through thiermediary of car ownership

decisions.

A full matrix of correlations between all variablesincluded in Appendix I. The
correlations presented, although based on assumsptod normality and linear
relationships, help inform the specification of retsd included in the following
chapter. However, in order to examine the pairwmelations further it is useful to
present bi-variate plotsh order to explore the nature of the apparentetation
between the variablesThe following sections compare firstly, urbarmnfometrics
with current travel behaviour and car ownershigels\and also change in urban form
metrics with change in travel behaviours and canership levels. Only population
density as previously described is used as a meagunrban form in this instance
being the measure of urban form most commonly sssatwith travel behaviour in
the literature. While these cross tabulations akopnove any associations, they give a
useful indication as to whether or not associatiamght be found and at what
geography. They also help to demonstrate the dppkdata between two variables
useful in the interpretation of any results. Depeg on the type of data (categorical,
scale and the number of categories) some crostatains are presented in graphical

form.

In order to determine whether or not the assoaciatiare linear, the following cross
tabulations are then considered.
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4.2.1. Density and Vehicle Distance Driven

150000 =

100000 =

50000 =

Total Household Distance Driven

I I I I I
25.00 50.00 75.00 100.00 125.00

Current Population Density at Ward Level

Figure 4.5 Ward Density (people per hectare) —dbis¢ Driven (Household annual

kms) for all survey respondents.

From Figure 4.5 it is difficult to identify any sing relationships, however it does
appear that there may be a trend for higher deaségs to have lower vehicle miles
driven. By using the ward level data, it does fithie data to a few categories of

density due to the sampling framework being conmsthto case study areas.

Three households who reported travelling more th@®000 miles per anum were
identified. The way in which outliers are dealthwis discussed further in Chapter 5
however it should be recognised that outliers argortant as they can have a large
affect on any regression analyses undertakenindriiny sort of best fit line to the
data when there are few extreme values can caadeest fit line to poorly reflect the

bulk of data that is not extreme. When these exgrealues refer to only a few cases,
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it is important to consider how confident one istle accuracy of those values. In
this instance the density is taken from the cermud is hence highly reliable.

Distance driven is self reported and hence lesablel and as such it should be
considered whether these respondents should bedextfrom the analyses presented

in Chapter 5.

Figure 4.6 shows the same comparison but measurét autput area level. The
data appears less clustered at particular levale$ity due to the smaller size of the
output area compared to the ward. This evidenugslsupport to the hypothesis that
there is a negative relationship between populatiensity and total household

distance driven.

150000 =

100000 =

50000 =

Total Household Distance Driven

I I I I
0.00 250.00 500.00 750.00

Current Population Density at Output Area Level

Figure 4.6 Output Area (people per hectare) — DeaDriven (Household annual

kms) for all survey respondents.
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4.2.2. Change in Density and Change in Vehicle Miles Drive

Initial inspection of the respondents’ reportedrg®@in driving was undertaken for
those people who had moved home. The Figureso44716 show the previous and
current residential density of these “movers” brokiewn by their reported change in
car use. Those points above the y=x line repragspondents who have moved to a
higher density area, those on the y=x line repitetberse who have moved to an area
of equal density and those below the y=x line re@né those who have moved to a
lower density area. Initially, density measurédha Output Area level is presented
followed by graphs with density presented at thedNlavel. The numbers shown in
boxes at the top left and bottom right of each thammarise the numbers above and
below the y=x line. By presenting the data in thi&y, it is not only possible to begin
to explore how change in residential density vangh reported change in vehicle
miles driven but also whether it is a move fromeayMow density to medium density
or from a medium density to very high density thaght be the most useful move in

terms of reducing vehicle miles driven.
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Figure 4.7 Plot of current population density aghiprevious population density at

Output Area level for respondents reporting thayttDrive a lot less”.
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Figure 4.8 Plot of current population density aghiprevious population density at

Output Area level for respondents reporting thayttDrive a little less”.
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As can be seen from Figures 4.4 to 4.16, it dog@eapthat those respondents who
reported that they drove a little or a lot les2@9©6 compared to the end of 2002 were
more likely to have moved to a higher density dedeove the y = x line). In contrast,

those who reported that they drove a little orraire tended to have moved to a
lower density area (below the y = x line). Thisuk appears to hold true at both the

Ward level and the Output Area level.

Of those who stated that they now drove a lot less:

At an output area level 61% had moved to a higlessidly output area, 3%
had no change in output area density and 36% hackdanim a lower density

output area.

At a ward level 71% had moved to a higher densiydy6% had no change
in ward density and 23% had moved to a lower dgrs#a.
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This suggests that an increase in residential emsrticularly when measured at the
ward level is associated with a reduction in the akthe car, which is explored in

more detail in the multivariate analysis presemte@Ghapter 5.

4.2.3. Density and Car Ownership

The following graphs plot the current car ownerdbeiels with the current population

densities at ward and output area levels.
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Figure 4.17 Boxplot of Current household car owhigrsgainst current population

density at Ward level.

With reference to Figure 4.17, again, having dgnsi¢asured at the ward level limits
the variation of density measures somewhat and sngkaphical interpretation more
difficult compared to data presented at the ougpat level. The boxplots show the

range, inter-quartile range and median values oithe for different levels of car
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ownership. It does appear that a negative coroslagxisted between the two
variables. It is also worthwhile noting that trenge of densities was smaller with
higher levels of car ownership. No car househblitsa median population density of
44.3 residents per hectare, one car households #@6car households 37.5 and
households with three or more cars had a medianolgiopn density of 38.6 residents

per hectare.

Two possible outliers were identified. The issfiewtliers is discussed in more detail

in Chapter 5.
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Two—}—l:l:l_{oo *k

Current household car ownership
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Current Output Areas Density (people per hectare)

Figure 4.18 Boxplot of current population densityoaitput Area level against current
household car ownership.

It can be seen from Figures 4.17 and 4.18 that ftoissible to hypothesise negative
relationships between population density at bothrdVand Output Area and car

ownership. More possible outliers were identifiéén in Figure 4.17 as density
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measured at the Output Area level produces a fatgr degree of variability and

more extreem values than density measured at a Mzt
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4.2.4. Change in Density and Change in Car Ownership

An initial inspection of the change in density arithnge in household car ownership
is presented here for those respondents who repartehange of address. The
majority of respondents reported no change in Huldecar ownership, however it
does appear that there may be a negative lineeglatbon between change in density
measured at the ward level and change in housetaoldwnership as expected and

shown in Figure 4.19.
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Figure 4.19 Boxplot of change in population densityVard level against change in

household car ownership.

A similar, but perhaps less obvious association algpears from initial inspection

with change in density measured at the output laxed as shown in Figure 4.20.
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4.2.5. Car Ownership and Vehicle Miles Driven

Figure 4.21 gives additional information of the eguf of the data for each car

ownership category and how distance driven apgeardate to car ownership.

GP315
150000 *

ED426
100000

GP169
50000 GC409 ¢

Total Household Distance Driven

GC361

GP56
KGP343

ED223-©
O—GP216

0 T T
None One Two Three or more

Current household car ownership

Figure 4.21 Boxplot of current total distance dnivagainst current household car

ownership for all respondents.

The data presented in Figure 4.21 appear to shquosiive linear relationship
between household car ownership and vehicle migsm by the household as would
be expected, which is more evident if the thredymg points above 100,000 miles
are ignored. For households who have access tocanée median was 7,000 miles,
with an interquartile range of 6,000 miles. Footear households the median was
16,000 miles and the interquartile range was 15)0@6s. For three car or more
households, the median was higher still at 24,508smvith an interquartile range of
20,750. Compared to one car households, the tbssance driven of two car
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households was approximately 9,000 miles highed arfurther 9,000 miles higher
for three car or more households. Households vishmat currently have access to a
car, were not asked their estimated car miles driag it is assumed that without

access to a private car their kilometres drivenld/e zero.

4.2.6. Change in Car Ownership and Change in Vehicle Mile®riven

Compared to the end of 2002, how much do you use a car as a
driver or passenger at the moment?
About the
Alotless | Alittle less same A little more | A lot more Total
Change in 0 0 1 0 1
household 1 2 1 1 10
car 13 7 6 0 1 27
ownership 43 23 81 20 17 184
4 2 10 2 16 34
Total 65 33 99 24 35 256

Table 4.8 Change in Car Ownership & Change in Dista Driven for all

Respondents.

Given the limited number of categorical responsgschange in car ownership and
change in car use, the data is presented in TaBlasta cross tabulation. Again it
becomes apparent that the majority of householdsndt change their level of car
ownership and only one household reduced theiroganership level by 3 cars,

however, it does still appear as though there tma&y be a positive association
between change in car ownership and change in s&ar Of those who reported
driving a lot less, only 6% had increased their @anership while 28% had reduced
their car ownership. Households who reported dg\a lot more, 46% had increased

their car ownership while 6% had reduced theiravamership.
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4.3. Summary of Descriptive Statistics

This chapter presents the data collected and eeplmrrelations between the datasets
to inform any subsequent analyses. The data tetieavhilst small in size (281) and
representing a relatively low response rate (1286phtain a wide range of urban
forms, socio-demographics, car ownership levels @disthnces driven, required for
any analyses to be undertaken as to whether udsaminfluences car ownership and
whether both also influence distance driven. Mahthe urban form variables were
correlated with one another, as expected and &didgiged in the literature. Similarly
some measures of socio-demographics were correldtene another as would be
expected.

There was correlation between distance driven asdsores of urban form such a
population density (particularly when measurechatWard level). Those households
in lowest quartile of ward population density (I&lsan 25 persons per hectare) had an
average distance driven of 9,514 miles per anummpewmed to 7,800 for those in the

upper quartile (more than 69 persons per hectare).

Similarly, there was correlation between changerban form and change in distance
driven, as hypothesised. Of those reporting thaeytdrove a lot less” 71% had
moved to a higher density ward, and 23% had mowea lower density Ward. Of
those reporting that “they drove a lot more” 20% haoved to a higher density ward,
and 29% had moved to a lower density Ward. Thssltgoerhaps suggests a degree
of hysteresis between change in urban form andgeham distance driven, with a
relocation to a more dense area being associatibdaniarger propensity to reduce
distance driven (the greater the change in den#iky, greater the propensity for
change in car use) compared to a corresponding nmweless dense area, which
appears to increase distance travelled for a smpheportion of people;. Such
associations may however be spurious as no otbtrgahave been accounted for in

the simple tests of correlation presented in thegpter.
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There was correlation between density and car astqer No car households had a
median population density of 44.3 residents petdnecone car households 40.6, two
car households 37.5 and households with three oe wars had a median population

density of 38.6 residents per hectare.

Change in density was correlated with change careoship. For those households
who had reduced their car ownership by two, them@®ange in Ward population
density was 36.9 residents per hectare (mediar2pfwhereas for those who had
increase their car ownership by one car, the mbeange in Ward population density

was -3.1 residents per hectare (median of 0).

As expected there was correlation between car @higrand distance driven and
change in car ownership and change in distanceerrivHouseholds with no cars
drive no distance each year by car. Those houdeheho had 2 cars, drive nine
thousand miles further than those with one, anddhwuseholds with three or more
cars drove nine thousand miles further still. Kdse who reported driving a lot less,
only 6% had increased their car ownership while 2B88& reduced their car
ownership. Households who reported driving a loten46% had increased their car

ownership while 6% had reduced their car ownership.

The exploration of the data shown in this chapudsaweight to the hypotheses

presented that:

H1: Urban Form and Car Ownership have direct effeat Travel Behaviour

H2: Urban Form has a direct effect on Car Ownership

It is worth noting however, that these associaticars only be confirmedarrying out
analysis of the data, controlling for the effectsocio-demographics and other non-
urban form variables Chapter 5, Analysis describes how the limitatainhaving
relatively few data sets is accounted for when yoagr out statistical tests of
correlation between the sets of variables describethis chapter. In so doing
Chapter 5 builds on the descriptive analyses ptedem this chapter in order to
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determine the effects of urban form and car ownereh travel behaviour, and the

effects of urban form on car ownership accountorgsbcio-demographics.
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5. Analysis

In this chapter regression analyses are preseimédiéscribe the effect of urban form
on travel behaviour and car ownership includingrtbeel application of Generalized
Estimating Equations to describe cross sectional mgitudinal effects. This
chapter builds on the descriptive statistics arm$<ttabulations shown in Chapter 4.
The modelling presented makes reference to othdrest already cited in this thesis.

As described in Chapter 3, the hypotheses beitgdés this study are as follows:

H1: Urban Form and Car Ownership have direct effeat Travel Behaviour

H2: Urban Form has a direct effect on Car Ownership

The analytical methods used to test the hypothaseslescribed, followed by the
specification within SPSS and finally the resultshe analyses are presented.

5.1.Urban Form - Distance Driven

As described in Chapter 4 Descriptive Statistitgpipears from the simple tests of
correlation that there is an association betwedrarurform and annual household
distance driven. In order to determine statisycdlsuch an association exists, after

other variables are controlled for, an explanastajistical model was developed.

5.1.1. Analytical Method

Before undertaking any such analysis, it is impdrta consider the nature of the data
available, the precise questions being asked awadlyfithe statistical procedures most
suited to the purpose. In this instance the haldetlistance driven defined as the
summation of annual mileage of all cars owned @ilalle to the household is scalar
and urban form measures available are scalar, aminal in nature. There are a
number of other variables that need to be “coredill for, including socio-

demographic variables that are scalar, ordinalptand nominal.
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In terms of the precise question being asked, @®s chot only want to know if a
statistically significant association exists betwagban form and distance driven,
accounting for other control variables, but if atat the nature of this relationship is
in terms of its magnitude, direction and shapes@im quadratic, exponential etcetera).
Hence, regression analyses that fit the measurt tdaa particular mathematical

relationship was the most appropriate form of asialjo undertake.

The Generalized Linear Model (GLM) extends the ofkstandard linear regression
modelling to account for instances where the respas discrete, count or ordinal and
where the response is not directly linearly relatethe explanatory variables. While
the response here is continuous, the relationstap not be linear as discussed in
Chapter 4 Descriptive Statistics. In this instantewould appear that the most
suitable form of regression to undertake wouldrbenfthe Generalized Linear Model

family of regression models.

The Generalized Linear Model (GLM) has two compdsédhat need to be specified,;
a distributional assumption and a link functiorheTdistributional assumption used in
GLM is that the response variable has a probabiisgribution that belongs to the
exponential family of distributions; whereas stamdinear regression assumes that
the response has a normal probability distributidme link function transforms the
linear combination of covariates to relate to treamresponse or response probability
distribution. In standard linear regression madgllwhere no link function is
specified the mean response relates directly tmeal combination of covariates,

whereas the GLM uses a non-linear link functiondlate the covariates to the mean.
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The general form of the GLM is shown below.

p
m=LINK b X,

k=1
Where,

m=Mean Response
LINK = Function linking the linear combination of cones to the response variable
b = Regression co-efficients

Xix = Thek™ covariate for thé™ subject

There are many different combinations of distribn§ and link functions available
reflecting different modelling options.  Possiblastdbutions fall within the

exponential family of distributions and commonlglude (Myers et al, 2010):

Distributions

Binomial - appropriate for binary response or nundfesvents.

Gamma & Inverse Gaussian - appropriate for posisivale values that are
skewed towards larger positive values.

Negative Binomial - the number of trials requirex dbserve a number of
successes and is appropriate for variables withnegative integer values.
Normal - appropriate for scale variables whose esliake a symmetric, bell-
shaped distribution about a central (mean) value.

Poisson - the number of occurrences of an eveint@rfest in a fixed period of

time and is appropriate for variables with non-riegainteger values.

The linear combination of predictor variables, tetato the mean response through a
link function. Commonly used link functions incktdidentity, Complementary log-
log, Log, Log complement, Logit, Negative Binomibllegative log-log, Odds power,

Probit and Power.
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In choosing the appropriate distribution and linkdtion, a judgment must be made
based on the distribution of data around the mewas) vhich are conceptually the
most appropriate for the type of data concernedvemndh produce the best model fit.
As described in Chapter 4, household distance driekows a positively skewed bell
shape with a long tail to the positive end of thege. Given that the data is also scale
and positive, this limits the choice of distributibo Gamma, Inverse Gaussian and
perhaps Normal. The Poisson distribution mayhi# $pread of data about the mean,
although conceptually may not be an appropriatacehof distribution as it usually

relates to events over time.

Having selected these three distributions, the fiimictions available were limited to
the Power, Log and Identity link functions. Allrobinations of these distributions

were tested and those giving the best model faqrted.

It was decided that missing data were removed I@stvaise basis, given that only one
dependent variable was considered in the analysts taere were no repeated
measures for a particular respondent in this cgestional analysis. That is, only the
current situation of the respondents was considdreel sample size varied depending

upon which records entered the model as a resufisging data.

In addition to the main effects of the independanan form and socio-demographic
variables on annual household distance driveneffexts of interactions were also
tested. That is, the effect of each term indiviualas tested alongside other
individual terms (main effects) and also the eSeaft combinations of these variables
were also tested (interaction). An example wouéd vthether density and car
ownership individually are associated with vehiaodes driven or whether it is
combinations of density and car ownership levelt @re important. All 2-way
interactions of explanatory variables were tested.

As described in Chapter 4, Descriptive Statistaistance driven is taken as the
summation of annual mileage for all cars ownedwvailable to the household. Those
households with no car, by definition, did not rgpany distance driven. It could

therefore be expected that there might be two a#passociations between urban
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form and vehicle miles driven for households witldl daouseholds without access to a
private car; with no car households’ vehicle mieiven being perfectly explained by
car ownership. The lack of variation of vehiclelesidriven for no car households
makes modelling of this instance trivial. Instetids section looks at whether urban
form is associated with vehicle miles driven foukeholds with access to a car. The

relationship between urban form and car ownershgxplored in section 5.3.

5.1.2. Specification within SPSS

Through consideration of the distribution of théadand by trial and error the Gamma
distribution with the log link function best refled the data in terms of model fit and

conceptually; a commonly used combination of distiion and link function.

For all model runs the hybrid method of paramettimeation was specified. The
scale parameter method was set to maximum liketihmethod. An intercept was
included in the model (estimated from the data) #redcovariance matrix was also
based on model estimates. The type of analysmaufel effects specified in SPSS
was set to type three as there were no prior reafmmordering predictors in the

model. The confidence level was set to 95%.

The models were reduced using a backwards remoegtiiad, whereby all variables
were initially entered into the model and thosevprg to be least significant were
removed. The process is somewhat more iteratszéhe@while not significant, some
variables add to the overall explanatory powerhef model and so were kept in the
model. Also, interpretation of significant variablis hampered if other variables are
not controlled for. For example, it was felt imfaont to control for income in the
modelling, whether or not income itself was a digant predictor of distance driven
or car ownership. Due to the relatively small skngize, those variables with 10% or

lower significance (90% confidence) were considdceble statistically significant.

Due to the lack of variability in the current acaoodation type, the variable was
recategorised as being either a house or a flde 7T categories of accommodation

type shown in Table 4.2 were reduced to two, wittd3o of respondents currently
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residing in a house and 68.6% in a flat. Residéptpulation density and the jobs to
population ration measured at the Ward level gawetter model fit (based on the
Information Criterion tests) than when measuretth@tOutput Area level, with greater
magnitudes of effect (beta values). The measumedenthe Output area level were

thus removed from the model.

5.1.3. Results of Analysis of Urban Form and Household Diance Driven

The model presented here relates to the entirelegmpvers and non-movers) with a
Gamma distribution, Log link function and other metithg options as already
described. The model is based on a sample of 1&Ssaue to the listwise exclusion
of missing data. The SPSS file run created a wgrthiat one or more cases were
found with dependent variable data values thatlese than or equal to zero. The
warning means that empty values for vehicle mileged will be excluded from the
analysis as desired. On inspection of the date thee no car owners who stated that

their vehicle miles driven was zero

The model produced had a deviance divided by theten of degrees of freedom and
the Pearson’s Chi Square value divided by the nummbéegrees of freedom close to
one, suggesting that the model is suitably spetifig these ratios were not close to

one, it usually indicates a poorly specified modela model reliant on outlier points.

The Information Criterion tests (AIC, AICC, BIC ar@AIC) are relatively small
suggesting a good model fit. These criteria carugeful in comparing similarly

specified models with one another in order to eefimodels.
The Likelihood Ratio Chi-Square value was 64.65@h & significance of 0.000,

hence suggesting that the model including the iaddent variables is significantly

better than the intercept only model.
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Source Type lll
Wald Chi-Square Sig.

(Intercept) 621.273 .000
Age 11.801 .038
Household Income 6.592 473
Current car ownership 13.114 .001
Gender 111 .739
Current jobs:pop ratio .109 741
N® of residents in household 1.151 .283
Current Ward density 1.652 .199
Distance to current centre 437 .509
Current accom type 2.200 .138

Table 5.1 Tests of Model Effects of Urban Form &mstance Driven.

The statistic presented in Table 5.1 show the le/significance of each term in the
model in describing the variability of the dependeariable (annual household
distance driven in miles, for households with asdesone or more cars). Values of
less than 0.10 suggest that the term is not segmfly associated with the dependent
variable. Only the age of the respondent and tineent car ownership are significant.
For scalar variables, the significance levels dre $ame as those shown in the
following Table 5.2. However, for categorical \abies, Table 5.1 above gives the
significance of the variable as a whole, wheredselra.2 shows whether or not each
category of response is significantly differentnfra reference category; in this case

set to be the last category of response.
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Parameter 95% Wald Confidence Interval
B Sig. Exp(B)
Lower Upper

(Intercept) 9.165 8.004 10.326 .000| 9556.824
Age 16-24 .325 -.331 .981 331 1.385
Age 25-34 .748 242 1.254 .004 2.113
Age 35-44 779 .288 1.271 .002 2.180
Age 45-54 .746 211 1.280 .006 2.107
Age 55-64 .612 .044 1.180 .035 1.844
Age 65 + 0? 1
Income Nil .164 -1.377 1.706 .834 1.179
Income Up to £10,399 -.515 -1.405 374 .256 .597
Income £10,400 to £15,599 -.208 -.759 .342 .458 .812
Income £15,600 to £20,799 -.268 -734 .198 .260 .765
Income £20,800 to £25,999 275 -.229 .780 .285 1.317
Income £26,000 to £31,199 -.202 -.685 .281 413 .817
Income £31,200 to £51,999 -.181 -524 163 .303 .835
Income £52,000 or more 0? 1
Current cars 1 -.799 -1.705 107 .084 .450
Current cars 2 -.208 -1.110 .693 .651 .812
Current cars 3 or more 0® 1
Male .041 -.202 .285 739 1.042
Female 0* 1
Current jobs:pop ratio -.012 -.083 .059 741 .988
N® of residents in household .066 -.055 .188 .283 1.069
Current Ward density .004 -.002 .010 .199 1.004
Distance to current centre 3.033E-5 -5.961E-5 .000 .509 1.000
Current accom house -.292 -.679 .094 .138 .746
Current accom flat 0* 1
(Scale) 536" 440 653

a - Redundant reference category

Table 5.2 Parameter Estimates for

Driven.

As can be seen in Table 5.2, higher car ownershpagsociated with higher mileage,
and middle age groups had higher mileage than yaunngd groups. The Exp(B)
column shows the effect of a difference of 1 urithee independent variable on the

dependent variable.

independent variable are related to a lower vafuin@ dependent variable and vice

Model of UrbanmmFand Household Distance
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versa. In reference to these results, it can lem ghat age, as well as being
statistically significant has a large magnitude ajfect on distance driven for
households owning at least one car. Comparedsforelents who were aged 65 or
over, respondents aged in categories from 24 angeé#s old reported on average,
reported approximately double the annual houseldiktance driven. Those
respondents in the 16 to 24 years old categoryrtepp@ household annual distance
driven of 36.5% more than those respondents agear @ver. Household income
was not statistically significant and no patternthe effects between the different
income groups was present. The number of resideritse household, similarly is
also not statistically significant and has a snmalgnitude of effect. Those
households with 1.148 (one standard deviation) meselents than the mean (2.22)
reported, on average, a household distance driv@ higher, all else being equal.
Households who had access to one car, reportechramaldistance driven of only
45% that of household with three or more cars. debolds with two cars reported
81.2% of the distance driven than those with thwmeemore cars. That is, 2-car
households drove 80% further, and 3-car househali3% further than 1-car

households all else being equal.

The current jobs:population ratio is not significamd the magnitude of the effect is
very small. For every one unit increase in thérahe annual household distance
driven is 1.2% lower. The range and unit of thbsjpopulation ratio means that
households in an area with a jobs:population ratie standard deviation (1.861)
above the mean jobs population ratio (0.820) orraayee reported that they drove
2.2% fewer miles. The density of the ward in whilkh household was located, was
not statistically significant and again, was snialterms of the magnitude of effect

with a 23.23 persons per hectare (1 SD) higherigersating to 9.6% increase in

household distance driven. Distance to currentreemeasured in metres has no
statistically significant effect. The householdtdnce driven for those residing 2,143
metres (1SD) further away from the nearest urbatreavas 6.7% higher than those
residing a mean distance (3,284m) from the cumwepén centre. Whether or not the
household lived in a flat or house was close todpsignificant at the 10% level (sig

0.138) and had a large magnitude of effect. Thios®y in a house drove on average

only 74.6% of the miles that those living in a fthdl, all else being equal. Removing
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the accommodation type term from the model, did ei@nge the significance and
magnitude of the other urban form variables to motable extent, suggesting that the

effect is independent of other urban form measures.

In summary, the current distance driven was expthilargely by the car ownership
level of the household. Those households withocérareported having driven zero
miles; hence car ownership perfectly describedadst driven for this trivial case.
Age was the only other variable that was statilyicsignificant with middle aged

groups reporting substantially greater distancagdrthan the young and elderly. No
urban form variables were statistically significamd the magnitudes of effect were
all small except for accommodation type, with thdseng in houses reporting

substantially fewer miles driven per annum, altHotige result was not statistically

significant.

When an interaction term “movers” was introducedhe model to distinguish the
effects of those that had relocated in the previbuse years to those that had not,
different parameter estimates emerge, with diffetevels of statistical significance
between the two groups. Interacting the “moveesint with all other terms or nesting
“movers” within all other terms produced in effdgto different models, one for
movers and one for non movers, if the main effédhe “movers” term is included
alongside the interactions. The main effect of‘thevers” term was found not to be
significant and indeed was redundant and hence vethdrom the model. The
intercept for movers was not significantly diffetdrom that of non-movers. No 2-
way interaction terms were found to be significatiiter than the interaction with the
movers term and hence were removed from the motleé main effects alone, were
found not to be significant and hence were removedall cases, the interaction with
the “movers” term produced statistically strongstireates than the main effects.
This suggests that the association between thepamdient variables and household
annual distance driven differed between those wdwbrelocated within the previous
three years and those who had lived in their ctnresidence for longer than three

years.
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As previously the gamma distribution and log linlnétion were specified with the

same sample size of 169.

The Information Criterion tests (AIC, AICC, BIC ar@AIC) were again small and
the deviance and Pearson Chi-Square divided byeleces of freedom were 0.619

and 0.849 respectively, suggesting a good model fit

Source Type llI
Wald Chi-Square Sig.

(Intercept) 470.551 .000
Movers * Age 19.850 .031
Movers * Household Income 16.850 .206
Movers * Current car ownership 16.848 .002
Movers * Gender 4.287 117
Movers * Current accom type 6.928 .031
Movers * Current jobs:pop ratio .586 .746
Movers * N° of residents in household 8.907 .012
Movers * Current Ward density 734 .693
Movers * Distance to current centre .653 721

Table 5.3 Tests of Model Effects of Urban Form &istance Driven with Interaction
of Movers.

As with the model without the “movers” interactiaihe age of the respondent was
significant along with the current car ownershigshewn in Table 5.3. However, the
effects of accommodation type and the number ofleess in the household become
significant (at the 10% level) when interacted vitie “movers” term.
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Parameter 95% Wald Confidence
B Interval Sig. Exp(B)
Lower Upper

(Intercept) 9.091 7.424 10.757 .000 | 8871.439
Non-Mover * Age 16-24 -1.091 -4.019 1.838 465 .336
Non-Mover * Age 25-34 .239 -2.539 3.017 .866 1.270
Non-Mover * Age 35-44 111 -2.573 2.796 .935 1.118
Non-Mover * Age 45-54 -.156 -2.846 2.533 .909 .855
Non-Mover * Age 55-64 418 -2.132 2.968 .748 1.519
Non-Mover * Age 65 + -.456 -3.288 2.377 752 .634
Mover * Age 16-24 .769 -.328 1.866 170 2.157
Mover * Age 25-34 1.199 .204 2.194 .018 3.316
Mover * Age 35-44 1.356 .366 2.345 .007 3.880
Mover * Age 45-54 1.097 .048 2.147 .040 2.997
Mover * Age 55-64 .658 -.439 1.755 .240 1.931
Mover * Age 65 + 0? 1
Non-Mover * Income Nil 476 -1.254 2.207 .590 1.610
Non-Mover * Income Up to £10,399 .056 -1.641 1.753 .948 1.058
Non-Mover * Income £10,400 to £15,599 131 -1.304 1.565 .858 1.140
Non-Mover * Income £15,600 to £20,799 -712 -1.544 120 .094 491
Non-Mover * Income £20,800 to £25,999 -.124 -1.290 1.042 .835 .883
Non-Mover * Income £26,000 to £31,199 -.242 -1.868 1.384 770 .785
Non-Mover * Income £31,200 to £51,999 -.676 -1.503 .150 .109 .508
Non-Mover * Income £52,000 or more 0? 1
Mover * Income Up to £10,399 -.691 -1.946 .564 281 501
Mover * Income £10,400 to £15,599 -.024 -.661 .612 .940 .976
Mover * Income £15,600 to £20,799 .199 -.365 .763 .490 1.220
Mover * Income £20,800 to £25,999 .649 .092 1.207 .022 1.914
Mover * Income £26,000 to £31,199 .009 -461 478 971 1.009
Mover * Income £31,200 to £51,999 .120 -.236 A75 .510 1.127
Mover * Income £52,000 or more 0? 1
Non-Mover * Current cars 1 - 779 -2.368 .809 .336 459
Non-Mover * Current cars 2 -.106 -1.780 1.567 .901 .899
Non-Mover * Current cars 3 or more 0® 1
Mover * Current cars 1 -1.047 -2.099 .005 .051 .351
Mover * Current cars 2 -.498 -1.531 .535 .345 .608
Mover * Current cars 3 or more 0® 1
Non-Mover * Male -.362 -.813 .089 115 .696
Non-Mover * Female 0* 1
Mover * Male .185 -.084 454 179 1.203
Mover * Female 0* 1
Non-Mover * House -117 -.866 .632 .759 .889
Non-Mover * Flat 0® 1
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Parameter 95% Wald Confidence
B Interval Sig. Exp(B)
Lower Upper

Mover * House -.588 -1.028 -.147 .009 .556
Mover * Flat 0? : : : 1
Non-Mover * Current jobs:pop ratio .139 -.832 1.110 779 1.149
Mover * Current jobs:pop ratio -.025 -.093 .043 AT7 .976
Non-Mover * N® of residents in household 420 .143 .696 .003 1.521
Mover * N2 of residents in household -.019 -.154 116 .782 .981
Non-Mover * Current Ward density .006 -.007 .019 .393 1.006
Mover * Current Ward density .000 -.007 .007 .942 1.000
Non-Mover * Distance to current centre 7.029E-6 .000 .000 .944 1.000
Mover * Distance to current centre 4.146E-5| -5.946E-5 .000 421 1.000
(Scale) 438 .359 535

a - Redundant reference category

Table 5.4 Parameter Estimates for Model of UrbammFand Household Distance

Driven, with Interaction of Movers.

As can be seen in Table 5.4, different variablessagnificant predictors of household
distance driven with different magnitudes and dioes for movers and non-movers.
Age is statistically significant only for movers tiithe same pattern and large
magnitudes of effect as in the previous analyMsddle aged groups had the greatest
household distance driven, followed by the youngesth the oldest age group
reporting the fewest household miles driven aleddgeing equal. Those respondents
who were in the 35-44 years old age group, haduadtmwld distance driven 3.9 times
that of those respondents in the 65 years or aqyeigeoup. No such pattern emerges,
nor is age statistically significant for those heluslds who had not moved. As
previously, household income was not statisticallynificant for either movers or
non-movers. No clear pattern emerged for non-nwwédrereas for movers, those
with no income reported the lowest household dcadriven; half that of households
with an income of £52,000 or more. Households véthincome of £20,800 to
£25,999 reported the greatest distance driven,tiin®s that of households in the
highest income category. There was no statisyicadjnificant difference in distance
driven between car ownership levels for “non-moterBhe direction of the effect of
car ownership was similar to the previous analyismigh, with one-car households

reporting 46% of the distance driven by three-das pouseholds (two-car household
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reported 90% of distance driven by three-car plosiseholds). However, for
“movers”, car ownership is statistically signifi¢ceamd the magnitude of the effect is
larger than for “non-movers” with one-car houseBaldporting 35% of the distance
driven by three-car plus households (two-car hooiseheported 61% of distance
driven by three-car plus households). Gender nesnsiatistically insignificant for
both groups; for “non-movers” men reported a hookklistance driven 70% of that
of female respondents. For “movers” men reportédwsehold distance driven 20%
higher than female respondents, all else beinglegetar “non-movers” there is no
statistically significant difference between thdseng in flats and those living in
houses. For “movers” however, those living in ai$® reported only 56% of the
distance driven by households living in flats; atistically significant difference (p-
value 0.009).

The jobs:population ratio remains statisticallyigmsficant for both movers and non-
movers, but the direction and magnitude of thecefege different for each group.
“Non-movers” in areas with a greater number of jaosnpared to the residential
population reported a higher household distanoeedriwhereas movers in areas with
a higher jobs:population ratio reported fewer hbwatg miles driven. Households
living in an area with 1.861 higher jobs:populaticatio (1 SD) reported driving

27.7% more miles per anum if they had not movedéomnthe previous three year or
4.5% fewer miles per anum if they had, compareithécaverage jobs:population ratio
of 0.82 jobs to every 1 resident. The number sfdents in the household is not a
statistically significant predictor of distance v for “movers” but is for “non-

movers” (p-values of 0.003 and 0.782 respectivel{jor “movers”, having 1.148

more residents in the household (1 SD), compargdetanean number of residents in
the household (2.22) was associated with 60% males rdriven per anum, all else
being equal. A similar difference in the numbenredidents in households who had
moved was associated with 2.2% fewer miles driadinelse being equal, although
the effect is not statistically significant. Wardpulation density has no effect (either
in terms of statistical significance or magnitut) “movers”. For “non-movers” the

effect of the household residing in a ward withagydation density 23.24 person per
hectare (1 SD) higher than the mean (46.48) wasthieg reported 14% more miles

driven per year, although the effect is not stiatidlly significant. The distance to the

149



current centre has a large magnitude of effectnbugtatistically significant effect on
the household distance driven for either “mover$”“mon-movers”. For “non-

movers” living 2,142 metres (1 SD) further from tmpan centre related to 43% more
miles driven per anum compared to those living amdistance of 3,284 metres from
the urban centre. For “movers”, the same diffeeeincdistance to urban centre was

related to 30% more miles driven all else beinga¢équ

5.2.Change in Urban Form — Distance Driven

Following on from the previous section, it is logithat analyses are undertaken that
look at how changes in urban form and other cofiaictors might relate to changes in

distances driven.

5.2.1. Analytical Method

The assessment of within-subject changes in th@nse over time can be achieved
through longitudinal analyses (Fitzmaurice et 804). Hence, longitudinal analysis
is presented here as to how residents’ distan¢esndchanged over time compared to

changes in residential built form.

The cross sectional analysis demonstrates thatrdiftes in very few independent
variables are associated with differences in degtatravelled by car, once car
ownership is accounted for. It is important toenthat even if many urban form
measures were found to be strongly associateddistance driven, it still could not
be said that changing these independent variabilédead to a change in distance
travelled by car. That is, differences in X produlifferences in Y which implies that
changes in X produce changes in Y but this conehsscannot be drawn as X and Y

have been tested not changes in X and changes(Menard, 2002).

While the cross sectional analyses presented selatthe household, this analysis of
change relates to the individual respondent. Wthike dataset is rich, it does not

include changes in demographics and urban formetf@r household members apart
150



from the respondent. The quasi-longitudinal eleinadrthe study is therefore only

focussed on the respondent and their reported ehardjstance driven.

The dependent variable “Change in Distance TragtddieCar” taken from the survey

response, is by definition ordinal, and as suchnotrbe modelled using linear

regression modelling which is only suitable for teonous response variables. It is
therefore necessary to use a form of Generalizetdri Model. Given that the

measures of the number of miles previously driven reot recorded in the dataset,
only measures of change, the model specified véllunconditional in nature. By

being unconditional it is not possible to state &ample, whether urban form

influences changes from a low to medium level statice driven in the same way it
influences changes from a medium to a high levetliesfance driven, as only the

change is recorded. This, albeit unconditionablygsis of change is superior to the
cross sectional analysis already presented in ithean provide estimates of the
associations between changes in the dependenblasaad independent variables as
opposed to differences in the dependent variableslso has the advantage that it
may help to account for omitted explanatory vaeabhlso known as individual

permanent effects (Finkel, 1995). That is, unolesticharacteristics of the individual

may well have remained constant over the three Y@ period, hence would be

accounted for by considering only the change ratiem absolute values.

5.2.2. Specification within SPSS

The Generalized Liner Model was set to be ordin#h the dependent variable being
the reported change in car use by the respondent.

A negative-log-log link function was found to beetimost appropriate conceptually

and in terms of best fitting the data.
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The mathematical form equation used for ordinatgsgjon is similar to that used for
the generalized linear regression (indeed is aiapegse of GLM) as can be seen in
the following.

link(y;) =g, - [b%, + D,%, + ... +0,% ]

Where,

Link () is the link function

yii is the cumulative probability of th8 pategory for the'l case
i is the threshold for th&jcategory

p is the number of regression coefficients

Xi1 .... %p are the values of the predicators for fhease

1.... pare regression coefficients.

In effect the model assumes an underlying contisudependent variable that has

been categorised.
Independent variables entered into the model wefelws:

Change in residential population density measutdideaWard level
Change in residential population density measutéldeaOutput Area level
Change in jobs/population ratio measured at thedvéarel

Change in distance from home to place of work

Change in accommodation type

Previous urban-rural classification (all currerddtions are in urban areas)
Change in distance from home to city centre

Change in income measured at the household level

Change in car ownership

Change in driving licence status

Change in employment status
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Change in accommodation type was defined as beihgre‘no-change” (74%),
“change from house to flat” (18%) or “change frolat to house” (8%). Change in
employment status was defined as being “no char(@4%), “currently working,
previously not working” (9%) and “currently not wkimg, previously working”
(7.3%). Change in license status is defined asctramge” (95%) or “gained licence”
(5%) and was computed from the response to Quesfidnwhich asked the
respondent to state the year they gained theindiee If the year stated was 2004 or
later, then the respondent had gained their licenee the preceding three years.

All “change” continuous variables are calculatedtémms of the before situation
minus the current situation with negative valudatieg to a lower current level than

the previous level. .

Separate models were tested for density measurétke atutput area level and the
ward level. Missing values were removed on aviise basis and the mode refined

using stepwise removal.

5.2.3. Results of Analysis of Change in Individual Distane Driven

After the main effects are accounted for, no tworuvderactions of the independent

variables were statistically significant and wezenoved from the model.

The model gives a significant improvement overittiercept only model and has an
adjusted McFadden pseudo-R square value of 0.1%&x @hd Snell = 0.363,

Nagelkerke = 0.384). The large difference in tBeyglo-R square values (Cox and
Snell and Nagelkerke) and adjusted pseudo-R syazdwe (McFadden) is due to the

large numbers of parameters compared to the sasigae
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95% Confidence Interval

B Sig. Lower Bound Upper Bound
Threshold
Drive a lot less -.992 .347 -3.061 1.077
Drive a little less -.449 671 -2.517 1.619
Drive about the same 1.328 212 -.757 3.413
Drive a little more 2.286 .034 171 4.401
Location
Reduction in income -.319 .270 -.886 .248
No change in income -.643 .019 -1.180 -.107
Increase in income 0®
Age 16 - 24 =747 126 -1.705 211
Age 25 - 34 .044 .894 -.610 .699
Age 35-44 -.230 .510 -.912 .453
Age 45 - 54 -.696 .060 -1.421 .029
Age 55 - 64 -.525 .205 -1.336 .286
Age 65 + 0*
No change in work status .609 .306 -.556 1.774
Gained employment 1.143 .108 -.252 2.538
Lost employment 0*
Gained driving licence 2.536 .000 1.575 3.497
No change in licence 0?
No change in accom type -.265 439 -.937 407
Change from house to flat -.410 .395 -1.354 .535
Change from flat to house 0?
Change in distance to work .013 .086 -.002 .027
Change in Ward Density -.002 .581 -.010 .006
Change in dist to urban centre 8.576E-5 .100 -1.638E-5 .000
Change in jobs:pop ratio -.093 .073 -.194 .009
Change in car ownership 341 .081 -.042 .723
Previously Large Urban Area -.213 .763 -1.596 1.170
Previously Other Urban Area -.793 .388 -2.595 1.009
Previously Accessible Small Town 1.182 .253 -.843 3.207
Previously Accessible Rural -.217 .852 -2.503 2.069
Previously Remote Rural -.566 .679 -3.245 2.113
Previously Greater London 0*

a - Redundant reference category

Table 5.5 Parameter Estimates for Model of Changgrban Form

Distance Driven
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The model presented is for all respondents inclydhse who had and had not
moved home in the previous three years. Those hhdt not moved home by
definition will have had no change in accommodatygre, distance to urban centre,

Ward population density or jobs to population ratio

Of the socio-demographic variables, the changeuséhold income was statistically
significant. Those with no change in householddme had a statistically significant,
0.643 increased ordered log odds of being in a Hdeeel of change in car use
compared to households with an increased incomieat 1§, having an increase in
income was associated with an increased probatofityhaving increased car use

compared to those who had no change in income.

Change in work status was not statistically sigatifit. Having gained a driving
license was statistically significantly associatath a large increase in probability of
having increased car use (ordered log odds of 2.&@®pared to those who had no
change in licence status. No clear pattern emexgés how age effects the change in
car use. However, it appears that those in thd43&8¢ge group appeared to be more
likely to have reduced their car use over the mevithree years compared to those in
the oldest age group of 65 year or over. The ohamglistance travelled to the place
of work was statistically significant. An increast 16.45km in the distance to the
place of work (the standard deviation of changedistance to work for all
respondents) was related to a 0.213 increase irortkered log odds of having a
higher level of change in car use. That is, ineeeladistance to work was associated

with an increase in car use, all else being equal.

Removal of the change in distance travelled to wdick not change the statistical
confidence of magnitude of the effect of any ottesms within the model to any
notable extent, hence the results presented hemisimct of the effect of any change

in the distance travelled to work.
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Change in car ownership was statistically significavith increased car ownership
relating to an increase in car use. For everyem®e of one car, there was an increase

of 0.341 ordered log odds of being in a highergaitg of change in car use.

Of the urban form variables, the change in Wardugaippn density and previous
urban rural classification had no statisticallyrsiigant effect on change on distance
driven all else being equal. The change in disate the urban centre had a
statistically significant effect (p-value of 10%hn increase in distance to the nearest
urban centre of 2,059m (the standard deviationhefdhange in distance to urban
centre for those who had moved home) was assoaiated 0.177 increased ordered
log odds of being in a higher category of changecan use. That is, increased
distance to the urban centre was related to ineteaar use. The change in jobs to
population ratio also had a statistically signifitaeffect, with an increase in the
number of jobs compared to the population being@ated with a reduction in car
use. Specifically, for every increase of 2.95 r{dead deviation of change for
movers) in the jobs to population ratio, there \@asincreased ordered log odds of

0.274 of being in a lower category of change inusa.
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5.3.Urban Form - Car Ownership

As shown in the previous analyses, differencesaunskhold car ownership explain
much of the difference in household distance dri@ed change in car ownership is a
statistically significant explanatory variable fine change in individuals’ car use. It
is therefore important to carry out analyses teeheine whether car ownership is

associated with urban form.

5.3.1. Analytical Method

The dependent variable car ownership is measuretNase”, “One”, “Two” or

“Three or more” as already mentioned. The dependganable is a categorical
ordinal variable. Similar to the analysis of chang urban form and change in
vehicle miles driven presented in section 5.2, ratdiregression analysis can be

undertaken on the data to determine associatidisvarious explanatory variables.

One assumption that needs greater consideratidnisncase is the assumption that
there is an underlying continuous response whichdeen categorised into ordinal
groups. Given that the data in this case is madef gategories of counts of cars, this

assumption seems sensible.

5.3.2. Specification within SPSS

On inspection of household car ownership as destrin Chapter 4, Descriptive

Statistics, the logit link function was selectedllissing data were excluded on a
listwise basis and the model was refined using Wwaolfs removal method. Variables
were considered significant at the 90 percent denfce level (p-value of 0.1). The
following output relates to a regression analysrisdil respondents, movers and non-

movers.

SPSS produced warnings relating to a large numbeelts with zero frequencies.
Having large number of categorical variables in edel with many categories or
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having a continuous variable in the model alongsidéegorical means that the
number of combinations of these various categodeppints on a scale become very
large compared to the sample size. Hence, for soonebinations, there are no

responses. On inspection of the data, there wegeiént combinations of age group
and income group for which there were no resporsdamid as such no specific
conclusions should be drawn as to the effects ofgoe one such combination. In

this instance age and income were included in thdemas control variables and as
such are not the focus of any conclusions beinglra

5.3.3. Results of Analysis of Analysis of Urban Form and @r Ownership

Preliminary analysis showed that accommodation tyae found not to be significant
and was hence removed from the model. Similadytwo-way interactions of the
independent variables were found to be signifiearat were thus removed.

The -2 Log Likelihood statistic was 503 for theeirtept only and 360 for the final
model. While the -2 Log Likelihood values themssshould be treated with caution
due to the large number of empty cells, the difieesin their values and hence the
chi-square statistic (139) should still be reliabléhe statistics suggest the model is

significantly better than the intercept only model.

The goodness of fit statistics (Pearson = 576, &@a = 360) with significance levels
of 1 show that the model predictions are very closthe observed data and that the

model is well specified.

The Pseudo R-Square values indicate how much oWdén@nce in the dependent
variable is described by the independent varial@@ex and Snell = 0.440, Nagelkerke
= 0.501, McFadden = 0.274). The difference invhleies relates to the differences in
the way these statistics are computed and deperttbwnthe R-square is defined.
The McFadden R-square value would suggest that%2a#the variability of the

dependent variable can be described by the indepéndriables. This is considered
to be a good model. None of the Pseudo R-squdwmes/ahould be considered more

or less correct than the others, they are definigerently. The values can be used to
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compare one model run with another and give sordigation of how much of the

variability can be described.

95% Confidence Interval

Estimate Sig. Lower Bound Upper Bound
Threshold
Current cars none -4.164 .000 -5.829 -2.499
Current cars one -.311 .695 -1.865 1.242
Current cars two 2.947 .001 1.153 4.742
Location
N® of residents in household .235 .035 .017 .453
Current Ward density -.014 .041 -.028 -.001
Distance to current centre .000 .034 1.433E-5 .000
Current jobs:pop ratio -.241 .002 -.394 -.088
Age 16-24 -.561 429 -1.952 .830
Age 25-34 -.669 .237 -1.779 440
Age 35-44 -.174 .760 -1.291 .943
Age 45-54 -.652 .278 -1.830 .526
Age 55-64 -.764 .218 -1.981 452
Age 65 + 0?
Income Nil -6.376 .000 -9.477 -3.274
Income Up to £10,399 -5.479 .000 -7.123 -3.835
Income £10,400 to £15,599 -2.890 .000 -4.111 -1.669
Income £15,600 to £20,799 -2.392 .000 -3.551 -1.233
Income £20,800 to £25,999 -2.412 .000 -3.566 -1.259
Income £26,000 to £31,199 -2.332 .000 -3.475 -1.188
Income £31,200 to £51,999 -1.583 .000 -2.413 -.754
Income £52,000 or more 0?

a - Redundant reference category

Table 5.6 Parameter Estimates for Model of UrbamFand Car Ownership.

The parameter estimates shown in Table 5.6 denatedtre strength, magnitude and
direction of any associations between the dependmable car ownership and the
independent variables.  Of the socio-demographicables, age did not have a
statistically significant effect on household camership, all else being equal and no
clear pattern emerges as to the magnitude of tteetef Household income was
statistically highly significant (p-values of clo®e000) and had a large magnitude of
effect on household car ownership. Compared teeha the highest household

income group (£52,000 +), those in the lowest grgapincome) had a 6.376 increase
159



in ordered log likelihood of being in a lower categ of car ownership, those in the
up to £10,399 group had a 5.479 increase in orderglikelihood of being in a lower
category of car ownership. This differs considgrab that of the £10,400 to £15,599
category which had a 2.890 increase in orderedikayjhood of being in a lower
category of car ownership. There was little défere between the middle income
categories with those in the £15,600 to £20,796, 880,800 to £25,999 and the
£26,000 to £31,199 income groups with increaseretd®g odds of being in a lower
category of car ownership of 2.329, 2.412 and 21&3pectively. Those in £32,200
to £51,999 had only a 1.583 increase in orderedikaihood of being in a lower

category of car ownership compared to the highnestme group.

The number of residents in the household was akstistscally significant with a
larger magnitude of effect. Those households Witt¥8 (one standard deviation)
more residents than the mean (2.22), on average Ita@70 increase in the ordered

logs odds of being in a higher category of car awinig all else being equal.

All of the urban form variables were statisticaflignificantly associated with car
ownership. A 23.23 persons per hectare (1 SD)dnighlard population density
related to 0.325 increased ordered log odds ofnigaw lower category of car
ownership all else being equal. Those residing2hetres (1SD) further away from
the nearest urban centre had a 0.394 increasededrtey odds of being in a higher

category of car ownership.

One standard deviation (1.861) increase in the jolgsopulation ratio is associated
with a 0.449 increase in the ordered log odds afighén a lower category of car

ownership all else being equal.
In summary, higher household income, more peopléh&n household, a higher

population density, closer to the urban centre vathhigher proportion of jobs

compared to residents was associated with highesdimld car ownership.

160



5.3.4. Results of Analysis of Analysis of Urban Form and @ Ownership

with “movers” term interaction.

In order to test whether or not the effect of urlfamm differed for movers and non-
movers this term was interacted with all urban faramniables. As a main effect, the

“movers” term was not significant and hence remadverh the model.

The -2 Log Likelihood statistic was 498 for theerttept only and 357 for the final
model with chi-square statistic of 141 suggesthg the model is significantly better
than the intercept only model.

The goodness of fit statistics (Pearson = 588, &wa = 354) with significance levels
of 1 show that the model predictions are very closthe observed data and that the
model is well specified.

The Pseudo R-Square values indicate how much oWdn@ance in the dependent
variable is described by the independent variailex and Snell = 0.449, Nagelkerke
= 0.511, McFadden = 0.282). Thus the inclusiorthef “movers” terms interacted
with urban form variables produced a slightly bett@del fit.
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95% Confidence Interval

Estimate Sig Lower Bound Upper Bound
Threshold
Current cars none -4.289 | 0.000 -6.043 -2.536
Current cars one -.392| 0.639 -2.028 1.245
Current cars two 2.899| 0.002 1.033 4.765
Location
Non-Mover * Current Ward density -.012| 0.211 -.031 .007
Mover * Current Ward density -.015| 0.050 -.030 -8.688E-6
Non-Mover * Distance to current centre .000| 0.059 -6.967E-6 .000
Mover * Distance to current centre .000| 0.074 -1.796E-5 .000
Non-Mover * Current jobs:pop ratio -1.135| 0.232 -2.995 724
Mover * Current jobs:pop ratio -.201| 0.014 -.361 -.041
Age 16-24 -.795| 0.292 -2.275 .684
Age 25-34 - 775 0.208 -1.981 432
Age 35-44 -.345| 0.589 -1.596 .905
Age 45-54 -.682| 0.285 -1.932 .568
Age 55-64 -.816| 0.200 -2.064 432
Age 65 + 0?
Income Nil -6.393 | 0.000 -9.666 -3.120
Income Up to £10,399 -5.514 | 0.000 -7.193 -3.835
Income £10,400 to £15,599 -2.797| 0.000 -4.063 -1.530
Income £15,600 to £20,799 -2.435| 0.000 -3.615 -1.254
Income £20,800 to £25,999 -2.341| 0.000 -3.528 -1.153
Income £26,000 to £31,199 -2.312| 0.000 -3.506 -1.118
Income £31,200 to £51,999 -1.623 | 0.000 -2.466 -.780
Income £52,000 or more 0l .
N® of residents in household .283| 0.017 .051 514

a - Redundant reference category

Table 5.7 Parameter Estimates for Model of UrbanmFand Car Ownership with

Interaction of Movers.

With the introduction of the “movers” interactiogerin, the model differs considerably
for those who had and had not relocated home witienpreceding three years. Of
the socio-demographic variables, age remained sstally not-significant.

Household income remained statistically highly gigant (p-values of close 0.000)
and had a large magnitude of effect on househaldwaership. Compared to those

in the highest household income group (£52,000thgse in the lowest group (no

162



income) had a 6.393 increase in ordered log likelthof being in a lower category of
car ownership, those in the up to £10,399 groupa&db14 increase in ordered log
likelihood of being in a lower category of car owstap. This differs considerably to
that of the £10,400 to £15,599 category which h&l787 increase in ordered log
likelihood of being in a lower category of car owst@p. There was little difference

between the middle income categories with thos¢héen £15,600 to £20,799, the
£20,800 to £25,999 and the £26,000 to £31,199 iecgraups with increase ordered
log odds of being in a lower category of car owhgrsof 2.435, 2.341 and 2,312
respectively. Those in £32,200 to £51,999 had anly623 increase in ordered log
likelihood of being in a lower category of car owst@p compared to the highest
income group. There was no change in the effedhefnumber of people in the
household with those households having 1.148 (a@a@dard deviation) more

residents than the mean (2.22), on average haéd78® ncrease in the ordered logs

odds of being in a higher category of car ownersfiiplse being equal.

Of the urban form variables the Ward populationsityrwas significant for “movers”
but not for “non-movers”. The magnitude of theeeffwas also slightly larger for
movers with a 23.23 persons per hectare (1 SD)ehigMard population density
relating to 0.348 increased ordered log odds ofingawa lower category of car
ownership all else being equal.

Distance to urban centre remained statisticallyigant for both movers and non-
movers. Those residing 2,143 metres (1SD) furdway from the nearest urban
centre had a 0.414 or 0.398 increased orderedddg of being in a higher category
of car ownership for “movers” and “non-movers” respively. It could not be said
with 95% confidence however that the associatiomém-movers was different from
0.

For the jobs:population ratio, it can only be daidmovers, that the effect is different
from zero with 95% confidence. One standard dena(1.861) higher jobs to
population ratio was associated with a 0.374 higidered log odds of being in a

lower category of car ownership, all else beingatqu
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In summary, the association between urban form aardownership is statistically

more significant (and hence there is a higher degfeonfidence that urban form has
an effect) for those who had moved home in thequtieg three years than those who
had not. Similarly, the magnitude of the effectalso greater for those who had

recently relocated.

5.4.Change in Urban Form — Change in Car Ownership

The previous analyses determined the effect ofedifice in urban form on
differences in car ownership. However in orderd&termine whether a change in
urban form resulting from a residential relocatretates to a change in car ownership

analysis of the retrospective recalled data isirequ

5.4.1. Analytical Method

Change in car ownership was computed by subtradtiegcurrent household car
ownership from the previous household car ownershifrevious and current car
ownership were ordinal. Change in car ownershifhis a count of the number of
categories of car ownership by which the respontadtincreased or decreased. A
Generalised Linear Model (GLM) was therefore deteed the most appropriate for

of regression analysis.

On inspection of the distribution of change in camership, a normal distribution
with identity link function was specified. Thisrfos a special type of GLM; the
Linear Regression model. A model was developedudioy change in urban form
measures and change in socio-demographic variablesvith the model of change in
distance driven presented in section 5.2.3 thiseh@lunconditional in nature and
hence not able to determine whether it is a chdrage a low to medium density or

medium to high density that has an effect as dmychange is tested.
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5.4.2. Specification within SPSS

A liner model was specified by developing a Gerneeal Linear Model with an

identity link function and a normal distributiorll two-way interactions between the
explanatory variables were tested. Those varialhed were not statistically
significant and which did not add to the explamatpower of the model were
removed using a backwards removal method. A saanite of less than 10% was

considered insignificant due to the relatively drsample size.

5.4.3. Results of Analysis of Change in Car Ownership an€Change in

Urban Form.

The intercept was found not to be significant ara$ whus removed from the model.
Similarly, none of the two-way interaction termsrevdound to be significant and
were removed along with the main effects of thevioes urban rural classification
and distance to urban centre. The final model based on 190 cases after missing
data were removed on a listwise basis. All chavaygables are as per previously
defined.

The likelihood ratio Chi-square statistic (84.28Rpws that the model is significantly
different compared to the null model (with no exyaeory variables). The goodness
of fit statistics (Pearson Chi-square & DeviancédB with significance levels of

0.288 show that the model predicts a reasonablesanad the variation in dependent

variable.

Table 5.8. shows the parameter estimates and lef/elgnificance for all variables in

the final model.
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Parameter 95% Wald Confidence
B Interval Sig.

Lower Upper
A lot less income -.233 -.673 .206 .298
A little less income -.051 -.657 .556 .870
About the same income 107 -.378 591 .666
A little more income 190 -.286 .666 434
A lot more income .228 -.265 722 .364
No change in work status -172 -.544 .199 .363
Gained employment .070 -.380 .520 .761
Lost employment 0®
Gained driving licence .223 -.161 .607 .255
No change in licence 0®
Change in jobs:pop ratio -.040 -.073 -.007 .018
Change in Ward Density -.003 -.006 -.001 .016
No change in accom type .066 -.227 .358 .660
Change from house to flat -.528 -.889 -.168 .004
Change from flat to house 0*
(Scale) 270° 221 .330

a - Redundant reference category

Table 5.8 Parameter Estimates for Model of Changgrban Form and Change in
Car Ownership.

As can be seen in Table 5.8 a number of variabkre wignificantly associated with
the change in household car ownership categoryneMd the categories of change in
income were statistically significant alone, altbbuthe cumulative significance of
change in income was (p-value overall of 0.01).viRg an income which was a lot
less than three years previously was associated wit0.233 reduction in car
ownership category. A little less income was asded with a 0.051 reduction.

Those whose household income remained about the $&u an increase in car
ownership group of 0.107. A little more income aadiot more income were

associated with 0.190 and 0.228 increased car @hipecategory respectively. The
change in work status was not significant althoadded to the overall explanatory
power of the model and was left in the model asrdrol. Similarly, having gained a

driving licence was associated with an increaseainownership category of 0.040
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although the association was not statistically ificant and hence it cannot be said

with 90% confidence that gaining a driving licer@s any effect.

Change in the jobs to population ratio was statdliy very significant (p-value of
0.018), although the magnitude of the effect waalkmwith a one standard deviation
increase (2.33) in the number of jobs comparedchépopulation being associated
with a reduction of 0.093 in car ownership categorgimilarly Ward population
density was statistically significant with an inase in density of 29.09 (1 SD) being
associated with a reduction in car ownership categaf 0.087. Change in
accommodation type was statistically significal¥hile those who had not changed
their accommodation type could not be distinguisineoh those who had moved from
a flat to a house, those who had moved from a htuseflat had a reduction in car
ownership category of 0.528 compared to those wbweah from a flat to a house.
Removing the change in accommodation type varidioléot change the significance
or magnitude of the effect of Ward population dgnsf the jobs to population ratio
to any notable extent and thus the effect of changgccommodation type can be
considered to be distinct from that of density gia to population ratio. The effects
of the change in urban form variables relate sdielthose who had moved, as those
who had not, by definition had no change in urbamf Introducing the “movers”
term to the model did not show any notable diffeemn in significance and
explanatory power of the socio-demographics vaegbut highlighted that the urban

form variables were redundant for non-movers.

5.5. Longitudinal and Cross-sectional Analysis of UrbanForm and Car

Ownership

The analyses presented so far shows associatibnsedyeurban form and current car
ownership and also between change in urban formcathge in car ownership.
These associations are not the same in terms ogtibles which are significant and
the magnitude of the effect. Hence, in order teaeine the overall effect of urban
form, it is useful to carryout analysis of the beem subject effects (cross section
analysis of the current) and the within subjeceeff(quasi-longitudinal analysis of

change) at the same time to give an indicatiomefaverall effect.
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5.5.1. Analytical Method

In the case of the car ownership data collectedpas of this study, having
information recorded on respondents over two oremidme periods produces a
number of problems and also opportunities for asialy

The quasi-longitudinal element to the data setwalldor analysis to be made of
within-respondent changes in the response var@e time. In the case of this data
set, it allows analysis to be undertaken of how hibaseholds’ car ownership had
changed over time and how this related to how theseholds’ urban form and socio-
demographics had changed as with the case of #ngops analysis presented in
Section 5.4. The results of that analysis showedl & change in a number of urban
form variables (difference within the respondengisvassociated with a change in car
ownership. The analysis presented in Sectiongh8wed how differences between
respondents in terms of their urban form relateda tdifference in car ownership
levels between those respondents. However, thasables found to be significant
were not always the same when explaining withinjesibdifference as when
explaining between subject difference. That is,dtoss section effects of urban form
appear to differ to the longitudinal effects, amahte it is difficult to draw conclusions
as to the overall effect of urban form on car owhgr. It is therefore desirable that
analyses be undertaken to determine the averaget®efdf the between and within
subject effects already presented. In so doingvoiild be possible to investigate
trends or changes for respondents over time andthese trends or changes vary
between respondents. That is; how the within-redpot changes or trends are relate
to inter-respondent differences (Applied LongitwdiAnalysis, 2006).

It should be noted here that in the modelling athsdatasets as this, two distinct
classes of model can be distinguished. Firstasuse of a conditional model, where
the earlier response is considered a covariatpssed to a response. The second is
the unconditional model, usually referred to asepeated measures model, where

both rounds of data are considered responses (Bwid$995).
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The use of repeated measures has several bendbtsonly is it possible to analyse
within-respondent and inter-respondent differenaelich a cross sectional study
cannot, another benefit of having repeated measurdése same respondents through
time is that the repeated measures of the samemndspt act as a control for the
unobserved heterogeneity (differences betweenetsigondents that are not described
by the data collected) amongst the respondentsmaycalso help control for reporting
error in situations where respondents consistamtiger or over-report a particular
response. This increases the explanatory powéneofnodel compared to a cross
sectional model or a longitudinal study that doet lrave repeated measures on the
same households, such as the models already prdsenthis chapter. One possible
drawback with the use of repeated measures is enfalt lack of variability in the
data if respondents’ car ownership or other cirdamses have not changed greatly.
As presented in Chapter 4, a good degree of vétiakiists in the data-set, both

between respondents and within.

Despite these considerable benefits of a repeatadumnes longitudinal study, the use

of such study designs in travel behaviour reseisrcare.

5.5.2. Model Selection

In order to utilise the repeated measures colleategbart of this study, a suitable
model, which was able to determine average eftgfaisban form, was required.

One of the challenges but also possible benefiteméated measured from the same
individuals is that there is likely to be co-varanin the response variable throughout
time. That is to say that the number of cars owmed household at one point in time
will be statistically related to the number of camsned by the household at another
point in time. In the case of this study, it ipegted that this co-variance will be
positive. The way in which this covariance is miatkeis an important consideration
in the analysis of repeated measures data. ThefuS&eneralized Linear Models
(GLM) is not appropriate for the modelling of repmhmeasures on the same cohort
as it ignores the correlation between the repeaibdervations. Generalized

Estimating Equations (GEE) models were first introed by Liang and Zeger (1986)
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as a modification of GLM that can accommodate threatation between the repeated
observations. The ability to use GEE to inves@gaross sectional changes,
longitudinal trends and the relationships betwelkanges in explanatory variables,
static explanatory variables and changes in thdaagfory variables has obvious
benefits to this study of car ownership and urbmmfover time. It is believed that
while the technique may offer many advantages tsdhinterested in urban form
travel behaviour or car ownership research theke Heeen no such studies to date
utilising this technique. Yee and Niemeier (1928pd a Generalised Estimating
Equations (GEE) model to analyse the trends in hhmale frequencies changed over
four waves of data collection, and how these rdlateincome and life cycle stage,
but otherwise, GEE models have rarely been appbetiavel behaviour research.
This is perhaps due to that fact that very few isudhave utilised longitudinal or
current and retrospective recalled data as is ptedehere. A GEE model was
therefore developed to analyse the repeated meastigar ownership collected as
part of this study in order to show population agged responses to marginal effects

of urban form.

In this instance, the repeated measures datasdbecaaid to be balanced. That is,
data were collected from all respondents at theess@h ofn occasions, in this case
two occasions. The data was also been collectdteatame two points in time for all

respondents.

The covariance matrix can be considered unstruttore structure can be placed on
the covariance matrix based on the assumptiontlieatovariances are not arbitrary
but follow some sort of pattern throughout timeheTbenefit of the unstructured
approach is that no assumptions are made regatigkngariances and co-variances,
which are then estimated from the data. The maawblack of the unstructured
approach is that the number of covariance param#idye estimated grows rapidly as
the number of occasions that the data are colléntzdases. Given that the data set
in this study contains information collected atyotwo occasions in time, equal to all

respondents, the covariance matrix was specifiethasuctured.
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5.5.3. Specification within SPSS

In order to run analyses on the repeated measuates the dependent variable, car
ownership, was considered to be a count variablilst the actual question used

elicited an ordinal response, with the uppermogtgmmy being three cars or more,

very few people reported having three cars and isuggested that only a small

proportion of those households would have had nioae@ 3 cars. Hence, for the

analysis presented here it is assumed that thasseholds who stated they had three
or more cars, in fact had three.

Of the distribution and link functions considereitable, the normal distribution with

log link function was found to best describe thtada

From the previous analysis of change in car owmershthout interaction of the
movers term it could be concluded (and was subsglyughown) that the effects of
urban form were related to solely to those who maded, as those who had not had
no change in urban form. However in the case & @EE model, between
respondent differences in urban form are consideakuhgside within subject
differences. Hence, the GEE model required arrant®n of explanatory variables
with the “movers” term in order to uncover any diinces between these two groups.
The model was constructed with an interaction betwé&e “movers” or “non-
movers” variable and all other independent variglle order to try to describe
household car ownership expressed as a scale kavidth four categories from “no
cars”, to “three cars”. The independent variabbese entered into the model using a
backwards removal method. Incomplete data weretellon a listwise basis. The
lack of variability in the current Urban Rural Cé#gation meant that between
respondent variation in this case cannot be andlged was hence removed from the
model. No two way interactions of urban form orisedemographic variables were
found to be significant and were hence removed fiteermodel.
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5.5.4. Results of Analysis of Change in Car Ownership an€Change in

Urban Form.

441 records of car ownership were included in thalysis, relating to 238 different
households. Some households only gave informatiotheir current car ownership
and associated explanatory variables, hence taeab441 is less than double the 238

households.

The goodness-of-fit statistics (QIC = 205, QICCS88)Lwere small suggesting a good
fit between the model and the data collected. gbedness of fit statistics were
primarily used to help optimise the model in thekveards removal method as

previously described.

Source Type lll
Wald Chi-Square Sig.

(Intercept) 105.648 .000
Movers * Age 17.081 .073
Movers * accomm type 5.995 .050
Movers * Household Income 101.357 .000
Movers * Licence Status 41.469 .000
Movers * Jobs:Pop ratio 44.340 .000
Movers * Ward density 17.706 .000
Movers * Distance to centre 5.779 .016

Table 5.9 Tests of GEE Model Effects of Urban Famd Car Ownership

Given that the GEE model utilised a larger datakan the previous analyses,
variables with a significance of 5% or less weresidered, as opposed to 10%
previously. As can be seen in Table 5.9, althofigh overall was not significant it
was kept in the model as it was felt important that results be interpreted after age
has been accounted for. The main effect of thearsoterm was redundant and hence

removed from the model.
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Parameter 95% Wald Confidence

B Interval Sig. |[Exp(B)

Lower Upper

(Intercept) .836 .595 1.077 .000 | 2.307
Non-Mover * Age 16-24 -.159 -.527 .209 .397| .853
Non-Mover * Age 25-34 -.415 -.742 -.089 .013| .660
Non-Mover * Age 35-44 -.295 -.623 .034 .079| .745
Non-Mover * Age 45-54 -.192 -.501 116 222 .825
Non-Mover * Age 55-64 -.220 -.530 .089 .163| .802
Non-Mover * Age 65+ -.207 -.526 111 .202| .813
Movers * 16-24 .006 -.183 .194 .9541.006
Movers * 25-34 -.108 -.251 .036 .141| .898
Movers * 35-44 -.107 -.253 .038 .148| .898
Movers * 45-54 -.107 -.259 .045 .169| .899
Movers * 55-64 -.134 -.311 .043 .138| .875
Movers * 65+ 0? 1
Non-Mover * Accom house -.068 -.190 .054 276 .934
Non-Mover * Accom flat 0® 1
Movers * Accom house .091 .010 173 .028 | 1.096
Movers * Accom flat 0® 1
Non-Mover * Income Nil -.529 -.703 -.354 .000| .589
Non-Mover * Income Up to £10,399 -.513 -.691 -.336 .000| .598
Non-Mover * Income £10,400 to £15,599 -.366 -.524 -.208 .000| .694
Non-Mover * Income £15,600 to £20,799 -.212 -.397 -.027 .025| .809
Non-Mover * Income £20,800 to £25,999 -.276 -.482 -.070 .009| .759
Non-Mover * Income £26,000 to £31,199 -.294 -.463 -.125 .001| .745
Non-Mover * Income £31,200 to £51,999 -127 -.232 -.022 .018| .881
Non-Mover * Income £52,000 or more 0® 1
Mover * Income Nil -.339 -.726 .048 .086| .713
Mover * Income Up to £10,399 -.661 -.832 -491 .000| .516
Mover * Income £10,400 to £15,599 -.352 -.561 -.143 .001| .703
Mover * Income £15,600 to £20,799 -.194 -.341 -.047 .010| .824
Mover * Income £20,800 to £25,999 -.185 -.297 -.073 .001| .831
Mover * Income £26,000 to £31,199 -.125 -.229 -.021 .018| .882
Mover * Income £31,200 to £51,999 -.116 -.204 -.029 .009| .890
Mover * Income £52,000 or more 0? 1
Non-Mover * Driving licence .373 .230 .515 .000|1.451
Non-Mover * No Driving licence 0? 1
Movers * Driving licence .302 .150 454 .000|1.352
Movers * No Driving licence 0? 1
Non-Mover * Jobs:Pop ratio -.088 -.118 -.058 .000| .916
Movers * Jobs:Pop ratio -.031 -.050 -.013 .001| .969




Parameter 95% Wald Confidence

B Interval Sig. |[Exp(B)

Lower Upper

Non-Mover * Ward density .000 -.003 .002 .871(1.000
Movers * Ward density -.003 -.004 -.002 .000| .997
Non-Mover * Distance to centre 3.350E-5 6.187E-6| 6.081E-5 .016 | 1.000
Movers * Distance to centre 2.051E-6 1.872E-7| 3.916E-6 .031{1.000
(Scale) 312

a - Redundant reference category

Table 5.10 Parameter Estimates for GEE Model oabdiBorm and Car Ownership

As can be seen in Table 5.10, different variables significant predictors of car
ownership for movers and non-movers. Overall,Age variable is not statistically
significant for either movers or non-movers. Hdudd income was statistically
significant for both movers or non-movers. A gehgpattern emerged for non-
movers with greater income being associated wigatgr car ownership. The lowest
income group was associated with 59% of the careosinip of the highest income
group. There is little difference in magnitudeaair ownership between the middle
income groups (£15,600 to £31,199). For movers, Ithvest income group was
associated with 71% of the car ownership of thddst)income group; however the
group with the lowest car ownership was househalds up to £10,399 income.
Having a driving licence is statistically signifitdy associated with household car
ownership. Having a license was associated witth #itfgher car ownership for non-

movers and 35% higher car ownership for movers.

For “non-movers” there is no statistically sign#id difference between living in a
house or flat. For “movers” however, living in ause was statistically significantly
associated with a 9.6% greater household car oWwiperEhe job:population ratio was
significant for movers and non-movers. For non-greva jobs:population ratio of
2.11 (1SD) higher than the mean of 0.95, was aswatiwith 17.7% fewer cars per
household for non-movers and 6.5% fewer for moyefasticity of -7.97% and -
2.93% respectively). Ward population density hasdiscernable effect (either in
terms of statistical significance or magnitude) fion-movers. For movers the effect
of the household residing in a ward with a popolatiensity 28.77 person per hectare

(1 SD) higher than the mean (48.02) was assocwitbd3% fewer cars per household
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(an elasticity of -13.35%). The distance to therent centre is statistically significant
for both movers and non-movers. Living 5,721 ne{te SD) further from the urban
centre than the mean (3,468m) related to 19% mars per household for non-

movers and 1% more for movers (11.52% and 0.61%tieilky respectively).

5.6. Summary of results

The analysis presented here shows that the diffesein distances driven between
households are largely explained by car ownerskeigandless of whether the
respondents had moved home in the previous thraesyand after controlling for
socio-demographic factors, including household .siz&hat is, for two person
households, those owning two cars drove substhnfiather than those owning one
car. For both movers and non-movers, not haviggseto a car meant, by definition
that they drove zero miles each year. Having aren@s associated with driving a
distance 46% that of three car plus householdsidarmovers and 35% that of three
car households for movers. Having two cars waeciested with driving a distance
90% that of three car plus households for non nmewerd 61% that of three car
households for movers. Thus, car ownership explaimore of the variation in
distance driven for those who had moved home irptegious three years than those

who had not.

For movers who owned at least one car, living hbase was associated with driving
a distance 56% that of those living in a flat,edle being equal. No other urban form
variables were statistically significantly assoethtwith distance driven once car
ownership, accommodation type and socio-demograpai@bles were accounted

for.

However, while change in car use was also explaioedl large extent by change in
car ownership for all households, a small numbeurbain form variables were also
statistically significant predictors of change ar cise for those who had moved home
in the previous three years. For such househatds)crease in distance to the nearest

urban centre of 2,059m (the standard deviationhefdhange in distance to urban
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centres) was associated with a 0.177 increasedentdeg odds of being in a higher
category of change in car use. Increased disttnageban centre was associated with
increased car use, all else being equal. Alsonemrease in the jobs:population ratio
of 2.95 (standard deviation) was associated withinareased ordered log odds of
0.274 of being in a lower category of change inus®. An increase in the number of

jobs compared to the number of residents was adsdowith a reduction in car use.

After car ownership had been accounted for, urloam fhad little effect on distance
driven and change in urban form only a small effmectchange in distance driven.
However, analysis of car ownership and change irosaership showed urban form

to have an effect.

A householdmoving in the last three years ahdng 2,143 metres (1SD) further
away from the nearest urban centre, compared tonten distance, had on average
0.398 more cars. Those moving to an area furtwaydrom Glasgow or Edinburgh
City centre had higher car ownership compareddsdimoving to an area close to the
city centre. Those relocating to an area withte jpopulation ratio 1.861 higher than
the average area people relocated to, had a 0.ghérhordered log odds ratio of
being in a lower category for car ownership. Mavio an area with a high number
of jobs compared to residents was associated witled car ownership than those
moving to an area with fewer jobs per resident#wode moving to areas with a Ward
higher population density had lower car ownershigntthose moving to areas less
densely populated. For those who had not movecehbwing in an area closer to the
city centre was associated with lower car ownersbiyt no other differences in the
current location of non-movers were statisticalligndficantly related to the

differences in car ownership.

Similarly, for those who had moved home, the changebs:population ratio from

the previous location to their new location wasoagged with a change in car
ownership. An increase of 2.33 jobs per residesd @ssociated with a reduction of
0.093 in the car ownership category. An increas@apulation density of 29.09
people per Ward was associated with a reductiararrownership category of 0.087.
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Moving from a house to a flat was associated wabuction in car ownership

category of 0.528 compared to those who had mawed & flat to a house.

The Generalized Estimating Equations model detexchthe average effect of urban
form on car ownership, taking into account the abtaristics of the previous

residential location and the current residentigatmn. More urban form variables
have an effect on car ownership for those who haweth home. For such

households, living in a house was associated wifodnore cars than living in a flat;

having 2.11 more jobs per resident was associaittbnb% fewer cars; living in area
with 28.77 more residents per hectare was assdcveite 8% fewer cars and living

5,721m further from the urban centre was assocmitd 1% more cars. For those
who had not moved house, neither the populatiositienor the accommodation type
were statistically significantly associated withr canership, but the effect of the jobs
to population ratio and distance to urban centreewgreater. 2.11 more jobs per
resident was associated with 17.7% fewer cars peséhold and living 5,721m

further from the urban centre was associated @& inore car per household.

For movers, the combined effect of living in a xtva-urban area (i.e. in a house,
living 5,721m further from the urban centre, witB.27 fewer residents per hectare,
with 2.11 fewer jobs per resident) was 25.1% higter ownership all else being

equal.

For non-movers, the combined effect of living insab/extra-urban area (5,721m
further from the urban centre, with 2.11 fewer jples resident) was 36.7% higher car

ownership, all else being equal.

This chapter describes the statistical analysigriodn form and the effect on distance
travelled and car ownership. Chapter 6, Discusaimh Conclusions, synthesises the
results of the various statistical tests preseitek, discusses their meaning and
compares the findings with those found in the ditere. Further work and limitations

of the analyses presented here as also discussed.
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Discussion and Conclusions

The previous chapter described the models creaté¢elst the hypotheses that urban
form and car ownership have direct effects on tré@edaviour and that urban form

has direct effects on car ownership.

This chapter synthesises the results of the asapysgisented in Chapter 5 and places
these in the context of the literature, discushkeslimitations of this research, draws

conclusions and finally suggests further work.

5.7.Discussion

The analyses presented in this thesis soughttithieefiypotheses that:

H1: Urban Form and Car Ownership have direct effeat Travel Behaviour

H2: Urban Form has direct effects on Car Ownership

The analysis presented in Chapter 5 suggests thestehold car ownership explains
much of the variation in household distance drigad, residential population density,
the jobs to population ratio and, distance to urtamtre add little else, for those who
have lived in their current home for more than &arge The only urban form

characteristic that was statistically significandgsociated with distance driven was
the accommodation type, with those who owned at leae car and who had moved
to a flat in the previous three years having atgredistance driven, than those who
had moved into a house all else being equal. @bksociation is unexpected in its
direction, as it would be expected that living irause would be associated with
driving further. However, it is important to recoge that the association is for
households with at least one car, all else beingleqCar ownership and other socio-
demographics are not equal for those in housestese in flats. Those living in flats

had lower levels of car ownership (mean of 1.8&htthose in houses (mean of 2.26).

These results are similar to those presented bgdS{2001) who found that socio-

demographic variables, including car ownership axgd between 19% and 24% of
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distance travelled, while urban form explained o8, with Ward density being the
only variable to demonstrate any significant effecThe results presented here
similarly show little effect of urban form on distze driven, after car ownership is
accounted for. In terms of the first hypothedisan be confirmed that car ownership
does have direct effects on distance driven howehereffect of change in car
ownership from 1 to 3 cars was inelastic. Theatféd a difference between 0 and 1
cars was elastic. However the hypothesis thatithan form in which a household is
located has direct effects on distance driven nmgstrejected. The differences
between where households reside had no statigtisglhificant effect on distance
driven, once car ownership, other socio-demograghtors and the type of

accommodation were accounted for, for those livmgn urban and suburban setting.

The longitudinal analysis, while based on the il as opposed to the household,
showed that moving further from the nearest urbartre, to an area with fewer jobs
per resident was associated with an increasedilo@l of having reported an
increase in car use, although the effect is snmatipared to other socio-demographic
factors, especially changes in car ownership. félsethat the differences in urban
form of where people lived, did not explain thefeliénce in car use, but that changes
in the distance to current centre and changeseifotts to population ratio did explain
some of the variation in changes in car use is istatg with the notion that
households, when moving home, consider their tragveferences in the choice of
urban form in which to live (Schwanen and Mokhtayid005), whereas those who
have not moved home more recently might well bengpvin an urban form which
does not match their current lifestyle and trawedviour. For those who did move
home in the preceding three yeatse characteristics of their residential locatiot d
not explain their distance drivehis could be because the variability of urbamnfs
within Glasgow and Edinburgh were not sufficientiigh to affectdistance driven,
whereas the variability between the previous lectatnd the current (for example
from a rural area to Glasgow City centre) was gesaiugh to affect change in car
use. An alternative explanation could be as altreduthe cross sectional analysis
being based on the household, whereas the longédludnalysis was based on the
individual. It is also possible that the self repd change in car use is a less accurate

measure of change in distance driven, than thes@estional questions relating to
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annual mileages for all vehicles owned or availdbl¢he household. It is possible
that residents over-estimated how much their carhasl changed. It seems plausible
that those who had moved home might, in particidaer-estimate how much their
car use had changed over the same time period.

Although the associations between urban form asthdce driven after car ownership
was accounted for were weak, the car ownershipaffasted by urban form. Thus
the direct effects of urban form on distance driveere minimal, but there were
indirect effects through car ownership. Aditjanataal (2011) similarly concluded
that changes in urban form influence changes imetrbehaviour directly but also
indirectly through changes in car ownership in Nweth East of England. The urban
form in which the household resided was statidficsignificantly related to the car
ownership of the household for those households hatbrecently moved home. For
movers, living in an area further from the city tenin a less densely populated
Ward, with fewer jobs per resident was associatild ngher car ownership. These
findings compliment those of Giuliano and Darg@@d6) who found that higher
residential density was associated with lower camership as was living in a
row/terraced house and being closer to public parts From the analyses presented
in this study, the effect was less pronounced fars¢ households who had not
recently relocated. For such households, livinghkr from the city centre was
associated with having more cars, but no other rurftam variables had any
statistically significant effect. This gives fuethweight to the notion that during a
residential relocation, households re-evaluatentiraber of cars they own in order to
better match their new residential location, wheré@ose who have not recently
moved home might be living in an urban form whiekd well suited to their level of
car ownership. This supports the idea of dissoadretween lifestyles and urban
forms discussed by Schwanen and Mokhtarian (206@nce, the second hypothesis
that urban form has direct effects of car ownerskipccepted for those who have
recently moved home. For those who have not, ffieete are limited. For those who
had recently moved home, not only were charactesistf their residential location
associated with car ownership, but the changeseir residential locations were
associated with a change in car ownership lever skich households, moving to a
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higher density Ward, with more jobs per resident enoving from a house to a flat

was associated with a reduction in the number &f caned by the household.

In order to determine the overall effect (crosstiseal and longitudinal) of urban
form on car ownership, a GEE model was developEte model showed that while
more urban form variables were associated withovamership for those who had
recently moved home, the magnitude of the effectawh of these variables was not
always greater for movers. The beta value foratfiect of jobs to population ratio
was -0.088 for non-movers but only -0.031 for mgyéor distance to urban centre it
was 3.35 x 18 for non-movers and 2.05 x $Gor movers. However, for movers,
living in a house as opposed to a flat was assatiatith a slightly higher car
ownership (beta value of 0.091) and greater Wamplijation density was associated
with fewer cars (beta value of -0.003). This resdbes entirely match the findings of
the cross sectional analyses and the longitudinalyaes. An explanation for this
seemingly odd result relates to how the GEE modeksy The GEE model, uses two
rounds of data on all households who gave inforonatin their previous and current
residential locations, car ownership and socio-dgaquhics. It then accounts for the
fact that for most households, there is strongtpesicorrelation between the car
ownership, socio-demographics and, in the caseonfmovers, urban form between
the two rounds of data collected. As such one fiteoiethe GEE is that it considers
not only the effect of the current urban form om ocavnership, but also on the
previous urban form on car ownership. It seemsliziglausible that the previous
urban form for those who recently moved home, dad match well their car
ownership levels. Indeed it can be speculatedtthsiimight have been one instigator
for the relocation. As such the magnitude of tfieces of urban form variables for
movers, using both waves of data appear weaker ttaranalysis of the current

location and of the change in location.

In order to test this theory, one further model vekeveloped for movers, with

previous car ownership as the ordinal dependeriblarin order to test whether the
previous urban form was statistically significandgsociated with the previous car
ownership. The model was specified as per thenaldnodel presented in section

5.3. The results showed that only previous Wargufaiion density was associated
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with previous car ownership for those who had mowethe preceding three years
(beta value of -0.015 and significance of 0.003)he magnitude of the effect of
population density was therefore the same for tlegipus location as for the current
location for movers. However, no other urban foramiables were close to being
statistically significant at the 10% level, neitlveere income or age as were the case
for the current residential location. This reggiltes added weight to the notion that
during the residential relocation, households mahbshir urban form with their car
ownership level and other socio-demographic factors

As stated in section 2.1.1, one explicit aim ofnpiag policy in Scotland, and
elsewhere, is to reduce car use. The findingsisf research suggest that land use
planning may be somewhat limited in bringing absuth changes in car use and
indeed might be counterproductive in tackling catige, local air pollution and

parking problems.

From the results presented here, it can be searcéihaownership has an inelastic
association to measures of urban form. For thdse lad recently moved home, a
100% increase in population density related to 3%.3eduction in car ownership.
Similarly, the elasticity of car ownership with pegt to the Distance to Urban Centre
was 11.52% for movers and 0.61% for non moverse johs to population ratio had
an elasticity of -7.97% for recent movers and -2098r non-movers. Intensification
policies therefore, are likely to relate to a smatluction in average car ownership for
those moving into the newly intensified areas,dwutncrease in the number of cars in
the intensified area. Thus, the effects of intecetion may be counterproductive
with more cars in the intensified area despite allsreduction in the average car

ownership, exacerbating problems of parking, aalityy and congestion.

While there was no statistically significant asation between population density
and household distance driven, this was after wareoship had been accounted for.
Intensification therefore, has an indirect effeat distance driven through its
relationship with car ownership. The jobs:populatratio does also have a direct
effect although it is very small (elasticity of 2% for all households). The slightly

lower car ownership of households in denser areaddwvelate to slightly lower car
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use. Households may reduce from having one chaving none, and hence would
see a 100% reduction in their distance driven. séhgoing from 2 cars to 1 car would
experience a 42% reduction and those going frorar8 2 cars a 39% reduction.
The relationship between car ownership and distatroeen are overall inelastic.
Intensification will therefore lead to an increasecar miles travelled within the
intensified area. While the average distance driver the entire population
(including the areas not intensified) may redugghsly, there will be more cars in the
intensified area and a greater distance drivenhay ibcreased population of the

intensified area.

5.8.Limitations

It is important to recognise the limitations of theidy. While it would have been
possible to ask the respondent how many miles dneye three years ago, it was felt
that the responses would have been unreliable ay people would not be aware
how many miles they drove such a long period agoyever, it was felt that

respondents would be able to judge change in distainiven. In addition to the

problems of respondents over or under-estimatimgy tthange in car use already
mentioned, this also led to the unconstrained amalyeing carried out (only change
variables being analysed without being benchmarkgdinst previous or current
measures). The result of only using change vagisl that it is not possible from this
study to say whether or not it is a change from fownedium jobs to population ratio
or from medium to high that has the greater aféectar miles driven, although given
the lack of strong associations found, this probigmot particularly relevant.

Another issue with the analysis of change in suatoanditional models is the issue of
regression fallacy. The problem is that measufeshange are related to the initial
values of the change variable. For example, tiatchange in car miles travelled is
correlated with the initial number of car milesvieded. It maybe that those with an
initially very low number of car miles travelledeatikely to have increased the
amount they drive and those who initially had ayveigh number of miles travelled

by car are likely to have reduced the amount theyed The importance of this

problem of regression towards the mean is debatdtie field of statistics (Taris,
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2000). Drawing on finding from Alison (1990), Tar(2000) states that, “The
participants in a longitudinal study can post hecagsigned to a control group and a
treatment group; the participants in the treatngeotip experienced a particular event
between the waves of the study, the participanténcontrol group did not. By
comparing the scores of the control and treatmemtinsight is obtained into the
effects of the ‘treatment’...... The non-equivalent cohgroup design is especially
appropriate in the case of surveys, as in this tesé&eatment is not under the control
of the researcher.” In this case, the analysised here including the interaction
term for movers and non-movers would appear toyalee fears noted regarding
regression fallacy as it enables comparisons tmade between those who (by self
selection) received the treatment (residentialaaion) with a control group of those

who did not (hon-movers).

It is also possible here that respondents may findasier to recall their travel
behaviour for non-discretionary travel such asjtheney to work from three years
ago and hence changes in discretionary travel siscleisure travel may well be

poorly recorded, which may introduce systematioreirr the results.

It is also very important to recognise that whitedying those people who have
moved home and how the change in their residentizdn form relates to changes in
car ownership and vehicle miles driven, in termsuoban planning, there are
problems with assuming that changing urban formthmse who are not moving
home (intensification policies) will have the sageftect. Changes in urban form as a
result of intensification are likely to take plaocser a long time period whereas
changes in urban form resulting from a residengébcation are more immediate.
Residential relocation is voluntary to the indivédsiwhereas changes brought about
through policy are not. Also much relies on theegal housing market and existing
stock of housing as mentioned in Section 3.3.5 @disdussed further in Jenks and
Jones (2010).

Further limitations relate to the use of case staiBas in this study. While useful in
terms of data collection and the design of thevagtidiary and questionnaire, the

clustering of responses within these areas posae pooblems. Firstly, by using data
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from these defined areas of Glasgow and Edinbunghyding data on those who had
moved to these areas from other parts of the Uis,difficult to draw conclusions as
to what the overall response of the Scottish pdfmriavould be to changes in urban
form. Or to be more precise, what the responsea$ehold would be to a change in
residential density following relocation to a dréat urban form in Scotland. The
dataset omits those who have moved from an urbeatitm to a rural location.
However as already described, Scottish planningcyp@ncourages development in
existing urban areas, and hence those moving & aneas are of less interest to this
study. The second problem associated with thdesing of data geographically into
case study areas is that of spatial autocorrelatidnch is caused by data collected
geographically having a tendency to be depend&hat is, as Overmars et al (2003)
states, “Values over distance are more or lessylilkebe similar than expected for
randomly associated pairs of observations.” Indbwtext of this study, it is possible
that there are attributes of the case study are&8awnds within, that have not been
captured in the study such as more detailed sadtaral factors, that are producing
similar behaviours or car ownerships rather thautban form metrics collected at
the Ward or case study area level. It should liechbowever that clustering of the
previous residential locations into particular weadbes not occur for those who had
moved house, and therefore while spatial autocarozl may exist for the second set
of repeated measures (after the move), spatiat@utelation should not occur for
the analysis of change between the two residelutations and hence the analysis
based on the change in vehicle miles drive or changar ownership should not be

effected.

The issue of residential preferences was explonethé review of literature and
development of hypotheses. While some studies lsmen residential location
preference as a factor that needs be controlledvaal spurious results (Handy et al,
2005; Sermons and Seredich, 2001; Khattak ad Reelrjg2005)it was decided that
in this study, no such account should be madedi&cited in the literature review
(Scheiner, 2010; Cevero and Duncan, 20fl8uss that urban areas with ubiquitous
public transport might not demonstrate strong edidl sorting based on travel
preferences. Moreover, controlling for residentiatation preference possibly

ignores a causal path through which urban formstawetl behaviours relate. Firstly,
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it is possible that previous residential locatiomd aravel behaviours help shape
current preferences. Secondly, even if sortingthas travel preferences were found
to occur, this still does not negate the possybditthe planning system being able to
influence travel behaviours through manipulatinge tbhoice set of residential
locations available to the household (for examplemaking suburban car oriented
living more expensive). That is regardless of pesppreferences, free choice on
residential location does not exist, it is consteal. Lastly, it should be noted that
even in studies which have found a degree of rati@esorting based on travel
preferences, this points to a different causal raeigm, as opposed to no association
between urban form and travel behaviour, not thertet is no association at all. It was
therefore felt that residential sorting based paott travel preference should not be
controlled for, as this could ignore a mechanismwdych urban form influences

travel behaviour.

5.9. Conclusions

The objectives of this study were:

To estimate the effect of urban form on travel hahar,

To estimate the effect of car ownership on traesldviour,

To estimate the effect of a change in urban fornindividual and household
travel behaviour following residential relocation,

To estimate the effect of urban form on car ownigrsh

To estimate the effect of a change in urban forncanownership following

residential relocation.

The majority of research based in the US has detrated that “neo-traditional”
attributes were associated with less distance ltev®y car or fewer trips made by
car (Cervero and Kockelman, 1997; Cervero, 2002ngwet al, 2003; Khattak and
Rodriguez, 2005). A similar pattern of findingsshiaeen reported in Europe. In
Europe there has been less focus on “neo-traditiooa other urban forms
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specifically designed to reduce car use; howewedjrigs from studies of a range of
urban forms also suggest a statistically significassociation between higher
residential density, proximity to urban centre, antked land uses with a reduced
demand for travel by car (Dieleman et al, 2002;lI8neet al, 2002; Naess, 2005;
Stead, 2001). However, few studies have beenechaut in the UK and lesser so in
the context of Scotland. Also, analysis of diffese in urban form and travel
behaviour or car ownership does not demonstratecttemges in urban form relate to
changes in travel behaviour and car ownership.wds therefore felt that little

evidence could be found in the literature as to hmeveased density, land use mix,
close to urban centres, inherent in Scottish ptanpolicy might relate to changes in

distance driven and changes in car ownership.

The analyses presented here show that, after tisia®as to how many cars to own
is accounted for, little about the residential toma has any effect on distance driven
for residents in Glasgow and Edinburgh, whethey th@ve moved home in the last
three years or not. While the change in residetd@ation showed more effect on
personal distance driven, it seems highly plausflbden these results that such an
effect might dissipate over time, as the houseleidains in their current location,

but with gradually changing lifestyles, socio-demagghics and distance driven.
Referring back to the hypothesised causal pathraimagn Figure 6.1 below, the

results suggests that the direct influence of urfmam on vehicle miles driven is

small and possibly ephemeral, while the relationshetween car ownership

(especially the choice of whether to own at leas car) and vehicle miles driven is
strong, as expected.

Travel Behaviour

C ar Ownership

Socio-
Economics/Dem ographics

/

UrbanForm

\—//’P

Figure 0.1 Hypothesised Urban Form, Car Ownerskigvel Behaviour Interactions.
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Statistically strong associations were found betwesban form characteristics and
car ownership and changes in both. The data stgytied urban form influences car
ownership which in turn influences vehicle milesven, particularly for those who
have recently moved home, with higher Ward popaoitatiensity, a greater number of
jobs per resident and residing close to the citytreebeing associated with owning
fewer cars, however the relationship is inelasfoubling population density would
lead to a reduction in car ownership of 13%, whichurn would lead to a reduction
in average car use, of less than 13 (as the re#dtips between car ownership levels
and distance driven are also inelastic). Hencensification will lead to a 74%
increase in cars and a greater increase in theiiruareas with a 100% increase in

population.

These findings are similar to those of other stidiech as Echenique et al (2012)
which estimated through simulation modelling thaloaibling of density would relate
to a 10% reduction in vehicle miles travelled (VM®) three case study areas in the
Southeast of England. Ewing and Cevero (2001, P&l@ilarly found a 5%
reduction in VMT as a result of doubling densit@thers have noted the unintended
consequence of intensification being an increas®ngestion (Echenique at al, 2012;
Sorensen, 2009) with associated problems of inettasespiratory disease
(Schweitzer and Zhou, 2010). The results of thisyssimilarly call into question the
use of intensification as a policy tool to reducmgestion, improve air quality and

alleviate parking problems.

Cities are both the manifestation of current andvipus lifestyles and travel
behaviour, which also influence current lifestyée®l travel behaviour. Where people
choose to reside within these complex systems, Weflects preferences and
influences behaviours. One of the roles of plagmpalicy is to help shape the urban
forms in such a way that creates more sustainadleltbehaviours. By increasing
the ability or those living in suburban areas tovendo compact urban areas by
increasing supply and hence reducing the pricennotg policy can encourage
households to relocate to areas where they arly likeown slightly fewer cars and

hence drive very slightly less, regardless of pefees which might be towards more
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suburban locations. Increasing the supply of geatbols, access to green space and
improving the attractiveness of compact urban fommld also encourage more
people to relocate to such areas. Converselyetycing the supply (and increasing
the price) of suburban residential locations, hbok¥s will be encouraged to located
to compact urban areas, regardless of their prefess which might be towards more
suburban car oriented living. However, the effettthis as already mentioned is

likely to be to increase driving in the intensifiackas.

Whether or not planning policy can create the higthensity, mixed use compact
urban forms required is not within the scope of thiesis, and is questionable against
a backdrop of residential preferences towards nsoteurban living, which were
found in the sample (Jenks and Jones, 2010). Ghlas$ms experienced a dramatic
loss of population over the last four decades agmcé a reduction in population
density, although the population has more recesthpilised and is predicted to
increase by a relatively modest 1.4% by 2033 coetgpdo 2008 levels, whereas
Edinburgh on the other hand, is predicted to ha&€8% more residents in 2033
compared to 2008 (General Register Office for Soamt) 2010). In cities with a lack
of housing supply and high housing costs, it seék&ly that new high density
developments would be economically viable, as tieoe set available to households
with a particular budget is more limited. In c&tiehat have suffered dramatic
population loss, with vacant high-density housings questionable whether or not
intensification is achievable against a backdropreferences for suburban living and

a relatively affordable stock of such housing.

Further work on the availability and pricing of arbforms is required in order to
determine if intensification could be achieved. nlay also be the case that other
policies with the same aim might be more successfukducing distances driven,
such as increasing the costs of owning and usirggraor through better public

transport provision.

It is not explored in this thesis, whether reduciedpicle miles travelled is something
that should be aimed for. While reducing car $sefien seen as a positive measure

towards creating more environmentally sustainaibéstyle, the increase in mobility
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afforded by increased car ownership and use, uriddlyphas some positive effects
including some positive impacts on the economy (BR&, 1999). However,
proponents of increasing car ownership and use aseans to foster economic
growth, rely on the premise that transport wiltie future continue to be cheap. Itis
the view of the author of this thesis, that sughemise is doubtful. By shaping urban
forms to encourage lifestyles less dependent oapcipersonalised transport, it may
help to minimise the impacts of any future risegha costs of such transport. An
alternative to using the planning system to “forpetple into compact urban forms,
might sensibly be to pursue policies aimed at asireg the cost of car use and more
importantly ownership thus creating more demandrésidential locations that are

compact, dense and mixed.
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5.10. Further Work

In order to investigate further the dissonancerban form and car ownership, further
work should be carried out over a longer time framith more repeated measures of
both. The data collected as part of this studyewallected for two time periods,
three years apart. Having more waves of data avenger time period would enable
an assessment to be made as to whether, and oatrtiwie periods the effect of

urban form on car ownership following a residentebcation dissipate.

Further work which includes residential locationgsidethe main citiesn Scotland
including suburban and extra-urban settlememtsild enable stronger conclusions to
be drawn as to the effect of encouraging developnmeGlasgow and Edinburgh as

opposed to outside of Glasgow and Edinburgh.

In order to determine the effectiveness of intecaiion, further work should

determine the proportion of the population moviogScotland (or within) that are
wish to reside in compact urban areas. Similddgther work, utilising house price
data would enable the effectiveness of intensibbcapolicies to be better tested,
perhaps using stated preference survey designsder ¢to determine the trade-offs
between price and residential preference that peaepé willing to make, thus
determining a price differential required in orderforce” people into more compact

urban areas regardless of their preference forrbabuiving.
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Appendix A. Record of US Based Research

The following table provides a summarised des@ipwf all US based studies not
otherwise referred to in the main body of this thes
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Table Al. Record of US Based Research.

Year | Study Location | Description Key Measures Results

of study

1976| Kain and Fauth US Travel demand model based |dDar ownership Most variation in mode choice |s
(1976) census data to determine hoMode choice. explained by car ownership. Public

arrangement of land uses, densjty, transport provision, parking charges and
location of residences and work place and residential densities play
workplaces affect levels of car a role in determining the level of car
ownership and mode choice. ownership.

1989 | Boarnet and US Ordered probit regression analysion work car trips per No significant relationships found
Sarmiento based on data from 769 individualsdividual. including for the proportion of four-way
(1998) controlling for gender, race, intersections  within  1/4 mile of

income, household size and other residence.
socio-economic factors.

1990| Replogle us Discrete choice analysis carried p#robability of using Use of public transport is more likely |n
(1990) to test association between urhgpublic transport and the zones with higher public transpart

form and the probability of usin
public transport and the probabili

of accessing public transport |

Y

gProbability of accessin

tyublic transport by foot.

gserviceability index, walk access
public transport is more likely in zong

with higher transit serviceability index.

to

D
()]
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foot using composite urban for

measures built up from sidewalk
conditions, land use mix, building

setbacks, public transport, stops

amenities, bicycle conditions.

m

1993| Sasaki us Descriptive study of 1pPublic transport share ¢fPublic transport use is higher in public
Associates neighbourhoods with variety ofwork trips. transport oriented and pedestrian
(1993) urban forms. oriented neighbourhoods.

1993| San Diego US Descriptive analysis of data fronNumber of trips by Trip frequency is lower in traditional
Association of] 251 households in 13 traditiongpurpose per household, communities, walk and bike shares are
Governments communities compared to théublic transport} higher in traditional communities and
(1993) regional average. No statistigavalking and bicycle public transport share is lower jn

methods or control variables. share of home basedraditional communities.
trips.
1993 | Handy (1993) us Descriptive analysis of data froAverage shopping trip Shopping trips are shorter at locatigns

34 census areas and traffic analy

zone data.

desngth,

Number of shopping
trips,

Person miles travelle

with high local or regional accessibilit
) Person miles travelled for shopping
lower at locations with high local ¢

dregional accessibility.

S

g
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on shopping trips.

1993| Parson us Regression analysis carried out|drehicle miles travelled Vehicle miles travelled is lower where
Brinkerhoff data from 2,421 households |iper household, household densities are higher or mpre
Quade Douglas different traffic analysis zonesVehicle miles travelled employment is accessible by either
(1993) controlling for household size, caper person, mode. Vehicle trips are more frequent
ownership, income and other socidNumber of vehicle trips{ where more employment is accessible

economics. by car, and less frequent where more

employment is accessible by public

transport. Vehicle miles travelled and
vehicle trips per household decrease as

the pedestrian environment factor

increases.

1994| Ewing et all US ANOVA analysis carried out onVehicle hours travelledInverse relationship between
(1994) data from 163 households in | @er person, accessibility and vehicle hours travelled
urban forms around Palm BeacNumber of trips per per person. Density, mixed use, and a

County, Florida.

non-work purposes,

Share of trips for publi¢

person for work andcentral location all appear to depre

vehicular travel.
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transport and

walking/cycling.

Density,
Land use mix and
Centrality.
1994 | Friedman et al US Descriptive study of data fropirips per household, | Trip frequency is lower in traditional
(1994) 1105 households in 35 differenMode split of trips by communities. Walk, bike and publjc
urban forms. No statisticalpurpose. transport shares of trips are higher|in
methods or control variables. traditional communities.
1994 | Franc and Pivo US Regression analysis carried out|dMode splits of work and Public transport share of work trips |is
(1994) census tract areas at an aggregateopping trips , greater at high employment densiti
level. Travel data aggregated frarsross population Public transport share of shopping trips
the Puget Sounds Transportatiotkensity, is greater at higher population and
Panel survey carried out in 198%ross employmentemployment densities.

controlling for household size, cadensity, Land-use mix,
ownership, and other socipSocio-demographic

economics. variables.
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€

e

for

1994 | Holtzclaw us Regression analysis carried out|dkverage vehicle milesVehicle miles travelled is lower a

(1994) aggregate census data from |2favelled per household| higher net household densities.
communities with various urban
forms controlling for average
community income.

1994 | Parson us Regression analysis carried out|drehicle miles travelled Vehicle miles travelled is lower whe
Brinkerhoff data from 2,223 householdper household household densities are higher or mpre
Quade Douglas controlling for household size, car employment is accessible by c
(1994) ownership, income and other socjo- Vehicle miles travelled is lower in areas

economic variables where a higher proportion of tf
commercial buildings were built befofre
1951.

1994 | Cervero us Regression and Logit analysis |dfrain travel share ofTrain use commute share is greater

(1994a) data from 2,560 households in RWork trips, higher density residential setting

different areas close to rapid pub

transport controlling for socig

economic and destination si

variables

-access stations.

te

liMode of transport to Higher densities

induce more wa

access trips to train stations.
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1994 | Cervero us Regression analysis of data from|I&ain travel share of Train use commute share is greater |for
(1994hb) office buildings around rapid publicwork trips, higher density work settings. Train
transport stations controlling forMode of transport tousers have higher shares of mid-day
occupational mix, differences [naccess stations. trips by foot. Parking supply at work
origins and socio-economics. place discourages public transport use
for commuting, and walking and cycling
to train stations.
1995| Cervero and US Descriptive study of 14Modal splits of workl Walk, cycle and public transport mode
Gorham (1995) neighbourhoods paired by sociotrips splits are higher in transit oriented
economic and other factors but with neighbourhoods.
various urban forms. No statistigal
methods used.
1995| Handy (1995) usS Study of 389 people in foWumber of walking fon Walk trip frequency is lower to shops |in
neighbourhoods paired by regiondeisure trips per person, traditional neighbourhoods. Trip

location. Two way ANOVA

carried out

household size and work status.

Number of walking tg

controlling  for shops trips per person,

Number of trips
supermarkets
person,

tq

P&

frequencies to convenience stores

higher in traditional neighbourhoods.

are
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Trip time to
supermarkets,
Number of trips tg

convenience stores P

person,
Number of trips tq
regional malls per
person,
Others.
1995| Kulkarni et all US Difference of means test of datNumber of trips per Trip frequency is lower than average|in
(1995) from 524 households in 2Chousehold, traditional neighbourhoods and higher
different urban forms. No controlNumber  of  public than average in planned unit
variables included. transport  trips  perdevelopments.  Frequency of public
household, transport trips is higher in traditional
Number of walking and neighbourhoods. Frequency of walking
cycling trips per and cycling trips is lower in planned unit
household. developments.
1996 | Rutherford et a| US Descriptive analysis of data from\verage  trips per Trips are shorter in mixed use
(1996) 663 households in 3 mixed usbousehold, neighbourhoods. Walk share is higher
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areas and three large sub-areas

the Seattle Area. Comparis

between the two, with crossAverage walk share g
tabulations of income and lifetrips,
cycle. Average distancg

bshort trips,

travelled per person,
Average hours travelle

per person, Others.

s Average proportion  of in mixed use areas. Distances trave

per person are lower in mixed use are
f

D

led
as.

de

1996 | Cervero and US Binomial Logit model fitted to dataNumber of work and Non-work trips in traditiona
Radisch (1996) from 820-990 people from twpnon-work trips  per neighbourhoods are more likely be ma

neighbourhoods that were matcheaerson, by car than non-work trips in oth
by median income, location andProbability of using caf neighbourhoods.
rapid public transport acceg or non car for work and
Controlled for household size, canon-work trips.
ownership, income and other socjo-
economics.

1996 | Handy (1996) us ANOVA analysis of data frgmNumber of leisure Frequency of walking trips to shops

1,368

neighbourhoods matched in terr

people from Si

xwalking trips,

msumber of walking trips

higher in traditional neighbourhoog

than in early modern neighbourhoo

is

s
ds
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of socio-economics.

to shops,
Others.

and higher in early modef

neighbourhoods than in late modern

neighbourhoods.

1996

Ewing (1996)

us

Regression analysis carried out
patronage per bus stop for 157 bus

stops not controlling for any socio-

economic variables.

Batronage per bus stop

Bus patronage is greatehigiter

employment densities.

1996

Messenger andUS

Ewing (1996)

Aggregate analysis

simultaneous equations of datéhome zones),

from 690 traffic analysis zone
controlling for aggregate housirn

type income and car ownership.

usindus share of work trip

dwork zones).

sBus share of work trips is greater

Bus share of work tripseffects of density on car ownership a

higher overall

parking costs.

at

densities through the

nd

1996 | Parson us Regression analysis of data fromaily boardings pef Rail ridership is higher at higher
Brinkerhoff 261 light rail stations in 11 US$Slight rail station. densities.
Quade Douglas metropolitan areas controlling for
(1996) average household income.

1996 | Schimek (1996) US Regression analysis carried out|drehicle miles travelled Vehicle miles travelled is lower at

15,916 househol

controlling for household size, c

data on

dper household,

alehicle trips per

higher densities. Vehicle trips are lg

frequent at higher densities.

2SS
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ownership, income and other socjdiousehold.

economic variables.

1996 | Strathman andUS Logit analysis carried out on 3,64Brobability of choosing Use of public transport is more likely @t
Dueker (1996) commuting round trips controllingpublic transport over higher densities.

for income, gender, age and othelrive-alone,

socio-economic variables. Two other mode choice
variables.
1996 | Morall and| Canada Regression analysis carried out Buablic transport share ofPublic transport share of work trips |is
Bolger (1996) mode splits for public transpoftwork trips. lower in downtowns with more parking
averaged for 21 central business spaces per employee.
districts not controlling for socio-
economic variables.
1997| Douglas  and US Descriptive analysis of data fronPublic transport share ¢fPublic transport share of commuting
Evans (1997) 3,207 employees in four differentommute trips, trips is higher in urban and suburban

areas. No statistical methods usédumber of mid-day downtowns compared to suburban office
or control variables used. trips per employee, campuses and office parks. Walking
Walk share of mid-dayand public transport share of mid-day
trips, trips are higher for suburban and urban
Mid-day vehicle miles downtowns compared to suburban offjce
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travelled, campuses and office parks. Midday
Vehicle miles travelled vehicle miles travelled is higher for
per day per employee, | suburban office campuses and office
Others. parks. Daily vehicle miles travelled |is
higher for suburban office campuses and
office parks.
1997| Kulkarni  and| US Two way ANOVA analysis carriedTrips per household, No significant relationships found.
McNally (1997) out on data from 524 households| iMode split of trips by
20 different urban formspurpose.
controlling for household income.
1997| Moudon et al US Descriptive analysis of the volum&olume of pedestrianVolume of pedestrian traffic is higher In
(2997) of pedestrian traffic measured in L&affic urban neighbourhoods compared |to
different neighbourhoods matched suburban.
in terms of density, income and
other socio-economics.
1997 | Kitamura et al US Regression analysis carried out|dirips per person, Walking and cycling trips are more
(2997) data from approximately 1,400Nalking and cycling frequent closer to parks. Walk/bike
persons in five neighbourhood$rips per person, share of trips is higher closer to a parks
matched by income, controlling foiPublic transport share ¢fand at high densities. Public transport
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household size, car ownershjdrips, share of trips is greater closer to parks.

income and other socio-economigValk/bike share of trips,

variables. Two other variables.
1997 | Cervero and US Logit and regression analysi¥ehicle miles travelled Total vehicle miles travelled is lower at
Kockelman carried out on 2,850 trips from 86%er household, locations of higher regional
(2997) households in the San Francigcdehicle miles travelled accessibility. Vehicle miles travelled

Bay Area, controlling for per household for homefor non work trips is lower where the

household size, car ownershjhased non work trips, | intensity of diversity factor or vertica
income and other socio-economiProbability of choosing mix is greater. Use of modes other than
variables. modes other than car foicar is more likely in neighbourhoods
non-work trips, with  more intense developmer
Two other travel Vehicle miles travelled is lower for non-
behaviour variables. work trips where the proportion of four-
way intersections is higher or proportipn
Factor analysis used tmf blocks that are quadrilaterals is lower.
aggregate urban form
metric into the “three
Ds” of

Density,

Diversity and
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Design.

Socio-demographic
variables,

Vehicle ownership and

(42

Public transport servic

intensity.

1997

Kockelman
(2997)

us

Logit and

carried out on data from a survey
over 9,000 households controllinyehicle miles travelled or a higher degree of land use mixir

for household size, car ownershjper household for homeVehicle miles travelled for non work

income and other socio-economibased non work trips,
Probability of choosing accessibility, higher degree of land |us

variables.

regression

analys

5i¥ehicle miles travelled
gder household,

walk or bike for a trip,

variable.

trips is lower at regions of high regional

One other mode choigdifferent uses. Use of walk and bicyc

| Total vehicle miles travelled is lower at

locations of higher regional accessibiljty

mixing and more balanced mix of

e

=

is more likely in locations of highe
regional accessibility and more balanced
mix of land uses. Use of modes other

than car is more likely where the

proportion of parcels with paid, off
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street parking or paid on-street parking

is higher.
1997| Loutzenheiser | US Logit analysis carried out arProbability of walking| Walking to station is more likely where
(1997) 11,553 trips one half a mile arountb station. retail uses predominate around statig
rapid public transport station Walking is less likely as the length pf
controlling for household income, arterial roads around the statipn
car availability and other socio- increases
economic factors.
1997 | Ross and US Descriptive analysis of travellrips per person, Vehicle miles travelled appeared to e
Dunning (1997) behaviour from a nationwideTrip length, lower in locationsof higher density
survey not controlling for anyPublic transport modeTrips appeared to be shorter in locations
socio-economic or other factors. | share, of higher population and residential
Walk/bicycle mode density. Walk mode share is greater at
share, higher population and residential

Vehicle miles travelled
per person,
Other travel

measures.

behaviourresidential densities.
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| density. Public transport mode share is

greatest at the highest population and
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e

er

1997| Douglas et al US Study to analyse the link betweefrips per person, Car trips are less frequent with high
(2997) an index derived from retajilCar trips per person, retail and intersection indices. Pub
employment within one mile andPublic transport trips pertransport trips are more frequent in areas
local intersections within 1/2 mileperson, of higher indices. Vehicle mile
of residences with travel behaviourWalk trips per person, | travelled is lower in areas with higher
Vehicle miles travelled indices.
per person.
1998 | Boarnet and US Ordered Probit model using trayéMlumber of non-work No urban form variables ai
Sarmiento diary data from 769 residents ptar trips, significantly associated with the numb
(1998) southern California collected inSocio-demographic of non-work car trips.

1993.

variables,

Car ownership,
Commute distanc
measure,

Population density,

Street pattern,

Retail employmen
density,
Service employmen
density,

112

—t
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4 non-transport related

neighbourhood

attributes for residential

preference modelling.

1998| Crane and US Regression analysis (ordered logi§ocio-economics, Street pattern has no statistical
Crepeau (1998 using travel diary data from a 1986 association with car or pedestrian trayel.
survey of San Diego, Californii Street pattern defined asPercentage of undeveloped or vacant

Initial survey carried out over theConnected, land is negatively associated with the

phone followed by paper travelCul-de-sac or number of non-work car trips. Distance

diaries sent to households, 2,754 &f mixture of the two, |to the central business district |is
which responded. positively associated with the number|of

Travel diary data on car trips. Proportion of commercial lapd

Trip mode, use is positively associated with npn
Times, work trip generation.
Frequency,

Purpose and

Destination;

Distance to centrd

business district,
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Land use mix.

1998| Handy et al US Analysis carried out on survey datdumber of walking tripg Perceived safety, shade coverage (hot
(1998) collected from selected Austinfor strolling and for| climate), and the frequency and
Texas neighbourhood| shopping. desirability of seeing people while
Controlling for income, gender, walking were significant in the shopping
age, employment status, children trips analysis in the expected directions.
under 5 in the home.
1998 | Miller and | Canada Disaggregate regression analysishicle kilometres Distance to the central business district
Ibrahim (1998) not accounting for any sociotravelled for home and distance to the nearest high density
economic data based on dataased, employment centre were significantly
collected in the 1986Work trips per worker, | positively associated with vehicle miles

Transportation Tomorrow Surve

around Toronto, Ontario, Canada

yCar ownership,
Jobs/population balancg
Population density,
urbar

Distance to

centre.

travelled for home based, work trips

rworker.

er
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1998 | Kasturi et all US ANOVA and other regressignlrips per household, Trip frequency is higher in areas of high
(1998) analysis carried out on disaggregat¢éehicle miles travelled accessibility to jobs. Vehicle miles
dataset controlling for househalgber household. travelled is lower in areas of high
size, vehicle ownership, income accessibility to jobs or high accessibility
and other socio-economjc to households.
variables.

1999 | Buch and US Descriptive analysis of data fromi\verage daily ridership Public transport ridership appeared to|be
Hickman 17 light rail stations not controllingper station. associated with areas of high
(1999) for any socio-economic variables. employment density.

1999| Srinivasan and US Study looking at how travelTransit accessibility Use of non car modes is more likely|in
Ferreira (1999) behaviour compares to 4 compositfactor, suburbs with greater mixing of

measures of urban form. Pedestrian convenienceommercial residential uses. Use |of

factor,
Commercial

mix factor,

for non-work trips.

residentialsuburbs of higher

public transport is less likely in out
public transpo

accessibility. Use of public transport

Car accessibility factormore likely in home to work corridors

with good public transport access. U

of walk mode is more likely in home f{

236

work corridors with good pedestrian
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convenience.

2000/ Criterion us Descriptive analysis of data fronTrips per household, | Trip frequencies were lower in new
Planners 29 households in "new-urbanistTrip time per purpose, | urbanist developments. Trip times for
Engineers developments compared to thBublic transport share ¢fshopping and other trips were shorter for
(2000) regional average. No socipwork trips, new urbanist developments. Walk share

economic controls. Walk share of work of non-work trips is higher for new
trips, urbanist developments.
Public transport share of
non-work trips,
Walk share of non-wor
trips,
Others.

2000| Frank et al US Partial correlation analysis carriedehicle trips pen Vehicle trip frequency is lower in areas

(2000) out on data from 1,700 household$sousehold, of higher household density and high

controlling for household size

income and number of vehicles.

> Vehicle miles travelled
per household,

Vehicle hours travelleq

per household.

| employment density at the workplag

Vehicle miles travelled is lower in areas

dof high household density and high

employment density at both the home
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and work location. Vehicle hou

travelled is lower in areas of hig

household density  and higher

employment density at both the hoi

and work location. Vehicle mile

travelled is lower in areas with smaIIJer

census blocks. Vehicle hours travel
is lower in areas with smaller cens

blocks.

S
h

ne

S

ed

us

2000

Pushkar
(2000)

et al Canada

Regression analysis carried ou
data from 115,000 househol
aggregated into 795 traffic analys
zones controlling for househo

size, income and car ownership.

[ Average vehicle
dkilometres travelled pe
sibousehold,

dAverage public transpo
passenger kilometre

travelled per household

tPublic transport passenger kilomet

. fewer jobs and fewer grocery stor

Vehicle kilometres travelled is lower
rlocations with higher employme

accessibility and more land use mixir

dravelled are higher at locations with

within ~ 1km. Vehicle kilometres
travelled is lower in locations wit

curvilinear roads, and more intersectic

(€S

eS

\°%}

ns

per kilometres, and higher in locations

with "rural" road networks and mo

e
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road kilometres per household.

2001 | Greenwald and US Ordered probit regression model| @ocio-demographics, | Population density measured at |
Boarnet (2001) cross sectional data from a samplirip frequencies, neighbourhood level is positive
of Portland Travel diary from 1994 . Trip speeds andassociated with the likelihood that a tri
distances, will be carried out by walking.
Activity type,
Composite  pedestrign
environment factor,
Street pattern,
Population density.
2001 | Kitamura et al US/Japan| In effect 2 studies. One of da®aism based Time availability is a stronge

(2001)

from Southern California usin
1,898 responses to a 1993 p
survey. Accessibility’s associatia
to car ownership and car use W
explored using an ordered pro
model and to car use using Ol

The other stu(

accessibility measures,
n€lar and public transpo
raccessibility indices,
alsctivity engagement,
biTime availability,
_€ar ownership and typeg
dyar

vehicle miles

determinant of activity engagement th
rtopportunity in large highly develope
metropolises.

In the Californian study, those with 1
,public transport provision have high
car ownership. In the Japanese sty

he
y

=

an
d

no
er

dy,

regression.

239



involved a structural
model of residential
socio-economics, car
and trip making using data fro
hea

employed household

ownershiRetail

equationdravelled,
location,Residential density,

employmen
ndensity and

dSocio-demographic

randomly drawn from the 1990variables.

Kei-Han-Shin travel survey.

those in areas with both higher pujlic
ned

I fewer cars, but higher car accessibility

transport and car accessibility ow

lead to more car trips while high

(1%

r
public transport accessibility suppresses
car use. The structural equations madel

however showed that given car

ownership and use, accessibility has|no

direct influence on the number of trips,

trip chains, or total travel time

expended.

2002

Cervero (2002)

usS

Binomial and multinomial lo
models of mode choice based
5,167 trips surveyed as part of
1994 household travel survey
Montgomery Country,

UsS.

Marylang

girban form defined a
aimree Ds:

Bensity,
iiversity and

,Design.

Mode choice by
Trip purpose,

Socio-demographic

sHigher densities and land use mixes
were associated with higher public
transport use and lower drive alone car
travel. The influences of design factors
was more modest but in the directigns
expected. No account made of gelf

selection or time order.
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attributes.

Travel times and costs

were computed for eagh

trip by mode.
2003| Ewing et al| US Aggregate OLS regression analysMultiple dimension| Density is negatively associated wijth
(2003) based on census and other datharacterisation ofaverage vehicle ownership, vehicle
from 83 metropolitan areas of theprawl including miles travelled per capita, traffic fatality
US with a focus on detailedStreet pattern, rate and is positively associated with

measures of sprawl.

Density,
Land use mix and

Degree of centralisation.

Travel behaviou
measured as

Vehicles per household,

Percentage of
commuters using public
transport,

Percentage olf

alternative shares of commute travel.

241



commuters walking tc
work and
Mean journey time tq

work.

Other urban form, trave
behaviour and othe

metrics.

A4

=

2003

Rajamani et &
(2003)

us

Multinomial logit model of mode
choice fitted to data on 2,5(
individual home based trips fro
the Portland Metropolitan Are
Activity Survey in 1995.

2 Socio-demographic

mrrip times and costs,

alLand use mix diversity

@haracteristics,

measures,

Residential density,
Accessibility,

Street patterr
configuration and

Mode choice.

Greater mix of land uses appears to
associated with increased proportion

walking trips. Non-work trip mod
accessibility level by that mode. Hig
density was also associated with lov

single occupant car trips and increas

is correlated with mix.

choice is positively associated W:th

1 use of public transport although densi

be
of

D

er
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2004 | Rodriguez and US Utility model (multinomiall Normal mode of travel Topography and walking/cycling path
Joo (2004) conditional logit) of discrete modeto university, provision are associated with a higher
choice using data from a 199Home location, propensity to walk and cyclg
survey of 509 students’ and stafDemographics, Population density was not significant
travel at the University of NorthTravel times by mode, | measured at the residential block leve].
Carolina. Presence of walking and
cycling paths,
Sidewalk availability,
Local topography,
Residential population
density,
Vehicle ownership,
Public transpor
provision.
2005| Handy et al US Regression analysis of crgsSommute trips, The cross sectional analysis shows that
(2005) sectional and quasi-longitudingaNon-work trips, no urban form variables are significant

data collected in 2003 from eighWalking trips,
NorthernCar ownership,

neighbourhoods in
California weighted towards thos

who had recentlymoved home

& stimated weekly

mileage,

predictors of vehicle miles driven after

attitudes and  preferences  were

accounted for. The quasi-longitudinal

analysis showed that change in driving
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Cross sectional analysis of vehiclReported change inwas associated however with changes in
miles driven and urban forn vehicle miles travelled, | urban form measures or proxies for
Longitudinal analysis of reportgdAccessibility measures,| them such as accessibility.
change in vehicle miles driven anéublic transport
change in urban form. walking and cycling
infrastructure measures,
Safety,
Neighbourhood
typology defined as
traditional or recent
suburbia,
Other  neighbourhood
characteristics,
Socio-demographics and
Attitudinal group.
2005| Khattak and US Regression analysis combiningarious neighbourhoodNo difference in total trips made,
Rodriguez location choice and travelcharacteristics fof however, share of alternative modes is
(2005) behaviour on data collected frommesidential  preferencehigher in neo-traditional
one sustainable/neo-traditionamnodel, neighbourhoods.
neighbourhood and one mqreiousehold size,
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suburban neighbourhood match

in terms of socio-economid

etcetera.

edehicle ownership,
sType of neighbourhoo
(neo-traditional of
suburban),

Number of trips,

Distance of trips.

=

as

2005| Zhang (2005) us Nested Logit model of c¢a&Mode choice given theDistance to work is positively associated
dependence and car use and hmar dependency of thewith car dependency. Population
this relates to urban form variablegespondent. density is negatively associated with
using disaggregate trip diary dat&ocio-demographic dependency.
sets from three different US cities| control variables,
Population density,
Home distance to work.
2008| Forsyth et al US Analysis of walking behaviour andValking: Walking for specific purposes such
(2008) activity levels of 715 participants inDistances leisure or travel was significantly

36 environmentally diverse areas
the Twin Cities in Minnesota usin
survey, 7-day activity diary an

accelerometer.

imimes,
dgFrequencies

dBy activity.

associated with physical characteristics
of the environment. However, total
physical activity is similar for similar

people in different places.
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Socio-economics,
Street pattern,
Public

provision,

transpor

Land use mix,
Urban form perceptiof

measures.

—

2008

Chatman
(2008)

us

Regression analysis based on ¢
from 3003/2004 survey of S3
Francisco — Oakland — San Jc
area (1000 respondents) with foc
on household living close to a rg
station.
over the telephone and gather
information on activities

undertaken over a 24hr period.

Survey was carried qut

jdd@pendent Variables:
irAuto Speed
d¢on-work Activities
Ugehicle Miles

hiTravelled.

dddependent Variables
Built Form Density
Activity Density (local
desirable non-work
activities)

Network Load Density
Others

and contrg

N

Residential network load density
negatively associated with speed
driving and highly correlated with nof
work travel.

Activity Density and Built Form Densit
not as relate

are significantly

suggesting denser development W

reduced car provision are requir

together in order to influence travel

behaviour.

of

n-

d
ith
ed
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variables

2009

Bhat
(2009)

et

al

us

Nested logit model to reflect wh

the paper

decision on vehicle ownership, tyj
and distance travelled using da
from the 2000 Bay Area Trave

Survey

proposes

is a jo

aDependent Variables:
nt

b&lumber of vehicles

blvehicle

Annual mileage

Independent Variables:

Household income
Age

Gender

Ethnicity

Presence of children
Household size
Number of employeg

individuals

itiype and vintage oflikely to use non-motorised forms of

I compact vehicles.

Higher income households and those
with more employed people prefer

newer vintage vehicles and are less

transport.

Households in urban areas or high
density commercial/industrial areas are

less likely to own a large vehicle type.

Households in areas with higher bike
land densities are more likely to use non
motorised forms of transport and thgse
located in areas with a higher street

block density are more likely to prefer
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Presence of seniorThe age, gender and ethnicity also
adults related to vehicle holdings and usage
Population density decisions.
Employment density
Land use mix
Bikeway/highway ana
street block density
2009| Lee et al (2009) US Trobit model of relationshjpgarious urban form andincreased concentration and
between urban form, househaldocio-demographic accessibility to shops and serviges
activities, and time allocation usingneasures onlyassociated with more time spent |of
cross sectional data from theummarily described indiscretionary activities.
SMARTRAQ 2001-2002 the paper. Increased density associated with less
household activity based survey (in time spent on maintenance activities
the Atlanta region of GeorgiaMeasures of activity during weekdays and less time spent on
USA. participation. discretionary activities at the weekend.
2009| Zahran et al US Logistic and binomial regressiomNumbers walking andTemperate summers, low humidity and
(2009) analyses on the numbers of peopéycling to work pern topographic variation are natural

commuting to work by foot and b

ycounty.

characteristics that increase numb

ers
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bike in each eunty in the US
Cross sectional aggregate d

based largely on census.

Population and
afgopulation  density o
each county
Dist to work.
Measures  of
amenity and green spa
access.

Educational level, valu
of home and ethnicity.

Measures of

environmental issues.
Urban

connectivity, proximity,

sprawl

naturg

Civic

attitudes to

form metricg

including measures @

commuting by foot/bike.
f

Lower densities,

lincomes and lower levels of civ

of walking and cycling to work.

D

—

2010

Xing
(2010)

et

al

us

Regression analysis of disaggrega®®cio-demographic

cross-sectional data relating to s

reported cycling frequency. Datancome and education

collected from 6 neighbourhoods

ilevel.

Age positively associated with week

efariables included agemiles of recreational cycling but not

Attitude

correlate with distances cycled

akransportation cycling.

249

longer journeys o

work, higher air pollution levels, lowe

canfrastructure are related to lower leve

-

c

7
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6 small US cities matched on sizéttitudinal variables td

weather, topography and presenmn
of college with 12.6% respons

rate.

cecord views
e€ycling and driving.

Perceived distances
various

perceived safety

cycling and perceived

provision  of

cycling infrastructure.

towardsassociated with

destinations,cycled.

local

distances cyclé

Perceived distances to destinatio

of

2010

Pinjari
Bhat (2010)

and

us

Development and application
Multiple
Nested Extreme Value (MDCNEV
model of discretionary time us

(activity timing and activity time

use) using data from the 200®iousehold Compositiorn

BATS.

oDut

Discrete-Continuousworker,

of home,
Jtime use and timing.
eSocio-demographics

individuals,

Vehicle Ownership
Disability

discretionary

of home maintenance activities.
ofSingle person non-worker househo
are associated with greater participat

significant associations between sod

and timings.

250

expected. Perceived safety positive

greater non-worker participation in out

in out of home socialising and mea

<

ns

[negatively associated with distanges

non: Larger household size is associated with

ds

on

S

during evenings. Plus numerous other

io-

demographics and activity participation



Appendix B Record of European Based Research

The following table provides a summarised des@ipof all European based studies
not otherwise referred to in the main body of thissis.
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Table B1. Record of European Based Research

Year | Study Location of Description Key Measures Results
study
2000| Snellen (2000) Netherlands Multinomial Logit anadysof | Socio-demographics, | Population density is only

mode choice with respect

urban form and street patte

metrics using activity diary dataJrban form (typology),
17

collected from

neighbourhoods in 9 mediu
sized Dutch cities carried out

1997.

[dDensity,

ri\vailability of services,

Road network typology

mat city and
meighbourhood level,
Mode choice and

Distance travelled.

significantly associated wit

sports/club trips with medium

density areas favouring no

motorised modes. Distance

the location chosen

significant as expected, with

longer distance
associated with higher car ug
No

(typology) on mode choicg

affect of wurban forn

Street pattern was significant]
associated with mode choi
with grid patterns being mor
non-motorise

favourable to

journeys

was

I

ly
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transport.

2001 | Meurs and Netherlands | Regression analysis of vaript®me characteristics, | Residential environment
Haaijer (2001) mobility measures against urba®treet characteristics, | characteristics  together  are
form metrics and contralDistance to publi¢ significantly associated with the
variables using panel data frgnransport provision, total number of trips especially
the Dutch Time Use SurveyTraffic calming, for shopping trips although the
conducted in 1990 and in 1999\eighbourhood greeneffect of separate characteristics
allowing for longitudinal and planting, is fairly small both cross-
cross sectional analysis. Accessibility of| sectionally and longitudinally.
shopping facilities,
Urban, suburban,
village or rural setting,
Number of trips by
mode and purpose.
2001| Schwanen et Netherlands | Analysis of how monocentric | ofan der Laan (1998)Mixed results for urban system's
al (2001) polycentric  urban  structuresmethod of describinginfluence on mode choice and

affects mode choice and tray

distance for various journe

gholycentricity,

yPersonal/household

distance travelled. Generall

deconcentration

253
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purposes in the Netherlangattributes, development of polycentric
based on data collected from thResidential urban forms seem to be
1998 Netherlands National Traveénvironments, associated with more use of the
Survey. Level of urbanisation, | private car for all purposes. lt|is
Trip purpose, arguable that the method for
Distance, defining urban system is itself|a

Mode and function of travel behaviour.

Length.

2001| Snellen et al Netherlands | Regression analysis of trgvetavel behaviour Urban form and network type
(2001). behaviour performance indicatgrperformance indicatorg:measured at the city and
with respect to urban form andaverage travel times, | neighbourhood level are not

street pattern metrics usil
activity diary data collected fror
17 neighbourhoods in 8 mediu

sized Dutch cities.

\@verage total trave
ndistance,
ntravel time rations (by

mode),

Urban form defined as
polycentric,
lobe,

poly-nuclear and

lassociated with activity/trave

performance indicators, exce
for people living in lobe cities
who travel significantly longe

distances by public transport.

D

pt

=
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grid.

Transportation networ
defined as

ring,

radial and

grid.

2002

Dieleman et a
(2002)

Netherlands

Multinomial logit model an
other regression analysis of mo
choice and distance travellé
based on data collected from t
1998 Netherlands National TraVv
the

associations with urban fori

Survey, exploring

metrics.

Mode Choice,
dbistance travelled by
2gburpose,
hEousehold structure,
eBocio-demographics,
2 Car ownership,
mRegional setting,
City size,
Urban

location.

or suburba

Attributes of the residentig
y environment have a clear, stro
influence on modal choice ar
distance travelled as expecte
The metrics used makes it ha
to draw any conclusions abg
the specific urban form measur
such as density and mix that &
nsignificant. Car ownership is th
variable fq

most important

l
ng
nd
2d.
ird
ut

es
\re

e

-

explaining mode choice.
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2002 | Schwanen et Netherlands Multivariate regression analysigavel time by purposeResidential context influenge
al (2002) of data from 1998 Netherlandsnd mode, daily travel time whereas the
National Travel Survey Socio-demographic effects of car ownership are only
investigating the associatigrfactors, indirect. Travel time for car
between urban form metrics an@€ar ownership. drivers tends to rise with the
travel time. degree of urbanisation of the
Urban form| residential environment.  Car
classification based on travel times in the polycentric
city size, regions are higher than in the
residential density, mono-centric regions.
land use mix and
urban structure.
2002| Snellen et al Netherlands Multilevel regression analysis |dgrban form typology Urban form and network type
(2002) data from activity diary surveyiscategorisation, have only a modest, yet present,
in  various  neighbourhoodsTransport network effect on mode-choice decisions
throughout  urban Holland,typology, for frequently conducted
investigating associationEEmployment location, | activities.

between urban form attributg

and travel behaviour.

rPistance to city centre
Distance to rail station

Distance to subcentre,
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Density.

Working, shopping
leisure and escort trav
times, modes
locations.

Socio-demographics.

2003| Schlich  and Switzerland Regression and  descriptiv@welling type, People with a garden/balcony

Axhausen analysis of data collected from| ®welling size, carried out fewer leisure trip
(2003) 12 week leisure travel diary forAvailability of externall People in city centres carried
71 persons. space, spend more leisure time away

Residential context, from their home. Other
Occupancy duration, | variables such as owning a dog,

Residential activities, | income age etc were also

Socio-demographics. | significant.

2003| Simma  and Austria Structural equations modellingravity based Car ownership strongly
Axhausen 1992 Upper Austrian travelaccessibility measures) influences mode choice, this
(2003) survey. Car ownership, then has an impact on distance
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Mode choice and
Distance travelled.

travelled. Car owners make

fewer trips on foot and

more/longer trips by ca

Accessible local services lea

to more localised travel

behaviour, distance to distri

capital is associated with long

ds

ct

er

distances travelled and mare

public transport use far
commuting. Work place

accessibility is associated wi
an increase in trips made
public transport, retali
accessibility is associated with
decrease in trips made by car
on foot. Gender, work statu
other socio-demographics al
significant.

th
Dy
|
a
or

IS
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2003| Timmermans | Trans- Comparative study usingTrip and tour| Travel patterns are largely
et al (2003) national regression analysis of the activityrequencies by mode. | independent from spatial setting,
arrangement/travel behaviour pbirban form defined asexcept for extreme cases after
residents in four different citiegsurban, suburban qgrdifferences between the cities
based on activity and travel diargountryside with good have been accounted for.
data from Portland (USA),or bad public transport
Midlands (UK), Fukuoka (Japan)facilities.
Canadian metropolitan areas gn@locioeconomics
South Rotterdam region
(Netherlands).
2004 | Schwanen et Netherlands | Exploration of spatigDegree of urbanisationPolicy of concentrated
al (2004) development policies in HoIIanEaDnd measure of urbardecentralisation has probahly
over the last 40 years. Empirigadtructure stimulated the use of publjc
analysis (descriptive and(polycentricity). Mode| transport but not walking and

regression) of the effect of the
planning policies using data fro
the 1998 Netherlands Nation
Travel Survey / travel diary.

sehoice,
mT ravel distance and

alravel time.

cycling.
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2005| Naess (2005) | CopenhagenMultivariate regression analysisTravel distance, Living in a dense area close [to
Denmark on a sample of 1932 residentslode split, the central Copenhagen ared is
(33% response rate) 485 of wharDistance to urban rajlassociated with less travel, |a
had moved house in thestation, lower share of car driving and
preceding five years. ActivityPopulation and more trips by foot or bike. Some
diary survey included. employment density, | evidence of compensation with
Distance to centralmore leisure travel for residents
Copenhagen, of denser, central areas.
Distance to sub-centre|
Transport attitudes,
Car ownership,
Driver’s license,
Overnight absences,
Socio-demographics.
2008 | Milakis (2008) | Athens, Disaggregate multivariateResidential Density, | Residential density is the mast
Greece regression analysis of 29, 358obs-employment important measure of urban form

households in the Athens area.

balance,
Land use balance,
Distance from centre,

Road space per persol

which influences travel

behaviour. Residential densiry
I

may increase the use of public

nfransport at the expense of the
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Income,
Household size,

Car ownership

consumption by car.

Public transport
accessibility

Modal Split

Mean journey length by
car,

Per capita energy

car up to a threshold of 2(

persons per hectare.

0

2009

Verhtsel and
Vamelslander

(2009)

Flanders anc
Brussels,

Belgium

| Exploratory discussion arourj
disaggregate census data for

million Flemish commuters.

MdDistance travelled ¢
1v2ork by mode
Proximity to public
transport services

Urban area categorise

in terms of functiona

D People living close to railwa

stations, public transpo
interchanges, and in urban are¢
with high economic densit
2dravel less distance, especially

car.

rt

2aS

area and density.
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Appendix C. Review of Urban Form Metrics
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The issue of how urban form is to be measured isbeious importance in to any

investigation into relationships between urban famd travel behaviour.

This review explains and summarises the measuraghbain form that have been
measured in studies relating to how urban fornuarices travel behaviour and other
issues and draws on similar reviews such as thaKrmek (2003). This review

focuses on the more objective quantitative measafragban form used as opposed to
the many studies already mentioned which have nilgragsigned a given area to an

urban form typology such as traditional, suburbi@etera.

Density

The most commonly used measure of urban form iwetrdehaviour and other
research is density. This can, however, be medsara number of different ways,
which can give hugely different densities for theme location (Forsyth, 2003).
Some studies have looked at how density at a neighbod level affects travel
behaviour, whereas others have looked at this aweider city or town level. It is
possible that density at different scales affedfferént aspects of travel behaviour

such as the journey to work or leisure travel.

Forsyth (2003) gives a good overview of some ofgtamdard ways in which density
can be measured, focussing on residential densitiéss, in itself, based on previous

work carried out on the subject. The measuresnaatlare:

Site Density — Number of dwellings divided by toéat area of the site.
Block Density — Number of dwellings divided by thlock area measured to
the kerb line.

Net Residential Density — Number of dwellings deddby the total land area
devoted to residential facilities.

Gross Residential Density — Number of dwellingsakd by the land area.
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Net Neighbourhood Residential Building Type Densiy Number of
dwellings of a particular type in a neighbourhoadided by the land area
associated with that type.

Net Neighbourhood Density — Number of dwellingstive neighbourhood
divided by the base land area of the neighbourheaddulated to exclude
citywide uses in the neighbourhood.

Gross Neighbourhood Density — Number of dwellinggdeéd by the total
neighbourhood area.

City Density — Number of dwellings divided by thedl developed area of the
entire city.

Metropolitan Density — Number of dwellings dividey the total metropolitan
area including undeveloped parts within.

Net Residential Density at City or Metropolitan leév Number of dwellings
divided by the total built up area within the attymetropolitan area.

These measures of density can also be calculatéstrims of the number of people
(resident, working, and so on) as opposed to tmebeu of dwellings. In addition to
density, it is also possible to use measures dflingi intensity, which relates to

density at a more detailed level as follows:

Floor Area Ratio — Built floor area divided by thi¢e area.

Building Site Coverage — Area of the ground floootprint of the building
divided by the site area.

Building Block Coverage — Total area of buildingofprints divided by the
block area.

Impervious Surface Site Coverage — Area of grouodrffootprints, plus
paved parking areas, drives, footways etceteraelvby the site area.
Impervious Surface Block Coverage — As above bsetan the block area.
Front Kerb Setback for Site — Distance from thdding facade to the edge of
property line.

Front Kerb Block Setback — Average distance fromftitade of a building to
the edge of property line for the block.
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Side-to-Side Distance Between Buildings — distaregween buildings
averaged across a block.
Front-to-Back Distance Between Buildings — distarween the back

facades of buildings averaged over a block.

These measures describe density/intensity at a eupfbdifferent geographies and,
although some have not been specifically developmd use in investigating

interactions between travel/transport and urbamforay be useful measures.

The paper by Song (2002) uses the following bagiasures of density for example:

Lot Size — Median lot size of single-family dwetlimnits per neighbourhood,
Floor Space — Median floor space of single-familyweting units per
neighbourhood,

Single Family Residential Dwelling Unit Density -uMber of single-family

dwelling units divided by the residential arealw# heighbourhood.

Further details of these measures are given by S8odd<naap (2004).

The paper by Ewing et al (2003) introduces the el measure of density to

account for the high or low densities in the arassund the study areas (sphere of
influence) but does not go into detail on how sadphere of influence is determined.
This is presumably to try and take into accourtheffact that the study area might be
relatively low density but close to high-densiteas, which could still have a bearing

on behaviour.

Cervero (2002) considers density at the originrigist(the home) and density at the
destination of trips (work place) as being key &hlés to be tested. This is to try and
ascertain whether the origin (usually residentiglaa) and destination densities are
important in explaining travel behaviour as oppose¢lst the origins on their own,
which have normally been considered in urban foravel behaviour research.
Similarly, Chatman (2003) found that employmentsigrnwas significantly related to
lower vehicle miles travelled for commuting of teenployees in the areas studied
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suggesting that measures of density at the destnanhds of journeys should also be

considered.

Longley and Mesev (2002) introduce the concept @asaring density profiles
between any two points in an urban system. Thigdctheoretically be applied to
density along a public transport route or a specgdiurney-to-work origin and

destination for example.

Land Use Mix

Some measures of land use mix are intrinsic in somthe measures of density
previously mentioned. A low net neighbourhood dgrimplies a large proportion of
at least one other land use be it industrial, agitical etcetera. There are many ways
of defining and categorising land use, which neetld considered before the mix of
such uses can also be considered.

The Office of the Deputy Prime Minister (ODPM) ube following categorisations
of land use to describe land use within the UK (@DR006):

ORDER Group
U010 | AGRICULTURE AND FISHERIES U011 | Agriculture
U012 | Fisheries
U020 | FORESTRY U021 | Managed forest
U022 | Un-managed forest
U030 | MINERALS U031 | Mineral workings and quarries
U040 | RECREATION AND LEISURE U041 | Outdoor amenity and open spaces

U042 | Amusement and show places
U043 | Libraries, museums and galleries
U044 | Sports facilities and grounds
U045 | Holiday parks and camps

U046 | Allotments and city farms

U050 | TRANSPORT U051 | Transport tracks and ways

U052 | Transport terminals and interchanges
U053 | Car parks

U054 | Vehicle storage

U055 | Goods and freight terminals

U056 | Waterways

U060 | UTILITIES AND U061 | Energy production and distribution
INFRASTRUCTURE U062 | Water storage and treatment
U063 | Refuse disposal

U064 | Cemeteries and crematoria

U065 | Post and telecommunications
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U070 | RESIDENTIAL U071 | Dwellings
U072 | Hotels, boarding and guest houses
U073 | Residential institutions

U080 | COMMUNITY SERVICES U081 | Medical and health care services
U082 | Places of worship

U083 | Education

U084 | Community services

U090 | RETAIL U091 | Shops

U092 | Financial and professional services
U093 | Restaurants and cafes

U094 | Public houses and bars

U100 | INDUSTRY AND BUSINESS U101 | Manufacturing

U102 | Offices

U103 | Storage

U104 | Wholesale distribution

U110 | VACANT AND DERELICT U111 | Vacant
U112 | Derelict

U120 | DEFENCE U121 | Defence

U130 | UNUSED LAND U131 | Unused land

Table C1. Land Use Categorisation.

The ODPM also oversee the Use Class Order systedgef@®lopment control, which

classifies land use in England and Wales (Use @adser England and Wales, 1987).
Scotland has a slightly different Use Class systentngland and Wales (OQPS,
1997). Local authorities are responsible for deieing into which of these land use
categories each piece of land falls. This systerourrently being reviewed by the

Department for Communities and Local Governmeringland and Wales.

Two key terms used when spatially describing lasd mix along with other urban
form variables arscale the area over which the mix is to be measuredgaaith; the

resolution of the data. For a UK example, if tlamd-use mix of the whole of
Glasgow were to be recorded based on data at aseusput level, then the scale

would be Glasgow City boundary and the grain wdagddcensus output area level.

Rajamani et al (2003) in the US divided land useinip four categories and then
assigns a land use index to each neighbourhoodewherero equals only one land

use present up to one, which equals a quarterabflead use present.

The paper Hess et al (2001) describes some of téndops work undertaken in
measuring and quantifying land use mix and pattam suggests new methods for
doing so. The paper outlines the two key ways hictv land use mix has previously
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been measured and suggests that these alone caocnoately describe the detail of
land use mix required when analysing the impadiausehold travel behaviour. The
two methods reviewed by the paper are firstlyeatropy index (Frank and Pivo,
1994), which does not distinguish between differgmtes of land use but instead
gives a level of how mixed an area is generallgpating to the paper, in the past this
has often been calculated at too large a grairerffodS census tract). The other
measure outlined is thBissimilarity Index (Cervero and Kockelman, 1997), which
assigns a predominant land use to each grain @fcfate and then compares this to
the predominant land uses of the neighbouring grdao derive a Dissimilarity
Indices. The paper suggests that both of theskadetof measuring land use mix are
too crude and proposes a new methodology for megsland use mix. This new
measure firstly considersomplementary land uses These are different land uses
where the travel interactions between the two ayeifscant such as residential and
office use. A mix of land uses between agricultarel office use for example is
thought to be irrelevant in transportation ternk®r this reason, the study aggregated
areas of land into three functionally complemengngups of land uses.

Medium Density Residential/ Retail/ Services/ Sdeoo
Retail/ Services
School/ Sites

These areas were then converted to a raster imayaraalysed using the Fragstats
software (McGarigal et al, 2008) describe the mixture and shape of land usess Th
gave a high number of descriptive measures of tealmix including patch shape,
interspersion, juxtaposition etcetera.

The paper by Song (2002) uses the following measafriand use mix:

Mix = Acres of commercial, industrial and publimthin the neighbourhood

divided by the number of dwelling units.

This is obviously highly dependent on the defimtiof a neighbourhood, which does

not appear to be given.
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There are then two indices of diversity, which egkatively complex calculations of
the proportions of different land uses in the nkb@irhoods but would not give an
indication of how these different areas of land wme arranged within the

neighbourhood itself.

The paper produced by Ewing et al (2003) presentr&asures of land use mix as

summarised below:

% of residents within a half a block of their home

% of residents with satisfactory neighbourhood girag within 1 mile
% of residents with a public elementary school with mile.
Job-resident balance

Population serving job-resident balance

Population serving job mix

The latter three variables aim to describe the afijobs in the area and how these
compare to the skills of the resident population.

Cervero (2002) considered land use diversity atttipeorigin and trip destination
separately. For the origin, land use diversitydédined as retail employment and
population ratio relative to the countywide ratamd for the destination, an entropy
index is assigned based on numbers of househo#dail remployment, office
employment and other employment.  The concept esfical land use mix is
introduced by Cervero in his work with Kockelmare(@ero and Kockelman, 1997);
this is the proportion of buildings with differelaind uses on different levels.

A definition of how entropy, homogeneity and costr@f land use mix can be
measured is given in the review by Srinivasan (200&hich describes the

mathematical form of these methods in great detail.

There are a number of ways of describing land use and on the whole, the

methodologies differ little from study to studyt i more the categorisation of land
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use and the scale and grain of measurement thaaeppo be the key decision in
terms of measuring land use mix in urban-form trpehaviour research. The
problem of defining mix and choosing the scale gndin can be shown in the
example below. The shaded areas represent rasidamas in the grid below. If the
whole grid is selected as being the grain of mesamsant, it will give a very different
level of mix than if the whole grid is divided infour and assigned a measure of mix.
The example below also highlights a problem inngyito describe shape. The
residential area in the bottom left of the gridnfisra well defined block whereas the
residential area on the right hand side of the gpidears to form an “S shape”, which
might for example be aligned along a highway. Hbe shape of different land uses

in an area might influences people’s travel behavibas not been extensively

researched to date.

Figure C1. Large Scale Measure of Shape

Figure C2. Smaller Scale Measure of Shape
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Given these difficulties in measuring the mix ofdauses, it is not surprising that
many studies have instead used some ratio of @hestdential population as a proxy
for the mixture of employment to housing land u@sgs Zhao, 2009; Cervero, 1989;
Peng, 1997).

Polycentricity

Another way of measuring the spatial arrangemeiinadrea is presented by Van Der
Laan (1998). This study looks at the commutingguas of the inhabitants in order to
define the structure of a city or a region. Ashsuhiis measure of urban form is
actually a measure of behaviour as opposed to farith itself. These commuting
patterns enable the area to be defined in terrhewfmonocentric or polycentric it is.
This is done by assigning two measures of nodahtyand N where, N is the
number of people commuting into the city centrerfrine suburbs divided by the total
number of people commuting into the whole studyadrem within the study area
and N is the number of people commuting out of the cigntre to the suburbs
divided by the total number of people commuting oluthe study area. If the value
of N1 is low it indicates a more dispersed systeith Wweople commuting from one
suburban peripheral area to another whereas higkevaf N1 indicate a monocentric
system with a high proportion of people commutirapf the suburban and peripheral
areas to the city centre. If N2 is high then ihdicates a decentralised system with
people commuting out of the city centre into thewsban and peripheral areas. A
combination of N1 and N2 values for a study aregbbss more comparisons between
the relative polycentricity of the study area torbade. The study then considers
whether or not the west of Holland acts as one qauiiric region using a similar
methodology by looking at inter-commuting betweba tirban areas in the west of
Holland. This however does not appear to be amegntguantitative exercise and
interpretation is based on visual inspection of tbsults. If there is a significant
exchange of commuting between two urban areastti®nare considered to act as
one system. The Office of the Deputy Prime Ministiso produced a scoping study
on polycentricity (ODPM, 2003). This report agaiefines a polycentric region as

having significant two-way commuting between thdthwp areas. The report then
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goes on to discuss the relative pros and cons lgt@atricity and describes current
policy. There is no quantifiable definition of goentricity in the report but instead
includes a discussion of some of the regions withan European union, which are

considered to be polycentric and how these woultlitiber developed.

In Scotland research has been undertaken on patgnin terms of how it is

defined (Parr, 2004) and also whether or not tha&rak belt of Scotland can be
described as a Polycentric Urban Region (PUR) ahaltwhe benefits of such might
be (Turok and Bailey, 2004). From these two papkis clear that there is no
consensus on how polycentricity should be measanetlwhat any benefits arising

from such urban forms might be.

Ewing et al (2003), consider the degree of cersatibn as a function of population
density and employment levels and how these rdtatdistance from the central
business district with high densities close to @D describing a more traditional

centralised city.

Snellen et al (2002) have sought to define a cayrscture based on the spatial layout
and transport network. In this work, the urbamfaf the city is categorised as being

one of the following:

Concentric City

Lobe City

Linear Polynuclear City
Concentric Polynuclear City
Linear City

Grid City

There are a number of ways of describing the dpiatien of a city or regional area.
Many of these methods are however subjective agdrethe individual to interpret
how centralised the road network pattern is, oerpreting the profile of densities

from the central business district. Other meassued as polycentricity measures are
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often themselves functions of travel behaviour aaguch statistically unsound to be

used as independent predictors of travel behawoany subsequent modelling.

Street Design

There have been a number of studies looking ats$toeet design influences people’s
travel behaviour with a number of different measuoé street design. Again the
geography over which this is measured is a padrbuimportant factor. Snellen et al
(2002) for example, sought to define street layatud number of different scales as

falling into one of the following categories:

City Level
Linear Network
Radial Network
Ring Network
Grid Network
Shifted Grid Network

Neighbourhood Level
Ring
Loop
Radial
Axial
Grid

Tangential

Local Street Network Level
Loop/Tree
Loop
Loop/Grid
Grid

Tree
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This categorisation is carried out based on viswsgdection of the street networks.

Srinivasan (2002) gives a good overview of a nundfetifferent ways people have
tried to quantify and measure street design inalgdi

Road density
Proportion of four way (or more) junctions
Proportion of three way junctions

Proportion of cul-de-sac or dead end streets

These are more quantifiable and remove the subgelement from the definition.
See also Cervero and Kockelman (1997) who alsaudieclhighway width as a

measure of street design.

Handy et al (2002) consider the concept of streatesin terms of its influence on
travel behaviour. Street scale is defined as b#ieg3-dimensional space along a

street as bounded by the buildings.

A continuation or progression from these basic messof street pattern is a small
but growing field of research into describing thetterns of networks, particularly
road networks. The best know of these technigsiggdbably Space Syntax (Hillier
and Hanson, 1998).

Using the Space Syntax theory, the idea of desgilsettlements in terms of the

spaces bounded by the buildings, i.e. the roadspabtic open spaces, is discussed.
This “space” can then be broken down into a nuntberonstituent parts referred to

as a “convex map”. The space can also be repexbastan “axial map”.

If the convex or axial space is directly accesslye¢he buildings, the space is said to

be, “constituted by the buildings”. If the space adjacent to but not directly
permeable to the buildings, it is said to be, “urstduted”.
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Thus the systems of axial and convex space canidmissed in terms of the

following:

Their internal configurations,
In relation to each other,
In relation to the buildings which define the systeand

In relation to the world outside that system.

It is suggested that settlements arranged axiefigr to global organisation through
the system, whereas settlements organised conaeeglprganised from the point of
view of those who are already statically presenthi system. While the reasoning
behind this theory may be obvious empirical evigebacking this theory up is not

presented.

All space can also be described as below:

Symmetry — where the relation from point a to pding the same as point b to
point a.

Asymmetry — where the relation from point a to pdinis not the same as
point b to point a.

Distributed — where more than 1 non-intersectingedrom point a to point b

exists.

Non-distributed — where only 1 non-intersectingteofitom point a to point b

exists.
“These values indicate the degree of unitary dudédd control of that space. That is,

the extent to which it participates in a systemriafjy routes and the degree of

integration or segregation of that space with resfmethe whole system.”
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The Space Syntax Ovation software analyses sonikese measures and for any

given network can produce the following measuregézh axial line in the network:

Integartion_Rad_n — Reciprocal of relativised RA

Inegtration_Rad_x — Reciprocal of relativised Rax

Connectivity — The number of immediate neighboursazh axial line

Control — A measure of the degree of dominancéedrhmediate neighbours
in terms of local movements. A function of the rhenof neighbours an axial
line has and the connectivity of each neighbour.

RA — Global integration (concept of centrality)

Rax — Local integration over radius x

X,Y,X2,Y2 — Start and end co-ordinates for eaclabline.

Kx — Measure of the size of the “scoped” local area

The measures outlined in (Hillier and Hanson, 1988)rder to describe a network
have the benefit of being relatively objectivehaligh it appears that some subjective
judgement may need to be made on the boundaryeafttidy area in the first place

and also in the construction of the axial maps.

The measures that the Space Syntax software uses ot these measures listed and
as such is again a fairly objective way of desagba network. The description is
purely a way of objectively describing a networldahe constituent parts of it. It
does not appear to give the user any informatiowloether, or how, any one of these
measures influences the functioning of a settlem#énftor example, a particular axial
line in a network scores a very high measure ohheetivity”, this says nothing
about what is happening in the network in realitthow people will behave in that
area. It may be, for example, that the axial I;mpurely a very long line and hence
has many immediate neighbours. It may also ble ktsed and not important to the

functioning of the settlement in real life.

Other techniques such as that developed by Po#ia(2006), which in itself refers to
other work, uses five measures to try and desc¢hbepattern of a network in detail.
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These five measures are collectively referred ta ddultiple Centrality Assessment
(MCA) as shown below.

Being Central as Being Near the Others
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Where

G is a valued graph of N nodes and K edgis= Total number of nodes
(links). nik = The number of shortest paths
G’ is the network with N nodes and K-kbetween jand k
edges, obtained by removing from G th&(i) = The number of shortest paths
edges incident at node i. between j and k that contain node i.
a;j is equal to 1 when there is an edge (lihk)° = Degree Centrality

between | and j and O otherwise. Ci° = Closeness Centrality

d; is the shortest path length between i ang iC:® = Betweenness Centrality

d__EucI

i IS the Euclidean distance between i ai@® = Straightness Centrality

j. Ci' = Information Centrality

It is proposed that these five metrics can be usedetermine a measure of the
centrality of any part of any network including thead network. Centrality is

calculated for each street in the network.

By plotting graphs of cumulative numbers of stresgainst centrality, it is suggested
that differences emerge, which can be used tordifteate between planned cities and

self-organised ones.

The description of urban form is a key part of thigdy. In addition to many other
measures of urban form such as measures of dearsityland use mix, it may be
useful to have measures of settlement patternse staight-forward way of doing
this is to try to pigeon hole the patterns intodefened typologies based on human
inspection. This is however very subjective arel¢htegorical nature of the measure
makes it statistically weak.

Both Space Syntax and the primal approach outlatexe offer ways of describing
settlement patterns in a more objective way andgiplysas numeric variables instead
of categorical. It is, however, not possible te egher Space Syntax or the “Primal”
approach to make any conclusions about one settlersteucture compared to

another. For example, it is not possible to ugbeeimethod to determine true
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“accessibility” measures of any settlement networkpart of it. Moreover, these
measures may well be highly correlated with othdxan form metrics discussed in
this section. It is worthwhile again noting thage tlikely use to policy makers of any
results from this study rely on the metrics of urlfarm being applicable in terms of
policy. In this respect the more complex metritsitan spatial form used, the less
likely they are to be of assistance to policy makeSpecifications of a centrality

measure or connectivity as discussed here woutliffaeult for planners to use.

Other commonly used metrics for measuring the divmaction of the city relate to

how different characteristics of the population apatially arranged. For example,
measures of how segregated the population is lmymeor how clustered commercial
land uses are. There are a number of well-devdl@mel often complex ways of

measuring such factors; some of which are outlhereé.

Gini coefficients (Gini, 1912) are measures of udies. It is not related to any
specific geography and is in essence a measurpredd of any given variable and
could be applied to an urban form measure. The irefficient is usually used to
describe income inequalities for particular araahsas countries, cities etcetera. The
co-efficient ranges from 0 to 1; O being perfecuady and 1 being perfect
inequality. One key problem though is that it reymetimes be difficult to give
meaning to any differences in equality between tifferent populations due to the
differences in sizes for these populations. Fangxe, the US has a higher Gini co-
efficient for income inequality than almost all Eldtions, but obviously has a much
larger population than any individual EU natiorf.alGini score is calculated for the
EU as a whole, it is evident that there are greamme inequalities in the EU as a
whole than there are in the US. Thus Gini Co-gdfits are highly dependent on the
geographies over which they are measured.

Another metric used to describe spatial arrangesnentthe Moran’s coefficient
(Moran, 1950) is a measure of clustering or disparef any continuous variable.
The coefficient |, lies between -1 and +1 wherecares of +1 would refer to
maximum clustering, -1 to perfect dispersion aras ®@andomly distributed.
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Different Gini scores or Moran's coefficients coulose derived for different

characteristics of the population including:

Density
Income
Car ownership

and any other variable of interest available frbm ¢ensus.

These co-efficients could then be compared withabiglur to ascertain if there is an

association with these wider urban form measures.

Housing Type

There has been relatively little research into lkbotd type and how this influences
travel behaviour. The research that has beenedaotit tends to use this as a proxy
for residential density. Filion (1999) categorib@sising type into the following three

categories:

Detached Dwellings,
Apartment Buildings including tenements and conears
Other.

Burton (2002) however describes the following afasation of housing type:
Higher density dwellings (flats, tenements, tersac@nversions),
Lower density dwellings (detached and semi detagched
Small dwellings (1 to 3 rooms),

Large dwellings (4 plus rooms).

The detail of housing type and its influence orvetabehaviour has perhaps been

overlooked in favour of measures of residentialsitgn
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Other Measures

A number of studies have considered the effectdheating a garden, patio or veranda
such as Bagley et al (2002), Schlich and Axhau2603) and others. This measure
had been investigated with particular referenckeiure trips such as trips to public

parks and open space.
The paper by Handy et al (2002) tries to quaniiinse softer measures of urban form

including the number of locations of graffiti pejusire mile and percent of ground in

shade at noon.
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Appendix D. Summary of Urban Form Measures
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Table D1. Density

Urban Form Measures

Measure Definition Geography
o
@)
o
=
>
o
c — Q
S S o 5 | @
g |2 o S D = g
x O 0 = z ) o
Site Density N of dwellings or people/ total site area | ¥ | v 5|
Block Density N of dwellings or people/ block area measured td ker ¥ ¥
line
Net Residentia] N° of dwellings or people/ total land area devoted to | A v ¥
Density residential facilities
Gross ResidentialN® of dwellings or people/ land area | A v ¥ W] 5|
Density
Net N° of dwellings of a particular type in a neighboustid &
Neighbourhood | the land area associated with that type
Residential

Building  Type
Density
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Net N° of dwellings or people in the neighbourhood/ thed

Neighbourhood | land area of the neighbourhood excluding citywidesy

Density in the neighbourhood.

Gross N° of dwellings or people/ by the total neighbourhgod

Neighbourhood | area

Density

City Density N of dwellings or people/ total developed area af |th
entire city

Metropolitan N° of dwellings or people/ total metropolitan are]

Density including undeveloped parts within

Net Residentia] Number of dwellings or people/ total built up awei#hin | (A

Density at City of
Metropolitan
Level

the city of metropolitan area.

Floor Area Ratio

Built floor area/ site area

Building Site
Coverage

Total area of building footprints/ by the block are
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Impervious
Surface Site

Coverage

Built or paved area/ total site area

Impervious
Surface Block

Area

Built or paved area/ total block area

Front Kerb Site
Setback

Dist from fagade to the edge of property line

Front Kerb Block
Setback

Block average site setback

Side to Sidg Distance between buildings averaged across a block
Building Distance
Front to Backl Distance between the rear of one building and oédine

Building Distance

building backing onto it averaged over a block

Lot Size

Median lot size of a single family dwegjimnit (SFDU)

per neighbourhood

Floor Space

Median floor space of an SFDU per rimghood

Dwelling Density

Number of SFDUs divided by theidestial area of the

neighbourhood.

v

L
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Weighted Density

A weighting given to the densityreflect its distance

1%

away from the study area.

Origin Density

Density at the origin of the journey

Destination

Density

Density at the destination of the journey

Density Profile

Profile of density between any twoints in an urbanA
area
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Table D2. Household Type Measures

Measure Definition Geography
o
o
@)
e
S
o
c — Q0
i) S ) S @
g |2 |8 S | T S |5
x O %! = Z N o
Proportion ofl % of total housing stock made up of higher density | A v ¥l ¥l
Higher  Density| dwellings (flats, tenements, terraces, conversions)
Dwellings
Proportion off % of total housing stock made up of lower density ¥l ¥ ™| ] ]
Lower Density| dwellings (detached and semi detached dwellings)
Dwellings
Proportion of| % of total housing stock made up from small dweklin ] ¥4 ¥ W] W]
Small Dwellings | (1-3 rooms)
Proportion of| % of total housing stock made up from large dwghig4 WG| ¥4 & & Wi |
Large Dwellings | rooms+)
Housing Type % of total housing stock made up fraatached | v w3 s |

dwellings,% of apartment buildings including fla|

tenements and conversions, % of other

(s,
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Table D3. Land Use Mix Measures.

Measure Definition Geography
o
(@)
o
=
>
o
C — Q
k=) [} e 5 ©
g |2 o S D S g
x O 0 = Z N o
Dissimilarity Predominant land use assigned to each grain|and |[A A w3l &
Index compared to the predominant land uses of |the
neighbouring grains
Functionally Land use groups of functionally complementary land | ¥ ¥ ¥
Complementary | uses: medium density residential/ retail/ servisesbols,
Land Uses retail/services, schools sites
Mix Area of commercial, industrial and public lamd the &
neighbourhood/ the number of dwelling units
Mix Land use put into four categories and each giean an v w3 s
index where 0 = one use only and 1 = perfect mialbf
four categories
Residential % of residents with business of institution landesis w3 ¥
Business Mix within half a block of their home
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Residential Retai
Mix

| % of residents with satisfactory shopping withimile of

their home.

Residential
Education Mix

% of residents with a public elementary school imith

mile of their home

Job Resident N° of jobs in the area compared to number of resglent
Balance

Population N° of jobs in the area in each sector compared tg the
serving job-| number of residents in each area working in thestoss

resident balance

entropy

/

Diversity Index

Proportions of each land use iraeea

Origin Diversity

Retail employment and populatiatative to countywide

ratio
Destination Entropy index based on no of households, retail
Diversity employment, office employment and other employment
Vertical Mixed| Proportion of buildings with different land useseoy
Use different levels.
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Table D4. Polycentricity Measures

Measure Definition Geography
©
(@]
(@]
=
=)
(@]
C S Q
S S o 5 | @
> 2 D S o g ks
o O % = Z N o
Dispersion No of people commuting from suburbs ity centre/ i
number of people commuting from the suburbs to|the
suburbs compared to the number of people commuting
out of the city centre to the suburbs/number ofpbeo
commuting from the suburbs to the suburbs
Polycentric Significant level of exchange commuting between 1A
Regions urban areas
Centralisation Population densities relative tdatise from the central w3 &

business district

Typology of | Morphological urban form based on the shape of|{/ V|

Urban Form developed city categorised as Concentric, lobegalin
polynuclear, concentric polynuclear, linear, grid

Typology of| Linear network, radial network, ring tmerk, grid| A ]
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Transportation
Networks at City,

Level

network, shifted grid network

Table D5 Street Design Measures

Measure Definition Geography
o
o
o
=
>
o
c — Q0
S S o 5 | @
g |2 o S D = k<]
x O 0! = Z & o
Typology of | Ring, loop, radial, axial, grid, tangential ¥ ™| ]
Transportation
Network at the
Neighbourhood
Level
Local Streef Loop/tree, loop, loop/grid, tree ¥ W%
Network Type
Traffic Calming | Proportion of traffic controlled/icaed streets 5] ¥ K ¥
Footpath Width | Width of footpath & &l
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Block Length

Distance between intersections alatgrial routes

Permeability

Proportion of four-way + intersectiopns3 way

intersections etcetera.

Street Density

Road length divided by study ar€an be divided intg

road category

D

Street

Connectivity

Number of street intersections/ study area.

Street Scale

3 Dimensional space along a streebocasmded by

buildings
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Table D6. Other Urban Form Measures

Measure Definition Geography
]
o
o
=
>
o
C S Q
k=) =} e = ©
g | & |8 S |3 S | B
x @) 0 = z ) o
Year Of | Year the neighbourhood was first developed & ¥4 & v & v &
Development
Street Lighting Proportion of streets lit ¥ ¥ |
Distance  From) Point to point distance from study area to CBD | & | &
Urban Centre
Access to GardenProportion of dwellings with own garden, terracepatio ] ¥

or Private Oper

Space
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Appendix E. Urban Form Data Sources
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Urban Form Data Sources

The following categories summarise the main dataces available for describing

urban form.

Valuations Data

Address point detailed information is also avasgalifom the Valuation Office
Agency Scotland (SAA, 2008) on the uses of all camual addresses in Scotland
and also rateable values of residential addres$ésough the valuation office, it is
possible to ascertain commercial and residentigbgmies by searching under a post
code in the case of Scotland. The commercial ptiggealso include a description of
use. The detail and categorisation of the useseete confirmed. It may well be
possible for a database of addresses to be sughimxtly so avoiding us entering all

the postcodes into the website search engine.

The detailed Valuation Roll can also be purchasextdly from local authorities. The
Valuation Roll for Glasgow for example includes rumore detailed information
about the use of each commercial address thanlds deatrally by the Valuation
Office such as the names of both the proprietor #red owner of commercial
addresses. From these and the land use descrhpisonsually possible to determine
in detail what the commercial property is used fohe formatting of the address uses
and the addresses themselves are inconsistenieacd matching this data directly to

GIS map is time consuming.

Structure/Development Plans
Local Planning Authorities are likely to have lamge information at a more

aggregate level which will possible be of use fategorising urban form over wider

areas.
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Local Authority Environmental Health Departments

Environmental health departments are obliged topkesords of all businesses
involved with food retail. A list of such businesshas been obtained for Glasgow
and includes everything from farms to food disttibn companies to restaurants and
even petrol stations. Local authorities have tepkeecords of all these businesses and
where they are located so that food standards eam$ured.

Business Directories

Business directories and phone directories can givandication of most of the
commercial businesses in any given area. Thesdaksds are however not complete

and require a lot of interrogating to build up adéddress use map.

Ordnance Survey Products

There is a considerable amount of land use/coviarnration available from the

Ordnance Survey (Ordnance Survey, 2008). Addrest data includes descriptions
of some key properties such as schools, post sffipablic houses, sports venues
etcetera. The topographic layer from the OS iretudescriptions of land cover but
these are unlikely to go into the detail required the project. Aerial photography

provided by the OS could also be particularly usefalescribing “green” land cover.

Census/ NOMIS

The Census holds information on households so neagfluse in measuring urban
form at a household level. At a wider level infation on resident and also daytime

populations may be useful in terms measuring ufban.

NOMIS (2008), “houses an extensive range of govemtnstatistical information on
the UK labour market including Employment, Unempient, Earnings, Labour

Force Survey and Jobcentre Plus vacancies.” Tteeiglduilt up from a number of
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sources. The main source of data is the Censushbut is also data from the
following sources:

Annual Business Inquiry

Claimant Count

Jobcentre Plus Vacancies

Labour Force Survey

New Earnings Survey

Population Estimates/NHSCR Migrations
VAT Registrations & Stocks

These data sources include amongst other thinfggmation on employment levels
by type of industry for geographic areas. Thisinfation is available at a census
area statistic level (CAS) or a post code secteelle The data may be particularly
useful in determining the mix of an area in terrheraployment by type and maybe a

more useful measure than for example relying oorflareas for different types of
commercial businesses.
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Appendix F. Household Survey
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Appendix G - Copies of Letters
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THE HOUSEHOLDER Dr Neil Ferguson

XXXXXXXXXX Department of Civil Engineering
XXXXXXXX John Anderson Building
XXX XXX University of Strathclyde
Glasgow G4 ONG
GC1
5" June 06

Dear Householder,

Researchers at the University of Strathclyde angyicey out important research about
your neighbourhood as part of a nationwide reseprofect called ‘CityForm’. The
research is funded by one of the UK’s Research €itsuand aims to find out what is
best and most sustainable about your local enviemtm

Your house is located within a carefully selectadhple area. In the next few days we
will send you a short questionnaire and travelydiaiour responses to our questions
will be highly valued and are vitally important four project. We would very much
appreciate your time and effort in completing thestionnaire.

If you would rather we did not send you this quastiaire, please contact Lee Woods
at 0141 548 3774 dee.woods@strath.ac..40 we can remove your name from our
mailing list.

If you would like to know more about our researtégge visit the CityForm web-site
atwww.city-form.orgfor further information on our project.

Thank you in advance for your assistance.

Yours sincerely,

Dr Neil Ferguson
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THE HOUSEHOLDER GC1
XXXXXXXXXXX

XXXXXXXXX

XXXXX

12™ June 06
Dear Householder,

CityForm Questionnaire

Researchers at the University of Strathclyde areyicey out a survey to find out how
people use their local area as part of a nationnedearch project called ‘CityForm’.
The project is funded by one of the UK's Researdur@ils. The findings of the

research will be used to improve the quality of aties.

You house is located within a carefully selected sample area and your responses to
our questions will be highly valued and are vitally important for the project. We would
very much appreciate your time and effort in filling out this questionnaire.

We would like to ask you or your spouse/partner to complete the enclosed
guestionnaire and return it in the envelope provided. No stamp is required. This will
only take a short amount of time, and your answers will be kept strictly confidential,
private and anonymous. If you are unhappy answering any questions, please leave
them blank.

Returned questionnaires will be entered into a prize draw in which you can win one of
four £50 gift vouchers for Marks and Spencer.

Thank you in advance for you assistance.

Please tick if you do not wish to be entered into the prize draw []

If you have any questions regarding the questionnaire, please contact Lee Woods on
0141 548 3181 or lee.woods@strath.ac.uk. If you would like to know more about our
research please visit the CityForm website at www.city-form.org for further
information on our project.
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Department of Civil Engineering, John Anderson Building, University of Strathclyde, Glasgow, G4 ONG.
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Personal information used will be processed undertérms of the Data Protection
Act. Any information you supply will be used exdkely for the purposes of the
research programme and will not be passed to otitreused for any other purpose.
All information will be published in aggregate forao that individuals cannot be

identified. The data will be held securely and dsgd of when its purpose for
collection is over.
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We would like to thank all those people who haveady responded to the survey. If
however, you have not yet returned your questioeniaiut would still like to, your

response would be very much appreciated.

If you still wish to take part in the survey pleasanplete the travel diary section for
the four days from Thursday"&uly to Sunday " July. Please note, these dates
should replace the dates shown in the original tjaesaire.
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Appendix H - Descriptive Statistics

321



What type of accommodation does your household occu

py at this address?

Cumulative
Frequency Percent Valid Percent Percent
Valid Detached 29 10.3 10.7 10.7
Semi-detahced 35 12.5 12.9 23.6
Terraced 21 7.5 7.7 314
In a tenement 94 335 34.7 66.1
In a purpose built block of
70 24.9 25.8 91.9
flats
Part of a converted or shared]
15 5.3 5.5 97.4
house
In a commercial building 7 25 2.6 100.0
Total 271 96.4 100.0
Missing System 10 3.6
Total 281 100.0
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If elsewhere, what type of accommodation did you oc cupy

Cumulative
Frequency Percent Valid Percent Percent
Valid Detached house 44 15.7 16.9 16.9
Semi-detached house 34 12.1 13.0 29.9
Terraced house 30 10.7 11.5 41.4
Flat, maisonette or|
153 54.4 58.6 100.0}
apartment
Total 261 92.9 100.0
Missing System 20 7.1
Total 281 100.0
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How many cars are currently owned or are available

for use by your household

Cumulative
Frequency Percent | Valid Percent Percent

Valid None 68 24.2 25.3 25.3
One 144 51.2 53.5 78.8
Two 51 18.1 19.0 97.8
Three or more 6 21 2.2 100.0}
Total 269 95.7 100.0

Missing  System 12 4.3

Total 281 100.0
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Do you currently have a full driving license for th is car
Cumulative
Frequency Percent Valid Percent Percent

Valid Yes 221 78.6 825 825

No 47 16.7 17.5 100.0

Total 268 954 100.0
Missing  System 13 4.6
Total 281 100.0
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Compared to the end of 2002, how much do you use a

the moment?

car as a driver or passenger at

Cumulative
Frequency Percent | Valid Percent Percent

Valid A lot less 66 235 25.4 25.4
A little less 34 12.1 13.1 38.5
About the same 100 35.6 38.5 76.9
A little more 25 8.9 9.6 86.5
A lot more 35 12.5 13.5 100.0
Total 260 92.5 100.0

Missing  System 21 7.5

Total 281 100.0
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Which of the following best describes your current

employment status?

Cumulative
Frequency Percent Valid Percent Percent

Valid Employed, full time 150 534 56.4 56.4
Employed, part time 31 11.0 11.7 68.0]
Self employed/freelance 12 4.3 4.5 72.6
Unemployed/seeking work 9 3.2 3.4 75.9]
Retired 47 16.7 17.7 93.6
Looking after family/home 4 1.4 15 95.1
Full t.ime .student at college 5 18 1o 970l
or university
Long term sick or disabled 7 2.5 2.6 99.6
Other 1 4 4 100.0}
Total 266 94.7 100.0

Missing System 15 5.3

Total 281 100.0
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Thinking back to the end of 2002, which of the foll

at that time?

owing best describes your employment status

Cumulative
Frequency Percent Valid Percent Percent

Valid Employed full time 146 52.0 55.9 55.9]
Employed part time 27 9.6 10.3 66.3
Self employed/freelance 13 4.6 5.0 71.3
Unemployed/ seeking work 6 2.1 2.3 73.6
Retired 34 12.1 13.0 86.6
Looking after family/home 7 2.5 2.7 89.3
Full time student at college or

S 24 8.5 9.2 98.5

university
Long term sick or disabled 4 1.4 15 100.0
Total 261 92.9 100.0

Missing System 20 7.1

Total 281 100.0
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Are you?

Cumulative
Frequency Percent Valid Percent Percent
Valid Male 109 38.8 40.7 40.7
Female 159 56.6 59.3 100.0
Total 268 95.4 100.0
Missing  System 13 4.6
Total 281 100.0
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Age group

Cumulative
Frequency Percent Valid Percent Percent

Valid 16-24 21 7.5 7.8 7.8
25-34 75 26.7 28.0 35.8
35-44 61 21.7 22.8 58.6
45-54 45 16.0 16.8 75.4
55-64 29 10.3 10.8 86.2
65 years or above 37 13.2 13.8 100.0
Total 268 954 100.0

Missing  System 13 4.6

Total 281 100.0
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Which of the following best describes the relations

hip between those normally living at this

address?
Cumulative
Frequency Percent Valid Percent Percent
Valid One person only 97 34.5 36.5 36.5
Married/ cohabiting couple 78 27.8 29.3 65.8
Married/ cohabiting couple
47 16.7 17.7 83.5
with children <16
Married/ cohabiting couple
] ) 13 4.6 4.9 88.3
with children >16
Lone parent with children
8 2.8 3.0 91.4
<16
Lone parent with children
6 21 23 93.6
>16
Two or more adults living
together as flatmates/ house 14 5.0 5.3 98.9
mates
Other 3 11 11 100.0
Total 266 94.7 100.0
Missing  System 15 53
Total 281 100.0

334




335



How many people normally live at this address?

Cumulative
Frequency Percent Valid Percent Percent

Valid 1 93 331 35.2 35.2
2 101 35.9 38.3 735
3 36 12.8 13.6 87.1
4 24 8.5 9.1 96.2
5 7 2.5 2.7 98.9
6 2 7 .8 99.6
16 1 4 4 100.0
Total 264 94.0 100.0

Missing  System 17 6.0

Total 281 100.0
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What is the household’s total annual income from al | sources?

Cumulative
Frequency Percent Valid Percent Percent

Valid Nil 6 2.1 24 24
Up to £10,399 23 8.2 9.4 11.8
£10,400 to £15,599 23 8.2 9.4 21.2
£15,600 to £20,799 25 8.9 10.2 314
£20,800 to £25,999 21 7.5 8.6 40.0
£26,000 to £31,199 22 7.8 9.0 49.0
£31,200 to £51,999 68 24.2 27.8 76.7
£52,000 or more 57 20.3 23.3 100.0
Total 245 87.2 100.0

Missing  System 36 12.8

Total 281 100.0
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How does the household's current income compare wit

h household's income in 2002?

Cumulative
Frequency Percent | Valid Percent Percent

Valid A lot less 39 13.9 15.3 15.3
A little less 13 4.6 5.1 20.4
About the same 54 19.2 21.2 41.6
A little more 98 34.9 38.4 80.0
A lot more 51 18.1 20.0 100.0
Total 255 90.7 100.0

Missing  System 26 9.3

Total 281 100.0
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Previous Urban Rural Classification

Cumulative
Frequency Percent Valid Percent Percent
Valid Large Urban Areas Pop>
212 75.4 84.8 84.8
125,000
Other Urban Areas Pop
19 6.8 7.6 92.4
10,000 to 125,000
Accessible Small Town Pop
4 1.4 1.6 94.0}
3,000 to 10,000
Accessible Rural 6 2.1 2.4 96.4
Remote Rural 3 1.1 1.2 97.6
Greater London 6 2.1 2.4 100.0]
Total 250 89.0 100.0
Missing System 31 11.0
Total 281 100.0
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Appendix I. Correlation Matrix
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* 6F 6"7 6G 6G 6G 6G
0 , ? $ 0 16 2| 16H"R 15>7 15HG 15H> 1557
16 1545 1555 1754 15H 1G 1H4G
* 6>4 6"7 6>> 6>> 6>> 6>> 6>>
( $ 0 15F" 1"5 @ 15>" 15F 1H 154F 1547
16 166H 1575 16H4 1FG5 154 174" 17H>
* 6>F 6" 6>G 6>G 6>G 6>G 6>7 6>G
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0 175 X 15>> 165 %] 16 9| 1645 16G Q| 1"'H4X 15HG
16 1555 175F 1545 15"G 1555 1555 1555 15
6>F 6" 6>G 6>G 6>G 6>G 6>7 6>G 6>G
J 0 174 ° 15F 15"4 156 17G® 15H> 157F 15G7| 176 °
16 156G 1FHF 1">> 15HG 1564 165 1444 1FG 157
6>4 6"5 6>> 6>> 6>> 6>> 6>6 6>> 6>> 6>>
* 0 167F X 157" 15>G 15GG| 1H4R| 17H® 15GG 155 1556 | 147>
16 1555 1>55 16F7 14" 155 156" 1>5 1GF7 1HF6 1555
6>7 67F 6>" 6>" 6>" 6>" 64H 6>" 6>" 6>6 6>"
0 0 15H7 | 16>4°°| 1656 ? 17 15"4 15G 1444 X 1544 | 16™ X 155 17 @
16 14 1555 155 15FG 1"G7 1FG" 1555 17H" 1555 16 156F
6"4 66" 6"4 6"4 6"4 6"4 6"6 6"4 6"4 6" 6" 6"4
0 0 15>" 15H6 1556 156 15™ 1565 | 17>H® 15G | 165G 1555 15F 17F X
16 176 1> 1HF6 1F7H 1"G7 1F47 1555 1H4 155 177H 16>6 1555
644 67 644 644 644 644 64 644 644 647 646 6" 644
0 0 16"G | 16™>R| 16" Q| 1HH®| 167"R| 16G | 1755 15G7 155H 15 16>FR| 1457 15H6
16 1555 1555 1555 155 1555 1555 1555 1FF 1GG4 157 1555 1555 1"
6>G 6"5 6>H 6>H 6>H 6>H 6>7 6>4 6>4 6>7 6>6 6"7 647 6>H
$ % 0 15G5 14F 9| 1F4 X[ 1H5R| 16"° 15>H 15 15G" 1576 1566 17>°| 16H>R| 16H | 1>7>
16 1H> 154 155" 1556 15 16>4 157 1F> 1>5G 1F6G 156G 1555 15"6 1555
6>4 67G 6>> 6>> 6>> 6>> 6> 6>6 6>6 6> 64H 6" 645 6>> 6>>
J % 0 15"4 1"4 © 1545 157" 156 15GF 1"G ° 15H 157H 156G| 1>G®| 16>F® 15"H [ 1"5H®?| 175G
16 1">7 156" 1'56 14F" 1G"4 1'G 154 1F47 146G 1>45 155> 1555 1'7H 1555 1555
6F 6"7 6G 6G 6G 6G 6>> 6>G 6>G 6>> 6>" 6"4 644 6>H 6>> 6G
0 0 1544 | 1H5® 155G 15GF 155> 17G | 16G"X 1576 | 1G" X 157 15FH| 1GF®R| 16" X 1H7X 15G6 15F
16 17G 155" 16F" 1>5 1H6> 156> 1555 1>7 1557 1G75 165G 155" 155 1556 1H7 15G"
64H 677 6>5 6>5 6>5 6>5 64> 64F B4F 64> 647 67> 6" 64G 64> 6>5 6>5
QQ10 515 % 6
Q10 5154 % 6
Table 11. Correlation Matrix
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